1 6 S E P 2005 W 021080219 PCT/ US02/ 09563 STACKED RF EXCI TATION CO L FOR

| NDUCTI VE PLASMA PROCESSOR Field of Invention The present in @t%%ﬁ) Qﬂ(ﬁ es
generally to inductive plasma processors with RF plasma excitatT (oo I IS
and, nore particularly, to such a processor with a coil including a planar
wi ndi ng segnent that is electrically connected to a planar 5 turn, wherein

t he segn®Blozisszist acked vertically relative to a porpbimtelssi he pl anar

turn. Another aspect of the invention relates to a processor including a
coil wth a wnding having a planar tam having ends that are in a first

pl ane 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 second planes and 10 the turn ends are connected
to (1) each other and/or (2) the excitation termnals by connecting
structures that extend snoothly and gradually, w thout sharp bends,

bet ween 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 coil connected to be responsive to an RF source by

| eads extending verti cal | STACKED®F EXCITATRON daaLat ed in a housi ng above the
coil. The coil, which is u¥oRINDUCHAWNBPLASM#pheri cal or donme shaped, is
driven by the RF source to prodPROCEB®ORromagnetic fields that excite

i oni zabl e gas in the chanber 20 to a plasma. The | eads connecting the coi
to the excitation source intersect termnals of the coil;.at right angles.

Usual |y the %‘%Hofilﬁ Kol Mely adj acent to a dielectric window that extends in

a direction parallel to a planar hori zontal | y extending surface
R e e
wor kpi ece or withRE@jpemi ¢xcitatian evils ahd, orore particdlinty, taondhpi recessbswithyoi cal |y a
sem conduct o Eoif’ﬂél@&ing}ng{lg wﬁidﬂh @&%{ent that is electrically connected to a planar
5 turn, wherein the segment is stacked vertically relative to a portion of the planar
turn. Another aspect of the invention relates to a processor including 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



circular surface or a solid dielectric plate, e.g., a rectangul ar gl ass
substrate used in flat panel displays, or a netal plate. 5 C?Iegﬁﬁ.s. _
Pat ent 4,948,458 discloses a multi-turn spiral planar coil fo b PeQUﬂ@
t he above results. The spiral, which is generally of the Archinedes type,
extends radially and circunferentially between its interior and exterior

t erm nal svoopmigst ed to the RF source via an i npedangg dpieds Ng net work.
Such coils produce oscillating RF fields having nagnetic and electric
field conponents 10 that penetrate through a dielectric windowto excite

el ectrons and ions in a portion of the plasma chanber close to the w ndow.
The spatial distribution of the magnetic field in the plasnma portion close
to the window is a function of the sum of individual nmagnetic field
conponent s produced by the current at, each point of the coils. The

i nducti ve conponent of the electric field is produced by the time 15

varyi ng nmagn e a i nent of the electric
fi e?/d |gs gr§ eﬁ%ce%kvgthq} ‘W]iﬁlfecc C h‘ﬁ%éhé‘%?% t% giEh éh(?l FRE OrEeYl ve el ectric
field is azi nottéral on thHeevdrkpmccammam;i alsrrm:lommbtror Wafel halvlﬁglaghlah!ﬁrtl cal to the

wor kpi ece. oi nt.s because of

transni ssi onrﬁ?f'%%rséﬁ%cfygdfldfet] aiq é% a]ieﬂ Lagalgs rﬂ% rgip feﬁe RF sour ce.

20 For spi ralmdgswgqhéismschrsmlmm by and based on the Ogle '458 patent,

the RF s currents bglletﬁg ?8&3'945?&8 dlSalro csqilr?u} _:mlg%t ed. t o g uce a t or oi dal
e aRef s

shaped ‘el ectric fi Fesul ting i or0| ¥o the wi ndow,
whi ch i s wherashipdngethe a!swalnsmltsbéﬂle sblyal th&c}gmsgeﬁemllemfltmeeAntchmegas to a

pl asma.. The torQqj L ld is. acconpanied.by a ring

shaped el ect rt?p% 18 Jftg'lad vdr: and echer afrglg'a{éy ?’ VBT WQB@E‘? S8 s ma

di stribution. temﬁnals@vnrpwtastsuﬁeéﬁ? sotie tilmen ip@dance déichillipratwaranSeeh di f f usi on of

the plasm fr id aped re me density is peaked
col J%%({ﬁge (%89 lg{mg% ﬁ%ﬂ zi,vmtgm e?ic \(I]HA'G ec cptlélZdZ gn‘BPlhgﬁB

tends to snear asma-non-uni T'AC density in
t he chidnber ﬂ@émnetlratq thsugteddbelestrichvendonr o emitc)éledtxhns andudnpumﬁrtmhlomever , the

di ffusi I ate asma | osses to
the chanber %%%ﬁ%ﬁ%%h%ﬁégﬁ%%%&g%ﬁ@ Yo 5% i EREEF & Brosscs
density ar ounekghdtie ﬁv.ldrnkthp gleangyertiop hlesefto dmwindst ibe fimhizmgd theismdependent | y. At
i nter nedi at e o?fnﬁﬁ/ﬁfdﬁlqn gﬁ’éﬁg Figi c!)eroEmQﬁs p]rgdugz% bquge m-lr_r%nt at LA gomt #as phase

col li sions

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



el ectrons, ions, and neutrals in the plasm further prevent substantial
diffusion of the plasma charged particles fromthe toroidal region.

result, there is a relatively 5 high plasma density in a rﬁng giﬁeéﬁﬁgﬁon
of the workpiece but |ow plasma densities in the center and

wor kpi ece portions. These different operating conditions Tesult in

subst ant mal d2gsckiar ge pl asma flux (i.e., plasma denspdysoidissat i ons bet ween
inside the toroid and outside the toroid, as well as at different

azi mut hal angles with respect to a center line of the chanber that 10 is at
right angles to the plane of the workpiece holder (i.e., chanber axis).
These plasnma flux variations result in a substantial standard deviation,
i.e., in excess of six percent, of the plasnma flux incident on the

wor kpi ece. The substantial standard j;deviation of the plasnma flux incident
on the workpi ece has a tendency to cause non- uni f orm wor kpi ece processing,

i.e., differ i f ferent

extents and/ g%lt?g%&igq?éer e lg&gprfo n?p gtn%’[ ‘gmﬁ%\eﬁrmg%%%sﬁf % on them Many

ar r angenent s RpediateRtessuse mﬁﬁ,wﬂNQOtmﬁomfrm tegs phasetchllisipisa$na density

| nci dent on gHBhk RREGR dAKs utﬁt@ﬁetatarm m@t@@ft@?g&tp' es, _usually
tents

concerning coil geéonetry. . 5 277, 751,
5,226, 967; 5pkas cb@eedtert@tyeﬁm@e t@oMtegesoAser@BB tpppis a Belaiely 280,

5, 795, 429, 2@isbp By do: ﬁﬂ?nr{% O5¢ 0 ave generally
been desi gnedg‘téo par ovstﬂy r%%%ﬁér acfhé_?mﬁ{%%ttlwg%mﬁan{!e@?n ty and to a
| arge ext ent infacentprgndpesigherah workpicdsaprtigisasma f | ux un| formity or azinuthal

symmetry. Qur conjpdal gﬂgﬁ% d "Multiple
Coil Antenna for | nc(ii}&%télﬁl\s/dg ﬁméf%%ugg{n%l@ %Boﬁ%tsﬂ'lt’lgns " discl oses
~another 25 66 plaamﬂcdewymmw hﬁmremwlqtheetoebmﬁuoetaﬂdt the puoidilab el  wi ndi ngs
each having kil Sfa @es @GR ect"é@"ée e ﬁ{éo,k?ﬁle CRsLdgk ed i nput and

out put term nal s of eac ) first termnal 1s connected via a
first 18eri esischpgt iangdss te @eahﬂﬁji!fttgﬁwomﬂlm holdex|(eofchambsnwdd) Abesmet wor k dri ven

by an RF po a second
series capa\(,:\?]'lfls (I)T? q%(%g%ag%émgt%ﬂﬁg%%ﬁm{ag{tﬁhﬁ%w‘a oﬁi?éé’]@%&@%%gém 02/ 080219
PCT/ US02/ 09553c¢at, ohthe plastah flaginpidenivor ke arpdkpirpe. s be adstatialctenddrddi ng can
include a si Ma@oﬂ’ﬁf%'pﬁﬁn@ﬁux ifididehd dRlR M@%@mauﬂaémﬁsmgm

circunferentially and radially in a spir | 1’ ke manner
uniform workpiece processing, ie., d1fferent portions of the 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 concentrated 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



relative to a conmon axis of the two wi ndings. Each winding is planar or
three- dinensional (i.e., spherical or done-shaped) or separate w ndi ngs of
a single 5 winding can be stacked relative to each other to-?agg _{3 ?Qﬁé
anount of electromagnetic fields coupled by a particular w'n ﬁ? o]

pl asma. Holland et at, U S. Patent 6,028,395, discloses a coil including
plural wbesptsniigal |y parallel w ndings. Peripheral warksenedsst he w ndi ngs
are stacked vertically with respect to each other and a dielectric w ndow
separating the coil 10 fromthe vacuum chanber interior. The stacked coil
segnents are arranged so that the electromagnetic fields resulting from
current flowing in parallel through the two segnents is additive, to
assist in maintaining relatively uniform electronmagnetic fields in the
chanber and a relatively uniformplagma density on the workpiece. 15 The
paral |l el connections of the stacked coil portions are established by

struts that oxd andhifiila{ihi Rk tolb EREAAEYbAinde b Bl YRaRALA! | €l . stacked
coil portions. Adverse effects nmay occur s a resu fl 1 eads bei ng
connected pePpituvndingsthat Gxtmdélf%@‘ique"tl@lmﬂ%wldgll}’ inr# spealdikemimmer, we have
found that thgask" e gnetic fields
generated by th%reég%l%oand qug?gctﬁg Eg?sl p%{gﬁﬁﬁerﬁ{ng}? rta:ggﬂu%fgﬁy around t he
regi on wher e diR@siprsh die.afpberied v domeshaped)|os sapaeatecwmdem efla singleaddi tion the
struts sand | 6afind1aie v &ERARANC! B oBA WME 0! MehiBE BO1dnaht! & 1 vl y |arge
standi ng wave vari ations which usual cause a “non unitormplasma to be

i nci dent on t%&wgqupédéscowmed|bxaam ding/todhe phsinect of the present

i nvention to pr OVHQI@&n@ epgyv[ﬁf]q’ategﬁﬁ b{g)j@?\/&gcl(fsgé !1 cgﬂ) 1e; d}ﬁg%lﬂﬂ‘ pl asma
processor. An additional oObject of present 1 nvention-i's to provide a
new and i m%@dalboﬁqfauﬁbwﬂﬂmﬁacmhpﬂahgm pf theewipdingamrerseickedt he pl asnma
density inci dei | Rl eI y high

azi mut hal and rgaulygflﬂprgér??&g‘{r)%%ﬁgm%aﬁQ%%gge\%ﬁ&k%Eﬁm"lg O‘%)j ect of the

i nventilon i s fiom he yequere chamthstiinterier. | Therstagked ot segeantsore srtangesttsor e bet ween RF
excitation t%ﬁlﬂé%ﬁé&&ﬁdgﬂéh@@ieﬁs %lﬁﬁ{ésﬁo%{(alr}eﬁttﬂ&%gcﬂ'ﬂamﬁél tiog@CUuUM plasm

processor and term nals of the co
the two segments is additive, to 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 object 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.



Anot her object of the invention is to provide a new and inproved connection
structure between portions of a plasma excitation coil that«afre

different planes relative to a dielectric wi ndow of the priggsggﬂ? zgﬂﬁmwy
of the Invention According to one aspect of the invention, there is

provi ded a radio frequency plasm excitation coil for a vacuum pl asnma
processor, the coil being arranged to be positioned above a wi ndow of a
vacuum chanber of the processor, the coil conprising at |east one w nding
having multiple turns, at |east one of ghe turns being substantially

pl anar, a segnent stacked with only a portion of the one turn so it is
spaced fromthe pA dimeher objedt e th)enmvémli’oﬁ is tdprosidackesd srgimpRivedeebigeannect ed

in series with the ope t current flows .in the. sane

v octi on ¢ hr UGS E<sh & PRt fral s i utAaHion oot & Paog
segnment s neplaEma pusedort and tei@ingla setht bel.i nducti ve RF coupling to a
particular region of the plasma to inprove the azinmuthal, plasm

uni formty - -and cokrotiet oaipi:tmfttlhalinveatsanmemrﬂre@ddmmeWmﬁhmptﬂvadTbemneetm coi |
L Pel g, Perd BRI or InRROS RO O g IS S URRKGE RE IR e e
and the one gbaﬁaﬁmUmmmK@MHfﬂm@heﬁabty selected for each vacuun1chanber
and/or coil configuration to optim ze the RF coupling to a particular
regi on of plasnma. The stacked segnment preferably includes first and second
termnals forS f ibhon to the pIanar turn. The stacked segnent
forms an addition ing o ite. fifrst and
second ternlnalsfggﬁﬁﬁét Hﬂfqmﬁﬁggfﬁ%ng$ S?E%&' i (Rﬁgé m’Pn%ﬁ?axg nmet a

| ead whi ch egtlahiai sxhigagion feeil cfmrrmemuumrplmwvmecessoheths eommganmlgtdlto bef the
stacked seg ir 0, n SEP 20 6..turn.ji.ncludes an
i nter connecm Emfi’xﬂ:ﬂ a.GOJﬁiaer'%doﬁ s‘gag%‘%gc}% 3’ St tﬁ? P66 ng-’ea(fotlal comgrslspué%?t‘tl vel y
connected to lcdseowwmdﬂlgﬂewmg malltigé terhe asﬂsaasﬂ@nb glotht itons beiog thietahiiallyt - end
of the planar,.tur n nd simat hl mntho sharp
bends such t l 5 oegt Jhag éﬁm 9‘? {]i’oq{%&gieer urLan%mss ace%{gg%%erpe?n I'c
fields prod uxfelmb (by: tedneths tsad@édemytrbﬂng aasmhectttﬂemmeaﬂfmamﬂt the one Azt e¢ theng t 0
anot her aspe Vi fir C ec ructur has
first and se%%)lﬁg ‘é&r} gﬂé‘gssﬁgﬁc%sgﬁgld?e%lgﬁﬁhe% n%c}gff e h[e sfaeltfr% ﬁg}“ t he
coil and an dﬂmptatkedeégrmnmmhﬂylgseded) wordase the BﬂdeEEbaﬂmgmmmemwm

structure ha%‘eﬁorf b tﬁé pﬁH’ﬁla I%O{:l!lnle()vé ?h% a21muthal plasma uniformity and correct azimuthal

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



the coil output terminal and a second end connected to a term nation
capacitor. The first and second netal connection structureg gx g.%l i B
gradually and snmoothly wi thout sharp bends such that el ectrfogra‘g |?(905
fields produced by themare constructively superinposed on the main fields
produced by the coil (as well the stacked segnent if applicable). In
accordance with a further aspect of the_invention, a netal connection
structure having first and second endserespecti vely connected to a first
portion of the plangr turn, and an end of. the stacked seg t is arranged
so it ext endgmﬁ'r éﬂ?ﬁ’aﬁ fnaﬁlaer%or?ﬁ‘%??ﬂﬁ‘ 5100% {:‘ﬁ%u?nds ﬁﬁ’f’ﬁgb@aﬂs"ﬁgﬁ\g‘é’ﬁ ffie first
and second endgedtively e@hneckdidefoethableyondt Remisilack e seged pbrtibs dndCthé st

adj acent an interconnection g bet ween ends of a pl anar. wi ndi ng, The

St ncked segme SxPEnIET om0y TedlPRCt 1 e ErPey, M GRpcEy VEBH R & 1 ow
RF coupl i ng fieads tsheh gag tio dobe it asiBtanidligopekndy the ahotdifignagpefddsof t he
invention, there i ovided a radip frequency excitation coil arrangenent
for a vacuumpﬁ?(g“s’?‘r%y%er%ﬁaﬁg%ég%g'ﬁ?@élé(&%?l?&?ﬁ ‘coil arrangenent being
adapted to be posicordingdo astigr dpea opthai@ventidnnal Gt dktaBeonBedioinsineiaghsr  of

el ect r ongnetTs AP it G eveBl Bt g MRl i & G
arrangenent of enmtéhfrighgtvatrk.| e sebndmetalvdonskicigh stappashat @ fritread camectsoond
ends of the w ndi.ng bei ng .pl anar he wi ndi when positioned Qutside the
wi ndow t o 00\316'? cé’lleq%?(‘:lﬁg 'ﬁﬂﬁﬂ?f‘ Ee‘:b%ct@ﬁﬁmieﬁ?‘g%t%tgnlgﬁﬁﬁg?paﬁ‘é‘?rngﬂﬁﬁ?tti oned
S0 the opposidé sewds nicd rcomfectiont @rdtures ashd iddaillyyandagnadoti@y withodthsdarpl anar
wi ndow, first_and second excitation term ngls rovi di ng. connectiong for
Curr et 11 oSy e B Heatotpaengic s nEbdihth s 8 S Bl SPRE SRR ¢ e
ends of the winnith mdn fieldS producedreyt the cab@aneell 1he sacded sepirishtaifl fpcapp)a first end

connected to the first, excitati.on termn and a second end connected to
the first end of mf‘%’@“\ﬁl%d?“h‘g? ﬁﬁ{flg%@Bﬁaoﬁ@FéTvegtb%gﬂqt FOUEFHRL P e Ravi ng a
first end cormaeag @ekt ol échénd @ds euapbeavely taineadl toer fifstsdrti@nef the pRGANGmend

connected to the seco end.of the w nding,. 16SEP2005 6 he first, and
cecond et af LOARSES PRACTHE aHBEntle SHORHG T SHGAR oGl SHbSERTTY

W t hout shar prvitiadshdp bwde Betivben thaflhiSt dndeecend endk themof.Or dance with yet anot her
aspect of the inyentign,,there is provjded a.radio, frequency excitation
coil for a vacuu %?rﬁtgﬁéh?\%?c%ﬁq %egglgrﬂﬂ%,é’&agido%?ac a0 (‘;‘IB?IFOf‘g‘é‘it‘ﬁﬁ B YGed to
be posi ti onecdnddudvu@ladarwindiow D sbackaiCsapiient Baaiie in ofth tifetipls@dRassegap tbhe coi |

compensate low RF coupling from the gap to the plasma.

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,



conprising at |east one wnding having nultiple turns, at |east one of the
turns being substantially planar, a segnent stacked with only a portion of
the planar turn so the segnment is spaced fromthe plane of tjﬁ%‘ FSE[%?Q(E
turn, the stacked segnent being connected wth the planar turn, a- I
connection structure having first and second ends respectively connected
to a first portion of the planar turn apd an end of the stacked segnent,

t he connection structure being arranged So it extends gradually and
smoothly with shar n ween ot LLS ) n ( eof .
According to agg%rﬁe%]ﬁageﬁglglt g%%apt% {%e I ﬁl\geﬁlﬁf%ﬁf E%‘ﬁeg&ggi% %@g’v?rgfeigméo @gdi o]
frequency ex‘tYiﬂn%%t$h©rl>€tnéfiﬂ'etW®n}f&.ea@dhmmfpl asma wor kpi ece processor, the

coi | being arr angﬁdacg&jizglge WP[R%}IEE An%ﬁl%xdasﬁ%(?\é? o 1%&981)(\/ &Rgre r%&lelélrg %nb er of
the processor, the coll conpri'sing at east one W nding having nultiple
turns, at | eaktquensy okitation doilrfos abeicmyn plasek amrkpitdeyprogissmathe cailstegmeent  of
the at | east &%ﬁé@ LNng..hel ! i I L turn
so it is space %rotﬁg% H%lt%ﬁgd]n%og% Q?Elgg%}ég%gz}cg?rﬁr%%&l{%ﬂ%ﬁg? g@%@%’r@gﬁéﬁ%{nt

bei ng connect@hpriging lt lchss ook anieding baving mbléplp | tems rat deastnoriend] theliumey Yeinpst and
second end pogt Lo a i : t C ed by a
gap from eachugéttﬂglrﬁi,l} ? Egmé% 238 e\%@égglﬁgﬁﬂ g@?éﬂ%@% gfc{r?%g%{nf ﬁgebg‘bgcgﬁ%o first
and second enggmertt ig gpaced tiepokibel pleagefaln planaetuon theppokddtsegmeit Heisg afneded gap.

I n one enbodi Q@almﬁi.gl C ection. st re p.nclades first part
that | oops f%?nqlf%g I'rst ’e"Flld&l(!:c:I?i %dgg%logn%ﬁs@%r ﬁa‘}é{\%ﬁgr%r% %%%%&gglﬁ(fsso it
extends in a mipeeivelyorpnnesigdyto far st pdrtoryeafpthe planapbimend waend of fharstaakesd fr om
the gap than A t S t that
| oope. back 1 o plrate ShheBlon! i AhE bra RTEH oBOMs oty 360 MM BR),
first end of withouhsiemlbendshaiecen ba fist mmdotwnd cplsdfeesolibl y ext ends tangentially

| at i to the f} e . - 080219
bCT Usa) 00563 7 e BNl eyl Mpctt AE BRI 2 Brobioba £ MBS % e
of the coil teeitdtionlcsil faanvenmediasme Werkpiesppmedssee, the coilibeienardogaintotivse RP

A - oo : o _ )
Thol udes 11 HoencnAR At 8F Plac AR EAE: of BEpER Pt BuBLBREL:, ,of"
ot her and ar despanedindegbhavinggapltiple swneat ficast brer ofsthe ums dring fshitstestiallyound
t he remai nder ézﬂlfar tﬂ%%rﬁén%?{hetat‘feg% ?:g%%%ﬂlgtﬂ%‘ﬁlgfska%ﬁetd &ida Tt dr &0 ?)laga%r tions.

One of the end pértions i's conn
turn so it is spaced from the plane of the planar turn, the stacked segment being 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.



by a radially and circunferentially extending conductive strap to an

adj acent turn of the winding. The stacked segnent extends across the gap
so first and second ends of the stacked segnent are on oppoéﬂ@dﬁ@@ﬁ@@ :
the gap. 10 According to a first enbodi nent, first and second ends of the
stacked segnent are displaced by approxi mtely equal angles fromthe

I nt er conweabmsents gap between adj acent pl anar turns.gcThSizgsgnecti ng
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 sane direction as the original current flowin
the planar turn. According to a second enbodi nent, the first and seconds
ends of the stacked segnent are arrsanged so the second end is displaced
circunferentially across the gap interconnecting adjacent turns and

ext ends SUbStI‘Efmticﬁédééglﬁén?ﬁikﬁﬁcsggecbﬁtii&dttﬁfd%%nﬂ'bfﬁua§(9ﬂtﬁxgrﬁlgglf{'t' of the gap

to conpensate | ow RP coupling fromthe ap region tot asna.
Preferably, fiecdaddeheasparsiiirrurrpr fompke el end of the stacked segment

vertical |y over | asiing RPanfdatifibnaPecbe 8 fBlBN b oln sifles SECONd end of

t he sIacked‘se?nent can be connected to the firs e planar turn
via a short , fist $ndiseaend endpadions thih asspatighy elpte icestt ptheresd arosifabasiy i n t he sane

25 di recti oMy fedpMomPdadi\ifior Sttt HOGs BB ABifdek bl ind gl 0PI eCtS,

features and advantages of the present invention wll becone apparent upon
consi der at i obFt¥sendhedirstangd epppndgndipartionse Pne gbthe eridmrortionssis eduneatader al  speci fic

embodi ment s hereafy anm&ﬁ{famﬁmgmﬂdm Buclifk: t&gm mgis%ﬁmy th the
acconpanying drawings. 1 6 S E P 2005 CT/U80270 563 rief Description of
the Drawi ng %ite winding. Thestapkedsegmenicxtegdseaerost the gapasefishapd sesemdd pr ocessor  of

the type enplaoy@ek dk&d Hr@&hd%k&s'ﬂeﬁ@%o?&@ﬁéf)m, invention; 5 Fig. 2is a
top view of one enbodi mrent of an excitation coil for use in the

proced@or of Fi gAcqordipg ¢ a firg smbediraast fygcant! serand eidewf thektackedhr ough t he
fines 3-3 of sebinéht afe 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.



Fig. 4 is a side sectional view taken through the marks on Fig. 2; Fig. 5
is a side sectional view taken through the marks on Fig. 2; 10 Fi 6 r_s a
perspective view of a portion of the coil illustrated in Fi asﬁ %{"%) Z[ﬁj 7
is a side viewof the coil of Fig. 2 in conbination with nmetal straps
connected between termnals of the coil and termnals of a housing

i ncl udi ngoamedetiy source for the coil; Fig. 8 is a tepmNgRws9f a second
enbodi ment 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. | of the drawi ng includes vacuum chanber 10, shaped as a
cylinder having 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 periphery. 25
Seal i ng of vacuum chanber 10 is provided by conventional gaskets (not
shown). The mﬁpﬁéﬁﬁ‘iognﬁftﬂ#'wl can be used for etching a sem conductor,
dielectric or for depositing materials on such
substrates. 1 6 S . 02/.080219 PCT/ US02/ 09563 sui tabl e gas
that can be exci te%'ﬁégggpeﬁgﬁaﬂ%%%vsacusuﬁbé)ll"l'spéd’“’tcﬁss?rf?z‘én%‘?i or of
chanber 10 fr &fPplayed asomeioe witl{ thogresdtinvation;i a port 20 in side wall 12 and
furthers distribut ' hr ough as.di stribution nechani sm (not
shown). The i nteﬁ?%%lé%ﬁp?&?oé‘g%e g?oq?eélg?éf'gfg’fc nFcH“Ja“{?%E’ﬁ]«Eﬁn condi ti on,

at a pressurePedardig. 5 vary in the range of 1-1000 milliTorr, by a vacuum
punp (not shown) 2.0 d.pl at 4. .The gas in chanber
10 is excited by g@;ﬂﬁﬁ grg esgcg?%ag‘?%“lt’%&%hﬁ?uéggf51%53”&6%@%2; having a

control | ed spati alFiglbis sidgsectiphe view bt throughthemeeks onBiglxjes a pl anar or
spherical or domgd G 0JLe . t i, nedi,at el.y .above w ndow 19 and
excited by 10 va??:a'?%gggﬁ%hoﬁwag%g%a@g‘#g@?,mw8?%‘é1%?y having a fixed
frequelty of 13. 5EigMHs aperspective view of a portion of the coil illustrated in Figs, 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.



| npedance matchi ng network 28, connected between output term nals of RF
generator 26 and excitation termnals of coil 24, couples ggﬁpgﬁ?ﬁ £é§§1the
generator to the coil. Inpedance matching network 28 inclu ¥ a
reactances which controller 29 varies in a known nmanner in response to
i ndi cations of the 15 anplitude and phase angle of the voltage reflected to
t he i nputvoogéssiimal s of the matching network, as seaitgReodayscslet ector 43.
Controller 29 varies the values ofthe reactances in network 28 to achieve
i npedance mat chi ng between source 26 and a load including coil 24 and the
pl asma | oad the coil drives. Controller 29 also responds to input device 41
to control variable reactances 20 coupled to coil 24. Iant devgce 41 can
be a nmanual device, such as a potentioneter or keys of a key pad, or a

m croprocessor responsive to signals _stored in a conputer nenory for
Qifregentl?rocessing reci pes ?r mprkaiﬁce Sﬁ. Va;iaglsz gfchgﬁbgscages(z)

i ncl ude speci s . a oW r.ou ar . ,
pressure in cha §W8§%%%§ﬁ$W3PFgﬁﬂ%vo?H@m§§?EUﬁ?Bﬁﬁﬁﬁﬂ%ﬁﬁg%Wéd to port 22,
(3) Lhe totaMfﬂﬁmbgﬂgm?mpqmeﬁﬁmigﬁﬁmammvggmfﬁnnmhf@ﬁlu&?aﬁhmhaptB?LIy equa
to the power ed._to  coi . e val ues, of .capac

connect ed to‘%%?ﬁkéfmﬁWﬁVk Og@ba§§‘&gg?¥?£3FamW8ﬂ4?gdmwﬁﬂcﬁg er 10 to a
EU{Lace 8f.mﬂmhp&eﬁmcdtm@ﬂénngmm@ﬁdnpbam??c?ﬁ?bmuwkbmﬁﬁft&hemfurfage 029

ol der carryi.ng wor kpi 1S, paralle e surface, of w ndow 19.
Vor kol doe. 52 "% 4 8e ARE U B PTeR: tydeym ugd ok HavBtiouties B2 080216

PCT/ US02/ 095@art 2Dinehdpipent.t o t he surface of holder 30 by a DC got?ntlal

that a DC power supply. (not own). lies.tq a.chuck, el ectrode (not
Shown) of hol der 55 ki B5ther 10 RRbugfBER s o 0+ wca, Sy

- el ect r omagnethedngraoeairdled dpafabdbasiie o Thssdecthit sogren &icindesla pthdar of dpadrickinc| udes

vari abl e reactances. (not,shown) . . Matchi ng netwark 47 coup the 5 out put
of source 45% gmﬁ%[?ﬂéf’(efzmgaé n&’éllrll%dr 0 "?FM%Q%P&H\S@&@ @oangieﬁﬂ%}yt hat anplitude
and philse detvebBpovi@ Rifeencmes 26, typiailythavihg 4 fived Gequerabbl 3rseaiiances of

mat chi ng network , 47.t9 ch the, i,ppedance of source 45t he i npedance
of an el ectrode (Iﬁngfdancser%n& 8 gyt %:zgg?m%‘?ﬁfwgeq %‘gjd' t(?%‘b"’llseog o the

el ectrode i n ghetather263diexciptionTemiihas dhevil DI, asuplesi RF phwesiifiom 2. As is wel |
known the RF g\clil%r!*ago?%elhé po?lt Illslp(t) srm%ee mﬁ&i@o r{?aua(r?kSZSt igcludes variable reactances

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 7
“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



10 the el ectrode of holder 30 interacts with charge particles in the plasm
to produce a DC bias on workpiece 32. Surrounding coil 24 and extending
above top end plate 18 is a netal tube or can-Ilike shield-?{; En

i nner di aneter sonmewhat greater than the inner dianeter of wall 12. Shield
34 decoupl es el ectromagnetic fields originating in coil 15 24 fromthe

sur roundivp@zeamb ronnent . The di aneter of cylindricaldpysiagRed chanber 10
defines the boundary for the el ectromagnetic fields generated by coil 24.
The di aneter of dielectric window structure 19 is greater than the dianeter
of chanmber 10 to such an extent that the entire upper surface of chanber
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
wi ndow structure 19 is chosen to provide the nost uniform plasnma flux on

t he exposed, processed surface of théomorkpiece. For a preferred

enbodi nent . of _the_ invention, the distance between the workpi ece processed

surface and FaTPeBticoustase of toldegdOdyadC petenipl forb aDCponpsrrpl ot el y 0.2 to
0.4 tinmes thehowd iR &lchitk BRI Ghor HownPRk hoidd HaANRE BEkUdR €i ther one
wi nding or plural parallel windings. In either arrangenent, each w nding
is el ectri cal¥BPlietsfgdia feauesy sectpmagnaliy vage iippedinsemaphisg neworkstiur ce 26 to

function as ahd: HRRALH BEAM rehotaRs QRY MRUmR MalcRhg BlreGk 14l %odpﬁ‘eg%h of about 30
to 45 to produce standin wavepgatter ns al ong %h I h o

e |l engt [ the w nding.
The 2005 WO (3IPBIgY3aceETe i P oGwmtyotler 28 resppadsy Sw@g%a@]@!ﬂdﬁ result in

variati ons i nnd fifsdR@ebit49derived 1o Sérbthd ehui ¥ BacBices ¥OLIAPE Se@BR CUrrents
t he wi ndi ngs. The dependence of the nmagnetic fluxes

along the | erzgt hs 041 g
gener at ed by % He A diniwedsnce Haouistghi touhe eredanprrfoanrtecioder@pit s resul ts in

di fferent pl aBdvn) BeHkded 30. T8 08 BHAMUS B cleirotlé hHBIKED iiRLbEYRAE of chanber 5
10 beneath different w ndj ng;i of coil 4. The variations ih the RF current

2
magni t ude f | &MFRY™ argher Qb FWﬁié}ﬂtogma#eR%mltﬁgezhata?l_@ce%apnlias oy averaged to
assi st10i N coniig icirddd 9f RIIRE PRInLARS Wit ciakkd bhridles ifl 2 plabddib pQAuceSPat i al I'y
averaging th different current values can substantially prevent
azi nut hal as PSopEekpisee e pl asma density, particularly at regions of

Surrounding 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



10 low RF current in the windings. Alternatively, the frequency of
generator 26 is 4.0 MHz, in which case the windings of coil 24 ar

el ectrically short, about 10 to 15, causing the standing‘%diéigﬁ}égﬂﬁs and
voltages in the windings to be substantially constant. Reference is now
made to Fig. 2 of the drawing, a top view of one 15 configuration of coi
24, Fig.wdeéseizd 24 includes a single wi nding havi pgrifnges concentric
turns 101, 102 and 103, all of which are a sector of a circle and lie in

t he sane plane. Turns 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.e. slightly less
than one full revolution of a 20 circle. Adjacent ends of turns 101, 102
and 103 are respectively interconnecfed to each other by straight radially
and circunferentially extending w nd %g segnents 107 and 109, such that

the i nner and _outer en of nment. 107 are respectively connected to
adj acent end$PBg FIE PP Psﬁﬁ@ﬁ%fﬁﬂaﬁwamé@h?¥%W‘ ﬁfﬂ”@@ﬁf%wﬁﬁfle t he i nner
and outer endslagés aegarents ald dRriengthe SP&E twinddlgy, Tndpatiade bpPthe5 adj acent

ends of central turn 102 and exterior turn 103. The other end of interior
turn 101 incPE@¥%°PEFH%%@?”%R&ﬁmaﬁﬁﬂgﬁP%ﬁﬁnggwkéE 2 Eabl e or strap

180 to the msulsah tiigentglitpadentigrbeing plodekd Hedifkintyghrivas ¥OdhkmB3. The ot her
end terninallé%B fagxégri r tyrn 103 is connected in series with stacked
coi | ségnent %w§§‘ it ?mﬁ@$ﬁ1“§{ ap, i.e. lead, 117 made of silver plated
F16 SEP 2005 WO OPHeO@fdibis iRGHd RISo@tnOmbmitd® Mompan difitaced cfegment 115 (1)
has an arc Ieng&h of agﬁ oxi matel y 1%0,(%2&%$§ shaped .as a.sector of a
circle havin§®h2? 4 R éju"e‘(fmgeéi HESIF 1 atreline; Ripsma1853siaipatial (3) overl i es
and is al i gneétribitidn, Spidfly sedgig thdse HifferRntldident Sa0dsQan dubbtagiallgnds for
approximately 60 in each directi.on fromy axis 12 f coil 24; y axis 120
is 5 defi ned¥'§ ent §Z'P1F1ﬁé W%sdﬁr&fekﬁlﬁ?@ﬂe‘fs% P&%‘P‘ﬁmg’eﬁ‘ifﬁﬂmﬁﬂiﬁs 105, and is
equi dilst ant  ldw RFctrat @nktswindings. 2Aktepafvely) theUfeuehB3oipeiier@apd isr st and second
end portions,af . tur .%83 hat .are s jally close to ea & ot her. Stacked
segnent 115 f@ Mi% i"HrJ]B Gse tf‘%wlgdlﬂgsaﬁé‘ﬁg%‘o@%démdﬁasﬁ%’IaB‘?“tﬁ ®he pl ane of
turns 101-1035° eueing riabbiyhdingawdve adurrbnits msd $6)thect OB thasindingedd aBgul ar
Cross-section s%cn thqt '
substantiatly constant.
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 turns 101, 102 and 193, 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



10 the width of each cross-section is approximately 1.0 cm and the hei ght
of each cross-section is approximately 1.6 cm Each of turns 101-103 is

preferabl e made of silver coated copper and has a hol | ow geat
t hrough which cooling fluid flows, as illustrated in Fi g gBP%tna%ggg

segnent 115 is preferably made of silver coated copper and has a solid

r ect anguiyealoz60ass- section, wth a wdth of about 1.p2yydRneéss3 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.
Dielectric 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 left and right y axis 120, as illustrated in Fig.

2. Hence, termnal _125.is ab the portio f tam 1Q3_ spaced about 50
from end ter mHAT sffgedoﬁegrf‘ﬁﬁtﬁyﬁ 18 FC"F[BPﬁFR%ﬂx‘“l yil%og’e{ﬁb\?e the portion
of turn 103 shjpad exth salieruf a%fclé havigtahadiBQiqml toothe fadiuf oflidd W MAGCt ed by
segnent 109 t tuni.n 2 .iﬂ?Z. Or.ltg qg@ of s'tl ver pl.ated, copper. sheet netal
strap (i.e. |Dyyriesad jsaliened ubadal seofor b 19031 Sqoer 147 extende &xdis

t angenti al | Iy aprowtintitbl® 60N th ?ﬁh Pi@;l’cgdwmonigﬁxisvm&bﬁﬁéiﬂﬂmyaﬁdis ﬂ-ﬁ)gisi fs | ocat ed2t8 0
assist _.in electrqomagnetic fie istribution. T other end of strap 1

i s connect ed df’%’egraﬁgt‘fﬂe W%Fdi“érﬂFFP‘Fétﬂi‘eo‘f‘?‘lc"ﬁ'H‘éfc?"EsoW%{L?@. Is 6 WO P

02/ 080219 PCHobiS82429 5682003 BeuHt 108 Petlvn Firdd dnd mcﬂeﬁzﬁbxﬂgdstaies portion 116

~having a first end that initially extends away fromthe coil rand y axes
120 and 122, fm 03, Bakapespatally flptsie cackpthisrn atacked séemeptddds sarosifiensd 116 ext ends

bot h verti cali yplaRdbsidaed pedibias by pRaf Ahin@l101-i¢3. t urn 103 and st acked segment
115 beyond termnal 125. Strap 117 also 5 includes portion 118 that | oops

p
back toward turn PreferabliegrhnifumsBl-10%das preptpneylar crassesectipryspshdbat 118 or 128

extends al onghedwilithHe cich R bectid if afpRdxithdidly 00 HEAHARRY helch® of WRRT € terninal
125 or 127 is located as indicated in Fi e second end of

s. 4 and 5.
strap 117, at™™FhEctionds WProgigRiehold ‘?611-81,53"?@?‘?1%'6 A& B pipfesble eadact rical |y
connect ed t 0 of 1vei dddkbd dopBerand ndshanofidw Sdnte 1l BfoultWhish £RRnd AuilEChani cal | y
and 10 el ectrj call ¥ connected to termnal 113. As illustrated in Fig. 6,
the strap f odlfiH gl lustrated in Fig. 3. Stacked segment 115 is preferably made of silver
' coated copper 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’
_ 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 segnent 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 asymetrics due to the
chanber and coil not 15 being perfectly symetric, e.g., in the gap

bet ween @@nR&tt@ ends of turn 103. The position of ghaglkReksegment 115, the
arc length of the stacked segnent between termnals 125 and 127, and
spaci ng between stacked segnent 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
materially s[}fﬂnﬂrg BRIl MRt l% P bq%égeﬁ'l“laﬁ%@’dfs}‘ il p ined effects
of the currenb surhl@%Mang siatket REmei PBI be¥P@IS RmipH I I25.0M5t@H 1Mk 103 and
segnent, 115 ey t hou @@ urrent, flowng throu 3 the partion 116 of
strap T17 fl dﬂ‘g“%Ssp%‘é‘i%tmé% i ach st & 18 sesmon o g%t o) 080210 14
PCT/ US02/ 095@35.f Partiénid 8 ion1 38kt aloh®n Bneltingbi tdla AddBonasTdeciiemaed segment 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 ehdsf kgp M¥7at fhe @atlGRForidRIN, isCmédhaii@ly hatleafiiiaddi 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 By of 4 i 15 ge 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
term nal 111 and S$teskad seghent 213 infdyases the inductive RF coupling to the region of
the plasma aligned with the stacked segment to 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



10 appropriately selecting the value of capacitor 129, the anplitudes of
standing wave currents at termnals 111 and 127 are approxi mately equal
and there is a standing wave current peak anplitude in theigﬁg%% 20 ~0i
24, at a point equidistant fromtermnals 111 and 127. The o] rap
117, involving a snmooth and gradual transition in 15 height fromturn 103
t o segnmewbh odekirie W t hout any sharp bends between oppesiiBnesgnds of the
strap, causes a gradual change of inductive coupling between turn 103 and
segnment 115 and does not disturb the coil electromagnetic field

distribution. If turn 103 and segnent 115 were connected by straps or
ot her conductors that extended vertically directly between the w ndi ng and
the segnent, i.e. at a right 20 angle to the plane of turns 101-103, there

woul d be abrupt inductive coupling ghanges and substantial disturbances of
the coil electromagnetic field dlstrl ution. These adverse effects would

oceur becausendyitty 13 A: SGUISHS ohh SRR GehOE 11 S Recerbiflient [1LOv N9

t hrough thema connec to the plane
of turns 101-1263hd WGuIPdnqgn dtudetra rtﬁghmetm d)mfel tkad dlackdili segmédd 1¥bisl d

orthogonal I'y t I 0 turns 1-103 segnent 115
As iIIustrate Qﬁ&ﬁﬁ&-mﬁ@% %@?I%?g?%?#g‘wh?%ﬁ Hﬁnlég %#%mggﬂgected
respectively limdummgnegt flaeges thivge aﬁdﬁﬁv&&ﬁhdﬁmcgmoﬂmdectﬂyrmmnempaci tor 129
and the out%ggqﬁﬁﬁg&ﬁ%Tﬁépgg&ghf glﬂfamwm emqqgh | ocated i n.a housing

above coi | samne van es a provi ded by the snooth and
gradual way 168EP2®053qV@030Qf786$&22®a:ﬂ(ﬂié/Ibﬁﬂ12¢f0:%63abepre(fmIilhm shar p bends)

strap 128 is tﬁaﬁ%%&i E%le(b;tgg\é\@% tq[%féxg%rgoatlo.a velir%% f"ﬁ“ée I[%%l? Opposi te

ends of strap are conn erm na term nal of
mat chi ng net 91" 28d ne ntorecthga#®). wHynce,sths turept élﬂsjsaﬂwmnmm qamle 127 are

connected to (ﬂ@&l\éh %oli Gut c%q‘liz4r %%tli'vkzéngtenmna aft aClﬁetg: COI I1 Z ngement :Si m | ar

to the coil arrangene th a coi
i ncl udidng t wepprapratelyese] ecmmhemalua of caphoitoli tﬁjsﬁdrampthtmdesmfp@mﬂinlgel by the RF

out put of ”HR&M %eﬂ@é%ﬁnlﬁnﬁ?lll%ﬁn ar%o é}mx:m%te ﬁi’&ta{lfl fhere %n Fig. 8 as

including interior and exter i T aual | ength
wi ndi ngs 130 standingl 32ve tireent pgak zmmhmdﬂtm ithe Wnteh ofcmil 24X ias alptﬁht The

equidistant from terminals 111 and 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



10 principle of operation of the nultiple coils (or plural windings) is
di scussed in Chen et al, US. Patent 6,164,241. Further details of ,
operation of the coil without the stacked segnent 164 shdwh &F i gJ08 can
be al so found in our co-pending application entitled "Inductive Plasm
Processor Having Coil with Plural Wndings and Method of Controlling

Pl asma Depsidsiaze (LHGB Docket 2328-050 15 filed congyfkenblsy With the
present application) which includes details of the mtching network and
tuning and controlling arrangenents that are simlar or identical to the
mat chi ng network 28 and the tuning and controlling arrangenents used for
the coil in Fig. 8. Wnding 130 includes three turns 134, 136 and 138, each
of which lies 20 along a sector of a separate circle that is concentric
wth axis 140; the circles have different radii. Interior turn 134 and
exterior turn 138 respectively include input excitation termnal 142 and

out put excitaf] rm 144.. Term nal, 142 is . ected to the power
output term gg{ﬂﬁ@% ghﬁ%tbgr@n%r a%i%sm%rc?(m%c%&&vse qu%nulaigwwﬁicﬁ%ac{tcgr mnal 144 is
connect ed by 18%.rQpposiid sndscofGtrapi 18D 4l canngdtedatottemmiah st ad tBSompygaci t or 146. |t
is to be und t hes onnections can_be reyverse termnal 142
i s connect ed%{@}ngf(glﬂ%gginﬁrn%%%iglflerer?‘lmﬁ%ﬁlyoaﬁ S@%Ppgzgﬂu%?m&wg] fzgrm nal 144 is
connect ed t o areebwisctedio petvide the s@8k re@its.aps 143 and 145 have the sane

T6 SEP 2005 W0 02} oNBSTh Py R8T DRI S el cHPERBRGY (o onds of
turn 136 by §igsg2g letn plael bakinplopaddwith # coilrineluding ited paralletXdopdairieg segnents 148
o 150,91 ona R0 SO AR AP IER RSO, S 412 2nd L0t erl O
excitation teviitustrated {b38g. 8 25 inEhuling iradriol & ek@rieomdting dpiiyximbtelgp 157 to the
poner oot P B Tyl B 1% I ol SR e 1505
vice Mér sa. $tincs ofldpérabwrdof ths ulipleacoilh r phurt wilingf) iguisaissedrinas strap 128.
ci v ount or ent (01§ M0 ot SP o by B s e Bt b3 ¥ s 152 and 10
154 ar e concdéntstacked\segnient 44 shawn $n Fig08 aadbespmcibondbiyt cilt £é-pending radii from
axis 140. _ 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



Al'l of turns 134, 136, 138, 152 and 154 of the coil of Fig. 8 are
substantially planar and have a cross-section the sane as the
cross-sections of turns 101-103, as illustrated in Fig. 3! §T@§E 20n5

i nterconnection segnments 148 and 150 in interior w nding 130 h
preferably aligned in a radial direction opposite to the segnent 15 162 of
exteri orwhlWkek®2, to mnimze the radial asymretrighiffed; of RFE coupling
on the plasma. The coil of Fig. 8 includes arcuate segnent 164 that is
stacked above the plane of turn 152 and extends through an arcuate |ength
of approximately 150. Stacked segnent 164 preferably has a solid cross
section and is configured the 20 sane as stacked segnent 115, as
illustrated in Fig. 3. Segnent 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 I]évi ng the sane radius as turn 152,
wth a center at axis 140 so, it is aligned with turn 152. One end of
segnent 164 ‘foﬁ%ﬁctﬁﬁgs‘)pﬂ’%sﬂtﬁleml&T%B%c?ﬁgg"ﬂ&é&adf“gy laPFgc‘f?B enfout ter mi nal
of mat chi ng 2&tendifiye@pien?SI48nd1B0 af wintin@B0l57. A first end of strap 157,
connected to term,nal 6,  extends (1) _tangentially fromthe portion of
segnent 164 V\herwlé({”?ﬁ l#glmck’g%s exfeg"rltﬁi?}é?%ﬂ’qdﬁﬁu"(ri‘jm%{ﬁ“ WSSt i al Iy t he
same pl ane asinthinfingt mputoéxcitdtion YQERANtS6 add @GS, exeititidl tdmingXtisgnds in a

gr adual. and of nner (1) inwardly of w nding 13 nd (2) upwardly
sinilar to tﬁ"é"ﬂvﬂg 136 ?6??‘&14‘6%‘33’&“%&3’&3/ f“ﬁe?%eé%tguﬁ‘gr%%%‘%ﬁﬂ% WD 02/ 080219
PCT/ US02/ 0956G@twhik b&iwhile. terimb ¢581d, conpesd by stran t90fo Gt eefand 3% i S connect ed

to the RF output .termnal . of inmpedance_matching, network, 28. Strap 143 al so
extends in a SHEBHH °a’3ﬁ°dmbfl‘§odl9‘éf"°?rx¥ﬂﬁaer,smﬁ§$? éﬁ?d-tl E‘g’g  $Mest ai r case,
bet ween t er micoafigniadn arstad 198, RiningsI1 2Uhd 1 Birai dvahecl td e AR Mat chi ng

network 28. 5 T end of stacked. segnent 164 opposite fromtermnal 156 is
subst anti al | f"ﬁ?ﬁﬁﬁ%‘&lquuﬁﬁx aﬁ’é“’gﬁgy fa)’fte"g’ﬁfg ﬁm&sﬁgﬁgﬁi‘%%' (sgr'@séé% Mdcal Iy and
mechanitcal | y 15¢ eppectstc #ith éoilravis 15Rand ¥paaedtsr diffGal: kadii @xsioendilag nmetal screw
166 and a net spa 8 .at. the tu 52, where there is no

hol | ow cross @L%ﬁ‘f’%ﬁq%o&g 13?’?11’%&'8%3%%‘%" Fﬂ{‘?{#‘ﬁ' § ars subgrantiallyy o e e t her
conpl et el y t htaerghd bave d egs-sectiod gle sarlds @t cidst-seslionabedms M0IFIG, as9. Spacer 168
I's preferably,hade; of gl LY Ghe Rl S i PR ents 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



while screw 166 is made of silver-plated stainless steel or brass to
provi de good nechanical strength. By tightening screw 166, current
continuously flows from segnment 164 through screw 166 aﬁﬁfﬁgﬁéﬁrzggg to
turn 152. As a further alternative, as illustrated in Fig. 10, segnent 164
includes 15 nmetal strap 170 and solid netal portion 172. Opposite ends of
strap 178o@s@o2s €Spectively connected to the end of-fptRudse? and a first
end of solid nmetal portion 172 that extends in a plane parallel to turn
152 and is supported by block 119. Metal strap 170 extends snoothly and
gradual |y between 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 length, i.e., the frequency of source 26 (e.g., 4 MHz) and the
| engt hs of windings 130 and 132 are _such that the standing wave current in
each of wi ndings 130 and 132 is apd?oxinately 20 to 30 in electrical
| engt h. Cbns&&ifntly, there are no substantial standing wave current and
|

vol t age wave & Psrrd. gpPRAste a0t iR A 1psonnested; t dhen BE optpot and 132, The

posi tions oOf tetniifdlbf infpedinbthichithemMdek 0 Strapd3Gikodk®nds ¢ 4 ¥Rddl N paral l el by
the RF output term nal of network 28, and the short electrical |engths of

the wi ndi ngs¥eedual pyangen similgo @ spipbyizicass ishtes faniay &2 adittaRal angles of

turns 134, l&fiput &B8nal bbinpaieiceipAchidg@wodk 28Ubst antial |y the same direction.

The val ue of terHination cgggcitors 146 and 130 are respectively sel ected
to adjust the E PI2HS U0OSBZrHcE8uY! 1164 ppppiigobpmolsEandly 1621 i npedances of
wi ndi ngs  130subdishtidiB2lipRedGaihthcdnd bNGmAYE 5RANE clbdkiABEIhd cRdicmgs |1.e., the

| ower theée inpedance is, the hi%her the current is. Because the nagnitude

and di rect i ofPBtee i ER L p% Ry arvErtigaliy pxiepding, me@biphgh 106 ¥ 2 mefal 152 bel ow

stacked segngpader 163t itfe ABOBtunt 152, HBKE 18R ib Ho hbIRWSH@SE k&Hon MdS£YMENt, the
magnetic field *@ﬁultlng fromcurrent flow ng through stacked segnent 164

ai ds t he magheeded holp &y gy, 192 Ganthepppds ithes qopeletely theough 9 iderpisResbnr ough  t he

portiom of tasrinuskied aﬂEg.n@.dsrugéﬂusstiaprk@ﬁb@agmrufsﬁ@ftpla@%@kﬂ , the coil

DrOduCes ) GO L a e S e e B o R b T 1y o o
substanti al m@ch&idal strength. By tightening screw 166, current continuously flows from
segment 164 through screw 166 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



10 Wil e there have been described and illustrated specific enbodi nents of
the invention, it wll be clear that variations of the details of the
enbodi ments specifically illustrated and described nmay ; ut
departing fromthe true spirit and scope of the |nvent|gﬁwﬁg‘/\gﬂgﬁ in

t he appended clains. For exanple, many of the principles of the invention
are not kogwigsiet 0 coils having 15 one or two W ndiggsushitossa’ € applicable
to coils having three or nore wi ndings. SEP 2005 WO 02/ 080219

PCT/ US02109563 19 WE CLAIM 1. A radio frequency plasma excitation coil
for a vacuum pl asma processor, the coil being arranged to be positioned
above a wi ndow of a vacuum chanber of the processor, the coil conprising
at | east one winding having multiple turns, at |east one of the turns

bei ng substantially planar, a segmentg stacked with only a portion of the
one turn so it is spaced from the pl ane of the one turn, the stacked

segnent bei n e one t rn so.t.he sanme current
flows in thegosvg%qg’?rec el | OPWS@HIFS %Wal%dhlizgﬁ)e ﬁ?l 2 fITER R S8 ked segnent .
2. The coil dﬁm@maummeiMwertmlmpedamessagmmghenﬂmhude&. a first termnal for
connection to a tgg&g@qﬂe,ﬁ) mglr&egg&c ect%lllgﬂhs%&%%mqor t.othgr ound t hr ough a

term nation capacitor econd termna SEBARYNE FBIR one wi ndi ng.
3. The coil cﬁft@naﬁﬁ]l@lommcmdnscglhmtslé@mabouemmsmaé a$ $n dﬁmtaeled‘ded to a

ortio of tJ | | | ththe ond termnal. 4.
‘Fl)'he I(:oirsl of clgg?e?lnpgth%mlﬁ% {ée?lg@feLegédé@] eclru%egd?ov‘\cf’ég gﬁ?ﬂ% 0 a portion

of the one t seameany &4 aiqlsclhdaylaalemﬁetid msulmfg firdue ﬂﬁtc&ﬁ&ﬁ(ﬂoﬁﬁ@ﬂﬁ&ighbet ween the

further i nolaf ASEEERREN?, S ChRREE oS RA. ORml A bet neen the
st acked segmmdu@ﬁ@lwmnqamtmlfmld tb!ftnltuhenscthﬂ damrba .altérad azimtthbllyl @ad i ncl udi ng
a | oop having, écfértcoﬁ’lp&sﬁg@%gﬁaﬂ%h&an&?ﬁ%ﬁ%@ve' ﬁqﬁ@@‘f“ ed to the second

term nal and t%e port one tuarn %t he | oop bei ng
generdlly al i gneWhil theredaveebeat des¢ribechme itlestrared sptcifix embaliimaitsf gfom t he second

termnal, the.S6680 t m.sal j gned fromthe
one turn. 6. The cogrl tp?,ﬂ be%iem% IﬂgtI JaQBBniiS}S{ﬂgﬁ g ﬂ% X[T'begg‘fe“ ne of the coil
and chanber specifically illustrated and described 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 fo coils having

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



have a geonetry tending to cause the plasnma density to have an azinuth
asymmetrical distribution, the stacked segnent being positioned to

i ncrease inductive coupling from the coil to a particular "% gi e
pl asma to reduce the azinmuthal asymetrical distribution. @ §?§3?Q85

frequency excitation coil arrangenent for a vacuum plasma workpi ece

processo oi | arrangenent being adapted to be i.floned outside a
pl anar V\n\rvr?(?](i)l\%ﬁ%)l a vacuum chanber 95 t he processor gﬁlgﬁglo%bgé’&l}ffi ci ent

proximty to the window to couple el ectronmagnetic energy into the chanber
t hrough the window, the coil arrangenent conprising at |east one w nding,
opposite first and second ends of the w nding being planar, the w nding
when positioned outside the window to couple electromgnetic energy into
t he chanber being positioned so the opposite ends thereof extend
substantially parallel to the planar wi ndow, first and second excitation
AVENDED SHEET (ARTICLE 19) 1 6 S E P 2005 WO 02/ 080219 PCT/ US02/ 09563 20
term nal s pwBWOLAIMG connections for current flow ng between an RF pl asma

excitation Sousca ARY delifngARRRh SRl ol Do Halih plicdof ot et 2l

connecti on tru.@t.ure av n% a.fir _cgnneft I rSt excitation
terminal arftf QUIBESAGATEHTO OB RATTEICREALOPYS & Wados phayacimehgipde REthGi ndi ng, a
second et girocewsem the coibeeniprising atieast dna windipsdeafing wtltiphe dumse efriersicdned t o t he

Sﬁcon_d ngioﬁ'ﬂieitﬁliﬂsb@ﬂigﬁuﬂﬁénﬂalﬂﬂplﬁlaﬁ,Q@@ﬁ%ﬂ&ﬁﬁbkﬁ@ﬂﬂ@@ﬁl?dpbﬂioﬁbﬁth%econdd_ end of
t he wi ndin r. r ext endi ng

gradual |y gjﬁ?:ltu{s?ﬁts)%)%tﬁ%)E})a\%%aﬁuo%ﬁtﬁl%gﬁ%%iéﬂﬁcfg‘g@g?’\%\é%%%kﬁ‘%&g%% bt%j&u‘ér eof. 8. The
radi o freqeMEsebRSPEsE Mg thaqse fun 59 D sapramregflons & s pmediestiorn the ends

of the connlﬂpmghalmatertumtaudésstadmdgegngdt.to t he ends _of t he wi ndi ng are
CO_‘F' anar wth%.t ﬁ?e%?ﬂ%f‘éf%hﬁheméﬂ&éﬁgﬂﬂ?hegﬁmﬁ liteﬁ:_desaglﬁestftér@gﬂl EREY terx?:ltatlon
coi |l arrangene ai or erein e wi,nding incl.udes a east one
pl anar turn?m}eﬁqleon\c/g\? ﬁg?rﬁﬂl%eaﬁ 368?}%}} oHed of)%ﬁ%ff"ggq‘ﬁ'ﬂ‘ég% Q/#WHB %o coupl e

el ect r omagFaRAFIT @pbr efpondeEnipgh sonapgiste thepie fardingsi t i oned so the planar
turn extends subsThndoilalf kitinp2 kdbeilthe @ednl @erflrahia kontedidion/a poftenw ndi ng

including ausedieRt Sﬁg@ﬁ#ﬁﬁﬁ%&m{ﬂﬁ&g%%n& @uR@ngortion of the planar turn,
t he stacked seg&‘reﬁﬁ ﬁe"' r&% dés I ax:e&(lje fro tt he pl ane Ogd t he Pt% anar turn, the
st acked segment *h 0 5 im erem the second terminal 15 connecied to a poition
of the one turn overlaid by a 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

AMENDED SHEET (ARTICLE 19)



end, the planar turn having a first end, a third netal connection structure
having first and second ends respectively connected to the first end of
the stacked segnent and to the first end of the planar turﬁn,BtSEH rﬁ[}{}ﬁ
metal connecting structure extending gradually and snoothly w thout sharp
bends between the ends thereof. 10. A radio frequency excitation coil for a
vacuum phasgiRsoer kpi ece  processor, the coil being E,Efmg[ﬁgﬁsto be

positi oned above a wi ndow of a vaguum chanber of the procéssor, the coil
conprising at |east one winding having multiple turns, at |east one of the
turns being substantially planar, a segnent stacked with only a portion of
the planar turn so the segnent is spaced fromthe plane of the planar turn,
t he stacked segnent being connected with the planar turn, a netal
connection structure having first and second ends respectively connected
to a first jomsbdlopodding fvanghiandsr citrenn flowing bawesand ROTpldsihe esdtatdoed segment ,

the connectdoie sld HCsibdte s RO 1B WiRRRCH RS Ondtll coﬁé%ﬁﬂ%uow@ l'y and
snoothly w tg_out sha%ﬁ[?efge\%%zir et ween econd ends t her eof .
11. The coi? ™5 FoR ° %f

tween. the first a
00 HR EPR FHOUERR ek and 8 peepiheng Forpedied Bitar tur n i 5 at
a first erféstofnd; ofcthy winsing, ausespnd petal Thizeelion |stredture |having B0firglr enfll wherein t he
st acked segmriiEcted ki tadgSond GkeBBonxBrminaiflracoAe ald comegRP iR wead t wo pl anar

turns of thgswiemdgi ' ' | ' : . AVENDED SHEET
(ARTI CLE 152;%9%@%% TR0 ot LR RTRe Auil 890l 7 oI o
any of cl ai5R8UaE. 38 sAYR; Aty share eds betgendhe sudh tetphict ure 1 oops from t he
first and of thé ghamsio frequencawegptationoeiltalrenggment of dlainT hewlnndih thef any of

cl ai ms 10- leddsdraneiéonindciiéh sttades CAARAD @B ebdsiof eeUriBding RORSplah@m t he first

end of the Mhﬁﬂ@én&%ﬂh@%@%%{gf omthe gap so it extends in a direction away

fromthe gap to_a _point t is farther fromthe _glap t han the end of the
st acked segment 7 T5¢ Tafjoftegssney grcitafiep ot apqmgrmant ebclam {\aed #h#reithe second end
of the net dhe windingechilant kist oetplme tex} thadmding wgentositibhed onsidatieve to the end
of the stackpsbws@IHIBNE electibbhagtit atrsy ihioaR@RMYer DS LR ¢Ple fOr a vacuum
pl asma wor li)?:ingrctﬁrn extends substantially paralle! to the 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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processor, the coil being arranged to be positioned above a wi ndow of a
vacuum chanber of the processor, the coil conprising at Ieaf'iﬁ]oqngpmﬁ%@g
having nultiple turns, at |east one of the turns being subs tiall y

pl anar, a segnment of the at |east one w nding being stacked with a portion
of the planar turn so it is spaced fromthe plane of the planar turn, the
stacked sRppBRLDEI Ng connected wWith the planar turp TIB%B?’GS’SB' anar turn
including first and second end poytions that are spacfl all'y close to each
ot her and spaced by a gap from each other, the stacked segnent extending
across the gap so first and second ends of the stacked segnent are on
opposite sides of the gap. 17. The coil of claim 16 wherein the first and
second ends of the stacked segnment are displaced by approxi nately equal
angles fromthe gap. 18. The coil of claim 16 wherein the first and second

S_ndsl of the staakedhe sapsRAY oaamnoamm&eﬁl_o:hf P@tas@m@ﬂo@ﬂﬁcth@shan ang:ﬂ ar
I splacenen Q. greater than the angul ar
boff 8 WRSoA SR il gl PR A B oy

di spl acenent rﬁmtsr e gap, of . he coil of any of clains
16- 18 wherein t K& J0ac¥bef 88 ghelpmsi18-12 mhgkmdhe maiabconpgstion fRetugnd t her eof s
connect ed tloomshigoni itlresfirsieend offthet plenaplemawast from the papcaus ierigndsdoiiar ent to fl ow

bet ween t hegifettichtawai Bofdfthd QB to>d Sifatt @t I SYMBNRon2 e pab B thé A Pthet he - st acked
- segment OVGJ%X%JEQ%& e gap in the sane direction that current flows in the

pl anar turn betwegn a portion of the |lol anar, turn overlaid by the first end
of the stacked Zedhernti! ghaptofelams §3-15mhergin thehiscondagad of theretal20. The coi |
of cl ai m 19%onietiei shruttve ezerizeageminlnelatiset thdwmdfof tiststaelred sefmebhie  pl anar

turn and the fingt eNdadl felindt 86kA0n8YTBNL vhSuR A¥hHEHoRMeR2 COnnecting
structure that ext ndE]1 ol adual leﬁ bends bet ween

d snpot hl t hout
the first end of the Pl ansr ot tgﬁapgﬁ'%%?‘??‘%tv\é\n«?n‘ﬂg‘g"fw Sﬂgr"gcf‘%ked segnent .

21. The coi%amber of Hierirouessom e spih corppisiog ghisest opgy Wiring devirgmikiplar ranged f or
causi ng curtnmgtat lemst and dfitist tupoObdinganbstanedlie plane s spoen@f hpatleat dng bet ween t he

first end OfingibP6eidt @R with JhoRiRH @m@@%&%ﬁ@@iﬁs dhed ﬁl)agﬁe éﬂinet he pl anar
tam al i g.negé%t thggg%@gt é{ NDED tS‘lf—< ET@S:QRTI CLE’e [9) . 1 P 2005 WO
02/ 080219 _ sigcked seemsrt bone oaceled ileRRelren g Asw i n a
di recti on dppestumdnglusing st did sseonil g poftiopdthat acaspatialy clesedmeactothéte pl anar turn
bet ween t hempgfdcédoty Hfapt fign Pdchdfier, tHe'sticld @Ednainfled®ndinp @crass the gap
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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first end of the stacked segnent and the first end of the planar tam 22.
The coil of claim 20 wherein the connecting structure and thf{?%ﬂ?KEQUU%
segnent are arranged for causing current to flow therein in the sa
direction as current flows in the portions of the planar turn that are
overlaid by the connecting structure and the stacked segnent on both sides
of the 9RyuAszeINe coil of claim19 wherein the COP€§&§’ n between the
first end of tﬁe pl anar turn and ke first end of t é?ed segnent is
provi ded 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 tam and a regi on above the
pl ane of the planar turn aligned with the first end of the stacked segment
~to flow in a direction opposite to the direction of current flowin the
pl anar t ur neddedfRe Etadlchﬁ seg@iitttb AOwah af diRctRInaDPdsité W the QusdibRbH Ry the first

end of the gka &g%%%g%e{g&é}g%%k@é}m @Lna%%gveﬁ%‘?I}% urn. 24. The

egne connecte “he first end

coil of cIa erel
of the pl an W?ﬁ%&@@gﬁw 40 thecliet ?Bof%WaPﬁ’i“FPre st acked segment in
the same direct22onbagoitof ¢18mt20fwmn ithe dohmectiogy tixams 204 thelsaciEdanar turn

Lhﬂ] ar g OVé&@pinéit drdjtrdnfd fof GMNBE birfgt &l A tHéfeh ANEe thAR Gleathied Segeregt on
he ool 1 of gt SydR hengricd: YR NG (05 TR S ARER, B 368835 100 out s e
the chanberStFHre;aRd c??@FlFﬁltS?g"%eBt Forheth W‘?‘%GBW g96. The coil of any of clains
16- 24 wherei n t 8 Fegeodintf clagn £ wideabd thaicbimecioh petwaenpthe filsicand of thehe pl anar
tam ANENDM‘EEH— ah\IRE| ekt Fend B 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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