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WD 2004/ 059716 PCT/ US2003/ 039994 A SYSTEM AND METHCD

FOR CONTRCLLI NG PLASVA W TH AN ADJUSTABLE COUPLI NG TO
WOROWHEY7CG RCUI T 5 BACKGROUND OF THE | NVENTI ONedT18S2003/039994

present invention is related to sem conductor

fabrication. More particularly, the invention is

related to pl asrm roces
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di spl ays) layers of material may alternately be
deposited onto and etched froma wafer or substrate
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varl e niques, I nc I Ng p asma- enhanced

part?ch?éﬂf the InvenBbASIFIA8H %‘pﬁdm@t;ﬁbd:&lmgt deigcianaiconductor
etchi'ng of the wafer or substrate takes place 15

fabricasiode a pl asma processi ng chanber. During the etching
process, a plasma is fornmed froma suitable etchant

SOyl B SBPich@of bE Eelﬁ[&)ﬁﬁu&f)r Bﬁ‘s%d"hﬂ:fvﬂfes% Hﬁééﬂa@é@clrcults or

that are unprotected by a mask, |eavi nggbehl nd
flat Pesd1deshlapd) tigyets ol heneridmneayt atkerhgﬁpbsb@ﬂepds&s&mtd hnaad etched
are enpl oyed i n plasma-enhanced etching, nanel
froms anfaferdr pitstmbssufatepathe ﬁ@mq@mégﬁ@g waﬁm@mﬁlﬁ gdass panel).
pl asmas touch the

As ﬁnw Ihsgowe e His ?’F&tt@eteﬁgll;%P the gﬂi‘%{]&é{?&awa{/@\éal '°
oGRS O T B B,
plas%tﬂf‘m v e csl}lﬁ'é ecﬁ@%%a?étcﬁﬁl?e&f thb SvdfBRdr fiRtrate takes place

Inconpati er of substrate. Wth confined

1n31Hé apiBmd ﬁﬁ)’c@sélﬁ khihber. duting awétahingairocdsssa ptasmatibdormed
plasma is stopped by sone means from reaching the

frora hasidablevetthant sdhrce, ga %o etuhf dreedoftha svafer pr suhistiatesthat are
| evel of cleanliness that is not provided by
unplmebtel?lMmmaahdéﬂlngmhmddbﬁﬁl@&m‘ﬁpﬁqr@r art syst ens
pl asma can be prevented fromreachi ng the chanber

valTiere Bie €886 Bipek difiphegnens taatiage yn@ﬂoyeelpnllﬂama-bnhﬁrwsd etching,
either electric or magnetic in nature.

nanesipngindinetlpdaphassaral wecondineil pasmng. &qumfmedmﬁasmas touch the

confinenent rings re |dent 30 W|th1nt e ch

plagine PERcertnA shamber waHs agd amyr utannats thepya FQE ﬁlég\slj%iﬁ‘%‘? by re-

depositing atoms from the chamber walls on to the wafer or substrate. Typically, the
plasma processing chamber walls are made of materials that are incompatible to the
wafer or substrate. With confined plasma, there is little or no contamination since
the plasma is stopped by some means from reaching the chamber walls. Thus,
confined plasmas provide a level of cleanliness that is not provided by well-known

unconfined plasmas.

In prior art systems plasma can be prevented from reaching the chamber walls
by establishing a variety of repulsive fields, either electric or magnetic in nature. By
way of example, the plasma is confined by a plurality of confinement rings resident

within the chamber walls and by means of draining charge out of the plasma just
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1 WD 2004/ 059716 PCT/ US2003/ 039994 Dbefore it can

reach the inner limts of the confinenent rings. Since
wWo b@40m7ié nenent  rings are made from an i nsul BCT/N§2003/039994

material they will charge to a potential conparable

to that of the plasma. Consequently, a repulsive
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generates a capacitive ed RF plasma. By way of
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Is an EXELAN system manufactured by Lain Research
furtor pufrtatiachtheTlthmmbdrveallsat i ve system 100 i ncl udes a 10

paral l el plate plasma reactor such as reactor 100. The

I eqedfefindR FIE! ugRse & shoRddellubaiviepasr At spste@ 1 00Raving a
mai ntai ned at a desired vacuum pressure by a ~vacuum

propessehifiber than geh@didsa @pacititvelt cduplal Rélplasha.t By way of
reactor. Etching gas can be  supplied to the plasma

examgde et ngumlwﬁagogafbeflﬂm’fra@w syetep! i ap0BXEEAN system
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MHz and ZMHz.

El ectrode 114 is a grounded el'ectrode:

vacoahepuap 104 wbﬁhé(&é& td ap ouﬂetsmrwwan@cﬂ thy rdaoorp @tetiiag gas can be
el ectrode 112 and is etched with plasma generated by

supphied ¢0 thergastha resxotor yppdasg gas from gamlp@ljsﬂ% eFOAexample a
plurality of 20 confinenent rings 120 a

megdiv fensifydapna sambe &eﬂ%ﬁateéldﬁé ¢ fwacrrﬁwc% B equency

arrl‘ eact %? s,can
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RF at 37 MHQQMd' IMIBIZD Blattestidoyl 4 isef gloanded eRotrode. A wafer or
eferring to FIG 2 there is shown a cross-sectional

substrety 1df6 is sepported by thel peweated tehextrogle dd Beangl is etdeidngith plasma
chanber 100. The |nter|or 102 i ncl udes confi nenent
gencrafgd by zoargiriag thoeish gﬂss%dn@ha plasarsiigie c Snpluseliy il

conﬁne%ic’en{%l 21%g§ q%@ and 1206 conﬁne 816 pclgg]r];l!a n%ﬁﬁer capacﬂwely coupled
reactors can also be used such as reactors wherein RF power is supplied to both
electrodes such as the dual frequency plasma etch reactor described in commonly
owned U.S. patent No. 6,090,304, the disclosure of which is hereby incorporated by

reference.

Referring to FIG. 2 there is shown a cross-sectional view of the interior 102 of the
plasma processing chamber 100. The interior 102 includes confinement rings 120a and
120b. Although only two confinement rings are shown, any number of confinement rings
may be provided. Within the interior 102 of plasma processing chamber 100, there is shown

a powered electrode 122 on which is adapted to receive a wafer or substrate 124. The
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may be provided. Wthin the interior 102 of plasma

processi ng chanber 100, there is shown a powered
webk@ensoue 122 on which is adapted to recei ve BCTHEHSIN3/039994

or substrate 124. The 2 WD 2004/ 059716

PCT/ US2003/ 039994 pomered electrode 124 can be
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I
confp il B8 i b upRS O PRV BOHEAY RGO inded
clecpb@13Es a system and a nethod of controlling the ion
energy and plasma density within a chanber configured

to generate a plasma. In the illustrative embodi nent,
the plasma i s generated WI t h a capacitively coupled 15

di scharge. The sen cORRRGIAGE FNQIE NTEhdes a
power ed el ectrode, a povver supp a plurality of
O S s L Ra T BT SR e
r f h j
and eb i Aoty aﬁ@%‘ﬁ@&f%@ed%} SnghAUSIEER, o 1%
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enerate an el ect r ectlon with the 20 ‘powered

dls@ﬁaegé r ' DHE serﬁico'ndﬁ&tbr Qhembér inbldgs aypoteted Eleectrode eespa)wer
el ectrically coupled to the adjustable couplin

suppiygurulite of groufided atijctrodaniaadcowgsijasigble @ogpbng & ground

circuit is configured to_nodify the i e ance of t
cirgpib uﬂafenowpr@étql@a@denﬁ @onﬁauwép ggearee 2 ?4%‘1 $L@)&’ff6 The

t he adj ust abl u round
powrupely ey Pabeg ¢ HE Bed eligiope. Ja8 fuAtFof
groglgjdgé El%gtrSdgsoéfglc'oﬂﬁ ohfe Dot dté b WidctrfQRbhAES oA WitRthe

capacitor or an

powered electrode. At least one of the grounded electrodes is electrically coupled to
the adjustable coupling to ground circuit. The adjustable coupling to ground circuit
is configured to modify the impedance of the grounded electrode. The ion energy is
controlled by the adjustable coupling to ground circuit. The plasma density is

controlled by the power supply.

The adjustable coupling to ground circuit comprises either a capacitor or an
inductor or a combination thereof. In one embodiment, the capacitor is a variable
capacitor. In another embodiment the capacitor can have a fixed capacitance. A
combination of fixed and variable capacitors and inductors can also be employed. In

another embodiment an inductor, such as an inductor having variable inductance, is



10

15

20

25

i nductor or a conbination thereof. In one enbodi nent,
the capacitor is a variable capacitor. |In another
weredatsament t he capacitor can have a fixed capeCT/USI00#8039994
A conbination of fixed and variable capacitors and
i nductors can al so be enployed. In another enbodi nent
an i nductor, such_as an i nductor _having varjabl.e )
usednsferd At eapaciton Ty Siaeetites smbydient, dieanbmetion of capacitor
sed jnstead of , capacitor. |n.yet another enbodi nent,
and Ffielots Hid S e AUESIAR povplingfo ARRAFEPS used as
the_adjustable coupling to ground circuit. In
opeleenasation, kbe illustrative chembenisrasafigiecddorgeangiated coofined
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first igk sindedpdetance. withe firkt sipddanes ankge fit@impeatde i the first
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grounded electrods sodépentert erdfhesapbtitors oo ipluctars usedyimotheddjustable

circuit. A second grounded el ectrode and third
couplngigegou! @F%‘Bf-rgoséci)% gripded eﬁqcﬁr@é@ apd tlird esepded

BRI A A
im é&&ﬁﬁ@ﬂ&%@%ﬁ&@%&ﬁ@ed el oddR e%&!&@f th%mﬁ% ﬁrﬁggﬁancp‘% §ociated
esult of these changes I n | npedance 10 the grounded

withltB€ bR efectid@es OM LU dfAhedethaRbE&SHBINEIaREe in the grounded
controlled. For the illustrative eXxanple, the first

elegirodesdbd i@ endrgp der thictadrhe cim b eontrolpetl dhaeths Bilfidteative

the ion energy 15 avvag fromthe first grounded. i
exaanlet thedirst groupdedelestrode siithdbg highartimpadance shifts the ion energy

Addi tignall a hod far cgntrollin | as in a
awpy Hoih ot beingen Alivmane «f He 6o adinlehelRepien
conprises the first step of receiving a gas in the
pl aduditiomatiy es giethpdfrardontrolliftpeplpame e d pdsent pdessisg chamber

. confiqured to receive a wafer or substrate and
is pra¥ieded saugihos COPPAISpD IS fistipsD i rauesvipegsgas inghe plasma

rof RS At ShehEFeGH ShinebaRas Bt feed T BN wader or
suH%Fr‘a eBEREL nglsr froBfa P??\%F ?@ﬂgyp ThEMai P E%%gated by

el ectrodes IS to co I on-energy

elep@ivally soppling the gﬁ@e@ie& QIRDUE @b alfftst BoBRARI SRBELEY and d
BRI EFy DE%I@CRI %DTI OF THE DRAW NGS @O Andasecon
grounded electrode. The impedance of the grounded electrodes is used to control the

ion energy. The power supply is used to control the plasma density.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention are shown in the

accompanying drawings wherein:

FIG. 1 is a prior art system having a process chamber that generates a

capacitively coupled plasma.
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25 Preferred enbodi nents of the present invention are
shown in the acconpanying drawi ngs wherein: FIG 1 is
w@2@riosn7i@art system having a process chanber tP@EE/US2003/039994
generates a capacitively coupled plasnma. 4 WO

2004/ 059716 PCT/ US2003/039994 FIG 2 is a

0, 30 TRl B o o B

chaﬁ{b%f‘%hé\?ﬁtiﬁﬁ‘ I 1vi ew of a first enbodi ment of a plasma
processi ng chanber having an adjustable coupling to

2 2%[28@&2 %ﬁo&ie%ﬁ-%q&&vi‘évﬁf@?ﬁ% SBRoRgBLH Y TohRBaProcessing
| . adj ust. A .circuit. FIG 5
chafipe] g8k L RsR AP E Sy LB i b od nent of o

pl asma processing chanber with an adj ustabl e coupling

t 0 Igfodnia acressusactioppkyiew ofsa second sebodaneried a plasmaof

a fourth enbodi.nment  of | as 10 processi.ng chamber
progessEshas ot re sgBi b o g 8 @] FRCRiE. G 7

is a cross-sectional view of a fifth enbodi nent of a )

pl a8lfh Spisacwress-septionhbwiser o thirdeembeiinznaiof e pdesumad pragessing

tQ graound circuit. FIG 8 is flowhart for a nmethod of
chagahet "gth @dwp@biﬁacw?@gapc%% #H5Whanber. 15

DETAI LED DESCRIPTION In the follow ng detail ed

desklG. @ isancrosefantienakviesv ofbalfourth ¢thbodicwminpd ayplagna

drawi ngs, which forma part of this applicatjion. The
progessiigheanghrswithy gn adipstable pounlingrtatgrownd sisewitf i c

enbodi nents in which the invention may be practiced.

It FEG.tDis dogosrsativhabdiethaf a fifthesmisrdiodhiens plasaya Pecessing

utilized and structural changes may be 20 nmade without
chagahearvitngn adjmstableecoupding tofgrowmed piresibnt i nvent i on.

Referring to FIG 3 there is shown a first enbodi nent

of F@Bas ewiRCRS § nitthoddtasheslliiaiasfia aa pijcysimdamber.
coupling to ground circuit. FIG 3 is a

cross-sectional view of a processing chanber 200
configured to generate a capacitively coupl ed

di scharge. The pl asg?%ﬁiglciﬁ%ﬂ B%Smigtﬁbl\?oo is al so

referred to as a sy
In the following detailed description, reference is made to the accompanying
drawings, which form a part of this application. The drawings show, by way of
illustration, specific embodiments in which the invention may be practiced. It is to
be understood that other embodiments may be utilized and structural changes may be

made without departing from the scope of the present invention.

Referring to FIG. 3 there is shown a first embodiment of a plasma processing
chamber having an adjustable coupling to ground circuit. FIG. 3 is a cross-sectional
view of a processing chamber 200 configured to generate a capacitively coupled
discharge. The plasma processing chamber 200 is also referred to as a system. In
operation, the plasma processing chamber 200 is configured to receive a gas that is
converted into a plasma. By way of example and not of limitation, a relatively high

gas flow rate is pumped into the plasma processing chamber.
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25 operation, the plasma processing chanber 200 is

configured to receive a gas that is converted into a
w@b@snse7iBy way of exanpl e and not of |intatiPCT/Us2003/039994

relatively high gas flowrate is punped into the

pI asma processing chanber. 5 WO 2004/ 059716

el Tgae e P das narle bl HBAteE et el dota. o
pov@ég‘%ug](ﬂ;/'b%(ﬂt 288 QUdesroRhaed EP:@%O&Q 608 ﬁ‘é{/fzf%gﬁﬁachustable coupling

e’coupling® to ground circuit

to gReMed eidciet 208" THE pddRrédeledRaded? & dRpRIdV® Rc¥wtarwaler or
substrate. The powered el ectrode 202 is operatively

subsivaip! dthetpmwéred phactode 2P liy op@ratiGelymotiplpdrtodhe power supply 204
enerate a RF power. By way of exanpl e and not of
conj xgiwctdaﬁq gﬁnerqthé R¥ ppwet.gByuraieel @iasnle gud nehef limitgtion, the

ﬁrsg groun 8@1 echgcﬁ %gs tcug?,\r ar‘rggblgflggt@gﬁﬁf erhgg ﬁ l{l?%%év(\)fered electrode
20 R G BB RN b BT Mg gy 204

a RElRRFdradar02. Additionally, a 10 second grounded
el’ectrode ring 212 surrounds the first grounded
eI ectro

B R e oL PP A e U RERREGE02 Adipfidnaly, o
sec@ﬂd 1 B3 & iRRRLESL S QB Ot i rbun b dlbcithde 206, The

electro | Spose ow the quartz

secf)ﬁ’@ gfourided efekbrodEitg 1 ﬁ; disarpspdcaled togRuAdhndl &Rs not
does not include an adjustable coupling to ground

havei ancadjustails cobplipg &s groymdaiessi ng thtrdrgneun(m':)belestrode 214 is
configured to generate a confined. plasm i nenent

dlswwgsbem éh@ﬁwrizaﬁwuamgc?drﬁ)r Hag Gdrd groua@éd ﬁI@CErﬁée 214 also
th hanb
R R TS N e

with the wafer or substrate. Confined plasma provides
| i tTheplhsmagproeessingnihaattics 200 nsmmmﬁ@lrpdmgsmm@ a confined
chamber walls. It sha ppreC|

d
plagppy Confingmenkriges 2%%@@%@ A lé'glﬁ“é@gdﬁ r&et%xo plasma.

TypEHT R Rl BRGERF TR et eP e BihdseRdnmbrioks bt 4
1nc¥3fhlps gripinditk! '(tiﬁe?% er%Q%ugﬁr%%g@ofi]Eﬁ@H Yasﬁ&;@{o%?dés%rflg or no

groun ectro e adj ust e couplng

corft®me R 6ih tEd pEocéSsing ThaBef wals.eH shall e SE)Yedlit@d by those
i npedance of the first grounded el ectrode 2 The i0n
skilled in the art that confined plasmas provide a level of cleanliness that is not

provided by well-known unconfined plasmas.

The adjustable coupling to ground circuit 208 is electrically coupled to the
first grounded electrode 206. The adjustable coupling to ground circuit 208 is
configured to modify the impedance of the first grounded electrode 206. The ion
energy and plasma density of the confined plasma is controlled by the adjustable
coupling to ground circuit 208. The adjustable coupling to ground circuit 208
comprises a capacitor 218. The capacitor 218 has a fixed capacitance which is
typically less than 1000 pf. However, it shall be appreciated by those skilled in the

art that the capacitor 218 can also be a variable capacitor.

6
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25 energy and plasma density of the confined plasma is
controlled by the adjustable coupling to ground

W@ R008105471208. The adj ustabl e coupling to grouneCTUSM03/039994
208 conprises a capacitor 218. The capacitor 218 has
a fixed capacitance which is typically I ess than 1000

pf .. However, i, shall. be reci at.e skill o
in ﬁq?ecapgpgortm ar cﬁléesbsg?;a.’%?f %ftﬁﬁ fgjugga?g%ﬁglgﬁgrég §> gro(ﬁgd circuit
varli ' 7 .
208 R PR SR8y P BB 008 o
grofifdtdl d1BGrd R BI oM IR thidl drowfedasie@radessl 4 Ak bgesult of these
I npedance which is different fromthe inpedance of the
chaﬁ%@@ilﬁdm anceecthe lsectndedecl @b desdhe hen thénggt agpddhe gbdma
electrode 214. As a result of these ch [

derisitp aithe plasma ¢rn by oomiadiedel eatthe ded, crubstmsnt dhe i
grouic S rEed 2O wiRane Pl betniBi S BRGS eRyit 208 has a

. ded el gct 20 | [ | '
higffrotietans fib bUERRethd rdhae Rl AE 2 2l B ©
gro&ﬁ&e&:‘gl%eﬁ‘ & PLHng\gQ %ﬁi’%lfé? 'ilﬁlgg@an%%%‘r&ﬁ dhd Hestidbiitded electrode

rounded el ectro The hi gher 1 npedance fromthe
shifté fifel ioflleuRgethdeplashb ddasitysiwhy Srohthei fivst groemdyd @hettrode so
pl asma density away fromthe first grounded el ectrode .
thasthelion ehegytand plasmedensty iarshif}:ﬂdats)rt‘ge geaided electrode having a
shifted to the grounded el ectrode having a | ower
lowespapedace. | n the prior art, dual frequency RF power
supplies, e.g. 27 Mz and 2MHz, are used for the
i ndieps getot acto dtislofreqfenpl RFhpowensippliesralg. 2hVEdz agy 2MHz,
Here, the processing chanber 200 permts the
arejusgé ferritie indepsndew] coptrobof phasmacdresity ans don epergy. Here, the

S TSR AT SR e

o TSN, SRRyl

coliBin3ti¥n %B‘f flﬁ%ﬁgn@é/d ¢e ré(%s?ermﬁ’t@\ﬁﬁé irﬁiﬁg%d&fﬂ cB¥trb6f the ion
ply . An 11 t I

power sup ustr ve mat henati cal node

endtg$ VELond REGolfeC OTHd plasinheeatity Istitaindy eéhtealidd loy theantal
energy and the plasma density. Referring back to the

power suppdiet] byrthe pesiengupeli@2®er in FIG 1 and FIG 2, a
1200V (peak-to-peak) and 27MHz RF power is applied to

th eAl?lcﬂlh%tWeelﬁhﬂféﬂﬁlt%ﬁ?mOHBFhe[sel’ﬁdéhtdsB&l tdeolias théability to

approxi mately 302V an
control ion energy and the plasma density. Referring back to the prior art processing

chamber in FIG. 1 and FIG. 2, a 1200V (peak-to-peak) and 27MHz RF power is
applied to the bottom electrode 122, the resulting DC bias is approximately 302V and
a plasma electrode voltage of -858V. Referring now to FIG. 3, an illustrative
adjustable coupling to ground circuit comprises a capacitor 218 having a capacitance
of 2 pF and a resistor 220 having a resistance of 3 uQ. For the processing chamber
200, 1100V and 27MHz RF power is applied to the powered electrode 202 to achieve
a plasma density and plasma distribution similar to the plasma generated by the
processing chamber 100. Additionally, due to the change in impedance at the first

grounded electrode, the DC bias is only -200 V and the plasma electrode voltage is



10

15

20

25

a plasma el ectrode voltage of -858V. Referring now to
FIG 3, an illustrative adjustable coupling to ground

W@ R00g0F471€onpri ses a capacitor 218 having a caperUsznya39994
25 of 2 pF and a resistor 220 having a resistance of 3
For the processing chanber 200, 1100V and 27MHz

S2, . _ (
6590 n IS a8 i inle e NV (e peCiadodt Bpeitand fon enerey
o S A oS B S el B BB EERIERE power and

withRe danseabd cdliifi %/t'bsgrouﬂd eiBgied el ectrode, the DC
bias is only -200 and the plasma el ectrode vol tage

1 el F RO sl P i T St aso

coBfiRLEY: ROt P M R A AR AR RS2 s
opstatitelly m@upléjdustaéﬂ‘idvzerceimﬁplyi DY A qieTEcE Fifd P56 surrounds the

Referring to FI ere i s shown anot her processing
powhredisdect@BI® 252¢ ohfplaumess foomedmtithih theoproesssigy chmdber 250, and

. plas density. A powered el ectrode 252 is
is NSt by @OP FEBENLANES 288 p vibrst gupwiisd pieirode Arhas a surface

e e M o OBy T SRS o 20
i i : i [ 258, A fi t .
B R S N T -
grouRdn Byeay bf ekapReARIn&! S Rstfor 9 V%Fzﬂ)lé 'c%%zfci%)r 262 has a
y coupled fo a

grounded el ectrode 260 1s 10 electrica
capaaithmdsl iangapfi6pF a6 106@pF haAl saeendigtcurided edelitttsledP4sis a grounded
. coupling to ground. By way of exanple and not of
ring ithyt sarroends thedirshgioamided cép‘a*o'de 36028helsasoral grounded electrode
F to.1000pF. A second grounded

[ f 5
L T R
' I 260,
et S8 AR P RSs G ENGP0°SE Souncs

varj abl e capacitor 266. A third grounded 15 el ectrode
268l pegpispheprpeerstichambey 20t pemuitus highey deg@e dficontrol of

e BB BEER T B2 35 ool €hebed
T The | | |

b B SRESA R SRAID SRyl RS ARG bt oo

26@ b€ tHel ecodd 8rduinidst egéc%ate%z;qﬁ%ttﬁ@ ac g% ?I;Ikgdif;g&leir

second grounded el ectrode 264 have t ca

respedivieyintpedanice? 0As espadt, ian@permedantRordsfféctiveiy bbntrdlthe "top"
operator can nore effectively control the "top"
of a confined plasma.

Referring to FIG. 5, there is shown yet another processing chamber 300 with
an adjustable coupling to ground circuit. The processing chamber 300 shares much
in common with processing chamber 250 of FIG. 4 such as confinement rings, a
focus ring, a powered electrode and a power supply. The difference between
processing chambers revolves around the grounded electrodes. Processing chamber
300 includes a first grounded electrode 302 operatively coupled to variable capacitor
304. A second grounded electrode 304 is a ring that surrounds the first grounded

electrode 302. A third grounded electrode 308 is disposed adjacent the powered
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of a confined plasma. Referring to FIG 5, there is

shown yet anot her processing chanber 300 with an
w@djousseiné e coupling to ground circuit. The prPCEES1008/039994

chanmber 300 shares nmuch in conmon with processing

chanmber 250 of FIG 4 such as confinenment rings, a 25

T e N R

cledfrO@d the grounded el ectrodes. Processing chanber
300 includes a first grounded el ectrode 302
ope bl e capacitor 3

CecBRPS I ALt Peeked i b8 soruTEiR Hrnudabelcandes in

e 0 LT 38R L PN o o

cordfd/ ;g@ﬁﬁé énd @E/théggﬁ%b?a@&ﬂlﬁn%kig%fs‘iﬂﬁ eIt%ﬂ?}é &f%tagp{ehc(ieated by

vari abl e capacitor 310 is electri 'y coup
thoséof drdinanyrsétédlin leest thadéhe Jesond graindaslectiddd 306 can also be

expected that the conbination of grounded el ectrodes
adapied forpassessianpdinsablercoapling tr gicundreimpirtatcontrobits respective
. control the ion energy on the top of a 5 confined
IMPRCALHE and on the sides of the confined plasma. It

shal | be appreciated by those of ordinary skill in the

ar tRefeating teFK@critieigris showalagubeessimg3ifantsn 380sevies four

ad %Led to_possess an adjustable coupling to ground
groema plectrgdesonthofirst geoynded edeqtsage 352ps gamuuled and has an area

sfla b B3t s sl omte 530 Tgreounabeioden é Lnr%d¢r$é4 is a ing
thel LB o T B e LI A2, PR R 28 Betrode 354

is cRRBAEHyH RIS £V AGARIOL8pR3(br BS6 %nﬂgfég ggif?ﬁ%eeir%%eggﬁge. The

surrounds the first grounded electro

thirgrgronuided ebetcodeodtss Behotha ridgedit hgtdundsahe Béamd @odnded
vari abl e capacitor 356 and has a vari abl e i npedance.
eleqtrrde 334 r bheytiichgrounded electrade 358 is spamtivéigrcoupled tbhagariable

sur royunds e second grounded 15 el ectrode 354. The
cappEy f ?}%Qéa Nt 8aerighis 15 PESoph davith arganissiearads 302
. . 3 ' . .
tocfteH Heh e Doy PRTE\h B0 dna 2% £ bRy SebPledS) Svarivble
capR€itér 36 IR Qg@xraﬁ@n?%ﬁééf)f&g%i% é’heﬁﬂgﬁ 4355 O?}Eeerfrﬁ{s' tYl? :(%)ﬁ%’ator to

coupled to vari a capacitor opera
control shepionaeesiyen tesitey oS58orifaiad jlastlie operator to

Referring to FIG. 7 there is shown a'processing chamber 400 having a dual
frequency power supply 402. By way of example and not of limitation, the dual
frequency power supply generates RF power at 27 MHz and 2MHz. A powered
electrode 404 is operatively coupled to the dual frequency power supply 402. A first
grounded electrode 406 is electrically coupled to an adjustable coupling to ground
circuit 408. The adjustable coupling to ground circuit 408 includes a variable
capacitor 410, and inductor 412, and a resistor 414. The adjustable coupling to
ground circuit 408 is configured to act as a high pass filter or a low pass filter, in
addition to permitting control of the impedance for the first grounded electrode 406.

A second grounded electrode 416 surrounds the first grounded electrode 406. The
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control the ion energy on the sides of a confined

pl asma. 20 Referring to FIG 7 there is shown a
w@emeesyicng chanber 400 having a dual frequenegT/pees/039994

supply 402. By way of exanple and not of limtation,

the dual frequency power supply generates RF power at

see i AFDER skl A1BRRE RO bl R Tustdtle sSmeling i grgpmd
cirdi2-A ﬁ(lj&(% gfﬁundgg %}’&%‘élle@lllgqg Eﬁﬁ‘é‘erﬁQQ poveBbElckbat LﬂM.t The

coupl e an adj ustabl e coupling to"ground 25 circui

third @ourlded Aeittsderibletectclly caiplel @riadactocHpoui t 408
i ncludes a variable capacitor 410, and inductor 412,

S D R

by &ing ah @MRASS4 4 ins@iad dffh capdéitdr. ADshll BEEPprickiald by those of
control of the inpedance for the first grounded

ordélagg tkiblda tHO6rt thad the daduttor camrddseibe haatiablteinddiéior configured to
surrounds the first grounded el ectrode 406. The 9 WO

genR00d A0Bgzeo Rtffeusnioduaasss whisk exmeprgradleddedthe tool operator.
el ectrode 416 does not include an adjustabl e coupling

t 0 WEEREREhor€ithé Uhbeddhcelifiibe GFR g@@kﬁ;ﬂe@ ed6dtr el Yol&ar e
adj acent to powered el ectrode 404. The third grounded

congtodietirbydhbe iadjustabld cow@idgtocgrophé dircwit's matisblercap@dior4i0,
_ operation, the i nEedance _of the thjrd grounded L
indueter tH d@ad gegistoes fda-nﬁd@llm@tallysﬂ@;ﬂdh%stﬁ@emwhagé@ ground circuit

408 s BT o hon g SRR e 7 o PR Mt R pdtver of

{;nd fi d
R o T RN
AR -k AL O —
PR B T S PR Ao e 1o
el 0 O ot s g e

procBsyiry M 426etabRshddnelle (%\@’&aﬁ'r_g PAMRIctEk aré Bfecifi@to the
frequency power supply 402. Referring to FIG t here

typeofsishvbseing pbdunhed.t Befway oftanchld afd hot of tintitadioh| fuy an
lasma in a processing chanber by using the various
etchipgrgnsesddbe Bipsedf gasevere stlnstediBidiberad flogv ratps farteagh of the

o OSSR T et Petind b BRI BB RS e o
the 386, aAh@@ioBQflﬁ'{ﬁé Ghaoudt 5f W&\Léﬁh&t‘}lstb%ﬁlg applied is also provided.
Further still, the time needed to perform the illustrative etching operation is also
provided. Alternatively the systems described above can also be adapted to work
with plasma-assisted chemical vapor deposition. The method then proceeds to
process step 454 in which the illustrative control parameters identified in process

block 152 reach steady state and the desired set-points are reached.

The method then proceeds to process block 456 in which RF power is
communicated to a powered electrode. For illustrative purposes the systems above

referred to a single powered electrode, however, it shall be appreciated by those
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type of task being perfornmed. By way of exanple and

not of limtation, for an etching process the type of
w@amensHdie sel ected and the gas flow rates forPEHUK2003/039994

the gases is determ ned. Then the operating pressure

for the particular task is input into 20 the tool.

SR B A S RO R e
GBS 0 PRCH QI ol et S g o

povidied eleebdéd. so be adapted to work with
pl asma- assi sted chem cal vapor deposition. The nethod

Ehet RoBtRaSet 55 BFAELARSREAR: ARthdd! atiohefiel 'f%ars(%aeiés then

il ve control "paraneters 1dentifie

genéPatéd. 00k cd B p18a8A i bRl AHE:ig0M it htddesitbSehether the ion
set-points are reached. The nethod then proceeds to

enepgyoaebplabhackensiHo shouldfveahodiBiefodiis decisionismmide at ddcision
_to a powered electrode. For illustrative purgoses t he
diampad dff. dbthecdeteratination it o moditn fleciopsnersuokthecondaed

howe

kbR BG83 B PR
couf eSS PERBALL, Bt Dol 45074 Bual IBERRLET

e

plagras deasitya Tlanidjnsdbl @siphingSifcfRobirgBBE dbeener@ &y modifying
the plasma is generated, a decision is nmade as to

thewmpedarcetdferoumdedeslectyydesn dThel lasma demsifyt ip controlldd by the
nodi fied. This decision is nmade at decision dianond
POGTPUPPYY-t he deternmination is to nodify the ion energy
of the confined plasma, then the nethod proceeds to
pr oidelss détenminadion andecisiondiamdnd 6ahs that cloiptdpeties of the
circuit is nodified. If the plasma density is nust be
plagmangeaccentable, ke nethed hed prpersds i praseps é@@kﬁ%l igowhich a

subgEA: yvateh %s R sstash fg?ﬁ%}&%? ?ﬂér%gfa?%:? ':@E?af SFefeReskil in
AT A e
cir@¥ohy B F&Bhﬁgﬁfefd Maﬂ%ﬁ[lmt?ﬁ%dﬁgbn?geg &tasth® BaRHB ed jon

460 15 that e properties o pfasma are

ene@%ﬁ@ﬂdpmsmaddﬁgitypt hod then proceeds to process bl ock
464 in which a

Although the description above contains many different embodiments, these
should not be construed as limiting the scope of the invention but as merely
providing illustrations of some of the presently preferred embodiments of this
invention. Thus, the scope of the invention should be determined by the appended

claims and their legal equivalents rather than by the illustrative examples given.

11



10

15

20

25

substrate or wafer is processed. It shall be

appreci ated by those of ordinary skill in the art
whawisnsp7idhie benefit of this disclosure that thBCT/US2003/039994

adj ustabl e coupling to ground circuit may be

configured so that the illustrative confined plasma

has the desired ion energg‘éag;fl%pl asma density. 20

Al t hough the description ontai ns many different

[ t.:s, these should not be construed as
Whg?%%?%lﬁ%atlﬁe scope of the invention but as nerely

providing illustrations of so of the presentl
1. br oA sFPndHEISRHORS! Gy el 1 BRSPS DI Hdesad he
SCO f the.invention should be determ ned by the
senggg@ﬁ\f}ﬁa c%@p%eﬁgogwgﬁp}gei r 1egal equival ents rather
than by the illustrative exanples given. 11bV\D
2004posgrdclegndespodiguosbigggceire AMAECT MhsibsiRis| ai med
is: 1. A sem conductor chanber configured to generate
a pltasdwRons aledtrode wonfigatedtto zentratdmr eleotrjual somectidnavith said
powered el ectrode configured to receive a wafer or

powserbd eleatrode ataid eblepsioons deeradediyingnvrgablsdmpgdance; and
generate an electrical connection with said powered

el egf JQd@abRalplihgt6 apburE@rRlitsiesteidelly aviypled do said at least
vari abl'e i npedance; and an adjustable coupling to

onegéloctnstics saiduidjusthidletoouphng yo gouptedctit caifigustd loemedify said
one el ectrode, said adjustable coupling to ground
vargible impedaoa¢ of anidotdensiens elgctadel 10 variabl e
i npedance of said at | east one electrode 2. The plasm
2. Pr OTES plaBhaqitaedssingoéhagh s f Lldinr T Rather eopiprisimgadleast one
| east one confinenment ring configured to confine said
confiresmmt ridg coméiguired tracqniveewsd plgsmranmber of claim 1
wherein said adjustable coupling to ground circuit

3. COMpRé g%%nﬁiprt)@@s%ing)&ﬁhn@l%ﬁﬁ“idﬁﬁ} 1 Whefein FaR! aljasable coupling
processi ng chanber of claim3 wherein said at | east

to @foend @ireaiticomprizesnt leastsore capaciadl e capacitor. 5. The
pl asma processi ng chanber of claim1l wherein said

4. adj Tﬁé gﬁsﬁlaﬁ%ﬁg{eégﬁﬁg S Vhif § GHicteiA QAR 41388t ¥ne capacitor

| eaSt one |
comprises a variable capacitor.

5. The plasma processing chamber of claim 1 wherein said adjustable coupling

to ground circuit comprises at least one inductor.

6. The plasma processing chamber of claim 4 wherein said at least one inductor

comprises a variable inductor.

7. The plasma processing chamber of claim 1 wherein said adjustable coupling

to ground circuit comprises at least one inductor and one capacitor.

g. A semiconductor chamber configured to generate a plasma, said

semiconductor chamber comprising:
a powered electrode configured to receive a wafer or substrate;

a first electrode configured to generate an electrical connection with said
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6. The plasma processing chanber of claim4 wherein
said at | east one inductor 20 conprises a variable

w0 payosore 7. The plasma processi ng chanber of PCT/ab2003/039994
wherein said adjustable coupling to ground circuit
conprises at | east one inductor and one capacitor. 8.

A sem conduct or .cha r .confiqured. to nerate .a
porrEMeEREGH G0 et oct BRIl B WRuRERRET ™5 o

power ed el ectrode configqured to receive a wafer or .

sulsstcean@clegtrpie §pnﬁg@r@8ﬂ@@én@@¥ﬁ aphaelegrigaleanaeetiemwith

.electrical connection wth saj 12 WO 2004/ 059716
sai GRSy e GUpstORS0 8T SHT e BRlechns qesecoii aperaice:
el ectrode having a first inpedance; and a second _
9. el éldtermahodaffdlaion 8 avhevcigesnst Arsé impeddnee isHifttrentctbm said
connectjon with said powered el ectrode, said second
sec@lbPRRB@8Chave a second i npedance. 9. The nethod of
claim8 wherein said first inpedance is different from
10. sai'The flases protdssipgdhamder dDclaith® fpkthemaompoisegsitienst one
chanmber of claim9 further conprising at |east one
confipamieneripg configygreddafcogline gaidplawnd.i ne sai d pl asma.
11. The sem conductor chanber of claim 10 further

11.CONMfHd seintigoddddtosthaatharoifalis 1¢ AufHer Roni@isii@s figst adjustable
circuit electrically coupled to said first electrode,

coupling tadiamdatitanit dloctcicaldy cogpled tgsadduscelectuode, said adjustable
configured tq determine said first inpedance. 12. The
coupling @ SHBdeE L gCaH Evsed taodetermaingsatd st imppdanged
adj ustabl e coupling to ground circuit conprises at
12.1 edBie plasma ppacdstmg. chhthbel b chimsitewvheeie sad ndjusbibesupling
of claim 12 wherein said at |east one capacitor
to growpt tisewt eomariseditdeash pacicapacitors 14. The pl asma
processi ng chanber of claim 11 wherein said adjustable

13.COUMHd fplgsmh gbr@ée@,m@ chiafrfhét bf 6RIMINI2S®Ee@in bAa%k 1€8Eone
i nductor. 15. The plasnma processing chanber of claim

caphditavhemepnses ai vhrabld egmcitone i nductor conprises a
vari abl e inductor. 16. The plasma processi ng chanber

14.0f ThSpBYrhd prO&EsSing GahibeRdF ERiAD 16wRE M 5418 adjustable coupling

to ground circuit comprises at least one inductor.

15.  The plasma processing chamber of claim 14 wherein said at least one inductor

comprises a variable inductor.

16.  The plasma processing chamber of claim 11 wherein said adjustable coupling

to ground circuit comprises at least one inductor and one capacitor.

17. A method for controlling a plasma in a plasma processing chamber,

comprising:

causing a powered electrode to receive a wafer or substrate, said powered

electrode electrically coupled to a power supply;

generating a plasma by electrically coupling said powered electrode to at least

one other electrode having an adjustable coupling to ground circuit, said plasma

13
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20 to ground circuit conprises at |east one inductor

and one capacitor. 17. A nethod for controlling a
w@b@gns97idy a pl asma processi ng chanber, conprP&I/NR003/039994

causing a powered el ectrode to receive a wafer or

substrate, said powered electrode electrically

cou t I D nerating a plasma by
havg}gs% fo%ceﬁ%F@ g@%\glﬂliséﬁ) Efs)g%hg ltgbalv\gfed el ectrode to at

| east one other electrade h vin% % adj yst abl e L
com@ntrﬁglﬁgcﬁag‘ﬂ RIMENGIEY eI} S,al‘iﬁiildll ) g?sﬁ‘ﬁlpi@g\/@ ground circuit.
2004/ 059716 PCT/ US2003/ 039994 havi ng an ion energy
18.andl'le pkdedeo fddaia 1Y wheneincaitt caittal g sfsaidiion eregydy
w th said adjustable coupling to ground circuit. 18.
condn@ed@wmadlfylngl%m impedangretasispidsagdjestalblgtcoupling éo ground circuit.
said ion energy is conducted by nodifying an
i npedance for said adjustable coupling to ground
circuit. 5 19. The nethod of claim 17 further _
19. corfihie micthgdoaficlaioh 17 fgrtben ebnprising caeinelling said plasmaidgnsity
_gower supply. 20. The nethod of claim 18 wherein said
wit djillglsﬁ(é’lfﬁféuﬁﬁb’pl ing to ground circuit conprises a
capacitor. 10 21. The method of claim 18 wherein said
20.ad] Tisd mbttedcaligihinn g 8twhageinumad adjustable conplipgits gsownl circuit
i nductor. 22. The nmethod of claim 18 wherein said
conpljises taadaipaciterupl i ng to ground circuit conprises a
capacitor and an inductor. 14
21.  The method of claim 18 wherein said adjustable coupling to ground circuit

comprises an inductor.

22.  The method of claim 18 wherein said adjustable coupling to ground circuit

comprises a capacitor and an inductor.

14



