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FI ELD OF THE | NVENTI ON The invention relates to an el ectrode
for generating a plasma and/or | ocal plasma density control in a

pl asma reacti onyoledsss . The el ectrode can 5 be i ncor por at egrigsedesespper
el ectrode and/or incorporated in a substrate support such as a

chucki ng device for holding a substrate such as a sem conduct or

waf er, flat panel display, etc. %m&g@t in a plasma gas
envi ronment . BACKGROUN Y éﬁ&ﬁb Equi pnent for

processi ng sem conductor wafers in a plasma gas environnent typically
coupl e radi o frequenci iREi power fromthe plasma gas to the wafer to
effect surface tre Fgl e.g., etching, deposition,

etc). *For instance, U. SHFP &iton Setroasl %Eﬁ!' | at e
arrangenment wherein a wa elrﬁ&l S sB%B%é%OS%J%In a ?g(\%?r ei eg?g e, E@lg!gwer
fromJl5 a | ow friegalqlasmagiensityatantrobinsas plasmaweactiph chambex. fThecplestroge cat wor k
RF power frogrel%ogi fris%lﬁenc % pner.at o iii Crﬁ gﬁgg wi i h ﬁehe I(}\(v
frequency RF pdwer ngﬁllﬁ’da M %‘iﬁ'@ﬂ%m il E(ﬂéﬁtﬁ YPPO
nfatworkEj and thehCﬁﬁhhﬂﬁ(ihﬁm i];.s,wk;ﬁfoxr-]holrdlingaap;mdmateclm;c ;m@wssemnmh ncpnd ljower
el ectrodes. In this arrange t,.the hi ,reuer}qlz tching an
conbi ning circuit Wﬁ%"i g’ﬁgfg%ﬁ#}'gﬁcf’r"gﬂﬂ%ﬂmm& ¢ i#®r and

i nductor in parall gwroliegd to the frequency of the high frequency

source for preventing signals generated by the high frequency source from
being fed back to the | ow frequency source but allow ng signals generated

by the | ow fm%%m@@r et hrough w t hout being
att enuat ed. . . &4, 948, 458 di scl oses a parall el
pl at e arrangern@nt Equipment for processing semiconductor wafers in a plasma gas
environment typically couple radio frequency (RF) power from the plasma gas
to the wafer to effect surface treatment of the wafer (e.g., etching, deposition,
etc). For instance, U.S. Patent No. 4,617,079 discloses a paralle] plate
arrangement wherein a wafer is supported on a lower electrode, RF power from
15  alow frequency generator passes through a low frequency network, RF power
from a high frequency generator is combined with the low frequency RF power
in a high frequency matching and combining network, and the combined signals
are applied across upper and lower electrodes. In this arrangement, the high
frequency matching and combining circuit can include a high frequency trap
20 - (capacitor and inductor in parallel) tuned to the frequency of the high frequency
source for preventing signals generated by the high frequency source from
being fed back to the low frequency source but allowing signals generated by
the low frequency source to pass therethrough without being attenuated.
U.S. Patent No. 4,948,458 discloses a parallel plate arrangement
25  wherein the upper electrode is in the form of an electrically conductive coil
located outside the plasma reaction chamber and by inducing an RF current in
the coil a magnetic field is produced in a planar region parallel to the plane of
. the coil. The coil is driven by an RF generator which supplies power to a

matching circuit having a primary coil and a secondary loop. A variable
30  capacitor in series with the secondary loop adjusts the circuit resonant



25 wherein the upper electrode is in the formof an electrically

conductive coill | ocat ed outside the plasna reaction chanber and by

i nducing an RF current in . the coil a magnetic field is produced in a
pl anar region parallel to the plane of the coil. The coil is driven
by an RF gener afyfonitligg N Supplies power to a mat chi ng ci gCiidoshidas N9
a primary coil andwa secondary | oop. A variable 30 capacitor 1 n series
with the secondary | oop adjusts the circuit resonant WO 97/ 02589
PCT/ US96/ 10805 -2-

frequency with the frequency output of the RR-generator and inpedance
mat chi ng nmaxi m zes eff|C|e ower trangfer to th nar oil. An
addi tional capacit BF W@%‘%@?‘W?"Eﬂ’l %‘5&%5&’%@?‘?‘“@# ducti ve
reactance Oﬁxaﬁchﬂgmkimlm&ffi&eﬁd alpobvertﬁnsfertotheplamwwil A Ccessi ng

sem conductor wafers_ in plaspa gas enyvironpents, desired to
uni formy process M@P@"Qﬁ%ﬁ’&é’%’i’ ﬁgc%?aé?elsm"%?bﬁdﬁ"&“"e reactance g

Patent No. 4, 615, 756me icoit iPthe tirgui! asm et chi ng t echni que wherein
uniformty of the wafer terrperature i s achi eved by He backcoo]ing of a

waf er sdpportd oWhenr ProcResing semicpndystor wafl %WP’W&W@% itisom

:E: L\Ig.\fl\gi Ilg ° e S&CFI%WC]GF %WVG@WHI ore%h@gce °

However, vari ati ond.S.PatentNo. 4,615 ﬁﬁﬂmkhmsaplﬁsxﬂamchmgmchqunﬁmaemn
sub- st andard control, of t hg waf er bowi ng and t edyce he
etch unifornity, Ui of the Wﬁme P’HWO%E&&XWL‘# !’@t[
el ectrostatic (ES ronlaﬁbowedaamaa ByBoWikig the wafokainay froal detlotwer bowed
away fromthe _su f t, ectrode to control ch rate
uni fornmity. &@o ?fﬁ‘l°§ deﬁ%?“Pé’E‘ﬁﬁ'F °°8i‘€gl’°‘$° %é‘i‘ﬁ
control l'ing the umatﬁﬁémtﬂoﬁawmwmtmmnwﬁaﬁmmmepl asna
processi ng which are appl ed to ESC wafer clanping s?/ st ens. .
thickness of the wafer results in sub-standard contro of the wafer bowing and
thereby reduces the etch uniformity.
In plasma etching processes which use electrostatic (ESC) wafer
15  clamping systems, the wafer cannot be bowed away from the surface of the
electrode to control etch rate uniformity. Accordingly, other techniques are
necessary for controlling the uniformity of the wafer surface treatment in

plasma processing which are applied to ESC wafer clamping systems.

SUMMARY OF TION

20 The invention provides a power segmented electrode for providing
uniform processing of a substrate in a plasma reaction chamber. The power
segmented electrode includes first and second electrodes and a capacitive
network. The power segmented electrode is attachable to the plasma reaction
chamber such that the first electrode is distributed across a first zone of the

25  plasma reaction chamber and the second electrode is distributed across a second
zone of the of the plasma reaction chamber. The capacitive network controls
distribution of radio frequency power in the first and second zones such that
plasma cdupled to a substrate "subported in the plasma reaction chamber
provides uniform processing across the substrate. In a preferred embodiment,

30 the substratc comprises a semiconductor wafer and the power segmented



SUMVARY OF THE | NVENTI ON 20 The invention provides a power

segnented el ectrode for providing uni form processing of a substrate

in a plasma reaction chanber. The power segnent ed el ectrode i ncl udes

first and second el ectrodes and a capacitive net wor k. The power

segnent ed el ecly@efgissy attachable to the plasma reaction Rﬁp@@hssuch
he

“that the first electrode is distributed across a first zone o

pl asma reaction chanber and the second el ectrode is distributed across a
second zone of the of the plasma reaction chanber. The capacitive
net-work controls distribution of radio3frequency power in the first
and second zones such hat Ias coupl ed su‘gstr e su orted I n
the plasnma reacti %%ﬁcf%%m ﬁ]t@ﬂﬁac

substrate. In a preﬁmgaﬁmpodl mant 30 the substrate conprises a

sem conduct or wafer and_the power segnented . VD 97/ 02589

PCT/ US96/ 10805 The power segmented electrode can be embodied in various ways. For

el ectrode is Incor,ﬁw&ee&elms@aeﬂoe&amwwtﬂe%esﬁ% P
reaction et chi ng chanber power segnented e? r ode

can be enmbodi efl i rfilledrwidhudielestyic. matesial to form anvigteselentrode Kapatiorsf tad ect r ode
can be Separ al 0 1.0 BS.AG6A" e S50 Enibefi?he st cbidohE ks
0 electro e

dielectric materia rm an e capacitor o
capacitive networ khe sezond pbetimleraad ms@mﬂte_rlmdm thehsecdndr el¢cuotieby agdpﬁlled

surrounds t he..s nd. eI ect.ro e | ar at.ed forom the on
el ectrode by a gap“"m&'f’ g‘ﬁ %?lﬁ‘ftfogf’ g"}ﬁﬁq orm ng

an interel ectrode cﬁﬁdbim*etnbtw&ic tIthlscase, ﬂﬁ&mcunnlsu&nn ﬁait&s chi forhi part ase,
the first and econd cagamtors C form part 10 of .t capacitive

network and r&%i o of V‘bmf’r r*FF‘éPﬁmn"g(?HWE’éf’EW power source can
pass sequentially through the first capacitor, through the first electrode, through

the second capacitor, through the second electrode, and to an electrical ground.
According to another embodiment, the first and second electrodes form

part of a concentric electrode arrangement comprising a plurality of spaced

15  apart annular electrodese, the electrodes being electrically connected to a radio
frequency power source through variable capacitors forming part of the
capacitive network and radio frequency power from the power source _
sequentially passing through each of the variable capacitors and to a respective
one of the electrodes. In this case, current sensing mechanisms can be

20  provided for antomatically adjusting capacitance of a respective one of the
variable capacitors such that adjustment signals emitted therefrom compensate
for deviations from uniformity of processing of the substrate in an annular zone
of the substrate facing a respective one of the annular electrodes. The
capacitive network can comprise first and second capacitors, the first capacitor

25  being connected to the first electrode and the second capacitor being connected
to the second electrode, the first and second capacitors being electrically
connected in parallel to a radio frequency power source. The power segmented
electrode can include a third electrode, the first electrode surrounding the

. second electrode and the second electrode surrounding the third electrode, each

30  of the electrodes being electrically connected to a radio frequency power
source, radio frequency power from the power source passing sequentially



pass sequentially through the first capacitor, through the first el ectrode,

t hr ough the second capacitor, through the second el ectrode, and to an
el ectrical ground. _ : Accordi ng to anot her enbodi nent, the first
and second el ectrodes form part of a concentric el ectrode arrangenent
conprising a ploiebsgs Of spaced 15 . apart annul ar el ectrodeSgrridd€ioses

. el ectrodes being electrically connected to a radio f-requency power

" source through variable capacitors form ng part of the capacitive
network and radi o frequency power fromthe power source sequential ly

passi ng through each of the variable capaciidrs and to a respective
one of the el ectrqggash hPolwdt Spifties %@@ wmrm can be 20
provi ded for automatl aPI y adﬁjstl%d%ac tancg&o a respective one of the
vari abl e capaci t orAltesnasivelyh the fins§ electroda icans surrownd oelyi partcef thé)secefid ejectrode.
conpensat e far devi ations fromuniformty of processing of 1h
substrate in an ar#h?lfg}?ta?grfgwn%el“ y ﬁ%%dﬁ#ﬁ%@%ﬂﬁﬂ%@ﬁ@fﬁ ve one
of the annul ar el ggiliélectrolis®can be electA&iNgicohntted @6 \IREdt cOfitnt GdsiiEi sbircés I St
and second capacitors, the first capacitor 25 being connected to the

first electrode arvhichalloyethe Rhuck to-clectrostatically ¢ on the chugk.; [fhe
second el ectrode, f{ehﬁ éicy(iigdref '\tgﬁsi ' '
connected in paral‘?@ﬁ to a radio frequency power s‘%&iruggf.‘ T eh{)‘(l)levveﬂrrh)énd
segnent ed elseennd slestrodes. i Also, aipassive networkecancher used fort supplying power

el ectrode surroundj Firse r]g 8|’ and the second el ectrode
surroundi ng the tg‘ln?g)%péts:tt?o e, e%@h %Mé el ectrodes bei ng

el ectrically connect ed Accordingtdianothercaspeot of thedweention, the powerrsegmentedtii 0
frequency poves frecﬂ%]ttﬂec&o.%r isgtslirmc__%mggsgy ng sggtégﬁgﬁn%lgly ically WO

97/ 02589
PCT/ US96/ 10805 sequenced sine wave, a biasing unit for generating a DC offset value/a

A'tor ot vel y. ¢ numRAGen BRE St B bedHEA SREETLNE B R0 B5B6ng
el ectrode. off3&t values h digifAl/RRAcY \cbnObres o OERTerting tHeSsignal QiP@ fRinethel N an
el ectrostatic chuck . )
summation unit to an analog summation signal, a low pass filter for filtering
15  predetermined low frequency portions of the analog summation signal, and a
power amplifier for amplifying the analog summation signal filtered by the low
pass filter and driving the first and second electrodes with the amplified signal.
In this case, the first electrode completely surrounds the second electrode and
the capacitive network supplies more power to the second electrode than to the
20  first electrode. The first electrode can surround the second electrode and power
is supplied to the first and second electrodes by sequentially passing through the
first electrode, an interelectrode capacitor formed by a dielectric material
disposed in a gap between the first and second electrodes, the second electrode,
a series of capacitors forming part of the capacitive network and an electrical
25  ground, the dielectric material providing the interelectrode capacitance to be
less than that of the series of capacitors. The power segmented electrode can
further comprise a voltage divider circuit electrically connected to the first
electrode or the second electrode. The first electrode can be driven by a first
active power driver and the second electrode can be driven by a second active
30  power driver, the first and second power drivers being operated independently
of each other.




and the el ectrodes can be electrically connected to direct current biasing
sources b5 which allow the chuck to electrostatically clanp a substrate
on the chuck. The radi o frequency power can be supplied in phase or
out of phase to the first and second el ectrodes. Al so, a passive
networ k can be 84lodsgd’ suppl yi ng power and DC bi as to,%? | and
second electroagé. According to anot her aspect © @#égﬁﬁ%

i nvention, the power segnented 10 el ectrode can include a sine wave

generator for generating a nunmerically sequenced si ne wave, a
bi asing unit for generating a DC offset valu®; a summation unit for
summ ng the nunericall y,sequenced sine.wave, and the DC of.f.set val ue,
a digital/anal og convem’ﬁw%gmgmdﬁ@apmpmm PrBHMPR 8

summation unit to sabstaRsubport T OMmping & isgidthte ift alplismadedctibn chaibef of the
filtering 15 predeterm ned | ow frequency portions_ of the anal og sunmati on
signal, and a plaspg\pEpcessing systea, the,su sYPppyt dnclyding, s Blugality ofmat i on
signal filtered b Qéoci ‘?,m ' r dabydrP Sdibdast bithst and
second el ectrodes%\}\nt tshe alr?pteldi wﬁ%éﬁ%.mﬁ&g& mdtﬁ‘llj_s ca%et?ét he first
el ect rode conp$ et substraterand arphyver icentsalleo fiot controliing tieswverrsupplied to thehzones of

capaci tive networ ' t I an to the
20 first elect rﬁwwﬁé@gﬁ“&m 033%%1%’#% sﬁﬁﬁea'i;ﬂgg%% el ectrode
and power | procepsirly is dpplied: deeoss ian ehtire ackusfaosfdthe substratedda thiy case,
sequential ly passi t hr ough .t he first electrode, ap interelectyode
capaci tor forned @W@P@%‘?‘h’%@?i%ﬂm’e mW&F’%MF? &B&’F"&éf’é\een
the first and secQRiueddor dis@ibuting Fover 6 ik DnACHTtHE Substrate chuck. SAdjacest Of

capacitors formng part _of the capacitjive network and an el ectrical 25

ground, the di@| eones of the plurality of elsctrogdes, gan br.separated by £aps, and cachfths ance to
be less t ha%af;%‘&n wffilldSvif iRt mAGRA & fo%%ﬁf@i@?‘?%‘ﬁmﬁwt ed

el ectrode can urther conprise a voltage divider c electrically
connected to the fthe eppacitive networke t Fagiplurslity ¢fcelectrodas Fan be segmapmied iflge 1 r st
el ectrode can be QEi\aRi-RYna i-'iﬁ%st | 5 r | { second
el ectrode can be g:?l ven by aaéec nd a%t%@a%dx%%%rw gﬂ?éer, t es ?rst and
second power dri vereceksegas dlowpiarthe esictiondehambeicand| provide uniforn proeessing hEthe

15 substrate.

BRIEF DESC 0
The present invention will become more fully understood from the
detailed description given hereinbelow and the accompanying drawings which
are given by way of illustration only, and thus are not limitative of the present
20 ' invention, wherein:
FIG. 1(2) illustrates a bipolar type of electrostatic wafer clamping
system used in an embodiment of the invention;
FIG. 1(b) illustrates an electrical schematic diagram of the electrostatic
wafer clamping system illustrated in FIG. 1(a);
25 FIG. 2 illustrates an electrode segmented into a plurality of concentric
annular rings in an embodiment of the invention;
FIG. 3 illustrates a segmented driving system used for the segmented
. electrodes in an embodiment of the invention;
' FIG. 4 illustrates an asymmetrical pattern of segmented electrodes used
30  in an embodiment of the invention;
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The invention al so provides a plasnma processing system conprising a
substrate support for clanping a substrate in a plasnma reaction chanber of
t he pl a bﬁ?@SSi ng system the substrate support i NGl
plurality of W0 o el ectrodes associated with zones of the subst rdg?%ams
support adjacent to the 5 substrate and a power controller for
controlling power supplied to the zones of the substrate support
through the plurality of electrodes so that~ firii form processing is

?ﬁgl Lg\?\efcggﬁfrgrl Zptl rlglI s{la capaﬂ@%ﬁﬁconng@e@e Whe

plurality of delivered o denes fof theckegmeritéal ¢lectrpdpsoincan embadiment ofithe of t he
substrate chuck. Ad acent 10 ones of the plurality of electrodes can be
separ at ed by gaps,I®¥ fOBuch of the gaps can be filled with dielectric

material to forminter eiyes 6 MfrafdREsyitbR fSr Snultaneously Buplin RF dnedpy ifit Wor k.
The plurality of electrodes can be ségnented into concentric annul ar

rings and or pBovitethipeles of pmeleetrostalip wafer clampingsysiem ingn embodimept of®es gas

flowin the reacti and provi de uni form processing of the 15
substrate. 18éi!jﬁiﬁ'ﬁ-'r@SCRl PTI ON OF THE DRAW NGS The

present invention w || 6 dnilustotes af voltage divndersitunitctnﬂramapacliternetworkwai | ed

g1 ven by way ol 1% DePRy R AR the B yOER DAY e N BB B e

present 20 i nverdnbodimew of eheninvention. FIG 1(a) illustrates a
bi pol ar type of electrostatic wafer clanping system used in an
enbodi ment of the invention; FI G 1(b) illustrates an

el ectrical schgmatpg 10:2 : waf er cl anpi ng

systemillustrated In FLG. 1(a " FIG 2 illustrates an

el ectrode segnented i nt’ﬂlednYﬁWP'&Pﬂ"}f’%F pewm%esmmtedm trodegf 3 plagma, ; g5 n
an embodi ment of ol (AfibdWherein depsity of th gilsi cin ek a1y Bibed GegTent ed

driving systemused for the segnented el ectrodes in an enbodi nent of
the invention; weakened to ackipw; desired substrate, prosessing conditions;  1aghe ease ofpn of

segment ed el ect r oqggidi3Ghttor wafer, it is typically desired to achieve uniform processing of

15  the exposed surface of the wafer from center to edge thereof. According to the
invention, localized control of the plasma density is achieved with a capacitive
network which balances RF power such that plasma coupled to the wafer in
zones adjacent the exposed surface of the wafer provides uniform wafer
processing, e.g., during etching a layer on the wafer or building up a layer on

20  the wafer.

The power segmented electrode according to the invention can be

incorporated in a mechanical or electrostatic chucking arrangement for holding
a substrate such as a semiconductor wafer during processing thereof. The
electrostatic chuck can comprise a bipolar chuck or other type of electrode

25  arrangement. However, the power segmented electrode can also be
incorporated in an upper electrode of a parallel plate electrode arrangement of a
plasma reaction chamber.

In the case of proceséi_ixgma wafer, it is usually desired to provide a

uniform plasma density above the exposed surface of the wafer to be processed.

30 However, depending on the treatment to be performed on the wafer surface,
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FIG 5 illustrates an active nechanismfor controlling the power
delivered to zones of the segnmented el ectrodes in an enbodi nent of the
I nventi on; - woomssey FIG 6 illustrates a systemfor sinul
coupling RF energy into 5 both poles of an electrostatic wafer clanping
systemin an enbodi ment of the i nvent'i on; and FIG 7
illustrates a voltage divider circuit and a (,}apaci tor network used

~ bal'ance and adj ust the RF voltage applied td

enbodi nent of the

tthe chuck surface in an

The |.nvent|on provi des a pBQ/\er S%T&w o&&?as%&l\i}mm

reacti on chanber mmrp@amadkmtytmapbegimephmmafmmmﬂmnatmyeégdw or

to

weakerted to achi eve desired bstrate proc ons. In th case of
. sem oonduePLTie pSt ThE Dpuct seReuss Bemde B 4 iVt Lo or o

processi ng of 15

1dchq>1mqmﬁt;swn&apﬁxmm§ m:eoeﬁﬂfsmhﬁﬂrwﬁ%ﬁémtxe edge

t hereof. According to the i nvention, localized control of the plasm
density is achPeveHuifgrmnify somagred o prpxiously known elgefrode ARaBEEMERSances RFE pover

such that plasma coupl efgd

&t on 4P Gow B described WHBSMALL G Bhesal® expOSed

surface of the wafer prow%gs uni f orm waf er processing, e.g., during
etching a | ayer onembnstimertstheggof.h dm pog c@bmnmlﬁywwmmemdhmes

The power segrent ef &GS RHGA b, dsInbwE il FE Mk " ABmBE

10

15

20

30

embodiment, the power segmented electrode includes three or more electrodes,
as shown in FIG. 2. In yet another embodiment, the electrodes of the power
scgmented electrode are arranged in a series and supplied RF power by a single
RF power supply, as shown in FIG. 1(a2). In another arrangement, the
electrodes are arranged in parallel and supplied RF power by a single RF power
supply, as shown in FIG. 5. In the latter case, the RF power can be passed
through individual variable capacitors, as shown in FIG. 5, or through a power
splitter, as shown in FIG. 2. In addition, the electrodes can be electrically
connected to current sensors and/or variable capacitors, as shown in FIG. 5.

In the arrangement shown in FIG. 1(2), a substrate S in the form of a
semiconductor wafer is supported on a substrate support 2 in the form of a
wafer chuck system located in a plasma reaction chamber of a plasma reactor.
The chuck system includes electrodes 4 which can be used to locally vary the
amount of coupling of plasma to the wafer. The electrodes 4 include a first
electrode 6 surrounding a second electrode 8, the first electrode 6 being located
in a first zone 10 of the substrate support 2 and the second electrode being
located in a second zone 12 of the substrate support 2. The chuck system also
includes an RF power source 16 which supplies balanced RF power in the first
and second zones 10 and 12. In the embodiment shown, power from the RF
power source 16 passes through the first elec.:uode 6, through a gap 18 to the
second electrode 8 and then to ground 20. The gap 18 is preferably filled with
a dielectric material and the size of the gap 18 is chosen to provide an
interelectrode capacitance effective in balancing the RF power between the first

~



I ncorporated in a nechanical or electrostatic chucking arrangenent for

hol di ng a substrate such as a sem conductor wafer during processing
t hereof. The el ectrostati c chuck can conprise a bipolar chuck or

ot her type of electrode 25 arrangenment. However, the power segnented

- el ectrode can algs®ofifsse incorporated in an upper el ectrodeppf/mRosr10805
par.al l el plate el ectrode arrangenent of a pl asma reaction chanber.
In the case of processing a wafer, it is usually desired to provide a

uni form pl asma density above the exposed surfgce of the wafer to be
processed. 30 However, depending on the tréatment to be performed on the
waf er surface, :

e oy pose. and second €leCtfédd€ 8384 8 such that plasma coupled t0 the wafer in the first
non- uni f or m pl asna add second zones 10 andi 12 poavides tuniform processing ficope cexften toj edge efice,
the plasma density nmay be greater at the wafer center than at the edge

t her eof or virte"¥Ersa. The power segnented el ectrode of the invention
can provi de | ocal nptasembolanak, o bipoki type o ESC Wafer Glkbpial Sysias ant i al
i mprovenent in_5 _uniformty conpared to previously known e

. ectrode
arrangenents. S5 illustrated to hold the wafer iny sigiple dorwi(base aprangemepicwhegein the
reference to sever ; | t € Ofry. | t e

glec is sEgTRaHd TR o Z0REsS Ofn dr.hilsw AR fé‘ﬂi&&aﬁ:ﬂs

power segnmented el ectrode is I ncor por at'e

shown in FIG 1(a) caimet hnbewet away from ghblowieneloctrode agd e helinmommmmlycbe

o " A R Rl S e, AR Bk 1"

el ectrode are arrasgematic dingmar ofthisHSC wafep clasnpingrsysteme r A lsyuree eapagitance

CF PONe, SUPPL PE RSy i b bR il SRR TS M e

power suppl Y andthe it icBpabitdace betwietn tHeSeéonll lefictr6®SS and Bould isover

can be passed represented by C;,. The ratio between the capacitance of gap 18 (represented
by Cg) and the base capacitance Cy, determines the voltage applied to the first
and second electrodes 6 and 8. Because the plasma processing is a function of

15  pressure, flow, power, temperature, gap size, gas, baffle design, material, RF
frequency, and process latitude, the capacitors in this schematic diagram can be
chosen to match the voltage requirements at each zone based on known RF
phase and matching requirements. Thereby,' the capacitor values are chosen to
taitor the fields as desired to achieve plasma processing uniformity.

20 FIG. 2 illustrates another embodiment of the invention wherein an
electrode is segmented into a plurality of concentric anmlar rings. FIG. 2
illustrates the electrode 4 segmented into first, second, and third concentric
annular rings 4a, 4b, and 4c for allowing independent RF bias power zones
which control the center-to-edge surface uniformity of the wafer. In this

25  embodiment, the electrode 4 is segmented into three zones. However, any
number of concentric annular rings may be used for separating the electrode
into zones in order to achieve the desired surface uniformity. The power
source 16 may be connected to a power splitter 26 as illustrated in FIG. 2 for
controlling the energy applied to each of the zones. Also, FIG. 2 illustrates a

30 DC bias source 28 connected to the concentric annular rings of the electrode for
providing electrostatic clamping of the wafer. In addition, the annular zoned



15 t hrough i ndi vidual variable capacitors, as shown in FIG 5, or through

a power splitter, as shown in FIG 2. In addition, the el ectrodes can
. be electrically conhected to current sensors and/or variable
. capacitors, as shown in FIG 5. - In the arrangenent shown in
FIG 1(a), a syhgbimkd S in the formof a seni conduct or p, bfs
supported on a substrate support 2 in the formof a 20 waf er chuck system
| ocated in a plasma reaction chanber of a plasna reactor. The chuck

system i ncl udes el ectrodes 4 which can be u§r§d to locally vary the
anount of coupling of plasma to the wafer. & electrodes 4 include a first

el ectrode 6 surrouyp 6 bei ng
| ocat ed in a &H% zoneo'%gpg#vgﬁéﬁ%b lih'rza eaégggger%?gl@gfﬁe second
el ectrode being ZEsymniemicatmirtemo-@dgna;ﬂm proceasifi isgproduieed s (The Rbpawes apdor t
2. Thé chuck syste |ncI udes an RF r. source.16

suppl i es bal anced %ﬁﬁmd‘?"r’{ a'ﬁ'ﬂié? E %l%%ﬁﬁd 12.

I n the embodi ment o&hwacmmuﬁﬁafdomnhbmlﬁﬁmu amym NENVOFIE T CoRjuReEdTE S
through the first el ectrode : through a gap 1£¥ to the second

el ectrode 8 and t twifh RE Eﬁ?“éﬁﬁ!ﬁ hlﬂm&ﬂl&ﬁﬁpﬁﬁef%‘l’ﬂﬁé‘f erably filled with 30
a dielectric material !

gxe n&&&és&ﬁﬁéﬂbﬁtﬂe@%@%ﬁ? an
i nt erel ectrode capaci tance e fect Ive I n balancing the RF power between the
first \\®an Also b§ deiven by a mumerically sequenced sine wave combined with a DC

PCT/ US96/ 10805 .
and second el ect rogg vgl &g lg suéeﬁ l{]ﬁl‘f} Pl asnaseat‘lgﬁcﬁfiesg’et%av'teh%ﬂ\?\/a enrl %n the
first and ROMMD mdribs DIDoflised vdle psrgm'etdted byl Yoltage souooecei2sinrthe f r om

b polar type 50 Esmpmept sirTly T0k e ougs of e i H LWl e

wafer in a sinpl eg&ﬂﬁuﬁof b2are m:ﬂmremmmgrmﬁtsmndmenmpwk@sumle i's

segnent ed |ntotvvo zones. Inth SC arrangenent, e fer
J to-analog convertm' wEich outputs an analog signal. m analog _signal

output from the digital-to-analog converter 56 is low pass filtered by a low pass
filter 58 and then the filtered signal output is amplified by a power amplifier 60
15  and applied to the segmented electrodes 4a, 4b, and 4c.

The electrodes may also be segmented into other patterns as desired to
achieve processing uniformity requirements, and FIG. 4 illustrates another
embodiment where an asymmetrical pattern of segmented electrodes is used. In
the embodiment illustrated in FIG. 4, the electrode is segmented into four

20  zones. However, the electrodes can be designed to provide a pattern which
.compensates for the chamber geometry, gas delivery, or asymmetrical pumping
of the plasma processing system.

FIG. 5 illustrates another embodiment of the invention wherein an active
mechanism is used to control the power delivered to different zones of

25  electrodes. FIG. S illustrates a plurality of current sensors 24 and a plurality of
variable capacitors 22 connected to the segmented ¢lectrodes. The current
sensors 24 provide active control of the variable capacitors 22. This active
mechanism is used to control the percentage of power sent to the electrode

. zones by a feedback loop through the current sensors 24 to the variable

30  capacitors 22.



cannot be bowed away fromthe | ower el ectrode and the heliumcan only be
used to cool the backside of the wafer. FIG 1(b) illustrates an electrical
schemati c di agram of this ESC wafer clanping system A source capacitance
10 Cd is connected at the input to snmooth the power applied to the first
el ectrode 6 07 t he i nherent capacitance between the s

. . 65/10805
el ectrode 8 and 8roun S ‘"represented by Cb. The ratio between the
capaci tance of gap 18 (represented _ by Cerr]) and the base
capacitance Clerr] determnes the voltage applied to the first and

second el ectrodes 6 and 8. Because the pl as Processing is a function of

15 pressure, flow, POARY 6 iliGsIRs M&em&@% {jgﬁqﬁhe cayggﬁeﬁg@ gn,

material, RF frequéncy, and process sinthis
schemati c di agr am vaiableeapacitors CL ambE2 ateoused te simnltaneously aguple REenengpdmtos at

Ther cby: the. capaciath PG AR ESE niF QuRpiog sysiem. T FapRRcAE IAPE0ss as

desi red to achi eveppldp iy s QiR il clifef Mnbilinte adklss the portlons ofﬁb@xm&

illustrates anot her enb hent of the invention wherein an el ectr ode

is segmented i Ato a pl JAGH 7tiljusirates anether: emnbodiment phthe inyggtion wheze apvoltage

illustrates the el g;&% TN i}fﬁ’ﬁ%e '
concentric - &gﬁd&uﬁaﬁgsr@ f) an(JE o?ﬁ?@% negﬁ?r‘{h ;gendent RF
bi as power zones applied tovthé chuckowrfacs. hh@lscmhoémmnaemdletmmm formty

Chr eo. zones.  Howoviy Sed ot h Hiide o'sgf ol R ShAdiET %éeﬁfiufiﬂ%%@“hgtf’be

used for separ atl n@lﬁdnﬁbaﬁbpMngunﬁonﬂn}mmmm&mﬂnﬁmm&hoﬁm t he

desired surfa uni form y The ce 16 may be c nnected to
a power spli tﬁgr 2 £ d%“rﬂ&#' diame t"”‘”é%ﬁ? fng the
energy applied to ﬁ@ﬁ‘hatﬁfn td)ﬁnﬁ’di&iﬂﬁ)prﬁr&@s arfanfemehts whminr\edf ) DC
bi as source 28 connected to the concentric annul ar ngs of e e] ectrode

f or provi di rgEformiy fisss canper--pdge) wag typically @ ‘.’w"fl'r?e% on, the

annul ar zoned electrodCadtbdigP & the invention provides significant improvement in that
PCT/ US96/ 10805

wafer process uniformities of 1.5% or even lower can be achieved.

15 The foregoing has described the principles, preferred embodiments and
modes of operation of the present invention. However, the invention should
not be construed as-being limited to the particular embodiments discussed.
Thus, the above-described embodiments should be regarded as illustrative rather
than restrictive, and it should be appreciated that variations may be made in

20 .those embodiments by workers skilled in the art without departing from the
scape of the present invention as defined by the following claims.



-9- el ectrode controls the power applied to the surface of the wafer
so that a symmetrical center-to-edge plasnma processing is produced.
The RF power and the DC bias delivered to each concentric annul ar
ring of the first electrode 6 can be achieved in a conventi onal

manner by a paggema&et work in conjunction 5 with RF generpé&gisocasudshi gh
vol t age power supplies. I n anot her enbodi nent of the invention

the segnments of the el ectrodes can also be driven by a nunerically
sequenced si ne wave conbined with a DC of fset value as illustrated in
FIG 3. The sequenced sine wave is stored rala ROM 50 and the DC

offset value is g HRE kiage source 52 in the 10 enbodi nent

illustrated in FI . *of the ROM 50 and the voltage

generator 52 are sumred by a summng circuit 54 and then input to a

digital - t o-anal g converter 56 I ch out pu an anal og signal. The

anal og signal outp PPW?frﬁem wptWM@a@MF?@POg6 is low

pass filtered by @hilﬂwrﬁﬁé%apableofpid_ﬁi&iﬁéuﬁﬁoﬁi‘ﬁro&é&ﬁggbhﬁsﬁ&shﬁériﬁ%é' gnal
an

output is anplified by a power anplifier 60 15 applied to the
segment ed el ect r oflasma geactipn chamber, comprising: The el ectrodes may al so

be segmented isht 0 ot hegpghd Recbiy agcnfbp?; il fibe electrode b@ﬁﬂim&g@nﬁgﬁwg

uniformty requirenents, and Ustrates anot her ment
where an asynmet r fitstizopaandethe second elpcteodedwing disttibusetbacross aseeend Zome; and  t he

enbodi ment illustrated,_ip. F tr .S S | ur 20
zones. However, the el 38&%{&?‘%"égﬁ}lggoﬁggf%&nﬁ%%@%&og%%ég& g(r“&&v%i ch
conpensates for t e filseaddcsecocmwnés sach gt plisna ceupjed tora sabstraiesuppomdd inunpi ng
of the plasma progessi nqg syste . . FlG 5 illustrates. another
enbodi ment of t he HERIEHA Shapber grovides; upiform Procsying gt e Bogielk, ' o
control the power delivered to different zones of 25 electrodes. FIG 5
illustrates :mpl uralit)b; of current sensors 24 and a glcu al‘itstKeOf

vari abl e capa® tors 22%cdisdorersegmented clegtrode plLlaim Y’L%B‘B e BORCTCur r ent
sensors 24 provi dgeghfnted@1&ch0ad Bindirpdri@d Yith saidtrite WRIER supportd i S

active mechanismis used to control the percentage of power sent to

the el ectrode single samicopductor waterandithe sibstrate, sunport i AR clecirostatic chdcksor s 24
to the variable 3%@&89@@%%&3&3 chamber.

3. The power segmented electrode of Claim 1, wherein the first
15  electrode is separated from the second electrode by a gap, the gap being filled
with dielectric material and forming an interelectrode capacitor of the capacitive

network.

4. The power segmented electrode of Claim 1, further comprising a
radio frequency power source, first and second capacitors foming part of the
20  capacitive network and an efectrical ground, radio frequency power from the
power source passmg sequentially through the first capacitor, through the first
electrode, through the second capacitor, through the second electrode, and to
the electrical ground. '

- 5. The power segmented electrode of Claim 1, wherein the first and
25  second electrodes form part of a concentric electrode arrangement comprising a
plurality of spaced apart anmular electrodes, the electrodes being electrically

* c L " S *
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FIG 6 illustrates another enbodi nent of the invention where two

variable capacitors Cl and C2 are used to simultaneously couple RF energy
into bot hyigpdrrsssef an ESC wafer cl anping system This e

hel.ps to prevent any phase shift and charge i nbal ance across the
portions of the chuck. 5 FIG 7 illustrates another enbodi nent
of the invention where a voltage di vi dcﬁ circuit and a capacitor
net-wor k bal ance and adj ust the RF voltage applied to the chuck
surface. In this ephpds %]eh@!t t he
base capacitance is vartlgiggg?gﬁg;e)?é vol tgge di Vi d\g?lﬁial_?_tﬁgpagg%rgm tance

val ue is sel ected f;ymimpamgfmncipapmvcynemsk gndmdpafmpenwcpmfmnp&et er ned
oxi de 10 waf ers and co rin numer cal ,dat.a d_di. ter .scans

resul t veri f PO%YS &ﬂ%ﬁ?‘g Wg&r%?ﬂﬁwﬁf@ % fer
process uni fa&e@'pmvéloneofﬂﬁwéso edge) was typically 5% the power
segnent ed el ectrode according to the invention provides significant

| mprovenent in that waf er process uniformties of 1.5% or even | ower

can be achieved 15 ¢ 'rhepowaes elBtrotRSor AR 5,Rfthé\@niprisihg! P! €S,

preferred enbodi nents and es of operation of the present
i nventi on. Howevermmsmmmmm@ummanmlh@dmm&mm% bei ng

limted to the par sg#h Eﬂ?ﬂﬂ"b ustiaHSsi %ﬁa@eem,
above- descri bed en%éo I ments shoul é’agiu’? gsﬂwitl ustrative rat ttgc}
than restrictive, toerfiom m@m&rmmmmwﬁmsm ofithe be nade

romtne - scotbue ihin MRRE o B ok Bitwkie ik lealile e OFRRT L0,

cl ai ns. 10 annnlatelectrodw

7. The power segmented electrode of Clairh 1, wherein the capacitive
network comprises first and second capacitors, the first capacitor being
connected to the first electrode and the second capacitor being connected to the
second electrode, the first and second capacitors being electrically connected in

15  parallel to a radio frequency power source.

8. The power segmented electrode of Claim 1, further comprising a
third electrode, the first electrode surrounding the second electrode and the
second electrode surrounding the third electrode, each of the electrodes being
electrically connected to a radio frequency power source, radio frequency

20  power from the power source passing sequentially through a power splitter and
to a respective one of the electrodes.

9. The power segmented electrode of Claim 1, wherein the power
segmented electrode is incorporated in an electrostatic chuck, the first and
second electrodes being electrically connected to direct current biasing sources

25  which allow the chuck to electrostatically clamp a substrate on the chuck.

I
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VWHAT IS CLAI MED | S: 1. A power segnented el ectrode
attachable to a plasma reaction chanber and capabl e of providing
uni f or m processigpgyedsg? substrate in the pl asma reacti

conprising: 5 first and second el ectrodes, the first electrode
bei ng distributed across a first zone and the second el ectrode being
di stri buted across a second zone; and a capacitive network
controlling distribution of radio frequencylﬁdMBr in the first and
second zones such that ;pl u |1 t he
pl asma reaction charrberJB a.g@a%o lﬂw Eﬁ‘ﬁ@% éfﬁaﬁgér'g@ge%ﬁgmgﬂ%arat e.
10 . 2. Tmuwewflracﬁegmqm;d pewercsupplibd infphéseairrout of plase i the finst power
segnent ed electrode S IB ?roorated In a substrate support which supports a
single seni conduct® eI he substrate support is an electrostatic
chuck | ocated in a plasma etching chanber. 3. The

power ‘segnented el ectrode of Clain 1, wherein the first 15 el ectrode is
separated fromthe secddd MWWW QHpr@PfFRng‘PWWg

with dielectrig materi gl FadeOdeiibf éegéfg Rd& %eﬂghéa
capacitive 5 net % mﬁm aves fbr T ﬁ%gﬁ%%mer lgeg nt e eI ect rode
of aim1, further corarhmsmmynaforgeneramca DCroffsetrealey power source, first

and second capacitors faomog?ﬂt f&fmﬁrﬂﬁng the mumerically sequenced sine wave and
the DC offset value;
a digital/analog converter for converting the signal output from the
10  summation unit to an analog summation signai;
a low pass filter for filtering predetermined low frequency portions of

the analog summation signal; and
a power amplifier for amplifying the analog summation signal filtered by
the low pass filter and driving the first and second electrodes with the amplified
15  signal.

12. The power segmented electrode of Claim 1, wherein the first
electrode surrounds the second electrode and power is supplied to the first and
second electrodes by sequentially passing through the first electrode, an
interelectrode capacitor formed by a dielectric material disposed in a gap

20  between the first and second electrodes, the second electrode, a series of
capacitors forming part of the capacitive network and an electrical ground, the
dielectric material providing the interelectrode capacitance to be less than that
of the series of capacitors.

13. The power segmented electrode of Claim 1, further comprising a
25  voltage divider circuit electrically connected to the first electrode or the second
. electrode.

* c L M s *



20 capacitive network and an el ectrical ground, radio frequency power
fromthe power source passing sequentially through the first
capacitor, through the first el ectrode, through the second capacitor
t hrough the second el ectrode, and to the el ectrical ground. :
5. The power seaﬁﬁ?hﬁg,electrode of daim1, wherein the firstpdnfsogteges
second el ectrodes form part of a concentric el ectrode arrangenent
conprising a plurality of spaced apart annul ar el ectrodes, the

el ectrodes being electrically WO 91‘02589

PCT/ US96/ 10805 -14- - 12 -

connected to a radio frggu oo . i jtors .
form ng part of the capgégi%é ne}[@v\% gcr%??%ﬁ%n%%r omthe
power source sequeglédtrode)is griven yoa fist actiyls peweh drivertdnd thosecond electdgeds t or s.
and to a respective one, of, the el Sgtrodes. The

5 . 6.
power segnented el TANERJYR sacoRd agtive power driver, the first and sepond power drivigrs, o ¢

sensi ng mechani sepeigy optith ' edet bthier. Capaci t ance of a
respective one of the variable capacitors such that adjustnent signals
emtted t herefrom conpensate for deviations fromuniformty of

T 28t e ands kG fosdigf ot dipige of 11 substrate
a substrate support for clamping a substrate in a plasma reaction

chamber of the plasma processing system, the substrate support including a
plurality of electrodes associated with zones of the substrate support adjacent to
the substrate; and

10 a power controller for controlling power supplied to the zones of the
substrate support through the plurality of electrodes so that uniform processing
is applied across an entire a surface of the substrate. '

16. The plasma processing system according to Claim 15, wherein the
power controller includes a capacitive network connected to the phurality of
15  electrodes for distributing power to the zones of the substrate chuck.

17. The plasma processing system according to Claim 16, wherein
adjacent ones of the plurality of electrodes are separated by gaps, and each of
the gaps are filled with dielectric material to form interelectrode capacitors of
the capacitive network and the plurality of electrodes are provided in a pattern

20  which compensates for process gas flow in the reaction chamber and provide
uniform processing of the substrate.

18. A method for processing substrates in a plasma processing system,
comprising the steps of:
(2) clamping a substrate to a substrate support in a plasma reaction
25  chamber;

R



7. The power segnented el ectrode of Claim1l, wherein the capacitive
networ k conprises first and second capacitors, the first capacitor being
connected to the first electrode and the second capacitor being connected
to the second el ectrode, the first and second capacitors being
electrically coRpeeiske N 15 parallel to a radio frequency ppefisssabies e
8. .The power segnented electrode of Caim1l, further conprising a

third electrode, the first el ectrode surrounding the second el ectrode and
t he second el ectrode surrounding the third el ectrode, each of the

el ectrodes bei ng el ectrically connectéd“to a radi o frequency power

source, radio frequency O;| QHW li; L BBWE § Ig?ﬁ'ﬁi
sequentially through a S@ rsp {’ er @n%gﬁl 0 %u&rﬁe\aglpec |v§q’(§)r%erof t he
el ectrodes. segmented electrodd thavipg apilurality of eleetrbdes essociated: with 20nes ofi 1,

wherei'n the power segnented el ectrode is incorporated in an
el ectrostatic chucie W&r?ﬁ and second el ectrodes bei ng

el ectrically connected {¢) céi distribatién Bf fovied Supplied €& the 2Tectrodddi solthat! | ow
WO

the chuck to electrostatically clanp a substrate on the chuck.
97/ 02589 5  uniform processing is applied across a surface of the substrate to be processed.

PCT/ US96/ 10805 - 13 -
10. The power segnented electrode of Claiml1, further conprising a

source of radio frequend9. Fhadmeteodnascordingitn Glainesks, whersin step (o) disteibutes thére
first and se%@,gr E)ltﬁg%&g'ﬁthe substrate by a capacitive network connected to the

pluratity of electrodes.

20. The method according to Claim 18, wherein the plurality of
10  electrodes are provided in a pattern which compensiﬁes for process gas flow in
the reaction chamber and provide uniform processing a uniform surface of the
substrate.

. * [ L M $ *



11. The power segmented el ectrode of 'CI_ aim1, further conprising: 5
a sine wave generator for generating a nunerically sequenced sine wave;

a biasing unit for generating a DC of fset val ue; a summation
~unit for summ ng the nunerically sequenced si ne wave and the DC

of f set val ue; a digital/anal og converter for con i

si gnal out put from ﬁ 10 sunmation unit to an anal og summati on signal;

‘a low pass filter for filtering predeternmined | ow frequency portions of

t he anal og sunmati on signal; and a power anmplifier for
anplifying the anal og summati on signal fiygr ed by t he | ow pass
filter and driving the first and second(! trodes with the anplified 15

si gnal . 12, The % wer segmented el ectrode of Claim1l,
wherein the first 10 e7 ctrdfe suérounds the second el ectrode and power
(o

is supplied to thef I3 ond el ggtrodes sequentially
passi ng through th - ’f s} fgl tereﬁ@gtrode capaci tor
formeq by a dielgt : 's{—o dlna 0 en the first
and second el ectjr odes, d eI ?:trode a ie C é tt
Mofk and an el ectrlcal 9 CLr

dielectric materi v : i nterel ectrode capaci t@g @dws
t han t hat Al paci tors. 3. The power
segnent ed el ect bt her conprising a 25 tage divider

circuit electri 114 connected=Q the first electrode or the second
el ectrode. WO 97/ 02589 20

PCT/ US96/ 10805 16 . FIG. 1(b)
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- 14 - 14. The power segnented el ectrode of Claim1, wherein

the first el ectrode is driven by a first active power driver and the
second el ectrode is driven by a second active power driver, the
first and second power drivers bei ng operated i ndependently of each
ot her. 5 WO 97, 15. A plasma processing system conpri sj

a substrate support tor clanping a substrate in a plasma reaction
chanber of the plasma processing system tjhyg substrate support including a
plarality of electrodes associated with zones of the substrate support

adjacent to the substrate; and 10 a power controller for
control ling power supplied to the zones of the substrate support
through the plurality of electroi- at uni f orm processi ng is
applied across an entire, e u->‘ce e substrate. 16.
The pkasma processing gystem acch g-ZONO § ai m 15, wherein the power

controller includes afcapaci = a;tmgiﬁwéganected to the plurality of 15
el ectrodes for distriputing jﬁ‘ ( es of the substrate chuck.

17. The pl asma procesking s %&.‘F cording to Claim16, wherein

adj acent ones of the Nl urali af/kl ectrodes are separated by gaps, and
each of the gaps\are filleg u'thzggéggftric material to form

i nterel ectrode capacitory t he tive network and the plurality
of electrodes are provided in a pattern 20 which conpensates for process

gas flowin the reactionlﬁﬂng r,and provide ni form pr si ng of
the substrate. A nmet hod f oy pr SSl S tr sina
pl asma processi ng system conprising t sye of : (a)
cl anping a substrate to a substrate support fn as axNio
chanber; //
¢
" "l
29~ Noop 71~
22c '|122b /) 22a

14Mbliwb li”b 16
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(b) generating plasma in the plasna reaction chanber with a power

segnented el ectrode having a plurality of electrodes associ at ed gy zones

of the substrate; and (c) controlling distr ! u of
power supplied tomel ect r od@sres rmithitiruar ProPErHA bikcAREATRONO C €S S| NSEREY appl i ed
acrjoss a surface 0 e substrate to b&eptipplduep 19. The

metthod accoINTERNATIONAIL ARPIICATHONHUBLISHEDSUNDER THE BATENICQRAPERAJION TREATY RET)

to ‘the_z B fmlan ol ainid Cileiailita 1y 3 CaITAC) MW&"&‘& b Wb 10 WO 9702589
e ne accordi

pluralit ‘ﬁtg.;iodes A¥P 'ng to Claim
18, wher p{%ural ity of 10 el edt romlmnmlmﬁm% a PHerugy 1997 (23.01.97)

whi ch cofpensates for—process—gas fTow T tThe Teaction chamber and
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(54) Title: POWER SEGMENTED ELECTRODE

(57) Abstract

A power segmented electrode useful as part of an '
upper electrode and/or substrate support for supposting ’0 12 10 5
a substrate such as a semiconductor wafer in a plasma
reaction chamber such as a single wafer etcher. The

power segmented electrode includes a plurality of L/—6}4
clectrodes which are supplied radiofrequency power

in a manner which provides uniform processing of

the substrate. The power to the electrodes can be f2
supplied through a circuit incorporating interclectrode

gap capacitance, one or more variable capacitors, one
Of more cuxrent sensors, a power splitter, one or more /
8

DC biasing sources, and/or power amplifier. C
d
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