031 0V 2004 Multiple Frequency Plasma Chanber with G ounding Capaﬁ'%®8 i
at Cat hode FI ELD OF THE | NVENTI ON The invention rel ates general ly tngl %@
chanbers for fapnilgé FRQuedSaEsa Chanths WillGiouhding Gapsitof RCTAMARM | S
excited by RF power applied between anode and cat hode el ectrodes. Mire 5
specifically, the invention relates to such a chanber in which the anode

and cat hgde.recei at different frequencies, and a capacitor is
connect & JE}% '#&ﬁme el ectrode and electrical ground. BACKGROUND
OF THE | NVENTHOM VEh &6 fewees%eqé‘rmwospla@%haﬁmgfaﬂfaeﬁ&%g@]eae&ﬁm@ﬂﬂ:es in
integrated circuits, commonly are 10 tabricated by a séries of process

st eps i whidhithéplasiye issexaited bie R potvedapplied betwest amdde aad dathbde dleaimpes i Med:
material is etched into desired patterns. The qph(r)(ﬁcess stggs comonl

i nel udeSpscHicAtly dhtmNeRPNIRRIRS da Fuch A5HAmBeriB sYhichdRe grads)an 8@%%315%31:
plasme gholy RUARESA BRaul A3 Thdy QRASRER CRMheAlan! i BnGloLEB3 aftRs
m xture*to a vacuum chanber’ called a plasnma chanber, and then applying
el ectri elattriodl gbwl r omagneti c power to excite the process gas to 15 a

pl asma state. The plasnma deconposes the gas mi xture into ion species that
performthe desired deposition or etch process. In capacitively excited
process | Ited by RF power applied between an
anode epegmggﬁ%%@@a ode“el'ectrode. Cenerally the substrate is nounted
on a pedest @ec@bnit\deoRed, GlicH RFlat gmais@ays arl ihlegracait diedigs, ebrfrionbdae and
the anode el ectrode is nounted a 20 short distance from and parallel to,
t W& subfabrigated bresemes of prorssaistersdn ayhich layere argidsposiigd epiasnBstepte apdhe

distribytion plate f.or supplyvin he r 6Gess ] X1 ' nber .
The. anotepeaeterital P e BEP Py 4l R i e S be il or iR R G ERATCC

t hr oughentan6t dHethidl 95T DePdsitich (VD EprodeR¥d and plisina@tigpodesieseen the anode
and cathode. The orifices are spaced across the surface of the gas

di st ri but i onPHiseagreassses requine SUpRIXIng PEOCEHSas FHKIE oAV aCBYHichymBer caled a

. : oh _ o Py "or |
Conmoni §Aan e aROhEr Sibihe GeRted ot B fiunies Cia 1p Sh ol Hink g ol & ©
Patsent 4 pfistha2fafe. I BRURsn¥ dic8Rhpbss Bheadd nfkuad intolios sfRiciedthattpatfom thefdesinad

pl asma nmay be acconplished by connecting one of the two electrodes (i.e.

ei t her _dmsamdu etnh prpeesgat hode) to the out put of an RF power supply and 30

et g e R Bod Crfnih, 1 Fash kit BRI owdFARYieP ™™o ¥
between an anode electrode and a cathode electrode. Generally the substrate is mounted on a

pedestal or susceptor that functions as the cathode electrode, and the anode electrode is mounted a
20 short distance from, and parallel to, the substrate.
Commonly the anode electrode also functions as a gas distribution plate for supplying the
. process gas mixture into the chamber. The anode electrode is perforated with hundreds or
| thousands of orifices through which the process gas mixture flows into the gap between the anode
and cathode. The orifices are spaced across the surface of the gas distribution plate so as to
25 maximize the spatial uniformity of the process gas mixture adjacent the substrate. Such a gas
distribution plate, commonly called a “shower head™, is described in commonly assigned U.S.
Patent 4,854,263 issued 8/8/89 to Chang et al.
The RF excitation of the plasma may be accomplished by connecting one of the two
electrodes (i.e. either the anode or the cathode) to the output of an RF power supply and

30 connecting the other electrode to electrical ground. However, many commonly used plasma
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03 No-v 2004 enhanced CVD and etch processes require RF excitation g3 NOP 2004
different frequencies simultaneously, with a high frequency RF power

supply BphdhdeFOVTESIEACH ProbdiSestBqR FaF &G th@sitat two differdr@Yrefliehgieency RF power
supply being connected to the cathode el ectrode (or vice versa). W found

t hat cosmsdtneapstyhevithat lighl requency REewet supphulsrtrgeapnictedhie théanagde gipstrode

el ectrode he 5 gas _distributiop .plate) to separat ower, supplies, .so

t hat nefﬂe%éﬁové f@ﬂ‘t“%ﬁ?bjé&: Rovis Sewy Beife 9%2%‘6& &é@? Saibiode %%%P&& o p\lg%cc“éC§§a)'

per f or mance bws?qb%a tﬁmsﬂ%aiggw@earﬁa& Q& uHALRhEEhsBGH NP EIH B8 8nife 12808 (the
ctrically he

el ectrodes and ele ounded chanber conponents such as t

el ectri gad digtribuntompiace) 1@ iepataer posedr supplibs, so diav eeither ElEctpuliaas eleetopallyrgrownsgidon
bet ween the susceptor and the gas distrjbution ate 8)ree t he RF B_Eewer S
requi r e@a% GegsRAIe RIPFRSE REMTQIEENFERECBRSESRBE Ga&ﬁf‘B‘P Byeen pegElese |

t he cas L 1 ' chil hdgr i de or

sili con%]eg';rl 5%&&&?@%@3@%@%&@@3@@@ | o%d[éo%ﬁh%g&{gg\%e%ﬂfgm)gﬁgrggm behi nd

or al onghardkertviad]. STHiS éens REGawepfrotiuberegichi Benwdeavhamscaptiersand ale gas
properties such as tensile filmstress, |ow densj t%ﬁ and excessi

\
hydr ogedistdhmtionplatswirmasriye RE peper is kiauird t\pertormithe desiredplagina f 3&‘5?516 G¥Rer

ch er par at u d net r. fabrd i [ KDLEC

SUBLt < BRIt S iBE BT B etk B R nR R &% foon SREIBLESRAAY |

f r equenegyidRrw S¥aid thatakly dieRidn FRPEWAT té @ plasma beliad oehlengsideithe saseeptar hi gh

frequency RF power supply supplies power to the _second el ectrode. Unlike

convent canpioddes# §Hs having undestrable oropedies Fegh asiensile Bim siess oW AsNEL 4B ci t or s

20, connect ed bﬁtgﬁeen theEeJti rst electrode and el ectrical ground. The one or

more capacrtdr YEREHEYUEE or elininate the coupling of high frequency RF

power to any plasnma outside the region directly between the two

el ectrodes. Consequently, the invention can inprove the performnce of the
PR EHEN

pl asnma SUBIMEARY VEYTIEN nore of the RF power in the region between

the. two el ectgrodes. . In D.pr es | [y r . ' abl es
t hlgs deposi t i élﬁ‘ed?veé'uf)? 5 c%f?\}ﬁan%‘%ﬁ'ﬁgﬁap%%[sﬁ%@ H}@ og fgeﬁgp?%aglpégﬁggﬁ%ﬁgf
conpr eSS-idengééd SSBbétpdd@ht & Mfdtinicdbeiween 6 €R6trodes tvithirhthe chisbaral lewf i | m
qualities. The invention is especially valuable when the warkpi eiju;oIgower

subst r afequency RF ppwen supplysupplias gower (b figss elgcigpdss andy high dxeguency
fabricatjng flat. panel di ed on or adjacent to the first
el ect r odebhly iRies 2P Fsefy i pebbho K

sem conductor substrate, a dielectric

substrat e i ntigRIRRTBEventiBhAMesigns3 theRivéntips fatieeinekidesene drimort icapdcitetsect r ode
and the plasma body, which increases the risk of  formng a secondar\é tyce

pl 25 ma Isonnectsyd betvgsni theyfirrelseivpsde and elecigpal grovwd: dbp D¢ GTample AP IERCap

or eliminate the coupling of high frequency RF power to any plasma outside the region directly

between the two electrodes. Consequently, the invention can improve the performance of the

plasma process by concentrating more of the RF power in the region between the two electrodes.

In CVD processes in particular, the invention enables the depositioh of a film having high density,

25 a desirable degree of compressive stress rather than tensile stress, and other desirable film
qualities.

The invention is especially valuable when the workpiece or substrate is a dielectric material,
such as a glass substrate for fabricating flat panel displays, mounted on or adjacent to the first
electrode. In comparison with a semiconductor substrate, a dielectric substrate interposes a greater

30 RF impedance between the first electrode and the plasma body, which increases the risk of
forming a secondary plasma body by coupling RF power through an alternative RF current path
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-2- AM 3061 03 NOV2004 al ongside or behind the first el ectrode. The
I nvention also is espeC| aI I y val uabl e when the workpi ece is ver §3INI@8lk

such as 550 X tP‘%(!ﬂrg'n er substrates used for fabricating flat panel
e P @ar%%tre

di spl ay&longyd E@ €.a preferred enbodi nent of the invention

| oys a pl l S
i ot 11 but ed aveiohShaSoRsHSLE GRABRCHAR bPWoRIREE 1 ehy Prk Bafhs B0RE2
DESCRI Pe5@harfor Talrier @W%M@ﬁs&l @ Fabritatiy ﬁat@aﬁélld@dpﬂays SBoelaier subsaraes,iaonal
side view of a plasma chanber including roundi ng capacitors_according to

t he i nvereférond enbagimentf the iavestion rs@.llploys & phieatity pEcapaeitasneainested o Isspegie pt or
sh ng caontact ere, 10 ca | S. ne DETAI LED
| PTPRERT GFE2 E‘%gﬁl‘:"%ﬁﬁﬁ f\ﬁ"é‘ S}ﬂ%é)zwo%ﬁta%gﬁmﬁ gure 1 shows a

pI asma chanber that includes capaci tors connected between the cat hode
el ectrode and ground according to the present invention. The conventi onal
f eat ur e BRIEFIDESCRETION OF THE DRAWINGScr i bed before descri bi ng the details

of our inven The invention is useful.jn pla chanber.s .
fabricati ng ?rgurréa%rn@t%rﬁyscbrmerlfore%lpa@tsﬁ&m@" S Blaypa charper r%ﬁlrébfr?ece
such as . Sidgtrate for a flat panel display. The
i |1 ustr &t ghigﬁg e\ﬁ%isez{C esfr% Iclit?eslﬁv perform ng pl asma- enhanced chem cal
vapor deposi Figure ¢ D?ammﬂy {chemmtiobstongiesof asbstepmr sisowihp sentact ardab svhere

i nvention also is use i n chanbers for perform ng 20 ot her

pl ¥sma- sapacsers @rgapsedeks such as plasma etching. The plasma chamber or

vacuum chanber has a housing or wall 10 that encloses the side and bottom
of the chanber interior and is electrically grounded. A netal pedestal or

suscept PETIALEDDESCRIFTION OFJHKHPHEFERRED EMBODIMENES a front surface 13
t hat sug&grts a workpi ece or substrate 14. W refer to the opposite
sur f acePgsmadambstept or as its rear surface 15. 25 Alternatively, the

wor kpi ece ne no an ;ﬂ% 511?1 BF“:: ort
di stance fro%dgl“%tlfsﬁ% géa%/lpgce 0 E{“Lgﬁ'scﬁ@gsg 58{%89 or exanple bl ctnodE
pl ural i géc@bde drdtgrdbntSaccti@ing t6 mvmesewﬁnuamohherhe esnmentitnat keatires aifethechmibcr
what ever neans is used to hold the vvorkgl ece in position on or near the

friént sl b@ées@hb@drbcfgt;s@émlbng treidstadly steiptipyenfipBel f i s the chuck if the

e SPhece £ UL R b L M oo

pl aced QWRkratest vAStkpiREE kiYchOds atsf'll‘i?cdhﬁﬁéf&' RG] sbb(stﬁﬂ: for a flat panel display. The

illustrated chamber is designed for performing plasma-enhanced chemical vapor deposition (CVD)
of films onto glass substrates. However, the invention also is useful in chambers for performing
20 other plasma-assisted processes such as plasma etching.
The plasma chamber or vacuum chamber has a housing or wall 10 that encloses the side

and bottom of the chamber interior and is electrically grounded. A metal pedestal or susceptor 12

functions as a cathode electrode and has a front surface 13 that supports a workpiece or substrate

14. We refer to the opposite surface of the susceptor as its rear surface 15.

25 Alternatively, the workpiece need not directly contact the susceptor, but may be held a
short distance from the front surface of the susceptor by, for example, a plurality of lift pins, not
shown. We use the term “chuck” to refer to whatever means is used to hold the workpiece in
position on or near the front surface of the susceptor. The susceptor itself is the chuck if the
workpiece simply rests on the susceptor. More typically, the workpiece is held onto the susceptor

30 by a clamp ring or rectangular shadow frame placed over the periphery of the workpiece or by an
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-3- AMB061 O 3 NOV 2004 el ectrostatic chuck enbedded in the suscggtkoy. 08
hol | ow, cylindrical nmetal conduit or shaft 16 extends downward fromthe
center of the susce t%%g%g% o| drough the bottomwall of the chanber.

The pr i Hestpstatn PR condaui or shaft is to enclose wring “ﬁfflt

provi des powgr tirh&@l con@t e shahdb extends dsivaward froay the centerf the;
t hat may be"‘grpgglgaggylﬂd?ﬁ v :

In the susceptor. In the illystrated.pr ;
enbodi NgRteptétundpasses froughcibn bettor Haflof i Ghambes. Qgﬁé’@W g@‘rcﬁ{)ﬁ%&g Epadurt
susceptor without any intervening insulator.. $9.. hakertah&ophaélectidstalE chudk
and f unet shafids @enplose Wipng ﬁté’r??ﬁg?srp ?\Van?os@lec]m Ila?\e connect i ng the LF power

supply Lo,.the,s I @t is electrically insulated fromthe
el €ctri ﬁﬁf WyaFgﬁjﬁ)g@éf(aéﬂﬁb%rs Irl by a cylindrical dll’ﬂeﬁ)fﬁd rh%c %&directly 1o
descri bed 101p@lqHustAfdairtferrehenbalitensi $a SUSEEROSIFHIH S Iy aChEG

electrically ground the shaft and insulate i BotSia §aiitions @ypadt of
di el ect the@usqsawwlﬁ@ﬂl%@@rﬂ“fﬁrﬁ\ée"é‘?fa‘ﬁ“qgﬂﬁ S'i’ﬁ-'e"fﬁEshlﬁ:ssgzlgejg[EOIPJ.sl Tn t hat casgs?lp an_RF

t i | i . ' iRy fitgd o minafThe shafcis glestricalln
L Do e prpstiisSo life SfrBidie HEEE okt fippliolten hssspsina The o

chanmber interior is ,egwsegﬁgn t he
top by gnsﬁ%]mavf?&h%é dieba&llyrounded elrmber whll by aehlindscali Beladn e &LETEES i ni et
mani f ol d. e gas inlet manifold incl L\I]?(ﬁﬁ a %‘ferf'(%'i]?tgﬁgl dase Hafiland Pisulafnit
pl B3 e obeloshote aheragtivolesign. RSB WY YOH FE R | f and a backin

plate 24. The gas di stributi LS (R EH 01 Zpkiekk wisteptdru inithaticasesan
t housand®m eéﬂfw‘ﬂ’t"éi’}’ aaéri‘gg‘f'tﬁgls@cg%t%ﬁ%és%o} of electrica

I[d:% lgonduct i VE to the
mat er i altraﬁg}ﬁjs&ioﬁ%e%%@%%ﬁ&ﬁmiﬂﬁnmrﬁbwwﬂﬁ@é@“s%ct b PPVELYPPECEi Ve
RF power, e gas inlet rmanifold 20-24 is insulated fromthe electrically
gr oundedukdegtakt8 and chanber wall 10 by dielectric 20 spacers 26. Process

gases are supﬁlbei %glgﬁ,gr. {nglﬁ%og?s%nicms o BB kdpPdyth feRicRnipblid 18 asthiercenter of Whikle i 28

in the backi € gases then flow’through the orifi 8es.bi S thﬁteqoq,s
di ggri b%ﬁmﬂpé 4 EnfkeP ABifbI. e gs intebmanifgidoneledes iperteriediEas CISHTEHPHP

betWween e gas distribution plate and th uscept.or ~42 b a0 §é8ibulién plate
suppl i eckshbwettead §asasiniet mwﬁomw%h%ﬂﬂ‘ﬁﬁg?%“éﬂgtﬁgéeﬁ g&ppﬁ es opelr)ati ng

at two different, RE freguencies. LEals, At atdonposadar eleatricallp condyetive
hi gher flﬁé’&{f@ﬁ%“‘ﬁlﬂ’{}%@ Sosrlﬁpogﬂsﬁﬁﬁg’?mc]al Ised t he ng@p_ower S%I , iSnl%f?'

MHz . iA t%mgﬁﬁ sgqpﬁ&pﬁlgamnfdsaﬁmﬂwelmme.h&o lﬂmt/véﬁan reeaide BR PP m‘%"tﬁ\%r’ Suppl y
32, also called the "bias" or LF power su L. E}Hﬁbcﬁ 10@REelectric
suppl y pmanificdd 20a24 tsdnw]ﬂted/ﬁpﬂiéb%dﬁ'é{’ﬁeé@rﬁe&'i%kgha6%99‘% éerm nal s, on\g@(i)f .
which is electrically grounded. The grounded out put of each power supply is
corfect e?P#Se 30 el ectri cally grounded chanber wall 10. 1In

i1 Tustrat ed CY‘R)CEE?@Q@J are Etisplidd ¢F e gaenled mapifo]ddhrough a gas inlet oriﬁcr:]eezs in the
backing plate. The gases then flow through the orifices in the gas distribution plate so as to enter
the region of the chamber interior between the gas distribution plate and the susceptor 12. |
RF power is supplied to the gases within the chamber by two RF power supplies operating
5 at two different RF frequencies. A typical operating frequency for the higher frequency RF power
supply 30, called the HF power supply, is 13 MHz. A typical operating frequency for the lower
frequency RF power supply 32, also called the “bias” or LF power supply, is 400 kHz.
Each power supply produces an output voltage between two output terminals, one of
which is electrically grounded. The grounded output of each power supply is connected to the

30 electrically grounded chamber wall 10. In the illustrated CVD chamber, the ungrounded output of

the LF power supply 32 is electrically connected to the susceptor 12, which functions as a cathode

electrode. The ungrounded or “hot” output terminal of the HF power supply 30 is electrically
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the LF power supply 32 is electrically connected to the susceptor éh?rww%@mh
functions as a cathode electrode. The ungrounded or "hot" out put n

connect SanEG eRia TR Xyl B Bl 20, iRk Hgetions & o plime R Altoun iy
el ect r oggpuré A\sthe REVMAbIethatRle@iically corfns Bie Hﬁpb@eﬁdﬁﬁglc\;% ﬂﬁt%k ditdbatien prRect s

the HF power supply to the gas distribution plate can be physically
connect @6 cambe physhcallk icompepted tethe backing platei2d, whish iy ¢lecin¢ally conrrstadde thegas he

distribution plate t h tricall ducij ifold sid
i | 22 iigh Pk P R en b SoBaRF ol sGROEER) Capaci ally ot ch

progesses, thg, b é‘ﬁ%ﬁﬁm&&%ﬁm&ﬁ@&{ Fﬂ)r%écﬁéseeéﬁ%iﬁﬂf&%H@%ﬁc&%&ﬁhéHFaTn@ LiFhe
illustrated CVD crﬁa er: 1.e., the HF and LF "power supplies are connected
to the pethosipphéeat imeeh{rped cdgiverto ihi2)illesteited (Dl cbaraberr beleth¢ flsand LF

distribution plate 20), respectively. Dependi ng on e desi of e LF
power sBEWELSupPligsare porneried ditg eétﬁr%ﬁ destinge &Félﬁ‘?&w{,lw &fcﬂd gnod nk?“‘ﬁ%&eﬁséses sary
to conn . ' 3 in series between the LF power supply and

t he ca?&@&@%ﬁﬁ#@g@é%ﬁ%&w&hout such a |l ow pass filter, the HF power
coul d conf us®ependiig biithe delign offeiedll pgreratply B2 ahd ithiampddapmveatching pkywakd
prevent it from achieving a proper inpedance  match. The_ | ow Pass fi IdttErﬁ

shBul d Havey be vescemry Prconnesha Jovh BRsREMer $hin serigRrswesndlie L DORST BRPPLLeD

| t i QbR
Power opBpuc sl SRNAR ool Pt oG e AR EoSRURERe bPptllnlefe
HF powemmagehing derwotk éfthe BR@d@er @ippBitandgeevient iofrdarachizvingagicopdrémpédapomer

from being coupled to the BF power supply. The high pass filter be
unheces &atsh.  Thetlpw pass filbeshoyld haye 3 %Utﬁﬁ% Elgavengy betwesp th MF“%%@%@“? as

in :the [ ) i '

cat hode "g@c T ggéﬁtef %giggos@%gﬁ @?%gﬁ%ﬁg&gﬁg@eﬂ%wﬁg%? o\gfaé??"tl € gas
di g3 ri buti on Hhheagfitar3odiseesuldbedhseted bemgeethedif pevel supplytaad tegnode
between the two electrodes that excites the gases in_that region fo a

ol asra. sleatrede Miadgia biask shoki pewerfeem Pripg couped latbe FIFGRRYH S PRB Te highs
m xture_th react, W th 3 ' ' ;
desi 1 ed PSS P peirne D e LR B Clenelit bl Wt iahife P pofler R adin,

desi r ed thea®WD ptbesss aesribid bélow. t he chanber and exhausts the process gases
and reaction products fromthe chanber through_an annul ar %(ha t slit 36,

then into anibeRF powenappligs ketwieandbe cathedersirsirodt thr tpceptord) ©@R%¥hel |
oo R A Sl g bl o B 2
two electrodes that excites the gases in that region to a plasma state. The plasma produces reactive
species from the process gas mixture that react with exposed material on the workpiece to perform
a desired deposition or etch process.
A vacuum pump, not shown, maintains a desired level of vacuum within the chamber and
23 exhausts the process gases and reaction products from the chamber through an annular exhaust slit
36, then into annular exhaust plenum 38, and then through an exhaust channel, not shown, to the
pump.
(Throughout this patent specification, the term “annular” is not limited to an object having a
circular perimeter, but is intended to mean any object bounded by two concentric closed paths.
30 The illustrated chamber has a rectangular cross section because it is intended for fabricating

rectangular substrates, hence the annular exhaust slit and exhaust plenum have inner and outer

perimeters that are rectangular.)
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“circular perimeter, but is intended to mean any object bounded by) 3 N&¥ 00
concentric closed paths. 30 The illustrated chanber has a rectangul ar cross

ti b it.is.intended f bricati t .
hence the. andumaiorizen b Bpnim Ss ARt bRl riRadan ARl pibisRbED
peri met %frﬁlctah%rkﬁ%ee IsSRinensREred imSor AVBOEE Rardbdiand 20 S upperpbsitior @igdre f t

mechani sm 80- 88 ves theé susceptor to a |ower position (not shown) while
a wor kpilgedile a phasimagprocean sfteimggrtrionmned on theworkpiceen Spepifiadlby, thenmseeptard 2upper

i ti Fi 1) whil | i s bei f d .h
posit1on [ gure Dl & Bleomn pLogis L e QUL LGITE a0Ate
ceram ¢ cglﬁgf%g{ioﬁ 8l %&ouﬁﬁ?th@%ﬁ&@%@or §I¥h?!hf6 A HAAS dSw AW hddR¥Ou SR bn 5%&{?@ er

secti on surrou e susceptor shaft 16 and extends dovvnvvap
t hr ough iRthe@B&MbEDbotiom whie Thedener séxvioh @hofitel suppdreshefrests o2 otoivabie 8t of

t he support shelf rests on a novable |lift platfo 82. A or, not shown,
cont r ol plasfoymFay s motas, petishown.contseiably, meves the Pﬁag%oélpi‘\Peng oxn rFﬁQ‘é‘?:ltot?ase

pl ate 84, ere Lai Si [ tiar, pt or
Chart 1anehBiemis st obedy s RAF LAk e UE0ER 1 and S iCccrl SAATRE
openi ng i n t hepaAE andab-ring 38 prévideighacolinGbaltaheing uiscagenong is ieef dhathber wall
ext ends while accommobdating vertical novenent of the shaft. Al of the

chHhber thronglowbivhdheissesptareshiafa b oeterdsovhile aseomBRABNEYeBICAhBPETEN &F hhat
wil | nofa f(Eont am nate the sem conductor fabrication processes to be
perf or M8 n the chanber and that will resist corrosion by the process

gases. Anodi zgdopihe BhiHRricemPuricnly ®k&ite@dbont shouidbefcompasdd df neateribls that will
conponents other than the ceram ¢ spacer 26 and the ceram c co ong&%&l

80- 84 ofnot brmtarninaterthe seanitanguctopfabrisaion;Poeressss 1 b@eﬁfpag%mdh%ﬁlﬁggﬁa Pbed
above are,.conventianal . .The desiqgn a .0pekrati on . ' 3f7Be
CVD and "é‘{l({?ﬁlﬁﬁgﬂﬁﬁi’%l’%}r{% p&%%%? $%8%1 ’?ﬁo‘{lﬁe@ afl\ang% 1géu @pmﬁ%ﬁ y-asaéﬁgned Us
paj£nt S copBndi bther haN{heRErafiic §aeér 28 andlihederdrnic kempbyentsBoEpof dieddt by 20
reference in this patent specification: US Patent 4,854,263 issued 8/8/89

t o Changneshamibm; US Patent 5, 356,722 issued 10/18/94 to Nguyen et al.; US

Pat ent 5, 755, 886 issued,5/ 26/ 98, t ng. . L WA } ssued
6/ 30/ 98 t o B"‘é‘t"“%?g‘?‘c Bés’ﬁﬁfgaﬁPob%A,%g%ﬂ‘,b%%&%"ses?ffé%“%’;tﬁgs Thé Gegifdnd o
al.; an tiBRAbESIn venRAAl Mddnd €VIEshdZidbdhaRBerstate desyited inthe fCH@aIngt Or

Connected Between Susceptor and G ound 25 Unlike conventional Ias%\%
chanber somyoordy-asrigneddiS patents thewgntise eepentiof erch of ghich ISéEfﬁhé&ce&%? n the

SU%6 ept %fe%eznc .L1ri this pz;[tgn? sﬁé%t?c%ggn :%%%E&?‘i?as@,&@s R d/badho %Qﬁg'&alg Bee
Patent 5,356,722 issued 10/18/94 to Nguyen et al.; US Patent 5,755,886 issued 5/26/98 to Wang
et al.; US Patent 5,773,100 issued 6/30/98 to Chang et al.; US Patent 5,844,205 issued 12/1/98 to
White et al.; and US Patent 6,024,044 issued 2/15/2000 to Law et al.

Capacitor Connected Between Susceptor and Ground
25 Unlike conventional plasma chambers, ours includes one or more capacitors 50-54
connected between the susceptor 12 (i.e., the cathode electrode) and electrical ground. (See
Figures 1 and 2.) The capacitors reduce or eliminate the coupling of RF power to any plasma
behind the cathode or outside the periphery of the cathode. In other words, the capacitors reduce
the intensity of such unwanted plasma, preferably to zero. This improves the performance of the
30 chemical process being performed in the chamber by concentrating more of the RF power in the

region into which the process gases are dispensed, namely, the region between the susceptor
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Figures 1 and 2.) The capacitors reduce or elimnate the coupling bF NB¥2004
power to any plasma behind the cathode or outside the periphery of the
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0
i M@ dandmpedanch of the Lopaver supply p23 5 orinysapon. thesapreiters ShaS4RIpxide eqath %‘E&P 54

provi de th from the cathode.to .araou ' t the
f requené@‘? 8‘%‘?‘*‘?&0 ﬁﬁ’“ﬁ&ffk"r‘%%%Bﬁ“&‘%@gﬂcﬁﬂp_ﬁ%ﬁ%ﬁ{’%ﬁﬁ%‘;@ gﬁ@fg@ﬁ%ﬁclﬁl m t ed
to a Sp%kﬁdughbﬁleﬁwnﬁ% PRGN AMitedNo a\WPedi thevte of bp&ationyweibeliedahisdowat h t o
ground provi ded by capacitors 50-54 reduces the HF voltage between the

cat hode impeddnce patbao grpuad prayidstl bylvepasitarstor-Sheaducesche HEoolage besween thy or

ol asm el S BoSBkhb st Bt PR vRD PPy e gl B PGB RRipaRY
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dielectric material, such as a glass Substrate for fabricating flat panel

di spl ayof t8paatliddecal | y, such a workpiece generally consists of a nunber of
sem conduct or,, conductor, and, dielectric layers. : ' tric
substrate sucHeveigas es ‘ggq@??sfey‘yh?hee Qr‘r’gf i &9; 0 eq?résfae{rﬁiba E%f t he

wor kpi eGRarbSaidih @8 b'glds sdbdirse maﬂabﬁ@ﬂn%«rﬂhtp@emsﬁlmnwiﬁtalsu badtrat e, a
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el ect r odeorkgieemgerteralypioasista oba dymbesif semicopductarseendueter. and dielcticdaYgrhg a

d I body. b | i th . '
cutfont bt o AsEelis phieh % Aesb Aot LR oS SEhERtaL e |
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interposes a greater RF impedance between the cathode electrode 12 and the plasma body, which

b

increases the risk of forming a secondary plasma body by coupling RF power through an

alternative RF current path alongside or behind the cathode electrode.

o Defined broadly in terms of its electrical impedance, the combined capacitance value of the
capacitors 50-54 connected between the susceptor and ground should be great enough to
substantially reduce the electrical impedance between the susceptor and ground at the frequency of
the HF power supply 30 in comparison with what such impedance would be in the absence of the
capacitors. Preferably, the combined capacitance should be large enough to effectively provide a

30 direct electrical connection between the susceptor and ground at the HF frequency.

Defined broadly in terms of its effect on the desired plasma between the cathode and anode

electrodes, the capacitance should be great enough to substantially increase the intensity of such
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capacitors 50-54 connected between the susceptor and ground shoulﬂ Bﬁ]\l%iﬁat
enough to substantially reduce the electrical inpedance between ﬁ

suscept g{?ﬁ%\?\fﬁl%ﬂﬁg%ﬁ[ it%ﬂ?e#%ié)ggﬂﬁﬂﬂ iPP]& aE%?llcér']ﬁ:[ tﬁg%cﬁéiﬁal y 30 in
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capaci tors. BRyghfiablyydefinde besaalyi in @i apaséffeonos tiehmwattedepldsaragteenough t o
effectively provide a 30 direct electrical connection between the susceptor
and gr ocamiciance ishoulit be gesglenough towbstartialll resge {heiiptepsityf agy plagma Belip or on
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of suchqrde 083ce0 3 NOV 2004 plasnma relative to what its intensity would

be in the absence of the capacitance. Alternatively, defined broadly in
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conbi ned capacitan be so great that the electrical
i npedan®E farienee thetshecepatr hiidethddwands, the capaditance simld neiedangg cosughie LF

power supply 32 is so low that the LF po upply 32 and its i npedance
makkhi ngleaeicalhy Rh%hﬁﬁﬁtt[%i%?@t%rdﬁgfoﬁﬁg?'épgiﬁér%ﬁe%ﬁ"to the susceptor. In

other words, g,4g. GaRAGHS AUAE AR OmARkd Bk Rirde vae UBlhe bapatlolcaidciaaal | y

short circuift Bﬁe suscep ground at the LF frequency. Furthernore, we
found t Bagiwekh thecrattide eldceaizant tzasund tymdallg haf art dpinnap aeiue tat masimeestthel

bet ween the cat hode el ectrode and ground typically has an gpti val ue

t hat naspatiakeeifermuty of tha deapityof tF%PEﬁ’P?/“b‘PC f/f’%&é)"d%’f%ﬂ}( s“"&’i"“"i ﬁ’g CB%@W%. Hoge,
region directly et 1264 LR §feferdBlyWhbild Be

expl ai ng%c%ééegw,ﬁﬁﬁ@%%ﬁbﬁﬁluﬁ%%gﬁgg}]? ng@ﬁ@glﬁq’agﬁ%rﬁgf g}raagjl ycshgul d be 15
defser ni dednfiiRi eipiridally $0a8® dptimigettheiesiret procesperfernaco parametsey dnghsoed de

paraneters and so as to _mnimze plasma non-uniformties, i.e.. localized
r egi ons Mghimia¢ plasma NG RNEREHEY, by g@ﬁ%ﬁﬁf‘gﬂ&i? elatively hiehior 16w densiy sy

capaci tance - s lchY hdvRWalibitRRLF M erdtnpddaBied samgiency
of the HF pom%%ré%&g%%%ﬁgdn&gﬁaﬁ%@%eqSency of t%e LF?power [s)%ppl y, the
f r equengjeggencyfof teHEF woweowaplysthpp bi ths fipqehey abthy L& fdverr sbppln, thafeguengtes at
| east 2, and nore preferabl ¥ by a 20 factor of g%élias% 10. Orur%tgr ﬁsent ly
pr ef er r @fi thertploarpaver seprbiss preterplly diffes byiadacterd 2y lRest 4 PG PEs PIET8YY CoAnect ed
b en el ects i cal ound and the center of the susceptor and four
ami org?ﬁtgrcoafrﬁ‘lége% tolgié 51-54 connected between each of the four corners of
the rear surfegerdsentyf plehered implpientatiomdf the énentianaincludes a capacitor 50 connected
between electrical ground and the center of the susceptor and four additional capacitors 51-54
connected between each of the four corners of the rear surface 15 of the susceptor and electrical
j ground. Each of the five capacitors preferably is connected to the susceptor by a respective strap
2 60—64 that is flexible and electrically conductive. (See Figures 1 and 2.) The conductive straps
are flexible in order to accommodate the vertical movement of the shaft and susceptor as described
earlier. For example, each strap can be a sheet or band of a pliable metal that is thin and long
enough to be flexible and accommodate the full range of motion of the shaft and susceptor. In our
prototype, each strap was an aluminum band about 0.5 inch wide and 1/16 inch thick.
30 All capacitors preferably are a ceramic type designed for high power RF applications, with
their electrical connections made by screws through threads in the capacitor terminals. One

terminal of each comer capacitor 51-54 is bolted onto the electrically grounded bottom wall of the
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ground. Each of the five capacitors preferably is connected to thd3 NOV 2004
susceptor by a respective st _rgio 60-64 that is flexible and electrically
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chanber wall .in order to m nimze the surface area f _the capacitor that
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the rear surtace susceptor. In prototype, four alum num
bl rks Gontatttaneas befoeelarmiditesg the alundsye ctscetbysdibaticiain abuniinumevfssaposcd ahaer s

of the susceptor, and each netal strap 61-64 is sandw che(i!)gbe en the
suscept 6pPntagiipgeateaci ok the fonr geragrs. Figure,dshawyihg CoRtatt A8 Y hets 1he Lqur siiaps
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suscept dourkBaphee showe sdhetatitdipx ifdiee 2 asodhows schematically a6/arighie wapagitoroifht ed,
we masked the 10 contact areas before anpodi Z]Laquljg_the agérrig m susce tOi’6 SO
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coyders.  Fi ows the contact areas where the four straps 61-64 are
at{%cheésfj%&ﬁh%gdﬁ%lgg’fsi de of the susceptor. The four capacitors 51-54
connect ed t o Alegnatfvely; irstead ps cannectitfizakisteaph entht iranshrface HiS @i thee Rseepty, Bhows
schematically a variable capacitor 50 _connected to the center, of .t he
suscept 6HaRs@uid e erppfted toégﬁﬂﬂéﬁhF%S‘gfaFﬁﬁg ggthgﬁgscpntgr pesn £agh %fﬁgff fouig 15
as descrci R)%gs bel ow. Alternatively, instead of connecting the straps to the
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Anot her possible inplenentation would be to bolg nly one capaci to the

é .tha(tﬂg %{'ﬁﬁ?

el &t ri ezpunged darahes vrdlan plase b fowIcAPACHORS e C FA3FIT S rs
2154, HolecRldtoCARASH hOFou ! 60C64 HANRARLA W I £ GEupRLivBrleh éf thé T aps

61- 64 that connec respective corners
susceptor.

As stated above, the susceptor support shaft 16 is attached directly to the susceptor without
any intervening insulator, so that the shaft is RF hot and functions as part of the RF transmussion
line connecting the LF power supply to the susceptor. Therefore, the center capacitor 50 can be
effectively connected to the center of the susceptor by connecting the capacitor to the shaft.
Furthermore, the connection to the shaft can be made to the lower portion of the shaft that is below
the vacuum seal (bellows 86 and O-ring 88) so as to be outside the chamber vacuum. This permits
mounting the center capacitor on the underside of the chamber wall or on some other electrically

30 grounded component that is outside the vacuum of the chamber interior. This is desirable to avoid
any exposure of the center capacitor to the plasma within the chamber, which facilitates the use of a

large variable capacitor for the center capacitor. To accommodate vertical motion of the shaft, the
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susceptor. As stated above, the susceptor support shaft 16 is attagBN@y 004
directly to the susceptor without any intervening insulator, so that the
shaft i gedter daphci®i@rdferablyiiogsnnatednithe sHafttubing Aiekitdnmeiabstrapro0 similar to the
connecting the LF power supply to the susceptor. Therefore, the center
capaci t eirafBd le-&f thins comsferelbe Othsl japaeitaTeta thelsuseeRtble center of the susceptor
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capaci tg}rosﬁpﬂ%&a{:démg‘ {athl\(/ag?ltg ?lco\zgléﬁﬁog%ageﬁqg?ﬁf ﬁg& i}egﬂs,’ Eh{%ﬁgé -9- Ar|\1/1{13r(r)16elr 00 3
Nov 2004apaitoisehataedagedted tabieatquirdity adlievearyramtled! bbspahial wifaftity firtle a
flexible metal strap 60 simlar to the straps 61-64 tha ..cgqr]rgect,the ot her
capaci t Gemicopdydier fabricasiph grocesstie be ﬂ%fé?ﬁﬂeérﬁ’"éﬂ“‘s\‘}io'é‘ﬁ}?%ef\fiﬁsﬂﬂP APASHO t h

on a cent apacitor.. | z y
colther SEierdP PR Hr A ANpREL SR re TR Bf PeXfichhor Ur Rk A/

(or per ipbfi@y HaliallpRGibudovende he s@@@a@ftwsagca?magapbb dazirable fersustepeors
center of the susceptor wll affect the spatial uniformty of the

deposi t lasgerdharetheld SPrxoedsmpusegtopavcrtesiefd on the workpi ece 14. The |arger

th i dt h f f. . ' ' . t t :Qf
capac tors. t AL PETahERrbelt il R R P B BRI e Yo P S

spati al wpé 1 958INMz bAd 400 mz,&eﬂﬁee@mﬂaﬁwbtm@d p&airequitswidchisee drdfoliecorner
performed on the workpiece. Additional capacitors 10 connected to _points

sphl i al lcgpagitersrafd 0@ tadKpfeachendyeeanis sppacier infke mpgeeini®rto 1400 gfi eln ather

ot her points spati.al di.stributed.oves.t surface of the susceptor,
may be dve°§fj§‘§rb'3r g"‘?‘BPe‘L%@é’é’%‘S%“S? 5anchg1Fr§glr6f5t0 gg’o ?ﬁg{%fSO X 650 nm susceptor we
tested. In oyfefRifMehead m@waz shbuldning fade Bpolveergantr psogrhmined tF and
LF power supplies were 13.56 and 400 kHz, respectively, we obtajned

good r eslemly indredse the foeward powiar (raiben@en thegoadspawsrt when Be PeBiOr BIPPLLISENY pf

vor s CHBe B oatr e p e Rt BR iy s el HE offine Wbl

t ey LF pax@bersuppl y 32 shoul d include a power regul ator programmed to
slowmy increase the forward power Srat her than the | oad power) when the
power supply Atsrefatively hightRlp pewerrevells, itgpaydie rpere AMBOTR IGFFFEAN PPIEPEESe i n

power t %gﬁac?tgﬁjécdva?u%%ﬁgt n"liz{x(i\’rimn s {h@ sbzn:eal l?rkx?o%y of the density of the plasma so as to avoid
plasma non-uniformities, i.e., localized regions of relatively low or high density plasma such as
hot spots. For example, in tests using a total RF power from the two power supplies ranging from
2800 to 4500 watts, we adjusted the combined capacitance by adjusting the value of the center
capacitor 50, which was a 400—1700 pf variable capacitor. We found that a capacitance too low
could cause visibly apparent hot spots in the plasma near the bottom of the susceptor support shaft
or near a corner of the shower head 20. Conversely, we found that a capacitance too high could
cause hot spots in the plasma in other areas near the bottom of the chamber or near the grounding
30 straps 55 connected to the corner capacitors.

We tested the invention in the plasma chamber shown in Figure 1 with an otherwise

conventional CVD process for depositing a silicon nitride dielectric film on a 550 mm x 650 mm
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20 chanber. At relatively high RF power |levels, it nay be nore inportant to
sel ect an optinum capacitance val ue that maxinizes the spatial unif ol &iN0y 2004
of the depahgyandlagsisebytagsefahsypasypicallavueidfor plakinpdlanpaneclidispioysriThees, i.e.,
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I nvention in the plasnma chanber shown in Figure 1 with an ot herw se

conventi onal IDvbregrseparate téstr witle p oerited qagacitos of 3bpf, 60Q pf, ard 80&pleraspectivelyl m

550 650 10- AM 3061 O 00 | bstrat
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of 19he Hizogrekibdly BRMBEsed R 88550\We% R it DbhdVHE iR dirdsS @hisiged ffﬁﬂ@.@iieﬁﬁie}}-

The process gas” flow rates were 400 sccm Si H4, 1400 sccm NH3 and 4000 sccm
N2, and tohel.3 fampeessiveps Kifrdynwiam?21 E3cluding tig: euerr20 rimid¢he substrate perbmeter, the

capacitofs 51-54 was, 150 pf, d ested four different val of the
conter dHm taapsem gy vai s fRF DG 20 0 b Bt o Theloptadt
suppl i eSo0RsF €HRPcAPhciidirdtnRd R'be atts HF and 400 watts LF, or else
2600 watts "HF and 200 tts LF. In three separate tests with a center

capaci tor of IQBe pdme &013s pf testattle 8&ermpfapadites pecfurthet increascddo d @D pf, bbtormeradt e
prg ressivgclry i ncreased from 1460 to 2210 A/nin., .the wet etch rate g]%g

pr gressthez Uf CQEEF 2RAGHOT MR EBavedo SHTmIsHEhy, fnany of the; g requltswere wase 81y ged
from +2. t Il - BPPFRSE . mf ' he

out er Zotﬁ(r)échfg ﬁllter??b&g%%ttéact%géﬁtgr'i m&*t‘gélp}6 ﬁ%gﬁéﬂa@?{eﬂ#&? fn cknnéjs%)'s(f%u&h?ﬁgg?ﬁt y was
14% i n tiherchsedad 1295 Adapeandnit sifdss incteheed tas8.66d6% diiredera?. oT ks tesheesul®00 pf

center capacitor produced the best results. In the. s seri es of }%%tn?t,ﬁ]e

t he cent!dfsteigsdhs destraliliy of perfpening gripmicaligsts 1o detenmingiine pRRMYR Yalye o
f . i i.Si | t
hort oo ABkcitBRR VOl & B Sol AR of WAl cBbRitie (TBEIREI (CF, Sty T |8

pf center capaci The deposition rate
feld to chpidtadari n., wet etch rate increased to 1295 A/min., and the
stress incr eaISnepq‘acEti%ej- tﬁé gISasr)r(la }rgged%}llgee\/!a?irég ivic-llt-erl])ir gs a;[ﬁl%;[:tiorneosfuplrgccss parameters such
as RF power, chamber pressure, process gas flow rates, and the dimensions and geometry of the
chamber components. Therefore, the optimum value of the combined capacitance connected
, between the cathode electrode and ground should be chosen empirically. Furthermore, the plasma
] impedance changes during the course of performing a deposition or etch process on a workpiece,
because the thickness of the film being deposited or etched progressively increases or decreases
during the process, and because the proportions of reagents and reaction byproducts in the plasma
also can change during the process. Consequently, in some processes it may be desirable to
progressively adjust the value of the total capacitance between the susceptor and ground — by
30 adjusting one or more of the capacitors 50-54 — during the course of performing the process on a
given workpiece.

For example, in our tests of the silicon nitride CVD process described above, we found
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illustrates the desirability of performing enpirical tests to deter Bi3nN0W 208
opti mum val ue of the total capacitance as well as the optinumratio of
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des@r i badliedzoy i, simpleftaol Bdjust tHe tofleA6ilande By hitjust2@@hlyt dreet of ftloe fieveapgcifors ed
value that we tested for the center capacitor thertﬁ was a tjne interval
during tmEely disr400-3700ph vasiahie sgntercapasiior 5o £he controllgggoapmnds thy MCIOR Qa s
suffici = Uni ' . P SRl :
ppar ontt PR L2 TthRharld aluE 8PS cbilel el ST MR  Fottion ime
pr ef er aliras b funztiog bESRivieknesadf e layehiseingpdapesiadd (at alteesmivelynetcldd) bl ¢he
‘capacitors as the 5 thickness of the deposited silicon nitride film

pr ogr es BB PPFHSFeased during the CVD process. Consequently, our

pregerred embgdl ok, WQEEQQ& ﬂag%&&h&é)ils l(j‘ﬁﬁngﬂi f'\e'f'érﬁt(qg Ql’é(rlﬁli'ﬁgdéﬁ ned

programmabl e m cropr(t) essor, t periodic sen ectrical control

si gnal s entpiAcallgrsvas tavoid pldii haapots ahdmiakienisetht iqnalitp of treleposited fidmyar i abl e
capacitaors that collectively determine the total . capacitance 50-54 between
the cat hpgeiflisalbs therpimumicapreitancs xalpesss ddwpetionsf ims o8 Yﬁbmeﬁﬁéa'ibe bel i eve

it is si . t | . ' ' | of the
i ve cas iy oy heRlda n ifg b F5 o RERCt hERGRten LB SR The
cont r ol |adjustngherdpacitheendtherextent ngresgryas aveid visiti i apppeert beotheryaes desentable

e of the center capacitor as

e O N e huCaDIELL O LUICLL0n O, oR0Rl LN LT e B2
o) Rl FSHARIARIN 15, e smunt by which fhe capacitance |
. Alternatively, the capacitance can be adjusted so that the RF impedance of the plasma is as
constant as possible during the performance of the deposition or etch process. The plasma
impedance can be inferred from a measurement of the load impedance at the output of one of the
; two RF power supplies.

In the illustrated CVD chamber, the low frequency RF power supply 32 and the grounding
capacitors 50-54 are connected to the susceptor electrode 12 on which the workpiece 14 is
mounted. However, in some plasma chambers, such as some etch chambers, the high frequency
power supply 30 connects to the susceptor on which the workpiece is mounted, and the low

30 frequency power supply connects to the anode electrode 20. In such a case, the one or more
capacitors 50-54 would be connected between electrical ground and the anode electrode, that is,

the electrode to which the low frequency power supply is connected.
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enpirically so as to avoid plasma hot spots and maxi m ze the quali t93cﬂﬂvtm
deposited film Specifically, the optinmum capacitance values as a function
of time or layer thickness can be enpirically determ ned during the
performance of the deposition or etch process by manually adjusting the
capacitance to the extent necessary to avoid visibly apparent or otherw se
detectable 20 hot spots in the plasmaCLPIMSenpirically deterni ned series of
capaci tance val ues then can be stored as programsteps in the controller
70. . Alternatively, the capacitance can be adjusted so that the RF

i mdedandeAgflasteechpinbentar fabrmstingcowetkpiece, asmpasiagbl e during t he performance
of ot he dep05|arv|a9 a%% 2: process. The plasma i npedance can be inferred
from a measurengn ol? l?‘? | oad i npedance at the output of one of the two
RF3power supfiirstesad séaond blecirbdey siouateddvitiithe vasduet chairirer;| ow frequency RF

power supply 3 t he .gr.oundi pacitors_50-54 are connected to the
su§cept or @f’?‘l“gﬂgr EESIB%’% qun@e%mpg@éﬁ@t@“i@“%lﬁﬁcgﬁ destowever, in
sorse pl asrra @hamf@qﬁencs}lp@h«ea@pgmnﬁ&&én 8 f&@;??!?fosthe ik ef&bﬂ&ﬂe%%&wsxgﬂﬂ

g Wﬁo .con ts to the susceptor on whic he wor kpi ece i s nount ed, and
| o

%‘GH$P &reayenssner suppl y connects to the anode el ectrode 20. In
suqh a case, athigh Réfchy POWE su pa&hifeé&e&tcﬁﬁpﬁl@t%wséc&iﬂ &&'&B&@&ﬁge&ﬁwﬁen
he el ectrode to which

el ect rical 8]}0und and the ano el ectrode

thé | owSErdasmep sseans fsqysmyyhatgs mmwbdnghq@anm fsbirequencyyand 2004

CLAI M5 1 1. A 2 a

va?uum chanbétrl%ﬁl%????a an g%ég%rﬁlé@h{ g%%l Hl) gg&nagﬁ m%ilﬁ%%if ﬁ‘iﬂﬁ%gﬁg{g’gﬁgm

c Haner locatiepscm the firsoelegioasder whereimcgrach capeeifsir éesnbedtedslentwednethe first eleatnatiesmdond
ctrogﬁ § 1o frequency power supply connected to supply to the first

eI ectrode an ectrical signal 6 having a first frequency; 7 a high

frequency power supply connected to supply to the second el ectrode an

el gctriea [ h.gher

than t he t PLATRARRbe 1EMAhedo SREA T hEBHIENaYack bR B b Al Bt

fi2st ebewond eldetrade mdplagtradal grgumd. spatially distributed 10 | ocations on the

first electrode, wherein each capacitor is connected between the first

el ectrode and 11 electrical ground. 1 2. A plasma chanber according to

cl & m 13. Avplasmarchamberageaandingrto ckirdily whérein: connect ed bet ween t he

2 the first electrode has front and rear surfaces, with the front surface generally facing the
3 second electrode; and
4 the chuck positions the workpiece adjacent the front surface of the first electrode.

1 4. A plasma chamber according to claim 1, wherein:
the first electrode is in the shape of a rectangle having four corers; and

said locations include the four corners of the first electrode.

3. A plasma chamber according to claim 1, wherein the at least one capacitor comprises one
2 capacitor connected to the first electrode at a plurality of spatially distributed locations near the

perimeter of the first electrode.

1 6. A plasma chamber according to claim 1, wherein the at least one capacitor comprises a plurality
2 of capacitors respectively connected to the first electrode at respective spatially distributed locations
near the perimeter of the first electrode.
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2 second el ectrode and electrical ground. 1 3. A plasnma chanber according
toclaim1, wherein: 2 the first electrode has front and rear surfa@gsNiV 2004
with the front surface generally facing the 3 second el ectrode; and 4 the
chuck positions the workpiece adjacent the front surface of the first

el ectrode. 1 4_ A plasma chanber according to claim1l1l, wherein: 2 the first
el dct r odeAipdasma chambshenserdufg ta clagobawbereinthe phuplity of capacrrsconsprises & lsast d

| ogatio [ : £ t . A pl asma
chgn‘oer r}g‘gggﬁé [ ggs %togﬁ%ﬁﬁéaa:{?’nﬂi%ezﬁgogg Fﬁdel;tg{cﬁtsgagis?p ggkg%%g%d;g?ﬂngps'conpri ses
one 2 capacitor connected to the first electrode at a plurality of

spatial lby,distri but tions,negr_the. 3 perineter of the first

el ect r ode. ) S ¢ | to claim1, erein the at | east
| Bl A PR %gﬁ‘l%gr 1SS ARG Hﬁ‘ﬁfeﬁ‘g | ai wherein th |

on@ capaci t othecfispelectasle hapfromtand raar sirfaks,cdethe fronssutfas gaieralyl fuciagtrect ed

to_the firsﬁt_] 4%ec rode at respective spatially distributed |ocations 3
near t h&9Bf elserede: 88d the first electrode. 0 3 Nov 2004 1 7. A plasma

chanber accokll 41%abor!capavites conijRised shetdafadtotiédtinkdtyd Qfth€ fibeelettedde a€@NPr i ses
at least. 2 fo?r ca(ggmtors connected to the first el gctrode at distinct,

spat i al PPt of josafing spastally idestrabuted ayer the seag spefaceref tleddEng to claim

1, wherein: 2 the first electrode has front and rear surfaces, with the

front surface generally facing the_ 3 second electrode; and 4 the at | east
ond capdcfPAsTRSRampPeAccoRdngty shin doWhetsihect ed to the first electrode at a

S plurality ofe fiRCALIRIAS hiPRbitahl Yead Fdckd Wi ho Yioht Mﬁgéﬂ?&ferﬁmﬁ%é}ﬁ%ﬂﬁf the
9. A pl Inm1, :

first electrode. 1 9. pl asma chanber according to cla erei 2 the
fiPst ekseondelgetredesand ont and rear surfaces, with the front surface

general |y f a0hd1d 1 dadone LpRRSONnRES 4 AFioPAIkalaciR Blpel SR oOHAEERARL | 01

conprises a plurality of” capacitors respe y connect first
el &ct r odisst glectredand sespoetive decatipasrpatigiivtdisiribytediper thepygarsyrigoaef the st elgetrode.
surface of the first electrode. I 10. A plasma chanber according to claim
9, wherein the plurality of capacitors conprises at least 2 four

capaci t 30sA pbwmechadberacedrdingite slrine P ewhercid aheaphualitt ¢frvapacitopsetomyirisys at least
O3t P b 5B Bhfecsch o e APhARAB. SRANRGL FAERL Hihfbuldn oo 1. wher ein
thé at [east one capacitor conpri Ses: a 11 st capacitor electrically
connected to the first electrode at a point near the center of the 3 first
el getr 0(11?: A plasma chamber according to claim 1, wherein the at least one capacitor comprises:

2 a first capacitor electrically connected to the first electrode at a point near the center of the

3 first electrode.

12. A plasma chamber according to claim 1, wherein the at least one capacitor has a total
2 capacitance in the range of 750 pfto 3000 pf.

13. A plasma chamber according to claim 1, wherein:

the high and low frequency power supplies in combination excite a plasma n a region
between the first and second electrodes; and

the at least one capacitor has a capacitance that substantially increases the intensity of said

plasma in said region relative to the intensity of such plasma in the absence of the at least one

[« N N O VLA

capacitor.

[ —

14. A plasma chamber according to claim 1, wherein:
2 the high and low frequency power supplies in combination excite a plasma in a region

between the first and second electrodes; and
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1 12. A plasma chanber according to claim11l, wherein the at |east one
capacitor has a total 2 capacitance in the range of 750 pf to 3QP®npf 2004
13. A plasma chanber according to claim1l, wherein: 2 the high and | ow
frequency power supplies in conbination excite a plasma in a region 3
between the first and second el ectrodes; and 4 the at | east one capacitor
had a capaci theatdeashene cgpdsitonhasiaaiapacitanerthat selstantielly imcreassisthe sphtial anifornBity

pl asma | o i ati : | i o] i .

B 3ance LR el aR IRLE hNAIT BT L SO Sl p el e Bl i,

t 06¢cl ai plagmawhtheabsence of the ahleggt oamdapaaverf r equency power supplies in

conbi nation excite a plasma in a region 3 between the first and second

el ectrodes; and ON U V 2004 4 the at | east one capacitor has a capacitance

t hat subStAptasmialchamberraeamdmgttdelasp & wizdrein thef a0 lasst gne chpazitot s adapaditaycetthat

sai,d pla i.n.sai.d region relative to the gspatial uniformty of the .
dedisi ©y Sty fahresdknf e an) S eRnd i fet oGO pastvEsp eimgnsiv of
153 A phasiflashicifihee ataeserofitioat l@sCoicapakitomher ein the at | east one
capacitor has a capacitance that 2 substantially reduces the intensity of
any plasma behind the first electrode relative to the intensity of 3 such

pl asma 4. A PRisiklSRAEBerQbcdriDgad claR@$ ! wikiéin €RNA fdaktQine capakfior Kaskl Apatitadeaber
according to claim ein the at | east one capacitor has a capacitance

1, wher i
2 dr eat SEALERNED & Deatpsallyconpset thsdieielectiade to graundat sad sepad fisapsnsind at
said second frequency. 1 17. A plasnma chanber according to claim1l1, wherein
the at | east one capacitor has a total 2 capacitance small enough to
pr dvi de 14 plased sheebyacopsdme dmelaim | swhespiadhe & deastong capacitor has# tod ound 3

that is ' ] jel

{1 st of GarangE ol on G BKEUe fAlmBLRGH. AR s i Bt et e and Rl r0nd

pl dsma Enrhidage seeuphde prpvens agielactncal shap sireninbativeendhe figss slectentls and gkeeincal  has
a gapacj nts the formation of any visually apparent

pl g'srra H%o?ﬂg%g%hgﬁ,rmsttfﬁﬁcﬁéﬁg vacuum chanber. 1 19. A pl asnma chanber
according to claim1l1, wherein the second frequency is at least two tines 2
grgater | ol C . el MaTo R i m
0 8 or o 1% PlSRE chih Bl st BN Mt 1 S ] W CCARTREL B RE LB oot
fi2st fpeyessthe fotm@ion of apy yisallycappatest plagma hetlspots atihingtha vaeiap clameher.
conprising: 2 a vacuum chanber;

1 19. A plasma chamber according to claim 1, wherein the second frequency is at least two times

2 greater than the first frequency.

1 20. A plasma chamber according to claim 1, wherein the second frequency is at least ten times

2 greater than the first frequency.

21. A plasma chamber for fabricating a workpiece, comprising:

a vacuum chamber;

first and second electrodes mounted within the vacuum chamber;

a chuck for positioning a workpiece between the first and second electrodes;

a low frequency power supply connected to supply to the first electrode an electrical signal
having a first frequency;

a high frequency power supply connected to supply to the second electrode an electrical
signal having a second frequency that is substantially higher than the first frequency;

an electrically conductive shaft connected to the first electrode at a point near the center of

—
<

the first electrode; and
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3 first and second el ectrodes nounted wthin the vacuum chanber; ﬂ gdﬂ};ck
for positioning a workpiece between the first and second el ectrcﬂﬁeg v

| ow frequency power supply connected to supply to the first el ectrode an
el ectrical signal 6 having a first frequency; 7 a high frequency power
supply connected to supply to the second el ectrode an electrical 8 signal
haMi ng a sec@rﬂdpﬁqiteqeiectdyaltymnndcmdshubseteamhd shaft yndelgtreicaltgnamd; Wwherkinrta¢

frgquen e |caI aft co ct ta the first

o 2ot rograsllon® g doiedio WRIMME khd firdeh] hrfRRATE LA S 0e ' Lna o 2
Nov 2004 | 1 a capacitor electrically connected between the shaft and

el ectrigal ound acitor i.s directly connected to the
shjft arc%g' ’a% @WI@%H@EF@BC%g@I%%‘? CEQCOYPRURE. 1 22. A plasma chanber
forz fabri cat angceurokdagbegce, conprising: 2 a vacuum chanber; 3 first and
second el ectrodes noun hi n th vacuym chanber; 4 a chuck for

posi ti oni ng éIWﬂﬁ?@Bée]Sé? & POURs f"Y‘Fhé‘f NECRBL R ect r odes; 5 a | ow

fraquency powRhuSHRR pésiEOIRE S Woskpide DefiRlel tﬂe%r&tfﬁdfshéo?ﬁ e@éc%aésode an
el ectrical nal, 6 having a fjrst freque a _hi gh frequency power

suppl y con neéﬁ%\ﬂ ff‘*ﬁ“%‘l?pﬂi’loy’e{ yirplyecosn Oém%j!f e fisst el;ﬂpﬁe@q ancdecieal sigpalal

hayi ng ﬁaﬁﬁ%gqgm&ﬁﬁgaﬁﬂcy that is substantially higher than the first
frequency; | east Ohe capaC|tor connect ed between the first el ectrode

and el ectri cél gl Bearencxprye iswply eonnseted fo supplytto Sircseeansrleaiode pmelecidieal a

vari abl ﬁﬁ" HRtafi troI | er for
prggresgllg@é‘il nsé::e%gd’t gﬁdftg%ll%gunce ﬁ198}:}%}?5\%“ a grs%i;rg Itor while said
12 %wor kpi ece 3U}¢a%§r099€@aaltfprlcamtqdrt@mlhﬁﬁm glectrede m@lmmeaim@d whergm. A
pligasme ghaghe es the
capaC| tance o t&%%Qﬁ%h%&m%%ga‘}éghégF%ﬂc%{?ﬁ(gghgh unct Hﬁﬁn&h ckness of
allilmon the omowlﬁﬂré@raaromhﬁr\@lw}@amug thiel qapa:ltsmarté@l@ \tambkmemltauwhnl@sayhl d
pl@sma el Elgan’i g Cl aim22, wherein: 2
sa?d pl g"'rsogﬁalﬁ%'r%ougégé fgn&g? cjéo;grgocessﬂ-%or etching a |l ayer on the
wor kpi ece; and 3 the controller progressively changes the capacitance of

t he vari,abje . f ' | LA, e

wndr o1 n 282 5P oSk Soulinedt Fhisy 92, ohePn MiSobRh K SRaRke e b i
252 A plvasatde cipanib@ras adamtion of the shickimisso 22 Innwbretheiwnrkpiece, wherein said film

3 changes thickness during said plasma process .

1 24. A plasma chamber according to claim 22, wherein:

2 said plasma process 1s an etch process for etching a layer on the workpiece; and

3 the controller progressively changes the capacitance of the variable capacitor as a function
4 of the thickness of said layer, wherein said thickness progressively decreases during the etch

5

process.

25. A plasma chamber according to claim 22, wherein:
said plasma process is a deposition process for depositing a layer on the workpiece; and
the controller progressively changes the capacitance of the variable capacitor as a function

of the thickness of said layer, wherein said thickness progressively increases during the deposition

LV T RS

process.

26. A plasma chamber for fabricating a workpiece, comﬁﬁsing:

2 a vacuum chamber;

[F8 )

first and second electrodes mounted within the vacuum chamber;
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2 said plasma process is a deposition process for depositing a Iager on the

wor kpi ece; and 3 the controller progressively changes the capaci B3Ny 200
the variable capacitor as a function 4 of the thickness of said | ayer,
wherein said thickness progressively increases during the deposition 5
process. 1 26. A plasma chanber for fabricating a workpiece, conprising- 2

a vacuum Chafﬂlﬁihckﬁ)rgiohﬁbmﬁ d varRRSIBEE & tREIR Rt AMLNESKE Mbdthides;t he vacuum
chanber; 0 3 NOV 4 a chuck for positioning a workpi ece between the

first and secoRY fEIWeERGYRAREr sepply haxipg HeoiiBHCPRRASHRsto SupmlY §o tha firsiglegiode an
outgout %ﬁ%}ﬁ%ﬂgaﬁﬂgglﬁystmqﬁéﬁg first electrode an 6 electrical signal
having a first frequency a frequency power supply having an out put
cornect ed t o aghfgquency newsreelanla fBV@Bé@@N@@eCWB@F‘é@IﬂPpb’I10$111€g$¢abnd”|aw ng a
seqond fIRAYENSYelb AL t RN CY:
10 at Igast one %a%gcﬁlts%}ﬂggﬁn c%tslgﬁlr{g}eﬁﬁgen tﬂ%attr?ﬁpét?&el c éhc%glagn {

el &t ri deeiquepcyund, wherein 11 the at |east one capaC| tor includes a

vald abl e cap e n a_.cont r er. for
crthai ng ¢ ho i eadkont MEARLRLn AR e IRE I ARAGI0- 208 PRy S efeny
nelels ur ertenat lesfst mriee:apmtdr mrrludelarmia‘ale chpreitodharattenfedinea cipatitanicd;\and power

plies, mherel cont.rol l er. cha S | t anc so a
Iant ain sai d9 ﬁ%@%%&%r CJ’%B%E gﬁt Capafitaace %??e‘{aﬁﬁ 38?1%: Hrasé
elidctr omneasmiﬂepﬂ (ﬁ"abe load impec&nmttlhvamﬁpmm ond of the Wpﬁwa@uﬁplﬁﬁ waeremane:ond
el ectrodes vn acuum chanber ; QEOSI tioning an el ectronic workpiece
befween PHEO 38?1 © CaRASHANCE IS8 @3 fogA 3?‘??5 CPstdMe first el ectrode

a first electrlcal signal having a first frequency 5 supplying to the
second electro éecond el ectrical signal having a second frequency that

6 ils suBdtane§ M?ff Prytriipe 8R SlcroRic popigyece, oI thedfapsofe onnect i ng. at

| east one Ca@ﬂ&h{fnﬁg filbe bine St ofd él@étfdd%@%tﬁﬁﬁ%u@fﬁ@hﬁn@érurm ity of spatially
gl stributed |ocations. on the first el ect A et hod according to
cl

im 27, mepe.tlﬁneaénWwwewerkpéece@me@%ﬁgﬁw sgfondielaclietssic 2
magerial . 1 Zeppifindh RGN elelBbilsihal MOEIRS foRedRRBL! LOr 1S

directly connected between the second el ectrode al ground. 1
305 A net hod sapRlpngith esecand lasirode a sgeendelpctriend signal haying aggeorshipeguenayrthat

CORPr i S&SaktahGARhifY han the first frequency; and

7 connecting at least one capacitor between electrical ground and a plurality of spatially
8 distributed locations on the first electrode.

28. A method according to claim 27, wherein the workpiece is composed mostly of dielectric

2 material.
1 29. A method according to claim 27, wherein no capacitor is directly connected between the second
2 electrode and electrical ground.

30. A methed according to claim 27, wherein the at least one capacitor comprises at least four

2 capacitors connected to the first electrode at distinct, spatially distributed locations.
31. A method according to claim 27, wherein:

2 the first electrode is in the shape of a rectangle having four comers; and

said locations include the four corners of the first electrode.
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2 capacitors connected to the first electrode at distinct, spatially
distributed locations. 1 31. A nethod according to claim27, wherd HNOR2he
first electrode is in the shape of a rectangle having four corners; and 3
said locations include the four corners of the first electrode. 0 3 NOV
2004 1 32. A nethod according to claim27, wherein the at |east one

cadaci t 62. songthodasoning toaprami2/pwh@emdhnatdtasdorteccapinatot tommprisel end capdeitat a

Fi vec. oritoieAO e e obld e b i BB BT o s R EeR! e efmeir bEC

oné capdw it eleanplei ses a plurality of . 2 capacitors respectively
connected to the first electrode at respective spatially distributed

| ocations 3 near the perineter of the first electrode. 1 34. A nethod
acdor di 38. Aenethad aocdrdingbetaiinr27, Yhérbe the stdéasedecdapardior batprises afphasiltty ogar

surfaces, with the front surface generally facing.the 3 secqond e] ectrode;
and 4 t REPASHOTs ZeSPECtyslyY CORpertsd 18 @%@rﬁt#?%@ée Yriespeapicpatally distianedlocatons ne

finst ehegith@p@iméterof the fistiéiadiidd, of |ocations spatially distributed over
the rear surface of the first electrode. 1 35. A nethod according to claim
27, wherein: 2 the first electrode has front and rear surfaces, wth the

frant sunf AGEeERNRLAIding thatiMD 7 Beere: Second el ectrode; and 4 the at |east
one capacitor nFrises a plurality of capacitors respectively connected to

co
thd 5 first dhelmstdedrode harBprtand gear sedaces. 3rith tbﬁ)&pnfaﬂurfycwgmefa)ﬁw@@@g teer

the rea f . e first electrode. 1 36. A nethod according to claim
27,% mhe%%ﬁ%ﬁafﬁgﬁ%&% fnrrldgt and second el ectrical signals in conbination excite
a @l asma i n gheatdgashoriserprsetnar ¢ameprisgs driercapacitpricapacdeditoghefitst edetzodest 2 he at

| east o b 1O g | |t : he connecti ng
St op. conmrR o S B P e e e e Al 0
substantially increase the intensity of said plasnma in said region relative
toqthe hLat | £ Stle - Dl~3S I.n.the absence of the at | east one
car}aci tg?'ﬁ?é%@éld %C@#%lg C%é@&?d%féﬂeﬁlo claim 27, wherein: 2 the first and
se@ond el ect thecfitst degrode hias fromtent) reva surdaves ottt the fropl susfaee ganemllydadingthe
bergweensécla%d f} M)Jes%n&ind second el ectrodes; 4 the at | east one capacitor is
char act &9°2€§ cBy a’Capaci tance; and

4 the at least one capacitor comprises a plurality of capacitors respectively connected to the

5 first electrode at respective locations spatially distributed over the rear surface of the first electrode.
1 36. A method according to claim 27, wherein:

2 the first and second electrical signals in combination excite a plasma in a region between the
3 first and second electrodes;

4 the at least one capacitor is characterized by a capacitance; and

5 the connecting step comprises establishing the value of said capacitance 5o as to

6 substantially increase the intensity of said plasma in said region relative to the intensity of such

7 plasma in the absence of the at least one capacitor.

37. A method according to claim 27, wherein:

the first and second electrical signals in combination excite a plasma in a region between the
first and second electrodes;

the at least one capacitor is characterized by a capacitance; and

the connecting step comprises establishing the value of said capacitance so as to

substantially increase the spatial uniformity of the density of said plasma in said region relative to

~1 S th B W R

the spatial uniformity of the density of said plasma in the absence of the at least one capacitor.
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5 the connecting step conprises establishing the value of said capacitance
so as to 6 substantially increase the spatial uniformty of the deWP¥NﬁV9m&
said plasma in said region relative to 7 the spatial unifornmty of

density of said plasma in the absence of the at |east one capacitor. 0 3
NOV 2004 1 38. A method according to claim?27, wherein: 2 the at |east one

camam t 8%, Ameqib@ra@e@ﬁmgztg@lam:a ﬁﬁﬁ@@ttance and 3 the connecting step
conpri ses establ iﬁf}hl ng the. val of sai E¥/ aCJ tance so as to 4

suBst anti al | {Perdd KBPACHPTR, vtwe% p&%ﬁﬁ“ﬁe"ﬁ’find the first el ectrode
rebative 1o HerohcaRgisiy ceifrlpngmesnﬁmlmﬁﬁ@vame bf i PhBaRRcob e at | east

one capacitor nmet hod accord to claim?2

| edst offbstanpalbi redpce the piensiy: ey zl%%ﬁ ehingd shpfinst %lﬁﬁ,t@deaﬂer“@ t@ﬁl@ Ie@ﬁﬁet(@f. ng

st ep COM{%&%a@ﬁH@AHs&&U&Wtﬁe@léﬁﬁldﬁﬁcQﬁacﬁ@r’ d capacitance so as to prevent
the 4 forrmation of any visually apparent plasma hot spots within the

vacuum chanber. 1 40. A nethod according to claim27, wherein the at |east

cap 2 enough to electrically connect the
flist e?%c% e%tsaggm?ﬂ%ﬁéc}a?rﬂsaigﬁérgl%ond frequency. 1 41. A nethod
acéordi ng totlrclaaleuastzmpcmpwnmmclndn:e:tmedlb:aat:apanmmamdi tor has a capacitance

small 2 eno clr

ol Bt i cal - qfBusnieRap 4ol Sp Pt BSaRTERe 6 WL ot clft Cphanl HLIPRR B Ine
ci dcui t fdmhtereof drtyevifially appdreiplasthe hahspotd weithinitheavacguwowhambgr. t he 4 first
frequency. 1 42. A nethod according to claim27, wherein the at |east one
capacitor has a capacitance small 2 enough to permt the |ow frequency

power s4fp meﬂmdauanﬂmgwbmmi\alhermmratmsttdme chpdcitbr ledsachpaitancelgrdd. A
hod acco to .claim?27 erein the second frequ s at least two
U fros. gt o il fanBedt e S Eihah i 0T sad SRR i ng 1t o
cI aim 27, wherein the second frequency is at least ten tinmes greater than
he fi st fr uen 4 t had br|cat|n n el ectronic
wolkepi ot A g Yineta CBin 42 e digs kAR a5° Ehraofth SeaRtiAMa A odes
wi phin @ndﬂﬁ%ﬁ wm&mrm%pe&nwsémgmameleedr@ﬁtarnaréleemr éﬁ'@hﬂi:ﬂilahﬂ n the
first and second el ecty|odes; u%ﬁ) ghe firs eI e g]e ameh
el dct ri eRquebitq)prsveHape t%a]fﬁhpgtc“ E'é"l?éf%dvg rséﬁlﬁﬁmqte g8 €
el gct r ogey freg@GRPd el ectrical signal having a second frequency that 6 is

substantially higher than the first frequency; 7 connecting an electrically
conductive shaft to the first electrode at a point near the center of

1 42. A method according to claim 27, wherein the at least one capacitor has a capacitance small

2 enough to permit the low frequency power supply to supply substantial power to the first electrode.

43. A method according to claim 27, wherein the second frequency is at least two times greater
2 than the first frequency.

44. A method according to claim 27, wherein the second frequency is at least ten times greater than

2 the first frequency.

45. A method of fabricating an electronic workpiece, comprising the steps of:

mounting first and second electrodes within a vacuum chamber;

positioning an electronic workpiece between the first and second electrodes;

supplying to the first electrode a first electrical signal having a first frequency;

supplying to the second electrode a second electrical signal having a second frequency that
is substantially higher than the first frequency;

~1 b Rl W N

connecting an electrically conductive shaft to the first electrode at a point near the center of

—19-—



0 3 NOvV 2004 8 the first electrode; and 9 connecting a capacitor be% en
the shaft and el ectrical ground, wherein the capacitor is 10 direl }%VZUW-
connected to the shaft and directly connected to electrical ground. 1 46. A
met hod of fabricating an el ectronic workpiece, conprising the steps of 2
mounting first and second el ectrodes within a vacuum chanber; 3 positioning
an8el ecthednitelagoréigiiande bet ween the first and second el ectrodes; 4

PUBPLY! 10 2kl b oL RUEANE B B8 ol BBl R L Rl

fréquency; 5 supp secon secon i ‘gnal
hd®i ng dirsslyeodndctesiodrecshaftland dirétly sosneot amtleettical gnouplder t han the first
frequency; 7 connecting a variable capacitor between the first el ectrode
and el ectrical ground, wherein the 8 variable capacitor is characterized
byla capécA hatee, of Jalpreiafing an elgcteonid werkpieps, @ompsising the stepislo€ chanmber whi |l e

the workpiece is.wLhin fhe chanber;. and 1 | praqgressively changing the
cagaci tagce H’fo"%“d%gb’fﬂ %0@53%03 W’&}HFiarYQC‘{%d&r‘ﬁgﬁa procegs. 1 gl17. gA
{nﬁg htlzd accor gbﬂ?gl’lﬁﬂg fnh @l%ﬁ&cﬂ@c wﬁlfkgfe@é Bém&(ajr;%he {fﬁétaﬁatimecaﬁ?eleaso@b,anges | t he

i ckness of a filmon the workpiece; an . ste rogressively
chngi ng t he Stpb¥Rg tothe Ere s F‘?‘ge’st%féfrf‘é?%‘ sighRl hawig aitFsiEaeRYs 4
fugction of saiphihfteheesnd dlebBodeA SRBSHIAIeRERPEiEhA Batifg & sédod Fequemes ik N
2 the plasma process conprises depositing a material on the workpiece; and
3 ﬁhe_ stseﬁHbW‘ﬁ‘l“ﬁ_@l‘%@Eﬂ@Bﬂ}e @ﬁ'aﬁ‘@uﬁl&yt he capacitance conprises changing the
capaci tance cérrﬂ@ﬁl'jﬂgaa %é}ﬁbr@éap{rl]djﬁ% béttﬁreQPﬂhE‘ Gird 8REPAdeSHd efectRal AotiRd, Wberein the

according to claim46, wherelin: 2 the plasma process conprises etching a
maBer i avannble ¢apaciior kiharaterizadby3 GapRAIENGe; t he step of progressively changing
thg capacit apgg 5 bRSHAERARM Bihih BR cndmBANRRIL B0 GorA:Gs bitRinRe ©r [ al 1S
belgng etched.B 10‘%gHEAbrret gd accor lflngcto claim 46, wh rlei ns:' 2 1tnhe step of
pdBgr es shapehey; anBangi ng t he capacitance conprises changi ng the capacitance

sqias 3 to Pa é%,\éi‘%eltoy%aﬁé?ﬁ%ﬁlglc#‘ﬂﬁ&@@fﬁﬁ vafiah1D 8afheis duing fthed PEsid Frob&s.

during the p ma pr ocess. OV 2004 51. A nmethod according to claim
46, wherein:

1 47. A method according to claim 46, wherein:

2 the plasma process changes the thickness of a film on the workpiece; and

3 the step of progressively changing the capacitance comprises changing the capacitance as a

4 function of said thickness.

1 48. A method according to claim 46, wheren:

2 the plasma process comprises depositing a material on the workpiece; and

3 the step of progressively changing the capacitance comprises changing the capacitance

4 while the material is being deposited.

1 49. A method according to claim 46, wherein:

2 the plasma process comprises etching a material on the workpiece; and

3 wherein the step of progressively changing the capacitance comprises changing the

4 capacitance while the material is being etched.

1 50. A method according to claim 46, wherein:

2 the step of progressively changing the capacitance comprises changing the capacitance so as

to improve the spatial uniformity of the density of the plasma during the plasma process.
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the step of progressively changing the capacitance conprises changinﬁbthe

capacitance so as to prevent the formation of any visually appardhi NBY 28ém
hot spots within the chanber. 52. A nethod of fabricating an electronic
wor kpi ece, conprising the steps of nounting first and second el ectrodes

wthin g ."ﬁ%&%ﬂ%fﬁ%ﬂf‘&%{dt REShtde0RhAg; 2N el ectroni c workpi ece between the
first ané second el ect r°08es; suppl'ying to the first electrode a first

el ectrical - sitgnd¢p ofprogressavely ehangihg dgurapapjtancs copipyisesghanging the sepavitance so as
el ectro trd : 'g_nﬁ! ' . n hat is
subst an?cf %'I%Ivéﬁﬁl s gfi Ltﬁi‘agnflapﬁgmﬁ %ﬂr StP f"? qué}%%&ggﬁgg’éﬂnﬁgggh%?e&abI e
capacitor between the first electrode and el ectrical ground, wherein the

vari abl e,capaci tor.d.s. characterized by a capaci.tance; perf.ormng a plasm
b ocess Sai S s (sl AHEI A wOalte RBREEMBR R 4R e Chanbr

gg(rai 219 Eﬂg ?Qﬁ?)ﬁﬁg@mggﬁﬁdﬁseﬁ eS'wgr?g&‘z?l?ﬁla t e}ipl smae;ergf:etsge gﬁ;g;f ngfthe
capaci tance BPSi{iﬁr_@n%?ﬂ a&%F@%gB‘Eﬂ?}CF% etggergthp gﬁ%ﬁp‘gwco‘&‘re@%ﬂﬁe’ﬁeasur enent so
o ol ol m L o L e e e e e That. 15~
not so great SYIRAYIng fehEotgond EREofey e el yeneh et eéiFBP%%@ﬁ‘Efé%HWal
power t@sg‘ubganﬁdu@sﬁg}@}gﬁhﬂmﬂ_ M}ue]ﬁg)(@' asnm chanber accor di ng to claimi1,
wherein the at | east one capacitor has a capacitance that is snmall enough

that the | owcpinegtieg yarpblociapacitopbsiweanthe o plectsads #nd slerticalgsonnd, whereinethe
first ebﬁ@&ﬂi@%aciééiscﬁaﬁkeﬁ%@wzgs&taﬁ&r fabricating a workpiece,
; I r

conprising: a vacuum chanber r$t and second el ectrodes nounted within
t he vacuum cReHe/Enng 2 glaga processrwigus thejchamber vehilgohk podpéech i witlein thehe fir st
and secepdngi-ect rodes; 0 3 NOV 2004 a |ow frequency power supply connected
to supply to the first electrode an electrical  signal having a first
frequency sodBEng Bepinspra@reqess mepsuingpsdend ppegansens the ot pgommf thabtum
charrber'o,@,epgugpliésr.gﬂyency power supply connected to supply to the second

el ectrofle"an ectrical . _ _ _
during the plasma process, changing the capacitance of the variable capacitor as a function

of said measurement so as to maintain said load impedance constant.

53. A plasma chamber according to claim 1, wherein the at least one capacitor has a capacitance
that is not so great that the low frequency power supply cannot couple substantial power to the

first electrode.

54. A plasma chamber according to claim 1, wherein the at least one capacitor has a capacitance
that is small enough that the low frequency power supply can couple substantial power to the

first electrode.

55. A plasma chamber for fabricating a workpiece, comprising:
a vacuum chamber;
first and second electrodes mounted within the vacuum chamber;
a chuck for positioning a workpiece between the first and

second electrodes;
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signal having a second frequency so as to couple electrical power to the
pl asma, wherein the second frequency is substantially higher thaQ Wﬂ@ZM&
first frequency; at |east one capacitor connected between the fir §

el ectrode and electrical ground, wherein the at |east one capacitor

I ncludes a variable capacitor characterized by a capacitance; and a
controller for progressively changing the capacitance of the variable
capacitor while said power supplies are coupling electrical power to the

plasma within the v%puunlchanber. aratus for fabricating

56.
wor kpi ece, conpr 0¥ Hgauengy BP‘Q%WP@%%Q%%% to a%rzp_ebptttbﬂweﬁ@&teksagdeg& Flertgigdld
within t hesiﬁaﬁg:ﬁ?ngQm%e&ﬁgﬁ?rﬁsbtﬁqg%%ﬁh? eReitEhl Qﬁgérr]!taa dashBngiung tﬁﬁg{@fg

wherein the s S nova a vertical dire a capacitor t
connect ed dhambérect ri cal ground; and at |east one flexible, electrically
conductive strap.connected between the susceptor, el.ectrode.and.the .
Capaci tor . 57. SAUELISHFECY BPWor PP FORTRS el (PRl A% I Seeandlqlefinge an glepirisd
chanber; aifMEEARAOE seécrat fir angf)ﬁi is @RI dlévtical pewit &SR Pl Vheréiif the
attached to a vertically extending shaft, wherein the shaft is novable in
a verti calseginddtegpensy dosubstantiplkydygher than hedfuetfregpencal ong a predet er ni ned

range of noti on, ' | ' . qr ; at
| east one fl ex %}egft%gpggéaﬁcﬁérac{ y (t:éodflb g‘%@\?@é fsi‘gtr g%@&%%&%k feégﬂnﬁgeit#e&{e}lﬂ’ Yﬁée}gin
suscept or thehtdedst onbecapadtor heludapacariable, capdvioechardckezized bpp capacaricé;andent | y
flexible to accommbdat e_nmovenent . of the susceptor el ectrode Iong.g&é@gk

predet er mi ned raffEEOBsT fppromessiygly ghapelpg ths caparitangs of i YaRd
CONPI 1 1 NGaid ok 8ipPhes 118 EBiling oRerfeaihobic 12RO fladm WHERIE ol dria e

positioned within the plasma ¢ ched to a vertically
extendi ng shaft, wherein the shaft is novable in a vertical direction; and
conduct.i ve strap connected between the

at | east flexible,..electricall
suscept or Osreb?égParr%%koarg%bné:ﬁPm ?gg{ngeﬁ%tco{ngn%lp%ct rically coupled to
el ectrical graylsmaxambapar at us according to claim58, wherein said
object is a capacitor that i s mpunted gn an .
a susceptor electrode positioned within the plasma chamber and attached to a vertically
extending shaft, wherein the shaft is movable in a vertical direction;
a capacitor that is connected to electrical ground; and
at least one flexible, electrically conductive strap connected between the susceptor

electrode and the capacitor.

57. Apparatus for fabricating a workpiece, comprising;

a plasma chamber;

a susceptor electrode positioned within the plasma chamber and attached to a vertically
extending shaft, wherein the shaft is movable in a vertical direction so as to move the susceptor
along a predetermined range of motion;

a capacitor that is connected to electrical ground; and

at least one flexible, electrically conductive strap connected between the susceptor
¢electrode and the capacitor, wherein the strap is sufficiently flexible to accommodate movement

of the susceptor electrode along said predetermined range of motion.

58. Apparatus for fabricating a workpiece, comprising:

a plasma chamber;
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el ectrically grounded wall of the plasnma chanber, wherein the capaa}tﬁﬁv iﬂﬁ&
connected between the strap and the electrically grounded wall

Apparatus for fabricating a workpiece, conprising: a plasnma chanber; a
susceptor el ectrode positioned within the plasma chanber and attached to a

vertically

extendi ng shaft, wherein the shaft is novable in a vertical

direction along a predeterm ned range of notion; and at | east one

flexible, electrically conductive strap connected between the susceptor
el ectrode and an object that is.elegtrically coupled to e ect i cal grqu
wher ef n t ho. ot RaSreptor ElaeRots BRNEQPer MU fhe RISV BTG ARb ATAS It rf Veshcalle

suscept or e%'te@lﬁﬁlg%ﬁﬁi Q'J'HéPéin fRisHaft RIRGADRIIAE VERicAIMMIBEH, aRd®! | on 61

Appar at us accor

nount ed on
t he capaci
wal | .

to claim60, wherein said object is a capacitor that is
an aélees,ttomélamby: dlecticalytonductivostraphe pl asma chanber, wherein

dofhiected HRIAEGhE SisBEdPRE bl S bl Bt Mt il ElehiESly éo%%iedXo glefitiaged

ground.

59. Apparatus according to claim 58, wherein said object is a capacitor that is mounted on an

electrically grounded wall of the plasma chamber, wherein the capacitor is connected between

the strap and the electrically grounded wall.

60. Apparatus for fabricating a workpiece, comprising:

a plasma chamber;

a susceptor electrode positioned within the plasma chamber and attached to a vertically

extending shaft, wherein the shaft is movable in a vertical direction along a predetermined range

of motion; and

at least one flexible, electrically conductive strap connected between the susceptor

electrode and an object that is electrically coupled to electrical ground, wherein the strap is

sufficiently flexible to accommodate movement of the susceptor electrode along said

predetermined range of motion.

61. Apparatus according to claim 60, wherein said object is a capacitor that is mounted on an

electrically grounded wall of the plasma chamber, wherein the capacitor is connected between

the strap and the electrically grounded wall.
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