WORKPI ECE SUPPORT FOR A PLASMA ' REACTOR W TH CONTROLLED APPORTI ONMENT
OF RF PONER TO A PROCESS KI' T RI NG BACKGROUND [ 0001] I n pl asna
processi ng of a workpi ece such as a sem conductor wafer, uniformty
requi renents have extended to within 5mmor 3mm of the workpiece
edge, and lately, are being extended to within 2mm or even | nm of the
edge. The workpiece is typically electrostatically clanped to a

wor kpi ece support conprising an electrostatic chuck (ESC), which is
used to perform several functions such as coupling RF bias power,
voltage or current to the plasma via the workpi ece and/or providing a
ground return path for RF current coupled to the plasma froma
different electrode. The ESCis also typically used to heat or cool

t he wor kpi ece or GORKPEECE RRURRHREPFOR A tRIMHFMAREBACTOR-WITEL ch
processes, the ESC iCONERQLEER APPOREEPMMENT, OF RE POHHR (MPe wor kpi ece so
as to cover and protect the EBCFROEHES RETpRBYm. O herwi se, the

pl asma can danage or erode the ESC, and can contam nate the workpiece
or chanber by nmaterial sputtered or etched fromthe ESC. The

wor kpi ece edge typically is not flat, and instead includes a bevel or
radi us, preventing effective contact between the workpi ece support
and the workpiece, particularly at the workpi ece edge. The causes
sonme difficulties in extending uniform

BACKGROUND
[0001] In plasma processing of a workplece such as a
semiconductor wafer, uniformity requirements have extended
to within Smm or 3mm of the workpiece edge, and lately, are
being extended to within 2mm or even lmm of the edge. The
workpiece is typically electrostatically clamped to a
workpiece support comprising an electrostatic chuck (ESC),
which is used to perform several functions such as coupling
RF bias power, voltage or current to the plasma via the
workpiece and/or providing a ground return path for RF
current coupled to the plasma from a different electrode.
The ESC is also typically used to heat or cool the
workpiece or control the workpiece temperature. For etch
processes, the ESC is typically smaller in size than the
workpiece so as to cover and protect the ESC from the
plasma. Otherwise, the plasma can damage or erode the ESC,
and can contaminate the workpiece or chamber by material
sputtered or etched from the ESC. The workpiece edge
typically is not flat, and instead includes a bevel or
radius, preventing effective contact between the workpiece
support and the workpiece, particularly at the workpiece

edge. The causes scome difficulties in extending uniform
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processi ng across the workpiece to the edge. Even with a perfectly
conducti ng workpi ece, a plasma sheath that forns over the biased or
unbi ased wor kpi ece, or the plasnma sheath electric field, is not
uniformdue to the finite el ectrode dinension, because the electric
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SUMVARY [ 0003] An RE' bias workpl ace support systemis provided for
use in a plasma reactor chanber. A dielectric puck has a workpiece
support surface for supporting a workpiece. A workpiece electrode is
enbedded in the puck. The workpi ece electrode underlies and is
generally parallel to the workpi ece support surface. A nmetal plate
underlies the dielectric puck. An annul ar process kit collar
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el ement haV|ng a variabl e reactance. A systemcontroller is connected
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the manneceEhaimi PETIE BXefipPaimp etching of the peripheral

element, or increasing certaln species by etching
peripheral element to form by-product species. Methods
(2y, (3), (4) and (5) do not directly address the problem
of non-uniform sheath electric field, but use cther
techniques to change the edge processing. While method (1)
directly addresses the problem, it does not permit control
over the workpiece edge sheath electric field as different
plasma conditions are selected, s¢o is at best a compromise
for a wide range of plasma conditions. What is needed is a
method to control workpiece edge plasma sheath conditions
such as ion energy, ion angular energy distribution or ion
density or flux (thus to control, for example, workpiece
structure parameters such as CD unifeormity (critical
dimens;on), profile (slope), etch rate (or selectivity)
that is controllable as different plasma conditions are
selected, as chamber conditions change or as different

workpiece structures and processed.

SUMMARY
[0003] An RF bias workpiece support system is provided
for vuse in a plasma reactor chamber. A dielectric puck has
a workpiece suppoft surface for supporting a workpiece. A

workpiece electrode is embedded in the puck. The workpiece



enbodi ments of the present invention are attained and can be

understood in detail, a nore particular description of the invention,
briefly sunmari zed above, may be had by reference to the enbodi nents
t hereof which are illustrated in the appended drawings. It is to be

appreciated that certain well known processes are not discussed

herein in order to not obscure the invention. [0Q05]FIG 1A depicts
pl asma r eagtasitrode| weideid igswerfpl e cxenstippby tPpedestal©i Heaccor dance

with a fi rsﬁrkgmlggi fBort 0008LE! Ga F8thd Fhinhauaed: ¥d aeof a

portion of FI A depicting certain details associated with the

waf er suppbialestdéstryck [ 0807pmE an IRREE? Kt WOLRBT eV LHHST £

pedestal igbripheral edge of the workpiece support surface. A
process kit electrode element underlies the process kit
collar. An RF plasma bias power supply is coupled to the
workpiece electrode and to the process kit electrode
element. Control of RF bias power splitting between the
workpiece and the process kit collar is performed by a
variable RF impedance element coupled between the RF plasma
power supply and one of: (a) the workpiece electrode, (b)
the process kit electrode. The variable RF impedance
element comprises a reactive element having a variable
reactance. A system controller is connected to a control
input of the variable RF impedance element whereby to
govern the variable reactance of the reactive element of

the variable RF impedance element.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] So that the manner in which the exemplary
embodiments of the present invention are attained and can
be understood in detail, a more particular description of
the invention, briefly summarized above, may be had by
reference to the embodiments thereof which are illustrated
in the appended drawings. It is to be appreciated that
certain well known processes are not discussed herein in

order to not obscure the invention.

[0005] FIG. 1A depicts plasma reactor including a
workpiece support pedestal in accordance with a first

embodiment.



accordance with a second enbodi ment. [0008]FIG 3 depicts a workpi ece
support pedestal in accordance with a third enbodinent. [0009]FIG 4
depi cts a workpi ece support pedestal in accordance with a fourth
enbodi ment. [00010]FIG 5 depicts a nodification of the enbodi nent of
FIG 18 in which features for thermally controlling a process kit

col lar are incl uded.
[0006] FIG. 1B is an enlarged view of a portion of FIG.

1A depicting certain details asscciated with the wafer

support pedestal.

[0007] FIG. 2 depicts a workpiece support pedestal in

accordance with a second embodiment.

[0008] " FIG. 3 depicts a workpiece support pedestal in

accordance with a third embodiment.

[0009] FIG. 4 depicts a workpiece support pedestal in

accordance with a fourth embodiment.

[00010] FIG. 5 depicts a modification of the embodiment
of FIG. 1B in which features for thermally controlling a

process kit collar are included.

{00011] FIG. 6 is a simplified schematic diagram of a
circuit that can be employed as one of the wvariable
impedance elements used to apportion RF power between the
process kit and the workpiece in the embodiments of FIGS.
1-4,

[00012] To facilitate understanding, identical reference
numerals have been used, where possible, to designate '
identical elements that are commen to the figures. It is
contemplated that elements and features of one embodiment
may be beneficially incorporated in other embodiments
without further recitation. It is to be noted, however,
that the appended drawings illustrate only exemplary

embodiments of this invention and are therefore not to be



[00011]FIG 6 is a sinplified schematic diagramof a circuit that can
be enpl oyed as one of the variable inpedance el enments used to
apportion RF power between the process kit and the workpiece in the
enbodi ments of FIGS. 1-4. [00012] To facilitate understanding,

i dentical reference nunerals have been used, where possible, to
designate identical elenents that are coonmon to the figures. It is
cont enpl at e igigred| thphtiddand £EatIF®PS of oBnE enByERFesd MY be

benefi ci al damitn¢er BeRat adyial 19t Bete ahedieRBA smaMtshout further
recitation. It is to be noted, however, that the appended draw ngs

illustrate only exenplary enbodi nents of this invention and are

therefore not to be considenedatim topzgrebrids scope, for the

[ [ ' al]ly effective enbodi nents, DETAILED

! nventloncﬁgﬁbf%qn1tE$ég EAE%E5e8¥ {hé/present invention incfude an

DESCRI PTI
electrostatic chuck, in which RF bias power is separately
coupled to a workpiece and to a process kit collar
surrounding the workpiece. At least one variable impedance
element governed by a system contreoller adjusts the
apportionment of RF bias power between the workpiece and
the process kit collar, allowing dynamic adjustment ¢f the
plasma sheath electric field at the extreme edge of the
workpiece, for optimum electric field uniformity under

varying plasma conditions, for example.

[00014] Referring to FIGS. 1A and 1B, a plasma reactor
has a chamber 100 defined by a cylindrical sidewall 102, a
ceiling 104 and a floor 106 whose peripheral edge meets the
sidewall 102. The ceiling 104 may be a gas distributicon
plate that received process gas from a process gas supply
108, The sidewall 102 and floor 106 may be formed of metal
and connected to ground. 2 vacuum pump 132 evacuates the
chamber 100 through a port in the floor 106, Plasma RF
source power may be inductively coupled into the chamber
100 from respective inner and ocuter coil antennas 110, 112
that are connected to respective RF source power generators
114, 116 through respective RF impedance match elements
118, 120, The ceiling or gas distribution plate 104 may be
formed of a non-conductive material in order to permit
inductive coupling c¢f RF power from the coil antennas 110,

112 through the ceiling 104 and into the chamber 100,



[ 00013] Enbodi nents of the present invention include an electrostatic
chuck, in which RE' bias power is separately coupled to a workpi ece
and to a process kit collar surrounding the workpiece. At |east one
vari abl e i npedance el ement governed by a systemcontroller adjusts

t he apportionnment of RF bias power between the workpiece and the
process kit collar, allow ng dynam c adjustnent of the plasma sheath
el ectric fi®N0d53t thktesnatdiyeledger om epdiwkpiREcelasmr BPICFUM

electric figld wpbhok Ny JaRdek c¥Aryiangnp! GeBARE OS24 Ry
exanpl e. [00014] Referring to FIGS. LA and 18, a plasma reactor has a
chamber 100 FePPR&BLYRAY OpPiLadr v tHedebwiyer1 390 Are®id" ng 104 and

a floor 10§ Mnese PBLEIIRIAN 2600e1RELS ehibSd et he 102 rhkR@ ceiling
104 may be a gas diﬁ)‘%i bution plate that recei veg,ﬁrocess gas froma
process gadSShpprS Maph Bes PRIk 4e $69™ P [ASdor40%2 Sy be for med
of metal andteeapuecéedliaaegiound. A vacuum punp 132 evacuates the
chanber 100 through a port in the floor 106. Plasma RE' source power
may be inductively coupled into the chanber 100 from respective inner
and out er [moléeant enmamel EdpodiRerithaRFapeweonecbeditdudtaseast i ve RF

source power erators 114 16 ugh respective, RF | ance
ratch ef enreed et ahe Hanter 10, AR L8 BRS, Bt inds idte 204
may be forit@dtbtoagmarescanducibwiciompéatal 1049 anddehréwytparhe t

et RS Al R et DI Rl enoRs JA0, 112

[ 00015] Al tshatbvelgn rdrtenmaddie i fonpeRFoplasiimlsotrbe or
semiconductive material while the overhead electrode 126
may be in the form of a Faraday shield having an outer ring
conductor 128 and plural conductive fingers 130 extending
radially inwardly from the outer ring conductive 128, The
Faraday shield 126 may be connected to ground to provide a
ground return for RF power coupled to a wafer support
pedestal to be described below. The Faraday shield 126 may
be grounded with respect to a selected frequency through an

RF filter.

[00017] In the absence of the coil antennas 110, 112, the
ceiling gas distribution plate 104 may be formed completely
of metal and serve as the overhead electrode 126, being
coupled to the VHF generator 122 through the impedance
match 124.

[00018] A workpiece support pedestal 200 is provided
inside the chamber 100 for holding a workpiece 204, such as
a semiconductor wafer, mask, photomask, display panel,

solar panel element, or the like. The pedestal 200 may be



power froma VHF generator 122 and inpedance match 124 nay be
capacitively coupled into the chanber 100 from an overhead el ectrode
126. I n one enbodi nent, the overhead el ectrode 126 nay be separate
fromthe ceiling gas distribution plate 104. [00016]In one

enbodi ment, RF power nmay be inductively coupled into the chanber 100
fromthe coil antennas 110, 112 through gas distribution plate 104
and t hr ougit teHecoves halie éﬁéékr@ﬁgﬂlzg?tlﬁlQ¢ﬁ%P%§ﬁﬁé§@%&ﬁnqlamﬁé gas

_distri butml&lﬁkg PRY REKSEEED ®F, %néggh@mdésc a%ii@iﬁé@%cﬂ%dlﬂ%?i \ée

mat eri al e the overhead el ectrode 1 may be in the formo

Faraday shidied RAVPAEK &P HeBENY i hGWoRHEEIR 2P28 ARE PHRRCALING
conducti ve.d %@R%ié@@ &t endi pghdadiiak! yriavwrdliy Enssadde outer
ring conductive 128. The Faraday. shield ]1__2€ ntl@/ be connect gd tg
ground to ‘BrevindERs RFSuRG<r BEED o SMRE" pOVRTENEEupF B 1 o 2™ Raf Br
support peagst alf tRe Budlesopi betfdisd @ozaTherdeargaday2e6i sddrek2@6smay be
grounded wi.th resgﬁct to, a sel ected frequenc througjcﬂ_?an RF filter.

[00017] | n t¥e EEhsBRREE 1% h8 WotSP dhfehinaS uT0 Y3 *#%e Seil i ng gas
di stri but izppipkat én 19mammerbacforited bolpd et éihe phcker@ iand serve as

t he overhead el ectrode 126, .bej coupl 0 e.VHE n tor 122
t hr ough tI‘FéJprpﬁﬁgﬁéln%% arrﬁlegﬁllalg%[ ﬁO%gfﬂo%r%(% éc?ew}%%%bgf pedest al
200 i s prliaded bibss deouelre mehanderppl@8dt or Theolpshickg 282 ek fieece 204,
such as a m_conduct ar fet .pho sk Lspl ay panel, sol ar
panel el err%% ,e%o?gt#e ﬁqs\li\ugfagﬁ%n‘%g%gs}ggl E‘gg% ’rrgffq%gg J
resistivity greater than 10'?Ohm-cm) or of a semiconducting
material (e.g., having a resistivity between 10°0Ohm-cm and

10'?0Ohm-cm) .

[000193] Various features are provided for thermal
control. An array of channels 203 are formed in the puck
top surface 202a for supply of a thermally conductive gas
{e.g., helium} to control thermal conductance between the
workpiece 204 and the puck 202. These channels are
completely enclosed whenever the workpiece 204 is clamped
onto the puck top surface 202a. The cathode 208 conta;ns
internal fluid flow passages 210 through which a ligquid
coolant may be circulated. An electric heater 211 may be
embedded within the puck 202. The heater 211 may be
divided between separately controlled inner and outer

heaters 2lla and 21lb, respectively,

[00020] A process kit ring assembly 212 surrounds the

edge of the puck 202 and may include a process kit collar
214 overlying a process kit spacer ring 216 that rests in
an annular shoulder 202b of the puck 202. A shoulder 214a



an electrostatic chuck (ESC) that electrostatically clanps or chucks
t he wor kpi ece 204, and includes a dielectric top |layer or puck 202
having a top surface 202a for supporting the workpiece 204. A
conductive grid 206 is enbedded within the puck 202 within a small

di stance (e.g., .25mmto 2m) of the puck top surface 202a. The grid
206 serves as the ESC el ectrode to which a D.C. chucking voltage is
appl i ed i rrfa trenaellafesdrd Buarewrdiy tiehedgecad 22 Fafeupitirt ed on a

metal pl at g Qf ngakhade 12084591 Wi g paBE  Rh asimy 1Riraprocuss iy be
applied. The puck 202 may be formed of an insulating materi al ge.g.,
havi ng a rig$udetort 32 rddrernes el FiPghasesfPlar 208 atRemuSHndlét i ng

nmaterial (fhdthehd¥imehed 208$i SA | ¥i d¥-shab¥eedh cHBRh AL eMm At 221
10120hmcn). [00019%Var|£%%s features are E%%VI ded for thernal

control . EEPAADY of F¥hdMe PEL B9 849 Por IPULRE PR RS SaPt ace
202a for supRkYief thd harmebkyzconduet bpeigas (@ogngd held iy 2to
control thermal conduct ange bet V\éra.en kgggmrk%?ece 204 and t he puck

202. Thesé"€haAn8Y 5™ ard "toftpl BY &ty e SBH VEHE0Er SRS WP RpI ece
204 i s cl anpedaoat 22thanpuekdi op shapkdcpo2fizan PRRebcabderdeyi2@8 the

t ai i nt | . flui fl .210. t h i | d id
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controll e%gug@gé %‘? QULRE Qﬁ%&%{xﬁ/ %%%%gﬁj %blb, respectively.

[ 00020] A proces ring ass surrounds the

[00021] RF bias power generators 230, 232 apply RF bias
power to the cathode 208 through an RF bias impedance match
circuit 234, The generator 230 may have an RF frequency
{e.g., below 27 MHz) or VHF frequency (e.g., greater than
27 MHz} while the generator 232 may have an MF or LF
frequency (e.g., below 4 MHz). The impedance match circuit
234 may be connected to the cathode 208 by a coaxial
conductor assembly 240 extending from the cathode 208
through the chamber flcor 106. The coaxial conductor
assembly 240 has a center insulator 242, a hollow
cylindrical cathode feed conductor 244 surrounding the
center insulator 242 and a hellow cylindrical cathode feed
insulator 246 surrounding the cathode feed conductor 244
and merging with the disk-shaped cathode insulator 221.

The cylindrical cathode feed insulator 246 may be
surrounded by an annular cathode ground return conductor

248 that extends from the cathecde ground housing 222.

[00022] Utilities are coupled intc the pedestal 200 by

various conductors and conduits extending through the



edge of the puck 202 and may include a process kit collar 214
overlying a process kit spacer ring 216 that rests in an annul ar

shoul der 202b of the puck 202. A shoulder 214a of the collar 214
surrounds the edge of the wafer 204, leaving a small radial gap 218.
An annul ar process kit insulator 220 surrounds the ring assenbly 212,
t he puck 202 and the cathode 208. A disk-shaped cat hode insul ator 221
ext endi ng $93vRthEepdtaTimedge?d? - t He dahAufeRd i929PaERF 20 underlies

the cathode;r208s MrORH ANl cohMNd RoustHy 222 chashangeid eneannul ar
portion 222a surroundi ng the annul ar i nsul ator 220 ind a di sgﬁshaped

portion 229b E§Rd¥PHAMRy TR l¥at o deianasifatdP 521 YO AR Epti%
annul ar grgurd 2b8f £heowgd tast gads fde@mcbh@uatvrul2an . post ik 222a of

t he ground, hqusi.n to e chanber sjde wall 102, [00Q21]RF bi as
power gene‘rsé’ﬁé'iéogB%’;Zﬁ?fZ zégpPﬁeﬁf‘ |3si’b% FeegRihg %?%'oed§§208

t hr ough an/cREabkasni tpedande faad cdorgivccat taB4reVhet gekermtver 230 nay
have an HF. frequengc - d. el ow 27 V| e e.g.
greater tﬁ%ﬁmdeﬂ@E¥h%;%ﬁ%abfﬁé agjéﬁépggg%égfr%gép&gvgggﬂﬁﬁfgor LF
frequency faarg. 256el oV b-RHextedhelinopeblatioe aemtel &nseldttor2342may be
connected to e. Y, cQaxi C cto Sl 0

ext endi ng C}gh?th§&%£%%§528283 ?%ﬁ%ﬁﬁ%hb? %’%ﬂg%ﬁer&?@%%r 18%.g he
coaxi al cavigct orPRESERISE-2402 7% arcentewldddwl sherherfersa hol | ow

cyl i ndri cajy,qat hoge %ﬁ%%gﬁoeﬂg%@épe%%éUﬂ%agefgdisngpwec&ﬁ&%r

insulator 242 and a hollow cylindrical catl feed 1 nsul ator 246
sur roundi mpitEe2tbthodd6@ed €andifedorondulttndoRel gi AP PFtERd

di sk- shapeg, /6abROEEe | sitledt OhsePatorTRE2 CYS | fHPUtCahdCaddiade <hagd
i nsul ator 246 may be surrounded by an annul ar cat hode ground return
conduct or 298 FRAY exdferds PFBERY tHe chabhdbe WrodRdtheusidly 222.

surface 202a. A supply 262 of a thermally conductive gas
(e.g., helium) is coupled to the gas feed conduits 260-1,
260-2. Coolant feed conduits 264-1, 264-2 extend through
the cylindrical cathode feed conductor 244 to input and
output ports (not shown) of the coolant channels 210 in the
cathode 208. A supply 266 of a liquid coelant is coupled
to the coolant feed conduits 264-1, 264-2 for recirculation
of a liquid coeolant through the coolant channels 210, The
coolant may be cooled or heated by an external heat

exchanger.

[00023] The cathode 208 is coupled to the output of the
bias RF impedance match circuit 234 via the cathode RF feed
conductor 244 through an optional cathode bias variable RF
impedance element 270. The grid feed conductor 250, in
addition to being coupled to the ESC voltage supply 252, is
coupled to the output of the bias RF impedance match

circuit 234 through a grid bias variable RF impedance
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[00022] Utilities are coupled into the pedestal 200 by various
conductors and conduits extending through the coaxial feed assenbly
240. A grid feed conductor 250 extends through the center insulator
242 to the grid 206. An ESC voltage supply 252 furnishes a D.C.
voltage to the grid 206 through the grid feed conductor 250. An RF
isolation filter 254 presents a high i npedance to the RF voltage on
the grid felahengnduét ofn g grbodimentPFthewertifadenmREFededing the D. C.

supply. @c%rﬁirucilt!?pﬁ%l CARAYGLOL - PRI féedZEQnam%ﬁﬁz%oeék@r@oazﬂre@ugh the
i ns 11b.

center ator 242 to the inner and outer heaters 211la
| ndependerto AE goaend stipisiviols apsgetionadgcathode GEQEPEdVABLAHE heat er s

211a, 211b;4UQHEE LhendRSReati vey *’lﬁ{@ EhbSER I, CQREAUEL PodRAl I'S
256-1, 256- Gas feed conduits 260-1, 260- 2 ext end throqgh t.he

center insIAOMPGr VaEDIRIS i1MBEE2RAR %]Lﬂ"ﬁi}f: %%Isls( RoP2BAORFIS o 1RE
array of aohanmgl § 298y inarirde pHSYK 1sdid a@staﬂ;’oa atAtEuppi*é/qt%Q:yOfofa

thermal |y conductlv IS c to the eed
Condurt 5 65 FHEoRgeeY SesbEALe Bt ROREbT b reeiSil S & sk

t hr ough the; Q;)ihsnﬁdswmlgmtrhodrssfm Qeaduc'rmrs Zédttoei epatileand

out put por h f th cool ant, channel s 210 t.he cat hode
208. A suppt g’f%%sg?fwo gi 8 o%‘rl’ St lﬁ% IEJUPt EF tﬁge%torﬁd;ent f eed
conduits ZEuk YﬂFZﬁdwékfampatetnvelweﬂdupmedflmtd|ume|dhamhézuﬁ0&|1rough
t he coolant qp%@n h§r210 fg 9%%% Q%rnﬁ%dgg ol ed or heated by an

external hea exc anger . e cat is coupled to the
out put of the bias RE inpedance match circuit 234 via the cathode RE

feed condugiipa?ad AN uidh 88nepdi ANAbodLbadiaDicas variable R

i npedance el enment 270 e gri conductor 250, in addition to
bei ng coupﬂmdﬁaceﬁeotseevémpagén%m@wezw 2730 @aam 2844 dhehe out put

of the bi %%egéurén@@%gc%a@agsppﬂ "£94,t tRS e VO WeRpar ik Rinds
vari abl e I npedance
flow rate of the coolant supply 266, the output currents of
the AC heater supplies 258~1, 258-2 and the D.C. output

voltage of the ESC supply 252,

f{00025] In the illustrated embodiment of FIGS. 1A and 1B,
the entire grid 206 underlies the wafer 204, ncne of it
underlying the process kit collar 214, so that any RF bias
power applied to the grid 206 is capacitively coupled to
the wafer 204, with comparatively little or no capacitive
coupling to the process'kit collar 214. An annular
peripheral portion 208a of the cathode 208 extends beneath
the process kit collar 214, so that a portion of RF bias
power applied to the cathcde is capacitively coupled to the
process kit collar 214. This structure enables the RF bias
power {(or voltage or current) on the process kit collar 214

may be adjusted relative to the RF bias power {(or current

11



el enent 272. I n one enbodi nent, the cathode RF feed conductor 244 and
the grid feed conductor 250 are coupled to RE ground through an

opti onal cathode ground vari abl e i npedance el enent 274. In one

enbodi ment, the cathode ground vari abl e i npedance el enent 274 is a
band pass filter having a very narrow pass band centered at the
frequency of the VHF power generator and bl ocking the frequencies of
the RE bi & pokérdgenet dther ¥28p, 20R DY FRPAY IhtddfdcEnnb| FOWHE

pedestal 200 gopagh AN tRE+HE 0P r@lULRY el RCtda@dedd 05 od/HF power

capacitively coupled into the chanber 100 w thout shorting the bias

power to ground. [00024] A system controller 280 governs the variable

i npedances;@ozishe | PRedaRER el BABNG S 2 ¢Aridfla RE/4nmpklgndd essure of
the gas su pIW%} 262 éhe fluid te{ﬁ)erer ture and. flow ra%e of the

cool ant s 586279 he "GufEHErR s2BPCTHPRE fieQt FF KBS i es
[258- 1, | 25&:%eanldrth@ﬁe@§ ot pgltafpsl)t afgew@én tth%- Esaasu@mqeh%&a.
00025]In the illu at enbodi nent of FIGS. | A and 1B, the entire
grid 206 Jﬁﬁbﬁfﬁgs§§%e &%%égpéﬁ4?“ﬂ%ﬁ@'o?“%¥‘Hﬁh&?|§?%gﬁT%e process
kit coll arva2idpleoithpstanaey eRemdntas 250wee7 20 iredut oed hea lghiotkgB06 i s
capaci Ui velhy ooupl et g Lhe uel L, 204, WkL CAMRALaL Vel o Lt e or
no capacitive “coupling t o it Process kIt Coliar 5147 A "ahnul ar
peri pher alrapget i onF@O8&xaopbleheitathirodetRO&e esardndd ebempadandehe

process kicfile&%hlcaﬁvr?_]nﬂs r%?:l%@@&ptﬁ\é%%&'&c@ toéle%::rm:g% ?%ﬁtg%' led to

the cathode i's capacitively cou to the process r 214.
Thi s st rudcingme thaam tesh tchiegcREL b 3s tporke ¢athods fagd ernauatiognt) on

the processyqKi theQ! ¢ i%ddadmye ber adleugted v£l;abh%e; h9-dd1eeRE bi as

power (or current_ _or vo ta?e) on the wafer 204 by applying different
amount s ofelREeBf ad7pHdwerd tE61 £ hde kpumd rep 6t RAPRE téaphotte FORE

power between the cathode 208 and the grid 206. This
changes the apportionment of RF bias power between the
wafer 204 and the process kit collar 214. This is because,
as described in the foregoing paragraph, the outer annulus
208a of the cathode 208 directly underlies the process kit
collar 214, and capacitively couples RF bias power to the
process kit collar 214, while the grid 206 underlies the
wafer 204 and does not underlie the process kit collar 214,
and capacitively couples nearly all of its RF bias power to
the wafer 204, not the process kit collar 214. When the
grid variable impedance element 272 increases or decreases
the proportion of RF power applied to the cathode, the RF
power coupled to the process kit collar is increased or
decreased, respectively, relative to the power coupled to
the wafer 204. How this apportionment of RF power operates

will now be described.
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[ 00026] The cat hode and grid variabl e RE i npedance el enents 270, 272
determ ne the apportionnent of RF bias power (or current or voltage)
bet ween the cathode 208 and the grid 206. For this purpose, only one
of the two variabl e i npedance el enents 270, 272 is required (although
t he conbi nati on of both of them enhances the adjustnent range). For
exanple, if the cathode variabl e i npedance el enent 270 is replaced by
a direct el¥lcal T}é%nti{@&kpﬁﬁsf?o%?t% REEER Y Podi the I $6nCRe

cat hode fe@d’r%‘ﬂﬁ@ﬂét@étk%‘é 2obeto the: ipFpedas o tofcotlher grid avari abl e
i npedance el enent 272 itself determnes, the %%EOI"[I onrrent of RE

power bet viERhetRE E%tf'l?) “SOBPERA the ORI BEBDEOFRI SRFEGES T he

apporti Onrmﬂtta%fa BE biAaemowebubbidasn thbep vt o284 am@l ddeepsocess
kit collar is hecaus described,in, %he fore

a i.ng
par agr aph & 2GURE: TEIHI 6o LB0BA B PnE Lt s bt B )
under | i es tiHee ppaeressva ttheokkatr&l horamdn capatcnet wueéxy ZImJ.pI ghiRE
bi as power totheg(g%sessmklt olar %911 mg reab(%we
underlies Jts‘néj vvgfg TREIq68E FHE G 8er i e tllfe process %i"tCCol I ar
214, and dama@mbcaeéykxxomplléarnéh«tIagndaltheoctaultcsieREObl'acs gower to the
wal o1 200 qu LN B QGRS SAKLL; PO Sioe? ! dns VIS BecUd fl ofr abl e
i npedance B Nl eagEs of dECr eases roportion of RF
power applvagert 80¢ hend diieodethode F8. poii\értltﬁ)lmloed% okJUhe:Oerecess kit
collar is crea C Pl t hah€ power
coupl ed toh?lhegwg?g% % IE-lIo{E@](‘3 'S pg%gggt%%%m}aﬁr?aﬁ kﬁ‘%QFFYEeoctv?/gr &gger ates
will now Beregeberveri. thGﬂ[ (fz1u)elelole orooly ﬁrlékh]@%sCGFléF the pu”ckleGEGand

the distancgial biomd h%aeéahefea&ﬁ&ihgai heagiQe8ase kid HQuhar 214
are selected to "over-conpensate” the bias power densit or voltage

A . e y
or currentffofoaprrele ot keepradiil Gveathedigesddssl ki thetolthar

rel ative tQphbetbhas ﬂ&v@mdeaﬁés yoe&@eehepra&stshalﬂlmromn t he
central portjon of the fer 204. This js done _by designi n%Et he

capaci tan@éldpépeuﬁ??h%eegoﬁe‘ﬁ‘%eﬁﬁec%éop'i’%c%‘?é‘ KEEIRDIY and the
cat hode 2G&shecketgrgas @apbhaﬂaﬁ&@ peaPasit anee petwedh twadlega2bet ween
t he wafer 204 nd th}ﬂ%@%ag 208.. If hge rocess kit collar 214 is
coupl ed t &8 f’g‘é? BT HAYt h® REESCEGHI 86 r ea bet ween the
cat hode 2@Bmaadsétiborcol | ar 214 or if the collar 214 is | oaded by

addi ti onal capacitance to gr ound (for exanple in the radial outward

direction), then the capacitance per unit area between process kit
col | ar 214[0@9681 he Tet fthdek@O8s nefy theedollmibeldvean g galeyeedwi th

respect t Gt anc t, g b f t he
cat hode 2823?? |eve%?hge§§s?¢geud ofv{éggsérrcel;oten\r%[gg‘ %% %%%8'%8? ﬂ
t hi ckness tdfplt:hélmﬂbcmt 2tAmpan Be sbkemaledesdsbentsmd] |thet BSkeep

cost of thj3xCopsUTRE kel dWknb¥P! GAl lypeabows éos‘%;”msoTE'ﬁ‘e
thermal résistance of the ESC puck 202 1 ncreases with thickness, as

does its ¢6sel Shicnestopal thmiriated8?ots thwigadky 20 $heypi cally

I ess than ,gBaut 2RIMBH0E Bi %éﬁﬂ%&”@bn&ﬂ!@%%%éﬁ’eﬂ%ﬁe%béﬁ g4ch as
alum numnitride, or about 10mmfor a | ow thermal conductivity

material SUEALREN HHiRRIAEM 8%i ROWr LRy FimAolrtetPEEidlexanpl e, i f the

total ESCceuekctihoknesseksased e ed &QUIQQIUYTI BRLdE AMtliGlk process
kit collar 8214) of artz silicon or_silicon carbide is selected.

If sem coRduEEorfHat imeLe’(s%h”%fs tetel rSoPPCkstRefassq is

selected to be 7 mm, a 2mm thick process kit collar (214)
of quartz, silicon or silicon carbide is selected. If

semiconductor material (such as SiC or Si) is selected,
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then the collar 214 may extend the effective area of the pedestal

el ectrode beyond even the area of the cathode base 208. In sone
cases, the collar 214 may be Si or SiC while the spacer 216 may be a
mat erial such as quartz when the reactor is enployed to etch a
Si-containing material. Besides extending the electrode effective
area beyond the dianeter of the cathode 208, the etch by-products may
be nore siffidnatheocehose 2B¢- PROARIENI FBEAn %%%ﬂ’@r 2B} rﬂfpéth@hed

thereby promating @1@&1:%@‘ Bé%ﬂd[ é\%nt bRe eflae Ry ﬁhelaa@ncm bhge! ocal
by- product change at wafer eg]&? her nmaterials with a | ower
qQuat t%L

di el ect ri 2%onstBngoreGRsas- Ikgy Be? Ui PRoPLcHY IC WRELRI al |

al though thg spekests0eaef ESC&waeceafrlga S8y b %b@ﬂﬁleﬂuérﬁ&&ebeyond
the cathode di aneter than with a hi di el ectri.c constant, nateri al or

a sem condiféc&Pr HFg?{"deé{FQcF?l%tcctb%s?énfo'?faﬁlé’tlflgl MAEH s yttrium
oxi de may d&%m&edeiwndlh@ spacelecttbdef of fectamel arearbdwind haecol | ar

214. [00029] Th r|d bi ce el nent 272.1s recipe
sel ect abl éjg %Fﬁ ﬂ’teeﬁfaggﬂg o%qaegr%?% t‘ﬂ'h thrg %‘étwgryeb vacuum
vari abl e m@csmilas tu:sedoas lbilfpnmimntel frentthef webier grdichgvari abl e
RF i npedan el nt i.tance I diyverts a
m ni num ochﬁll—: gm enﬁe 8 el%%t% g:uﬁbg I?l%t hgggﬁ{% %%g b%ll

process kmtlnamhizamgz:lh@ ilecthi sy gageiucs shaidde erewatonpsiusat ed
relative t e i.0 t F. Qi pgy%[‘ i Céhsﬁ? sabove).
The RF gr|08: %lp'a]ré1 Véé).l?l a IMEH gfaonv@(g g?%rs'r%nt fg?r%§gllf)§ egt ed to a
hi gher capaeirtanoeay up@eaofatlm/&l%nnat@ﬁéént aflghpypasdre he
relativel yl.ow 58aﬁa&ée%raqeeozréye;naq,eﬂ@sa@éeﬁerdl%ggebaeaaue%net he

cat hode 208 an e wafer Thi s decreases the overconpensation of
the RE powéthedapfiaratert RBap wkia & Pagdh e IREELSSCRITEASI | ar 214, A

suf ficientdyohigh SARAGIERARGRAYAIJLE | Bidhe Uidtyati @K dnpedance
el ement 272 may be selected so that the effective _capacitance per

uni t ar ea "séeReeh $Y FPo¥EEEIWY toXigRI BRY P uskd fRE it 1B3ES308 i s

| ess than Aike ebfestinaGapaciéansR Rel1amidisarea between the wafer
204 and the cathode 208 (taken in parallel with the selected

capaci tance of the variable inpedance el enent and wei ghted by the
sane area)proobroguchrie GIFSEridl eidy aeessbkée tinpedance oeldnany @72l be
under - Conﬂﬁpigigge selectable via the system controller 280. 1In the
case where a vacuum variable capacitor is used as the main
element of the grid wvariable RF impedance element 272, a
low minimum capacitance value divgrts a minimum of RF
current from the cathode 208 to the grid 206. The process
kit collar 214 in this case is still cver-compensated
relative to the apportionment of RF bias power (as
discussed above). The RF grid bias wvariable impedance
element 272 may be selected to a higher capacitance value
to allow some current to bypass the relatively low
capacitance of the pedestal structure between the cathode
208 and the wafer 204. This decreases the over-

compensation of the RF power coupled to the plasma via the
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[ 00030] Wil e the selection of different capacitance values of the RE
grid bias variable inpedance el enent 272 substantially changes the
vol tage on the cathode base and the driving point input inpedance of
the cathode transmi ssion line presented to the RF bias match 234, the
bi as RE inpedance nmatch circuit 234 conpensates by changing the
reactance of one of its internal elenents (e.g., a series elenent),
provi di ng Hrecesabsttamaldery 2ebnstiafithoaErnidUpiel €33N 3Prasm.

Thus, ~al thoygh Yarimd 'gQQdotlaEhz?oI@Qﬁi%bam Afemkhe 873 thataniabl e
|rrpedance el enent 272 power density (or voltage

di stri but isedesEed é:rlitatdé'g& ?%ec&ﬁ%r F?Rﬁfﬁ?@rﬂ“cﬁef’%e‘ﬁut%érﬁﬁasrm

region adjiReeBbnthee gﬁ%@%g kit @dlllharzz&ﬂaﬁbertaascamacm Zemaigegi on
adj acent the wafer

t he net over the twg %%n% remai ns
subst ant i i€y Eﬁﬁ%tg}ﬂ eIEgEE3YS a&df'ﬁ%‘f‘?ré’rﬁ SPtappbrd iGYERE of
rel ative hinaswRFepaey adnanShéyce(mfodeoiznagetad@msn.hyp@rammr emth
density) hetween the wafer s kit i ons
over conpe FBne ‘}E%ﬁ&é’,ac&gfﬁg% s%tcpﬁgﬁ ‘6?%“&?% a™8B n(’% Elem 52t used
to tune wainer wsidghtoddins mhef eatejrae:e@l)), pIofduch anghee,(t’utiet) or etch
rate, or etch selectlwt ific a It may al so
be used td& 88 ansjatt S‘X ﬁ8ﬁpun| g"?‘%it]{)%sun%e% Pgéﬁ%Fpar aneters (such
as ion energy, ion angular energy distribution or ion density or

flux) ari S['o%gaf)i) mg%q ntéh%g%%/%é){:t&n?\pgfléiygr 94;&5’1% sha source

power, effect i nenment
Speci f i calvaipesnof Hehee REY enedeldlgﬁes r\'@gmlnl@)flmﬁéam¢ eglemand £7Pting of

the RF el I t rfrRCeaERBaD &2t ghgd oOr
correct edestq'% a\g/%}t'%aeld%gréggﬁ??ént%{%g\t&%%%r%%tl e ?gsul ts, ast,e mani f est ed

in etch pridki Heivhperioigtaharet chinsdenrre ot Vit FAGRe@de t he waf er edge.
[00032] I n 3 zhehat &hARRhRaE PesditedTRbEL A RPObibBematch 234, the

bias RF impedance match circuit 234 compensates by changing
the reactance of one of its internal elements (e.g., &
series element}, providing for substantially constant power
coupled to the plasma. Thus, although variation of the
capacitance of the grid variable impedance element 272
changes the power density (or veltage distribution or
current density) apportionment between the plasma region
adjacent the process kit collar 214 versus the plasma
region adjacent the wafer 204, the net power over the two

regions remains substantially constant.

[00031] The adjustment or apportionment of relative bias
RF power density (or voltage density or current density)

between the wafer and process kit regions (e.g., the over-
compensation or under-compensation discussed above) may be
used to tune wafer structure or feature CD, profile angle

{tilt), or etch rate, or etch selectivity to meet specific
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process kit collar 214 is selected to affect the chem cal species
content of the plasma near the wafer edge. For exanple, the collar
material may react with the plasma to consune certain targeted
species to i nprove process performance near the wafer edge. .Or, the
collar material may react with the plasma to generate nore of a
desired species near the wafer edge to inprove process r f or mance.
The contr d9@ireBenhay Var fayhel 5 45 &ée‘é)o%rcoéﬁef‘ﬁét‘br’gbreé‘é’nklt

col I ar 21%&%@9@{{@4 6%%1%&5';95%&95 r edi&e10fast Ren COAd ATy, 214n Wi th
pl asma, to obtain different participation rates as re uired for

di fferent a&gb‘éé§se?%‘iqyp§§56f‘”a‘ﬂ?3fc§‘r Ot 1R AL 5 PRt S Pr5eeds
reci pe. [m%shhau@tmwebsecawﬂaefmytmm@rd bChpas i edurcat e of the

collar 214 is con oIIedb ulating the te erature of t he. col | ar,
Whi | o appAURERIBRST BE B Ge TRANSE Lo The TP E 2515 SO beted by
t he contrcﬂpiee:ﬁ.f%@llp rmkehéhexwmdbea&galmablﬂ ehectafier,f kkéd at

the wOr kpi £6% € E.e?)% f%el%i nr}ceosr g‘t tIﬁQ Ls%’l?%rs Q%@'rfgce

edg
electric flel a”8v%f e maln 19 0n®o pl ece
set of praareds ebinshidd omscofhestas itwi aadnet @tgraﬁatmlzeﬁ etch

non- uni foip’P ttfﬁé. als ﬂ% “@Ee&aﬁd&%t hh %cycthoga&%ﬁié'gti%?etﬁ% and

uni formt ion ve oCi'ty angu Fasnma

per f or maneg chapapet & g:)vlacuogsatt H@W\Hﬁéersaﬂqﬁace up to and beyond the
waf er edge. The controller 280 may be used to preserve electric field
uniformty by adjusting the RE bias power coupled to the collar 214
as di ffer dMOOBRbceskt Gomaletehsaratiogeh, sifth madeshahges the bi as RE

pover | evelrocagures Rioinawes: s e\@lsechEed negnetrbee f hid depvebs, and
process gas conposition, for exanple. [00034] The adjustnment or

apporti oneREIBy EIEASnPEofp@rplasma near the wafer edge. For

example, the collar material may react with the plasma to
consume certain targeted species to improve process
performance near the wafer edge. Or, the collar material
may react with the plasma to generate more of a desired
species near the wafer edge to improve process performancé.
The controller 280 may vary the RF bias power on the
process kit collar 214 to control the participation rate of
the collar 214 with plasma, to obtain different
participation rates as required for different process

recipes or different phases of the same process recipe.

[(00033) In a converse approach, the participation rate of
the collar 214 is controlled by regulating the temperature
of the collar, while apportionment of RF bias power to the
collar 214 is selected by the controller 280 to make the
plasma bias sheath electric field at the workpiece edge
more uniform (i.e., conform with the sheath electric field

over the main portion of the workpiece) for a given set of
L3 .
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280 of the RF bias power coupled to the process kit collar 214 may

al so be used to enhance or reduce plasnma reaction with the process
kit collar for cleaning or surface conditioning of process kit collar
214. [00035]FIG 2 illustrates a nodification of the enbodi nent of
FIGS. LA and 1B in which a cylindrical process kit electrode 290
extends axially upward through the cathode feed insul ator 246,

di sk- shapeRFIESHogenihsingt-or T228 ahdirpéce el MIriPaEeproREss kit

i nsul at or 22AGorhhei 9§ %_G—‘S:S)ekkn'[af@ke@&dé)thg%bPrdb%'adﬁ&n&ﬁa@tfeCi:t rical
coupling to the grocess kit collar 214. In _the inplenmentatiqn of FIG

2, the optYbrfQrmykceksiaq Ve Pﬁgtil@%’&érb‘éﬁt@ﬂ%lﬁat £ ihSFough it
mam); gptl Orl:&ﬂldfsﬁabﬁetﬂ@ﬂ'm lpﬁrhiﬂet}eﬂ‘mﬁdbﬁsﬁs tHe Iﬁla@eEZSuatﬂadeh@p
enbodi nent_ of FI the_pias RE tc 4 is not
connect ed 'ioatnﬁ’e%}{?r&dftz‘edwg%ﬁﬁu% o ZSEEelﬂ%ritera? efh%ggd?aﬁ’utbeof t he
bi as RE matszhi |ts pmlqaé]e.da ted et-heibof taimd endfmfm:lt}yebgr odtsst kig the

el ectrode | a i.ng_c led. to cath e feed conduct or
244 througlﬁE9 las ? der\/aﬁoﬁlggf%g gf—“ ?Hnegec gl’]i%]é H.' gr?er? 7™ n opt i onal
process kinromssabb@diﬁmdaaaése} esmETit aB?BhMpmseuedbbystme reoetrr ol | er

280 may b Ler t t pu i 234 and
t he proceglsévrl%lt’ g?é"ﬁ% gﬁe\@ggr &ngPo%eEofJ]?‘#]A&tl\%n%\%gfgaﬁ%%i@ﬁpedance
el enent s 2fR p2PGesd FEsGeoppasétienuilogdexdimwlepr esence of either one
of the variable inpedance el enents 272, 273 enables the controller

280 to control apportionnment of RF bias power between the process kit
(via the el%®@BAdde DID)BAINGLIRBL AT APPOVE bonRntc vhbde YOB)rollRis

appor t i onngt o@Perat®es alesapaaaee&om@ul 8 & Phakedeseld bﬁﬂlebove
with reference to the enbodinent of FIGS. | A and 1B. [00036] As

nent i oned dAfoFaYi Alihike S56€i FPcatiBire Pher ¥PI6r PLafRente BT IRE power

to the praqgesstketpfddsar k2%4canyalbefo&se@esﬁr@oblr%wfmform ty of
the electric fiel dpacross the wafer surf ace up to and beyond the

vaf er edg&P ittt He PaPFPEPPaLth at8T oflihe selected material of
the collar 214 is controlled independently by controlling the

t enper at ur | ndependent .t e erat control of the
process Ki 0@%?5 %%4 ﬁ%BSF’é%W%@de f)]rcd"\r;aﬁflna 1%%eet of separate
i nt er nal mbammemasﬂagesszwzxmmmlm uhewmcﬁcessyknbdeicedtrode 290. A

set of coql ant _co. ui t.s 294 .ex di xiall throu e cess kit
el ect r ode *7§6° c%u% J‘teh%md e%%gl cq%gsan?x ayll aﬁgs E%Zm ?l
process kltthecoetkmﬂesimpl ynseﬁatd'mee4|@r odesis-dhatpeciobhaluom4 rray be

el ectrost gt Gabl ¥, Cdzal ad tReP dﬂ%gg%%&%s kPe G s‘iﬁ%%' N9

voltage to the rocess It e roma process kit ESC
vol t age s@&#fl-y ?Qﬁ;process kit electrode 290 provides RF electrical

coupling to the process kit collar 214, In the
implementation of FIG. 2, the optional process kit ring 216
has been eliminated, although it may opticnally be included
in the embodiment of FIG. 2. In the embodiment of FIG. 2,
the output of the bias RF match 234 is not connected to the
grid feed conductor 250. Instead, the output of the bias
RF match is coupled to the bottom end of the process kit
electrode 290, as well as being coupled to the cathode feed

conductor 244 through the grid variable RF impedance
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An optional RF isolation filter 299 bl ocks RF current from reaching
the ESC supply 298. Fine control of the process kit collar
tenperature may be realized by varying the output voltage of the
process kit ESC supply 298, under control of the systemcontroller
280. By varying the ESC cl anping force between the process kit collar
214 and the cool ed_el ectrode 290, the therpnal cogd?ct|V|t bet ween

themis varie®gnind’fray Ade OBFLePRLIRFOCEAEr b RGP AGPl er 280

for fine Célrérmteﬁh Q‘V3tcﬂ%ﬂa(t€§eb@tweﬁ @htbbBley eBesaalkibe col | ar 214,
Al ternatively, in addition, thermal _control of _the \ggo ssﬁé
t he

col | ar 21&%98%"3@ al?:‘?tl“ieteﬁt ERS v P R e sc REnTiat

top surfacaeleZQQacgéstMe: plLeeessdkizocel eohrpdﬁerB@ tndetwey/i ng t he

collar 214, condU| S 312 ext etndl ng J% %ﬁEIIEe process Kit

el ectrode Vafé@ f)?oW%e F5F SLEPT-SF ‘4’ t het il Iy Ccohdtict i ve gas

(e.qg., helnemm)a.réur niBhegresenca cga$l$bpplgn6b¢. thhevgnkalgreessur e of

the gas su 314 r 8 The
dir e WTBRIRTT R SERS) 214 oY pudPL Sy PR ERPEOELE S o8l

pressure W annel s rode -col
t her mal ccm:uhmcbivapgpm@nmenteoiéfﬁEéwQSth@detrem&waeur@mfprphesem | ar

214. A te:'%l%r %!t'% fiﬁee%;%gt e B96)04 o8l B & defkeln (95 é%é%—{ tﬂ‘égiOf t he

process kit insu ® cont'act t rocess kit col 4. The
out put of 208e .t efipes aatnmogtsemﬁrt mrﬁﬁwbven couphaert dimidarnpat of

the syst er@nggnaégé]!ﬁ;e@%@}ové0w$mtretflaeeﬁafét&ﬁﬂ&@ﬂ&&@&éﬂer@@fcan

provi de rapi reci se closed | oop tenperature control of the process
kit coll arFIEM 15@‘113 dFoesed | oop tenperature control can nove the
collar 214 to different target tenperatures required during different
phases of iven process recipe, for exanple. [Q0037]FIG 3 depicts
anot her gﬁéhtl dtF JrnEheneHARN e AR B FIBSCLIEACANP™B PPN whi ch

the cat hO%peEtﬂ@&raéntplo&t RFZ]_Q&véIS t@ar@blédﬁﬁbcel’s%t Ree &dpnsdbenagndyi ven
by RF bias power. Instea

ower applied t rocess kit
071 350 HSFRY iy e npeBCeRtl RLEI TS e SlBetieg Licld5eE8Es

the wafer surface up to and beyond the wafer edge, while
the participation rate of the selected material of the
collar 214 is controlled independently by contrelling the
temperature of the collar 214. Independent temperature
control of the process kit collar 214 may be realized by
providing a set of separate internal coolant passages 292
within the process kit electrode 290. A set of coolant
conduits 294 extending axially through the process kit
electrode 290 couples the internal coolant passages 292
with a process kit coolant supply 296. The process kit
collar 214 may be electrostatically clamped in place by
applying a D.C. chucking voltage to the process kit
electrode 290 from a process kit ESC voltage supply 298,
An optional RF isclation filter 289 blocks RF current from
reaching the ESC supply 298. Fine control of the process

kit collar temperature may be realized by varying the
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i nside the puck 202. The process kit grid 350 is placed at a |evel
within the puck 202 that is below the |evel of the wafer grid 206.
The process kit grid 350 -or at |east an outer annular portion

t hereof - underlies the process kit collar 214 and therefore can
capacitively couple RF power to the collar 214. The wafer grid 206
conpletely underlies the wafer 204 so that substantially all RF power

appl i ed t CYHMWIPEESGR if ZHE PEoeRpRLiti HET ysurily €88t ourdfr waf er

204. The t¥6hiH108£208e 32Qcar eoﬁtfﬁt:ﬂeerbey 'W@a@k@ﬂgffﬁn}ﬁ@
anot her, and ther ef ore provide a way of usti nq_ di fferent

level s of FEMPAREr LRBERH IR EE t HEEM%FSEO Tarpiing plocd v

collar 214¢0d1@R038LA: P5RC 39, Kihe OfHalmBE E608LAGRANGt BELARA @KeANdS
t hrough t he center |n%ul at g)g 242 an throu h.the puck 202 so that its

top end coht 3&FdSEna"Prifdeds RFECHITY $8B° GTjnleedo t bHE e oo ltlke
process k|2809rﬂo@} REné eathtGondyet tiie anﬁmpbsaﬂma)loa’dth@ pheceyd mut of

t he bi as C i it 234, opti onal  process it id variable
i npedance Cecflgé ? g? tfrﬂgtilﬁ‘té‘gjf srednb%‘f{‘\glzbtelr?nt’ SW%{JtCOd’ftrf’ﬁe
bi as RF naifthhei peoceésL34 tandlliae Zmﬁagondufﬁmrllﬁéﬂed%y one of the

two vari ahbl e |%’Rg§anc§ c‘:ﬁ ’fg53 :.n %ZZ Qf FIu f@ge Z%{Se%ﬁ d to

apportion BV ovver vveen HE' tWo gr S Sugh t he
conbi nat i arroglesbokht cﬁletdtenﬁafﬁm dsnderdgyéad erhe angéaof 24) usasent .

[ 00039] The, o%’é%?%”?ﬁ e%e'ﬁ %1 tﬂ%{; n“ELQC# %cﬂe%lleQ?tthecaﬁrg%etype of

el ements for contro enperature e process col | ar
214. Specidikcarpyide &cntersmp[ly chrdudeirvel hasamipchéveigaul (&t.gd,

beneat h thfelame%r%lghe%olaskaﬁ g]tfas %nspi S P 0CaRS ﬁag Hdsa o214

may be electrostatically clanmped 702 with a force that
is variablf tthevary BIPrdIntrLél 13 r@ﬂﬁplé%dﬂtﬁctﬁhﬂ ByskEmMt he

col | ar - pucderitRbeiEACH0.f OMNLCPPELALY G eRY 'Qe ChahR€1£0dar 214. The
shoul der 202b of the puck 202 defines an outer annular puck surface

202c on WHERCERethR (f‘d@§§r52ij? edT9Arlag1 aheEadls copAuphbY S 3 #Tdar e
formed in Hémeeoutﬁécw&%bateﬁy@ﬁwef agetrd2pifiar bhermyd |y
conductive gﬁs %e.ge Ilun} circuylation, The channels 311 are
conpl et el FEREFBERLE \HFRTFOrhd< R T3 A P PECY L98] dfipBdteR THEasEcRIout er
annul ar suhteapeo2&2< . kithenealbesr 204 kedet@eidcastati saddasscikagped or
chucked to the p oyt er apnul ar rface 202c by the ESC voltage
cupply. 206 MBEe2 i pdr oSPRNb i s PR sy sktond Pedd
conduct or %Zouplédle:emdnodinwntoﬂ)ftﬂél &y sBem 'Eiwt@pll@ﬂadsﬂ sa@bat i on
filter 29 y.be interp t he ESCV| ge. 298 and
the grid fgtegg E%ﬁdsu% S ggggnﬁﬂe ?%rqtrol %e Sr;gxlto&}{g ®of the
col | ar 214:1|¢a9dbb0¢mailempedabyr¢ he:ret)rsﬂ.emm mbl:ess 280 walyieng t he

out put volage gl f@ﬁléég §8'<9£|fyenﬁ3%§a Y0l Gt E3ad Nbyeolhgr -t 0- puck
t hermal conductivit varyi ectrostatl c clanping tTorce on
t he col | ace2lgr 214 to dlfferent target temperatures required during

different phases of a given process recipe, for example.

[00037] FIG. 3 depicts another modification of the
embodiment of FIGS. 1A and 1B, in which the cathode or
metal plate 208 is grounded, rather than being driven by RF
bias power. Instead, RF bias power is applied to a process

kit grid 350 underlying the process kit 212 and embedded
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[ 00040] The enbodi ment of FIG 3 may be nodified by elimnating the
cat hode insulator 221 so that the netal plate 208 is grounded to the
cat hode ground housing 222, as depicted in FIG 4. [00041] The
features described above with reference to FIG 3 for thernally
controlling the collar 214 nmay be incorporated into the enbodi nent of

FIG 18 and operate in the manner described above wth reference to
FIG 3. subtsifle éhRaReehett? -of TRREPEIASSE Ktht 90 PP& 153’%%‘:%6?‘& ed

in FIG 5. aTherfamaedhi®nineOpuckG2 02 drsatt Re par®y anet hatedfor khe 18
except that ~certain %hér mal. control featur e%,3 escri bed, abogve with
reference Y3f ¥ @18, “Have BeeRT IO itn IEL ) e hr braks 4 t

spacer ri ngutzht snaslHeepoaliion B8Rk esbf-alihbBeudhed rthat bebecess kit

i npl enentati.aons it m r et.ai ned so _that the puc may ext end
boneat bt RV T804 B hsieeap g raen s8Berstivd 1V <Pl RS e s
202b i n t heo puek c202axdeilihes Tan aufed gripgu2s suonfrdece22anderdéebyi ng
and cont acy, t f . o] r |
channel s 3 ]iggdragefggor?% I &%;éﬁeggﬁsnﬁ ne{grlggﬁgkéjéﬁr%%%)éwfgg%p%ﬁ%\gcgﬁpl ed
to an i ndependefersappd 2¥14 sotapatitavedl| goewirdudoi the gestee. g.

hel ium. Thg, outgl gg@?&ﬂ%éelbﬁﬁﬁrées@éJ:QAiﬁeé@ﬁaéa%ydEﬁ?&fal%dgggeat h

the collar 214, as depicte tenperature sensor 3
adj acent tfrompodeesBoldiar.cgndathonefdre psapldel a yavhel sydiushing

control | ery 280 FERtLRNA dvb 5208 CRPNILWNEYGE] &€ 1 ikfle 3pledmY0le
enbedded in the puck 202 beneath the collar 214 and enpl oyed to

el ect r ost @&t diheyPEPerss dritckatkax et col | ar 214 onto the annul ar puck
surface 202c. In the enbodinent of FIG 5, the second conductive grid

350 is coupled to an ESC chucki ng vol tage supply 298 through an RF
Usol ati on FA90380 208 PRRESSFoRE LRI AFhESeR pHRACSSET! 350 GittEaRPed by
t he syst enicighothercadft@t an¥al ytdhe4el anpi fig-Jughc ehonpidie 2oel | ar

214, and thereby Yary,ihe collar. LemeLatie: . Q2L ThesRr ahe
bottom end of the process kit grid RF feed conductor 352 is
coupled to the output of the bias RF match circuit 234. An
optional process kit grid variable impedance element 271
may be interposed between the output of the bias RF match
circuit 234 and the feed conductor 352. Only one of the
two varlable impedance elements 271, 272 of FIG. 3 is
required to apportion RF bias power between the two grids

206, 350, although the combinaticn of both of them affords

a greater range of adjustment.

[00039] The embodiment of FIG. 3 may further include the
same type of elements for controlling the temperature of
the process kit collar 214. Specifically, a thermally
conductive gas may be circulated beneath the process kit
collar 214, and the process kit collar 214 may be
electrostatically clamped to the puck 202 with a force that
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273 described above with reference to the enbodi nents of FIGS. 1-5
are enpl oyed for apportioning RF bias power between the process kit
and the workpiece. Wiile any suitable variable reactance circuit nmay
be used to inplenent each of the variable inpedance el enments 270,
271, 272, 273, FIG 6 is a sinplified schematic diagram of one
exanple of an i npl ementati on of one of the variable VgFedance

el ements 270, Varigblo7ho orary7 9T $ARLRRY (FASFEAT MARWRITEE VER et 6t FI G

6 consi st sc#lf1zaRpuBRULnterffEcesl f590tédp%tratﬁr@%tpit&@1t eft tige out put of
the bias RE |]T% g:imce match circuit 234 and an out %ut term nal 502.

Bet ween t he°j And BiR SECULERR AR oSobhe ek € Eoﬂﬁgt’f%%l & series
vari abl e capaa Eahuddd. pudK isaadhty :amc ﬂﬁUbhi)c&f alHeelbreapaeitiay 506 is

connected b tvee he i,nput term 0Q an gr.oun and an out put
par al | el caglamrt 29555%%52 cghﬁgg? 301 t\ﬂé‘én oult'npttj[JL ®t 2 hal 502
and RF groamdilahl puck amfagee20fct fexr capacally s:cﬁﬁm:cts% g&d8 may be

2 vari abl e(gapachkotoy| 1A% L 000l e enbedient, goy one of the

capacitors € repl aced suitab e i nduct or t hat
may be var¢carml@te990@m31]qmdl erhehetri&)rcwgd\angu% idi rcdempddtigo the

enbodi nent oh?@rpéx‘gﬁﬁ%tr sy gn 20t het . and (fyr bher, enbodi-nent s

of the invention na evi se out de artlngfromt e basic
scope ther@(ﬁCtrézﬁHath@a]s](Yoﬁéaﬂ‘ﬁ@qﬂeQﬁ qhsiclié@ eritihed phgkt pretedt ai ns t hat

fol I ow. V&Kﬁulﬁ% Qh@fi@gjﬁﬁib by the ESC voltage supply 298 whose
output is coupled to the process kit grid feed conductor
352 in the embeodiment of FIG. 3. The opticnal isolation
filter 299 may be interposed between the ESC wvoltage supply
298 and the grid feed conducteor 352. Fine control cf the
temperature of the collar 214 may be reélized by the system
controller 280 varying the output voltage of the ESC supply
298, which varies the collar-to-puck thermal conductivity
by varying the electrostatic clamping force on the collar
214.

[00040] The embodiment of FIG. 3 may be modified by
eliminating the cathode insulator 221 so that the metal
plate 208 is grounded to the cathode ground housing 222, as
depicted in FIG. 4.

[00041] The features described above with reference to
FIG. 3 for thermally controlling the collar 214 may be
incorporated into the embodiment of FIG. 1B and operate in
the manner described above with reference to FIG. 3. Such
an enhancement of the embodiment of FIG. 1B is depicted in

FIG. 5. The embodiment of FIG. 5 is the same as that of
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1. An RF bias workpi ece support systemfor use in a plasma reactor
chanber, conpri sing: a puck having a workpi ece support
surface for supporting a workpiece; a wor kpi ece el ectrode
enbedded i n said puck, said workpiece el ectrode underlying and
generally parallel to said workpiece support surface; a netal plate

U oundi G DB PBRgR el 8gEe5F+ i B kpr Il SusBor Er R  ace:

a process dddcrébedt ziprie eliehent fersierd ybnhIGaid heoeesserkidddedl.| ar;

oo oP st FIGESSUR FBBELY BRThal oAl LiORR 55, of ectode
eliminated (although in other implementations it may be
retained), 50 that the buck 202 may extend beneath the
process kit collar 214, as shown in FIG. 5. A shoulder
202b in the puck 202 defines an annular puck surface 202c
underlying and contacting the bottom surface of the collar
214, Gas flow channels 311 are formed in the annular puck
surface 202c and coupled to an independent supply 314 of a
thermally conductive gas (e.g., helium). The outer heating
element 211b is located directly beneath the collar 214, as
depicted in FIG. 5. A temperature sensor 320 adjacent the
process kit collar 214 is coupled to the system controller
280. Optionally, a second conductive grid 350 may be
embedded in the puck 202 beneath the collar 214 and
employed to electrostatically clamp or chuck the collar 214
onto the annular puck surface 202¢, In the embodiment of
FIG. 5, the second conductive grid 350 is coupled to an ESC
chucking voltage supply 298 through an RF isolatien filter
299. The voltage of the supply 298 is controlled by the
system contreoller 280 to wvary the clamplng force on the

collar 214, and thereby vary the collar temperature.

[00042] The variable impedance elements 270, 271; 272,
273 described above with reference to the embodiments of
FIGS. 1-5 are employed for apportioning RF bias power
between the process kit and the workpiece. While any
suitable variable reactance circuit may be used to
implement each of the variable impedance elements 270, 271,
272; 273, FIG. 6 is a simplified schematic diagram of one

example of an implementatlion of one of the variable
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a variabl e RE i npedance el enent conprising a reactive el enent having
a variabl e reactance, said variable RF inpedance el enent being

coupl ed between said RE plasma power supply and one of:

wor kpi ece el ectrode, (b) said process kit el ectrode; and

(a) said

system control |l er connect ed to a control input of said variable RE

i npedance el enent where e‘dmy overn s%i d varj.abl e, reacta
tsaridpl o/ RE2 ToReNe Lo

reactive el"AREANCHTELER bl &' RE 4/ApBUantt e

ce of said
r}’ 2. The

system of iGpaidankte WBERint of FIG. 6 conSakts net an ﬁhpne cammades a

central i nder | yi d t. d
outer por fslroé)ln%ﬁﬁge?’? y‘f‘?\i'lﬁ’qggi I pF%éC):aoé’g ege guﬁ)g%lagu FoGRd anc%nsai d

process Kinateheet rodiet ed3@ment] amrmxupﬁmstsamﬁuaiumrz poBétwrerofthsai d

metal Platoe hersl 0 aRd Tekal ol i ComRTL S Al BEAd yen gat hode.

3. The sys npl'i SIhg:” an

I nsul at or

| ayer surragidbhg sazpatigwek S8Ad septdomel dy gl atn@ut parallel

capacitor 506 is connected between the input terminal 500

and RF ground and an output parallel capacitor 508 is

connected between the output terminal 502 and RF ground.

All or any one of the capacitors 504, 506, 508 may be a

variable capacitor. In an alternative embodiment,

any one

of the capacitors 504, 506, 508 may be replaced by a

suitable inductor that may be variable.

[00043] While the foregoing is directed to embodiments of

the present invention, other and further embodiments ¢f the

invention may be devised without departing from the basic

scope thereof, and the scope thereof is determined by the

claims that follow.
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an annul ar process kit conductor in said insulator |ayer and
extending axially through said annular insulator |ayer, said annul ar
conductor conprising a kit support surface underlying and contacting
said process kit —<ollar; and wherein said process kit

el ectrode el enent conprises said annul ar conduct or. 4. The
systemof Caim1 further conprising an enbedded pl anar process kit
el ectrode in said puck and separate fromand generally parallel wth
sai d workpi ece el ectrode, said enbedded process kit el ectrode
conprising an anftl iy cAuteedpbsti on underlying said process kit
collar, and wherein: sai d process kit el ectrode el enent
conprises said annul ar outer portion of said enbedded process kit

el ect r ode. 1. S5.AnTIRE dysbewmooipi@c@i mupporiersaistesafer ward dbl @ RF

| edence SR ok SOMSRLED, REHBSRLRg1 4 B a5 FF pover Supply and

a puck having a workpiece support surface for
supporting a workpiece;

a workpiece electrode embedded in said puck, said
workpiece electrode underlying and generally parallel to
said workpiece support surface;

a metal plate underlying said puck;

an annular process kit collar surrounding a
peripheral edge of said workpiece support surface;

a process kit electrode element underlying said
process kit collar;

an RF plasma bias power supply coupled to said
workpiece_electrode and to said process kit electrode
element;

a variable RF impedance element comprising a
reactive element having a variable reactance, said variable
RF impedance element being coupled between said RF plasma
power supply and one of: (a) said workpiece electrode, (Db)
said process kit electrode; and

a system controller connected to a control input
of said variable RF impedance element whereby to govern
said variable reactance of said reactive element of said

variable RF impedance element.

2. The system of Claim 1 wherein:
said metal plate comprises a central portion
underlying said workpiece support surface and an outer

portien underlying said process kit collar;
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6- The systemof Claim5 further conprising a second variable RF

i npedance el ement connected between said bias RE power supply and
said process kit electrode elenent, said systemcontroller being
connected to a control input of said second variable RF inpedance

el enent whereby to govern an inpedance of said second variable RE

i npedance el ement. The systemof Claim1 further conprising a cathode
ground vari abl e i npedance el enent conprising an input termnal and a
ground term nal, said input term nal being coupled to said workpiece
el ectrode and to sasaipnooeesskkit etlectrode «lammmtt comprbay cand

Lermnal belng GORES] otk 1018 0149 POLENLIRLa 8 e SYaLeR of

Claim1l fdm St efsgctro

chucki ng wmmageesumlstmpbedCQUIM d wor kpi ece el ect rode, and

a second el ectrostatic chucking voltage supply coupled to said
process kit electrode el ement, said systemcontroller being coupled
to said first and sBeRrayséeacef ostaim a ¢ EntihemEorertaged supplies

whereby to separately GoVELR ¢hamitg EQQQP%M@W@%&%&A’\%@I ece
on sai d workpi ece support surface and to said process kit coll
and said metal plate;

an annular process kit conductor in said
insulator layer and extending axially through said annular
insulator layer, said annular conductor comprising a kit

support surface underlying and contacting said process kit

collaxr;

and wherein said process kit electrode element

comprises said annular conductor.

4, The system of Claim 1 further comprising an
embedded planar process kit electrode in said puck and
separate from and generally parallel with said workpiece
electrode, said embedded process kit electrode comprising
an annular outer portion underlying said process kit
collaxr, and wherein:

said process kit electrode element comprises said
annular outer porticn of said embedded process kit

electrode.

5. The system of Claim 1 wherein said variable RF
impedance element is connected between said bias RF power

supply and said workpiece electrode.
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9. The systemof Claim2 wherein said puck conprises a central puck
portion underlying said workpi ece support surface and an outer puck
portion underlying said process kit collar, said outer puck portion
having a col |l ar support surface underlying said collar, said system
further conprising: fluid coolant flow passages in said netal plate;
gas flow channels in said collar support surface. 10. The system of
Claim9 further conprising: a process kit collar electrostatic
chucki ng el ectrode underlying said collar; a first

el ectrostati c éhuckeig mttaalgefsctwjr@/ Touptiesr tcompaidinprk pegoed

el ectrode; | ect.rostatic n su
coupl ed td’as]‘&iaalﬁr%%e’sr%p%af‘c(‘?o?f e 88??%%Ee%cf%§é%§ﬁugk%%‘i th%gt rggey
sai d system @anétoﬁsvhmﬂ}belnﬂgsaﬂ)@rm@st bigolerat rodpae dererdut put

| t f d t ongd. el h
Suppives, 2ot CYRECL AT e B Hios FIPERER (b Lo haC R

cool ant flcdfwspassagesnd nrasaaulanﬁtﬁllmpepﬂoc@s%ldmemtcwhﬁmbbrto
govern an impedance of said second variable RF impedance

element.

7. The system of Claim 1 further comprising a
cathode ground variable impedance element comprising an
input terminal and a ground terminal, said input terminal
being coupled to said workplece electrode and to said
process kit electrode element, said ground terminal being

connected to an RF ground potential.

8. The system of Claim 1 further comprising:
a first electrostatic chucking voltage supply
coupled to said workpiece electrode; and
a second electrostatic chucking voltage supply
coupled to said process kit electrode element, said system
controller being coupled to said first and second
electrostatic chucking voltage supplies whereby to
separately govern clamping forces applied to a workpiece on
said workpiece support surface and to said process kit
collar.
N
8. The system of Claim 2 wherein said puck comprises
a central puck portion underlying said workpiece support
surface and an outer puck portion underlying said process
kit collar, said ocuter puck portion having a collar support
surface underlying said collar, said system further

comprising:
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gas flow channels in said kit support surface of said annul ar
conductor. 12. The systemof Caim1l1l further conprising: a first

el ectrostatic chucking voltage supply coupled to said workpi ece

el ectrode; a second el ectrostatic chucking vol tage supply
coupled to said process kit annul ar conductor; and wherein
said systemcontroller is connected to separately govern out put

vol tages of each of said first and second el ectrostatic chucki ng

vol tage supplies. 13- The systemof Claim4 further conprising:

a first el ectrostatimiiechuekiagt vhldvagessappd Virccaphetetal sdiade’

wor kpi ece e|6CtrCKk%as flow channels in said collar support surface.

10. The system of Ciaim 9 further comprising:

a process kit collar electrostatic chucking
electrode underlying said collar;

a first electrostatic chucking voltage supply
coupled to said workpiece electrode:;

a second electrostatic chucking voltage supply
éoupled to said process kit collar electrostatic chucking
electrode, said system controller being connected to govern
separate output voltages of said first and second

electrostatic chucking voltage supplies.

11. The system of Claim 3 further comprising:
fluid coolant flow passages in sald annular

process kit conducteor;

gas flow channels in said kit support surface of

said annular conductor.

12. The system of Claim 11 further comprising:
a first electrostatic chucking veltage supply
coupled to said workpiece electrode;
a second electrostatic chucking voltage supply
coupled to said process kit annular condﬁctor; and
wherein said system controller is connected to
separately govern output voltages of each of said first and

second electrostatic chucking voltage supplies.

13. The system of Claim 4 further comprising:
a first electrostatic chucking voltage supply

coupled to said workpiece electrode;

27



a second el ectrostatic chucking voltage supply coupled to said
enbedded process kit el ectrode; and wherein said system
controller is connected to separately govern output voltages of each
of said first and second el ectrostatic chucki ng voltage supplies.

14. The systemof Caim1l wherein said puck conprises a bottom
surface on a side opposite said workpi ece support surface, said
system further conpri sing: an el ongate center insul ator
extending axially along an axis of symretry of said puck fromsaid
bott om surface of saisécpudke bk idutetufh Snickimgt abl prag eumpnd Y
termnated at_ a,bottom.,nd, th ' A£r cathode

r eof ; . n
feed condGREBIESUIT SGAdi ﬁ@b%%(gecgﬁfgﬁaF‘?\gklctoz;%%feglt?gd% ﬁ:r{ said center
i nsul ator from a botHearisusé it esywitesatdntmstidlerplat ecrrrEtest #onat ed at

a bottom end_t her.eof ; i.ececelectr i
conductor58§?5ﬁﬁﬁﬁgqpﬁggﬁgﬂu%%3%\%ﬁﬁﬁgggﬁﬁiu gﬁo?faﬁﬁﬂ%ﬁﬁgﬁéhgggid
puck, sai dewondpilendrelseet FodehyddddcvatiatcosUREBY-RY- a t op end
connected to said workpiece el ectrode and a bottom end extendi ng

t hrough the bottom end of said center insulator to provide a current

path between sdid Bitgs sRELpBVRF G@dl § dirredai §208r Rpfle @ BIr&EEF ode.

a bottom surface on a side opposite said workpiece support
surface, said system further comprising:

an elongate center insulator extending axially
along an axis of symmetry of said puck from said bottom
surface of said puck and through said metal plate and
rerminated at a bottom end thereof;

an annular cathode feed conductor surrounding and
extending coaxially with said cénter insulator from a
bottom surface of said metal plate and terminated at a
bottom end thereof; and

a workpiece electrode feed conductor extending
through said center insulator and through said puck, said
workpiece electrode feed conductor having a top end
connected to said workpiece electrode and a bottom end
extending through the bottom end of said center insulétor
to provide a current path between said bias RF power supply

and said workpiece electrode.
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