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Al

e, (57) Abstract; A radio frequency excitation coil of an inductive plasma processor includes a planar turn {103) connected in series

v~={ with 2 segment (115) of the coil stacked above a portion of the planar turt. The stacked segement is placed around a region having

€ weak radio frequency conpling to plasma due to azimathal asymmetries in the chamber andfor the excitation coil. Ina single winding

oo embodiment, the stacked segment is close to an interconnection gap between two adjacent planar turns and extends in both directions

- from the gap to cormpensate low radio frequency coupling to plasma in the gap region, In an embodiment including two electrically

= parallel spatially concentric windings, the stacked segment extends beyond one side of an interconnection gap of two adjacent turns,
and is aligned with the planar tumn such that one end of the stacked segment is directly connected to an end of the planar tum via a
straight, short stb. Terminal (111} of the coil is-connected to RF excitation circuitry (28) terminals in a housing above the coil by
{eads (128) extending smoothly and gradually without sharp bends hetween the coil terminals and the excitation circuitry terminals.
Ends of the planar turn (113) and the stacked segment are connected by alead (116) extending smoothly and gradually without sharp
bends between its ends.



straight, short stub. Termnal (111) of the coil is connected to RF
excitation circuitry (28) termnals in a housing above the cigaéggpl?ﬂgﬁ
(128) extending snoothly and gradual |y without sharp bends betV t i€ "Coi
termnals and the excitation circuitry termnals. Ends of the planar turn
(113) and the stacked segnent are connected by a | ead (116) extending
snoot hl ywangesgsi@dual | y wi t hout sharp bends bet weepciiiSgsgs. 16 SEP 2005
WO 02/ 080219 PCT/ US02/ 09563 STACKED RF EXCI TATION CO L FOR | NDUCTI VE
PLASMA PROCESSOR Fi el d of Invention The present invention relates generally
to inductive plasma processors wth RF plasma excitation coils and, nore
particularly, to such a processor with a coil including a planar w ndi ng
segnent that is electrically connected to a planar 5 turn, wherein the
segnent is stacked vertically relative to a portion of the planar turn.
Anot her aspect of the invention relates to a processor including a coi
with a wnding having a planar turn having ends that are in a first plane
and connected wth turns or partial turns having ends in a second pl ane
wherein the coil is driven fromRF excitation termnals that are spaced
fromthe first and secondSTAGKED RFREXAITATDGNOOID ends are connected to (1)
each other and/or (2) the eFORINDUCTIVEPEASMA by connecting structures

t hat extend snoothly and gradual PROCESSORUt sharp bends, between opposite
ends of the connection structure. Background Art 15 One type of processor
for treating workpieces with an RF plasma in a vacuum chanber includes a

coi l connectgﬂkhglggn&8§ponsive to an RF source by |eads extending

vertically b nals | ocated in a housing above the coil. The

coil, which is u I l. ¢ O Lcal_or e, shaped, is driven by the
RF source to pr§§%éﬁ*gﬁé@?@%ﬁd%ﬁ§€?%*?ﬁzﬁagm?%ggggﬁ%ﬁ5%”?8ﬂfzab|e gas in
t he chanmber »6hRE phsps exsitation Fils ahdyads pediowlstyt forsgehtdyeocessbt wittoa t he exci t ati on

source inter §tﬁf:i'h¢1u&i%r :gﬁlﬁ%}' grngfngts&%wﬁt%% is eﬁcﬁ%%l@&%x&n%%%ls%isamlynsayal ly the coil

is on or adjacent ti ctrit w ndow a direction
gener afly paku, whbreindhessegnent &rstackedrviertioally aglitive 6x4 pntioong teupldrace of t he

processed Wofu%piﬁﬁ)ﬁwr :Ege%t &’){Eé ih&qﬂo%l 828R ;gmt?ésfor ﬁl(c)l(aﬁ‘:’mg a coil with a

winding having a planar turn having ends that are in a first plane and connected
with turns or partial furns having ends in a second plane wherein the coil is driven
from RF excitation terminals that are spaced from the first and second planes and
10 the turn ends are connected to (1) each other and/or (2) the excitation terminals by
connecting structures that extend smoothly and gradually, without sharp bends,

between opposite ends of the connection structure.

Background Art

15 One type of processor for treating workpieces with an RF plasma in a
~ vacuum chamber includes a coil connected to be responsive to an RF source by

leads extending vertically between terminals located in a housing above the ¢oil.

The coil, which is usually planar or spherical or dome shaped, is driven by the RF

source to produce electromagnetic fields that excite ionizable gas in the chamber

20 to a plasma. The leads connecting the coil to the excitation source intersect
terminals of the coilqat right angles. Usually the coil is on or adjacent to a

dieleciric window that extends in a direction generally parallel to a planar

horizontally extending surface of the processed workpiece. The excited plasma



WO 02/ 080219 2 PCT/ US02109563 interacts with the workpiece in the chanber
to etch the workpiece or to deposit -material on it. The work;

typically a sem conductor wafer having a planar circular sur 50% P 2@05
solid dielectric plate, e.g., a rectangular glass substrate used in flat
panel displays, or a netal plate. 5 Ogle, U S. Patent 4,948, 458 di scl oses a
mul ti -t uiyeSpdet@l planar coil for achieving the aleyRsfhHassts. The spiral,
which is generally of the Archinedes type, extends radially and
circunferentially between its interior and exterior termnals connected to
the RF source via an inpedance matching network. Such coils produce
oscillating RF fields having magnetic and electric field conponents 10 that
penetrate through a dielectric window to excite electrons and ions in a
portion of the plasma chanber close,to the window. The spati al

di stribution of the magnetic field i'n the plasma portion close to the

w ndow is a f, .sum Vi | netic field conponents
produced by tﬁgﬁ%%%ﬂl i 18 éeé;?:hn th%f“hn 98- S {jﬁglc SrpRicee PR e ch%?fﬁcti ve
conponent of mﬂ@abd?lelt“,tThcovc{rkpﬁcdlslt)gncplﬂ)a{hmmdndnytot hﬁexthal«ﬁgla@lauﬁr yi ng magnetic
field, while i one ctric field i s produced by
the RF vol taggégaﬁﬁ%t@ﬁ%(éc%% %‘loqld%llﬂi;% me %\/aemé F plassispbefrge iseda 2 it hal
while the capaﬁﬁmdlmlmtmamem]mw |s verti cal to t he wor kpi ece. The
currents and volt f f Ot . pRoi u ransm ssi on
line effects of tﬁgﬁco“:gl {)a??ntﬁ’t??\%i %r%cﬁsécrslg mul{ﬁut"ﬁ E’Ur8’¢13tf 20 For spiral
desi gns as disiotasetle byovanauliza Skhel spnmlthcl@Igenerzd@&fplmtﬂmmmeﬂdae RF currents
in the spiral, coi trlbute t roi da sh ed electric
field resul tt?'pngejftﬁ%g ddan% darpi ggrﬁ%a@ %d’ge?n % r‘ﬂ(—?} ich is where
power i s. absderngdis ctxynectthbtog!msRRaome«uamenm;jaeangamatth)n@nqnhﬁlanmch The toroi dal
shaped nagnet a |ed b electric field which
generates a tclgfrfsdjr}ffﬁfeosﬁlﬁm ﬁﬁggﬁmf mo‘%“% a%d‘?q c eﬁdcof“@{?\?ﬁ essures, in
the 1.@ to 10habrif@ptlrat¢tamgmadi¢léctmsumiowmﬁ ewtcheeleqﬁbmaxdns mm;tohmnt or oi dal
shaped regqi orhf\me@gmgl &grggerq%g%‘ot Ye |“§mB§,akfgle L g{fﬂ SiidShutiSd fa[h out plasma
non-uni form ty and | ncreases asha densit T the cha Eenter j ust
above the cemlaeuetlgﬁelﬁﬁlethmhmﬁwtt@ncmmmmctolwes dlﬁm{:iﬁmiaﬁmeahmne general | y
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the coils. The inductive component of the electric field is produced by the time

15 varying magnetic field, while the capacitive component of the electric field is
produced by the RF voltage in the coils. The inductive electric field is azimuthal

while the capacitive electric field is vertical to the workpiece. The current and

voltage differ at different points because of transmission line effects of the coil at

~ the frequency of the RF source.

20 For spiral designs as disclosed by and based on the Ogle '458 patent, the RF
currents in the spiral coil are distributed to produce a toroidal shaped electric field

. resulting in a toroidal plasma close to the window, which is where power is absorbed

by the gas to excite the gas to a plasma.. The toroidal shaped magnetic field is
accompanied by a ring shaped electric field which generates a toroidal shaped

25 plasma distribution. At low pressures, in the 1.0 to 10 mTorr range, diffusion of the
plasma from the toroidal shaped region where plasma density is peaked tends to

smear out plasma non-uniformity and increases plasma density in the chamber

center just above the center of the workpicce. However, the diffusion alone generally

can not sufficiently compensate plasma losses to the chamber walls and plasma



WO 02/ 080219 PCT/ US02/ 09563 3 density around the workpi ece periphery can
not be changed independently. At internediate pressure ranges, in the 10

to 100 mlorr range, gas phase collisions of electrons, |oﬁs ggﬂ%qgﬂl al s
in the plasma further prevent substantial diffusion of the' % ged

particles fromthe toroidal region. As a result, there is a relatively 5
hi gh pl aswezdemsity in a ring like region of the wopdgpises@séput | ow . pl asma
densities in the center and peripheral workpiece portions. These different
operating conditions result in substantially large plasma flux (i.e.,

pl asma density) variations between inside the torpid and outside the
toroid, as well as at different azinmuthal angles with respect to a center
line of the chanber that 10 is at right angles to the plane of the

wor kpi ece hol der (i.e., chamber axisy. These plasma flux variations result
in a substantial standard deviation, i.e., in excess of six percent, of the

pl asma fl ux EBﬁp r rd deviation
of the plasngagﬁﬁgg%ﬁgﬁ%ent %%}%ﬁﬁﬁ§gaﬁpleceaﬁ§%§ %@Qﬁm yg?o cause non-
uni f or m wor k piteseedighy preseise fangss, i the 10 todiOp frdow mangp it presesollifionsteé wor kpi ece are
etched 10 Laothohd Rhella AR Ho AR HOANE o SIERANnAMRURED of meterials

deposited on them Mny arrange cted to 1 nproving uniformty
of the pIasnﬁhﬁﬁéﬁ@B@MWﬁﬁh$ﬂ@nﬁwdwméﬂwmmkpﬁé@@ﬁmaﬁﬁmuancémwﬂnted on

Patant S 5, oeapB ey REIERIGTOIN ol LOORTBREN AR > 3 1101 550,
5, 558, 722, 51ﬂm6@8@9d&ﬂpmlmle@@0@0®47 074 and 6, 028, 395. However, these
coil's have gener aink aRRRH aatiliathidod Rl RSl QYL AMNR PLasTa 11 ux

uniformty and to a large ave 1gnore azrnu plrasma fl ux
“unifornmity ‘oft eazliamatd%ﬁlty)s‘gamﬂemrlaetwe%mm@qjhmm@/mmsusngﬂ@d tdghid as Pat ent

6. 164, 241 enlyb v il Gl wiiARLRAF Llr RRQVRL LGk fpuP! od Pl asma

Generation Systens," oses -anot coil ine g two concentric
el ect AP cal | yisghright |a@glesm thdl iphass ofethee Worlpisee hejddri(kes tehamivgr sxd.ofbese er ni nal s,

whi ch can bepEoRThd Sififors ARk indRbs B Pndk A, 2. 0h RAGN¢ il Nl NO. Each

first termnal 1s connected via a filrst Series capacitor to an output
term nal of BEYPA% éﬁihﬁ@laﬁéft Gy facident o fhe pyorkpiecRF Tho substantiplstandard Each second

termnal is goRRGEH Sl’akrﬁa AnSRGRAb TR WoRDiEARRS tdhfiney B cAisFRIFTON ground
termnal of WD 02/080219
uniform workpiece processing, i.e., different portions of thv; wortkpiece are etched to

15 different extents and/or have different amounts of materials deposited on them.
Many amrangements directed to improving the uniformity of the plasma
density incident on a workpiece have concentratéd on geometric principles,
usually concerning coil geometry. See, ¢.g., U.S. Patents 5,304,279; 5,277,751;
5,226,967; 5,368,710; 5,800,619; 5,401,350; 5,558,722, 5,759,280, 5,795,429,
20 3,847,074 and 6,028,395, However, these coils have generally been designed to
provide improved radial plasma flux uniformity and to a large extent have ignored
azimuthal plasma flux uniformity or azimuthal symmetry.
Our commonly assigned U.S. Patent 6,164,241 entitled "Multiple Coil
Antenna for Inductively-Coupled Plasma Generation Systems," discloses another
25 coil including two concentric electrically parallel windings each having first and
second terminals, which can be considered input and output terminals of each
winding. Each first terminal is connected via a first series capacitor to an output
terminal of a matching network driven by an RF power source. Each second

-terminal is connected via a second series capacitor to a common ground terminal of



4 PCT/ US02/ 09563 the matchi ng network and RF source. Each w nding can
include a single wwnding or nmnultiple w ndings that extend
circunferentially and radially in a spiral-like manner relative ft

comon axis of the two windings. Each winding is planar or ﬁﬁe§EP ?ﬁﬁﬁ

di rensional (i.e., spherical or done-shaped) or separate w ndings of a

si ngl e Swoicneénnig can be stacked relative to each otdegrusémesasignent the
anount of electromagnetic fields coupled by a particular winding to the

pl asma. Holland et at, U S. Patent 6,028,395, discloses a coil including
plural electrically parallel w ndings. Peripheral parts of the w ndings
are stacked vertically with respect to each other and a dielectric w ndow
separating the coil 10 fromthe vacuum chanber interior. The stacked coil
segments are arranged so that the eljectromagnetic fields resulting from
current flomng in parallel through the two segnents is additive, to

assi st in Mol i Aokl KPLol L RLRYing bAGGRERARALLGafl &) dS 10 Lhe
chanber and a rel atively uniformplasma density on the workpiece. 15 The
paral | el conrfBdtnleywindisgs thas extend sistumderentiplly apd radialinis aspisal- ikt mininershed by

struts that auh@Rdo sWlhalbsrok HEGRARH iR idde il RadalG; @ALAI | €1 . Stacked
coil portions. Adverse effects nmay occlr as a resu of the | eads being
connected pelipesigra (i-car sphesicales domesshapes) roir sepatate windjygy of eudingte, we have
found that tRenditd Uiss be Aehd1CRARS B Bch Q! th Bl S ithiOfpagneti ¢ fi el ds

generated by the coil and 20 stacked coil segnerits particularly around the
regi on wher e dlesEomagegis fieldspoentidiby a pasiqeiapwindingitodheqtasmact ed. |1 n addition the

struts and | eads Rangqa: LERARNSknd B02uDIOOINER bl LBP iffllng Sl | vl y | ar ge

standi ng wave vari ations which usually cause a non uni m pl asma to be

i nci dent on tofETigBkpAralick windings. s Padberabipritsl 9f the wibfliegst arefstacked present
Processor.  AnagiD FUERERIO0E of 8 ENERic by SRk LU P oV de
new and i npriBietie seupmichimbsr ingrsion Tl desked gofl segestsrarsureangddrsot he pl asma
e o " RO ARG Sl s SRS Al bt
the two segments is additive, fo assist in maintaining relatively uniform
electromagnetic fields in the chamber and a relatively uniform plasma density on
the workpiece.
15 The parallel connections of the stacked coil portions are established by
- strufs that extend substantially perpendicular to the two parallel, stacked coil
_portions. Adverse effects may occur as a result of the leads being connected
_perpendicular to the coil terminals. In particular, we have found that the struts
and leads seem to perturb the electromagnetic fields generated by the coil and
20 stacked coil segments particularly around the region where the leads and coil
terminals are connected. In addition the struts and leads have a tendency to
produce in the coil relatively large standing wave variations which usually cause a
non uniform plasma to be incident on the workpiece.
It is accordingly an 6bject of the present invention to provide a new and -
25 ~ improved coil for a vacuum plasma processor.
' An additional object of the present invention is to provide a2 new and
improved coil for a vacuum plasma processor wherein the plasma density incident
on a workpiece of the processor has relatively high azimuthal and radial

uniformity.



A further object of the invention is to provide a new and i nproved
connection structure between RF excitation termnals drivin g g:@g@%
excitation coil of a vacuum plasnma processor and terninals'of % '
Anot her object of the invention is to provide a new and inproved connection
structure between portions of a plasnma excitation coil that are in
different planes relative to a dielectric window of the processor. Summary
of the Invention According to one aspect of the invention, there is
provided a radio frequency plasma excigation coil for a vacuum plasnma
processor, the coil being arranged to be positioned above a w ndow of a
vacuum chanber of A tfin¢hepobje@ s alie inviiRio G§ ko proMAE iaSiengardlt 1mphﬁ/aatcomﬁ&1dm ndi ng
havi ng rTU|tIp tur.n one of ':f{‘ll[etur S _bei ng .subs, tlal

i anar. A seotERbr el B SRR h T g BrraChust ool AF & oy

spaced from tgisnplpacessocind tdneinglsef theesi]l. t he st acked segnent being connected
in series with the one turn so the sane current flows in the sane

di recti on thr oughAndther ohigctt ef the amdntidreisstb gokdde selgweanﬂ improTrIaré cetiractioad
segnent is Wtﬂl:tﬁre%%&% r?]gorh Mg ?g% as}nh%xmta cynCt Il tﬁat e Ig %lﬁg cm?l gllanes rative
particular region o fe hats

uniformty artdadtdqcmtwwmﬂtlt@atoceaeymmtrl es due to the chanber and coi |
not being perfectly synmmetric. The position of the stacked segnent, the

arc length of the stacked segnent, and spaci ng between the stacked segnent
and t he one Hummarviofithe Inyentipn ef er ably sel ect ed for each vacuum chanber

and/ or coil confi | upl i a_ parti cul ar
regi on of plasnma. &yfﬁ%&gﬁgc gc?g@et& g}ﬁl% ltf)lpe era ?re i cﬁmf&es %reqélﬁncfysecond
termnals f orpla,wal exsitation i dori a)maduomt;bi@npl peEssot, uﬂhen coil memgtmk@d ts egnent

forms an addidlanak.axandes Ha éac@}nﬁ e S DO QBPRR Lt LRl

second term a S connect urn. a net al
| ead which esleabbneshaslmgﬁevmgnméunlc dwnd et \l@e!noﬁehaif &ectu:rmdbtmg mhsahtiailgf t he

st acked Seg% n?ﬁ&?ﬂ R ed%pgw%fl 4 o%tupno qfrl%ltE esci %Jsrs{;]aclecﬁ] I'ESFPeal}el vel y

i nt erconnection iTs are
connect ed t o dfle: gedwumdthe eilackedabgmﬂnt btieg sdnmeétei:hnpmmtsl \tmth tha ehné hen fo tlet end

bends such 't 2Pt piegb i B8 coie ARk LRONA b o Mmoo
fields prodidedtabsedtsbament &aaidy Bs;agrte ntcrwsectm meuquiva R&rcotpling fo d\pmnadarng to
anot her aSpe(}Eging of tﬂg pf-aﬁ'}{aet%tih'xgﬂ)w ﬁlefalz{rgu arlml}laaslna l}nr?rfl:tgzlag cgr}gcy gztﬁlrjl{ltﬁalhas
asymmetries due to the chamber and coil not being perfecily symmetric. The position of
the stacked segment, the arc length of the stacked segment, and spacing between the
stacked segment and the one planar turn are preferably selected for each vacuum chamber
and/or coil configuration to optimize the RF coupling to a particular region of plasma.
The stacked segment preferably includes first and second terminals for series
connection to the planar turn. The stacked segment forms an additional, extended partial
turn having opposite first and second terminals connected to the planar turn. In one
embodiment, a metal lead which establishes the connection between the second terminal

of the stacked segment and a first end of the planar



first and second ends respectively connected to an input termnal of the
coil and an output of a matching network. A second netal cg

structure has a first end connected to the coil output terﬁ1$a$E¥PT?GQ5
second end connected to a termnation capacitor. The first and second
metal connection structures extend gradually and snmoothly w thout sharp
bends such that electromagnetic fields groduced by them are constructively
superi nposed on the main fields produced by the coil (as well the stacked
segnent i f ap a furthe of .t he

ica | n, accor e W h ect
Cnvent i on, TR T o A A e A B R
respecti vel y zespm&elyedmh@teﬁ fol tmtsemrdt featinglf oft e @écaaﬂlpmtut;tﬁ rand athel fagt end of

t he stacked se arr.ang tend r adual | nd_snpoot
wi t hout sharp” g‘ralfgél %éetﬂmt e‘g‘ef Of’%tIS ?'(5 %rﬁﬁ m%?@?’egftgo g‘?‘ér ably,
t he stacked segdentch shitodiatdeds aﬁhta@mtanmyl pe@is Othee Gldcwdmagagid efidsen
ends of a pl ana The stack nt extends in both directions
fromthe gap H'S uCéégob#gfé%%ﬁ(% Slegwer&&n{gﬁ \%ﬁngmf‘rom the gap to the plasns.
According to anotAueasrdmgpcea:totlrmf adpba ofﬂmemtentﬁn’m a fifse metal Scmﬁécmh gegdnre iadi o
frequency exgitation coi.l arran errent uum wor. kpi ece
processor, gStc?Sﬁ& pecond ends rosnpERe bcé’i“ﬂeﬁ g%ﬂ‘ﬂ&?}‘ ‘bfa@‘? ?qﬂcf'ﬁgﬁg 8P de a
pl anar wi ndowfcafmaacm@omwnrk ct sarbst methl @h&cﬂdﬁﬂﬂﬁﬁﬁ&rha@.@dirﬁtﬁ:ndiuirfnb@mt
prOX|mtyto he ..wi w t.0 .coupl e | ect romagnetic .ener g into chanber
through the vi n‘a’ol\ﬁu%flﬁ%m&lﬁllmggP?ﬂ‘b‘g‘?{@r‘f{)megg%g’rﬁ tgmﬁat‘é’fl B oHE ¥ ndi ng,
opposite firshd aea&nﬁammhaboﬁmdﬁomitmhﬂnﬁ:swxmdd eepdbadiynghd @dm@ﬂﬂii withbu@t QMu’ﬁdl ng
when positioned, outs ethevvl l.e el ectro ener into
the chanber  HENsgUstb Fieetnd SChiud:GraB e ort FRERESRH Spasirost
subst anti al | yonpigrmadih éldd Iﬁroddtedhmaawﬂ(mwdbws stfittkfe&bcg&i&d 15@@&%1@x0| tation
termnals proviging c nnec s . for rrent. flown t ween. an pl asma
excitation sour ccelﬂ 5%8 Ej}bﬁﬁg‘hfr aSB?FgQF@F TRYGRIQR ﬁg’i’ert?g Cogle?tfoflssfm??éﬁ al
connecti on sthavieg ﬁrseaﬂnas/acmgl and$ rerslsdcneahplcommmtaeﬁtsﬁ porfidicoff thé plan@X@ht ati on
termnal and a,second.end c ected to the fir ndi
second metal LHARSE 06%1 ?t?c%g‘?ﬁ?%l AL F5Eeds 1O x@ﬂ% %%h%tag‘gnsf“f}m
second exci taztlthoﬁtsh&pbtnﬂabetﬁﬁdltheﬁﬁmﬁdecﬁﬂdexﬁl@ﬂﬁ&ﬁf ed to the second end of
irst. and second netal connect

t he wi ndi ng, E _P

structures exten?feiji- até a{%ﬁsg?‘ﬁkffp%f’ GIE%ISFW‘V“‘JW“I':ﬁ%&ﬂterg‘ﬁ’ﬁf‘ﬁwﬁﬁﬂ%i’%‘g‘f%en t he
ends t her eof endlsrbfaqataﬁaxdandnﬁg V\Tmehste;éﬁéd saglﬁéd‘ﬂeﬁer&is feledth ditectibl® fiodvdBgipd, there
is provided a radl(% Io hlgl_quenﬁ]}/gaé tati on, ¢ ? for a vacuum pl asm

wor kpi ece pr SRBRAFYC loPife CYPIEE T e gap to the piasma.

According to another aspect of the invention, there is provided a radio frequency

" excitation coil arrangement for a vacuum plasma workpiece processor, the coil
arrangement being adapted to be positioned outside a planar window of a vacuum
chamber of the processor and in sufficient proximity to the window to couple
clectromagnetic energy into the chamber through the window, the coil arrangement
comprising at least one winding, opposite first and second ends of the winding being
planar, the winding when positioned outside the window to couple electromagnetic
energy into the chamber being positioned so the opposite ends thereof extend
substantially parallel to the planar window, first and second excitation terminals
providing connections for current flowing between an RF plasma excitation source and
the opposite ends of the winding, a first metal connection structure having a first end
connected to the first excitation terminal and a second end connected to the first end of
the winding, a second metal connection structure having a first end connected to the

second excitation terminal and a second end connected to the second end of the winding,



arranged to be positioned above a wi ndow of a vacuum chanber of the
processor, the coil conprising at |east one w ndi ng having rrul tiple turns,
at least one of the turns being substantially planar, a seg &g lﬁ@é
with only a portion of the planar turn so the segnent is spaced om

pl ane of the planar turn, the stacked segnent being connected wth the

pl anar turn, a nmetal connection struct uge havi ng first and second ends
respectlvely connected to a first portion of the pl anar turn and an end of
t he stacked n t ext ends
gradual | y andﬁgqrrg%t %qdygéagmndtcﬁlgﬁf %é’hlggm%b%}ré X\%glg]ﬁg tgl%{u@? ‘?d ti;ﬂgcond
ends thereof. Wmmhdmdﬂ@tmomwndsaquﬂ of the invention, there is

provi ded a radi o {r . i i i p i ece
processor, the coll?nl a%gdélﬁr%gé/g%tfﬁ?%%%{hteggg&q %E‘ﬁs. E' Y%Hée{rgqg%mseg rgﬁﬁvﬁ%n%\%\?vﬁgf a
vacuum chanbeﬁeqyﬁnwwcmfbcwéoﬁor at yrsuwwiplaswe rperkisieaegpratessar,eths tcod eing ndi ng
having mul ti pelrﬁan%édrtgﬁe @sﬁtlolng(fa%tovéw%nﬁgw %Pz?v&cﬂﬁrﬁ%h&%ep?f tﬁ%@%&e@&% tﬁé &XI

pl anar, a segment o R east one w ndi pel ng stac W t’h a portion
of the pl anarcompgsing gbldast ang vgpdiege bevingomltiple tpdnanae l@ft ¢rigeofghatvans Weinen, t he
stacked segne n t r rn
including fi r@%Stg(ﬁﬂaggQ%g%dggsﬁggmg\rgtala%ﬁs@t g‘%@a orﬂéh th%lrh?angll ﬁﬁ?go iﬂ% each
other and spagederys @a@éﬁrommﬁpmﬁthﬂMQmﬂm@eﬁaahdd@dm@ghamconawttﬁndl ng
across the 9apiuPQd bidhr A3 2SRRI SRANCRT shiBfre hAGKE et SHIP Bk off €
opposite sides o fhe gap.” I'n one e |rrent connec I on
structure i nckspdeivelylgongectadrigta firar portidnrapf thb(pdﬂ;msr furo pmdt hreelﬁd pf the estedkedf tEe
pl anar turn B erdt " t t in- t he
gap to a point-th tﬂa'@ﬂcg cttpbunhule b éﬁg'g%dtsﬁéﬁe’g&ﬁdggad%ﬁ’ﬁﬁgxﬁﬁ st acked
segment and (Vzl)hoat@wmswawenﬁafﬂstwpscmécﬂdﬂhwﬁ he point to the first

d of th tack C
g?r ugt ureepfe?gr:‘gﬁ y e tenhosth%a ee{n{%fls%? ?Rgm(rgiel’l %Fk% 1@3{0@!&%9@%&? ET%‘R‘@“J of the
st acked segnesreitatipn gl @2/30@10@11191)1@@?[& WS&EJ/e@iQﬁG@?S%r'IThe ceit hohkparmegh®rite .
i ncl ud gted to
! udes 2 qath @ IRl iS! LAeeds bt G0bbk LA RongAORES! o
aspect of thdeishyenwiming laanigan@lﬁplb vwms, i atdéastdes: off fhe smmarbdmg eulsdtidiyd
portions that l'ﬁ'lrale a3 %ﬁéﬂ@l % (é R3& oho ﬁ%ﬁ{% ?s&c@é&%fﬁ{ g}p&?%‘é%@ he lag% a gap

from each otHer 86 curren Iovvs ar ou mal nder” o ar turn
turn so it is spaced from the plane of the planar turn, the stacked segment bemg connected

with the planar turn, the planar turn including first and second end portions that are
spatially close to each other and spaced by a gap from each other, the stacked segment
.extending across the gap so first and second ends of the stacked segment are on opposite
sides of the gap.

In one embodiment, the metal connection structure includes (1) a first part that
loops from the first end of the planar turn away from the gap so it extends in a direction
away from the gap to a point that is farther from the gap than a first end of the stacked
segment and (2) a second part that loops back from the point to the first end of the stacked
segment. The first end of the metal connection structure preferably extends tangentially
relative to the first end of the stacked segment.



between the first and second end portions. One of the end portions is
connected by a radially and circunferentially extending conductive strap
to an adjacent turn of the w nding. The stacked segnent extér@lsggc}?cg{}j'_ he
gap so first and second ends of the stacked segnent are on opposite sides
of the gap. 10 According to a first enbodi ment, first and second ends of

t he stacwedossagnent are di spl aced by approxi mat el pee@t@hosegl es from the

i nterconnection gap between adjacent planar turns. The connecting
structure is arranged so current first flows back in the direction
opposite to the direction of current flowin the planar turn, then turns
direction gradually follow ng the gradually bent 15 connection structure,
and eventually flows in the same direction as the original current flowin
the planar turn. According to a secopd enbodi nent, the first and seconds
ends of the stacked segnent are arranged so the second end is displaced

ci rcunf er ent iTRd dtxkePR LRSS inkhfes 9 3R ohd Lt B | b&}ﬁ@ i rns and
ext ends substanti ae g/é[greglter 20 tohan t he gﬁg%ﬁngrgfggsp atg&eurl?%ynt of the gap

|1
t o conpensat ECMeRFARIEDIBRENSVE P qurrenhiomdhe Rfbgsueegi on to the pl asma.

Preferably, the s{acHRg (SRR RFeck bﬁhéﬁ,‘e&a&,qgﬂngfmm %A}ﬁaé& acked segment
vertically overlaying the first end of the planar turn. e second end of

the stacked &Bhiaditcophendipertiou i arespatially ¢lpss 7 ¢acks pthespeld b spabesl pl anar  turn

via a short, hpi R 6 caQPSINE 64 & - i win the sane
25 direction iﬁné&?heeagi anar %ﬁuﬁr&tﬁ'ﬁ‘fﬁ%@gﬁeaﬁg%%e?%%@ﬁ%% obj ect s,

feat ur es andbAHraMeaEand pecedenppatdant Onp aldnerdmartiond is cometede appar ent upon
consi der at i ofy Pladibieanti lrdudiriialflCRhdifHcon@RBG WRLiPASaRlensGMer @l specific

enbodi ments thereof, especially when taken in conjunction wth the
acconpanyi ng®idhaindigs. Theptacked gegmenteex tpdsmomgnife gD VA8 seger@ PCT/ US02/ 09563

Bri ef Descri gl ohéNtackdd@edtieirforpfositd siliss ofmS gfpemat i ¢ diagram of a vacuum
pl asma_processor of the ty 'oyed i n conhection with the present

i nventfon; 5 Fi g.ACE"riliEgeé’ ?c%gst Vggﬂ%i%ﬁfmsﬁf@ afiserandrens obfheaptackR exci t at i on
coil for usesehhedt AR displaced by approximately equal angles from the interconnection
gap between adjacent planar turns. The connecting structure is arranged so
current first flows back in the direction opposite to the direction of current flow in
the planar turn, then turns direction gradually following the gradually bent
15 connection structure, and eventually flows in the same direction as the original
current flow in the planar turn.

According to a second embodiment, the first and seconds ends of the
stacked segment are arranged so the second end is displaced circumferentially
across the gap interconnecting adjacent turns and extends substantially greater

20 than the angular displacement of the gap to compensate low RF coupling from the
gap region to the plasma.” Preferably, the stacked segment has the second end of
the stacked segment vertically overlaying the first end of the planar turn. The
second end of the stacked segment can be connected to the first end of the planar
turn via a short, straight connection so current continues to flow in the same

25 ~ direction in the planar turn.

The above and still further objects, features and advantages of the preseﬂt
invention will become apparent upon consideration of the following detailed
descriptions of several specific embodiments thereof, especially when taken in

conjunction with the accompanying drawings.



processor of Fig. 1; Fig. 3 is a cross sectional view taken through the
lines 3-3 of Fig. 2, Fig. 4 is a side sectional view taken throuﬂg Ztﬁle'__,
marks on Fig. 2; Fig. 5is a side sectional viewtaken thréu@hSﬁ s
on Fig. 2; 10 Fig. 6 is a perspective view of a portion of the coil
illustrated in Figs. 2-5; Fig. 7is a side viewof the coil of Fig. 2 in
conbi nat warzmdotld netal straps connected between t eciigialessspf the coil and
termnals of a housing including an RF source for the coil; Fig. 8 is a
top view of a second enbodi nent of an RF excitation coil for use 15 in the
processor of Fig. 1. Fig. 9 is a side view of a portion of the coil of Fig.
8; and Fig. 10 is a side view of a portion of a coil that is a nodification
of the coil of Fig. 8 20 Detailed Description of the Drawing The vacuum
pl asma wor kpi ece processor of Fig. | fgf the drawi ng includes vacuum
chanber 10, shaped as a cylinder havihg grounded netal wall 12, netal
bottomend plate 14, and circular top plate structure 18, consisting of a
dielectric w ndow structure 19 having the sane thickness fromits center

to its peri ph@iienani g@liitg rgf yacuum chanber 10 is provided by

conventi onal g'_%m‘rﬂgnu%ﬁ%-gas 2> The processor of Fig. | can be used for
etching a sem condyct i ctric aqr. netal substrate _or for depositing
materials on suchqis‘%bg%?3&5@%“%1%%0@a\/@“ﬂ’?/ﬂ@ﬁ'ﬁf@"@“%@f/%@? 09563 A
suitabl e gas tHBeYed avoimection with thelpresentanvpdtiasma state is supplied to the
interiog of chan‘%grz- I as, spur t a‘gﬁv\n. via port. 20 in side
wall 12 and further” é?é{prvl%g?lf?%%eﬁlﬁ? oerng?eff](‘gﬁf’ﬁ? négﬂgfarsusﬁ % i bution
mechani sm ( noProgasufFig. The interior of the chanber is maintained in a

vacuum condi tion, gt ‘Qﬁtl can 5 vary in the range of 1-1000
mlliTonr, by a v%u?nag%%rr%%%%fls oﬁ?"%“&hﬁ‘éé%@%%ﬁ'gpgr; 22 in end plate
14. The gas i n ch&igbis agide sedionsl view eerishrogghsheiniagds beFigl 2ct ri ¢ source to a
plasma having a q’%nﬁﬁgkiﬁ?s@ctﬁﬂﬁ%ﬂak&%ﬁﬁgtn&emzﬁg01? ig.(;zt;ri c source includes a

pl anar or spherical” .
10 Fig. 6 is a perspective view of a portion of the coil illustrated in F igs. 2-5;

Fig. 7 is a side view of the coil of Fig. 2 in combination with metal straps
connected between terminals of the coil and terminals of a housing including an RF
source for the coil;

Fig. 8 is a top view of a second embodiment of an RF excitation coil for use |

15 in the processor of Fig, 1.
Fig. 9is a side view of a portion of the coil of Fig. 8; and

Fig. 10 is a side view of a portion of a coil that is a modification of the coil
of Fig. 8.

20 Detailed Description of the Drawing

The vacuum plasma workpiece processor of Fig. 1 of the drawing includes
vacuum chamber 10, shaped as a cylinder having grounded metal wall 12, metal
bottom end plate 14, and circular top plate structure 18, consisting of a dielectric

| window structure 19 having the same thickness from its center to its periphery.
25 - Sealing of vacuum chamber 10 is provided by conventional gaskets (not shown).
The processor of Fig. 1 can be used for etching a semiconductor, dielectric or

metal substrate or for depositing materials on such substrates.



or done |ike coil 24, nounted i medi ately above wi ndow 19 and excited by 10
vari abl e power RF generator 26, typically having a fixed frequency of 13.56
MHz. | npedance matching network 28, connected between out puf fdf i Aal5 of
RF generator 26 and excitation termnals of coil 24, couples RF power from
the generator to the coil. Inpedance matching network 28 includes variable
react ance® oywddich controller 29 varies in a known rgiaRgegdssr esponse to
i ndi cations of the 15 anplitude and phase angle of the voltage reflected to
the input termnals of the matching network, as sensed by detector 43.
Controller 29 varies the values of the reactances in network 28 to achieve
i npedance mat chi ng between source 26 and a |oad including coil 24 and the
pl asma | oad the coil drives. Controller 29 also responds to input device 41
to control variable reactances 20 cgupled to coil 24. Input device 41 can
be a manual device, such as a potentioneter or keys of a key pad, or a
M Cr opr ocessor responsi ve si.gnals stored in.a c ter. nenory for
di fferent processﬁﬁ&ﬂggg?ﬁggmgp W&F%B?%g%”§§%£V%?P§%$§§E%Pwﬁﬂé reci pes
include (1) sfeinbe 10ffrogasessofuo@btbovin vie peh2(iaside 2811 i2und figlhanber 10, (2)
ressure in r 10 contrqlled .t he vacuum pu connected to port 22,
FS) t he totaﬁﬁgﬁggﬁﬁgﬁFmﬁ&%Ewﬁb?8ﬁt£§8ﬂW8énﬁé?mﬁﬂﬂEﬂq*@mgub Bantially equa
to the power iserjmpbf thelcHamber dd thaiRdineddn d violim thditlem | ati e pregfirecipegi t or s
connected to coi.l . 24. rkniece. 32 is fixedl ted in chapber 10 to a
surf ac e5eof wWOPR B g ines I1§§¢0 '(“Fi’.lgt.r’, by va1uan; PgPP gﬂ?’ﬁ@&?}”ﬂ%@?ﬂﬁf‘ﬁ Wsurface of
hol der 30 carpoy iy endylepieece 32 is parallel to the surface of w ndow 19.

Vr kpi ece 32 i |1y electrostatically.1 6 SEP 2005 WD 02/ 080219
PCTI U032/ 09563 1071 St {8 cRtief B Sipin Fikis 3% I3 B pot ent i al

- that a DC powevingatppiofied spatial dendiigWilhe ebeptit soare indludes@ plagds opdpiaicilode ( not

shou) o ol Sim e 55 2045885 SRR 15 S0 5 T W e
vari ablle reactbieeswir REtgeminomeg, typivbitydiavings fed hequkncd 6f BGEMIES the 5 out put
RO [ i L
mat chi ng net \gonekator 28 4nd emeitatidn tehdndlnpleddinbie codples RE gewst Srdno tHehe | npedance
o 20, et ek C b B PR Mo the
which controller 29 varies in a known manner in response to indications of the
15 amplitude and phase angle of the voltage reflected to the input terminals of the
matching network, as sensed by detector 4-3. Controller 29 varies the values of the
reactances in network 28 to achieve impedance matching between source 26 and a
load including coil 24 and the plasma load the coil drives.
Controller 29 also responds to input device 41 to control variable reactances
20 coupled o coil 24, Input device 41 can be a manual device, such as a potentiometer
“or keys of a key pad, or a microprocessor responsive to signals stored in a computer |
memory for different processing recipes of workpiece 32. Variables of the recipes
include (1) species of gases flowing through port 20 into chamber 10, (2) pressure in
chamber 10 controlled by the vacuum pump comnected to port 22, (3) the total
25 . output power of RF source 26, which is substantially equal to the power supplied to
coil 24, and (4) the values of capacitors connected to coil 24.
Workpiece 32 is fixedly mounted in chamber 10 to a surface of workpiece
holder (i.., platen or chuck) 30; the surface of holder 30 carrying workpiece 32 is
parallel to the surface of window 19. Workpiece 32 is usually electrostatically



pl asma in chanber 10. As is well known the RF voltage that source 45
applies to 10 the electrode of holder 30 interacts with charge particles in

the plasma to produce a DC bias on workpiece 32. Surroundit@_%? gﬁ%nd
extendi ng above top end plate 18 is a netal tube or can-like shield 34

havi ng an inner dianeter sonmewhat greater than the inner dianeter of wall

12. Shi elyd o@dkogdecoupl es el ectromagnetic fields ori ggdqﬂfsj,zybgsﬁg n coil 15 24
fromthe surrounding environnment. The dianeter of cylindrically shaped

chanber 10 defines the boundary for the el ectronmagnetic fields generated by
coil 24. The dianeter of dielectric window structure 19 is greater than
the dianeter of chanber 10 to such an extent that the entire upper surface
of chanmber 10 is conprised of dielectric window structure 19. 20 The

di stance between the treated surface of workpiece 32 and the bottom
surface of dielectric window structut® 19 is chosen to provi de the nost

uni form plaspa flux on the_ex osedaﬂgéocessed surface of the workpiece.

For a pref er rrpediscuriien of pjdes 30byiatote patsngal that p OCcrowersrpndy Gt ween t he

wor kpi ece pr ofieagegpifsid 8 G8uck aBtrddd §ndd h s P holliftS30di B §Gfkdel £ Wi ndow i s
approximately 0.2 to 0.4 tinmes the 25 diammeter of chanber 10. Coil 24 can

0 . : ] )
i ncl ude ei t heFPRYRY? Biio Heauency pleqypmpaaptic ey ale inapedyonapteliies netwerked %t her

arrangenent , tRAGkbsnEiae jefotBbed Gk ioak). Y MaRRB: 8A0MEN7 Rbupld @hel3- 56 Mz
frequer}cy of source 26 to function as a transm ssion Ilr?e havi ng a tot al

el ect ri’c’ | enRUGH sases 6 to helder 30. 4Gonirplles 29 Frspopdsste sigprlfhat wapkingsat t er ns al ong
the I ength Ofan&ﬂﬁsﬂd&@&hﬂ@deﬂ@ﬂo%&h@ﬁﬁe%ﬁ%rM?JSQﬁQMg%%LMSOZ/ 09563 11

standi ng wave_patterns result in variations in the nagnitude of standing

wave RF  vol t*3d8dnaled diccimprdapiesol spwergt 19cthe Bmpsdanse of an flestroder(@ptngs. The
dependence Ofshdwif of HERIGTD! The bhdbs@fedds M eRIRH: RYoliliS0 M pRdiMg teon the

magni tude of these RF currents results in different plasnma density being
produced in dFPRPAHIMESHIG | &S WeH knowa derdiE valtapegtha sovswdh 2pnlies tor ent  wi ndi ngs

of coilo 24. TieistAsde Bf hoditB30 iﬂteiaaewlﬁFcrmge@@rﬂélesrmgfaitprabfﬂlﬁofp}otﬁwe@g_ in d: fferent
in controlling plasma

parts of coil_ 24 are sigg%ially averaged to assis
*on. Spatially averagi ng these different current

density spat ic5t Plasgngpp

val ues can subst aginoadding coil 24 and extending above top end plate 18 is a metal tube or
can-like shield 34 having an inner diameter somewhat greater than the inner
diameter of wall 12. Shield 34 decouples electromagnetic fields originating in coil

15 24 from the surrounding environment. The diameter of cylindrically shaped
chamber 10 defines the boundé.'ry for the electrommagnetic fields generated by coil 24.
The diameter of dielectric window structure 19 is greater than the diamecter of
chamber 10 to such an extent that the entire upper surface of chamber 10 is
comprised of dielectric window structure 19.

20 The distance between the treated surface of workpiece 32 and the bottom
surface of dielectric window structure 19 is chosen to provide the most uniform
plasma flux on the exposed, processed surface of the workpiece. For a preferred
embodiment of the invention, the distance between the workpiece processed surface
and the bottom of the dielectric window is approximately 0.2 to 0.4 times the

25 diameter of chamber 10. .

Coil 24 can include either one winding or plural parallel windings. In either
arrangement, each winding is electrically long enough at the 13.56 MHz frequency
of source 26 to function as a transmission line having a total electric length of about

30° to 45° {o produce standing wave pattems along the length of the winding. The



prevent azimnmuthal asymetries in the plasma density, particularly at
regions of 10 low RF current in the w ndings. Alternativelg, the fr ency
of generator 26 is 4.0 MHz, in which case the w ndings ofﬁébE}Eghzgﬁg
electrically short, about 10* to 15*, causing the standing wave currents
and voltages in the windings to be substantially constant. Reference is
now madewb@dsh@e 2 of the drawing, a top view of operydeesenfi guration of
coil 24, Fig. 1. Coil 24 includes a single wi nding having three concentric
turns 101, 102 and 103, all of which are a sector of a circle and lie in

t he same plane. Turns 101-103 -are concentric with coil center axis 105,
wth turns 10 1, 102 and 103 havi ng progressively |larger radii. Each of
turns 10 1 - 103 has an angular length that is about 340*, i.e. slightly
| ess than one full revolution of a Zﬁ circle. Adjacent ends of turns 101,
102 and 103 are respectively interco hected to each ot her by straight

radially and circunferentially.extending, w ndj 'segnents 107 and 109,
such t hat thégﬁﬁﬁ%wmﬁﬁgggﬁﬁﬁwygﬁagaﬁ?s@gﬁﬁﬁﬁ?m@g?fﬂ?éggﬁﬁ§bggtiver
connect ed t o valthgescen teuresnd 2loaf terlérgths OF the Wiklink) 1 Tindbp&aeice af teur n 102,
whil e the. inner .and outer ds of segnent 109 are respectively connected
to 25 adj acemagréeﬁa@mgf g@&‘ﬁtﬁ’& §¥ Eﬁwﬁ%g?“ glﬁalagﬁtt’%rq%gfeset FU8%. " The ot her
end of i nt er ir@nlts ik differed:Qlashi Gdnbiyeting @rodhdadiin diffefent SR 6t @amby an

appropr.i ate |l e or..Strap 180 ta . the RF voltage output term nal of
mat chi Rg net&ﬁp e§%¢ﬂ%ﬁgw RETof&M? er mi nal 113 of exterior turn 103 is

connected in seriE® vaiidtions RURCKE Suteni maghetgdeeiivinklib diffreahpeis ofet al  strap,
i.e. |lead, 117.I de of.éflver‘%lated 16 U(E%P %005 WD.021080219

PCT/ US02/ 0956%" 12 X8y BFReilely BUYnBrntofing plesmg density spatial) oot hy of
appr oxi mat el isthiB¥ion. (SP)tiallp aveddpipgatksa difdrentosutrat valfiesaa® kubelagiaavi ng a radi us
equal to the radius o i

turn 103,. and 3). overlie nd is aligned with a
120' sector B8FYF ?ﬂmi%§.as3§é"8?“6‘?s "1% fg%?%ér‘?ﬁ'?'%c?f““”ﬁﬂ@r%ﬁ%é’lfy 60' in each
di rectlibon fr duw RF anieat ih2R windiagy | Aldfiativelyg tieSredficy 6f gdonddatbr 266 as a |ine
e NG LG, 10 SRAL- G T GS) 105 o8B oS ASb IR, From e
turn 103, thaf®, ansingpbd stalding wdvesmntns eml holRgdadn .theStvandlogs te@gnent 115 i s
posi ti oned g&mgmghegsﬂ%Love and parallel to the plane of turns 101-103,
Reference is now made to Fig. 2 of the drawing, a top view of one
15 configuration of coil 24, Fig. 1. Coil 24 includes a single winding having three
concentric tums 101, 102 and 103, all of which are a sector of a circle and lie in
the same plane. Tums 101-103 are concentric with coil center axis 105, with turns
101, 102 and 103 having progressively larger radii. Each of turns 101-103 has an
angular length that is about 340°, i.¢. slightly less than one full revolution of a
20 circle. Adjacent ends of tums 101, 102 and 103 are respectively interconnected
to each other by siraight radially and circumferentially extending winding
segments 107 and 109, such that the inner and outer ends of segment 107 are
respectively connected to adjacent ends of interior turn 101 and central turn 102,
while the inner and outer ends of segment 109 are respectively comnected to
25 adjacent ends of central turn 102 and exterior turn 103. The other end of interior
| tum 101 includes terminal 111, connected by an appropriate cable or strap 180 to
the RF voltage output terminal of matching network 28.
The other end terminal 113 of exterior turn 103 is connected in series with

stacked coil segment 115 by sheet metal strap, i.e. lead, 117 made of silver plated



Preferably, each of turns 101-103 has a rectangul ar cross-section, such
that to the wdth of each cross-section is approximately 1.0 cm and the
hei ght of each cross-section is approximately 1.6 cm E%CE QW:%u?ggﬁ
101-103 is preferable made of silver coated copper and has & “hol - center
124 t hrough which cooling fluid flows, as illustrated in Fig. 3. Stacked
segnment wbdzbgsupreferably nmade of silver coated coppgtnang has a solid
rectangul ar cross-section, with a width of about 1.0 15 cm and a hei ght of
about 0.6 cm Dielectric support block 119 fixedly positions stacked
segnent 115 in a plane parallel to and above the plane of turns 101-103.
Di el ectric support block 119 has a generally rectangul ar shape and

i ncl udes notches 121 and 123 into which the top and bottom portions of
turn 103 and segnment 115 respectively fit. 20 Segnment 115 i ncl udes
termnals 125 and 127, respectively positioned at equal angul ar

di spl acenents to the | eft an . ght of axi§g 120, as illustrated in Fi
2. aence, t erWHTA Tﬁgjeﬁegm?;{’bgﬁeh a'bi‘f?%(elnétﬁ Og'f‘ppf‘l}f‘ﬂat 052%dabEd about 50 °

from end t er rhapad aslals3ctoradf ateléle hakihg,a ridiislegual @ the Rdls $2tmi 93 aRa@ve the portion
turn_ 103 connected by

of turn' 103,spaced about 50' fr t he point _of

segment 109 g@‘ﬁ'ﬁrﬁﬁaﬁ ‘Sl"g‘?.leﬁﬂﬁt@aég(g]sﬁ?oré’FWWelro%ﬁﬁﬁt‘gdl&@ﬁﬁ@?f°§heet net al
strap (i.e. |:pgolimdt@P 60Sin @eaiBlicdidn® ytakis MoK cdiRZ4;angkigxdoeRds

tangen%ial por 127 is located to

ly fromthe end of tion 115 where terninal ]
assist’in el éISIIE:“?ﬂg]ﬁﬁ@ﬁ‘@? F’_Eeqdf“élﬂéf_‘“lﬁlhég"‘r?“g]LFFi‘t‘Efrﬁx‘sﬂ?é’ angip &QuidFRRtof strap 128
i s connect ed fofh B¢ QidREL ¥ 2OR ol i FRAD BEtwR ARt lahP¥ecdnd®nd péisHERF2005 WO
02/ 080219 PCT/ US02/ 09563 13 The strap form ng |ead 117 includes portion 116

" having a fir$m &P thetpss spatially elosste sach gther, Stackefiasementold? tspesiignel x and y axes

120 and 122, i a flancQsdve@ndilayallblit@ikt phd dradliolig Then portion 116 extends
both vertically and substanti all ?arallel to turn 103 and stacked segnent

115 beyond termi n%(f’fcrﬁ‘?y.ea@t‘}f&’ﬁnsﬁlf % hepe ssctangulaperess-sprbiprisagh that 8 t hat | oops

back tigwar d thervwidthQ® each QeFREREtichli® apbrckithRdyT1 0 ain anli3fe hé?%ﬁ bieRn118 or 128
extends along a line tangent to a portion onggﬁﬁpnt 115 where term nal

125 or 127 i STOFOEHoRAS wRroxiRielk &em i Frokpfyms isprefepbledeadend  end of

strap 117, abof §ilver Rned &pp@tQhd hBR hbfldy cdnfer MRICHRALICRAILY cnfly ghigct rical |y
connected to termpal 125 and_the first en e strap 1s nechanically

| d of th
and 10 el ect fP¥s 5 Jlugtsiedde Fig>-t aqked spement 1151 preferayly mads ofstleq in Fig. 6,

the strap f oksdtdd@opper and has a solid rectangular cross-section, with a width of about 1.0
15 cm and a height of about 0.6 cm. |

Dielectric support block 119 fixedly positions stacked segment 115 in a
plane paralle] to and above the plane of tums 101-103. Dielectric support block
119 has a generaily rectangular shape and includes notches 121 and 123 into

which the top and bottom portions of turn 103 and segment 115 respectively fit.
20 Segment 115 includes terminals 125 and 127, respectively positioned at
equal angular displacements to the left and right of y axis 120, as illustrated in
Fig. 2. Hence, terminal 125 is above the portion of turn 103 spaced about 50°
from end terminal 113 of turn i03, while terminal 127 is above the portion of turn’
o 103 spaced about 50° from the point of turn. 103 connected by segment 109 to turn
“25 102. One end of silver plated, copper sheet metal strap (i.e. lead) 128 is
connected to terminal 127 and extends tangentially from the end of portion 115
“where terminal 127 is located to assist in electromagnetic field distribution, The

other end of strap 128 is connected to ground via termination capacitor 129.



| ead 117 is twisted and resenbles a Mbius |oop that is not conpletely

cl osed. Stacked segnment 113 increases the inductive RF co pbisg;?o ﬁﬁg
region of the plasnma aligned with the stacked segnent to iﬁp o] hg
azinmuthal, plasma wuniformty and correct azinuthal asymetries due to the
chanber and coil not 15 being perfectly symetric, e.g, in the gap between
opposi t e yedese@fe turn 103. The position of stacked sqgRPbsed15, the arc
length of the stacked segnent between termnals 125 and 127, and spaci ng
bet ween stacked segment 115 and the planar turn 103 are preferably

sel ected for each chanber configuration to optimze the RF coupling to a
particul ar region of plasnma. 20 The configurations of stacked segnent 115
and the strap formng lead 117 are desirable because the fields resulting
fromthe current in portion 116 thatﬁas vertically bent away fromturn 103
only slightly perturb the fields protduced by the stacked segnent and turn

103 and fields regulting fromt current in tion 118 add
constructively to§@iﬂ@?%FF@Wg%mDﬁ%“EEF§Iﬁpﬁﬂdggg?mﬁ%%%@bﬂpﬂ&ﬁration of the
strap 25 for nuingly eeeadshivdy irem hdcdil £ dndly akdsd 20 mdrienti.ef Juemkdgfiémom t er m nal
113 to term nal . if@ qﬁes not oduge, an el.ectro netic field that
material |y s[}fﬂnﬂrg - FrghRHRe l% P bq%égeﬁ'l“laﬁ%@’dfs}‘ il p ined effects
of the currenb surhl@Mang siatket RErmei PEBI beyp@IS RnipH I 125 0M5t@H 11Uk 103 and
segnent. 11 S.eyen thou the current fl ow t hrough the portion 116 of
strap T17 fl 69\?!‘%8%%%%91 8 155¢ oRi et e S 408 ool s W%e@g?aésozlg 14
PCT/ US02/ 095@35.f Paténig 8 ion128heeteis hloh®i Bncthngtid ida dd@onaiTdegilemtaked segnment 115
bet ween term aI% 1ZEu%nd %%3. Portioa.ll .8; S%f%g Lﬁé t hat is above the
stacked segmefFeriEMAEI-Ig&T Bloseish ps ndicaiephin gt ¢ ARk ghsrecord s such t hat
portion 118 ehd of stagp M¥7at e entli6RorfiBINE] isCmédhii@ly ah@kleani@iipddi tive to the
fl uxes produced he se t éﬁS and the overl appi.ng portions of turn -
103 beneat h §88ﬁ§ﬁ%%ﬁT§Wm§ﬁ§9FW%gﬁ Fyend rof e firap e cz&lﬁém‘flength of coi
24 ar eltpr ef erchbiiyallyuodhectedidtierintial 0] s ithisiedtadGh FigCa)ltheystah @khingonpared to a
wavel engt h of RE. sour.ce %ﬁ, éﬁ. : O-io nd. no nore than 45). Hence, the
current alwa %mﬂfiké?Wﬁg &5 %W%ahgﬁPﬁ‘PP%W“EWF&@@W@@?cﬁﬁﬁi 24, between
terminal 111 and $tesked segient 273 inByasdsGheipiictps RBéaplngee e edgioast he val ue of
capaci tor 12%1& glgs%aaaﬂgzl_eld tw“:'&qﬁe sRa]:ckgdt s%ggénrt] 90 improve the azimuthal, plasma

uniformity and correct azimuthal asymmetrics due to the chamber and coil not
15 being perfectly symmetric, e.g., in the gap between opposite ends of turn 103.

The position of stacked segment 115, the arc length of the stacked segment

between terminals 125 and 127, and spacing between stacked segment 115 and

the planar turn 103 are preferably selected for each chamber configuration to

optimize the RF coupling to a particular region of plasma.
20 The configurations of stacked segment 115 and the strap forming lead 117

are desirable because the fields resulting from the current in pottion 116 that is

vertically bent away from turn 103 only slightly perturb the ﬂe}ds produced by the

stacked segment and tum 103 and fields resulting from the cutrent in portion 118

- add constructively to other fields the coil produces. The configuration of the strap

25 forming lead 117 is such that the current flowing from terminal 113 to terminal

125 does not produce an electromagnetic field that matetially subtracts from the

fields resulting from the combined effects of the cwrents flowing in the

superimposed portion of tum 103 and segment 115 even though the current

flowing through the portion 116 of strap 117 flows opposite to the currents



wave currents at termnals 111 and 127 are approxi mately equal and there is
a standing wave current peak anplitude in the center of coil 24, at a
point equidistant fromtermnals 111 and 127. The shape of%ﬁﬁjggoﬁ
involving a snmooth and gradual transition in 15 height fr 0
segnent 115, w thout any sharp bends between opposite ends of the strap,

causes awghgsbas change of inductive coupling bet waeRyidheel03 and segnent

115 and does not disturb the coil electromagnetic field distribution. |If
turn 103 and segnment 115 were connected by straps or other conductors that
extended vertically directly between the wi nding and the segnent, i.e. at a

right 20 angle to the plane of turns 101-103, there woul d be abrupt

i nductive coupling changes and substantial disturbances of the coi

el ectromagnetic field distribution. ;These adverse effects would occur
because turn 103 and segnent 115 have the sanme RF current flomﬁng t hr ough

them and 't he | ane of turns
101- 103) vvoul‘g) @F}gg%'}[&ﬁ%ﬂ %’P%En CPTta(f{(?/d\%%'ﬂ rgéfg B e(?n terﬁ"% onal |y
obstruct the lfzﬁehtblilﬁr d’dmmedllﬂagistrw g tHaD s-abOS tbﬁ’nﬂackﬁfgﬁﬁlﬁntll_ﬁis As

Irlalsgzg'[ ?t/g?yisg?/sarrrleg%ugraﬁsgﬁr :a!mstﬁ %éfga andl%lé%& tﬁ‘a@d ogtl?ﬁdﬂgg h?fcﬁaﬁe]@;pam tor 129

and the out puedutes megrest ﬂmifes thattawmdgpvmatth\zﬂd«esa&pdubﬂtﬂy thogget i N a housi ng

ar adual® ey 145 SR GhiEpaRTE A0 BRERAGHIRN 16 (i thout sharp
bends) strap 128 Tk fogmmecefedurbeonmd nhe length ofabil 22 Freprderatdpacht or  129.
Opposi te endstha(?tt e%Blli ﬁ%le&%gallg %}ét c%ﬂxg?rgot t%d v&agfclgne[tlnc}f%‘%ls?urngG?gd the output

term nal of matc 88 and term nal
127 are conr?é?:ilﬁ‘édnd oo pmwﬁdeﬁ"heHmnBM eswht dways ﬂ%mnmdiwdmem I

arr angenent %x@éheﬂﬁﬁ&@%&ﬁ c§ﬁ°i4 tm%%n emﬁtlﬂfmdFée malzlzg can al so be

enpl oyed with a coi ara concentric di ngs driven in
paral 118 by tahgrofRRtehusefratingothe ndtlechf q:ngaq:tent m me%npllﬁdesmfastzc:ﬂmg is

illustrated '&lvghﬂrefx@ a@ﬁaﬁlwﬁg i"lq 915‘?&% %H’S‘%%g]% %R cP(th‘l ti-turn,

approxi mately equa th wn % €8ncentric with
coi | axis 14Gtandihg waee plrrtentb@k@nmﬂlmdpm dhei canteofof tchig ?14ulat iappadntcoi | s (or

plural w ndi nggkish 6IhIGHESE Y11 fd 127.

The shape of strap 117, involving a smooth and gradual transition in

15 height from turn 103 to segment 115, without any sharp bends between opposite
ends of the strap, causes a gradual change of inductive coupling between turn 103
and segment 115 and does not disturb the coil electromagnetic field distribution..
If turn 103 and segment 115 were connected by straps or other conductors that
extended vertically directly between the winding and the segment, i.e. at a right

20 angle to the plane of tums 101-103, there would be abrupt inductive coupling
changes and substantial disturbances of the coil electromagnetic field distribution.
These adverse effects would occur because tarn 103 and segment 115 have the
same RF current flowing through them and the strap connecting them (at right
angles to the plane of turns 101-103) would produce a magnetic field which

25 would orthogonally obstruct the field produced by turns 101-103 and segment 115
As illustrated in Fig. 7, coil terminals 111 and 127 are connected

respectively by metal straps 128 and 180 to ground through capacitor 129 and the

output terminal of matching netwark 28, both located in a housing above coil 24.

Many of the same advantages are provided by the smooth and gradual way



Chen et al, U S Patent 6,164,241. Further details of operation of the coil
w t hout the stacked segnent 164 shown in Fig. 8 can be also found in our
co-pending application entitled "Inductive Plasma Processpof SdviPng(i |
with Plural Wndings and Met hod of Controlling Plasma Density," (LHGB
Docket 2328-050 15 filed concurrently with the present application) which

i ncl udeswg@i@nd: of the matching network and tuni graRgeRHtrolling
arrangenents that are simlar or identical to the matching network 28 and
the tuning and controlling arrangenents used for the coil in Fig. S
Wnding 130 includes three turns 134, 136 and 138, each of which lies 20
al ong a sector of a separate circle that is concentric with axis 140; the
circles have different radii. Interior turn 134 and exterior turn 138
respectively include input excitati ic)"{] term nal 142 and out put excitation
termnal 144. Termnal 142 is conneCted to the power output term nal of
mat chi ng net by s whi l.e.term nal. iS5 connected by strap
145 to groun [ﬂlf%’ru g%arﬁ%gnd%)resr i %é?‘? i cbgpe?%r} .o"mﬁ%l?. aﬂﬁtcaﬁ’aglt‘fro be

under st ood t Ha®. Qppesite endsnofestrbp d80sare asnnbeedr iotermiral 1 Bloandtthe batpdtl 142 i s
connected to [ a.tgr.m.nation capaci{Qr and termnal 144 is
connected to tgn%?%ﬁ?ﬁ% E&]‘@g \%/% TR .lg]gie rPaps " t4% Sg?Pd}@ffgg FRpRak Hd sane

conf i gur at i orreasnstiedip poRiie thelsanemods.of turns 134 and 138 are respectively
16 WO Q21080219 P /095 16 connected to opposite ends of turn 136 by
strai g%t radi al | y’g:-la-érfa ﬁg‘frcglg %F"éer’\ e|“aléim>}1%1re§’t él}?dicﬁlg %réaaﬁeé'}ﬁ’g f48 and 150 of
wi ndi ng 130. FigsnZoren 1132 bé amplogrdswitix g evil onclutling twd paralfeh boh¢vhici or t am 154
respectively_.i i i t, exGjtati t er m nal % nd output excitation
term nal 158.ma%%g$%gglada&@§§y?hsc cooﬁlh’é’g&e“aa? ﬁlgélf?hrvg %%5311&‘0“‘(0% power out put
term nal of natlestrtedinfid. Ros kncR8ing wirloeaddexntiorahultl-blbn, appradnmegt ed by strap
159 to the gr ia. fermnati pacitor .16 ar Vi rsa. Straps 157
and. 159 havé"a%#ﬁfe%“%ﬂé‘r‘r’%‘dmé%ﬁaragnﬁrlggi‘%aﬁa‘aes°°%°te'i“8 Vil gl FO UEeT2, o
are cdfinect edritaipieaidpentidreof by mulipleaiogh {or plurad widdaree)nis idiskdsyedaind r adi al | y

ext endi ng coi t S ng .10 154 are conpcentric with coil
axi s 140 and dgggegglgﬁ%y?%%%? églgin‘{? F a%}%lr geftaglg%po )%rlatsmnl%gr.le coﬁﬁ‘ S turns 134,
136, 138, 15mheaztedkedSdgnont §eshown lin Bifg. Ficgn beBal@r oursivih Sua pd-peankiing

application entitled "Inductive Plasma Processor Having Coil with Plural
- Windings and Method of Controlling Plasma Density," (LHGB Docket 2328-050

15 filed concurrently with the present application) which includes details of the

matching network and tuning and controlling arrangements that are similar or
identical to the matching network 28 and the tuning and controlling arrangements

used for the coil in Fig. 8.
Winding 130 includes three turns 134, 136 and 138, each of which lies
20 along a sector of a separate circle that is concentric with axis 140; the circles have
 different radii, Interior turn 134 and exterior turn 138 respectively include input
excitation terminal 142 and output excitation terminal 144. Terminal 142 is
connected to the power output terminal of matching network 28 by strap 143
while terminal 144 is connected by strap 145 to ground through a termination
25 capacitor 146, Tt is to be understood_that these connections can be reversed so
terminal 142 is connected to ground through a termination capacitor and terminal
144 is connected to matching network 28. Straps 143 and 145 have the same
configuration as strap 128. The ends of turns 134 and 138 are respectively



pl anar and have a cross-section the same as the cross-sections of turns
101-103, as illustrated in Fig. 3. The interconnection segnents 148 and
150 in interior wnding 130 are preferably aligned in a ‘ﬁﬁﬁfgéplzﬁ 5lon
opposite to the segnent 15 162 of exterior turn 152, to m adi al
asymmetric effect of RF coupling on the plasma. The coil of Fig. 8

i ncl udeswnewah® segnment 164 that is stacked above ghgi, %%Qe of turn 152
and extends through an arcuate | ength of approxi mate St acked

segnent 164 preferably has a solid cross section and is configured the 20
same as stacked segnent 115, as illustrated in Fig. 3. Segnment 164 is held
in place above a portion of turn 152 by a structure identical to structure
119, Figs. 3- 5. Stacked segnent 164 is a sector of a circle having the
same radius as turn 152, wth a ceni r at axis 140 so it is aligned with
turn 152. One end of segnent 164 includes terninal 156 connected to the
power output ter I hi.n net k 2 metal strap 157. A first
end of strap %%W”eggﬁﬁﬁﬁﬁ%an R g}ﬁ%ﬁﬁﬁu ‘@%Pé%ﬁ?mPmepﬁhbentlalIy from
the portion oéxtesemgmezﬁﬁnsmerseofﬁn&hglmo 156 .is located and (2) in
substantial l'y the @Egﬁ&ras t he toq gf t.he segnent. Thenpce, strap 157
extends in a grad ugh oS PEIeHAR R T8 TMIH%HF lg*mﬂﬁfﬁﬁbhg 132 and (2)
upwar dl y si miihauditgoirplite exsfation t&'ﬂﬁtfamlﬁﬁifaﬂd bﬁt@ﬁ%ﬂcﬂﬁfoﬁ&éﬁﬁnﬂi nsg6 S EP 2005 WO

021080219 PCT{ USO 563 17 hei e p05|t end of strap 157 is
connect%éd to éﬁggﬁt 'H‘[ect‘{]l@'sﬁ ET’A%% P%"é&ﬁtﬁﬁ E‘Pﬁ TR wor k. 28.
Strap 143 al smtvexit esldsiulertemxﬁmm i3 conuttted badtia) 15DRBNME ,grcﬁlhdﬂviaar to a spiral
staircase, gL vee ternlna 42 and t he al of inpedance
mat chi ng net \ABWQ@’ °a§a°ftﬂ’é n8r gfe Fréackét&a%égﬁéﬁftli%g fo¥Me% from
termnal 156 doﬁﬁmuhsisanhp 8| Tuminigg N52CGnd $4hard dveneid t@éacﬁ bihér 6452 and is
electrlcally nechani onnect d tq, turn 2 by a vertically

ext endi ng rret EECFER T@é‘a%%‘dé"%ﬁgi’a’fm @58‘3%%"%%% Tl“fvﬁﬁlé%ﬂl dof turn 152,
wher e tther e (154 me chkhtavwith afisxi @40 indBpaaebyadiffdrétt et @dmhlsq4p.n turn 152 can
be made eithe r 0 as illystrated in Fig.
9. Spacer 8'{1} P%B‘éﬁé‘?a%?'yﬂﬁ’agsg %Elgf?ﬁg? fétg%& %Brﬁﬁlél?smﬂﬁﬁﬂ e screw 166

i s made of SI]ilanafaﬂthaﬁtbGdroﬁ@ttﬁhﬂﬁ%mﬁd@ﬂ{ecﬁfss $26100mS of QP 1 OM103Lasgood

illustrated in Fig. 3. The interconnection segments 148 and 150 in interior

winding 130 are preferably aligned in a radial direction opposite to the segment

15 162 of exterior turn 152, to minimize the radial asymmetric effect of RF coupling
| on the plasma.

The coil of Fig. 8 includes arcuate segment 164 that is stacked above the

plane of turn 152 and extends through an arcuate length of approximately 150°,

‘Stacked segment 164 preferably has a solid cross section and is configured the

20 same as stacked segment 115, as illustrated in Fig. 3. Segment 164 is held in

place above a portion of turn 152 by a structure identical to structure 119, Figs. 3-

5. Stacked segment 164 is a sector of a circle having the same radius as turn 152,

with a center at axis 140 so it is aligned with tum 152. One end of segment 164

includes terminal 156 connected to the power output terminal of matching

25 network 28 by metal strap 157. A first end of strap 157, connected to terminal

' 156, extends (1) tangentially from the portion of segment 164 where terminal 156

is located and (2) in substantially the same plane as the top of the segment.'

Thence, strap 157 extends in a gradual and smooth manner (1) inwardly of

winding 132 and (2) upwardly similar to the way a spiral staircase increases in



mechani cal strength. By tightening screw 166, current continuously flows
from segnment 164 through screw 166 and spacer 168 to turn 152. As a
further alternative, as illustrated in Fig. 10, segnent I%{;ﬁﬁépug§§§ 15
nmetal strap 170 and solid netal portion 172. Opposite ends of strap 170 are
respectively connected to the end of turn 152 and a first end of solid
met al  pogbipQRdl 72 that extends in a plane paral |l elpciRsdhiisss 152 and is
supported by block 119. Metal strap 170 extends snoot%ly and gradual |y

bet ween the ends of turn 152 and the first end of solid netal portion.

172. 20 In operation, the coil of Fig. 8 has a relatively short electric

|l ength, i.e., the frequency of source 26 (e.g., 4 MHz) and the | engths of
wi ndi ngs 130 and 132 are such that the standing wave current in each of

wi ndi ngs 130 and 132 is approxinmately 20 to 30 in electrical |ength.
Consequently, there are no subst antlf al standi ng wave current and vol tage

wave vari atiﬁqﬂ%ﬁal ong the lengths of 25 w ndings 130 and 132. The positions
of input terfiih & feponds oppopis end,f stigp dphis epnpseied o fheoBF Auipet by the RF

out put term Rahindbf RPeaRE mAhingd R MR, SHAY 143018CkEkid & 2 sh@ROt hs of the
wi ndi ngs are Sl,él(_:ag that RF currents along the sane azi nmuthal angles of

turns 134, 1%§ gragupbmanoss sigilar tps spip] ienss, befyyses terpipdifand e REae directi on.
The val ue Obutpubterhind bf BpeddRARIHRIpctkdk 28Nd 160 are respectively sel ected
to adjust the 1 &ﬁ S E P. 2005 WO 0%/080219 PCT/ US02/ 09563 18 over al

i npedances of wi ndf fge af3stacksd segment 04 oPmpPEle i eWRdNISS &S each  wi ndi ng,

i.e., the | osstarkitiey dAliERAGAMGE: dnd of thik€ SHhANES Eledii@llE Midm@Rkanicalty Because t he
magni tude and direction of the current flow ng in the segment of turn 152

bel ow st acketPrasiAdhium 822 Py azdigally sriendingmelabsyqy {¢heandipRidy 5 segnent,

the nmagneti Csphdeelol di @feldnll o tird 1 2Mwhdis BRRLis hd BVMoRDorosk RécAbTlhdst acked segment
tic field resulting fromthe current flow ng through the

164 aids the nmagn
portion of tWﬁ&ig%leHi?@rﬂéacwqeﬁ’@T%‘ Samekishehrougheo deqprapughy © t he coi |l

produees el egtinatmennt Fig. §.i SpAerdicslis pdftfabPNBade MkinGAPaRE cqipker ed

azimuthal ly t correct or c ensate plasma azinmuthal non-unpiformty to a
1§ gy

subst ant i al ‘@lﬁ]ﬁeéﬁr W 190 15fpde @ ateflianless atvel 9o beess 1B @EPYIR 8999 | ust r at ed
speci fi ¢ enb@etharivat sreffth, BYight@dciedN66] duréht! coniBRoclyefvstiRal vari ations of
the details of R Csa DO shen 186 and spacer 168 to turn 152.
As a further alternative, as illustrated in Fig. 10, segment 164 includes
15 metal strap 170 and solid metal portion 172. Opposite ends of strap 170 are
respectively connected to the end of turn 152 and a first end of solid metal portion
172 that extends in a plane parallel to turn 152 and is supported by block 119.
Metal strap 170 extends smoothly and gradually between the ends of tumm 152 and
the first end of solid metal portion 172,
20 In operation, the coil of Fig. 8 has a relatively short electric length, i.e., the
frequency of source 26 (e.g., 4 MHz) and the lengths of windings 130 and 132 are
such that the standing wave current in each of windings 130 and 132 is
approximately 20° to 30° in electrical length. Consequently, there are no
substantial standing wave current and voltage wave variations along the lengths of
25 windings 130 and 132. The positions of input terminals 142 and 156, which are
driven in parallel by the RF output terminal of network 28, and the short electrical
. lengths of the windings are such that RF currents along the same azimuthal angles

of tumns 134, 136, 138, 152 and 154 flow in substantially the same direction. The

value of termination capacitors 146 and 160 are respectively selected to adjust the



the true spirit and scope of the invention as defined in the appended
clainms. For exanple, many of the principles of the inve |go§£i3e2p§5
limted to coils having 15 one or two w ndings but are appli e coils
havi ng three or nore w ndings. SEP 2005 WO 02/080219 19 PCT/ US02/ 09563 WE
CLAIM 1womisgieo frequency plasma excitation coil f@fusggdgsuum pl asnma
processor, the coil being arranged to be positioned above a w ndow of a
vacuum chanber of the processor, the coil conprising at |east one w nding
having nultiple turns, at |east one of the turns being substantially

pl anar, a segnent stacked with only a portion of the one turn so it is
spaced fromthe plane of the one turn, the stacked segnent being connected
in series with the one turn so the s current flows in the same direction
t hrough the one turn and the stacked segnment. 2. The coil of claim]l
wherein the sggnp I g f1r t 1 hal r. connection to a term nal
of an excitation Q%B%dg%éeggﬁﬁén%ﬁlg%&?%a‘%dﬁﬁo?u{gg’hcoé’trf?le?iﬁicﬂﬁﬂtd?]eacé‘apaci tor and a
second t er m nEhdisphaethe beertthe inpedageds, the higherdhe cBrrenfite coi |l of claim 2
wherein the secon ' | nec. 0. a tion  of the one turn
substantially ali gﬁ%ggevr@epﬁd gf“h‘ee gngc%gﬁcg'gfgfrtn‘? %gf&%wmﬁﬂ%th(%?gfne%tf claim2

wher ei n t he sfdemd 5 delvivngidckédssegoennd 64 édattoot the pamt iaoim thefstdcked one turn

overl aisd by g [ (I ed segrment between the first and second
termnal s of te@g ngttggfgeﬁﬁneglggﬁﬁzdtrﬁg&%g %e c(%r%rft il QF?HE’E sfaﬁ#‘?dher, i ncl udi ng
a nmetal | ead sesmeabl¢dshisribe mhgneticiieih eatiingnfdne theeenerit lewkizalngd segnment and

t he portion urda, . t ad includin | oop having first
and second pglﬁet %‘nﬁ"e“ggﬁ%‘ |\[/%I %}I%Eegn‘g@c%ééf%egf"ﬁ% géléi'cog‘éfgalféqﬁn@ al and the
portion of t weoduers elegtromaghdtie ficldr distrilpsions thit dainde laberpd hainogalyewer al |y

aligned with gone yrn and extend fromthe second termnal,
the second part %rj%rtnhée}%t%@%mbe naégél?lne‘rngoplflltyprltggélms%téage"ft?lbmthe one turn.

6. ThelOcoil of anyhi¢ thetediavesbedn deserthet midrillestrated gmtifio mebatménbeofcoi | and
chanber hav ¢y, 0R0RE ! VinteRbal lar fi DG eRls2 TR, dSRltL O have an
azi muth asymretri caﬁE di st ribat i on, %ﬁgssgégz%aggﬁss‘ggﬁ%ﬁ?b%ﬁeﬁﬁ positioned to
i ncrease i ndéescifigalycilugiieied gnd deseribed may be made without departing from the
: true spirit and scope of the invention as defined in the appended claims. For
example, many of the principles of the invention are not limited to coils having

15 one or two windings but are applicable to coils having three or more windings.



the coil to a particular region of the plasma to reduce the azi nuthal
asymmetrical distribution. 7. A radio frequency excitation coi

arrangenment for a vacuum plasma wor kpi ece processor, the

bei ng adapted to be positioned outside a planar w ndow of 6L§§€Eﬁ?§ﬁ§E

of the processor and in sufficient proximty to the wi ndowto couple
electro g€Ner gy into the chanber through the the coil
arrangeﬁgﬁp§%%%pr|3|ng at | east ongg wi ndi ng, opp05|F§b@§ $¢%and second ends
of the wi nding being planar, the mnndlng when positioned outside the w ndow
to couple electromagnetic energy into the chanber being positioned so the
opposite ends thereof extend substantially parallel to the planar w ndow,
first and second excitati on AMENDED SHEET (ARTICLE 19) 16 SE P 200! WO

02/ 080219 PCT/ US02109563 20 term nals providing connections for current

fl om ng between an RF plasma excitation source and the opposite ends of
the wnding, a first nmetal connection structure having a first end
connect ed tWEtJIAIM: rst excitation term nal and a second end connected to

the first end of 4 &o‘ﬂ?\%h&gpé%sgﬁgﬁﬁf?ﬂ& &ﬁtfﬁﬂa%{?ﬂﬁﬁ&%&}r&e%)s‘df;t“re having a

first end con cte xcitation fer sSecond end
connect ed ttBe‘Eo ci0g AEHEed 18 ha PFHoREADY S VRGP Y Phfcvapyisempe) o BiEond net al
connect i ng psecessen the egjl Wﬁd&ﬂdeas@ﬂammwaﬂn&imsmmWaWaSMt sharp ends
bet ween t heafﬂredﬁm& baieabstarBallyTflehaf, adkGndnt QEHKENGith 6X8 b paitioR Bf el |

connect od a0 HEE SEl T et U (A€ o BITRe Bl HE (ERONGGRERDARE] (0 TED,
wi ndi ng. 9 comseieq Wpries ith dhrerme &F%W%lqowéfqt&ﬁﬁéﬁélﬁﬁcw claim7 or 8

wher ei n thhou@ﬁhhmgtumcahd:dmﬂadtedlsmht one planar turn, the w nding when

posi tioned outspdept Q@ﬂ owcmﬁ@w ﬁ]iéréi’xp!ﬂ{é' s%%zﬁén%%chﬁ&aﬂ'ﬁ?&it&mﬁﬂ?&ﬁly into the
chanber bei N9

I L o
to a porti GAPastorEpba proakterival ponnegied te fhecoevindingrent  bei ng di spl aced from
the plane of the Phemdrofthim? whensheziand ieminakistodatddg adoftonst  end, the
pl anar tur thﬁ\bh@gnﬁsgbbmufﬂ%c@wm{h@gem @lmiggnnection structure havi ng
first and secogl e veJy conne ted{otheflrst end of the
stacked segment *ah ctﬁ"ffﬁ%’? :11 Shfreg tcf 15 GPePH R 2 BPRIRY hi r d et al
connect i ng of theuwe e owglatgnyi . portion of the stacked segment between the first and
second terminals of the stacked segment.
5. The coil of claim 4 further including a metal lead establishing the
connection between the stacked segment and the portion of the one turn, the metal lead
including a loop having first and second parts respectively connected to the second
terminal and the portion of the one turn, the first part of the loop being generaily
aligned with some of the one turn and extending from the second terminal, the second
part of the loop being generally misaligned from the one turn.
6. The coil of any of claims 1-5 wherein at least one of the coil and chamber
have a geometry tending to cause the plasma density to have an azimuth asymmetrical
distribution, the stacked segment being positioned to increase inductive coupling from
the coil to a particular region of the plasma to reduce the azimuthal asymmetrical
distribution.
7. A radio frequency excitation coil arrangement for a vacuum plasma -
workpiece processor, the coil arrangement being adapted to be positioned outside a
planar window of a vacuum chamber of the processor and in sufficient proximity to
the window to couple electromagnetic energy into the chamber through the window,
the coil arrangement comprising at least one winding, opposite first and second ends
of the winding being planar, the winding when positioned outside the window to
couple electromagnetic energy into the chamber being positioned so the opposite ends
thereof extend substanfially parallel to the planar window, first and second excitation
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gradual ly and snmoothly w t hout sharp bends between the ends thereof. 10. A
radi o frequency excitation coil for a vacuum plasma wor kpi ege rocessor,
the coil being arranged to be positioned above a w ndow of g@ﬁﬁ@nmﬂﬁ
chanber of the processor, the coil conprising at |east one w nding having
multiple turns, at |east one of the turns being substantially planar, a

segment faskadisM th only a portion of the planar Eé‘féﬁsﬁ/%s&he segnent is
spaced fromthe plane of the planmay turn, the stacked seghnent being

connected with the planar turn, a netal connection structure having first
and second ends respectively connected to a first portion of the planar

turn and an end of the stacked segnent, the connection structure being
arranged so it extends gradually and snoothly w thout sharp bends between
the first and second ends thereof. 11. The coil of claim10 wherein the
first portitomindls grbvdipg eonacctibngrior cuSerdtiowing bétwedn ag BYF pldsmb beitpioanar turn. 12,
The coi | 0f soflo@hdB hOopbsitd tnddALHE WihdirdCa Blshdfd rﬁﬁﬂﬁﬁ@&uﬂgﬁé Ezﬂﬂ% across an

i nt erconnect jon ﬂgg b éd\qeﬁ%qgﬁm %Il_t‘%n%r t rnéﬁo? t he .wi ndi n d in opposite
di rections 20fF ¥ ;g‘%fg A Brestieg “Pﬂé‘ﬁ“ Eec%’)en%"%e"é‘ﬁ“? 5 WO

02/ 080219 2frstparl efdbe mirgiye3 a 1sgcond eetat gpimegion giyychot heviag psfustOentl2 wherein t he
net al connewhieord &f thtigtdtdexcilati@psmfifabmdtarecohd emitcomttiedfo thi@cgldanar turn

away from tdig dioRe wihing! 'ife BRI lmbeoBt ndfl Ehiltdihe Lo BRLAlG he et al
connecti on s%({ ture Itﬁlopsthfrog%%%e first end of pl anar turn away from
the gap so §#dually 2 gmopthly yvithqut shatp prgls befesp ?Eﬂffhﬁ@"gap to a point that is
farther from thé Japradwaficquinsy extatsh doH rrangemekt ofl cleimy fewhereid B¢ The coi | of
any of cl aienBs dfGhelcbnidefsreitfictiiRe caeaado @R endfof tHeayilMh@hre c6-pRRACE i ON

structure gx %Q@n&%?&@%@ﬂ y relative to the end of the stacked segnent.
16. Aradio regu_ Bé:y excitation coil for a vacuum pl asma workpi ece
Oi

processor, the Fdionrausien pstgion soib arpgensnt ghegimahen® wEefiindow of a
vacuum chdhdreindiof inchdespt oostsspianarttive, thowlndipg when misitignedtontsidagte one w ndi ng
havi ng mul twidow tolddliplé ele@forda@Rfl RN i thdEhafabrbBink Golifors@lis RNt i al |y
planar, a %?a%% e%en&s@gbs%ﬁ ll?r%grtalle? WFthe planar window, the winding including
a segment stacked with respect to a portion of the planar turn, the stacked segment
being displaced from the plane of the planar turn, the stacked segment having a first
end, the planar turn having a first end, a third metal connection structure having first
and second ends respectively connected to the first end of the stacked segment and fo
- the first end of the planar turn, the third metal connecting structure extending
gradually and smoothly without sharp bends between the ends thereof.
10. A radio frequency excitation coil for a vacuum plasma workpiece
processor, the coil being arranged to be positioned above a window of a vacuum
chamber of the processor, the coil comprising at least one winding having muitiple
- turns, at least one of the turns being substantially planar, a segment stacked with only
a portion of the planar turn so the segment is spaced from the plane of the planar turn,
the stacked segment being connected with the planar turn, a metal connection structure
. having first and second ends respectively connected to a first portion of the planar turn
and an end of the stacked segment, the connection structure being arranged so it
extends gradually and smoothly without sharp bends between the first and second ends
thereof.
_ 11. The coil of claim 10 wherein the first portion of the planar turn is at a
first end of the planar turn.
12. The coil of claim 10 or 11 wherein the stacked segment extends across an
interconnection gap between two planar turns of the winding and in opposite directions
of the gap. '
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wi ndi ng being stacked with a pdrtion of the planar turn so it is spaced

fromthe pl ane of the planar turn, the ;tackeq segnent bei nggﬁ%gwg
e

with the planar turn, ,the planar turn including first and
portions that are spatially close to each other and spaced by a gap from
each other, the stacked segnent extending across the gap so first and

second erq‘q)smg,{mt,he stacked segnment are on opposite the gap. 17.
The coil of claim 16 wherein the fjirst and second eﬁ%{g&?’%&gﬁe st acked

segnent are displaced by approxi mately equal angles fromthe gap. 18. The
coil of claim16 wherein the first and second ends of the stacked segnent
are arranged so the second end has an angul ar di spl acenent fromthe gap

that is substantially greater than the angul ar displacenent fromthe gap
of the first end. 19. The coil of any of clains 16-18 wherein the stacked

segrrept |hs ar r angedhe adiloft &g of tikisds 1809 whbemeRE meS &@ﬂé&b ﬁ&iﬂﬁcﬁlﬁ tpe fi rStd
end of the ? ow between the first en
of the stacﬁgl%rhgogngﬁ&}g#ﬁgﬁ%o 51{3.9 é{{@‘?ﬂﬁn lg%#cked segnent overlying the
gap in the sane 8% £91h%f fw.ai "IEIB’FrQﬂF “F‘P%Wsth? FefeheomssHam#RCEsr n bet ween a
portion of lobps fodoatler fistuend of e planad timy atiye frbmrtb¢ ggnsb Dfexteinds isacked

segnent anddifeb@onfakwap troRk Qb td NRiR HRNR Farthbl ffom #0 gaplthfh 6Odd PtheC! ai'm 19

© wherein thet&?‘ﬂf@& on between the first end of the planar turn and the
first end acked segnent .is provided by a connecting structure that

ext ends gradual 13+ d## cethebeny of %“Pﬁb‘gi“ wherrlp tretredpad WE&K MetHe first end

of the pl ar@nn&cunnmhactdretemncfs|ta1;genneiﬂ;drelafwd thehesénd off &6 sselgdmegmen?1l. The coi |

of claim 20 whefgin Af}s‘m&%ﬁt%ﬁéy' agltﬁoﬁ léGitl U6:€a vicf ARGR0w REieceCaUSI NG
current in flrst ‘{)ortlon etween the first

end of t hPrERa™ COlbeéPﬁamﬁn 653? 3F1p836'b(’\98‘{1?l??§gﬁl‘§‘ﬁ%° ?tb? K&BPanar turn
al i gned wi tql?artﬂrf‘é of fhegrooaiENiE DO rERPFisgRTIeEL Brg Binding dadneEmplips0s WO
02/ 080219 2BmEGHkiBOR ARG EnetthoGhbstahtally phakeslsegpgi®nihe boledst ¢ i N a

direction oppas ﬁe@ngtﬁacf(éﬁemﬁfa{ﬁﬁioh%?thgkla%%gur]u%‘f lceggaceghgméb ke planar turn

firrs end of the

bet ween t he r I on nar

st acked seg‘ﬁ@ t'fIﬁ’eﬁlf’ls?a@‘[egé‘?%“Btf hee® ?Wﬁr“’q%‘i}‘ﬁp% WHRESC i | of claim
20 wherein lewmgrfgstgﬂaqw@ﬁ@mmﬂﬂh@a@tsa@i@EIIGlO%é(gwdmthﬁre arr anged
for causi ngmé ¥pdcenby & gapl fr@divedch Qhed, Fhei shiclich 8eGdiPexnbRE birdd tiRSgap

so first and second ends of the stacked segment are on opposite sides of the gap.

17. The coil of claim 16 wherein the first and second ends of the stacked
segment are displaced by approximately equal angles from the gap.

18.  The coil of claim 16 wherein the first and second ends of the stacked
segment are arranged so the second end has an angular displacement from the gap that
is substantially greater than the angular displacement from the gap of the first end.

' 19. The coil of any of claims 16-18 wherein the stacked segment is arranged
and the first end thereof is connected to the first end of the planar turn for causing
current o flow between the first end of the stacked segment and a portion of the
stacked segment overlying the gap in the same direction that current flows in the
planar turn between a portion of the planar turn overlaid by the first end of the stacked
segment and the first end of the planar tumn,

20. The coil of claim 19 whersin the connection between the first end of the
planar turn and the first end of the stacked segment is provided by a
connecting structure that extends gradually and smoothly without sharp bends between
the first end of the planar turn and the first end of the stacked segment.

21. The coil of claim 20 wherein the connecting structure is arranged for
causing current in a first portion thereof extending spatially between the first end of
the planar turn and a region above the plane of the planar turn aligned with the first
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current flows in the portions of the planar turn that are overlaid by the
connecting structure and the stacked segnent on both sides ng tglgglgzggig%Z3
The coil of claim 19 wherein the connection between the first ‘end of €

pl anar turn and the first end of the stacked segnment is provided by a
connecting structure, the connecting structure being arranged for causing
current | LI,St portion thereof extending spatiaglly between the first
end of th@”%@%%%r turn and a regi ogpabove the plangégﬁwy 63planar turn
aligned with the first end of the stacked segnent to flow in a direction
opposite to the direction of current flowin the planar turn between the
portion of the planar turn overlaid by the first end of the stacked segnent
and the first end of the planar turn. . 24. The coil of claim19 wherein

- the stacked segment is connected to the first end of the planar turn for

causi ng cur é&dndf the sthdkedVsdgmeithe fBivas kedresR@Arapdsitk B B QUrSHBE of der €Cti On as
current Tl oMrehifida'f d A&%aﬂﬁ]ﬁl b%twe&xpﬁe @Lx%@x%fit&é‘ﬂ%bé F%E ov%gae;ld Bvﬁ{e' aid by the
connecti ng é%é%ﬁ&gre a % e stacked segnent on both sides Bt he gap. 25.
A vacuum pl tiesredeed spamsatnd She firsfend, of e PE 8 | of any of clai ms
1-24 and 26, th@2coibe cpidphelaipo) vhase theootrsiiiig sheure hadriberstagied in proxinmity
to the W ndgwent2€e arfligedCor baulifi alivendfo AdvRiHFeinlf- B4 saredi@bidntidie segment is
stacked wi t&m@&' Hows%n %rr}ohﬂ)ﬂs Qif th& Bﬁnaprltﬁ‘ﬂ%at l;‘31%ror:\]n'ﬁzrla’%‘i\/gyl\l[ﬁ!az Qon%'élcl’:&%g (ARTICLE 19)
structure and the stacked segment on both sides of the gap.
23. The coil of claim 19 wherein the connection between the first end of the
planar turn and the first end of the stacked segment is provided by a connecting
structure, the connecting structure being arranged for causing current in a first portion
thereof extending spatially between the first end of the planar turn and a region above
the plane of the planar turn aligned with the first end of the stacked segment to flow
in a direction opposite to the direction of current flow in the planar turn between the
portion of the planar turn overlaid by the first end of the stacked segment and the first
end of the planar turn. '
- 24. The coil of claim 19 wherein the stacked segment is connected to the first
end of the planar turn for causing current to flow in the stacked segment in the same
direction as current flows in the portions of the planar turn that are overlaid by the
connecting structure and the stacked segment on both sides of the gap.
25. A vacuum plasma workpiece processor including the coil of any of claims
1-24 and 26, the coil being positioned outside the chamber and in proximity to the
window.
26. The coil of any of claims 16-24 wherein the segment is stacked with only
a portion of the planar turn.
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