PLASMA REACTOR W TH REDUCED ELECTRI CAL SKEW USI NG ELECTRI CAL BYPASS
ELEMENTS TECHNI CAL FI ELD [001] The di sclosure related to plasm reactors and
in particular plasna reactors for processing a workpiece such as a

sem conduct or wafer. BACKGROUND [002] Plasna reactors are used in
processing a workpiece such as a sem conductor wafer in various plasm
processes such as plasnma etch processes, plasma deposition processes and

pl asma i mMmersion ion inplantation, for exanple. Reduction in sem conductor
device feature size has required i nprovenent of plasma reactors and
processes to reduce non-uniformties in plasm processing results. For
exanple, in plasma etch processes, radial distribution of etch rate across
the wafer has been successfully reduced bel ow about 5% As device feature
size continues to shrink to 45 nmand then to 32 nm further inprovenent in
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processing a 1 sem conductor wor plece (e g., wi th enhanced plasna
uniformty. In one aspect, a plasna reactor is provided for processing a
wor kpi ece. The reactor includes a vacuum chanber having a cylindrical side
wall, a ceiling and a floor. A workpiece support pedestal in

TECHNICAL FIELD
[001] The disclosure related to plasma reactors and
in particular plasma reactors for processing a workpiece

such as a semiconductor wafer.

BACKGROUND
[002] Plasma reactors are used 1in processing a
workpiece such as a semiconductor wafer in various plasma
processes such as plasma etch processes, plasma
deposition processes and plasma immersion ion
implantation, for example. Reduction in semiconductor
device feature size has required improvement of plasma
reactors and processes to reduce non-uniformities in
plasma processing results. For example, in plasma etch
processes, radial distribution of etch rate across the
wafer has been successfully reduced below about 5%. As
device feature size continues to shrink to 45 nm and then
to 32 nm, further improvement in plasma uniformity is

needed.

SUMMARY
[003] Embodiments of the present invention pertain to

an apparatus and method that can be used for processing a



t he chanber defines a punping annulus between the pedestal and the side
wal | , the workpi ece support pedestal having a grounded surface adjacent the
floor. An RF power applicator couples RF power into a process zone defined
between the ceiling and the pedestal. A vacuumpunp is coupled to the
chanber through a punping port through the floor. The reactor further
includes a dielectric elenent between the grounded surface of the pedestal

and the floor. The reactor also includes an annular conductive grill in the
punpi ng annulus that is displaced above the floor by a grill-to-floor gap.
The grill sphovbdescacunivbokpteger et gpat A fre@sry heishdenwahlcedt o t he
grounded surface of the pedestal. The grill is enerally symetri cal

relative tBléﬁméngiéPf§9ﬁﬁetrﬁnopﬁetﬁépéﬁéwbérp ee0a] TPRCERE éfbodi ment ,
the reaCtOﬁrEUEBQSVfbgckygﬁéssgnﬁ'btw¥§k§§e88?”'@QetQ%%%Q@ra circunferential
t indrical “side , t

portion of he cyl wal e slit valve being axially
confined withindaa anmatanmsebtmbrrohavhegcyl cpdindal cadi déedwaklallAt | east a

first dielectri IS d%ﬁposed in the cylindrical side wall adjacent an

rin
axi al bounﬁaF?lfbﬁgt%Bdaﬁn SPIsecfi YRT6PLERE SHABOWAI PEIRS 4l &) of

CO”dUCtiVetﬁéréﬂﬁmBEQVBQ?iﬁFEaé eURpERL RARNSLRYBasRERY +hRe annul ar section

of the cylindrical side wall. Eacth “of "the conductive straps has a pair of
ends, one padeshelngnél ebtr Bedkl yatddnnétkedotraptkeesisdepwaltl above the 2

annul ar section and. the other end .bein | ectricall nnected to the side
val | bel ovPEHBSEARUNEP  Bdci Brotnged Strface adjacehr the"F1o0r.

An RF power applicator couples RF power into a process
zone defined between the ceiling and the pedestal. A
vacuum pump is coupled to the chamber through a pumping
port through the floor. The reactor further includes a
dielectric element between the grounded surface of the
pedestal and the floor. The reactor also includes an
annular conductive grill in the pumping annulus that is
displaced above the floor by a grill-to-floor gap. The
grill provides a uniform current path from the side wall
to the grounded surface of the pedestal. The grill is
generally symmetrical relative to an axis of symmetry of

the chamber.

[004] In one embodiment, the reactor further includes
a slit valve opening through a circumferential portion of
the cylindrical side wall, the slit valve being axially
confined within an annular section of the cylindrical
side wall. At least a first dielectric ring 1is disposed
in the cylindrical side wall adjacent an axial boundary
of the annular section of the side wall. An array of
conductive straps provide axial current paths bypassing
the annular section of the cylindrical side wall. Each
of the conductive straps has a pair of ends, one end

being electrically connected to the side wall above the



one enbodi nent, the straps are routed to avoid blocking access to the slit
val ve opening. [005] In one enbodinent, a second dielectric ring is

di sposed in the cylindrical side wall, the first dielectric ring being

adj acent a top axial boundary of the annular section of the side wall and
the second dielectric ring being adjacent a bottom axial boundary of the
annul ar section of the side wall. In a further enbodinent, the straps are
periodically spaced around the circunference of the side wall at uniform
intervals, and the straps are configured to provide uniforminductances to
RF currentanfhéast sapsiadj acenththetsbkrt evdl veiageebkctaisaflfliyci ent | ength

to permt routin round a periphe of the slit valve, while the renaining
Straps ar e ORIEC Lo Do "FeRGER. BRI ERSBESCR PTROR R L TRECORANGS 006] | So
that the mgpeeembaYhLRR, t BRcabeYBpEegi-bed o erRodbmenbs qo0bibhgilhavention are
attained and can be wunderstood in detail, a nore particular description of

the invent koaesbrtef thesamiir vaédeaboeaingay be had by reference to the
enbodi ments thereof which are illustrated in the appended drawings. It is
to be noted, however, that the appended drawings illustrate only typical

enbodi ment 0061t hi s [AVEALi eRbaRdmane,t hesetohe dhetct@rbe cong dered
limting of its scope, for the invention nay admt to other equally

ef fective depbodefentisthe podINdFicallsiifrusttar eshanfémsddi ment in which a
dielectric ring being adjacent a top axial boundary of
the annular section of the side wall and the second
dielectric ring being adjacent a bottom axial boundary of
the annular section of the side wall. 1In a further
embodiment, the straps are periodically spaced around the
circumference of the side wall at uniform intervals, and
the straps are configured to provide uniform inductances
to RF current. The straps adjacent the slit valve are of
a sufficient length to permit routing around a periphery
of the slit valve, while the remaining straps are of a

shorter length.

BRIEF DESCRIPTION OF THE DRAWINGS
[006] So that the manner in which the above recited
embodiments of the 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 noted,
however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore
not to be considered limiting of its scope, for the
invention may admit to other equally effective

embodiments.



rai sed conductive grill is disposed over the floor of a plasma reactor
chanber. [008] FIG 2 is a top viewcorresponding to FIG 1. [009] FIG 3
illustrates an enbodi ment in which plural conductive straps provide a
bypass current path around the slit valve of a plasma reactor. [0010] FIG
4 is atop viewcorresponding to FIG 3, and FIG 5 is a corresponding side

view. [0011]] FIG 6 illustrates a plasnma reactor in accordance wth another
enbodi ment having a dielectric chanber body and a grounded conductive
fl ange around the pedestal. (0012] FIG 7 illustrates a plasm reactor in

accordance[O0D7h a fuFi@erlembodsnentehaunhngmacdonduct ivewhdhanmber body and a
grounded conductive flan e on tE pedestal and electrlcally coupled to the
side wal | . raf@%ﬁSToﬁﬁﬁft VFs9h?t gplélgﬁF88??gsB8ﬁalﬁaeté BPE& °F. @ (0014]

FIG 9 illystratescacrpdi Ehgabben of the embodinent of FIG 7 in which a
dielectric ring is provided in the side wall. [0015] To facilitate
under st andi ng, identical reference nunerals have been used, where possible,

to design | dent i enents that ,are common t .the 4 s. The
oSt BaLdent] g2l ehemenio Lhat are comun Lo Lhe, 4 fhaures, Tn
DESCRI PTI ON [ 0016] W have di scovered that azinuthal skewin the electrica

field in a plasma reactor nmay be a |imting
{009] FIG. 3 illustrates an embodiment in which

plural conductive straps provide a bypass current path

around the slit valve of a plasma reactor.

[0010] FIG. 4 is a top view corresponding to FIG. 3,

and FIG. 5 is a corresponding side view.

{0011] FIG. 6 illustrates a plasma reactor in
accordance with another embodiment having a dielectric
chamber body and a grounded conductive flange around the

pedestal.

[0012] FIG. 7 illustrates a plasma reactor in
accordance with a further embodiment having a conductive
chamber body and a grounded conductive flange on the

pedestal and electrically coupled to the side wall.
[0013] FIG. 8 is a top view corresponding to FIG. 7.

[0014] FIG. 9 illustrates a modification of the
embodiment of FIG. 7 in which a dielectric ring is

provided in the side wall.

[0015] To facilitate understanding, identical
reference numerals have been used, where possible, to

designate identical elements that are common to the



factor in reducing plasma process non-uniformty below 3% Such azinuthal
skew arises fromasymetrical features of the plasma reactor itself. These
asynmetrical features may create non-uniformties in the RF ground return
currents through the chanber walls and floor. Such non-uniformties nmay be
reflected in the electrical field distribution at the wafer surface, which
contributes to process non-uniformties. For exanple, in a certain reactor
chanber, the chanber is evacuated at the bottomof its punping annul us

t hrough a punping port which is generally a circular opening in the floor
of the punpghgeannutus. dAaRtihees exappkerigurBssane reackehemgharber, a
wafer slit valve is provided and the wafer slit valve in the cylindrical
chamber sidetal'PtthatSc@ktends around about one quarter of the circunference
of the cylindrical side wall. These features may cause discontinuities in
t he conductive floor and wall of the chanber, forcing RF ground return
currents to distribute in a DPPAUDEDODPSO@RDPRIONGI Ving rise to azi nmut hal
skews in the electrical field at the wafer surface. These skews represent

a 1% to 294 A8Relni f of i B§VEndpPasKar frlotBasi AgimprEsalt §46H the “W&fer. [0017]
Enbodi ront 5, f 1 e, pr e560L | AVENL 90BeELELRoLOnaDr BY! i RGrg.GHEr ent {1 ow

path so that In one e I ment, round return current flow’is diverted
away from baasymetriredbciegt ptesmef prtheeseanboruchdnbed tlhybplow di ng

bypass curent LLow paths,, Che.bypass current, flow path, ayolds the purping

features of the plasma reactor itself. These
asymmetrical features may create non-uniformities in the
RF ground return currents through the chamber walls and
floor. Such non-uniformities may be reflected in the
electrical field distribution at the wafer surface, which
contributes to process non~uniformities. For example, in
a certain reactor chamber, the chamber 1is evacuated at
the bottom of its pumping annulus through a pumping port
which is generally a circular opening in the floor of the
pumping annulus. Another example 1s in some reactor
chamber, a wafer slit valve 1s provided and the wafer
slit valve in the cylindrical chamber sidewall that
extends around about one guarter of the circumference of
the cylindrical side wall. These features may cause
discontinuities in the conductive floor and wall of the
chamber, forcing RF ground return currents to distribute
in a non-uniform manner, giving rise to azimuthal skews
in the electrical field at the wafer surface. These skews
represent a 1% to 2% non-uniformity in plasma processing

results on the wafer.

[0017] Embodiments of the present invention pertain to
providing a current flow path so that in one embodiment,

RF ground return current flow is diverted away from



conprises a conductive symetrical grill extending from the side wall to

t he grounded pedestal base. Another bypass current flow path avoids the
wafer slit valve, and conprises an array of conductive straps bridging the
section of the sidewall occupied by the slit valve. [0018] Referring to
FIG 1, a plasma reactor includes a chanber 100 encl osed by a cylindrical
side wall 102, a ceiling 104 and a floor 106. A wafer support pedestal 108
extends through the floor and may be novabl e along the vertical axis by a

lift mechani sm 110. An overhead RF power appllcator coupl es RF power into
the inter PEYTERLILRE lcA&er SFOPT Ithe H@aé?)@&rfplcéla(ﬁf M Y Pravgigierhead RF

power apphj catar s apelactr 2%§’%;2 i géﬁﬁﬁli%} %¥¥l £14e glgetrode 112

is electrl I'Ty insulated fro Ielectric rlng 113. In
anot her erbddisneht, pmhelm@emheadJEFtﬂmwmﬁhammén Cdtoarr ,i sared coi |l ant enna
(not shown) overlying the ceiling or placed arqund the side wall 102. The

waf er supﬁ@@?rﬁéﬁés@apoﬂﬂ¥C9ﬁ¥f e et 16 1l iddt 197 et rﬁqﬁﬁ enclosing

a cat hode I [0 16, 201 tiv
connectedtpg %%Bgrg%%§ éch%%% g%na E%&% Q¥§¥§6% ?§§Q§ %%ﬁé overhead

el ect r ode byyb2 sfsr cmrarnRF fgenereattor abtddst hitheugha fan mumpmjlarm,e arat ch 120.

The RF inpedance match 120 be a coaxial_ tuni shomn). The
RE T oed SERURRICES 6 ME Zver e el ictr Bie PP by s nel uding a

h0||0“’C'%%%k%bnc%&t%%ec%ﬂQ%%%QQ %%%uﬁ%@éi%ﬂ“ﬂﬂé”&ﬂ%ﬁ‘%HEUePUter conduct or
126 that is coaxial wth the inner conductor 124. The holl ow center 6

[0018] Referring to FIG. 1, a plasma reactor includes
a chamber 100 enclosed by a cylindrical side wall 102, a
ceiling 104 and a floor 106. A wafer support pedestal
108 extends through the floor and may be movable along
the vertical axis by a 1lift mechanism 110. An overhead
RF power applicator couples RF power into the interior of
the chamber 100. In the example of FIG. 1, the overhead
RF power applicator is an electrode 112 in the ceiling
104. The electrode 112 is electrically insulated from
the ceiling 104 by a dielectric ring 113. In another
embodiment, the overhead RF power applicator is a coil
antenna (not shown) overlying the ceiling or placed
around the side wall 102. The wafer support pedestal 108
may have a top dielectric section 114 enclosing a cathode
electrode 116, and a bottom conductive base 118 that is
connected to RF ground . RF plasma power is applied to
the overhead electrode 112 from an RF generator 119
through an RF impedance match 120. The RF impedance
match 120 may be a coaxial tuning stub (not shown). The
RF feed structure to the overhead electrode 112 may be
coaxial, including a hollow circular center conductor 124
and a hollow circular outer conductor 126 that 1is coaxial

with the inner conductor 124. The hollow center



conductor 124 is connected to the overhead electrode 112 and to the RF hot
out put of the inpedance match 120. The outer conductor is connected to RF
ground and to the grounded portion of the ceiling. The coaxial feed
structure 124 and 126 may be integrated with the coaxial tuning stub. A
slit valve 128 that facilitates wafer ingress and egress is forned as a
shal | ow openi ng through the side wall 102, the opening extendi ng around
about one quarter of the circunference of the side wall 102, as shown in
the top view of FIG 2. RF power is coupled to the cathode el ectrode 116

from an Rgensrtatorn 240 ithraghecwsd Ro itmedanaadmt ol 42 rddee chanber 100
is evacuated by a vacuum punp 160 t hrough a punping port 162 in the
chanber f 386t .FoA thdnpgitng AinrfH i v 6% it < emnrsth et el t el waf e support

pedest al %h%e%n%oﬁr%gla .oqe iv@léodénO%_CIEeJ QQ;Q}JF Id}oqgﬁ%eiw@cgm all facility

lines to the "ove el ectro are enclose y a condué%ive
cyl i ndri calrdwildeaivpearn i530,0 i ndaudigigl imac.0o0l e dadsetal |fawd 132, a cool ant
outlet Iine 134, an optical sensor |ine 136 coupled to a sensor 137 (such

as an opt iU &i%dn sk TSPy S efdigra Hrideedse ge sipbl y
line(s) 1%%1'%;&%6@%@@@ AeREte ith i Gadiy i e OVEIAead el ectrode

112 is also a s distribution showerhead contalning plural gas injection
orifices lIIReresanchrah dgrteersmals praagess gas rrd flohwd ddétol ngrhehgasgh suppl y

o, R e T Pl TS R T i
cool ant i %, Giteulaat add romderd Alete 132 and Jieldinned tom4 he, out | et
shown in the top view of FIG. 2. RF power is coupled to
the cathode electrode 116 from an RF generator 40 through
an RF impedance match 42. The chamber 100 is evacuated by
a vacuum pump 160 through a pumping port 162 in the
chamber floor. A pumping annulus 163 is defined between

the wafer support pedestal 108 and the side wall 102.

[0019] In one embodiment, all facility lines to the
overhead electrode 112 are enclosed by a conductive
cylindrical hollow can 130, including a coolant inlet
line 132, a coolant outlet line 134, an optical sensor
line 136 coupled to a sensor 137 (such as an optical
emission spectroscopy sensor), and process gas supply
line(s) 138. 1In the embodiment depicted in FIG. 1, the
overhead electrode 112 is also a gas distribution
showerhead containing plural gas injection orifices 112a
and an internal process gas manifold 112b. The gas
supply line 138 is coupled to the internal gas manifold
112b. The overhead electrode 112 can have internal
coolant jackets (not shown) in which coolant 1is
circulated from the inlet 132 and returned toc the ocutlet
134. In the embodiment depicted in FIG. 1, all the
facility lines 132, 134, 136, 138 are not only inside the



134. In the enbodi nent depicted in FIG 1, all the facility lines 132, 134,
136, 138 are not only inside the 7 can 130 but are also inside the center
coaxi al conductor 124. [0020] During plasma processing, process gas
injected by the overhead el ectrode/ showerhead 112 is ionized by the RF
power coupled into the chanber 100, to forma plasma in a processing zone
between the ceiling electrode 112 and the wafer support 108. RF current
fromthe plasma is returned to ground by flowing fromthe plasna to
sidewal | 102 and top el ectrode 112. The current flows to the side wall 102,

and then dewnwandnakoRged 36l a6e i Rf thke einde Malda <kl todhederineter of
the floor 106, and radially inwardly along the floor 106 to the grounded

base 118 df4t-he wafer support pedestal 108. Wiile the reactor of FIGS. 1
and 2 is symmetrical in general and therefore pronotes uniform or
symmetrical process conditions around the wafer support pedestal 108,

certain flegkones suohiag thesslad prealees ihdf andddhe pupiing eardd 162 are
di scontinuities in the axially dowward RF current return path along the
si de wal | PY02hgn@VEILHRG St Ke € GEA@IOE)/ sparis rhees tiHe ddgd WBF 29¢ Y oor to the

grounded .ase0LcLhe walen SUnRQL! dhedestal.e Thiy, may, ke, the el ectrical

field distrlbutlkn non-un such non- uniformty affecting the electric

field not ponlsyaatint he proektsemnef zZhe chanmeen hile alesq ialy thecindace of a
waf er supported on the pedestal. Such non-uniformty could introduce a 2%
non-unifOﬁﬁ?t9nﬁnt5ﬁa§ﬁ§e§r§@§§9rﬁg108- REF current from the

plasma is returned to ground by flowing from the plasma
to sidewall 102 and top electrode 112. The current flows
to the side wall 102, and then downward along a surface
of the side wall 102 to the perimeter of the floor 10¢,
and radially inwardly along the floor 106 to the grounded
base 118 of the wafer support pedestal 108. While the
reactor of FIGS. 1 and 2 is symmetrical in general and
therefore promotes uniform or symmetrical process
conditions around the wafer support pedestal 108, certain
features such as the slit valve 128 and the pumping port
162 are discontinuities in the axially downward RF
current return path along the side wall 102 and along the
radial path from the edge of the floor to the grounded
base of the wafer support pedestal. This may make the
electrical field distribution non-uniform, such non-
uniformity affecting the electric field not only at the
bottom of the chamber but also at the surface of a wafer
supported on the pedestal. Such non-uniformity could
introduce a 2% non-uniformity in plasma processing
results, such as the distribution of etch rate across the

surface of the wafer.

[0021] In one embodiment, a raised conductive grill

200 having complete symmetry (and no asymmetrical



results, such as the distribution of etch rate across the surface of the

wafer. [0021] In one enbodinent, a raised conductive grill 200 having
conplete symmetry (and no asymetrical 8 discontinuities) is provided in the
punpi ng annul us 163. The conductive grill 200 can elimnate the

di scontinuity of the punping port 162 as a source of azinuthal skewin the
RF ground return current path, by presenting an alternative current path
free of asymetries. The <conductive grill 200 is supported above the fl oor
106 with a floor-to-grill gap 201 that is sufficiently long for gas flow

t hr ough t hie sgrinitli n20@ ites ) s Mmooy ifdeaw itno t eh@yaipig G rparitusl623M t hi n t he
gap 201. The gap 201 is also sufficiently long to prevent appreciable

p .
capaci ti vé PecGapARRG et Weer it e OgiGan 200 and S Hé & 1996 orde- it the
frequency of tthgﬁ gBﬁpg%@e_pﬁ&r K59 A he frequency, sof e %:evgeir}?r ator 40.

[ 0022] The con tive gri 200 provides an electrica path fromthe
conducti vehsl @& walount02 etto rirhe ugrreumded thhady P& sefnttiey waf er support
pedest al 1%8. As illustrated in FIG 2, the grill 200 has a uniformy and
symet ri cAHEFIdRSE e GPed SPat PR &FQ€06608§W goikess  F1F and circul ar
conduct or g2LnctaRd henef ong pro\w 483 ,a o YLQURE 1eldirm pat h g om the side

wall 102 to the ground pedestal base 118 that is free of any azi nuthal
skew, nom-iuhi forfiicbires oo radymuety i2€d. tlhatone entfddiameEntt,lyt doransure t hat

all ground return qurrent, [1ows thiough the conductive grill 200, the
the pumping port 162 within the gap 201. The gap 201 is
also sufficiently long to prevent appreciable capacitive
coupling between the grill 200 and the floor 106 at the
frequency of the RF generator 119 or the frequency of the

RF generator 40.

[0022] The conductive grill 200 provides an electrical
path from the conductive side wall 102 to the grounded
base 118 of the wafer support pedestal 108. As
illustrated in FIG. 2, the grill 200 has a uniformly and
symmetrically distributed pattern of conductive spokes
210 and circular conductors 215, and therefore provides a
ground return path from the side wall 102 to the ground
pedestal base 118 that is free of any azimuthal skew,
non-uniformities or asymmetries. In one embodiment, to
ensure that all ground return current flows through the
conductive grill 200, the conductive chamber floor 106 is
electrically isolated from the pedestal base 118 by a
dielectric ring 220 (FIG. 1). The radial thickness of
the ring 220 is sufficient to prevent capacitive coupling
at the frequency of the RF generator 119 and at the
frequency of the RF generator 40. The grill pattern with
the spokes 210 and conductors 215 of the grill 200 leaves

sufficient open space to minimize gas flow resistance



electrically isolated fromthe pedestal base 118 by a dielectric ring 220
(FIG 1). The radial thickness of the ring 220 is sufficient to prevent
capacitive coupling at the frequency of the RF generator 119 and at the
frequency of the RF generator 40. The grill pattern with the spokes 210 and
conductors 215 of the grill 200 | eaves sufficient open space to mnimze
gas flow resistance 9 fromthe chanber 100 to the punp 160. Specifically,
the ratio of the horizontal area occupied by the spokes 210 and circular

conductors 215 to the total area occupied by the grill is sufficiently
smal | to rfirommthe gasmideaw 1 0legics ttarec eudyr dugh t I8 egriiflic2200;, Ghd he ot her
hand, this ratiq i s¥jchientIy great (the grill spacing is _sufficiently
smal 1) to%&Vdicd °F éf“ieu Pata& R i A 4S7e REY Y e turiP T ent? f1 ow from

mani festingd tseld, i theqelesty i d il dral dhe mafer, swdased aty the top
surface of the workpi ece support pedestal 108). For this purpose, the

spaci ng between idpokes s24F dics emicly Isesd 1t an mitrHieniand aja i Sltaance bet ween t he
top surface of .the fer upport estal 108 and t rill 200.

Speci f i calrlef,lStlaé‘r‘:e\é%&r?&u@?‘ ttﬁb‘? rgd{]]ﬁ‘g %&%\ﬁee@r‘t ﬁé“en&%ﬁ}‘?&nr?d}é’i ng between
spokes 21Qpanrd he Space Jaativaen e 4:qp of (e g nedesial 18 @and the grill
200 is about three or nore. [0023] I'n another enbodi nent (as illustrated in

FIG 3), swggerciamd llyower lilnstcatavweg o iangs 1240 pa24% rabove tdred Rbel ow t he
slit valve 128 are provided i

current p&l BYpasiing tcﬁgreéﬁr%eéﬁlﬁwiﬁl%’fm?“{ﬁgﬁi egsgfié{ggé\%gﬁeﬁlegbejgﬂt enabzg is
provided electric field at the wafer surface (at the top surface

of the workpiece support pedestal 108). For this

purpose, the spacing between spokes 210 is much less than

the axial distance between the top surface of the wafer

support pedestal 108 and the grill 200. Specifically,

for example, the ratio between the maximum spacing

between spokes 210 and the space between the top of the
pedestal 108 and the grill 200 is about three or more.

[0023] In another embodiment (as illustrated in FIG.
3), upper and lower insulating rings 240, 245 above and
below the slit valve 128 are provided in the side wall
102. 1In one embodiment, a current path bypassing the
electrically isolated sidewall section 102a is provided
by plural conductive straps 230 connected axially across
the isolated section 10Za as illustrated in FIG. 4. The
insulating rings 240, 245 can eliminate the discontinuity
presented by the slit valve 128 as a source of azimuthal
skew in the ground return path current distribution. The
ground return path provided by the conductive straps 230
bypasses the section of the side wall 102 occupied by the
slit valve. This bypass current path is symmetrically
distributed around the chamber. The RF ground return

current 1s blocked from flowing in the section 102a of

10



by plural conductive straps 230 connected axially across the isolated
section 102a as illustrated in FIG 4. The insulating rings 240, 245 can
elimnate the discontinuity presented by the slit valve 128 as a source of
azimuthal skew in the ground return path current distribution. The ground
return path provided by the conductive straps 230 bypasses the section of
the side wall 102 occupied by the slit valve. This bypass current path is
symmetrically distributed around the chanber. The RF ground return current
is blocked fromflowng in the section 102a of 10 the side wall 102 occupied
by the slitthevalivie 128 byl ttheocapperd imsultat igigh tr ivegl 240l 2hdo @ tiowner
insulatinqﬁ;ing,245 above and bhe| ow, respectively, the side wal| section

102a of WS it SVdidre Mg 1gs Hbvild ? AR 11Ul alastd o9 i44%hot bot h

of the di ehReld idhd IJEHZ40e A1 S, PNESEMHe sildE Qne erhadi ient; gihe plural
conductive straps 230 are placed at uniformintervals around the side wall
102 and hdvehe wiliiftoralvengtds, widtdhand itrhikkKhess, &t showt iane FI G 4.

The straps 230 are sufficient|y |long so that .those raps 230a, 230b, 230c,
230d coi nciditrg }ﬁq He t18 icllq}aqc\r}g”ﬁSKW i2r14kbpat2t14z5_t tjfétp%?§ec‘htfrvent t he
front of herd idnpeRlive k28 s asi e NAordif@arfel esdds ved@rard ngress and

egress, as shown in FIG 5. In an alternative enbodi nent, the straps have a
| engt h nomd aagidosedl ywradramess porfdi g Ml tar aured ahlieals Idngtdl ofl@heand sol at ed

S gevel | e 8" R D P I S g L L

correspondimgl Y. The straps 230 are sufficiently long so that
those straps 230a, 230b, 230c¢, 230d coinciding with the
slit valve 128 run in paths that circumvent the front of
the slit valve 128 so as to not interfere with wafer
ingress and egress, as shown in FIG. 5. 1In an
alternative embodiment, the straps have a length more
closely corresponding with the axial length of the
isolated sidewall section 102a which they span, with the
exception of the straps 230a-230d which must be routed
around the slit valve 128, which are correspondingly
longer. In one embodiment, to avoid a non-uniform
current distribution arising from such differences in
strap length, the straps are all provided with a uniform
(or approximately uniform) inductance. In this case, the
longer straps 230a-230d have a different width and
thickness than the remaining (shorter) straps, the
differences in width and thickness being selected to
provide the same inductance for both lengths of straps.
This 1s accomplished by constraining the following
equation to yield the same inductance for the two

different lengths:

Equation (1): ll=01m02lkge(—zi—j+}-
B+C) 2
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| onger. I n one enbodinent, to avoid a non-uniform current distribution
arising fromsuch differences in strap length, the straps are all provided
with a uniform (or approximtely uniform inductance. In this case, the

| onger straps 230a-230d have a different wdth and thickness than the
remai ning (shorter) straps, the differences in width and thickness being
selected to provide the sane inductance for both |lengths of straps. This
is acconplished by constraining the following equation to yield the sane
inductance for the two different lengths: E uation (1) : L=0.00021 log, 21

+1 g (B+@hee Jzﬂl\éh%%uletla%den%pwcq 1% Herkhd 3@ dength an cm B s
strap width in cm and is strap thi'ckness in cm [0024] The spaC|ng d

bet ween adjsacentapstriadgs zsﬂcnpr@seht(s ix ditsegnttimuidnessa irhecrgr ound return
current path distribution. In one enbodinent, to avoid the strap spacing
pattern frominposing a like pattern in the electric field at the top of

the wafer (9pRQrt pedestylacikiB.d tﬂ&@é@%&j%c%tnr@%t% ngds much |ess
than the distance fromthe top of the slit 'valve 128 to the top of the

waf er ped@gte@lenmw Ioh sg cirdigina©l tof iabdute 3jrcfuord rexanpl exurMwntspaci ng
bet ween agkﬁifdl % S . 230 [ q§ternkp%g_ the mndth (j Hbe straps 230
and the n of "p&ri g aIISTﬁ1 Dac &dst §E%1’The hniser? df'Straps is at
| east 4 and gy sl@@c% n%ﬂattteaﬁ‘n tretbrO i P8 ngl e 1Stiaap a tWdth ik He about
one tenth of the circunference of the

electric field at the top of the wafer support pedestal

108, the strap-to-strap spacing is much less than the

distance from the top of the slit valve 128 to the top of

the wafer pedestal 108, by a factor of about 3, for

example. The spacing between adjacent straps 230 is

determined by the width of the straps 230 and the number

of periodically spaced straps. The number of straps 1is

at least 4 and may be as great as ten or more. The strap

width may be about one tenth of the circumference of the

cylindrical side wall 102, for example.

[0025] In one embodiment, an insulating member 400
(FIG. 3) may be provided on the sidewall 102. The
insulating member surrounds the slit valve 128 in the
present embodiment. The insulating member 400 may be a
dielectric material bonded to the surface of the
cylindrical side wall. In one embodiment, the insulating
member 400 prevents shorting across the side wall section
102a occupied by the slit valve that may occur when the
slit valve 128 interfaces with the port of an external

wafer transfer chamber (not shown), for example.
[0026] In one embodiment, the elevated conductive

grill 200 and the array of periodically spaced conductive

straps 230 are included together in the same reactor, as
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cylindrical side wall 102, for exanple. [0025] In one enbodi nent, an

i nsul ati ng nmenber 400 (FIG 3) may be provided on the sidewall 102. The

i nsul ati ng nmenber surrounds the slit valve 128 in the present enbodi nent.
The insul ati ng nenber 400 may be a dielectric material bonded to the
surface of the <cylindrical side wall. In one enbodinent, the insulating
menber 400 prevents shorting across the side wall section 102a occupi ed by
the slit valve that may occur when the slit valve 128 interfaces with the
port of an external wafer transfer chanber (not shown), for exanple. [0026]
I n one enbegiingrid, inhe Id .evat edrdonduotdivest igm IdedR0Bsangr t he array of
periodically spaced conductive straps 230 are included together in the sane

reactor, &9 iMPFES GFedUThE Gkeys R ROMALTRITHT rddiidestOr el i mi nat es
azi mut hal sskays a'tr&ﬂl%twlkemt%cecr@ &Gt 1 Surd eﬂectu'%tnt rd putal &4, the RF

ground return current path dlscontan|t|es of the punping port 162 and the
slit vaIwaer®t1®mhenfsk@msuherpumpﬂnq(yunulhﬁi|andruhevwwmm|ece

el ectrical fiel ttri ab to facilities plied to the overhead

o1 60t  odo V13 Sard o H Ty’ KXBn{SH AGG IR HSR0i1T (e upply. |1 nes

Wi thin theo Giidadr leq@c&q&%qctﬂl\&&%t@%ut(a%?eﬂtd e Aot here £nbodi ment,  as
illustrated in FIG 6, an upper portion of the conductive chanber sidewall
102 is repluaped sy t@ dibel ectanheag murqﬁﬂ tliléh ar@2'avoities éntire ceiling
éiogl Ieit ; ?2:' a %qnb%g aqllelseucc Ifcacflltlesg slu%dfal’ eilnsehsomvpltlhnlnlzlt%e 6. The

cylindrical conductive can 130.

[0027] In another embodiment, as i1llustrated in FIG.
6, an upper portion of the conductive chamber sidewall
102 is replaced by a dielectric sidewall portion 102'.
The entire ceiling 104 is replaced by a dielectric
ceiling 104’, as shown in FIG., 6. The dielectric
sidewall portion 102’ extends downwardly from the ceiling
104’ to depth above which plasma tends to be confined.
This feature can prevent RF ground return currents from
flowing through the sidewall 102 and the floor 106. As a
result, the discontinuities of the slit valve 128 and
pumping port 162 have no effect upon the electric field.
In the embodiment of FIG. 6, a different path i1s provided
for RF ground return current from the plasma by a
conductive annular baffle 260 that is grounded to an
outer conductive liner 265 of the workpiece support
pedestal. The baffle 260 is at the level where it 1s in
contact with the plasma sheath, and can conduct the RF
ground return current from the plasma. The liner 265
itself is grounded to the pedestal base 118. A radial
gap 270 between the baffle 260 and the side wall 102
permits gas flow from the processing region above the

pedestal into the pumping annulus 163. Because the
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sidewal | portion 102" extends downwardly fromthe ceiling 104' to depth
above which plasnma tends to be confined. This feature can prevent RF ground
return currents from flow ng through the sidewall 102 and the floor 106. As
a result, the discontinuities of the slit valve 128 and punping port 162
have no effect upon the electric field. |In the enbodinment of FIG 6, a
different path is provided for RF ground return current fromthe plasma by
a conductive annular baffle 260 that is grounded to an outer conductive

| iner 265 of the workpiece support pedestal. The baffle 260 is at the | evel

where it idSdiRctGanrt agldeMdin tdwe tilasm sheatdbk Andicadhcomduigt the RFE
ground return current fromthe plasma. The liner 265 itself is grounded to

the pedestsltvissese thES.LoR raadl diot tgap 220 isstsweseh tive damfder 2602 @and the si de
wel 1 7102 perty 5, gas f Law 1.am 1 he processing reg o ahove § hg pedestal

into the punping annulus ecause the 13 di'e ric si portion

102" bl ockstawn &t thlcowhdetagemdna o and aideaypqiordd onsi of . t he
chanmber, the outer coaxial conductor 126 needs to be grounded to the
bott om of tHe &antér 2avamslyi shed Y pedesdlisasd g "eThis may be

acconplis ti t | r dygct 64 .0 xi al cable

bet ween tEgggﬁ%ggﬂnggg&ia E%gﬁ)d£¥§H<T§%Q%E%HiEggbﬁgﬁ%dggg ase 118. [00281 A
nor e econamakiappreachidtodt d X@etaid dhee grentrides] waoenduict i ve side wal | 102
of FIG 1, but also provide the baffle 260 of FIG 6. One inplenentation of

this conbination is depicted in FIGS. 7 and 8, in which
[0028] A more economic approach is to retain the

entirely conductive side wall 102 of FIG. 1, but also
provide the baffle 260 of FIG. 6. One implementation of
this combination is depicted in FIGS. 7 and 8, in which
the baffle 260 spans at least nearly the entire distance
between the pedestal 108 and the side wall 102. The
baffle 260 of FIG. 7 1s gas permeable, and may be formed
as a gas-permeable grill, for example. Alternatively,
the gas permeable feature of the baffle 260 may be
implemented by forming an array of axial holes through
the baffle 260. The gas permeable characteristic of the
baffle 260 permits gas flow from the processing zone to
the pumping annulus 163. 1In an alternative
implementation, the floor 106 may be electrically
isolated from the pedestal base plate 118 by an
insulating ring 220, the ring 220 being an optional
feature in the embodiment of FIG. 7. This can prevent RF
ground return current flow from the floor 106 to the
grounded base 118 of the pedestal 108. In accordance
with one embodiment, the conductive sidewall conducts
ground return currents from the plasma to the baffle 260.
For this purpose, the baffle 260 is electrically coupled
to the sidewall. In one embodiment, this is accomplished

without requiring mechanical contact between the baffle
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the baffle 260 spans at |east nearly the entire distance between the
pedestal 108 and the side wall 102. The baffle 260 of FIG 7 is gas
perneabl e, and may be forned as a gas-perneable grill, for exanple.
Alternatively, the gas perneable feature of the baffle 260 may be

i npl emented by formng an array of axial holes through the baffle 260. The
gas perneabl e characteristic of the baffle 260 permts gas flow fromthe
processing zone to the punping annulus 163. In an alternative

i npl enrentation, the floor 106 nay be electrically isolated fromthe

pedest al 8é§eaﬁﬁa$éelﬁ8d§ywéﬁl ﬁﬁ@uléwlﬁglpwngmﬁgganpﬁe ring 220 being an

optional cleatute.Ln,the gubodient of FLG, 7o Ts .can reyeny RE - gr ound

return curf ron1 oor 6"t 0 the grounded base of the
pedestal 108. tbntaecbada@nee 2 6Wi.t hmne @@b@dllr@e@b,rmtlhl% c@nduet iaersi dewal |
conducts ground return currents fromthe plasma to the baffle 260. For
this purpBSEEMERE Baf fhe P60 kPd e6re SUPPOAL] Peéiﬁﬁﬁlaéd 100 wifféditdewal | . 1 n

one crbodeay. ohblsiLs sesemLished, ol seiulring mchanigal contac

bet ween t ow | npe ance
capacitivebpacmupbedcpaphih@oﬁmbhet@@ndudbmmelsu@ewabltth%a&dl@he baffl e
260. This feature permts up and down novenent of the workpi ece support
pedestal %68 &Ftﬁ@ﬁ@emﬁﬁﬁég &R- MECaPMPPALEESBS, Ofo FﬁFEVgnFWb@ntanlnatlon The

capacitiv t indewall he . b i npl enent ed
in the en%gﬁgggk?ggfgégép ?§a§ g Q@gn ug?9§§e§X§§|% Ia ge %%012&pported on

t he peri pkdgal of the baffle 260 and a conductive axial flange 285
supported on a conductive ledge 287 on the interior
surface of the side wall 102. The axial flanges 280, 285
face one another across a sufficiently small gap 290 to
provide very low impedance capacitive coupling at the
frequency of either the RF generator 119 or the RF
generator 40. As a result, RF ground return current
flows from the plasma inside the chamber 100 to the
sidewall 102 and from there to the baffle 260 and from
the baffle to the ground pedestal base 118. The ring
insulator 220 prevents RF ground return current flow from
the sidewall 102 to the grounded pedestal base 118. 1In
this way, RF ground return current distribution does not
flow past the slit valve 128 and does not flow past the
pumping port 162, so as to be unaffected by the presence
of the pumping port 163 and by the presence of the slit
valve 128.

[0029] The baffle 260 is coupled to the sidewall 102
via the closely spaced flanges 280, 285 at a location
above the slit valve 128. 1In one embodiment, the slit
valve 128 is in a portion of the sidewall 102 that is
below the level of the baffle 260. RF ground return

current from the plasma to the sidewall 102 flows
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edge of the baffle 260 and a conductive axial flange 285 supported on a
conductive | edge 287 on the interior surface of the side wall 102. The
axi al flanges 280, 285 face one another across a sufficiently small gap 290
to provide very |ow inpedance capacitive coupling at the frequency of
either the RF generator 119 or the RF generator 40. As a result, RF ground
return current flows fromthe plasma inside the chanber 100 to the

sidewal | 102 and fromthere to the baffle 260 and from the baffle to the
ground pedestal base 118. The ring insulator 220 prevents RF ground return
current fldownivaaml vt ke osigdewad |s i3 a1d tilve graundegyiadestadf base 118. In
this way, RF ground return current distribution does not flow past the slit

val ve 128 (SRICdEES s Hhew Bt & r€0 feipisty 16 i legwe 4@ ds aTd e

unaf fecte e _pre p in esence of
Chat LrrT CGaRy 2t s ?%%%%]fo%etdg%fsf B LR 1 AR B oo Pt 05

vi a the clthselsy depadéd M02angedow280e 285y edt of Itoeatdadif leaalitle tHen slit val ve
128. In one enbodinent, the slit valve 128 is in a portion of the sidewall

102 that ©°8¢ BEPGNHRE T edie & (FHOWEF 18 W60 CURE GrodtPS &trn  current

fromthe phasma it e tficdawaldr 102 filaws ke sdownwandly alqQng tihe sideval |
102 but is pulled off (diverted) to the baffle 260 across the

fl ange-t olf0Ranget gampmt290sandet fsrief orad vdods Snot Asgenereaddyt,, filleaw t hr ough

the sidewall 102 bel ow the | evel qf. the ffle 0. | one .enbodi nent, the
RE. g1 ound PEPAMAC GPPERT des it 290 OF the nartle 26 £/

sidewall 102 prevents RF ground return current from
reaching the slit valve 128. The present embodiment
prevents or reduces the tendency of the slit valve 128 to
create an azimuthal skew in the RF ground return current

distribution.

[0030] The tendencies to create an azimuthal skew in
the RF ground may be further suppressed by installing a
dielectric ring 300 above the slit valve 128 as depicted
in FIG. 9. The presence of the dielectric ring 300
prevents RF ground return currents flowing downwardly
along the sidewall 102 from reaching the discontinuity
presented by the slit valve 128. The dielectric ring 300
prevents such discontinuity from affecting the RF ground
return current distribution. Preventing the slit valve
discontinuity from affecting the current distribution
prevents it from affecting the electric field at the
workpiece and prevents skew or non-uniformities in the

plasma processing.
[0031] While the foregoing is directed to embodiments

of the invention, other and further embodiments of the

invention may be devised without departing from the basic
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flow through the | ower annular section of the sidewall 102 that contains
the slit valve 128. As a result, the coupling across the gap 290 of the
baffle 260 to the sidewall 102 prevents RF ground return current from
reaching the slit valve 128. The present enbodi nent prevents or reduces the
tendency of the slit valve 128 to create an azinuthal skew in the RF ground
return current distribution. [0030] The tendencies to create an azi nut hal
skew in the RF ground nay be further suppressed by installing a dielectric
ring 300 above the slit valve 128 as depicted in FIG 9. The presence of

t he diel eetbpe ehBge3B) pneventks sBbpgr aupdebét Usn detikranhs d bowitng

downwar dl y along the sidewall 102 fromreaching the discontinuity

present ed°byiPRet8Rft fGALPH-128. The dielectric ring 300 prevents such
discontinuity fromaffecting the RF ground return current distribution.
Preventing the slit valve discontinuity fromaffecting the current
distribution prevents it fromaffecting the electric field at the

wor kpi ece and prevents skew or non-uniformties in the plasma processing.
[0031] Wiile the foregoing is directed to enbodinents of the invention,

ot her and further enbodi nents of the invention may be devi sed w thout
departing fromthe basic 16 scope thereof, and the scope thereof is

determ ned by the <clains that follow 17 What is clained is:
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1. A plasma reactor conprising: a vacuum chanber having a cylindrical side
wall, a ceiling and a floor; a workpi ece support pedestal in said chanber
defining a punping annul us between said pedestal and said side wall, said
wor kpi ece support pedestal conprising a grounded surface adjacent said
floor; an RF power applicator, and a process zone defined between said
ceiling and said pedestal; a punping port through said floor; a dielectric
el enent between said grounded surface of said pedestal and said floor; and
an annul ar conductive grill in said punping annulus and displaced above
said floolwhby asgriklimead- isl:0or gap, and providing a current path from said
side wall to said grounded surface of said pedestal, said grill being
generally synmmetrical relative to an axis of symetry of said chanber. 2.

The reactgr of Ckgégh; vherein sai g gg taI extends through a center

opening in sai | oor, said grounde face of said pedestal conprising an
outer cylindrical suwﬁaoemothambdrpedGSMQlafaqﬂn@dancedgei@k said floor
defined b izid centi enlng 3 The reactor of Claim1 further
conprisiné sPi £evarPd 8penendPRréugh a circunferential portion of said

cylindrical side wall wosf%qessle' Lupglore pla@leagaqmﬁl s 1¢ORHR@E W thin an
annul ar section of said cylindrical side wal
defining a pumping annulus between sald pedestal and said
side wall, said workpiece support pedestal comprising a
grounded surface adjacent said floor;
an RF power applicator, and a process zone
defined between said ceiling and said pedestal;
a pumping port through said floor;
a dielectric element between said grounded
surface of said pedestal and said floor; and
an annular conductive grill in said pumping
annulus and displaced above said floor by a grill-to-
floor gap, and providing a current path from said side
wall to said grounded surface of said pedestal, said
grill being generally symmetrical relative to an axis of

symmetry of said chamber.

2. The reactor of Claim 1 wherein said pedestal
extends through a center opening in said floor, said
grounded surface of said pedestal comprising an outer
cylindrical surface of said pedestal facing an edge of

said floor defined by said center opening.

3. The reactor of Claim 1 further comprising:
a slit valve opening through a circumferential
portion of said cylindrical side wall, said slit valve
being axially confined within an annular section of said

cylindrical side wall;
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at least a first dielectric ring in said cylindrical side wall adjacent an

axi al boundary of said annular section of said side wall; and an array of
conductive straps providing axial current paths bypassing said annul ar
section of said cylindrical side wall, each of said conductive straps

having a pair of ends, one end being electrically connected to said side
wal | above said annular section and the other end being electrically
connected to said side wall below said annul ar section, said straps being
routed to avoid bl ocking access to said slit valve opening. 4. The reactor
of Claim3 further gonpehstng: frarsecandidcekreet riggringskndsai d cylindrical
side wall, said first dielectric ring being adjacent a top axial boundary
of said afRULBRFTSEREi DAABS WaAldadidecnhmPn andasaPduseasndodi éRéctric ring

bei ng adjggﬁgi%ﬁesgg£ggg1gfl %fgoggggm%agi saj,d annul ar section of said

si de wal | reactor of aim erein said straps are periodically
spaced around the cancanteyeacecofidsatdvsi derapal pravidanboamiknt ervals. 6.

The reactor of Caim5 wherein: said straps are conflgured to provi de
uni f orm ?HHB%@%n@%EhFobﬁPaEé%P@nFalgnangPﬁéﬁsSéﬁfé@@n? s&Pd%lit valve are

of a Suféyﬂgﬁhésﬂg;bd@wgﬂmeaEﬁuaknga%oeegda\ceg%pg%&xpef said slit

val ve, e renual nl ng straps are of shorter engt
having a pair of ends, one end being electrically

connected to saild side wall above said annular section
and the other end being electrically connected to said
side wall below said annular section, said straps being
routed to avoid blocking access to said slit valve

opening.

4. The reactor of Claim 3 further comprising:
a second dielectric ring in said cylindrical
side wall, said first dielectric ring being adjacent a
top axial boundary of said annular section of said side
wall and said second dielectric ring being adjacent a
bottom axial boundary of said annular section of said

side wall.

5. The reactor of Claim 3 wherein said straps are
periodically spaced around the circumference of said side

wall at uniform intervals.

6. The reactor of Claim 5 wherein:
said straps are configured to provide uniform
inductances to RF current; and
straps adjacent said slit valve are of a
sufficient length to permit routing around a periphery of
said slit valve, while the remaining straps are of a

shorter length.
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19 7. The reactor of Caim3 wherein said straps are spaced from one

anot her along the circunference of said side wall by an azinuthal distance
that is less than an axial distance between a wafer support surface of said
pedestal and said plural straps. 8. The reactor of Claim7 wherein said
azimuthal distance is |ess than said axial distance by at |least a factor
of three. 9. A plasma reactor for processing a workpiece, conprising: a

vacuum chanber having a cylindrical side wall, a ceiling and a floor; a
wor kpi ece support pedestal in said chanber defining a punping annul us
bet ween said pedestal and said side wall, said workpiece support pedestal

conprising a rounded surface; an RF power applicator and a process zone
defi ned betweeh- sai @*@effrffoandfsatdiPedesharein paipi B§TPOSt 2CRr ough sai d
fl oor and u p [ ugpi . [ | ve openi ng
in said cy ?%%?igg}msyﬁg gggF*gga%gogﬁ g%%u a%gggfgﬁénggtékd%ﬁéaradiaIIy
from sai dsipedesi al byonar dzsaudhsideiwabkhcandnbei hg ékeset theal by coupled to

ground through said pedestal, said baffle being at _an axial position that
i's betweedXtfhe AXFRFNCPOSFEVBRANOF YAFBTpPOERSETz8HELARA PheSaxFal position

of said ﬁé&és¥§ivgnd said plural straps.

8. The reactor of Claim 7 wherein said azimuthal
distance is less than said axial distance by at least a

factor of three.

9. A plasma reactor for processing a workpiece,
comprising:

a vacuum chamber having a cylindrical side
wall, a ceiling and a floox;

a workpiece support pedestal in said chamber
defining a pumping annulus between said pedestal and said
side wall, said workpiece support pedestal comprising a
grounded surface;

an RF power applicator and a process zone
defined between said ceiling and said pedestal;

a pumping port through said floor and a vacuum
pump coupled to said pumping port;

a slit valve opening in said cylindrical side
wall; and

an annular baffle extending radially from said
pedestal toward said side wall and being electrically
coupled to ground through said pedestal, said baffle
being at an axial position that is between the axial
position of said process zone and the axial position of

said slit valve.
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20 10. The reactor of Caim9 wherein said annular baffle is solid and has
a peripheral edge separated from said sidewall by a gap sufficiently |arge
to permit gas flow therethrough. 11. The reactor of Claim9 wherein said
annul ar baffle conprises a uniformarray of gas flow openings, said baffle
havi ng a peripheral edge, said reactor further conprising coupling
appar at us between said peripheral edge and said side wall. 12. The reactor
of Claim 11 wherein said coupling apparatus conprises: a baffle axial
flange extending axially from said peripheral edge of said baffle; an
annul ar shoul de¢. eXT@adtﬂgctadiaflQlanmaﬁdwhérehnaaaidtenhoﬂasurface of said
si dewal | a side flange extending axially fro sai d shoul der
sai d S|deﬂ%ffl%x}%ls hﬂg%n%aga§a?dgﬁﬁf??%ragxgggefF%ﬂ Eafﬁg!ﬁﬁo8ne anot her
and bei ngs spacedy@part By aagggpsahéici§n§y§fLgkgeth gaﬁhhtteagnable
capacitive coupling thereacross at an frequency. . The reactor of

d aim 12 fhereimesatidranmul ar  shoul der |s at an axial position that is
between the axial position of said process zone and the axial position of
said slit valve, whereby to divert RF ground return current flowin said

side wall froman axhal reseebloprof]sahdssidervahl sgoat ahpingrsaid slit
val ve. 14. The reactor of daim9 wherein said slit valve is contained in

an axi al setflencofpsasescyl indfpcal askdg of gas flow openings,

said baffle having a peripheral edge, said reactor
further comprising coupling apparatus between said

peripheral edge and said side wall.

12. The reactor of Claim 11 wherein said coupling

apparatus comprises:

a baffle axial flange extending axially from
said peripheral edge of said baffle;

an annular shoulder extending radially inward
from an interior surface of said sidewall; and

a sidewall axial flange extending axially from
said shoulder, said sidewall axial flange and said baffle
axial flange facing one another and being spaced apart by
a gap that is sufficiently small to enable capacitive

coupling thereacross at an RF frequency.

13. The reactor of Claim 12 wherein said annular
shoulder is at an axial position that is between the
axial position of said process zone and the axial
position of said slit valve, whereby to divert RF ground
return current flow in said side wall from an axial

section of said side wall containing said slit valve.

14. The reactor of Claim 9 wherein said slit valve

1s contained in an axial section of said cylindrical side

21



21 wall defined by circular top and bottom boundaries, said reactor further
conprising a first insulating ring in said side wall adjacent one of said
boundaries. 15. The reactor of Claim 14 further conprising a second
insulating ring in said side wall adjacent the other one of said
boundari es, whereby to prevent RF ground return current flow through said
axi al section of said cylindrical side wall containing said slit valve. 22

wall defined by circular top and bottom boundaries, said
reactor further comprising a first insulating ring in

said side wall adjacent one of said boundaries.

15. The reactor of Claim 14 further comprising a
second insulating ring in said side wall adjacent the
other one of said boundaries, whereby to prevent RF
ground return current flow through said axial section of

salid cylindrical side wall containing said slit valve.
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