PLASMA SOURCE DESI GN BACKGROUND OF THE I NVENTION Field of the Invention

[ 0001] Enbodi nents of the invention generally relate to plasna processing
syst ens awO 20at®8i4al s and apparatus for controlling pl agea/useéosT27dy in

pl asma processi ng systens. Description of the Related Art [0002] Pl asnma
processi ng chanbers are regularly utilized in various el ectronic device
fabrication processes, such as etching processes, chem cal vapor deposition
(CVD) processes, and other processes related to the manufacture of

el ectroni c devices on substratRISASMBANSOMBGCEDRESIGNen enpl oyed to generate
and/or control the plasma density, shape, and electrical characteristics in
processin [ Su capacitively or inductively coupled RF sources
comonl y gé@ﬁagﬁﬁigﬂgéﬁgﬁgﬂng ggﬁékkhanbers. For exanple, during a plasna

assi sted ' .deposition process, processing gases are introduced
into a pr%@%@gﬁg%eéﬁﬁﬁggg$through a capacitively coupled showerhead that is

di sposed ha $5Ab ﬁ@m r t LS Cl ri Ss
Kit. Oncefag& | asma |(g(9 or néeggfi ﬁ%ﬁ@)ﬁ%}%%%ﬁg?ﬁl’y {ﬂg{%ﬁgsh@‘gg’r‘fg)ﬁﬁ%%%s
gas(es) isysterastand iatehelssamd tappibeatus fde posirolliagdelasmadunibdreriiyain pageara

t her eon. &0003%}BConve ti onal plasma processing chanber designs in which the
gener at ed?PCESHHYISYSESHosed over the substrate surface can cause unwanted
sputtering and damage to the substrate surface due to the interaction of
el ectronsDaggriioﬂaﬁ dfahesRelated Agt Pl asma with the substrate surface.
Floating and el ectrically grounded conponents that are exposed to the

gener at edjopdA}s ma Pihdrhageioeesdihy cheentiersadre regu@drlycodigel inTharid s ehsttiegic
charge causes el ectrons and/or ions formed in the plasma to bonbard and
possi bly %méahrw@tlesam@%ﬁ%r pHeR 3s Siching Ps@ERYSEst Bheynicah AR derRpRtintent .
Thus,in@@ | [ hihdrS ' I fiorim. g jLcal e
sufficien en)e?gdjééts%%%a%{ﬁlﬁyb{rheézgc‘t)'%\%é%%@s?ﬁglag%bs@rtg{a eﬁgﬂpfag?:@? gfr tei%%t r];og}iéé of
t he chanbeevicesporseibsirates. ehan veayishieaveebeén emplayer tovpeherat®and/or control
ener get i Ct%'el

glasma density, shape, and electrical characteristics in processing chambers,
such as capacitively or inductively coupled RF sources commonly used in
conventional plasma chambers. For example, during a plasma assisted chemical
vapor deposition process, processing gases are introduced into a processing
chamber through a capacitively coupled showerhead that is disposed over a
semiconductor substrate that is circumscribed by a process kit. Once a plasma is
formed in a PECVD chamber, the plasma and process gas(es) interact with the

substrate to deposit a desired material layer thereon.

[0003] Conventional plasma processing chamber designs in which the generated
plasma is disposed over the substrate surface can cause unwanted sputtering and
damage to the substrate surface due to the interaction of electrons and ions formed
in the plasma with the substrate surface. Floating and electrically grounded
components that are exposed to the generated plasma will generally accumulate a
net charge. The formed net charge causes electrons and/or ions formed in the
plasma to bombard and possibly damage the exposed surfaces of the substrate or
chamber component. Thus, in some applications it is desirable to form gas radicals
that have sufficient energy to easily react with the substrate surface, or surface of

the chamber component, to enhance the reaction rate, while not energetically
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bombardi ng the surface of the substrate or chanber conponent, since the
non-ioni zed gas radical is not affected by charge fornmed on the substrate
or conponEot2osiumBE6ee. [ 0004] Therefore, to prevent or m RCEUSROWIE72p4 asma
interaction with the substrate and chanber conponents, renote plasna source
(RPS) designs have been used. Typical renote plasnma source designs include
a plasma generation region that is renptely positioned fromthe processing
region of the processing chanber in which a substrate is positioned. In
thi s way bdrabptdisgrahgenefareedf the tshbsiphtes on chandreat camporentosinae thee nBRS

device wi || generall ot ipteract, with the substrate syrface.

[ 0005 HowWoDiZEd Gt rastivaldo Ab AP iz DY-pRaTgedogHed o Meas Yhptiats or semponent

m crowaveggsgeaci tively coupled or inductively coupled energy sources that
have a narrow pl asma generating region, which will cause these devices to

have a snaller than desirable plasma processing windowthat limts the
range of 0@ gi ed hefefora togrevehtgueninadizedhe plaring dyeiastion vdth theesubsiratal i n

oxaml o I SHBTREF Tentiels Topidie R REE R PEY Rl EhaloBAF aisee.
6, 150, 628T)($10§I0ﬂ@h%tbi wasmaRRSurde sdedignd Idclgrnarghbial shardton eggion thﬁg is 114

of a netallic plasma chanber 100 in which a plasma is generated by the

del i very ©MeiabyrResitiened frorsthespi@cassiag daaiofopfethegerocesyng chambieriim adighy
the art wl ci.at.eck: theg,e t et. e |4 ver

regi on O}Aét ue@s([:h%{rt\g\;ellﬁt Fgﬁltgpﬁé&s 3%5*@% \{'%y”\?\ﬁlgch‘a[\shnigpéegie&g%ds\{rfotﬁ%eé%w I

not be ungdéraratiamadegionl ohthee RPJidghiceclillvgénerally rdidhtespett with ithetdubstrags ons
"PR'" (Figure 1), where the plasma generation device(s) (i.e., coils) are
posi tionetH]. of the other portions of the regions 112, 114 will have
weak or non-existent power coupling outside of the "PR' regions, due to

their di sjpggige amMbvir@Rdr! cQfteh€ cBhiMftid2e FIP S SiBkidmdwrdiddelfiieN hiiclofiale;
first and a Second cores 104, 106). As schematically illustrated in Figure
1, convencapstiiveRPSodpkidges indachivelho malubledieaergycIsosieabs dal REve cumagrow

configuration that has w ndings .that. are w ed, aroun cl osed

rmgnet! cabPeMacPateBo dbRier REtA N St GRS iR Bale 3 Sater than
gener at i ngedie®i® Plashite pEsiees indo®l fHat tiRkets eerahge Wwieshdiyiet i the Foinhad
and shape of the cores 104, 106 relative to the regions "PR " have a

rel ati vel §ashadicalgrand gag ivavieal ajeformed;indhet plapmangemereting gegioansf &e t he
RF ener gy : | hg n ' devi : L
convent i o%%rﬁ/e%Bgﬂ%Ie%!)?rll\%é\?%%t hﬁg\ag %Jégnré% gﬁgglg%qéeﬁ@aﬁ f’n"g‘;’ﬁ@gd%—own&h%\'/ne a
very |imthedisabed iUY paterged) ¢ 50162 8amdéervertiohab RPSheesiger gillegerarathhindiwdared

di cal d/ [ ..] 0006] T I th | i
O 0L 928 oL OO0 e300 B0 N R FHSP Do

by the delivery of energy to a first and a second core 104, 106. One skilled in the art
will appreciate that the electromagnetic energy delivered to the region of the
conventional RPS design in which the plasma is formed will not be uniform and will
have a high activity, or “hot spot,” in the regions “PR” (Figure 1), where the plasma
generation device(s) (i.e., coils) are positioned. All of the other portions of the
regions 112, 114 will have weak or non-existent power coupling outside of the “PR”
regions, due to their distance and position relative the plasma inducing elements
(e.g., first and a second cores 104, 106). As schematically illustrated in Figure 1,
conventional RPS designs traditionally use a closed loop RF source configuration
that has windings that are wrapped around a closed magnetically permeable core
that surrounds a portion of the plasma generating region. The generated fields that

are focused by the position and shape of the cores 104, 106 relative to the regions
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manuf acturers will generally flow both el ectro-negative type gases (e.qg.,
ammoni a (NH3)) and el ectro-positive type gases (e.g., argon (Ar)) at the
same ti mewOhoougbi4sshe pl asma generation region to nore easiusgomosTerand
sustain a generated plasnma therein. However, in sonme cases it is desirable
to only deliver a single electronegative or a single electropositive gas to
i nprove the processing speed or plasma processing results. Also, it is
often desirable to formand sustain a plasma within regimes that have a | ow
pl asna i njERarwe suelatively wmeglbataseand doyara very lirieg tisgmin whinky t transfer

region isglowde 0 leds, i Lopnal RPS design t .

i neffici eH‘ﬁ \ﬁé:oelﬁ%r@' tﬁﬁeggg%; %Wé%&é&wg ﬂﬁee CSPXS@@%’?%fB’i?S&% e W&S’
current|yceientionallReIS tbsigneeitst iRive SansainplRentiigénsraphgregidhneavendugty V.
Therefore, there is a need for an RPS design that nore effectively couples

the del i vingad pbiliydpggensyater angicsceadial dhgaenargiesasl herferared, ugseasicalndow
and is ab%ﬁ fo?g%ri&é n a wi der range of plasma i npedances. [0007] Al so, it
is typica ?or conventional RPS designs to utilize a switching power supply
to forma plasnma in the plasnma generation region of the RPS device. The use
of swi t chjongs]powelro mgmbla e esergy efoeptieg efficiemyembiems| tydieailgnRP Ssdeviee
they do not r ire a.Jine isplatigon circyit or an |npedance, matching .
networ Kt Glaguraiuters mah graeryi Bow o icéclie-peaaivh ek Bat e & amERi
devi ce. Spify 5‘%d”@l@§tr@%ftiv§”ﬁ??é'g%%e%e(%%.?fa?g%drb?Aﬁ?b{ Y16 %gn%Etiﬁféefrﬁé!ug?y

ei ther adjusting the output voltade or current in a pulsed or duty cycle
type del i ther plasoaf ggneratiponegidovioviaore easiyaforbeand famstain tehgeneiatedi plasnia a
swi t chi ng,, power ly in an RPS desi.gn is.ineffective i.n effi.ci ent

coup! 1 ng PREoHe: PibRvkr e Smfoaes IS ofehE St fslilerpraibeR) tefey ¢ o
nore ef fi aegatideyorceimde tehsctdplositiReeshs¥o RNBDIY the prdCBARESpSI bY BlReh

t hrough t hegéFEPS_ c(?Ievi cegij'e WO g_%ill/ 06%4&?%82010/ 857274%0%81 Con\?er]t i.a(‘)nal
RPS desi gh®capsingdt igsHial 1AIs@sik ismeftan desiableetn forb agd cuséaintah olgsims wathin
gener ati o f.edi i e i ce. ver, e k.0 he
Toral -consiibet el Pakl S I MRS PGS, subh, & YRR henBRbiRsiT e
coati ng oplashe gemdraties rédgiah iildw (bg. exqoeTotrp Coavehters RPE deRyrgethat
gases. Typi gal_l anodi zed al um num coati ngs have been used on al um num
parts to E'P Wﬁﬁﬂyt fRURIE tTREKP'BFMANRNYRY dOalNEnPIASRS ST GRISESyaken BOh CYRENtlY

ener get i Cy5Ra6| RecOfREREERIof {htet%lﬁpﬁﬁﬁ\gﬁﬁ%%gg%éré% Vidustrl, ererd thapnd

that significant process resu en usihg coatings I'n the
pl asma f oisnmtieed foegndAP SfdesigrREP@t devicceffedfivelypcagsss thie idetivarad Rie eneegy ed
by the inf eraction of the RPS exci.ted gases wi(ah t he .surfages of .the .

st ruct ur al® NERICCESHRILERES haT BUYHCS BRdoN gy Brable & oy In 8 YeHehs

coating PRIrRR dNpIMmEidpkaanddati ng probl ems can be especially an issue
when the plasnma contai ns oxidizing species or fluorinated species that tend

to attack nost commonly used netal nmaterials. Therefore, there is a need
for an RPOR@si grihleddt isdypicakfor wenpeniienal RirS designg tpaitilize pesWitshing Pewetue

to the at e a i e in_a S
devi ce. [%%@ﬂ{’ gé%t%éggﬁm@ﬁ]a{%eé@gﬁ{rg ?%@ertaagiﬁ nﬁj 8§%gﬁog%%aﬁgﬁge\é'§% B]Etgg;ess
t hat nor eusd beetwiteking Eaver aupgticans pesfatred| in ddtweptiGsaredasidiso sindeythegrdb has
a larger processing w ndow, wthout significantly increasing the processing
or har dwaf@l tessire @ line isolation circuit or an impedance matching network to deliver the
energy to the plasma generation region of the RPS device. Switched-mode power
supplies regulate the delivered RF energy by either adjusting the output voltage or
current in a pulsed or duty cycle type delivery configuration. However, it has been
found that the use of a switching power supply in an RPS design is ineffective in
efficiently coupling the delivered RF energy to the plasma. Therefore, there is need
to more efficiently couple the delivered RF energy to the gases delivered through the

RPS device.



SUMVARY OF THE | NVENTI ON [ 0010] Enbodi nents of the present invention
generally provide a plasma source coupled to a processing chanber,

conpri si yoaotiawal4el ement having a first end, a second eQu/sRAl0AST04 e

el enent central axis, a first plasnma bl ock having one or nore surfaces that
at least partially enclose a first annul ar shaped plasnma generating region,
wherein the first annular shaped plasma generating region is disposed
around a first portion of the core elenent, and a coil disposed over a
portion of0008le cdrenvendapat RPB0dUesiENbodlspetycally tuse imetaht campomgntal o

I d I | ed t esgs| chanb co I sin core
ol oment COMPPRING PRSI genitPD: gl BB R a RPMEEST o Blevmaftne
central axitack of fhel ietd) capiporiings by hiay IRTES eherdired@ases Ut fsat(yPﬁ:d FRtepbsit
| east partially enclose a first annul ar shape Bgasna generating region,

wher ei n t A€optipg roratheusdifacasathed will Rerexnpsadriatthaglaggpoand sneigstcgases.

- ; ¢ ptor :
General |y SRR GaReARed b EoRirERERpvE et B BRI Bl poME .°
bl ock havpryenth¢horattank efsthef basts atumihuat slfasé byaihd Righyy enefgesie speoisond

annul ar shaped p| asma generating region, wherein the second annul ar shaped
pl asma ges@hreletenyn s BRS Rlagingp odeweyet inias beer daung Hiati igniieantiuoeesse

e ement apd RafifPwArSLAR i BshiFostifgd § BPblagnfPidirABR e Yoh b IPRAY ©

el ement central axis, and a col | sposed over a portion of e core

el ement. device. The process drift can be created by the interaction of the RPS excited
gases with the surfaces of the structural metal components through imperfections in
the coating, such as coating porosity or cracks. Coating problems can be especially
an issue when the plasma contains oxidizing species or fluorinated species that tend
to attack most commonly used metal materials. Therefore, there is a need for an
RPS design that avoids the process drift and particle formation due to the attack of

the elements that contain the plasma generated in an RPS device.

[0009] Also, there is a need in the art for an apparatus and process that more
effectively generates and controls the plasma uniformity, and has a larger

processing window, without significantly increasing the processing or hardware cost.

SUMMARY OF THE INVENTION

[0010] Embodiments of the present invention generally provide a plasma source
coupled to a processing chamber, comprising a core element having a first end, a
second end and a core element central axis, a first plasma block having one or more
surfaces that at least partially enclose a first annular shaped plasma generating
region, wherein the first annular shaped plasma generating region is disposed
around a first portion of the core element, and a coil disposed over a portion of the

core element.

[0011] Embodiments of the invention may also provide a plasma source coupled
to a processing chamber, comprising a core element comprising having a first end, a
second end and a core element central axis, a first plasma block having one or more

surfaces that at least partially enclose a first annular shaped plasma generating
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[ 0012] Enbodi nents of the invention nmay al so provide a nethod of formng
energetic gas atons, conprising flowng a process gas into a first annul ar
shaped plwormaiigedsati ng region that is at | east parti aPCy/useehos2d4 by one
or nore surfaces of a first plasnma bl ock, wherein the first annul ar shaped
pl asma generating region is disposed around a portion of a core el enent,
and generating a plasma in the first annul ar shaped pl asna generating
region by delivering RE power to a coil wound around a portion of the core
el enent . [eyidl] Wwheagiot trer fiestpaonylan shiagsdaplabareh genbeatingg region i ipl dispbsaara

control ling devices, for. pl rocessing a bstrate is prqvided. Eacp of

mul 1 pl e ProugrRadsat paticPd e Fodcseamt ihhas Hradr sfs dkanbvoe il

i nner ri nggingiicAtvith thebre Aémandtéiardll BiE £ Hdglabhf bIBBR habindtomder t he
outer ring to define a plasnma generating region between the inner ring and

t he out er mdragsuriacgss thail et Idast neattially euglose posetand ehnulee shaped piasgmat he
gas inlet _connecting.to first external S source.,.a gas outl.et forned
Phr ough. a9BBRERDH gRiomahsiir brihe SesB R R A pSr s T pig edion s
comuni cadispbsédl tafodnd b &eeshd PdriGYbPthentdrBidletnbait Bha$ize £ Bamteslraxisithftiich a
substrate is disposed, and a magnetic perneabl e core di sposed through each

i nner ri ngeoeralincomncident With the cprnelentenl rantiehexisefandha coi\iisnased engr al so
provi de a ed to a processing chanber, conprising a core
el ement hg%ﬁ;@@@%&éﬁ@gn é‘ second end and a core elenent central axis, a
first plasma bl ock having one or nore surfaces that at |east partially
encl ose ajobitzjst dfmbbdimerttapsfdiha dsuemtiganeragt alsg pewiden,a wiethed noft feending st
annul ar shaged .gl asnma generat i nq r?%i on is di sgosed . _
energetic gas atoms, comprising flowing a process gas into a first annular shaped
plasma generating region that is at least partially enclosed by one or more surfaces
of a first plasma block, wherein the first annular shaped plasma generating region is
disposed around a portion of a core element, and generating a plasma in the first
annular shaped plasma generating region by delivering RF power to a coil wound

around a portion of the core element.

[0013] In another aspect, a plasma chamber having muitiple plasma controlling
devices for plasma processing a substrate is provided. Each of multiple plasma
controlling devices comprising a plasma block having an inner ring, an outer ring,
and a side plate coupling the inner ring and the outer ring to define a plasma
generating region between the inner ring and the outer ring, a gas inlet formed
through a portion of the outer ring, the gas inlet connecting to a first external gas
source, a gas outlet formed through a portion of the outer ring, the gas outlet being
in fluid communication with a processing region within the plasma chamber in which
a substrate is disposed, and a magnetic permeable core disposed through each

inner ring of the plasma block.

[0014] Embodiments of the invention may also provide a plasma source coupled

to a processing chamber, comprising a core element having a first end, a second

end and a core element central axis, a first plasma block having one or more

surfaces that at least partially enclose a first annular shaped plasma generating

region, wherein the first annular shaped plasma generating region is disposed
5



5 around a first portion of the core elenment, a first coil disposed over a
first portion of the core elenent; and a second coil disposed over a second
porti on oVothe/werse el enent, wherein the first plasna blPoTRISE&0MFRPOSEd
between the first portion of the core el enent and second portion of the
core el enent. BRI EF DESCRI PTI ON OF THE DRAW NGS [0015] So that the manner

I n which the above recited features of the present invention can be
understood in detail, a nore particular description of the invention,
briefly sarmwnd adidstgiotien ofriiye berehalgnignty affiestecniledisposath odéme first, pastiore obf
which are illustrated in the appended dqrawings. It is to, be noted, however,
that ¢ e Ui ERiReTERS A8 719BIR A JRPYSES Givekia SREVE RBHLET Bf taiiore

i nvent i onepiifbm! (hehaihaherRstehsing BIBck @ aispesed Hetwbéh MFe Hsti fottiss P ehe f OF
the invention may admt to other equally effective enbodi nents.

[ 0016] Fi gaeke alemant endsiesond portiusoistbetdos@ gleméertw of a conventional renote
pl asma source device. [0017]Figure 2A is an isonetric view of a plasm

source CQ%IEEﬁ@SéR‘?ﬁ?F@ﬁ%Iﬂ%F@BﬁﬁM%@Ordi ng to one enbodi ment of the

present i

[0015] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[0016] Figure 1 illustrates a cross-sectional view of a conventional remote

plasma source device.

[0017] Figure 2A is an isometric view of a plasma source coupled to a processing

chamber according to one embodiment of the present invention.

[0018] Figure 2B is a side cross-sectional view of the plasma source illustrate in

Figure 2A according to one embodiment of the present invention.

[0019] Figure 2C is a side cross-sectional view of the plasma block illustrated in

Figure 2A according to one embodiment of the present invention.

[0020] Figure 2D is a side cross-sectional view of a plasma block according to

one embodiment of the present invention.

[0021] Figure 2E is an isometric view of a plasma block according to one

embodiment of the present invention.

[0022] Figure 2F is a schematic side cross-sectional view of a source assembly
that is used to form the plasma in a plasma generating region of a plasma source

according to one embodiment of the present invention.
6



[0018] Figure 2B is a side cross-sectional view of the plasm source
illustrate in Figure 2A according to one enbodi nent of the present
i nvent i orwO[200183Hsgure 2C is a side cross-sectional vi @earafS2eleesprasm
block illustrated in Figure 2A according to one enbodi nent of the present
i nvention. [0020] Figure 2D is a side cross-sectional view of a plasma bl ock
according to one enbodi nent of the present invention. [0021]Figure 2E is an
i sometric view of a plasnma bl ock according to one enbodi nent of the present
i nvent i on[00¥022]Hgunrer 2G2E a side sisersertionali ewosfaqdasmactowoalhavingwivwad on
source assenblél . : .

more coils wound around a core element according to one embodiment of the

present invention.

[0024] Figure 2H illustrates three examples of cross-sectional shapes of core
elements that may be used in a plasma source according to one embodiment of the

present invention.

[0025] Figure 2I is a schematic side cross-sectional view of a source assembly

according to one embodiment of the present invention.

[0026] Figure 2J is a schematic side cross-sectional view of a source assembly

according to one embodiment of the present invention.

[0027] Figure 3 is an isometric cross-sectional view of the plasma block

according to one embodiment of the present invention.

[0028] Figure 4 is a side cross-section view of the plasma controlling device that
has a coil wound around at least a portion of the plasma generation region

according to one embodiment of the present invention.

[0029] Figure 5 illustrates a schematic cross-sectional view of a plasma chamber
having two plasma controlling device coupled to process chamber according to one

embodiment of the present invention.

[0030] Figures 6A and 6B are schematic cross-sectional views of a plasma
chamber having at least three plasma controlling devices coupled to a process

chamber according to another embodiment of the present invention.

[0031] Figure 7A is a side cross-sectional view of a plasma chamber having a
temperature controlled core element according to another embodiment of the

present invention.



that is used to formthe plasma in a plasnma generating region of a plasma
source according to one enbodi nent of the present invention. 6 WO

2011/ 0631™ORCTI/1682010/ 057274 [ 0023] Figure 2G is a side ecoas2&em5i2ohal vi ew
of plasma source having two or nore coils wound around a core el enent
according to one enbodi rent of the present invention. [0024] Figure 2H
I1lustrates three exanpl es of cross-sectional shapes of core el enents that
may be used in a plasma source according to one enbodi nent of the present

i nvent i on[0032)025]Higgrer éB2it asside sarhesrsetiiorsl ddewr ok podaxt obriaé teimperatire

source asggrﬂpcl)lyed core element shown in Figure 7A according to another embodiment of the

present invention.

DETAILED DESCRIPTION

[0033] Embodiments of the present invention generally provide a plasma source
apparatus, and method of using the same, that is able to generate radicals and/or
gas ions in a plasma generation region that is symmetrically positioned around a
magnetic core element by use of an electromagnetic energy source. In general, the
orientation and shape of the plasma generation region and magnetic core allows for
the effective and uniform coupling of the delivered electromagnetic energy to a gas
disposed in the plasma generation region. It is believed that due to the configuration
of the plasma source disclosed herein, the electromagnetic energy delivered to the
magnetic core is able to more efficiently form gas radicals and/or gas ions, provide a
wider process window in which to form the gas radicals and/or gas ions, and form a
broader range of gas radical energies and/or ion densities than conventional plasma
source designs found on the market today. In general, the improved characteristics
of the plasma formed in the plasma generation region is able to improve deposition,
etching and/or cleaning processes performed on a substrate or a portion of a

processing chamber that is disposed downstream of the plasma generation region.

[0034] Figure 2A is a isometric view of one embodiment of the plasma source
1000 that is coupled to a process chamber 1020 so that gas radicals and/or gas ions
formed in a plasma generating region 1118 (Figure 2B) of a plasma controlling
device 1072 found in the plasma source 1000 can be delivered to a processing
region 1128 (Figure 2B) of a process chamber 1020. The gas radicals and/or gas
ions formed in the plasma generating region 1118 are then used to enhance the
deposition, etching and/or cleaning process(es) performed on the process chamber
components and/or substrate disposed therein. Figure 2B is a cross-sectional view
of the plasma source 1000 shown in Figure 2A, which is formed by cutting the
plasma source 1000 along an X-Y plane (Figure 2A) that passes through the central

axis 1130S of the core element 1130. In this configuration, the plasma source 1000
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according to one enbodi nent of the present invention. [0026]Figure 2J is a
schematic side cross-sectional view of a source assenbly according to one
enbodi mrerwoabi1ttdeal4pr esent i nvention. [0027] Figure 3 is ROTIGSo0me0672¢4
cross-sectional view of the plasma bl ock according to one enbodi nent of the
present invention. [0028]Figure 4 is a side cross-section view of the

pl asma control ling device that has a coil wound around at | east a portion
of the plasma generation region according to one enbodi nent of the present

i nvent i onconP02e3 Bipdasreasontrollisgrdetves 4042 heddité prarass sheatiarctil0 thataredf a

D gt o B TRerao 0 ) R B0 R " 35 %5ne
plasma source configurations, due to the configuration and/or positioning of the
plasma generating region 1118 relative to a substrate or chamber component
disposed in the processing region 1128 of the process chamber 1020, the amount of
charged species (e.g., ions, electrons) diffusing out of the plasma generating region
1118 (e.g., reference “A” in Figures 2B-2D) will preferably only minimally reach and
interact with a substrate or chamber component during processing. The diffusion or
flux of the gas radicals and/or gas ions from the plasma generating region 1118 to
the processing region 1128 can also be controlled by adjusting the processing
pressure and/or flow of the gas atoms through the plasma generating region 1118
from the gas source 1124. However, in some cases, the plasma source 1000 is
configured so that a small amount of charged species interaction with the surface of
a substrate disposed in the processing region 1128 of the process chamber 1020

occurs to further promote an etching or CVD type deposition process.

[0035] As illustrated in Figure 2B, the process chamber 1020 can include a
chamber body 1021 that has one or more walis that sealably enclose the processing
region 1128, such as chamber sidewalls 1005 and a chamber lid 1010. In some
configurations, a substrate pedestal 115, which is used to support a substrate 1030,
is disposed adjacent to an inlet 1011 formed in the chamber lid 1010. In general,
the inlet 1011 is in fluid communication with the plasma generating region 1118 of
the plasma source 1000. In some embodiments, a showerhead assembly 1027 is
disposed between the inlet 1011 and the substrate pedestal 1015 to provide a
uniform distribution of gas radicals and/or gas ions formed in the plasma generating
region 1118 to be delivered through holes 1026 formed in the showerhead assembly
1027 to a surface 1031 of the substrate 1030. The showerhead assembly 1027 may
be electrically grounded or floating, and the size and density of the holes 1026 may
be selected to adjust the amount and uniformity of the gas radicals and/or gas ions
entering the processing region 1128. A backside gas supply 1016 may also be
provided to furnish a gas, such as argon or helium to a gap (not shown) formed
between the backside of the substrate 130 and the substrate pedestal 1015 to

9



[ 0030] Fi gures 6A and 6B are schematic cross-sectional views of a plasm

chanber having at |least three plasma controlling devices coupled to a

process cweanrbavoedaweor di ng t o anot her enbodi ment of the pCcedsae10i0sm2ent i oN.

[0031]Figure 7A is a side cross-sectional view of a plasma chanber having a

tenperature controlled core el enent according to another enbodi nent of the

present invention. WD 2011/063146PCT/ US2010/ 057274 [0032]Figure 7B is a

side cross-sectional view of portion of the tenperature controlled core

el enent s hopevertheingalr eordvction dredivagn ttbe dermphsturenbantiotiedt swistiate ppdestant

I nventi °MNyo Lﬁldl'lﬁg s%%ggg{ep:l-b%.l A process gas supply 1025 can be used to furnish a
process gas into the processing region 1128. A vacuum pump system 1035
comprising a turbo pump, rough pump and/or other similar device controls the
pressure within the process chamber 1020 and/or plasma source 1000. In one
example, the pressure within the processing region 1128 and/or plasma generating
region 1118 during processing is maintained at a vacuum pressure, such as
between about 0.5 milliTorr (mT) and about 1 Torr. In some embodiments, a shield
1129 is directly or indirectly mounted on the chamber lid 1010 to house the plasma
controlling device 1072. The top of the shield 1129 is provided with an opening (not
shown) that corresponds to the location of the gas inlet 1120. The shield 1129 is
designed to reduce the effects of the fields produced by the plasma controlling
device 1072 and is preferably made of high Mu material, such that all the generated

fields are kept in the internal region of the shield 1129.

[0036] In some embodiments of the invention, the plasma controlling device 1072
is attached or mounted on the chamber lid 1010 of the process chamber 1020, and
is configured to produce and introduce a gas radicals and/or ionized gas atoms into
the processing region 1128 of the process chamber 1020. The plasma controlling
device 1072 may be spaced apart and electrically isolated from the components in
the process chamber 1020 by an isolation plate 1145, which is made from a
dielectric material (e.g., ceramic material). The plasma controlling device 1072
generally contains a magnetic core, or hereafter core element 1130, a source
assembly 1038 coupled to the core element 1130 and a processing region assembly
1073. The plasma generating region 1118, which is generally symmetrically
distributed around the core element 1130, may be enclosed by one or more
components found in the processing region assembly 1073. In one embodiment,
the processing region assembly 1073 comprises a dome portion 1110, a plasma
block 1116, a cooling plate 1134, and a side cover 1140, that enclose the plasma

generating region 1118.

[0037] During operation of the plasma source 1000, a substrate 1030 is placed

on the substrate pedestal 1015 in the process chamber 1020 for processing. The

10



[ 0033] Enbodi nents of the present invention generally provide a plasnma
source apparatus, and nethod of using the sane, that is able to generate
radi cal s wod0awosgs i ons in a plasnma generation regi on POAIUSREL0/057274
symmetrically positioned around a nagnetic core el enment by use of an

el ectromagneti c energy source. In general, the orientation and shape of the
pl asma generation region and magnetic core allows for the effective and

uni form coupling of the delivered el ectromagnetic energy to a gas di sposed
in the pl pasmagessatingnegiegi 8 ot thesplasinaesmacé H@00dnay tiert be pulled to a
configuration of the Fﬁl asma source di sclosed herein, the el ectronagnetic

ener gy dePfQﬂ@rt%rH"F%dt ESRHENRGUENE BYethes vapywm; BUmr syeem JiVeAt | )p’fc@r Fﬁ%as
radi cal s r e

he gas r BAT SRy mAE eSS B0 M B O e o MG R s
ener gi es haditorduoed |dEnI$letplesmarwntromngemwmwmalnastha gasuniet 1d28 iagd<idwound

th k t d I th h t f
For moa 1 nitboly 5 Hlasgin BFREIORo: 6o 11 48 i 0 SRl dSBbn 14 ernRIe ™
etchi ng an QaclfININIY HERAPSDES RIMHOEERE Riing tHUITidiAL ScRfce 1800 bGkh Of

a processing chanber that is disposed downstream of the plasma generati on
regi on. [UBB4rreguilieriam peocessingnpressureviseabtsingthe Erebpabeassingoprasisergliss ma

100 d.t ham 102 h t i cal
andior gasdBRDe bnBRHTIoF el b RSARE 46 T b G Cark Se tagdiln SHeRT 2
pl asma coty tHe bna@madgyur@@ 1000201f adj0stind tH fow! ras Bf FRUPRReEO dfednh Qses
delivered to a groce55|ng region 1128 (Figure 2B) of a process cha
1020. Thebgiag intaruesd l@tﬁcplasrr@agour@ﬂsm@r theaugh the«as ma1‘g%mer(am¢m§1e
regl on L3RR LAERUS 8. LB0ARIG DS HSRESLOLRR s SLEMIE ATRE! powor
cl eani ng process orned on € proceéss ¢ er conponent's and

subst r at es@hurs:epse@h tabehelsnurda gsgemlalﬁ 1&3&1 i€ emsncwytdo@mébtedl teva @b||t1l132
pl asma source 1000 shown | is formed by cuttlng t he

pl asma solpedieldsogengrairy Bw tb@ v%ﬂé&@ loﬂpem@év IS A dpagpalicelield in digygotae
tral t

bl s sonE R odg O hal MRERLSY CoRERS the vl By IO R o4 HEbLse i B

process chmsma gbﬁéﬂatmlgategiole Ukl [lxb é)@nepﬂ‘@cgasi intp @nplaﬂmamrta!teof It hene

enbodi nment s scrl b herein Iasrra squrce confi |ons dye to
Che cont 1 GRS ah B SRy 4D R CORETH SR JER Ao B 4c88 b b g
relative Fn‘ér@as%dbcﬁ{déﬁréaﬁd fHhed :%@édﬁ@fﬁa@ﬁ%\‘tthé'pmfé‘r Pbﬁeé’l R?tﬁéré’&?ﬂ%?gr
reglon 1128 of the process chanber 1020, the anount o charged speci es
(e.g., ioftgough édmﬁtmgr)nt ofithe psoerpsng ptﬂssureemmla@na speneg 4000ig region 1118

(e. g. , reference "A" in Figures 2B-2D) will preferably only mnimally reach
and i nt er pos8Iwi t htee qidshaabckr 1dﬁ|§nta5r istadednin digureg PBocZi3sand. 2Ehe

di ff f / f t
qener at | nGIPREFEM 2 SABPoRO R, lsseet At AuBpain 4581 At B e
by adj ust j8gerafifg Hegf?s3HNg fBFrﬂééLth@rélﬁd/ Phe fArwi&d sﬁﬁ&S‘ecﬂiﬁasﬁ*ﬁé’ rIe'Fé

the plasnma generating region 1118 fromthe gas source 112 However ,
sone caseﬁﬁ‘glfﬂﬂhé1ﬂ)ﬁé&ﬁ@n%@uywﬁl@barquﬁddbﬂfqog@ﬁmn% T la m¢mbadmﬁznt of

h d t h fa bstrate d th
or ocessi nit TERalRh EA6Me Pl HRdEln Snd SRl ot fiEhas
pronot e arectisdulag shap&yRrbypeecdidnsi Hoaver 0BRS Shapd OFOIMS crddsisédtidhedf i n
Fi gure 2B, the process chanber 1020 can include a chanber body 1021 t hat
has one oPlagfiaegeRarpEng Frdior ddi8mouldhe oy dlasiabler sapses sHh cigilan elliptBal

h 0
such, as_ CHREIGF uSeRRNALS, IR RRAERRY el s Bing reqon s

subst r at end0iBendesl tdi teptimitithgealy & thet séapeaof thel |B¢/erit(bh1déwrmied he”retnhelnCdswrber
lid 1010. In eneral, the inlet 1011 is in fluid communication with the

pl asma geR@nTid r%o'“r éﬁ? HiAsMa geperating reoiih! t& i ideasiopartinlly epeigsed by an
embodi ments, heas, 11
and the substrate pedestatéig%bit13561%%‘\2/%é(ljg'lo(aél @ﬁ??grg%q g‘éﬂﬁ@ %F?B”r‘]&g?’ﬁ 5%%
radi cal s pladhar blgak 1i1dhs Ihmeknbodirﬂmtptk&splasgmwgaerﬁrahgg regioon 11BL8 fuldy be

del i vered t oles, 1 f djnt shower enb 1027 to a
surf ace 19@‘:106?(9BH5‘%W@¥§(%§?9’ %%.1%0#;%\%{?‘%3 s f@ éléﬁ érﬁ)?OM@r
el ectrically grounded or floating, and the size and den5|ty of the holes
1026 may be selected to adjust the amouritl and uniformty of the gas

radi cal s and/or gas ions entering the processing region 1128. A backside
gas supply 1016 nmay al so be provided to furnish a gas, such as argon or
heliumto a gap (not shown) forned between the backsi de of the substrate
130 and the substrate pedestal 1015 to



i nprove thermal conduction between the tenperature controlled substrate
pedestal 1015 and the substrate 1030. A process gas supply 1025 can be used
to furni sWoa20rwawss gas i nto the processing regi on 1128CTASe@EONSTIPUND
system 1035 conprising a turbo punp, rough punp and/or other simlar device
controls the pressure within the process chanber 1020 and/or plasma source
1000. In one exanple, the pressure within the processing region 1128 and/ or
pl asma generating region 1118 during processing is naintained at a vacuum
pressur e, 1$4@ thatss bboleshtatheupladma biotk i1 To8 by (UsE)of odvabierial fasteners (hot
sonme enbodi nents, a shield 1129 is directly or ipdirectly nounted op the
chanber |?*&°"i8)10’”i 8”ﬁo%&r5'9PFﬁet'%]’a?s?rﬁh%‘%ﬂt"ﬁdi'wrﬁggge@f‘c%n zgh%??é’ PS5

t he shi el ! Vi 1 i peami tisSfarwe to
t he | ocat ?%ﬁé%?n?ﬁreeegg]sﬁﬁlge%&ﬁl@%%k %hg&gﬁ%elq 1‘%29 isbd%%nggée{@l%?e uce
the effeci$1@$. tlhenk ednfigupatintydbed Vielurnaef thesmauto rshepkedi plagsriaviaereraiivp

d i f | de of hjgh terial h that all the
feids orEaimp e Bedeind it hddudiofimsron g el Pt 1336 b kiRr L
enbodi menteyiéis, tdehdraMe R eglal i ehedlapsambf aRBt drabssBeticie \of GRaskRd QQén%lratin

attached or nounted on the chanber Iid 1010 of the process chanber 1020,
and i s coffdiguied. .t ecSRTesemrion) neyQded @bguy ke catirahaxisahlasy. il somsl

gas atons_]j : processing regi 1 .ocess .cha 020., The
o asm corrpepmafisbefecenibty” SEbBRA" DERE Ao BNaiCrEEar TREG, FPS° be

i sol ated Esrapldtéle of subst@tiby symhtteripapoestheddentienxitd02q68y an isol ation
plate 1145, which is made froma dielectric material (e.g., ceramc

mat eri al ) poddje Pl BoreOSERRINt i1Ng0daYi] ird# Idpy ' ﬁ@e%t?ti c
core, or ﬁgrdgafter core el emgnt 1130, |Hi;1938’[r(3)43§%|e a@fer%blylﬁgj%@rzﬂgpﬁgd to the
core el enévieudh aopertan £f ghe céaynadpledgil bHo asee @bl 3djacsts. surtasep] tadfn of the

generating regign,. i i ene y symmetrical diistrjbuted und
Phe cor e D110 br 415 wigbrhf ELCHTHSY JRLOTE HheFd: b Sb RIS

t he processmpgsésai Iighansgnéticy pdfidability reteorctubed fdregtampibe apfeaReSdUNBut
region assemply 1073 conprises a donme portion 1110, a plasma block 1116, a
cool i ng pfeuid é@sat,hean@aangtl@em@&ﬁf@l daprnding 2on dhel 6Q6Plinge shlugting. The
generatin ki : 0 i.n p j ; , a
dubst r at o795 UL Indphd bBOAAIEHHED DBl 8D, L TfBed IR <Rl
chanber 120 folbowipgochasateristithe M0 a dbws wargeloss atiengity eqti tighl lilpredsdde

| asma source 1000 then be pulled to . a pre rm ned pressure/vacuum b
'Ito he vacyuﬁ?%‘ﬂﬁﬂf'?@%@@%gg&@éﬁ {erﬁ’%p?flaé‘ﬂ@? %F&é&iga"%ﬁ‘gﬂgﬁgbé‘ﬁﬁ rsesé?(t,'m%vﬁ'ﬂ, Zl
deposi t i 0gendraf thégoRs e%'r’rfﬁfﬂ'ﬂgo%%(tﬁél}orﬁﬁﬂ fo6mi ﬁymgkécr%‘ﬁtﬁéitdéﬁtﬁugé e

controlling device 1072 via the gas inlet 1120 and flow t hroug e plasma
gener at i ngrovistg apath tigrougbwhinke tiyg gedefated dieldso@yg. 1 trRynelhifledds) seatadunym

punp syst i nu {0 pu t he pl asna,saurc such .t hat an

Baur 1 br i 0 (0 86 BB Gy R antchil Tl b fefe 237 (6 5P 0292y Fey i b B

adj ust abl @séé‘n'ﬁl@l?,lgﬂ)ssf, ill praFErdrtially oL t In 68 hsbseMiBHNItha cofd effméhter v UUM
systemto the plasma source 1000 or adjusti ng‘@zhe fl owrate of the process
or cl ean ¢R¥EESERAHGTItAICODRIBEY ¢lamenpl X¥hite Bwulesa “feuite elaraenrth andeTeyste
inlet 1120, e_th - 0 t | she 0 sQurce
is acti va&gt. na'}%:ﬁ%%émgé%s%ﬁp gg&' t‘%ﬁ@%g;ées}q?%@e?g% c@b%ésggﬁ&%gﬁgﬁg,&gﬁes%

el ect ri cainvgniiem rdssicebed ochereimi | Alkd33n die drmbbditnagrn@iatcile bylebtemt cPido
1132 inductively forns a magnetic field in the core el enent 1130 that

i nduct i ve$YMBESPY 8sPunle ff|smalles Hiametefyclipdarsyas refss e edeialignge 3o i
generatin Lo i e e i .
enbodi nen%ﬁttgﬁgse'?b%&%ﬁﬁé??%égh{églr%g?ég?égoﬂﬁlgp\'ﬁsr g%lﬁgﬁi%{wﬁbvﬁ’th?( fa (L)(Emeg prl] }ansma
may be i nEigees2B. or decreased through adjustnent of the power supplied to
the coil 1132 or through adjustnent of the processing pressure in plasm

sogrczzcé 10f@640] [ 00F5guree20! rsaeclbtotk dbk6.seasiohal Vi at ake iplagthaus®arollihg 2D
an ) . . . . . .
device 1072 illustrated in Figure 2B that generally schematically illustrates one
embodiment of the invention in which an inductively coupled plasma “P” is formed in

the plasma generating region 1118 by delivering energy from a source assembly
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conprises a conponent that has at |east a portion of an annul ar shaped

pl asma generating region 1118 formed therein. The annul ar shaped pl asma
gener at i nyorey/ws146118 i s generally formed around the cece/ust@onst274130. |In
one enbodi nent, as illustrated in Figure 2B, the annul ar shaped pl asnma
generating region 1118 has a rectangul ar shaped cross-section. However, the
shape of the cross-section of plasnma generating region 1118 could be any
desi rabl e shape, such circular, elliptical or other useful shape, and thus
t he rect anQ3s sénatshdpess plrmagmetgehedyi end3-fielg ‘@7) irstheotorendélendd 11180beThe
limting as, to the scope of the invention descrjbed herein. In one _

conf i gur af'dyRed m%grfﬁt%ffﬁég JutereateRyap SIEYHC ?‘fHB'”i fgeéﬁaw@ggengé@tmga{qg}on
encl osed ' I i i

(Froure. 28] o e e e el s Y optd e g AL el X
gener at i nfprmegiptasnid Ii&ativeill fcohtain gasiradiedisognd/be iomsl | Burdid PlasirisbprocessBgof

the plasma block.1116 and tlhe ‘?Sfi/gﬁ C verI 1140 tha%. IS atta&ljrq éj rt10 tHe

pl asma bl BIKOTIIB"HPATs'E i VED Pi 'Bfial P He; SR8 JEIN f througRean

confi gur afnlnpor@st 1oMinied i EHE Sutds, wall PIBBUbLAkhS iR HIG88 196 P ihd)J
region 1118 conprises a volune that is formed about a central axis 1116S.

I n one co@X¢igdr gas @iomshexily thauplasota weserating agiehdddd hrasghn ageaediett par

port 11271125 NGRS ElarbrheF HEC ByleR AT P Ledblap fogScs sLiE ol
pl asma gepert Atii2eathue Jiurdly cBuples thegilasadl genesgiid rsyion eMaBuedhainutedding
central axis 1116S. In sone enbodi nents, the_annul ar shaped pl asnma

gener at i nEpdieyilde81ah hariyoeasscempneer1928r Shewfaie ithe | hesyistnetafi iheagrsit
th tralyaxis 1116S. The,.: ' t '
i qur o 2eleVERd 1o R prockiilal g BRC £128 S, blolbss ShambUBtiPal b |

near an adprtesied IsytHeapmckisd Gasadupdphe 11 handvihkl erketHP obthd heas pitassradl we k
1116. In one a}spect, the core element 1130 copprises a hi gh _magne,ti c
per meabi | $RRTQlEE BY thedas piam draidsnee tne dp ipeePiagiga grAcTalg degienot hits

magneti c erd } e il SRt . I-C

materi ol [rom wAPOeRRLY TRur Bl o e (R Sec™ RE BRUeF; [ SoBesfibhopt e e
f ol | owi nggasex anttbei ptasow genesatingvregive 1438 amdhstheypwmsshiglofi ther piseth
frequenci es Zh have a1h|i1gh Curie tenperature, and 3) have a high bul k

resi stivi 950 PHNGERAPT T 1Phe core el ement 1130 can be fornmed from any

material that can be used to provide a pa t hrou ich t ener at ed
fields (el nag?wmgc a%nasé)roe%%mgd a&yﬁrﬁn&wneagﬁoﬂ e At ANSTRph
one or ”D{rﬁ?ﬁ?@‘. ?Iﬁeo \(,:Véil ?1-1132?9\}Hicﬁ1?s33%/bu58%u28 d PBrRAUSLCHASHEEEMH? 3830w | |

preferenti a n one enbodi nent, the core elenent 1130 conprises a
ferrite cthat airedteg @ neagratic Wid| ‘B’ tthet flows thfeugh the ebearetamientntl1 30 avhich e

material" _are used herein,, .these ter are, not_intended to be.linifl as
to scope STy EnEIT USH M BERSTRAC oG L6 PIpH g A EHBGT R 1o H (S o
el ement 1130 4PrPy he§ Tausby seatdmsSaRbbSEd dhevdit & fontl bnslasmaotP.T osordat
are aligned about a center axis, such as the central axis 1130S which is

coi nci denem@pdinentathe pavesindelivered pethescol 0042 mayuvary2beiveen ebesk Oub
Cr oss- sec{,.Qnal . vi f I [ ' Vi ce illustrated.in
Figure 2B a&%t lOgé‘??@W%ﬁoyk‘Z‘gﬁ’i‘%n%f :gggﬁ)@gﬂﬁ%&s\{]?%t sougn4eojog£§|5di"¥‘;ﬂ%t aoé% Hée
i nvent i ondélivendd cdt anflovadieté i bestvipenodpbetd 08 astm 'aRd ABoditon 0ediphi dride the
pl asma generating region 1118 by delivering energy froma source assenbly
pressure 1s maintained at between about™1 mTorr and about 500 Torr. It is
contemplated that the frequency of the power delivered by the RF power source is
not limited to frequencies around 400 kHz and may be run at a desired frequency
such as about 10 kHz to greater than 40 MHz, depending upon the application. In
some cases, it is desirable to deliver the RF power from the RF power source at

frequencies less than or equal to about 13.56 MHz.
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1038 that induces a magnetic field (i.e., B-field "B") in the core el enent
1130. The induced nagnetic field thus creates an electric field in the

pl asma gewenatiasgi4egi on 1118 that is used to excite thecygas2avnsR7di sposed
therein into an excited state to forma plasma that will contain gas

radi cal s and/or ions. During plasma .processing, a processing gas is
delivered into the plasma generating region 1118 through an inlet port 1127
formed in the outer wall 1156 of the plasnma block 1116 and the excited gas
at ons exi [0042)e plBysoee gdntbeaplarmar sgitoe 1003 cohfiguigtioanderdribed fperein, 1l 26

that is also formed in the oyter wall 1156 of the plasnmg. bl ock 1116. Th
out | et pobeevedanakouasg wihoPo seietaas AL SRR SHITRI Ve bIARRLE « o
the procegsd P@dié@lgér%}gi'b%?@arpBetg{?éaW i?ﬁﬁﬁ)’i/eGW@Qfonl'@H@onémﬂé%Qrgfénetrﬁ't%g
chem stry of the gas delivered to the processing region 1128 of The process
chanber 1de0cesin ltbie helievedIthaidtheyusenef pnoymiesaghplasopognarating aadionhe! 18

energy of,the qga C ntrolled by.the gas atomresidenc ime in
the ol asriiahds 87 B RBeRG REmeE S8y Meq sl B ReBbE FPEAFFIER (e
del i ver edcdie lenrint 1t13e) PaBRPBLkiLRR dtfadvadtdrsesverothBe cBhasHtorae desRihsNg
BT cur i Sk 159 o e A TR e Ao S bt ot e

r ) S ;
t hrough t i Leh 4 : j nt
1130, 1 nabtesfELgeerding $OUB 1 F1elBRsRL AN, £RDILAR Bineh{tafNe (SHREET
1130 whi ctheeginpbeschemetieallyrillgstfated dn Higure#S aed 20 dhehsyniveetcatiyformed
generating region 1118 (see "+" and 5@@2) and causes gas atons. di sposed
therein teagBlnpangRiBgaegen 1148 dae tyimerave theecpupiing glicienayeaf the t he
coil 1132 n t : t :
Frequency ar CLEO R ABUEREL B ng it REGrRrP a0y widd) il pRg A oRIT e e
about 0. Sefficiemcanuioblems cre@ed s thadcdrmopr ‘e spet”i issuaifourad imedoaterisnaten

bout 1 d about 500 Tarr. It i templ ated that the f f
e poer KOS FBEEG B9 IRGRPITUARIE s GTREEN, SRR FHS PV B RtS (T eent s
around 40Qakia gekranidg bggiblclm ki Qb&ﬁﬁhtéﬁtgbrgrérlélﬁh@ﬂﬁmguqﬁe cz'b'z‘arﬁHa@Mtpré@lehﬂZ

.
to greater than 40 MHz, dependi ng upon t pplication. In sone cases,
i s desira®f baviogdedn-usifornhdiclr denady inrdifferamnd eRBiquewet the plasenatgenerating

frequencigs; | e |t bout. 13. Miz. MO .
2011/ 069 1RO 16 BEyE BN o555 AIeds a7 stifars slaee ngrating
confi gur atdgiun (Fegerel Deshdgedobalized drial pldsevedotifirly regReESg W PHDYEgION in
energetic_gas atomcreation efficiency and range of gas radical _ener&i es
can be grE8HIg 1) @se JeEWVSder TB@rﬂ%hW'é?fﬁ] figldadsityefraingt inmeormantioral RAS | s
bel i eved 0 d._pi: } i IS
oyrmet 11 cATTSnT Sand el an HeEF ShNEt R TR PRI PR L 11 by
cor e el enietdrattl®0)ofhéise eexvitetiegasf amtvanvidiyesortivas of liee sunfventofoplsma
designs. First, due to the core elenent 1130 shape and the symmetric

ori ent at | $NTPIRGEHPAS R generating region 1118, a plasma having a uniform
density can be forned therein, as schematically illustrated in Figure 2C
and 2D. TiRe43y SR EnbasimentspphteainyeRier @ PResgiogr” magnstis iglddok o
Lmprove tfieqfhplibRiseliit ¢ 98K listrBale bl UB0stdtEe RARERA Mo AEhlat e L e
RF energy over a w der area, and avording the e crency problens created
by the cotmeomagheticalpqermeablee cheuaigment cld3deiy genatatddPSudds itivesoupking of

di scussed above,  Secopd, due to the s tric shape of the plas
gener at i njerd Gi2iie1he ot SlamRnicti . e %&ﬂemlfggem?@néa%lﬂﬂﬁbu%#@m

havi ng NORRY! ther Blabindl eSS kol Witlih SHENDIAERE 8BReBhink RaRIPITRS.  In
generating region found I n conventional RPS design3, such as a square

pl asma gesmmatémigodiegints) thEirgageeticallgrpbrmeablecate eledhantal 130pbfatwapresapt i ng
region (e.qg.,,."PR'" region in Figure are remgved., The non-uniformfield
densi Ly 1BUaAOT . 8Py RENJRP” ARSOA.TY S GehREXEnoat FUBSrTHEY 1 ca
gener at i Opa8inal BIRRCY1 80 dirshead! Bieat @bt RIopet d&igRTad W@piéél%l L8HNORS i OB
w th portions of the surface of ﬁl asma generating Tegion. [0043]1n sone
enbodi nengenvehtional torreistal p@smm chapbar BotgiinanegRiesi designs, avhese a winding or

coil section is wrapped around a closed magnetically permeable core that surrounds
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magnetic field is able to evenly distributed all 360 degree around the
center axis of the magnetically perneable core elenent 1130, is generated
due to t hwocoupledrag of the coil 1132 to the core el emnrenPCTABR010/DFE274 open

| oop” magnetic field will thus hel p nmake the plasma density uniformwthin
the plasma generating region 1118. In sonme enbodi nents, the magnetically
perneabl e core el enent 1130 of the present invention is an "open | oop"
design that is generally extended straight through the plasma bl ock 1116,

i nst ead o# @onduitomewrﬂicﬁopi‘le gdsssnga iasgengratedl | y\ssd'snuissed labovencenveérdivalal
torroidal, nmber an nna qr. RPS desi ndi ng _or_ coi
sect ton i esEhbeh” BF3ths W BRUS ad i seotert (el emieah e iBredBagarsind
surroundsttp GHYHI 4t WIRicHBhE BIokEE ncm@é@f% SlEMBAPRY Bkbnets di scussed above,
conventional "closed | oop" designs wll have a higher magnetic field only
at certai gio 0 h a i o] r | eqrent
IS positi n@ gggg{eF%r% ngggggbg%hélggnC% %tg)bggsﬁ%\kéctefotﬁgl S{/a::sew

t he pl asngelgerramngtreg@nr iag’la)forﬂnbr&mmnpldsm blbek gl1dSmm wihadbka Ppldgnai“R” whi ch

portfone Brmeroby e s b deideo ) hessing Fubhah eideo e pRse Rource
B'f' el ds honoedas mddhatepnie @r@e@D HS3B- fléYﬁkf%‘Brrﬁé@%'tHé%dr@eeléﬁ%t (1113 -
"2 sign), and the returning B-fiel ds (i.e., "X" ign), whic | ow out of

t he page, which flawf iotaritiye gager (/leut ed sgrﬁcanﬂethemeutlahlryg BbfdﬁJdSt(h@ axXi sigi), t he
uni form 3 d,radi al

| 1
ki 11 ed 1 RTaeTol P e, Blos crrd, diarly Fistoifes o GhierBRiay Ak e s
control | i pptHécvbecsldMEAt MaBet éb\gﬁ bifdrie 360080 g g8 MabRE pokitidn it O Bheaswlildédne

symmetrically generated fields and plasma formed in the plasma generating
regi on 11irsthse el will ?Ppﬁﬁﬁéﬁ‘tﬁ bat éh@idOQ’s‘sﬂtIth@f Hihe ddasna coriilling @@wseoiome

process CF@%R?@(’) tol(Pr?éJ Qg El‘?é%p%P‘ﬁd M PPhhe e Me@@%ﬁy %te%@{%éé

radi cal s an I ons I nt € processing re

can interand pmsrhatfhneneaumtﬁapl@saMQem@@aag re@i@lﬂibEﬁ&ng@r@ﬂWrSmahm ootyade
enbodi nment is desirable to 05| tion the%ﬁpl asnma nergtl ng ion 1118 a
di st ance ﬁflxépefP'Eﬂ???ﬁBgs[ﬁ%‘?'F at othso Pregass; K8ap) Pht lgwisn theye

pl asma geps,

Phe: subor gratiofitor i Gindretdy end%?ﬁrﬁ%%@p%?@c. 5P JoRE B M Dracelad
pl asma sheagitn oHl 28n escs titet i’rmyecamamtecmt walustee| wbsma’tdaaardi’rwmmmdckiarmbge
Core El enent Desi 0045 AtS rall aII illustrate
e gl o EoneonRaie i assnitaimaat 1L Br of SIS o hefigh e miryrth danaaiig'
an encl ospgyidh 3318 pERERE Aday BBhPthe é@osﬂﬁat@d O@bos‘(ﬁtha't ﬂmé@@n@@@ﬂém s,
the core element 1130 need not” be a single nonolithic elenent, but may

conpri se B ¥erplasmergenaialing regiemdd§ daest n@trl@teusmtdmﬁuthe)g@rtfm 1031 of dnhe de

o BPLT B "SRRG ) ] e FRORE!BECUBLORY Yime

conf i gur aghedth drsthel dubsbratelinat ean edubelismbomBerdindat aBddmagd/ US2010/ 057274

Core Element Design

[0045] Figures 2A-6B generally schematically illustrate a single core element
1130 that is useful for forming a uniform plasma in an enclosed plasma generating
region. As noted above, in some embodiments, the core element 1130 need not be
a single monolithic element, but may comprise a series of smaller elements that are
bundled together to provide a path through which the generated fields (e.g.,
magnetic fields) will preferentially flow, or may be formed in various different shapes

and configurations as will be discussed below.
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[ 0046] I n one enbodi ment, as shown in Figures 2A-6B, the core elenent 1130
conprises a bar shaped elenent that is disposed through the plasma bl ock
1116. | n wbizetigwssfasgur ati on, the core el enment 1130 has acChars2eloape4 or
straight | ength shape, as opposed to a ring, square or other enclosed shape
t hat surrounds the plasma bl ock 1116, as commonly found in conventi onal

desi gns. The strai ght bar shape of the core elenent significantly inproves
the ion density in the plasma generating region 1118 (Figure 2B), because

t he i nduclob4€ll y deraneaeedotiinaénts asrshavs i F&gwps edd6Buthe sorecelenheyt ot

h | osed t h . Whi f tially fl
the 1ol GTRBTErs A FRBRTE Meaehnghe WeroskiisRthe rdnahiods L1 1R
constrai nggk tonfigiERbh, theBord edméRe! TBRALE aasa1esHHpe) @r sG8igPR lendls shupB! ¥
distributed magnetic fields will thus tend to formthe plasma density

uni f or m t a% GRRSehdo Y MRSt SALAIE 9r pmafeenqdcpmhge@uéhett sureoynsisi the plasma

cross soctPah TG 2rLorhiR obhe uf SaRyFERETHG00HS Jhe Sragiresn 380% OF.n

as a cir ctheatoy eléjherﬁdélgﬁmbaﬁﬂl)ﬂﬁiﬁpﬁﬂ@fsl R idnndensitye ke @lasni® generating
cross-section of the core_elenment 1130 is circular and has a di aneter of

bet ween als@IRN 4118 (HigHAR) dinsause the briistively aeneeagtHields detaRleto spirad 3

i nch and n XD [

to the dlglﬁtgbféga?ygp Qi@agg%en el ene é&i (ilj%eedeﬁ'ntenggfr%@)rn]v\gﬁou{bae gal bout
40, such fowbefwsethalields dgermnateabioom the. stiliglitdeayhsHapedcaore @émmahbrelfh&) is
descri bed here as, cylindri it conten;%l ated that the cross-sectional

al, it i
shape of oRstaiped etPeﬁeﬁfnai' ﬁg'%yOfséh?loW 8. GeRRTBININEBLIEN | ndie &¥eNdich
as squar ed.snmnaa ne&.eqfe?dwwllﬁhus%n@wwhm{e eehfaegerﬁ;@ggnfo%tth%ugh

regul ar or 1rregul ar Figure 2H 1l lTustrates exanples o

cr oss- secthesyhmstriadly fomeat] plaemengernsatingregient!d 18hat may be used in the
pl asma source 1000. In this exanple, the core elenent 1130 may have a
circul ar [o4rys- sdetsonmealcosfigyratiass, smevworierelémle«nsmseoéibm shaped dntbhhara

cross-sectional shape as sho "cross-section I1", or a he agon
cr oss- sectghEeCcipR fhat {ﬁhfqgh‘\fmrsorr SYUMEG %%‘E)é’d capiak aXife! C%a%; f as

shown in chédP&%nséﬂFdo‘Pi‘&al tloss- éé&t.anotlh%neﬁéﬁmp?e thB&r6 -ee@ttcﬁ%ﬁheléée may

have a circular cross-sectional shape with one or nore features forned
t herei n, eleotends 186rie cicelae@andivasla |drrarﬁetgamoé beBveem abnet @sbiodh medt abautZar

shaped core, el e nt, 11 wo ends,11 Figure ZB tha are
i oposed Engh ARE A enaibe’ BrweRE BRiE sdidhand Boelo?d Bl Ui SmbE e

strai ght Raib (smgnﬁcth@% tﬁl(eyrw&hé:am‘métef@@)l @mmeaccﬁére@éﬂﬁhthﬂﬂ@lé?ﬁeﬂ@ééiﬁnt
with the central axis 1130S of the core elenment 1130 will pass through the

two ends ah@atAl . érmdlque 40, @gnb]aStbetyeebmuﬂ duaitd ehatt thafibeugh thengoktsor e
on the. e FEMECHlaCls, BRFiiad Rerd eRPEUIFRSC 3 i cBMEMBEAL L AL (g

skill ed |sedtimeaalshapeldf thppcee eremémaﬂimtrﬂna;t be ﬁ@rhmremlaarmrfﬁoncc@lmlbtay
and the magnetic perneability decrease as the tenperature of the core

ol ement 138D AR GAbAE drexpgaRak seetangylagyer eatehardased shanen eitherfrauair e

o oo SE AR AR 4] MABAGS TR e LSl Sepnie Stc b

[ 0049] Fi gdifferehA a:cﬂeselememgsthaisenay tealused ew tife ol‘tsnmttmxﬂsmerltOOOf dnpthassma
example, the core element 1130 may have a circular cross-sectional shape as
shown in “cross-section |”, a tubular cross-sectional shape as shown in “cross-
section II”, or a hexagonal cross-sectional shape, which is regularly shaped about
the central axis, as shown in “cross-section IlI”. In another example, the core
element 1130 may have a circular cross-sectional shape with one or more features
formed therein, such as core element 1721 in Figure 7B. In one embodiment, a bar

shaped core element 1130 has two ends 1131A and 1131B (Figure 2B) that are
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source 1000 that has a tenperature controlled core elenent 1130. Figure 7B
is a side cross-sectional view of the core elenent 1130 according to an
enbodi nerwoabitttsar4bnvent i on. I n one enbodi ment, the pl agca/tseann®e721000
conprises a core elenent 1130 and heat exchanger assenbly 1710. In one
enbodi ment, during the operation of the plasma source 1000 a tenperature
control |l ed heat exchanging fluid is delivered fromthe heat exchanger
assenbly 1710 through a portion of the core elenent 1130 and then returned
back to tUSpbeedi atappasje reraisseithleycdrélélenlent gelder alhetdierehdata stxaipatoar
assenbly 171 rises a conventjonal fluid heat exchangi ng device, such
as a fluidh @r&(frce %mamcwrt figyratiqr, @éﬁ@!‘?&lt "“Ph%O'H@Q?nEMHaW@ ?@‘tfqltﬁ)ﬁﬁ

wi |1 haveqqshs g 11&l & ﬁrterélé ent §956 II\,\géé’sﬁﬂ ugP etk evﬁtgfea&éém?ﬁﬁand 1318..

characteri Stl CS, Ssuc elroni ze n-one I nment as s in

Fi gure 7 e o | Ie
core ol ent9fT /o FREPERE Mokt B SR RbR: 1Y 1RRERE %éﬁtf%tt’%vﬁceﬁopgfem‘%
conf i gur apigpertié eaheahaex shmitang irmbatdonlehé eficiehdy, ataliity dieptelieilinaoger
assenbly 1710 flows within the housing 1711 and around and through portions

of the malifckREMFeIaHiEs Oncoridlied Briasiar wihapereciate firatihah famsrbiralipmie
formed th L 1

compr 1 ses g hgR Gareofgnelic A FRABIR, Hicedter S e, SRl dEIEE "ot the core
di scussedetemn/rﬁ 111300mn[ea$esl orherefdne Hogoverso2B- thE€. rise/d the temperature of the

2011/ 063146PCT. USZ %OQBQL% EOOSO The housi g 1711, .in one enbodiment, is
si zed to SPICOREME H&]Ptcmeasms B edowptidly gugegt eping. @Pt'\gpure
7B) forne Rlg\eE I el enent 1721 and the inner
surface o?o?he hoﬁg?ﬂﬁe%&%ﬁémﬁﬁgﬁgggeﬂEzﬂﬂgﬁgqu%l may contain a center
channel and/ u Y, ) r are
f or med |n30§299urfa|§éu%f wtb‘h'%a%g%ecrg% frsrggtﬁ&{a?‘ﬁléé\&goﬁt%'?éjc a@é’%eﬁgg Rc# or a
pl ural it ysofircEet000 tmt hadda derepgrtercatcdytraliedl cgerednent ndeoi Vieiguhe 7Bl isva ng
heat excha fluid t ve the heat trapnsfer between the flow n

O e oLt MR Py ae (hie A et Bt AEFTRG Kead GrebadBRBReT

fluid and®

1721 is smwewﬁoﬁndwldr@%ﬁtwaotmbﬂtt 2 E%@,ﬁwgoa?éel 18046 &&tﬁﬂﬁééérﬁacetéck
1116 by supporting features (not shown engage with features formed in
t he core elesmnitl13uand heat hmhmmeeraseambm,ennﬂzzm mnef@mbudmentmunng thesonme
configurat] ons ow distri res uch as, .
o ous. i peEton.gs the el Shifs T8 FemBRlafhE oAb e iEdnd i
port 1711lfg d&liveedd flon®rms Beat @ﬂcrtattg@rféé@,wmly tiraoRprSugx 8 RrEbM &f thelictre
around and through the core elenment 1721. [0051]Referring to Figure 7B, in

one enbodelegmnt TH¥ apdsthag rftltrmeﬁsbaqtfrteeth%bea QKChﬂf@QﬁLﬂséﬁngl]Yﬂgd@ 1A
f the h 1 | f
Flui d i o HENTBLEE vt brctindRP RSB 1708 LEMpySEs S, LB TERE S0,

this conf egmheatgumgt ddvirr&a hstum r@ B/ 1llid seticgui@thd robillea. r ilgi gertkiral, ethler iheat
[ alumn quartz, alum numnitride, a conposite

mat eri al ,

mat eri al 6%3151'19@?9 sfm'@a afillle hﬁﬁ%e@.a@ pleckiical| tesfstiite @mmgﬂq?ertteatttﬁ@nsfer
housi ng 1 f US| 11
s conti gorageers ey S ap Roria®y Usher, B bhambddiiont of §RphAR RN
t hrough t 1A, thet esreaiemegt 6h3Q gRBerally ddmyprideisea megretis permeablE/ddra element
expand to o) antact to, be nmade between portion of the inner surfa e
T180A of 171 HfiaEiR Sieset MUTA G RS T KA o nadus 9oL ot Bobep

1711. TheegdMirRfidg AliREIAReRY %ﬁmﬁehﬁeém@haﬁgét éE&rﬁBWﬂfﬂéW@ \Aﬁthftﬁtﬂae

bl ock 1116 and the outer surface 1711A of the~housing al I ow the

heat genehatsiagi v tthengl aronad gan through p@@ooa df1the maghetic rrangieablee dote

t he heat echag fluid flow,ng thrao ousing,, 1711.

cont 1 gur ab EEE N2 holsb rgot8 11 Sersrsid hPBhIBHRRd rereliy ot hpgneti
material, éMﬁé’tatﬂé cor| @sirent NEtAr géheratlyQﬁfmprra&egnﬁrgﬂdnfagﬁefb Fereveadlity

el astorrerlc material, a conposite material or other suitable material that

i s flexi bmaterial pueh asdederrithred eredineussedralave i egnjungipn with Figures 2B-
2011/ 063148PCT/ US2010/ 057274
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[ 0052] I n one enbodi ment of the plasma source 1000, which is further

di scussed bel ow, an actuator 1047 and a systemcontroller 1001 are used to
adj ust amsioton@restie position of the core el ement 1130, whirals2empsincl ude

t he housing 1711 and core elenent 1721, relative to the plasm generating
region 1118 to inprove the RF coupling to the gas disposed therein. In one
configuration, a sensor in the power supply delivering energy to the coil
1132, attached to another region of the power delivery circuit, or in
comuni cafoos] wi the Heusirgs e 1denier anengntegiiment, 18 sizedudedaliaw f #ved heat k

information to the_s emcontroller 1 t tate of the plas

Goner ar et TN IS Janemalihg s deo Tt e J0), RiedHBe iR e coBl i ng
to the pl agiBce anthe cafll BRIMShtoV721h8n@ ¥8é SRTOlTRE! & tht0fdusidd@711. The

i nformation measured by the sensor and returned to the systemcontrolle

1001 may torel eleémnantd 72ionay contairfl eantedcipvee 1728aaﬂ¢é¢rambﬁahimcﬁ fe@ﬂuaesra
density, cal ,em ssi on of asna t her..useful info |on bout
the_ st at e b4 eHe S e Par thah ofe R P& BB el Aty T e BBl
Bl ock [Ooéﬁéﬁrielam'zobﬁd)@ragﬂp lig oﬁ@@ﬁ,&éshvmtafelg%&ié‘?éllyféb’rﬁ@ulréu to receive
conventional torroidal S desi g as di scussed above, the plasm bl ock
1116 is f#engewingoneat exahanomg flwdtto\/unnrowbﬁhe bgat transier iedweer thadiowing or
ions for i | ng,.r t

process. grideind ¥ Rofe HeBHC 104 o' G dindgdiBeBh. Mg Sl Bieg & hat

IS symet Sluppc&tmiltantihallg?mEIch vﬂﬂmﬂﬁhé Hd%@md"ldomdl’mesp@sm dldck 14 matbw
not be appreci abl y attacked by th) ﬁwgsma chem stry and has a high thermal
g

conduct i vP¥RPATENG rigatyres (e $hown ra@%geowtmée@humorme% iRethe core
exchangi n C Kk C

i gt ner el it 2 B oS eP Ehiiel 1722 emeRR R 1728 cole RLERTR,
synmet ri cflmdaftmv distnibaswefebtoek (ﬁdﬂﬁwdvma)t soomrpm pmreua p@és dmdy/ éieemsposued

mat eri al na advant.ages, ov conventj | desi since i i ds_the
Toati h. ot et ol B RSy i SAR R ToRe e TePRinmatd Sioat famar
RPS desi gfhe hddt éx%hgﬁ@ﬁbfﬂdld’ahﬁfr@ érﬁ’d tHré r?tr% Eorel gleppt 9324l pl asma
processing region by joining two halves t have a coating on the interior
surf ace, @b@ﬁe 'tRéf%rrpfgre uﬁé?srm&@%n@% RER ﬁb&kﬁﬁg art71q@fdrme'at§%se

bet ween the hal ves w |n undamage uring t for i on process
of a sol i thaliitk¢ ecter surfemeet 7 HIA aff sive dbusingat &kl V\Mbnuteepbrborabiwdeﬂlemlvﬂgan

bl ock fe 8 1 F 1 hat . icall
di sposed 156 Bk S6RergRg Drica s sriereRofuplok: BF Gusihal Memgtol aeheol e
encl osed Re@iAG 1t7q1elutmsr@>trmghmlofnomaahb9§1n@f1 7a4dy f&r%écﬁﬂbﬁm A 'ﬁgH‘@l%ﬁec"t’ﬂi‘é al

contai ning regions. In one enbodi nent, e plasma bl ock 1116 i S nade from
al uni num Byterel( AL Rumiiau (ApQe), rﬂtlafﬁzd@h(mlﬂu)n niteide] i compesitie Njae0l, or

b | | & h
o homa bl BT sERbe AHREE B AR ARk R AR s f 7T & RRGe
i nches t hihek tfeCotitaregtirfaue 17 A ot BBblsmgm 7aneiseddmdiduradinto defsct W the
surface 1150A of the inner wall 1150 ma}ét e between about 2 i nches and

r

about 5 i AeMexGhangingniid/s defiverpd dlajoug hadraatemaltrﬁgloau17é’r5 \ﬁmthatltiwsmuiay be
bet ween i i

of the p?%%ﬁcil1zgiﬂlﬁgg%&%g% al(13181!\4 g@nﬁgétt %8% '?1' efw@?ﬂciggrtgb%ba out
30 inc hesmndeperfdce!gl 1508nofathe! plaatiaoblock 01056]51&1 ¢hig bntprllawlacéo‘lﬁmlbét@

in an effort to %L" h]er assure that the p ?‘ga bl ock 1116 and rel ate
conponent BOY&IRg T 1d o ol heyEeRtAgt Hﬁ@%éﬁwef‘a’f dBNEhguAGR 41204 9T fhe el@wmam ly
attached pgck ey gﬁd"‘(ﬁlelo&épéuﬁgcéhﬁiﬁlﬁé‘%ﬂ'gh@lh%ﬁgm The1 £ Qa1 Hwe b ﬂeétl?"1
is thus adapted to renpbve the heat generated during proce35|ng to prevent
any seal sgemeratathéduttod plaspm@enera‘tmmémommw dantm@ddarmﬂsnrerg tpr hee bishg.

| nb t h | 1134 h | |
cool g cRAAETG: J4E enaotrBudth et Boves: TePhinale s rantsuaion e,
nedi um sShEilkiAg 1%k s fémadd frénﬂﬂéilﬁl@reﬁgleﬂécﬁ’m hjﬂﬁemaéu&ﬁ(%%ﬂb@ﬂc ARHEGS,

1139. Although only one cooling plate and channel 1134, 11 I's shown in
Fi gure 2Albérimpiegeatsddiesidrmatsirial rlagioamssictmiterahta composite oratedalodri eter

Phe. oppost ol Hiefe gl ishafil Ao Hase BeS itus BRI sBhudhad” 1535 “whi cn

is attached to the side cover 1140. In one enbodi nent, the tenperature
controlled cooling nmediumis delivered tl8 the coolant inlets 1143 (Figure
2A) and returned fromthe coolant outlets 1144 (Figure 2A) forned in the
first and second cooling plates 1134, 1146 by use of the heat exchanging
source 1139. Plasma Fornmation and Power Delivery



[ 0055] As noted above, the core elenent 1130 generally provide a path

t hrough which the generated fields (e.g., magnetic fields), created by the
fl ow of REOcorwest4620 through one or nore coils (e.g., PCoOiUS201082)274 ound i n
the source assenbly 1038, will preferentially flowto create a plasnma in
the plasma generating region 1118. In one configuration, a coil 1132 is

wr apped around an outer portion of the core elenment 1130 to inductively
couple the coil to the core elenment 1130. In one enbodinent, the coil 1132
conpri ses[oas2yul t ilplometembsdiaferd of dimel platsimee somtcer 1000, whichh isafsirthec diggassed ri p
or wre,

t hat | t t nbl 38. | le, th
coi I 175500 H A SSURER T Sad o ST BT 0R R b Rop oL B, e ©
bet ween afpRUioditsip6f MRk \Serhbhi$130, 4PREH IS, mwoféethé%ﬁﬁmq\m APB8naRYrdIse

one or nore dynam c inpedance natching elenments to efficiently delivery RF
power to eleeanti 172111 32lative onthe pldsngairgemiesatjng negisout 8 & smpbdve IES&Rmay

452 | CCOUEREHR. BB, 5 ETR S ERISTS O ARHACS KchtBl B eBboner

power andsgddly Gefitéling éabigiefo tHiecHIE 1aB2r aitatifed e apdtHerlibgbreodtHd pswer
gener at i ngqr egion 1118. I n one enbodi nent, the source assenbly 1038

conpr i sesdeliyerypserdh @ iIngosnnugicatieniaith the Prasina generdingoirsionsdlii& és ussb.

dovi ce LopgeeB AN R0l 3 ifte SHSRT RS tonsZaddif of RET o i lteiiel®
mat ch el egemdralddBin tedplpsidal geerBing negion 11d8t Be thai theldFetgy [(0PHhd fo e

enbodi nent of the plasnma source 1000, a second RF power source assenbly
1042 may Plasma edependivstad Pyt Bregsystodr captraliend 00 Ehe difeimatiat measupichs ma
generatin L i Lgni Ly i t. e
pl asma caﬁy E@%&e&éﬁ ﬁuﬁggﬁp é[hg? kéﬂre g?ﬁ%?%n@fn@%ﬁi”ﬁr@ﬁ@? tﬁg@bghﬂ RE
power soureflectess gpobley, hdéhbynpnpadenca) plapedaneasitpt optica) ehméswont df0#de and

an RE power source 1043. e. RE power source 1043, ich my be external to
e ol RanBioEgH 15 PTG sl cBloToTIon Bboflele: it 19 De PP Bred oM i on
pronot i ngp@g%tqé}g@aﬁ,s@pébi@ﬁ 14hg first cooling plate 1134 and/or the second
cooling plate 1146 (Figure 2B), to capacitively couple the energy delivered

to the electrode to the gas atons :I%Q?ﬁfg!é)&the pl asma generating region

1118. In one exanple, as shown in he RE power source 1043 is

oot Lo Sakl 2o AReR R Aty SuROsRBLRAPsE R hE BB oL

pl asma gepeRAS nipsi@y, et Hisbissddaafovestthanslas@aobidck 1116 is formed from a
material that will not react with the gas radicals or ions formed in the plasma
generating region 1118 or with the reactive process gases. In general, the plasma
block 1116 is formed in a shape that is symmetric about the core element 1130 and
comprises a material that will not be appreciably attacked by the plasma chemistry
and has a high thermal conductivity to transfer the heat generated by the plasma to
a heat exchanging device. In one embodiment, the plasma block 1116 comprises a
high thermal conductivity dielectric material that is formed to a desired symmetric
shape. A plasma block 1116 that comprises a solid dielectric material has many
advantages over conventional designs, since it avoids the coating defect and
possible damage issues commonly found in conventional RPS designs. It is
generally hard to create a fully enclosed plasma processing region by joining two
halves that have a coating on the interior surface, since it is hard to assure that
surface coatings at the joints between the halves will remain undamaged during the

formation process. Use of a solid dielectric material also eliminates the need for
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cooling plates 1134, 1146 may be forned froma conductive material (e.g.,
netal) that is disposed adjacent and parallel to the plasnma generating
regi on 1M6.20t06Btast a portion of the core el ement 113@CEAS2@a®S720hr ough
center of the annular shaped first and second cooling plates 1134, 1146. In
one configuration, the first and second cooling plates 1134, 1146 each have
a radial "cut," or "break" (e.g., reference nuneral 1146A in Figure 2A),
that inhibits the formation of eddy currents in the annul ar shaped el enent
due to thmstilagihgdsblgerse(apederenbe monerald ¢6@nt 10130 igunei hythat aredypicglly The

isolation plate, 1145, which is generally, di sposed between the plas
control | ABPEEH HEt9D BRONR leRaBLENPa G¥Ga! ERRISTID (hlgs Beasariosed

| gni tion RIREPEA BEmARE the fsthfatioh S edtRVAUrfeta g thedd fndeh c’érn%nfnb%?lo%sRF
"hot" for inproving the capacitive coupling to the gas disposed in the

pl asma gelepae iampoedigienh thelgasmeai bigcll144 Gasinade iftom aldnpuse @xedenAl.The
isolation_plate 1145, pr nts the el ectr,pd rom bei. rted.to gr.ound
i oagh t AENS b AR KGN bR niMn fi%e (BERD. bPBILBENAS @R, pArE BsOoRer
[0058] I n giAfllanefmatetiis. JuItdrdN .exah®I&F tIROWIAsHAUbRRk19436 1 8 BRI Fiohd! dry

coupled-to an el ectrode 1142 (Figure ZeB%_that i s enbedded within the side
cover 1li4alupgngmpaitiids matsrialdopl s abputehimnchgs deick&rdiceationtind igec2Bbhdén
1142 to t - ' ' j j

a2 0.l 13l AE SHETRTEE ol BDASITAERREEUEN 2PHR (Bl

surface ladaut 2 iwdhdssantd apoatd indhes entizmnstepathel inaer sarfate opliles water wall
generati n? region 1118. At least _a portion of the core elenent 1130 na

pass t hr oli§PP deayx &g betwaenaabeytap iBeRgredNd @RAuytoHe inches in diagigter, and the

confi gurag} 42 4i ' |y 16 e rom
the plas ngé?rg?rrgégﬁ i tﬁéfﬁégﬁﬁg%‘}r%k 33;ggrﬁﬁ%@igioﬂg?%eﬁwag“td?%?’géctfer%i %‘é
mat er i al , about 3tapchés depamndaigiupom agdplidatioout , * or "break", that inhibits
the formation of eddy currents in the annul ar shaped el enent due to the

fields gepesat ed Rufetrirgy bacieteF R Bl I3@ndffarne furteesssoe tHR @S blasnen

al ternat e enbodi nent mg%dance mat chi ng may be achi eved by use of a tuning
capaci t or PIPGE 18-an] elatadaeprapongnte e ICORh during RroGassiisl micariiishalatte

core el enpiiy 14 30nemig AARACHIANAE e WA 1148 BRURABRRIIALICR3STRS BBliAst e

to resonate the“corl at t requency ehergy del1ver romithe
RE power platg cld 33039thusn adapteeintm demene, they haail genepddnbeingapodiasgings taised
In this. case,

in conjunction with the tunin apacitor 1036_confi quration.

Lhe Re mnBRYSRRGII Sealh (5 PHRRAIG feOrbBaR RS 16001 {ESHERRS cRamapgi Hing
del i ver edﬂl‘dée%@iﬂglf)' 1A ERIBRURhENY the@b8ihd PRile AQBY &Y Qﬁbs%‘{\?ﬁny dpbigery
schenes that use a sw tching power supply,” since the delivered energy does

not requi eeolingecharmedbfl 138 cameddad thef¢indo, repaiveaancaireflatepawepling siedivmt ed

over time 0 rol, the [ ivery of .power . .to r.ocessin t orm a

ol s, T as WAEE et BARNGER Yol 1B MBansiela o ShER 3R AuhEidh e

ef fi ci encynigf ohdrecdeling Mlate BRRHAEhATd PEERES1 888! i "BHOWE S _tmgu@baw, tist drge

adj ust the power |evel delivered to the plasma. [0060]As illTustrated in

Fi gure 2rFembpdieeRt fdheingesentiioyentionea secondcagliknplpie 1146 (Figure 2B) with a
similar cooling channel may be arranged at the opposing side of the side wall 1158
of the cooling channel 1133, which is attached to the side cover 1140. In one
embodiment, the temperature controlled cooling medium is delivered to the coolant
inlets 1143 (Figure 2A) and returned from the coolant outlets 1144 (Figure 2A)
formed in the first and second cooling plates 1134, 1146 by use of the heat

exchanging source 1139.

Plasma Formation and Power Delivery

[0055] As noted above, the core element 1130 generally provide a path through

which the generated fields (e.g., magnetic fields), created by the flow of RF current
20



1038 may conprise a series of fixed electrical elenents that are driven by
the RE power source 1039 to formthe plasna in the plasnma generating region
1118. Thewo=eliale3fsoxed el ectrical elenments in a power deCsSee005T2¢ui t,
versus the use of an active RE match, is advantageous since it is able to
reduce the conplexity of the source assenbly 1038 and pl asma source 1000.
In one enbodi nent, as shown in Figure 2F, a capacitor 1033 is coupled at
one end to ground and at the other end to the RE power source 1039 through
an opti ontrotiginiong arapars toits (€36 .collttel 3Ry fpavein feuscercé(ESeartsly dEBBondl
tuni ng capacitor. 1036 are also coupled to the feed circuit 1034 an

i gnition &e?%r@mla'isoﬁaw tpipreqtesa e&%@m% RRASME S§NRIRENREEYBN! 1§oﬂf‘c‘¥‘elo39
is able t ; bhict S i j '

an; 1 on SRR SBE R s e RuARNAT Bhidthdrich B8 e Sor Suehl
whi | e al sH13se ddhiatigelyheoypliea sima coih to liee poes eergentet 530.ndn oagi enbadib®nt,

t hrough uge of. ed circuit 1034. The feed cjrcuit 1034 is coupled to the
co | S 1aoercRi T1SL ERmREEFE A TYRBIR WINSS! EroaHHEEe VRRERR LGB Aer GRRRET | 1
Fi gure 2Fstriproriviire, tRa6R: cdnRcBRENE sBirde0 ey 1088238 MR dxakRpgie, te &8
needed, due to the addition of the ignition circuit 1044 connection to the
i gni tion ptddreoinpgises betwerieabyut enecandidwenty timssef eadlobuely) aplbstwean about he

second cogl j l.a 46 and/or the electrode 1142. In one exanple, the
capacitorﬁiﬁggngﬁwgﬁﬂi%tuning capacitor 1036 are selected to allow the
formed RE circuih_to 8erforn1ne@r L onance, and in one exanple, each may
conpri se KO85 t d "S0BOWERo2¥GRRY @%i“ﬂ%& US§PNR, §f NP A¥BRIRE JoRedance
probl ems fheHihg p&éﬁfen%é)%céﬁi%%%y”_@é‘li\}éﬁfébﬁﬁdpb\k}eﬁ th! #R1LBAY 11301 ngh e to
efficiently delTver power to the coil 1132 and plasnma generating region
1118. WCEQUHUWaB31L 48RCEOUBED EBAe8TbY7 41 (380 613yT aiskufrensentyrguoing efements,
coupling ofe%pe deli%eﬁed RFten rgy..to the glasna generatH g r@%g n 1118
froma solti ae{'é:?emﬂﬁ g 38R K 2B 0" 1% I %’p%rﬁ’\'& n{c? ferPY¥1

are used &&rvarigust mindlideutne reflecteasddwamn effibRrtip iR |iebeieNRF shalgy & eid ve
to the plasgﬁégeneratlng region 1118 to |g5rove the RF coupling to the gas
r

di sposed €@ A.and mesnacganaraing reaigh bHy1%dj isenaerhhedipints ithm sepraehe

core ele | At | t] i
cPect 1 carSemHiO B Eimifisdah MRpBUAREE (RROGRE G IRCHEIp SR ahlth BiCoower
Ther ef or esourse ot niibe RENpowdusomget h@39, nivhichl magthep erferhdletopthas plasawur ce
1000, one naéﬂﬁ%£HSL the _position of the cor Pt 130 rel ative to the

ele
pl asma gefN ?%'6?01;9 1§ C@W%)&%p ton ep‘EﬂAJemf o PPQ'@,th%HHp??@_PFQi X
the core ﬂa‘?&?@l@?neﬂ%@BV%rﬁé&r%vf&%%‘FﬁF eRerdyBaRERLIGMBat el y, the position of

the core elenent 1130 may adjusted relative to the plasma generating
region 11 uri t 8PS, 0 0 I SggU
perforned[:blﬁ%ﬁt heq%r%{éé:segﬁ% aﬁ;egr dio% Eba%@%?Hﬁgogpt Eagt% §F8§%4gﬁaﬁ(gwgr
syst em cosdurotlasseiBi 1042 mag bedintthgo padvided td delivert REtpowerOé7a iperiton of
servonot or or stepper nptor tha%ﬂhé apl e to adjust, closed-lg&& contr

I
and/ or pp‘(herﬁ@%m? : NF6RRY HIIY USBdeA [98) PrRIQIING £eRE 0 thattheon
or -X-dir I%Eh%“cér'f't%*h’f‘oré':éaé?ly i@ﬁﬁe&fthéﬁefiﬁorlﬁ SR RIRsbdifehb etraC ke RF
(e.g., notor encoders), sensors-that are able to detect the varration In
t he del i vpower souarassanbly 4042 coetprikEs powienpedemdetrhatchirgs elencntt10di1] and

1001. | nbodi t t troll 1001 is. | d dt
coni ol ot T PORE" GO CQIR BT B0k THTHe: 1 Sp NS PELPE 08! Erne
Syst em coper @lbifa Aol 88ARE 1072, Ao SIaRRsIl CoRd 1d B idtfor BRAingand

automation of the plasma processing technlﬂues descri bed herein and
t ypi cal | yeleatfodecsunheas thesfitst goolnd pkade i1 g4 warid/on tbryecondt cashivgrplatentisy y

t sh X t Ci it L/ t sh T b
of any 1 olioWR SRR REPbe LR M eniley Babet R Y0 hur SR e B e T o
cont rol | i g@mMdispaSedirPPRSHaSMANErRAGHMPIRIdre1918. TMbAE BxalPIErasSshidnh 86,
chanber hardware) and nonitor the processes (e.g., substrate tenperature,

gas flow Figuee hetRbfpoyyasr ggurae | i04Asr isacendiguned domsowderhRF pias ta te of
})he core Eé&dﬁ%“&@onngﬁﬁatgﬂ ‘oY sﬁeﬁtag%%?\)o&n 'aBoﬁPE@(ﬁ%ﬁQ and At {84y Sadidray
e one or nore of a“readily avarl abl'e neéfory, such as random access frenory
(RAM, regditonthy prspray il Redplashapgenatatihg regioth dit$8, Theafirgt eindesedsiidn of
digital storage, local or renote. Software instructions and data can be
coded and stored within the menory for Rdstructing the CPU The support
circuits (not shown) are also connected to the CPU for supporting the
processor in a conventional manner. The support circuits may incl ude
conventional cache, power supplies, clock circuits, input/output circuitry,
subsystens, and the like. A program (or computer instructions) readable by
the systemcontroller determ nes which tasks are performable on a plasm

.



[0063] Wil e Figure 2B illustrates only a single inductive coil 1132
positioned outside the torroidal plasnma source, this configuration is not

i nt ended WO 2biwmés14bhe scope of the present invention, siPataSthwe/osrber and
| ocation of coils 1132 may vary dependi ng upon the application or
desirability of plasma ion density. In sone enbodinents, as schematically
shown in Figure 2G the coil 1132 nmay be wound around an outer portion of
the core elenent 1130 at either end, at a center portion of the core

el enent 1¢adingepigtes 113281046 Miap beFogued fEHm acordective nwabgiztdear oonetal) he

i gur o 2GIA i fiRasseaaaeeS! apd RAtale! bafs BSTb GeDrIng Eaion 1138G Ay |

be separ afegky aCSdS'r'ﬁ@ﬁt&dthbocér’@eekﬁ%?ﬁcﬁs“oenB@ M’éefhréﬁ?g'ﬁ %‘htersé!qheaénﬁlﬂﬂf ce
assenblies 1038 and 1058. The source assenbly 8 may conprise an RF power

isour ?:e %Loslgamdjfltﬁ‘t ang Bﬁmdian@@llnmpmmdné#eﬁég@ JJOWhe ?Ifheflglhan ahhl& ﬁn‘ewer
RF
1 75F, 11558 St coringDRfs, 1 2hns TR ANG PEtlE el B RivaR g d.

i nprove t hfeRinaenuriérd qﬁasAynlmgwasezn ) apERINBEIRY Mkl fAEmBBGH Of elid) TuaRiPr
i nprove the RF power couplin L 064] I n some enbodi nents, the coil 1132 may

conpri se me@nmresftﬁneﬂﬁl@@e@ dueé@rtfse ie@grgem@at@q!meﬁetme eigrgent 1130
Symmet ri caj, Ly %?éeélgfg@e.dme ik0BER" ﬁ’at?o?{?é“w%ﬁ% rge;?] géll }’@g{g{gs%d;n ra%?%{r:‘;

generatlngr to forma rmplasna i

region 11 plasmadtoreesllion deaical @72 tandt the cermbel kit 01 238bkes. tBe, use of
X-direction), In one_exanple, as schenmat i caIIy shown in Figure 21, two or

more coi | NEioR BrMRRING glactiodels)dhat Haye laree wytaceppipal thied inM abet’ iBtlnd

around the?&g i h

region 1118. K/ﬁ]gl sh%g%?f)%%%\z@t(%gjtoﬂﬁgﬁlav@r%yabg%{t?ﬂgéssetguﬁ]cQJ'% ?gféserlgg;
connect edregion s1Hds doriageplisntp  igiitiamt @y prodessing.oc ébei mgla@maptaigem%

i nclude the nore uni f orm generati on of netjc fields in, the
core el enBiftY eﬂ%sdﬁ%gn@{ifmée fg?mhe!i\‘?@% Sg]"r'ﬁelda:t O gfoyer oygfg nde growdgdhe
sanme curr gihpbhens fbﬂﬁ@ﬂgiheb&bee%ﬁg%ﬁaﬁ%'ﬁqmzéd coils. The nmore symretric
and uni form generat ed fields in the core elenent 1130 are believed to

i mprove t gsdﬁteﬁ an%EHérQ{dﬁng fontﬂ?eﬁ' e %Jr?@ 1@'4%%{%&%&&%@%&@@

region 1118 I'n a direction pdr eI’ to ecoree
X-di r ect i tnpnagidctroge did2t( IﬁegweLQB) m;atosﬁ emtmecgmmbwahedtﬁe side d:awetrmeMibtce
el enrent 1130. .Ln anoth t Wo

or nore cBARCNMEY COHREC r exaHErqyanfY t%'l Ca(‘?tcﬁea%sﬁy@f?bp%/ %%%aﬂzé’n?ffe

wound ar ogRgotdee lﬁQhégﬁbmnéeﬁér%ﬂnQr’re@Rﬁp%ﬁg STHEScl8&trddie 1@'4251% be a
generating region 111 In one configuration, the symetrically p05|t|oned

coil s, sueenductivejannuianplatera.g.18mtal) dhat Wesral sarfeaad! 1424 tateisediepesad i n

t he sane il i cal l t pref rred due t.o at
[ east par (aEERL AR prRIBE IR g Brolotnd el 1E R lier ¢ orehiBe e
around t heoreosienringmaBy rhagPaiss tﬁﬂﬂ@h‘ oghtdi bﬁ@hl@ﬂ@larV&Hdpédt &decfrbded 142,
el ectrical elenent type source asse 1038 is illustrated in Fi ures 21

and ﬁ‘] t hins0B® opEgEIAeRn e @&ﬁﬁtm@@rbi‘i/%#ﬁ pepaigied andnefasically jeolpfed froAy as
adi ust ot BESEIRADIRLERE IR R bRAEEbeie ot T8y Brgi8lethd maerial

radi al di érh@rrmelsmcmhtelrser@dgilhcmf bhebmeagh ethiat irfhilsitsd tHeo forathtion dfheddy
delivery of RF ener%y throu%h the core elenent 1130 the plasma formed in

the plasnBUgeMeria rgaPeYrbshaRed elPment4ie o theyilieids, OabRRieR R iy Aek
the innerq\aldnt 4436 dﬁ{nﬁ%ﬁo&é’@slﬁ ter wall 1156 of the plasma block 1116.

Therefore to further ifrprove the plasma coupling and/or make the plasma

uni f or m Lo N1 i LA SRLASE ERSH ATk SaHAlbeL HRCATR Sl e BN DL By

pl asma ad |ng T é ni ques  can
use of a tuning capacitor 1036 that is attached to the coil 1132 that is wound around

the core element 1130. The capacitance of the tuning capacitor 1036 is selected to
resonate the coil 1132 at the frequency of the energy delivered from the RF power

source 1039. In one embodiment, dynamic impedance matching is used in
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[ 0066] I n one enbodi ment of the plasma source 1000, as shown in Figure 3,
one or nore field shaping el enents, such as permanent magnets 1152, are
posi ti onewsioantunssi4dbhe pl asma generating region 1118 to &djrastomis72pd asma
uniformty. Figure 3 is a partial isonetric cross-sectional view of the

pl asma bl ock 1116 according to one enbodi nent of the present invention. In
Figure 3, the magnetically core elenent 1130, which is represented by
dashed line, the cooling plate 1134 and the side 26 cover 1140 have al
been om t tedjuhotiorcivithithg turling capaeitdyodi3Becunfiglirdatiom. phdkisecasentheoRFiemgrgy

device 1072, nultiple r manent nma s. 1152 arge .enbedded around th

Gi ¥ cunt or GREETSR PRG RRSMHvaPtrcE: 3001 s B A b Jekveredeld; B dfAssta ( ne
pl asma foP@ﬁé’rdtngtr’égioW mc&w&ﬁ@hbngo%sa'd%nvéfﬂyl&helnﬁbé)ﬂ%twgt?wmﬁq
inner wal I 1150 of the plasma block 1116 1s provided with a plurality o

openi ngs pawgr shaplyasscedhti drliveted eneegyeiloes pet nemeare theagsetod a1dsty cycle
therein. The rmanent.. magnets 1152 are general ly spaced-apart .in a
Syrmet 1 o PEFRE BILPENAT FnigRded e IFESr RuedhiEl B SpflRtuofdouter to o
al ternati pepdeRsing gk tarferm oditdlasr®a) - TRE hAEINIBAGAENTBEN oF I5vel epased
around the circunference of the inner wall 1150 will tend to "push" the

pl asma geR@s@ainpreves éhe efiirnaycefcihat plagmacdgnaiation pressss andoimprares theal |

1150 of tQBi”M@i@%&@%%sﬁ%‘%e?\té%ﬁ‘??r%gﬁaqﬁ?ﬂgla%ng- the circular region, or

t he outer Wa pIrng el ements thereby nmakes
th I d ity r | f th h the plasma generating region 18
formod- bortedn®t s MRisat it Figtsg Zhan, S Rt Oetions 106, SCHIGS HeSrmbly

shapi ng ehgsghay EBINPFRETS s8ReP VU TREE e MRBACEIE M Bi4toIRINGIH 9* {9 g
simlar devices that are able to shape the generated fields and pl asma

formed i npewer gpuroer] Qihta farmother plgsma in1the. plasma generating region 1118. The
use of fixed electrical elements in a power delivery circuit, versus the use of an

active RF match, is advantageous since it is able to reduce the complexity of the
source assembly 1038 and plasma source 1000. In one embodiment, as shown in
Figure 2F, a capacitor 1033 is coupled at one end to ground and at the other end to
the RF power source 1039 through an optional tuning capacitor 1036. The RF
power source 1039 and optional tuning capacitor 1036 are also coupled to the feed
circuit 1034 and ignition circuit 1044. In this configuration, a single RF power source
1039 is able to form the plasma in the plasma generating region 1118 using an
ignition circuit 1044 that is coupled to an ignition promoting electrode, while also
sustaining the plasma in the plasma generating region 1118 through use of a feed
circuit 1034. The feed circuit 1034 is coupled to the coil 1132 that is schematically
shown as an inductive coil type element in Figure 2F. In this case, the second RF
power source assembly 1042 is not needed, due to the addition of the ignition circuit
1044 connection to the ignition promoting electrode(s), such as the first cooling plate
1134, the second cooling plate 1146 and/or the electrode 1142. In one example, the
capacitor 1033 and the tuning capacitor 1036 are selected to allow the formed RF
circuit to perform near resonance, and in one example, each may comprise a 0.5 to
300 nano-Farad capacitor. To avoid reflected power problems the RF power source
1039 may be used in a frequency tuning mode to efficiently deliver power to the coil

1132 and plasma generating region 1118.
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[0067] I n sone cases, instead of using the field shaping elenments, a coil is
wound around at |least a portion of the plasma block 1116 so that the fields
gener at edwbyofllwsisng a current through this wound coil P¢3aIsestolos7274
redistribute the plasma forned in the plasnma generating region 1118. Figure
4 is a side cross-section view of the plasma controlling device 1072 that
schematically illustrates a wound coil configuration according to one
enbodi ment of the present invention. In this enbodi nent, one or nore coils
1432 are [oefiped To ﬂﬂﬂiarQMpmud)the oduplimgnef theadnaﬁdefceldeRElengybd)cblmé(pllalshﬁa In
one enbodi nent,. a % S wound aroun aII gortiog& éi;e | asma

bl ock 11139”%@%9&%9@80 1 fu‘PfB 9 RRUICRIASSERRlY 193802n arat 1388 s¥pgm
outer wal boﬁtﬂcﬁ@rqfod1h§reoh§§d7?o %'dﬁl&"éf M@@nﬁ\es S5itiGrP B¢ lthd Lok ’éRerH@r'\tf 38y
distribute the plasma formed in the plasna generatlng regi on when a
current i telaivestedtherplasgh gemeratvid redd? 18§ 8 tthdémpoower thedrir cceuplmgato the gae
enbodi nent,, a ower is delivered t c0|I 432 .10 i n uctlv coupl e
and redi s?';SPBE%tBﬁ'@'%I a@n%asggﬁgpa{%é@% h" hkéy ﬁld&?iﬁﬁ g‘\‘g‘r‘?ef)%l 98 (?f &%ﬁoﬁw
More speglehieit! 1130t helatPangs i el ifddna T gahedtily rEGoRUMHEBt tRaSEletftical
through the coil. 1432 w | qenerally have a magnetic flux density that is
st rongestCh@aptqrﬁBC%eam@rCWp thge sffigienciatan 1bssoadiupiesh wlherafersd iro gng |

t he pl as f 5 i i

tovar do- ¢ RECeCar s RS R Rufect BREF 1 lasiisred 0. Bhe iy Balbt e o,
arrows. Tb@smi@rh io¥ ey cofe telmne:rur 1630 rélbfwghtndwpla@md gédsating Iregiohus1 tersl to
make the plasma density nore_uniformin the plasnma generati n%wregl on 1118.

I n one enﬁ@dlfﬁ%ﬁttheﬂoﬁé’eirﬁ&HE'ﬂWQﬁ@f@oﬁ“Pni%ébeﬁé?f%g@danﬁs|1d|3r’pt"é 8 OOBItIRsM
fornmed in the plasma generating region 1118 by use of a power source 1433
that is alfpelto ePéteim@telmeen@slgyn of thereere elaaendid30onay be 3rljustediselativeeach

of the co o) ndfre en

ach coi | oube BBt Rl SRR, Tars S Baf ool shEr et
frequenci pceb8ifgdequense pesformentie iy pioedss Rabmbee 10206y Ust34 theyadagator
wr apped ar ound the inner and outer walls 1150, 1156 at any desired

| ocat i ons0%f 9é\¢eﬁV§/teW EENHPURMAOPhe lm@@? eerfigsiation, viel actualy, 14456s A
desired | BLebiRsT of "s18BeC AL TRAL s ' de ) 'ad@%%Z clo3eIB88 Chf Atk bhe

outer portion o t he cole el enen 8 adia I'ng plate
1134. | n optmiepthet positien ai theld@?2 élenmmmlrbme/\é)ﬁrdntdmaonam odirptiidre

1134 d | t 1135. Th t | t 1135 | ed
ORI 7 i 0 Wl O gt S o QL Pl
pl ates (esghsors MRaSHRPAbIE 1 dbtest ﬂkﬂ@@anéﬂ&?nﬁﬂ@"ﬂelﬁ)@er@dj g9PardBlnd feflidEn

the core elenment 1130 extending the support plates 1136 and 1137. In one
conf i gur aRFopowes, andutte sysign ncartepliee M01a cli long4 8mkicslinshotwnthas Stbeteng

o s 131,19 RS 00 R A7 oL B "

directi onw.tﬁhttﬁérmésnoiélsburddwoa@l The k48t eBhfolis 180INE JUHPAhPHEsignéPtach
other. [0069]In sone configurations of the plasma source 1000, the only the

i nner surfegiigatetthatcoptnt ae &Uﬁ@nﬁt'@% ok threRlasma pepoesgineriechnigues deperibidhs m
bl ock 111 i S d I r
ceran o 1 1eEt A BRficay, nP, MK i cebHl Hrfesr MRS GERT Rt s
conf i gur atearsry (hbeshbwa)rearl euhp@r@tdrduiﬁ@(dsratﬁe) mnotr@hidavl/m ffrhm(aPUBmay béuch
as dielectric coated al um num anodi zed al um num or stainless steel.

confi gur aPRrid el Rl sRIPPHISHPTeres$Rrs pihak pue pssek in indystiiqlcsettings H‘@r
inner val bodiqfhg $h5sud'Bldcelda8 aARHLEWAK 88 g"ahbtotd SvidSsupplies, chamber

hardware) and monitor the processes (e.g., substrate temperature, gas flow rate,
amount of energy delivered to the core element, position of the core element). The
memory (not shown) is connected to the CPU, and may be one or more of a readily
available memory, such as random access memory (RAM), read only memory

(ROM), floppy disk, hard disk, or any other form of digital storage, local or remote.
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formed froman electrically conductive material (e.g., netal), an

i nsul ati ng spacer (not shown), or dielectric break, needs to be provided to
break andweupmrwsssieeddy currents that generally flow i nPChaSeiolos721450,
1156, 1158 due to the fields generated by the delivery of current to the
coil 1432. The addition of insulating spacer between the conductive walls
wi Il generally nmake the plasma source 1000 assenbly nore conpl ex and
costly, while also making it harder to assenble in a vacuumti ght

conf i gur aboiwareThrstiuctiohat andy depencan( b ceaded land storedvivwithin thé meedrprfer or

outer walls, 1150, .11 nd.side wall 1158 ar de.of an insulatjng, or

non: conduEEIEIALEE 170" GRS BHPPOH: Gl STRU0) AP B ATEE TR thE | ng
pl asma propes frMElip i@ SRS proces3as in o 6hvertiondl HrmetherHd agpBogeNenis i ng
region 1118 froma gas supply 1124 through the inlet port 1127 (Figure 2B)
of the plagydneudeconvamicnal caplee epyvarestippiies atlodls cissuits, inpat/outitgircuitry,

generatin i 1 rough ,ap o et p 6 | r in
The pi asniitisoaigis 768 e BEE" AT BsBithinlo S hae drtRbior) TR0 B B o
control | i egtéevesrrolier Yetesrmisssl wihich elskeedret B farrbas Shnd persi£spuice dme
inlet port 1127 of the plasma block 1116 and pl asna generating region 1118
formed t heykstiate) n one embodi ment, the donme portion 1110 general Iy incl udes
a gas inlet 1120 and a gas di ffuser body 1122. The gas diffuser body 1122
gener al | yl0esdlendsVhite dugnet BB illustsatepoonly 12 Zingla indectivgt eeil WAIBR pagitordd t he

| asma bl ock. 1116. , The s inlet 1120.,is connhected to _an.external ,ga
D our o asdtidsr s 1orRadPFasher boarce 4hS AMOTTAE I8l iARAE0 478 thes
or clean gasdees) thepPeddit iRVARMTH, GMdd @he INDENESVARE |dfidn dMcdiRe1132 may
enbodi ment, the dome portion 1110 conprises a gas distribution plenum 1123,

whi ch is YaVrAePakding Hpehdhgapplicatianser dpsimgbilityof plagimadesdensity edn sonmeut e

and contr ld | pl.as: r.aki j ugh

ol es. 1124 PBRRES, SE cHEmarbah? ShaGnRhISBR R AL, IFF2 Hhug g fuerlld

pl asma bl ackintildbouter poaidndefthel done &legasntpl t30at sitHdresndpat b ckhgd, portioe bf

| eads to processi ng.region 11 in the plaspa source 1000. Therefore, the

gas di st rﬁ@u?c?%rﬁ'%'l“@%&ﬂﬁ%@i@gani%#% °;5I1a13°’%£) EHEF %ﬁi PoCYLYY dHaRRG aPNq

fluid compeniGatdigment 9938 ke cREQGRER Be &th@ﬁ”!ﬁ‘%@%@&odi%n%% ﬁ%&mf\l&

oxygen-contal ni ng or nitrogen-contal ni ng gases such as NH3, N20, ) ,

02, or flbigurene2G@oift Biiultiphe) apils earesustd asaER, ofNEE chiliglFl, 132F4, 1 1C8FB, m&F e or

C2F61-1, and ofs) i nations therﬁof 29 .
separately connected to the tespective RF power sources, such as source
assemblies 1038 and 1058. The source assembly 1058 may comprise an RF power
source 1059 and/or an impedance matching element 1057. The phase and power
level of each of the RF power signals delivered to each of the RF coils 1132F,
1132G can be adjusted or configured relative to each other to improve the plasma
uniformity in the plasma generating region 1118 and/or improve the RF power

coupling.

[0064] In some embodiments, the coil 1132 may comprise two or more coils
(e.g., coils 1132F and 1132G) that are symmetrically positioned on the core element
1130, relative to the plasma generating region 1118, to form a uniform plasma in the
plasma generating region 1118 in a direction parallel to the core element 1130 (i.e.,
X-direction). In one example, as schematically shown in Figure 2I, two or more coils
are connected in series to a source assembly 1038 and are wound around the core
element 1130 on opposite sides of the plasma generating region 1118. It is believed

that delivery of the source power to series connected coils has processing
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and optionally, carrier gases, such as argon, heliumor nitrogen. In one
aspect, the process gas conprises essentially argon (Ar). In another
aspect, twe?2prigsesls gas conprises essentially anmoni a ( REB)US2010/081204 her
aspect, an ammonia (NH3) and nitrogen trifluoride (NF3) gases are

I ntroduced into the plasma controlling device 1072 to generate the NH4F

pl asma, which then nay be used to renove native oxides on the substrate

pl aced in the plasnma source 1000. It is contenplated that other processing
pr ecur sor adpaseages udhegzrot&gsing iddvaatagesUBclidedhkemnotes ef/mlmqiriecandsomifcgas es

o1 i ded SENEIoNT B FRSIEYE U TR OB CReth LD RIS 1000NSHEL A SIBIRY ng

processi ngyhBer Bf RFAYN Sinkd tﬁé‘%aﬁf@&&?@ht%vﬁ@ﬂir@ﬂgﬂ%@h sBrib§@oRhased &hidr ce
1000 nmay be nai ntai ned between about 100 mrforr and about 20 Torr. In one

exanpl e, The mperkes symeeific tamel vhiere generatad ielinda thet vwrerclabemt 13O areTor r

d about, 1.25 T oo7 t 0, Fi 4 the pluralit
open: ngs . DEIE R BLmprye Y TEisEht iRt SCHiE pltsnid & Do) s SEnefding i ve
to the cemigicH 13%85n Xl dkBctidn bhfal@fso dhé fdeseeldindt 1138, (i.&.hoc-ah¥ctrdr)wdg

t he process or cleanlnﬁ gas to be delivered into the plasma generatin
regi on 110®rpue dhe Deyehng &F theueseratedfiigignte tberczmeﬂemﬁpbw Pt eln- anather

Gt ace oPTIEe: Raridiitodfe sy B 27, > PRENIRCdIR et istiefn
region llﬁ&allélrtocmeomarasbembumw@baa alé%odn@lrairednatth@@omwgllemefrﬁI1a130vcm to
a radial direction of the plasma generating region 1118, such_as the

central aPROs{teogides Hfwihe; ﬁlasmgénaratm eagion sldGs  Imeongasoniigyratien, sy
1122 and € C | L

enbodi rren%@%g%p?trngﬁé gtbrrﬁ%ﬁedgﬁ EF@J’ %agg%ls ﬁgniFaEna;ﬂr1§3r%hag%§twélgnc?%?%Lf:)nodut
70, such the arewlerbnt iBatbb smwdngctiﬂn t hesqnherczﬁselsywhﬂe dyecallygsotrprgfdreace a

desired width and | epngth, de en onthea ation The gas diffuser
body 112204y dnleaeh BarilSATER T & B SRedipR TRids s atilso Sre, uHGh
openi ngs fouiB! fe_S4teheRPEHOM 3R th MPOLMYS dRECHBHSE- WHllkit Ltﬂ% ‘?lxghaélgﬁtrﬁg}”ce

Configuration [0073]1n sone processing configurations nmultiple plasna
sour ces celamsat dgesl spnrqsaagsarnblys‘tﬁaaw@t lllpstbat@glsmglalgesest Rhant a2de this rsiousae or
gln]:a]; S;?PE@%%F@Y&RE glhr |8ﬂé€§o€m ' qﬁe&eﬁgoﬁé)hren iting gs S ggéjprecce)f tth% IH\r/é)ﬁ/tlodne

described herein.

Plasma Uniformity Adjustment

[0065] As schematically illustrated in Figure 2D, due to the radial difference in the
strength of the magnetic field formed by the delivery of RF energy through the core
element 1130 the plasma formed in the plasma generating region 1118 will have a
higher plasma density near the inner wall 1150 versus the outer wall 1156 of the
plasma block 1116. Therefore, to further improve the plasma coupling and/or make
the plasma uniformity within the plasma generating region 1118 more uniform

various plasma adjusting techniques can be used.

[0066] In one embodiment of the plasma source 1000, as shown in Figure 3, one
or more field shaping elements, such as permanent magnets 1152, are positioned
around the plasma generating region 1118 to adjust the plasma uniformity. Figure 3
is a partial isometric cross-sectional view of the plasma block 1116 according to one
embodiment of the present invention. In Figure 3, the magnetically core element

1130, which is represented by dashed line, the cooling plate 1134 and the side
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m xture ratios and/or energies to the processing region 1128 of the process
chanber 1020. Figure 5 illustrates a sinplified cross-sectional view of a
pl asma chaioizervdsambng two pl asma control | ing devi ces 10PeAUS:apAB2vhat are
coupled to the chanmber |id 1010 of the process chanber 1020 according to
one enbodi nent of the present invention. For ease of illustration, the

pl asma chanber conponents have been omtted, however, it is contenpl ated
that the process chanber 1020 contains all of the sane conponents as the
process coavdret14hdaneiall Ebgur@fnﬁladeﬁomapariWhelmbaebmnbbdinwapmfemer plasimee

Lont Port T Ry aling gevite, IR 2. ThoB e pem At esr S ae e b rided, Srpthd T

1010 of the BrQGRRTeRERBPERe JARE (WallPTIstl6E tRd bladtha lbae 14he Basdjuadigeal s
and/ or ionized gas(es) into the downstream process chanber 1020 through a

shower heaplaggeciobmed 102i7e pRisma genpraiwaregion 1 18.i hgode\asaest tog mer MaiPB

are arran arallel, and Le,3, 0 nt 1130 t.hat

i Sposed e AL PASIBESA7TE S pRyiORT Ripa Birine OF Phenios) IoRsnab et
1016B. Theorsmjueee !t6 mebéivé Itimahehhinsadieié i108DathiefsIni STIgS Petabh¥nst 3In@ts to
t he conponent di scussed above, except that it may require sone adde Iength

to all ow 1152 @rgege/nefalhbcﬁp@cgﬂ apaet 1 & sMeRsitie opatiely aRd iaresarranread ayith
1072B. f at heqt o
gonor at i nEENES ISR 1) AHBMARECREHACN: AR SR C TP STl Bhanent g

are all fmragadts mse alspg*s@d Rrastththel drdunifeesncehoiving, insercaind 150aﬂnrwe:’cd ek
1016A, to, reduce the nunber of duplicated conponents and inprove t

ability t®ushi it plremangerpratast B ihelasmgaanesatingregie aa&S@avacyhféO@dneer
I t

clenent 141 B8ShemkuTIAl 8916 ToEAHIR Rigde Shihe L2 PENeoPRY

t he coil auieevaiel156r [Wherwegohthef fieich shiapirig élements ttberaabgunalié)s the ph'asnden

th I 10 t Th 13 b
a1 anged 48 Fiare APTPRRAR U BeolgSMREOEar e BH GRERD L1 o TP hEMEen -
enbodi Menfhe friteraRal 145824ndare COMBF VoAl TUBL! PHTRCAEILSshAIIhg HI8mdne] Ayt ed

in different |ocations. In one enbodinent, the coil is di strl buted in any
of fol | owtergpries perrvangnt magneisi BleICUQméigméS eremrarmllarlmeq that are abid

| ocat i ons; tio 32C 0 coil

| ocati ons 1%%0% dgﬁéége%&%jf?é@ nielg%@eé;%iv Iag{n%ge ?%'(?Qt hth
1132A, 113288, 1132C, 1132D, and 1132E, depending upon the application or
desirability of plasma ion density. It is also contenplated that when

nul tiple paéds ang 68, cdses, Geithsd rﬁyugﬁgsﬁﬁafxéhehb{a&ﬁgnﬁéh%té 0t &S is
respective power sources assenblies (e.g , 1058 in Figure 2G. The

RE power whyndl @rouém abreastta pertinnotf the meswei blockah! 1 Smjtlll@’ft 8 dields

a1 a0 carand By REL REARE MBI it S 08, PR tRMCHR

of the gep@smaefbrﬁie@smatr@wasma/ gedetdiMgPrefi®s S 108NdFigueess ¥ @ videl edss-
(e.g., power, pressure, gas flow rate, éjgas co osition t he vvai/the pl asma

contr ol | i SREtGEVYiBWsOhthe plgsma epvolling, taat sehenaalically aflestrates ree
pl asma a S

controll P\&éﬁﬁ%%@éﬁpﬂh %E'én%%d‘ﬁ ﬁé t§%%tea&$1 eé%rﬁlof%e\}ﬁ 8%%@@2%8 o|nn nof
t he deli vmnseén%danengwrteoot hmrplmlsmcg}mer@w\rragpe@@ cuasnréolli:i.’uéhbe]cJo’lf&’!LElrm;c

the two Iasrrg conia g devi ces 1072A, 1072B an actuator 1047 and system
cont rol | edroypg LN %ﬁ@%@ qas Bifeush aniemcdimert aeaik 141 Brweynd aguad

el ement 1 oh@'cﬁtthﬁl!epléé?néflﬁ & 3518, 9@&?5@(136@ én%ﬂh&’lﬁe%ﬂr%aﬂr%%‘é, sRie
i nprove the RE coupling to t he gas di sposed therein sone
confi gur awvalbris| 58t ard pakért wah ‘blf56t bfetfmptasehaatbimtk 1189 anel sideveovieo t14@ fa r st

T ) R e LT R TS R i
secondar ycih s Isa'b‘ég,sédi Brougt aNe&) coil 48321 b Wg%%‘?%our&@ﬂ@%. I W &g

1110A, 1110B of the plasnma controlling devices 1072A, 10/2B may be
connect edembogimernty @l PCt powae iss detivered diof ther egits #8432 taandypdivelyocourls qnibt

Control || G HufE. e bR Br8EeT Bt AR o Re et LAY TiMom o

pl asma controlling device configuration enables fast switching of different
pl asmas, which may be advantageous in c@rtain applications such as PEALD
(Plasma Enhanced ALD) or CVD applications using renote plasma source for
deposition or clean regines. The dual plasma controlling device
configuration, is also useful to allow the sinultaneous delivery of
energetic gas species frominconpatible gases that cannot be desirably
ex0|ted |n a S|ngle plasna controlllng deV|ce [0076]F|gures 6A and 6B are
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32 reference nunerals 1072C, 1072D and 1072E) that are coupled to a core
el ement (e.g., reference nunerals 1130A, 1130B) according to one enbodi nent
of the prweenti/diedmenti on. For ease of illustration, thePprasess/ ostanber
1020 conponents have been omtted, and the plasma controlling devices

1072C, 1072D and 1072E and magnetically perneable core el enment 1130A, 1130B
are only schematically illustrated in Figures 6A and 6B. However, each of

t hese conponents may include the hardware conponents descri bed above in
conj unct i gpeafiicatly Fihgumagnetic fieldagrdateidghy thescurentopassingatipbegh duee hoibf1432e

pl asma conl’lrol lin g‘evi ces 107 C,f 10 2D.antg E110725 shown in 'Eli ures 6A or 6B
contai n atll GINSTAL DENE & BRI LLenSigbarss STodder His dhp el O on
Wi th Fi guhBeP®all 150 @hidHPwAl wmaetoawltﬁh@ pIASRa RVaP rnt e EQdéd bhthride\WHEeS

1072C, 1072D and 1072E are arranged in parallel and share a comon core
el erent 11B8hand 1edsribhta it tewaidsgbs daiddier ofligh plasmageaeratinggegisin 1 hES.Hsasma

bl ocks n end| s i i [P :

ol asma coRProTaG biadr s T ehtsh 38 R BB Iy E5 308 oo F 2 il s
confi gur aeh@nto Makei thel pR2mzp densing mseUDAifem anttae plashaogendrating region
el ement 1130A (Figure 6A) or 1130B (Figure 6B). Simlarly, the nunber of
turns and!1Btatnopheenbrdivgnt, W&‘y'ﬂ%‘cg\(ﬁ $81l et 35 i UsBAnter ig8itai thgr plagma
di scussi j ' j i LR j t ;
appl 1 oat | oAnSd TR e pERR DRSS By usP IR enEhNg: UiSe 03 that s
shown) f cabld to WeteariRBfenengy. pif asore thantonel dailngt32eigiused, 88312 6f the0diD B

1072E may be connected. respectively to the sane or different external gas
sources (M8Y R&GMKSN U H18, SamenPPWEr ?Hg freguenci@s, Qi saFhoeoit ﬁégﬁrrﬂ@é?%

gasses thBQbéﬁ‘\cﬁéJﬁ@’q%ﬁ/ehaé{id?@erbhﬁpéﬁgﬁ é’tﬁd/@ifréggéﬁkgegorm%i tions to form
desirabl e gas radicals or gas ions, as discuss above. [0078]1n one

enbodi ne th I r r i | Ce
1072C, 10998 and 5 AR0 A BB et B! SIS (25T SRR Aanhd SRNLEChe
1130A or ihh80B)d batervgnls ViEBQyiM§6ditamytdesirat locdtiomseot eyanly woas aburichthecor e

el ement. [For exanple, in Figur , .the diameter of the core el enent 1130A,
whi ch extBAES af‘ﬂr%ﬁ%’hwtaﬁ% LY %ﬁ 8% HgsEehiiENMalh g I epe &mhedinent; the coik he
| ef t noSst t r i i f nt

LT30A 1 hat e e o N D P Y S0 RGO
1072D andheGooiing plateriiadi Velone aspeshdia coil 1Ri3gus areBged hetweamthecodingt he

core el enen B that extends thr t-he secon | asma .c rollin

vt ce 1093t 113E8nd BRunediileRRlsT 158, oM SRTERing 5T, Thip ipouBRa
portions tofa side FAINE cBbREPlatd 138/ ahbiahag ik bhé oratbreRRipbbftdlatesdeldni rd
pl asma control ling devices 1072C and 1072E. Since the di stance between the

out er surthacssippprt platesot B36 | dPenghain higupe 28do desten dhe sgre elginentvi 130
affect th X i fig) f.the g ralg = fi t
oo, BB P AAeS, AL 1o SR Fabd b A TRt
confi gur eEigpfeadira bbibclkdS2wWis! shavanise béiegeoRuphd na-pekbectiendy, andepl fiswing
density in each of the plasm sources to differ. The differing plasm

char act erth&udls the eatl 32, Inders ohet PlaspaatariloyeAErund Hig P SENSAING n
each of the: ; t ' i (2 . he
differ enc% fOEIH ﬁ)ﬁ'ﬁﬁ%ﬁ%ﬁé gﬂ%ﬁ@%r ?‘%F@&é& ﬁiegé&gr %a%ggléieoﬂsgﬂé%ﬁl}t asma
gener at i nof-phexgedo dawhnaettder.n t he pl asma bl ock, the plasma properties in each
of the plasma controlling devices 1072C, 1072D and 1072E can be opti m zed
for a speoodd]c typesonic ROAAGHARLIOAS , OfOtheD PRBEES SPARCATIIRDO! ehe ARlly 168 @anéo
each plasma controlling device. Depending on the dianeter of the core

el enent, Bifacesdhat eontast Hiecrlagma gerrragng segivir 1 k& obthe Riasewst bloskekhidt i s

posi ti 0“%{:@@&%‘% Bf & r@e&ﬁe%é\hé{&*, & 99 fuledIdilca 6N EerRRE Wat I R6
coupled in e plasma cavitles.
react with plasma chemistry. Therefore, in some configurations, the plasma block
could be made primarily from a metal, such as dielectric coated aluminum, anodized
aluminum or stainless steel. In configurations where the portions of the plasma

block 1116, such as the inner wall 1150, side wall 1158 and/or outer wall 1156 are
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[0079] The differing plasma characteristics created in each of the plasnma
generating regions due to hardware configuration, gas conposition, and/or
gas fl owweatelidicbfser ences in the plasma controlling deviPCeaIS2ABAL274072D
and 1072E, can thus be used to generate and deliver gas radicals and/or gas
i ons having differing characteristics to the process region 1128 of the
process chanber 1020 t hrough the openings 1011C, 1011D, and 1011E in the
chanber lid 1010. [0080]While the foregoing is directed to enbodi nents of

t he presetormedvisomi an,electhieallyandndustiveematartad derentretal), ahensulating ispacemy

be devi se i t hout departing fromth asi c _scope, t her eqf nd the scope
Cher eof 1 OUSNEME OB DEF. RESR D 16 PIOREd Yhareqve e SURBEFSSats. A
pl asma soglirgénts AN ReherINAFIGW P BFSWATs GH80DET56,Camdifd 0thedicky SefdraiRNt
having a first end, a second end and a core el enent central axis;
by the delivery of current to the coil 1432. The addition of insulating spacer between
the conductive walls will generally make the plasma source 1000 assembly more
complex and costly, while also making it harder to assemble in a vacuum tight
configuration. The insulating spacer(s) can thus be omitted if the inner or outer walls

1150, 1156 and side wall 1158 are made of an insulating or non-conductive material.

Gas Delivery Hardware

[0070] As noted above, during plasma processing, a processing gas is delivered
into the plasma generating region 1118 from a gas supply 1124 through the inlet
port 1127 (Figure 2B) of the plasma block 1116 and the excited gas atoms exit the
plasma generating region 1118 through an outlet port 1126 that is also formed in the
plasma block 1116. In one embodiment, a dome portion 1110 of the plasma
controlling device 1072 is used to deliver the processing gas(es) to the inlet port
1127 of the plasma block 1116 and plasma generating region 1118 formed therein.
In one embodiment, the dome portion 1110 generally includes a gas inlet 1120 and
a gas diffuser body 1122. The gas diffuser body 1122 generally extends through the
inlet port 1127 in the outer wall 1156 of the plasma block 1116. The gas inlet 1120
is connected to an external gas source(es), for example, a process gas supply 1124,
to introduce a process or clean gas(es) into the plasma controlling device 1072. In
one embodiment, the dome portion 1110 comprises a gas distribution plenum 1123,
which is formed within the gas diffuser body 1122, and used to redistribute and
control the gas delivery into the plasma generating region 1118 through holes 1121
formed in gas diffuser body 1122. The outer wall 1156 of the plasma block 1116 is
provided with a gas/plasma outlet port 1126, which leads to a processing region
1128 in the plasma source 1000. Therefore, the gas distribution plenum 1123 and

the plasma generating region 1118 are in fluid communication.

[0071] The process or cleaning gases may include oxygen-containing or
nitrogen-containing gases such as NH;, N,O, NO, NO,, O, or fluorine-containing

gases such as F,, NF3;, NH4F, CF4, CsFg, SFg, or CoFsH, and combinations thereof,
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a first plasma bl ock having one or nore surfaces that at |east partially
encl ose a first annul ar shaped plasma generating region, wherein the first
annul ar sweped/@Basm generating region i s di sposed aro®gau/ts24610/0S8127p0rti on
of the core elenent; and a coil disposed over a portion of the core

el ement. 2. The plasma source of claim1, further conprising: a wal |
of the processing chanber has a first inlet that is in fluid comrunication
with the first annul ar shaped pl asma generating region, and a second inlet
t hat is iand bptidnallyycamerajases, suth aa asgoonicelamn o aitrcjeapebh pheaaspect, the

enerating region that i.s di sposed aroun second portion of the core
ol orent | WREESR GAHDMPISE §aF el RIOPRIATS Gt 8NHHBR SROR) diey Process gas
communi cagdAPriYed BsSeiAgesnmdhid GAHI M ahBehdt LGRIE1 A9 HIAGREN ¢ Hgﬁréann;ﬁ"ﬁas

pl asma source of claim2;, wherein the first portion of the core ele
a first diitrogeertritinaridédéNEer gadep@reiiotrodiicachéntoothe plasmentontasiling skavived

di anet er, rein the firs i ter and.the second, dianeter are different.
2. “The- pi W S fhmalfi M NP Psiia Dol Giigbe 89d %4 Bt et  ng
an inl et gadegnomel Kibstiehe pridadtinaheYigshhastite 190d! SIPRS 8ehtehiphtedaRat
internal region of the housing; and a heat exchangi ng assenbly t hat

i s confi gefhetl RrOCestiRg RICCUIBPErgasdse sEht rsl Te4, fsiland, {IEQ$ oar oHrasugsefthe

Lg{”etc’e E)Pﬁrg:c:gfs%rr%?alspéﬁﬁ%g&egng%ér pgpgg&hstup@n {h%eam%%itigﬁf Th5e' plTeQ:(Elrs?éraﬂgH
may be provided at a flow rate between about 100 sccm and about 1000 sccm.
During processing the pressure in the processing region 1128 in the plasma source
1000 may be maintained between about 100 mTorr and about 20 Torr. In one
example, the pressure of the chamber is maintained between about 100 mTorr and

about 1.25 Torr.

[0072] Referring to Figure 4, the plurality of gas openings, or holes 1121, may be
formed at one or more angles 1121A relative to the central axis 1121B of the gas
diffuser body 1122, thereby allowing the process or cleaning gas to be delivered into
the plasma generating region 1118 in a tangential manner to form a circular type
vortex-flow pattern, rather than causing the flowing gas to impinge on the interior
surface of the inner wall 1150 after entry into the plasma generating region 1118. In
one example, the holes 1121 formed at an angle relative to a radial direction of the
plasma generating region 1118, such as the central axis 1121B shown in Figure 4,
which bisects the gas diffuser body 1122 and extends through the core element
central axis 1130S. In one embodiment, the predetermined angle may be ranging
from about 20° to about 70°, such as about 45°. Each opening of the plurality of
openings may have a desired width and length, depending upon the application.
The gas diffuser body 1122 may contain a desired number of openings, for example,

about 10 openings or more, such as about 20 openings or more.

Multiple Plasma Source Configuration

[0073] In some processing configurations multiple plasma sources can be used
in parallel so that process gases that have similar or different compositions can be

delivered to each plasma source to provide energetic gas atoms that have varying
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an actuator that is configured to nove the core elenent relative to the
first annul ar shaped plasma generating region. WO

2011/ 063™ORCTI/1682010/ 057274 6. The plasma source of clrarmsy10mberei n t he
first plasma bl ock conprises a material selected fromthe group consisting
of alum num oxide (Al 203), alumnumnitride (A N), beryllium oxide (BeO)
and boron nitride (BN). 7. The plasma source of claimof claiml1, wherein
the coil is disposed over a portion the core elenent at the first end or at
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been omitted, however, it is contemplated that the process chamber 1020 contains
all of the same components as the process chamber shown in Figure 2B except the
chamber is adapted receive two plasma controlling devices 1072A, 1072B. In this
embodiment, two plasma controlling devices 1072A, 1072B are attached or mounted
on the chamber lid 1010 of the process chamber 1020 to produce and introduce the
gas radicals and/or ionized gas(es) into the downstream process chamber 1020
through a showerhead assembly 1027. The two plasma controlling devices 1072A,
1072B are arranged in parallel and share a common core element 1130 that is
disposed through the inner walls 1150A, 1150B of the plasma blocks 1016A, 1016B.
The core element 1130 in this configuration is generally similar to the component
discussed above, except that it may require some added length to allow it to service
both of the plasma controlling devices 1072A and 1072B. In some embodiments of
the invention, the two or more plasma generating regions, for example plasma
generating regions 1118A and 1118B, are all formed in a single plasma block (not
shown), such as plasma block 1016A, to reduce the number of duplicated
components and improve the ability to align the two or more plasma generating

regions to the core element 1130.

[0074] As illustrated in Figure 5, a coil 1132A may be wound around an outer
portion of the core element 1130. The number of turns of the coil 1132A may vary,
ranging from about 1 turn to about 10 turns. In some case the coil 1132A may have
10 or more turns. The coil 1132A may be arranged at different locations along the
core element 1130. In one embodiment, the coil 1132A may comprise multiple coils
that are distributed in different locations. In one embodiment, the coil is distributed
in any of following manners: (1) at coil locations 1132A and 1132E; (2) at coil
locations 1132B and 1132D; (3) at coil location 1132C only; (4) at coil locations
1132A and 1132C or 1132C and 1132E; and (5) at coil locations 1132A, 1132B,
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11. The plasma source of claim11, further conprising: an el ectrode
di sposed adj acent to the first annul ar shaped pl asna generating region; and
a first pyvoenigesree el ectrically coupled to the coil amdTtuseoielosrs ode.

12. A plasma source coupled to a processing chanber, conpri sing: a
core elenent conprising a first end, a second end and a core el enent
central axis; a first plasma bl ock having one or nore surfaces that
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el ement. yniformity, gas radical energies or plasma ion distribution. Similarly, the uniformity
of the generated plasma may vary as the process conditions are varied (e.g., power,
pressure, gas flow rate, gas composition), the way the plasma controlling devices
are positioned, the position of the substrate in the plasma and/or the inherent
physical characteristics of the plasma controlling device. In one embodiment, to
further improve the coupling of the delivered RF energy to the plasma generating
regions 1118A, 1118B of the two plasma controlling devices 1072A, 1072B an
actuator 1047 and system controller 1001 are used to adjust and tune the position of
the core element 1130 relative to the plasma generating regions 1118A, 1118B to
improve the RF coupling to the gas disposed therein. In some configurations, the
position of the core element 1130 relative to the first plasma controlling device
1072A is controlled and the position of the core element 1130 relative to second

plasma controlling device 1072A is of secondary importance (i.e., slave).

[0075] In one aspect, the gas inlets 1110A, 1110B of the plasma controlling
devices 1072A, 1072B may be connected respectively to the same or different
external gas sources (not shown) to provide different process or cleaning gases to
the plasma controlling devices 1072A, 1072B, depending upon the application. The
dual plasma controlling device configuration enables fast switching of different
plasmas, which may be advantageous in certain applications such as PEALD
(Plasma Enhanced ALD) or CVD applications using remote plasma source for
deposition or clean regimes. The dual plasma controlling device configuration, is
also useful to allow the simultaneous delivery of energetic gas species from
incompatible gases that cannot be desirably excited in a single plasma controlling

device.

[0076] Figures 6A and 6B are schematic diagrams illustrating a cross-sectional

view of a plasma source 1000 that has three plasma controlling devices (e.g.,
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13. The plasma source of claim112, further conprising a cooling plate
coupled to a surface of the first plasma bl ock. 14. The plasna source of
cl ai m 12, wbuntihesi46onpri si ng: a first gas outl et pCoruse@oion72vhe fir st
pl asma bl ock, wherein the first gas outlet is configured to receive gas
radicals fornmed in the first annul ar shaped plasnma generating regi on and
deliver the gas radicals to a processing region of the processing chanber;
and a second gas outlet forned in the second plasna bl ock, wherein
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the core elenent relative to the first annul ar shaped plasna generating
regi on; ang hardware components described above in conjunction with Figures 2A-2G and
Figure 5. In one example, each of the plasma controlling devices 1072C, 1072D
and 1072E shown in Figures 6A or 6B contain all of the same components as those
discussed above in conjunction with Figure 2B. Similar to Figure 5, the three
plasma controlling devices 1072C, 1072D and 1072E are arranged in parallel and
share a common core element 1130A, 1130B that is disposed through the inner
rings of the plasma blocks (not shown) and extending through opposing sides of

each of the plasma controlling devices 1072C, 1072D and 1072E.

[0077] In one configuration, a coil 1132 is wound around an outer portion of the
core element 1130A (Figure 6A) or 1130B (Figure 6B). Similarly, the number of
turns and location of the coil may be adjusted in a manner similar to discussion
found in conjunction with Figure 5, depending upon the application or desirability of
plasma ion density. The gas inlets (not shown) found in each of the plasma
controlling devices 1072C, 1072D and 1072E may be connected respectively to the
same or different external gas sources (not shown), thereby enabling the fast
switching of the process gasses to form plasmas having the same or different

compositions to form desirable gas radicals or gas ions, as discussed above.

[0078] In one embodiment of the plasma source 1000, three plasma controlling
devices 1072C, 1072D and 1072E share a common core element (e.g., reference
numeral 1130A or 1130B) having a varying diameter at different portions of the core
element. For example, in Figure 6A, the diameter of the core element 1130A, which
extends through the first plasma controlling device 1072C (i.e., the leftmost or
outmost one) may be larger than the region of the core element 1130A that extends
through the second and third plasma controlling devices 1072D and 1072E.

Alternatively, as shown in Figure 6B, the diameter of the core element 1130B that
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a systemcontroller that is configured to automatically adjust the position
of the core elenent relative to the first annul ar shaped plasnma generati ng
regi on. WO2B01680163146PCT/ US2010/ 057274 17. The pl asneCsaseae/o8f27€1 ai m
12, wherein the first plasma bl ock and the second plasma bl ock each
conprise a material selected fromthe group consisting of alum num oxi de
(A203), alumnumnitride (AIN), beryllium oxide (BeO) and boron nitride
(BN). 18. The plasma source of claimof claim12, wherein the coil is

di sposed extends tipmughahetdesondrEashamamtrodingt devite N872Bn@ eqrthatmaldle one)

m d- posi ti on di sposed betwee e first and second ends. . The pl as
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plasma, varying the diameter of the core element relative to similarly configured
plasma blocks will cause the coupling efficiency and plasma density in each of the
plasma sources to differ. The differing plasma characteristics created in each of the
plasma generating regions found in each of the plasma controlling devices 1072C,
1072D and 1072E, due to the difference in core element diameter, or the shape or
diameter of the plasma generating region formed in the plasma block, the plasma
properties in each of the plasma controlling devices 1072C, 1072D and 1072E can
be optimized for a specific type of process gas, or process gas mixture, delivered to
each plasma controlling device. Depending on the diameter of the core element, or
relative distance that the outer surface of the core element is positioned from the
plasma generating region, a different energy may be coupled into the plasma

cavities.

[0079] The differing plasma characteristics created in each of the plasma
generating regions due to hardware configuration, gas composition, and/or gas flow
rate differences in the plasma controlling devices 1072C, 1072D and 1072E, can
thus be used to generate and deliver gas radicals and/or gas ions having differing
characteristics to the process region 1128 of the process chamber 1020 through the
openings 1011C, 1011D, and 1011E in the chamber lid 1010.

[0080] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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flow ng a process gas into a first annul ar shaped pl asna generating region
that is at least partially enclosed by one or nore surfaces of a first

pl asma blwokpimisersei n t he first annul ar shaped pl asna geaEskéngsT2egi on i s
di sposed around a portion of a core elenent; and generating a plasm
in the first annul ar shaped plasma generating region by delivering RF power
to a coil wound around a portion of the core elenent.D 21. A plasma source
coupl ed to a processi ng chanber, conprising: a core elenment having a first
end, a seWat isrcdaimet] is:core el enent central axis; a first plasma

bl ock having one or nore surfaces that at |east partially enclose a first
annul ar shapedApllasma sg:ertmabﬂupigd t@giprocestiey ehambbeg doni@isimnul ar shaped
pl asma generatin |on | i sposed around a firs rtion of the core
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and axis@ second coil disposed over a second portion of the core

el enent V\/nerel n the first plasma bl ock is disposed between the first
portion of theadissteplasreadreckamavisgooadrpaorei sunfaskstthat atdeastadagti@hyt enclose

a first annular shaped plasma generating region, wherein the first annular shaped
plasma generating region is disposed around a first portion of the core element; and

a coil disposed over a portion of the core element.

2. The plasma source of claim 1, further comprising:

a wall of the processing chamber has a first inlet that is in fluid
communication with the first annular shaped plasma generating region, and a
second inlet that is in fluid communication with a second annular shaped plasma
generating region that is disposed around a second portion of the core element,
wherein the first and second inlets are both in fluid communication with a processing

region of the processing chamber.

3. The plasma source of claim 2, wherein the first portion of the core element
has a first diameter and the second portion of the core element has a second

diameter, wherein the first diameter and the second diameter are different.

4, The plasma source of claim 1, further comprising:

a housing having an inlet and an outlet, wherein the core element is disposed
within an internal region of the housing; and

a heat exchahging assembly that is configured to cause a temperature
controlled fluid to flow through the inlet, the internal region and the outlet of the

housing.

5. The plasma source of claim 1, further comprising:
an actuator that is configured to move the core element relative to the first

annular shaped plasma generating region.
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22. The plasma source of claimof claim21, wherein the first coil and
second coil are connected in series to an RE power source. 23. The plasm
sour ce ofwolaivneafs6cl ai m 21, wherein the first coil andrPsgaseaonsi2i4 are
connected in parallel to an RF power source. 24. The plasna source of
claimof claim21l, wherein the first coil and second coil are wound around
the core elenent in the sane direction. 25. The plasnma source of claim of
claim 21, wherein the first plasma block is symetrically positioned
between the first coil and the second coil

6. The plasma source of claim 1, wherein the first plasma block comprises a
material selected from the group consisting of aluminum oxide (AlLO3), aluminum
nitride (AIN), beryllium oxide (BeO) and boron nitride (BN).

7. The plasma source of claim of claim 1, wherein the coil is disposed over a
portion the core element at the first end or at a mid-position disposed between the

first and second ends.

8. The plasma source of claim 1, further comprising a plurality of permanent
magnets that are disposed between the core element and the first annular shaped

plasma generating region.

9. The plasma source of claim 1, further comprising:
an RF power source coupled to the coil; and
a plasma redistribution coil disposed around at least a portion of the first

annular shaped plasma generating region and coupled to a DC power source.
10.  The plasma source of claim 1, wherein the core element has a bar shape.

11.  The plasma source of claim 1, further comprising:
an electrode disposed adjacent to the first annular shaped plasma generating
region; and

a first power source electrically coupled to the coil and the electrode.

12. A plasma source coupled to a processing chamber, comprising:

a core element comprising a first end, a second end and a core element
central axis;

a first plasma block having one or more surfaces that at least partially enclose
a first annular shaped plasma generating region, wherein the first annular shaped
plasma generating region is disposed around a first portion of the core element and

has a central axis that is generally coincident with the core element central axis;
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a second plasma block having one or more surfaces that at least partially
enclose a second annular shaped plasma generating region, wherein the second
annular shaped plasma generating region is disposed around a second portion of
the core element and has a central axis that is generally coincident with the core
element central axis; and

a coll disposed over a portion of the core element.

13.  The plasma source of claim 12, further comprising a cooling plate coupled to

a surface of the first plasma block.

14.  The plasma source of claim 12, further comprising:

a first gas outlet formed in the first plasma block, wherein the first gas outlet is
configured to receive gas radicals formed in the first annular shaped plasma
generating region and deliver the gas radicals to a processing region of the
processing chamber; and

a second gas outlet formed in the second plasma block, wherein the second
gas outlet is configured to receive gas radicals formed in the second annular shaped
plasma generating region and deliver the gas radicals to the processing region of

the processing chamber.

15.  The plasma source of claim 12, further comprising:

a housing having an inlet and an outlet, wherein the core element is disposed
within an internal region of the housing; and

a heat exchanging assembly that is configured to cause a temperature
controlled fluid to flow through the inlet, the internal region and the outlet of the

housing.

16.  The plasma source of claim 12, further comprising:

an actuator that is configured to move the core element relative to the first
annular shaped plasma generating region; and

a system controller that is configured to automatically adjust the position of

the core element relative to the first annular shaped plasma generating region.
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17. The plasma source of claim 12, wherein the first plasma block and the
second plasma block each comprise a material selected from the group consisting of
aluminum oxide (AlO3), aluminum nitride (AIN), beryllium oxide (BeO) and boron
nitride (BN).

18.  The plasma source of claim of claim 12, wherein the colil is disposed over a
portion the core element at the first end or at a mid-position disposed between the

first and second ends.

19.  The plasma source of claim 12, further comprising:

An RF power source coupled to the coil that is disposed over a portion of the
core element; and

a plasma redistribution coil disposed around at least a portion of the first

annular shaped plasma generating region and coupled to a DC power source.

20. A method of forming energetic gas atoms, comprising:

flowing a process gas into a first annular shaped plasma generating region
that is at least partially enclosed by one or more surfaces of a first plasma block,
wherein the first annular shaped plasma generating region is disposed around a
portion of a core element; and

generating a plasma in the first annular shaped plasma generating region by

delivering RF power to a coil wound around a portion of the core element.]\

21. A plasma source coupled to a processing chamber, comprising:

a core element having a first end, a second end and a core element central
axis;

a first plasma block having one or more surfaces that at least partially enclose
a first annular shaped plasma generating region, wherein the first annular shaped
plasma generating region is disposed around a first portion of the core element;

a first coil disposed over a first portion of the core element; and
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a second coil disposed over a second portion of the core element, wherein
the first plasma block is disposed between the first portion of the core element and

second portion of the core element.

22. The plasma source of claim of claim 21, wherein the first coil and second coil

are connected in series to an RF power source.

23. The plasma source of claim of claim 21, wherein the first coil and second coil

are connected in parallel to an RF power source.

24.  The plasma source of claim of claim 21, wherein the first coil and second coil

are wound around the core element in the same direction.

25. The plasma source of claim of claim 21, wherein the first plasma block is

symmetrically positioned between the first coil and the second coil.
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