METHODS AND APPARATUS FOR SELECTI VE PRE- COATI NG OF A
PLASMA PROCESSI NG CHAMBER BACKGROUND OF THE | NVENTI ON
[ 0001] The present invention relates in general to
substrate manufacturing technol ogies and in particul ar
to net hods and apparatus for selective pre-coating of
a plasma processing chanber. [0002]1In the processing
of a substrate, e.g., a sem conductor substrate or a
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resulting in surface particle contamination and hence lower substrate yields.

[0004] Generally, the plasma sheath tends to accelerate charged particles (e.g., ions,
etc.) from the plasma edge to strike surfaces in the plasma chamber. Eventually, the
processing chamber surfaces may erode and thus need to be replaced in order to assure long-
term stability to the plasma process. Consequently, substantial operational costs and
downtime may be added to the substrate manufacturing process, depending on the chemistry,
the process pressure, and the amount of power to be used to generate said plasma.

[0005] In view of the foregoing, there are desired methods and apparatus for selective

pre-coating of a plasma processing chamber.



[0005]In view of the foregoing, there are desired

nmet hods and apparatus for selective pre-coating of a

pl asma processi ng chanmber. SUMVARY OF THE | NVENTI ON

[ 0006] The invention relates, in one enbodi nent, to an

apparatus for selectively pre- coating a plasm
processi ng chanber, including a chanber wall. The
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[0008] The invention relates, in one embodiment, to a method for selectively pre-
coating a plasma processing chamber, including a chamber wall. The method includes
configuring a first set of RF electrodes to strike a first pre-coat plasma, the first set of RF
electrodes defining a first plasma chamber zone. The method also includes configuring a first
set of confinement rings around the first set of RF electrodes; and configuring a second set of

confinement rings between the first set of confinement rings and the chamber wall. The

apparatus further includes configuring a gas delivery system to apply a first pre-coat layer to



[ 0008] The invention relates, in one enbodinent, to a
nmet hod for selectively pre- coating a plasna
processi ng chanber, including a chanber wall. The
met hod i ncludes configuring a first set of RF
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chanber zone. The nethod al so includes configuring a
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chamber, in which an area underneath an ICP coil is pre-coated with a set of hydrocarbons,
according to an embodiment of the invention;

[0013] FIG. 3 shows the simplified diagram of a differential plasma processing chamber
of FIG. 2, in which a showerhead is pre-coated with a material comprising silicon, according
to an embodiment of the invention;

[0014] FIG. 4 shows the simplified diagram of a differential plasma processing chamber
of FIG. 3, in which a substrate is being etched, according to an embodiment of the invention;
and

[0015] FIG. 5 shows a simplified set of steps for selectively pre-coating a plasma

processing chamber, including a chamber wall, according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0016] The present invention will now be described in detail with reference to a few
preferred embodiments thereof as illustrated in the accompanying drawings. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, however, to one skilled in the art,

that the present invention may be practiced without some or all of these specific details. In



chanber, in which an area underneath an ICP coil is
pre-coated with a set of hydrocarbons, according to an
enbodi ment of the invention; [0013]FIG 3 shows the
simplified diagramof a differential plasma processing
chanber of FIG 2, in which a showerhead is pre-coated
Wth a material conprising silicon, according to an
enbodi ment of the inventi on; [0014]FI G 4 shows the

i fi f i .
v SR i B S BB A e

in ordek Wﬁﬂunﬁ&@@ﬁﬂlyﬂﬁ)s&t@e&ﬁp@é’ﬁbﬂdh%ﬁﬂbn of the invention;
and [00151FI G 5 shows a a&gl iN%Aed set of ste
¥

Whilg @‘Pté’té*ﬁl?lvé fabehound By theagy: i 13, By e dyenios *&ﬁé’mﬁ@f plasma

surfa%efrﬁgtn%b IQ% \yiérl]lfallg ggﬁ’t@ﬁuﬁﬂﬁbﬁ w1tﬁﬁlctﬁé IE%Q%EE%CH%{&BW r@&l&'éd by first

substmnﬁmmnm@mnmglmm@}cm@nga pestaaisuifppewithen omnlnnzed
pre-cga&\é\{%az?er}ag SgeTl%e? ?(I;Pé udn“la 3) éoa 'é!%nEl%‘f ﬁlﬁf%ﬁ sk %a@ﬁrpﬁ%ﬁly become

er eo as | I
volatﬂ@@ﬁﬁpﬁ(p}bkddgo drpaamgsg kificdr) emi)qihloow;lng)nd siicon pitridensilicon

rous peC|f|c etails forth in order to
d“”“ﬁ‘? gﬁica%caor iR dydiRsar H@éﬁ’gﬁgﬁﬂg}'?ﬁgégff present

[0017] nvent ifyn ehbodinkht, Q?rea&ﬁﬁﬁlﬁﬁbe adlRWBYEVeen tHR pMi¥ha processing of
illed in the art, that the present invention may be

succepmm:tubefeaiewrt anoembesimentothe éhwkn@ais afldense-deosised fayer in each region
or zo%‘e s&xf) 1dsbe tiuck l%u B t% gﬂg&%&fﬁg Suﬁ’gg en#&%ﬁ% Bf QQ%§§orétsﬁg§rate

StPGct een descr tarl
In an @mbedinient, Iﬂﬁithid:lm@'c efs pretdeposited Myleemtdam EE@nanizone should be
thick Ielrl](\)/ugh to w1thstand the subsequent etching of several substrates, such as when
processing a substrate cassette. In an embodiment, multiple pre-deposited layets are deposited
in each region or zone. In an embodiment, after completion of an etch cycle, all pre-coated
layers may be removed in a dry clean step such that pre-coating may commence again.
[0018] For example, an upper grounded electrode of a capacitively coupled source
may be already configured with a protective layer of silicon that shields the underlying
grounded surface (e.g., single-crystal silicon or aluminum, etc.) from the plasma process.
Consequently, pre-coating the grounded electrode with a material that is compatible the
silicon protective layer (e.g., silicon, amorphous silicon, silicon carbide, silicon nitride, etc.),
prior to etching the substrate, would substantially reduce contamination as well as extend the
operational life of the upper grounded electrode.
[0019] In another example, a lower grounded electrode of an inductively coupled
source may be already configured with a protective cover of quartz that shields the underlying
grounded surface (e.g., aluminum, etc.) from the plasma process. Consequently, pre-coating
the quartz cover with a material that is compatible with quartz (e.g., hydrocarbons, etc.), prior

to etching the substrate would substantially reduce contamination as well as extend the

operational life of the quartz cover.



Wiile not wishing to be bound by theory, it is
bel i eved by the inventors herein that plasnma surface
damage, as well as contam nation within the plasm
chanber, may be reduced by first substantially
i solating, and then selectively pre-coating, a set of
surfaces with an optim zed pre-coat material. In
general , optlnun1pre coat materials include those that
plcal :
[002(2] e.g., g (?Elg%lkhe éﬁgla\gﬁﬁr?lggrﬁc%%i??esca Aﬁ'ﬁﬂ{y@)ﬁ“ggr’]centrlc
confifi¢th¢it Ging @ld:t@ >@a6iﬁw1t5 la |dl1ﬁf@éht clianiitaeBy k@(dn@amf looariggs particular
CAF6, CAF8 CH3F, efc. 1001Q§I n an enbqd nt, a ¢
confipgraeri §4€ Sehagn ORI B SO R L RRAIeAsal oozt iy 2 ©
,hepégﬁggﬁﬁﬁmf substrates. In an enbodi nent, the thickness
a pre-deposited | ayer in each region or zone shoul d

{0021de t hi di aepobediment, fietpiasmaniged toecteh b supsbafe isa differegtial

plasn%ah Tl‘lgta}g' ta é)%]sﬁ'lﬁh'g% gug{a%ed »\'ﬂthsa[]]flayegﬂd g&gg ﬁ&;}g%sl Ié%r eé(?mple in
a dielecwnie e&h(syiténtEcatphd:lﬁkelﬁ neupldd filasnva dolnstavidcht ﬁrmmpally controls ion

subsequent etchin f several bstrat.e
eners, BREAS T SCIg SBOHPLPETEN Sut BT g aH BN Ais e densicy
may BaRdrhtRh& iR'oRded PGS & Sibstrak QFith sabfaiRPASial flsha ufiBsihity and

region or zone. |In an enbodi nent, after conpletion of
radiabgichevmiforeNtgl e, al | pre- coated Iayers may be renoved in

0], 9 ST AR LS00 LR T OB i

set oibeflecmrodapkams . gepwe:redjﬂleﬁnbdspgrom&iedmyectmd@bucé @dgmoned above and

st e 503 A Gl R S b s an

electx%htﬁﬂl: ek YSHuak), 8pdr WRith e sabdifitd iy Blaced Quringfth@pladmeprocess.
pl asma process. Consequently, pre-coating the grounded

Likewisedhe graundgdielectrogis synieallychafigyred mqba Pedead-t he

ilicon I
[00233 li co rérpirnﬁ‘gcﬁféftgf c%ut)lgéf gfas&lg s%rg% 1?]15 ??(?hé‘ gﬁf@a v@ﬂfé’&t of
indudpioh @bild andeit groumigd ting pesitistedabeye andlheli)vethb smamt:ueabﬁ the substrate.

e contam nation as well as exte erati
In ORI GIETE Al TUlSH P BOGLE 1 BeeT Bt Hebtrea Ry
coupled %Tﬂ@hﬁ aanditHeQHkﬁfctlgélg ol lﬂhsﬁl@d JoRER, &d aarvbutdd doefirevhyring
coupl ed source may be alread % conflgured wWth a

may bg pasitioned betwigerethe didugtivaly soupashplagmacsioniee ppda plagrae FhamRsr
grounded surface (e.g., alumnum etc.) fromthe

pl asma process. Consequently, pre-coating the quartz
[0024]over \/Retfdsmag new e FEG. 1t haimplified dimgean bf ediffetentia)pdasma

r etc.),. priar to etchi
procc§iid phasther B AL BARsLS ring Sptghy shogvy BSe0rdik bl sbogiment
of th&\@lvEnt%. E%ggﬁ&gl ih&rdensrsadthinMal diffefettidlfpldsha, Qc@ﬁ&lﬁvely coupled
cover. I'n an enbodi nent, the plasnma chanb

plasneao(i36+H) §@Lsrcgns;¢|omﬁg4r¢d tp contrelgne é'i*f-tng»@n@ amiidHeteht cqum?a plasma
(ICp s%hiSCe 1?&%@1&6&@0 @0 q’tlofl Eﬁ&ﬁ?ﬁ nEt er. By raising and

1"ar Peon ring set, an
[OOZSa]p pr o p rA qtpa:apCQPsom:e mrﬁfg;umtmyoﬂnmohlymoasiad of tveametal

rticul ar area .the pl gsma chanber. [0021]ln an.
clect Bttt b9 e dititge ded apra s th e SUnet o ERie o
capacHot [E4RNEdtA circuit. A first powered electrode 102 is typically configured as a

wall.

chuck. Additionally, a second grounded electrode 108 is typically configured as part of a



plasma. That is, a plasma that is sustained with a
plurality of energy sources. For exanple, in a
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gases, the plasma may be confined to the area (e.g., toroid, etc.) defined by both the inner
confinement ring set 118 and the outer confinement ring set 114.
[0030] Alternatively, when inner and outer confinement ring sets 118 and 114 are

positioned in a down position [not shown], and both the CCP and the ICP source are

energizing a set of plasma gases, a first plasma maybe confined to the area defined by the
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described by CHy F, , where x is an integer greater than 0, and y and z are integers greater

than or equal to zero (e.g, C4Fs, C4Fs, CH5F, etc.). Quartz is silicon oxide and is chemically
described as SiO,. The Teflon-like or silicon dioxide pre-coat is physically bonded to the
quartz surface via Van-der Waals forces; no chemical reaction between the coat and the
quartz generally needs to occur.

[0034] In one method of pre-coating the quartz surfaces, both inner confinement ring
set 118 and the outer confinement ring set 114 are lowered. A hydrocarbon gas is then fed
into the differential plasma chamber through showerhead 106, and consequently seeps into a

channel defined by inner confinement ring set 118 and outer confinement ring set 114. In an



di aneter of the inner confinenent ring set, and a
second plasnma nay be confined to the area defined by
both the inner confinenent ring set 118 and the outer
confinement ring set 114. [0031] Typically, each
confinement ring set is configured as a series of
guartz rings positioned around a horizontal perineter
of a substrate, and further positioned in varying
. n t
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the showerhead 106, quartz window 113, and grounded ring 116 are pre-coated, such that



enbodi nent, the hydrocarbon is a fluorinated

hydr ocar bon gas. The set of induction coils 112 may

t hen energi zed, causing a hydrocarbon pre-coat to be
deposited on the quartz surfaces. Typically, a
covering or dunmy substrate 124 is placed on powered
el ectrode 102 in order to shield it during the
pre-coat process. [0035]Referring nowto FIG 3, the

these §\%r'i}%gé I&g&@@%gm@s g ownégegsr il %r%hal,ghﬁ fﬂ‘L g?‘ﬁf@&t 118

may Herie acaisddasbsitioh fin ardertoenllowd differeptial plasga 324 tocaxtend across substrate
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a the gegendhipt efREshﬁqu@ﬁr&ﬁonﬁgwgd strike 4 seeppd prgyRopiRiase, the second
set ofﬁ%l@&%d@so&tﬁﬂi lhstnd dhgbEESntNt 0 the

erenti al asna chanber through shower head 106
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a dual, damascene process i.n which, dielectrjc |ayer

confingmentiirgsiand eha egondineliortingmen riaghid Gerfigheegsio g movable.

filling a via hole.




[0039] Referring nowto FIG 5, a sinplified set of
steps is shown for selectively pre- coating a plasna
processi ng chanber, including a chanber wall,
according to an enbodi nent of the invention.
Initially, at 502, a first set of RF electrodes is
configured to strike a first pre-coat plasm, the
first set of RF electrodes defining a first plasm
[0043:j haanhll%QHﬁ invefition dl?ats b§8‘14d S@I‘lgeldrlﬁ Een%@t)f gvex%?%fefe?l%ﬁe nt
'S con I gured around the fi
embodimmtsr debesare Theatiats, fed@ptationrss ammnmerdenm‘wmdnfallnmﬂamthe scope

of thi PR SESR SPTHGs AIRAER FE FEsaRtBreTHRn pEesB SexeriRedin
conn&ABR iithHsmaPrEREMmsyS@ins GlonREard |R%§éahﬂ£te@‘pl @. g&ﬂES;@lanTM

confi gured betmeen the first_set of confinenent rings

ExelagRHPExelridP b 2800 ExelamF RRRRSiersysThajar, eier). gffer plasta

t I
proc PSR o 81 ARk 18 o5 S R Bl o s
diameters ¢agl, 200 mot, 36Fmed, etet ) Abbespldmﬁrﬁnstrpgasmamgntd cghalésmg gases

other a?o\t%g%pzrggsg?e %08 é%%fg)ﬁlp ffy %e&c*tgc} tgg er% ’gref mg‘l alternative ways

of implefref@a tht AeeHods Of the Qrefsd:rft sivepli@gma zo n e when a first
00¢£r e-coat gas is delivered and the flrst set

of
| ect Aduaages obtheijenten inglyde metliods and anparafus feg sefective pre-
coatlrg ?‘ ?éas'inagﬁﬁl s 0% %lfbt?ﬂrﬂlég ZXdﬁgﬁmojdv%t%%eﬁ ?fibél;(ﬁ@&t@&&%%urfaces
withie tHegdiismerchambéremigamiziieg ¢ontanyinationt simplifyiegihe impnrgdiuriog
ggﬁlg a secon gf@ c? t layer to the second plasnma
process, A ERV'A8 SEBUAG YB1%- coat gas is delivered, and the
[00453 €CONEagial dBtloRd Glemplaipeiabodimemts and)ihe &dst ntazle, msdifiphtians and

t he second pre-coat gas may..i nclude a hydrocarbo

variatiqng 434y b éﬂ%d%lmﬁ?d emppdimppts w 8fe"aﬁmll$ wah 'B? g@a&“ and

spirit 'of th%%ﬁh&ﬁ Xseéexing@b'f{h%%ll(ﬁﬂgg thgnsecond set of RF

ectrodes Is I nductively coupled. In an enbodi nent,

the first set of RF electrodes is inductively coupled,
and the second set of RE el ectrodes is capacitively
coupl ed. In an enbodi nent, both the first set of RE
el ectrodes and the second set of RF electrodes are
capacitively coupled. In an enbodi nent, both the first
set of RF electrodes and the second set of RF
el ectrodes are inductively coupled. In an enbodi nent,
at least one of the first set of confinement rings and
the second set of confinenment rings is configured to
be novable. [0043]Wiile this invention has been
described in terns of several preferred enbodi nents,
there are alterations, pernutations, and equival ents
which fall within the scope of this invention. For
exanpl e, although the present invention has been
descri bed in connection with plasma processing systens
from Lam Research Corp. (e.g., ExelanTM Exel anTM HP
Exel anTM HPT, 2300 Exel an Fl exTM VersysTM St ar
etc.), other plasma processing systens may be used.
This invention may al so be used with substrates of
various dianeters (e.g., 200 mm 300 nm etc.). Also,
phot oresi st plasma etchants conprising gases ot her
t han oxygen may be used. It should al so be noted that
there are many alternative ways of inplenenting the
nmet hods of the present invention.
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[ 0044] Advant ages of the invention include nethods and
apparatus for selective pre- coating of a plasna
processi ng chanber. Addition advantages include
protecting surfaces within the plasnma chanber
m nim zing contam nation, sinplifying the
manuf act uri ng process, aﬁw@iovi ng substrate vyield.
[ 0045] Havi ng di scl osed exenpl ary enbodi nents and the
best ;node. nodification nd variations may be made to
L th _pd?s&q%g%egslgﬁﬁ%s ?%ﬂ%‘gg\s/\lglﬁ e remaining wthin the
SUBRfiest bodinsept fihg s€@fmdvableitd ueRhit@tirstspadtionned akycdnde
followng clains. CLAIMS 1. A plasnma processing

positigfst em conpri si ng: ~a first confinement ring set
B e

perfagasplimia prloeespingstie fipsteorBisinnmt sing tsetrsutroupding thershpverdead
rocessi ng e first confinement ri ngpset surﬁn;lrgundi ng

p th
asseiply velivanier Aeshaonfisanmt Yogwrtis RS picpad PRYNTT: Aatent
ri Qgel;c%ﬁa cblﬁ‘lﬂeﬁle"n{‘ﬁné §40R6 sRBRH bbPen®Afring set suﬁoéﬁﬁ@%‘ﬁle

confinenent ring set, the second confinenent ring se
first sanfinemedi tigg et evifen theet firsosvnifinementtring seyisde thevirsipashon,

first confinenment ring.set i.s in. the first sition
whEPerei (iR 5 Epandsieh? Rt o iayidp de e AR i dten the
first E&fﬂﬁfﬂeﬁ@riﬁ%iét iSih (RS BAt phgior, he first confinenent ring
set is in the first position, )
the first area is associated with a first portion of the plasma processing system,
the first confinement ring set and the second confinement ring set are configured to
define a second area between the first confinement ring set and the second confinement
ring set when the first confinement ring set is in the first position, and
the second area is associated with a second portion of the plasma processing
system; a set of induction coils to radiate radio frequency energy and a grounded ring to

facilitate grounding, wherein the second area is between the set of induction coils and said

grounded ring.

2. The plasma processing system of claim 1wherein the first position is lower than the

second position.

3. The plasma processing system of claim 1wherein the first portion of the plasma
processing system includes a first coating, and wherein the second portion of the plasma

processing system includes a second coating that is different from the first coating.

4, The plasma processing system of claim 3 herein the second coating is formed of a

hydrocarbon material.

5. The plasma processing system of claim 1wherein the first confinement ring set and

the second confinement ring set are concentric.
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the first area is associated with a first portion of
the plasnma processing system the first
confinenent ring set and the second confinenent ring
set are configured to define a second area between the
first confinement ring set and the second confi nenent
ring set when the first confinenent ring set is in the
6. ;;gg% PB.?I‘?I% Ho%?%si@]sgfstem caf clah&?ll %ﬁ&g}[ﬁq %%Etecﬁ‘e'csf the first portion of
the masﬁmqﬁswsgng ygdt@nand t}&esbccmfd pordlicadfi the plaennla prdcessirpiyateen

i o frequepcy ener gy grounded rin
inchidge i IptshoR® efrBLRlentiad o Perahe 0 S gsshn At eidasgrounded ring.
bet ween the set of |nduct|on coils and sai d grounded
ring. 2. The plasma processing system of claim
7. | wike plasmé peockssirgg sypesi ¢fi adaimi svhicoeie the fushpartien eEthepdasma

asia .progcess em.of .claim
procﬁ%ﬁ‘@rsg?tﬁmtlﬂéu@‘?sr%llé)aﬁto(?l}eloé ﬁns thrﬂ‘(i %102%%& SH5adssi ng
systemincludes a first coating, and mhereln t he

second portion of the plasma processing system
8. | nEheiplesma pesessing wystem <vfg:lztlma wheseidithie secend partiompf the plasma

i rst _coat.i roceSS|ng syst em of
pmc‘c’ﬁsgﬁgrﬁy ge’ﬁéf]‘ggﬁe aiéeag ac%}ﬁanigg{ %g is formed of a
hydr ocarbon material. 5. The plasma pr OCGSSI ng system

of claimlwherein the first confinenment 2’% set and .
9. t hEheplasma Prosatsingsysism ofj drimskehergingat éf‘@ﬁfc%ﬁ ithe first gprtion of

the HT@%a prgcsegﬁgg gfﬁiegﬁ ?%1 eségéotn?nﬂoptﬁo C‘Bf?hgl’%‘ﬁgg hgdc@ssﬂg system

east one Yon

includeoslest o offsdikcoralager :lﬂBydTe(‘mb\@h Jagert b otticof dioeledhyesmm
processin systenllnclgges at Ieas one of

n
morphes flienn layershsilieeh layer; ‘HH‘L?C%‘ ien q@ghifle ﬁ‘é(ﬁrd a

grounded ring. 7. The plasma processi ng system of
claimlwherein the first portion of the plasna
10. pr Dheplasmg pmygstsiny sysietnuaietaint | herenithofist portian of the plasma

el ectrode .and. a shower hea The rocessi ng
procesingsHsiEn ipg qﬁﬁi?ﬁ% kragfine gﬁél@g’@ﬁﬁﬁl Sg‘& {%\,ﬁpof t he
pl asma processing systemincludes at |east a grounded

ri ng.
11.  The plasma processing system of claim 10 wherein the first coating has a thickness

that is greater than or equal to 4.0 pm.

12.  The plasma processing system of claim 10 wherein the second portion of the
plasma processing system includes a second coating that includes at least one of a

hydrocarbon layer and a silicon dioxide layer.

13.  The plasma processing system of claim 12 wherein the second coating has a

thickness that is greater than or equal to 1.5 um.
14.  The plasma processing system of claim 1 wherein the first portion of the plasma

system includes a first coating, the second portion of the plasma processing system

includes a second coating, at least one of the first coating and the second coating is bonded
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9. The plasma processing systemof claim1l herein at
| east one of the first portion of the plasm
processi ng system and the second portion of the plasm
processi ng systemincludes at | east one of a silicon
Ia¥er, a hydrocarbon | ayer, a silicon dioxjde |ayer,

to a sintagaof piHeast ong of the first gpion of thy plagampioressingsystagpeand the

. | J

secof Boflioliat URQa Rl Wl Rain ¥ liom bl bme EPFycRe Pl Waaly fores.
of the plasma processing systemincludes a first
coating that includes a sil.icon |ayer. .11. The pJ asma

15. pr Eb%ﬁgﬁfﬁ@ PEQFESSHNE ySteq) & GRinp! freb Fomprising 7 paacttively coupled

' i j ter than or equa

pbm@%@%ﬁ%@gﬁ?ﬁn?ﬁﬁ@%ﬁ%ﬁSﬁggﬁgﬁ%?%%gggﬁﬁg system of claim
10 wherein the second portion of the plasma processing
system i ncl udes a second coating that includes at
| east one of a hydrocarbon |ayer and a silicon dioxide
| ayer. 13. The plasnma processing systemof claim 12
wherein the second coating has a thickness that is
greater than or equal to 1.5 um 14. The plasma
processi ng systemof claim1l wherein the first portion
of the plasma systemincludes a first coating, the
second portion of the plasna processing system
i ncludes a second coating, at |east one of the first
coating and the second coating is bonded to a surface
of at least one of the first portion of the plasnma
processi ng system and the second portion of the plasm
processi ng system by one or nore van der Waals forces.
15. The plasma processing systemof claim21 further
conprising a capacitively coupled plasnma source; and
an i nductively coupl ed plasma source.
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