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;éSeI <F 6Tl : FEEDTHROUGH OVERLAP COL 1 0 F:E B 2003 Inventors: Praburam
Gopal raja, Zheng Xu) M chael Rosenstein, and Jahn C. Forster FIELD OF THE
| NVENTI ON The present invention relates to plasma generators) aridl infBe2003
partmmm“mm“\m“l@m)a met hod and apparatus for generating a plasma to sputter
depo f material in the fabrication of sem conductor devices.
BACKGROUNIowo62@ THE | NVENTI ON Pl asnmas have becone conveni ent sources of
energetic ions and activated aftRDTHRQUGHOVERLARCONed in a variety of
sem conduct or device fabrication processes including surface treatnents,
depositions, and etching processes. For exanple) to deposit materials onto
a sem conduct dhvewtbrs:  UFratsiramXBopdiaja, ZaBAG Xui MithakPResEhsteth, Rhd I6Hn C5
produced in the viciri rﬁy ﬁf a sputter target material which is negatively
bi ased. lons created w ®% he pl asma inpact the surface of the target to
di sl odge, i.e., sputter” material fromthe target. The sputtered materials

are then transported and deposited on the surface of the sem conduct or
waf er. Sputt er MELROETHE INNENTIOGN:Nndency to travel in straight |line paths

fromthe target to 4he substrate on ich they are hein eposited a

angl es which are ob-'ltnecﬁf@s? i?w(agﬁﬁ'%ﬁ(i%f’}aﬁﬂé a8ng ?'ﬁtg‘f'éjmreapi'ﬁ?@@imence,
material s depogid Rdticd SicaRmAratus RrlRheiting RIS fo SAitlef BOSLLR LRYSIRY! Ces
with a high depth to w dth aspect rtab'%iﬁo cag%?ﬂge over the opeeﬁ‘i %ﬁausi ng
undesi r abl e caWatariatinithe fahricglionof samjeondugtar devisepr event such overhang, the
sputtered material carp be redirected into substantially vertical paths

between the target and the substrate by negatively charging the substrate
and posi ti oni NBASIKGREUND OFVEHE INVENYION i ented el ectric field adjacent the

bstrate if th t ial i fficientl i ized b he. )
Povever St or 19l - CEIbEaE daVe bekors eh it sowtas lensoul et Hod A RISE | on
degree of | essafoifiwhiBftcahibelemsloptdin'al variefipefidenficaiicfoP daved fkbﬁaﬁihon

formation of overhangs. According éﬁ it 1s'desirable to increase the
density of thepProcessas inciuding supaee freatments: depesitionshand sishingtprocesses.e For t he
sputtered matep] ! : dec tion in
the depositi on%‘%’i‘)@'ﬁ tﬁ%&ﬁg?%?%ﬁﬁge@w&rﬁ%%ggﬁi nt ended
to refer to ondepdsiliorhprocess)i gplasimads ponduaediin the vibiniyiof ».spiitientarget e sever al

K t echni i ti i th RF.fiel i ncl udi n iti

Soomli e o BatoBA o] irbSaflvet ABEY, doh cferdd Vi3 e Habiin iaddRRS L | ©

coupl ed pl asnas(if&Ed oftheaargbtio. dislbdge) §.e€ "éputieFShaterialfropy e targeti The nducets
e currents

el ectromagnetic fields and generates a high density plasnma. S

heat the conduéPW@'egl ﬁﬁa'g?f%{hﬂ‘é’ﬂ'ﬁa? an Geﬁcﬁé?d Pﬂth%sméﬁmﬁj in
steady state. Agmidindlciotwdfer: Pat) No. 4,362,632, for exanple, current
through a coil 1s supplied by an RF generator coupled to the coil through
an i npedance mat chi Sjutiereddnaterialhas a tendendydodravel in straightlinetwaths frem the

of " t P anst or bRt hEEuopelR o AT UG ate BEing dEpBEeR dt HolieB Rifigrat "' N0
e et e, o o e e 2
pr 2cur sor gag eﬁwm%ﬁ@"a%ﬁ% &i%ﬁ“?"“ﬁﬁ?‘@?f’%ﬁ%‘ﬁi 8 f'o@hi ﬁfﬁpgbig‘@lﬁﬂl 0

i ncrease t her elyspebiratic taf Bhtigd bidr thé opBRIng RHLIRG BAdESHaBIle civities il i@ hi gh

density plasma zone, As a consequence, the |likelihood that deposition

mat eri al At ons dRRPSHen;layar; da prevant sudvevarhang the sputieredmatarigl earebever al |
ioni zation rat ireME ' gg@% j j '

i ncreased. Thi ?egcattgﬁtggagé%ﬁdgwggg%éll I:ngsn a ongtk%ﬂ%é t?aﬁgséés%héﬁa% ﬁ?
t hi ckness of t heeghtivelyicharging thecsubstnate landpasitioningeppotivate vertidally ctientedat

'n the out | yi ngoPan SREE IAgERetubsiie 58 Softerdr el K lifeiddivgbnend,

the coil which bpthéssigsa. eowever, Riaterm_ef:weréabv d|6@ dehsifyBlasiia ofteRMas an

adapted to sputter material fromthe coil onto the workpiece to, suppl enent
c

the material beloRgatpn degieepfigssihan 1@%ghich s ysualieingeifigisndeavoifidecoi | my
be positioned ag Ussh i m
the coil is dep%sn?‘t?g‘csjﬁ %ﬁ?\%&rﬁi&ﬁgyéont ofﬁlgzy'ggrs}d%ﬁ%?‘{/@gfﬁ%: %lgs;é/\o%%ﬁc .O]Eg%e
end of the coil is coupled to an RF generator and the other end of the coil
is coupled to the systemground, typically through a bl ockj| W\\\{ or to
develop a DC bias on the coil to facilitate sputtering O“@N\\ Wi f the
coil is a single turn coil, the ends of the coil are typi *%/ p@si tioned
cl ose together but .2,. t Q F8 2003 spaced by a gap (typica 6f’y on the
order of 114 inch (4-8m)) to prevent a short between the RF generator and
t he bl ocki ng capacitor which would bypass the coil. Although sputtering
material fromthe coil onto the workpiece can inprove the uniformty of

) o m g e | o " o, b1



It" is an object of the present invention to-provide an inproved method and
apparatus fior generating a plasma within a chanber and for sputter
depositing:a | ayer which obviate, for practical purposes, the 10 FEB 2003
above-nmentioned limtations. These and ot her objects and advantages are
achi eved byi(, I n* accordance with one aspect of the invention a plasm
generating,apparatus which inductively couples electromagnetic energy and

sputters mat er plsfertorincrease thevibhigationatd ofths Bp@esed i ééﬂé‘? fri d;’tggfp @gl telngf] L

and a pair of F gt hrou hs cqnnected o the coil
in an overl appl ﬁﬁ'legg HPWH" ﬁTaé‘QJPW‘atloﬁén ﬂlﬁ'dwlﬁpaﬂw&ar&mded hereiri |
from one feedt kedtaph "B@néé‘ﬁa%geiﬁ i8R ﬂo%@ptfgﬁéjﬁ&?hggeﬁqh electron and |«

circunferential or azinuthal in the vicini
been recogni ze@’bﬁ}eﬂ% pr esent appl i cant t hat the gap whi ch nornal cy spaces

the two RF feedthro rsn e turn coiyl
nonuniformty in thzggﬁaa?%&%&%ﬁL | %‘H H‘Fljﬂ)fgéﬂ%‘lé‘i’w §135M RR&elds
uni formty of dmuﬁmgmoﬂmmouﬁmgsmbﬁ@mﬁhﬁ@s&awfaQeBBan ih ﬁé‘?.ng he

e substrate reduci ng or eI|

conpared to oth ortions
ci rcunferenti afn@gﬁ '“W%&BW@%('%MFM“@M Fecurond passing ttmughamli s

Che of roun or eneacsy elecafiaofieh felds dn'Berbretes Yigh BefRy biasiras s *"

i | |r ustm[ a; ggt Ieg@dﬂemrlueg; tl'temonducﬂnggﬂdsmabyl ghnmqeaih g?d;ﬁate F?ﬁd&ﬁg&ﬂ& . of
'f Ihecgubstrate %{ﬁ\égg:é%%dﬁﬁl%@ﬂ pé‘téﬁs’ﬂgpg%ﬁg %ngﬂ' éarnaiede«urrentmrough
alternative il hlﬂilﬁ%@bh&d@@ﬁkﬂbéheﬁfﬁcé@bléd ngﬁ d&m't% @éﬁi’ﬁ‘;%%‘lcﬁl |y

overlaplnaradlév di rect in each of the e erein
below, it is bSit WL%HMéh¢ gplpaaty as the: firet WiRdings of htanglormersi t i ons

ot o the subst r oe &= Bets Eh e 45 dapdMiBoldelar B readfesm b DRAW NGS.
Fi g. 1t is a Eer?; pectf many bMdamsltscpIasmasappﬁo;ngugk Msmfffatb?ﬁkﬁﬁ%atmber
generating cha one enbodi.ne e presen
i nvention. Fig. gé oggraa?éd:cﬁ a’?ﬁ@‘%h&%ﬁ&?ﬁﬁf? ﬁ%”@t&}&& quancy pf eallisionsect i ons
to the plasnma getvmanheg&laﬂnmms of plalsmiatpredursdr gas aton §aﬁd'ﬂ%8ﬁ§b§ﬂo e view

|

of a coil havi RE .f eedt pr ou osji tioned 1 n accordance wt rst

enbodi nent of Ell%éerﬂﬁ' Qg 1S | HG‘% 'F‘g'ﬂ’ ingtiepse therehy the pesidentitime afithe sputteredi ew
of the coil engsate a. coil
i n accordance wit hﬁ%{ﬁlggo'ﬁghgﬁg% r'r%s:'l?étz h%éércg g“rﬂ%hﬁ%'gh?r'&?ﬁw%‘;a‘ atg s
a partial el evéFP@ﬁE‘P“ ma&nabﬁma:may bemmzmhsﬂa:nsasedth@reb y intrésbirgydaedi ment
of the present g

3 j al C_IEVIEWOfaCOHIn
accor dance vmth a ourt Jon %leo 'Sle P% g@nigﬂ RS Isdikgwise i s a
partial top vi mrasthSMMngngthe&iephemn wtdnhs BWHUSEHWHJRF\Q&!Q& en

adj acent wai | . yd Sepc?gnio?\ Byérd RE Sl Stfate Itoe be (t)I'Ilckaer po;lltl?gt p%?tllod of the substrate
aligned with the center of the target and thinner in the outlying regions.

In order to improve the uniformity of deposition, the coli which is used to
couple RF energy into the plasma has been adapted to sputter materiat from the
coil onto the workpiece to supplement the material being sputtered from a target
onto the workpiece. The coil may be positioned adjacent to the substrate so that
material sputtered from the coil is deposited primarily onto the periphery of the
workpiece. One end of the coll is coupled to an RF generator and the other end
of the coil is coupled to the system ground, typically through a blocking capacitor
to develop a DC bias on the coil to facilitate sputtering of the coil. If the coil is a
single turn coil, the ends of the coil are typically positioned close tagether but
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DETAI LED DESCRI PTI ON OP THE DRAW NGS Referring first to f=igs. 1 and 2, a
pl asma generator in accordance with a first enbodi nent of the present

i nvention conprises a substantially cylindrical plasma chanmber 10Q ﬂ@%bai S
received in a vacuum chanber 102 (shown schematically in Fig. 2). The

pl asma chanber 100 of this enbodi ment has a single rumcoil 104 which) as
described in greater detail below has overl apping ends and overl appi ng RF

f eedt hr oughs g23Bad by mqiéhllgynghé of I C'?P’{ﬂ%%aﬁgﬁrﬂﬁw JA8 préNdnPhThby-  The

coil 104 is carried | ntema shi e rotects the interior
wal I's of the hejweemihenRRigenemator anddhe bloskinatcapaciior whichgvaidg bypassdheni t hi n
the interior % the plasnma chanber 100. Radi o frequency (R17 energy from an
RF gener at or (96 is radiated fromthe coil 1 D4 into the interior of the
deposi ti on syst emAlihoughvspuiteringengieriaisfram tHesouliwnta thiei workpiecsl earo proes

system 100, to_ionize rial, sputtered froma,target 110 positioned at
the top of "t HBS ARG GiiEPoplioh; ihhesheennPted bh s prrsent APplcaTE g o o
power source ddnuniiSmitié bkiflér ' S SecliPPAGLd 10F
E B _2003 target n 110 'ejé gﬁ"e?nﬁe?lﬁgrlwﬁgﬁﬁgét ar ge‘tﬂpont 5&@923@?{1@'& e 112

whi ch may be imprevasmends inpdepgsition-unifounity isesired.s supported by a pedestal

114 at the bo e rotati ng nagnet assenbly
116 provi ded %Emkéxte&t?ar &'t“f‘fﬁ%ﬁ%@%&&#@ﬁ c fields which sweep
over.the face of tlhis dresigjedt of Hite presentdnvention tapriobide andmppévermethsd apd
erosion pattern on tg&éar et. As, set forth above, the atons of materi al

ej ected from PPRATRYS Plasmag,within,a chambey,andfer sputtarslepesiting a
ener gi zed by [?ggr which obviafe, \fbr ﬁamll bMHSéd.ﬁf& %mﬁgpbg Iimﬁéﬂs‘?‘s ma. The

RF gener at or 6 is preferably coupled to one end 11 the corl "1 D4
through an anpl i f i E#esgind othetiebleds and edvaniages ateachievedby,ihaccordancend 119

of the coil 1 i ‘ d Lv.. t hr a.capacitar 120

whi ch may be 4toPe SRR 2 BRI, » SR LErliry ReRPNE wERB TRl
attracted to thupleselettramagistib enmigy andsputtetemataiial feom fastilrwhidleh&divo ' t he
edestal 114 be negatively biased by.a f AC or DC) source 121 so
gs to exter nagsmg q%ﬁgé%?g FP%%@"& fzala'rl\’&térl:fe&&‘m@ﬁ?ﬂn)%@e% gﬁﬂ‘?éﬂ!d
fromthe coil eh8 ditishedUh Sn' %p‘l?g t I whi ch
| s bei ng sput teerggkf%gommtﬁ‘e tar ec?,b?al ontagh?ﬂgmg?%ég@ggﬁ%ﬁ eag{ort, t he

t

Payer deposi t @PuetBe CRil romspne teedthroughite theetherferdibmougix Readnot haverabot h
h il 104 ; ' Ll [ h
the coi pcurhiareritdl eeaz.fnggmearmbq  1R8YICHAD S 81 df s’ THLReh®

uniformty of the resultant sputtered e target
110 tends to demgdizedhyribe pressot applicanttbattbagap which mrmatly spacesdhativo

conpared to t [is uttered fromthe tail 104

tends to depols%ﬁ-?t E%@%%ﬁ@%?@ﬁ@@hﬁ@%??E@%PW@@@&%’“&&%M ed to

the center of pldsmadedsityartich AmyadoersslyGifesithe uhif@miyio? depbsitisiebms thed from
onbjne to forma |ayer of_ inproved uniform

the coil and th tatrgﬁ C?{éfﬁ .

t hi ckness from Rleate Lpsest o ?ﬁ@"ﬁﬁ?ﬂ%%@i‘ea_ tp pineg pgations phthgesubstaate. a coi |

for generati nayrealisingr afiriafihg i dilcarifétential g %) GRSt bftat WlFedd0 ends
t ."Figure 9 sho

of the coif do _not touch to prevent shorting Ou e Ccol ws a
previ ous si ngl¥ therrik 8iis belisved dhettae eolbcatvrovide 2 mere wavformplasmacdensitpupl ed
to an RF genergbend Mati 8 i1 | RF f eedt hr oughs

I ndi cated at 910a and 910D, rgg%eﬁtp?&g‘l'y&#ﬁg vvcﬂ;“}eggﬁaésegéfz and 904 are

spaced by a \éert i cn several ithemgraligd embodimeats:, thet doil a\:dsanddssétlri]ataﬂ RForting.

However, it ' resent i cants that a .

nonuni formty %8@@}‘ ght %ﬁg‘%ﬁ%% Bpﬁ"eaopdp gsdi@cg@‘ﬁggqe)yalﬁ)wrgfql iq thegxig ent

to the coil ensith®8dbstrate ﬁﬁl@arih@thv%sﬁteisﬁbﬁméﬁhﬂféHﬂl%épqrf}ﬂltérﬁaﬁi\{éd}l%zg
s ,

or elimnating such nonuniformty adjacent to the coil ends. The co
in the presentiusitted ﬁ@g?PSi'meé‘t%égﬁF@ nsls cancirsumiarentially ovsriap iplanadial ty of

coi |l standof f sg; Fi i ' oy | t ' from
t he supporti ngdlge?ﬁi% gllg'dhg%%c:h Q/Afstﬂggﬁb fo girﬁk%&r’]&}?éé? g%ﬁ‘e@%ﬁ"?% %@%ﬁ%ﬁ%&

appl i cati on Sesuch ovesappipg b thelRH feadthrougte posititinseijzse ntinithe toll edisedrat i ng a
Plasma, " filed, ' n #.1186- P11 PVDI DI n and assi gned
to the assi gne'g@%‘ve?wg #ﬂeﬁﬁé%ﬁé&%@%&awﬁﬁ?ﬁ&ﬁt@%‘?‘ng coil standoffs
922 have an internal labyrinth structure which permts repeated deposition
of conductive materials fromthe target 118+onto the coif standoffs 122
whil e preventing the formation of a conplete conducting path of deposited
material fromthe coil 104 to the shield 105 which could short the coil 9
04 to the shield 105 (which is typically at ground). RF power is applied to
the coil 104 by feedthroughs 200a and 200b whi ch are supported by

i nsul ati ng feedthrough standoffs 124. The feedthrough standoffs 124, tike
the coil support standoffs 122, permt repeated deposition of conductive
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1°0 FEB 2.003 As best seen in Figs. 3 and 4, and as described in greater
detail in . .copending application (Atty. Docket No. 1727/ M)/ PVDI DV) Seri al
No. D9l D39, 695, fated March 1B, 1998, entitled OVERLAP DESI GN ON ONE-AgR

CO L and assigned to the assignee of the present invention, the tw ends 0of
a single turn coil may be positioned to be "axially overlapping"” to
encircle the full circunference of the substrate. The coif 104 of the

il lustrated enb@RIEFDESCRIRTIONOE THE DRAVANGE'd defines a central axis 130
(Fig. 2) which is preferably aligned with the center axis 131 of the
substrate and subst r &% 1H® R Perspegijve, partiabenss-asttidnal view of Balasmygendrating

meant that the i Je | ol erally .parallel to an
axis of the sub@?g‘tb gpﬁa%éf#n%i\@ﬁ o@ﬁ@&@‘ir@?&@@ﬂmﬁsﬁ. ‘F@%@Urface of

t he substrate hol der Figa2riyasghematicdiagtanabtthe Bleztrivabiptaredhdeabiieto A S
defines the axial) . direction gf travel. of the deposition materiel deposited
onto the subst rﬂ?’%éﬁﬁ’%’ﬂ@"%‘gﬁmbqwﬁ’m-é- enbodi nent, the target, coil, and
substrate are all cofig,3li$ 4 pardpgefiek vi i e lihrd i LS.
applicable to ot her eirgbodi, rrep?ks as @W@ﬁq{%ihgﬁﬁgm{sour cer‘?%@sﬂs@ﬁgg&%
that the axes of2cepraapgs with a first embadiment afshe presentripventtionpoi nting in t he

di tion, t f il pt.h nbodi ts,
source can be desi gnod- SU5A PR SRRAIdtA He o g bolondin Pl g o
substrate are not al Figaéds apastial elevatidreal vieweia cofllis AccorlandeOivith AREcoRE  be

circular such th i ot have .a central axis of symetry. However, as
used herein, theewmgﬁ%‘g% presgptdn B-to be axially overl appi ng"
regardl ess of actual FRblis bpartid alevatieha? Vi ' \gg@}d ' S
overlap in a directi ‘ng) ene?ally par al Iéepl‘lle?{;gft éedngﬁ S ra%ﬁ%@%értﬁggi S. As
i egphadimentot et |
previously menti ime ﬁ%pmatlmwt@nd 119 are coupied to the RF
and 2000, respect i vel B e eyiel REPRER(S Wl b 8 B isnblaet S A RBT g
menber 201 (i g.embodimentpfiihg ptesent ipveritibaches to the associated coif end,
preferably through a . Lerm.nal provid %_i he coil_end far that
pur pose. Ot her typesﬁﬁ%g%htg@&*gwwﬁwﬂf %°“r?§ '93(% W withfeedthrerghsol t  as
wel I. A slot 60Ghmughen ddjacentwalknds 117 and 118 to ensure that the coil
current path of Ieaskf,qr’és,l stance and feast distance encircles the coil and
to prevent a short b % acResspective wewnf arpripneoithnd t he syst em ground,
ci rount er ence-of & he Eran ORI N O P DRMGINES 2005 ar ca and the
substrate. Thus, the Refemingfics taFigscband @ea ptasha demepitocinrdces iahica Witk a
over |l appi ng as I ; ny gxial cross-section of the chanber
pl asna gener at i %‘ﬁ%@d&ﬁ%&ﬁ&i‘ﬁ%bﬂ%@ﬂﬂﬁ@ﬁ@U@m asubstantially cylindrical o
portion of the quasma6Haraber 00whiok ls/feeeRid i #{adUimh Shdrhber S ﬂ&&‘ﬁ“% a
portion of the c%blm\gbll he aligni‘g wth the substrate in every radial
direction of theRamaticalydn Rig. 2)., The plasmacchamber 100 ofthis erabodinient has an

uni fomi Ly, wi 1| vl i @eR 0k Anich] 88 ReBitel  Sreor A MG AT oRUbBRRY, o

with the slot of the coil. By conparison, X1 al’ Crosssectt
the 1ine 920 wi t9fids ﬂﬂ#@@ﬂ@pmgwpgfﬂedm@um\zeammwwmdn pesthivkwproved=i 9. 9

il t t ai [ ek te] | il f th
Yol | 80Q do ot roefieh ot Theidl 0% Bifba iemall Lo aniai ToSwhin” *°
di scontinuity i mMeststBeﬁmteﬁbmllsedfehaﬁmmhifﬁ&rqthfroﬁgﬁ\eﬁﬁafeﬂgﬁﬁéiﬁéi to

t he

t he sl ot 600 for Lol b .1 of Fi 3.and 4., In accordance wt

present inventi o%%p%:g{t&ﬁ%h'ﬂgéﬁ'r\"‘%'l%%i?hfeﬂa‘i"ﬂﬁﬁhﬂﬂﬁg"n’ep%ensi ty uniformty in
the vicinity of the ®Ruadio fregise RPFen b ft OH Y

f eedt hr oughs 200% an §20b of tﬁ?ﬁgp&eﬁg%ﬁﬁﬁpgﬁ%g%@ldﬁs3%@"“@?45”“
respectively, inmg&el 184 inin the inferior of the deposition systemdon, whishreneegizesia by t he

dotted Iine 300) i generation area w thout
any azi nut hal diglggﬁ?mﬂ%%ﬁggwgﬁ%ﬂpb?@%’%g‘%@ﬂ‘é‘p ?fﬁaémaal ong
the surface of t%e9etdild positiosed atthertep btdhe chumber 100 ThE fRgét 11f0’°i¥<hlegaﬁv"e®m
the RF feedthro %Q%ggg @ﬁound the iﬂ) unference of the coil and back to
the RF fesdthr ou@ RO payiprsaures, &%FWE@!W%@O!O@IWPEWWQH
hal f cycle, the current would travel in the opposite direction fromthe RF
f eedt hr ough 2046, around the coil and back té4-the feedthrough 200a.) By

pi eci ng the connection ‘points 201 of the RF feedthroughs 200a and 200b to
the coil 104 in the overlapping portions of the coil ends 111 and 119,
respectively) the ends of the current path 300 al ongt+te~coil may be drawn
closer together. in this manner, a circunferential or azimuthal gap in the
current path which may cause a nonunifortniiy in the plasma density may be
avoi ded. By conparison, in the prior art coil 9d0 of Fig. 9) the ends 902
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1 '~ FEB 2003 The interior vertical face 640 of the coil 104 may be

subdivided into a plurality of vertical areas spanning the foil axial w dth
of- the coil as represented by a window area 642 indicated in phanttdwEBf 3
the wi ndow B42 is centered on an inmaginary sine 644 spaced fromthe recess
610 of the.coif, the area enclosed by the w ndow 642 overlaps the coil end
117 over the er’lar'geta‘!‘H)(ejecttmaiérialﬁwnvﬁhadaWeSMO g/aubstraterid@qudctcmay bba density

Const ant i ¢ hi NERRIr SR NTGPigH wHiER klpprted bY Fipecesta 18 adhgbedam b
simlar points tﬁéébﬁb%ﬂbh‘%y‘ét@tﬂ 100, " & voth@icemagnet Webermbly 395 pecvided attRe @i Of

end 119. However) if the window 842 is centéred over an | mgl nary |line 64%
whi ch | nt er sectt@rgeht1Q preducesnagnatindields avhich-swespcovenihe face of thedargeuMQi | |

not be entiret rf of the area in
t he wi ndow 642¥\A/|&’P$“§t%cltg§f§"g&ér f@%‘tgf‘ﬁ?ﬁs%ﬁaﬁgﬂiﬁ %ggaporti on of the
end 119. Consequent Ay,setfmﬁh@ovemhedtmlmdfynatanaltqactqﬂrmmmami’getﬂdﬂawint he

oreater ad; aceriminRy he e plben helba 2Heuiethydhe AL o4 Whic ]S dhetvely | ne
current denSltycdupteuhathméém@nmRFlgeNéraiéﬁwé réfrdlly ESUpIEd fsnedridn t he

surface of the c0|I end 119 adjacent the line 648 is re atlvely smal | or

even zero si ncel Wi theeoikif4 tB'é’t"Hh soempifier anfimpedaneamatehingstworkdt18ext end

substantially t&?ﬂ: hi gher
current densi t%%ﬁ%@iﬁ%@?gﬁ !%%QQ%IF#E%RQUH%#rE I%qﬁ‘tot hﬁ'sl i ne 648
wi || subst ant i seappcitas¥28whichemey be atvarisbiewapaditor.cfihe wamdtdppasltnugmatuaal

surface of the c the asrra
density will remal n%ﬁstan?@@?&éwﬁhggﬁgﬁﬁ %'ht%g if a
\évilgdg\évt \?gtzani tS he f tdafdl‘IamaglheGnlaga marrﬁbmi%dbhg?ﬁ? p(|r°20iccr)ul;‘sm(;:)(r)il shozva\‘hgdt? Figgp
9, the current 5%&'?%%@6%8%'%3& will be zero, or substantially '
zer o) because the fmbmi(mgtﬁsdas e

Consequently) pl as e vgpmmsr%%fsr?gﬁ??g?l wag?tggféﬁﬁulf’dﬁrgtecgﬁtoends.
. In the enbodi ﬂﬂ’r‘?ﬁ?ﬂ“ %F‘bma"?ﬁai/‘f(@cké helngyenitisrerhom thetasart 110mmtathe

over| apped in SykpRokAAY #Fesisfith tégetaﬁbo%uaa oatoetﬁe%qhét%gmtﬁoﬁﬂéa f&Mds

and between the feedthroughs in e current
substantial |y oWaferia mhotthtbeepﬂ d04rpad ﬂlﬁtiﬂmetdﬂﬂwhhcnan shhatantialyrimpravep| e,

fcedt hr oughs. ang q’é“"a"““ﬁft‘f*.‘ﬁ%@sﬁ@ﬁﬂ YEE" TR e Rinred EmaRe e T o

density of the tevds t@d@po.’siﬁ'noreljtluddylm thaeentenef tﬁE@vonkﬁlécesaﬁ)ed red itd ’;hemat ch

£ quftj,r r ?Re ?g?%éééucﬁ v?}ev%&iﬁ% }'ﬁer&ﬂﬁ"‘g‘%ﬁt %ﬁ?‘rﬁq‘{a@ﬁas gbaﬁﬁcﬁ; MY acent

the coil ends bﬂﬁmm@edg& dfen@lwaﬂ@im%sraaynmedmhet:eﬁtbaaﬂhé v@’d?l‘e‘pnédtd in
sanme applicati view of a coil 104a

5 sho rtial t |
in accordance %I"i’ gﬁ % éﬁg&ﬁ gﬁ?ag?°5ﬁﬁ§\flrgf":afgg%9" ARd the target came coi |

104a is simlar cbmbtanodeﬂa ér 6Flimptoved tnkermPPickhbsy & CeterOrife | S
shaped di fferent ﬁ t tvvo [gg 66(5 gnd 67(!)‘l whi chcfaclfr?r?gtegéﬂeserl appi ng

the RF feedthro S?Sm zi ng overl apping of the current path 30D.

The cot! 104a has co t r t wo
ends 660 and 670, re@iﬁeﬁd‘ ﬂﬁg@ﬁﬁgﬂr@e{jﬂﬁgﬁﬁ gr%%gr&ga Hgg &t&g(t?ea%%
bel ow t he not ché*éﬁtl’d&:&?sem@iﬂwwﬂ doonntdoushitp preveat Qmﬁu@ﬂu‘d”the cail.pFigutel@li ng

ot 1 'hZ”eﬁﬁ“6?8°F§°t€§@?%"'@55§%[*§8ﬁﬁ%et‘%@@h%ﬁ%tﬁv%a%%ﬁ@% RicbiatF 6 g0,
and the prot E; gglm?plpdtd amgFgg;é&eMtoﬂm gmmdi@espe%:wattpesyvaefﬂattoﬂmhg notch]ged

recess area 0 n ver e or,ti.on e edge surface
655 or (he eun deetbrBiaflingbdRa AR Bh4 oTUF tepevene Thh ouo Snds HoRauhs of
the end 670 !0 fgp4rar@spaded Ky PvdrisalRRA 906 Which dréveis HRdwdHhdE Rbin St
short between ”]'(lf%WEVFg rh%ria!;t or 106 and the system ground can be prevented.

In a manner sim %P’F?RQWIW@QP'Q*B" aRRficamts that@naupiorditytime
coif 104a extends around the full circunference of the plasnma generation
area and the substrate w thout any substant+sal gap or break in the
circunferential coverage. A circunferential gap |s avoi ded because the
connecting nmenbers 201 of the RF feedthrough 200a of protruding portion 678
of the end 660 and the RF feedthrough 200b of protruding portion 66D of the
end 670 overlap each other axially. Furthernore, overlapping of the current
path 300a is mnimzed by axially aligning the RF feedthrough connecting
menbers as represented by the line @2 which i$ parallel to the chanber
axis 130 (Fig. 2). Fig. 6 shows a partial elevational view of a coil 104b
in accor dance W|th a th| rd enbodi ment of the present |nvent| on. The coi l
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1 (I I=E~ ~0~3! above or below the end 760. Although the two ends of the
coil 104c overlap radially instead of axially) the coil 104c still extends
around a furl circunference of the plasnma generation area w thout géz g

or break in the circunferential coverage so that any radial cross- f Bn2003
of the coil 104¢ taken around this full circunference of the plasm
generation area contains a portion of the coil 104c in a manner simlar to

that of the coithe plidtha déhbity ey éﬁ&hdjaﬁenhe&he 861PEéhds D02 dhd 904, L1 present

f eedt hr ough 20Qo0 connects to the coil end 760 at a connection nenber 780.
The ot her feedtRYSHIGR ipdireetedimedusing or ehminating sughnompifermitgadiacent tothe
menmber 782. To Qyiindsd Circunferential gap in the current path and yet
reduce current path overlap at the coil ends, it is preferred that the

f eedt hr ough connect iThe tmﬂrﬁtﬁér in tiie Prasedt @ddodieent lis gartgd oh tie shidldridSdy 2

Connect | on menteTys Gl (2 CR 1) WikhieRsiialy reiets beicol AP fomy,

connecti on nerruﬁé sagaomﬁgtsherd:ms Awseﬁﬁﬂh trngreare?atetantﬁ cé&é?rdLrgf‘éBd”I&&lbﬂh

connection nenber 7 he coil hi s manner

f eedt hroughs ci $eltﬁtwr 088531024, enwerdaBeeeﬂserirch forGenerating aPlasana,” filed shoul d

b ted

over | ap ci rount MR 8 697 (AR BaGRK 1 168 PUBIAN P iesBRefilo BRiEs
ti _rreI :oy ori ent |ofgrd1_e lpeesmlt hpmlmdh?i? ghe lmuhhngnoﬁfthﬂ@ﬂfﬁl%&g@cﬁndm?b%ﬁn Chat
axi a ori ent ed. di.ggopa | spaces i he two,en n so tha
a shor%/ bet vveen % ‘é(i“& deposition gF cRndy Qf c@l mgterials from
prevent ed. Eventhbhﬁmm 10 entorie eamstanﬁoﬁétrzz%he predEntigth Mhriatidh ¥ hY

i nstead of axi al % the coil 104c wll be able to sputter the coil materi al

and coupl e ener §RMalets eRNdacting Patbrqféﬂmﬂhdn’ﬁ@edﬂ“ftﬂﬂb“pl@ﬂﬂﬂ‘rg@mﬂdllﬁldﬁﬂér ea
because every r I OSho s full
circunference o ![ e°°8{ asmﬂgg%gg??gon&%%ggaq bt?:%g@ggﬁ ﬁ@g@yﬁ#%&ﬁe coi |
104c. The gap bet vveeRFu)bweCtsrapphedlm &bamildoréeysfaédthmugts 2904 and)200towhichvent

[ bet bst f t
ot ent al 5. The GarRuER % iulete eithrouBl sariioms Tos. The lredliiihotuc posi ¢  on
material sputt eseedbfonzd, hmewwrsdﬁpeﬂtéﬁﬁdmﬁngm daiéd bepogihorand
el ectrically short the t ends toget her he ot her hand, the snaller
the gap, the snﬁ?"@cgt’?rg‘arﬁ?f%ﬁpm@?rﬁfgﬁtmo fqeéﬁ h stendaft, 124 wiksaut the
portions of thefdiﬁiahoﬁ@fa%ﬁ&uéﬁﬂg}ﬁ%@hgﬁs gtoﬁgos oi’tthégﬂ?’l&% fu&%hteﬂi gﬂbe

il lustrated enbodi nent |'S appr oxl ma
preferably appr dhusehecll rounh\etaadqﬁnm has amntempblabyﬁrﬁhatru@ares of

et forth above oRenpaEsiner SRENGAE LR SAnUOE s B2 preyerhiing Rimafigh ot
fpacet shllgl dbrl bgmmm_ MblcoMMamddhswallgl'Ouﬂﬁleﬁéhﬁkﬁ W: Eih respigt tﬁ_ t Ihg

ar ge above whi e shield rin x_shi el ds
thegcuter edges of t “3@? b’@ﬁbqﬁ‘\@{%s hﬂ‘} “?'E(!I“Lﬁ?@%fpégVé@ Ingh deahe
t t t d o Mfﬁ ﬂﬁ?@

ag;gﬁm gulng \(/avhrggwseo-rlt_lgg]éggkspﬁmg(vacuuﬁ!ly(:ggcmw%pﬁﬂé W er shi ‘h}@é L

grounded to the Sigle bhaving adiargetet n%%&&mcbesmnyeu@semwghm the

adapter ring s onaisive hiferals nd MAEHEE Rl e b dedena R B vy
have ot her shapé@lngﬁmﬂlesedgmd Dmeafauomuﬁpmxmpibyhembmdaw&re asihgtas 1/15
assenbly 152 but d,therefore sh he, ,i nsyl at ed
fromthe adapter é’f?\@’eg’g&ségﬁg %ﬁc&éﬁﬁﬁﬂs@ﬂ %gﬁqe'ﬁlrgﬁ?ﬁc"?%ﬂ% pgki §9§e seat ed
ina circular ctspmtetedt bothettie targéfmdmnéefoﬂ Inﬁhytsémbbé of ﬂh@@b%tneldaatérfai an
ceram c insulatio ﬁ’ 8 ass %hl??' which is al so seated in

corresponding ¢ 3ixe ibbar}, lystrated, haiow H@'ﬂga'rnalé?ei@bzeﬁ particularly

| nsulator ring afsﬁet@?haort%as%sﬁéa Ry m&a@ah&fenge\tﬁé 66} durklog'mgy'bat | ve
materials including ceramcs spaces t e target 110 'from ap er ring
assenbly 152 so Hﬂéed bvutsnowng'eatmams.nmlydmg a&tdeipmngalsprfawhnwmng \orthiead ed.
The target, adaptgl %tg@nd ceram c ring assenbly ors provided with Oring
seating surfaces ? "shown) to provide a vacuumtight assenbly fromthe
vacuum chanber to the target 110. it should al so be recogni zed that the
present invention is applicable to plasma chémbers having nore than one RF
powered coil. For exanple, the present invention may be applied to nultiple
coil chanbers for launching helicon waves. The appropriate RF generators
and matching circuits are conponents well known to those skilled in the
art. For exanpl e, an RF generator such as the ENl Genesis series which has
the capability to 'frequency hunt" for the best frequency nmatch with the
matchr ng ci rcurt and antenna |s surtabl e, The frequency of the generator

. - ~—- o o o a



The substrate 112 to target 110 spacing is in a range of about 120-150 nm
preferably about 140 mm (about 5.5")) but can also range from about 38 to
2p0 mMmm (1.5" to 8"). For this wafer to target spacing) suitable stmpg'

waf er bottom coverage may be achieved with a coil dianeter of 290 '? B 203
I nches) spaced:fromthe target by a distance of approximately 50 nm (1.9

i nches). It has been found that increasing the dianmeter of the coil which
nmoves the coil awaysfheshsedreinkigs fiendel, add asagcdbaddn greatehdataidnef f ect on
bott om cover ag

1 lbliaon -, FETNERVELT) SSRGS

layer uni for ni fiyd MapgiP$8,11008, mté@ovam DESHERTN eNElTQr;(Nchnﬁd on of

coil spacing fromthe t ar get. ?hrew ously nentioned paci ng of 50 mm

(1.9 .nches)fb@aw@ﬁlwm&%&ﬁigne&mﬂ Qaprgéentmnb@n.ﬁb@mg@ds@ffeaﬁn efumor a ;
or away. 1 om ¢ FraY b poftorkiflo BE aXEl) SlbriaffingNolsrtite At trfirbiefincs 1"
uni formity A vafﬂ\etsybstfat@rﬁbmcmb‘rmm Hiustyated embodinzent istgemugmdat_ he
many ot her . VAR Befiiesia.dewrafls o e, Zpuin'S i aR AlbEed it repier °"

pressures of Oadtis 150 oﬁ%rsubsm/miﬁrsubﬂfﬂé foides mttﬁéw?mﬁxﬁlﬁ)é\ierﬁaﬁmég
nmforr facilitate ioni ztatlon of sputtered materi al ' ., of course, be

under st ood t halt i§:®aantthatthe il en %%"EP&%HF’-“F‘WMPWY Pﬁl’@"ﬁ'ttg apAxisAls
aspects) wl| appar ent
onloy af%er stugﬁ) oeﬁ%t?g{olladg?ng ﬁtﬁﬂgﬁéwpgﬂltq,%%ﬁﬁgnﬁ%w E(F:)tronic
desi gn. O her bnbguwm*ngtharsu strate. The substrate holder aépdefines dheltodaihs
dependi ng upon

in\eent [ o% sﬁou ggﬁllogﬁﬂ‘yﬁ#i m %&ﬁ%wﬂﬁséﬁgdgﬂg%wg%%@%&& ‘He
dﬁscri ]E)ed th shmuﬂndhibenwdo mdAhaltargbycbI]mndrmBMdaﬂéallmmg‘aﬂm&dém ents
t hereof . - =~ ~ n.appara r proce a semni conduct or
wor kpi ece, ea"’%ﬁ%ﬁﬂé hqast“%& ?fge'ée@é‘?‘*'@gﬁtseﬁ?

support sai d wﬂmueswrcausm@mdgamﬁtahe 8Xes76fAe fHgEtC oIl aﬁ@sdbslwtéi% a

coi l adaptedt0|n h_b&ycoule energy_into a p lasma in said pl asnma
generation ar edll pg PSR Cﬁ'g@mw ?ﬁ%ﬁmﬁ‘rﬁfcﬂ%@oﬂvs@m%’pawd from

said first endengﬁdgnéﬂgsgs&ﬁ&m[w m&hh é*.?&ﬂﬁé’xﬁ&& o&?b coi |

defining a central axis; a first RF fee aving a first-cbnnector
member connect &ibstrate arenat; altsnecbncawmmgﬂmnmq Alsncthe col maychakBe circular

et oush, DSy A O e T RO e 8 a0 5
degr ees bet weernthe aditieridsrare considered do bataxially cvedapping! regm'dhds obadtaaitool to
posi t1 oned t o SaPTuF oHnBtioT wikT I <ol iSRRI <areth B8 Bererl R
area to sai d wihépilsstrate Rolddinedsappar atus of claim 1 wherein said coil is a
single turn coil. As previously mentioned, the two ends 117 and 119 are coupied to the RF
generator 106 and system ground, respectively, through RF feedthroughs 200a
and 200b, respectively. Each feedthrough includes a conductive connecting
member 201 (Fig. 4) which physically attaches to the associated coll end,
preferably through an aperture terminal provided in the coil end for that purpose.
Other types of conhection terminals may be provided on the coil as well. A siot
600 spaces the two ends 117 and 119 to ensure that the coil current path of least
resistance and ieast distance encircies the coil and to prevent a short between the
RF generator 106 and the system ground. Because the ¢oil 104 has axially
overiapping ends the coil covers the full circumference of the plasma generator

7.



4: The apparatus of claim11, wherein said workpi ece hol der surface defines
an axis generally orthogonal to said workpiece hol der surface, and wherein
said first RF feedthrough connector nenber and said second RF feddtFEBuyaf
connector nmenber overlap in a direction generally parallel to said

wor kpi ece hol der axis. 5. The apparatus of claim3, wherein said coil is
generally circular in shape and said first RF feedthrough connector nenber
and sai d secor@reRrnidbeskbsitaie. Tbus:doe orll erdarre considered t¢ he giraimistantially

Ilel t ' ' ' ' i d
Frrst ano secontPrBRibe s e, In her Wl i et btk sheiBrfne Mt O
said first he?ﬂpl?smagggpemitbncﬁrmummhﬂ?@mmdesabst_reﬁegm{)uls%cfhtdinfai puéﬁ?mof
recess suc Sgl rotrugl ng por on IS (ecelve L Spacea. Trom
sai d recess. 1‘%3 °°ﬁ 1@49@8“2@% ‘8?'R%‘éf_tﬂﬁ§!¥r aé%e_ﬁye@yagﬁp on _@‘ii d
first end has ge bjigridd Wﬁt‘i’iﬂg”épﬂb%ﬂaﬁgﬁb\r&g radidl &éﬁ&ﬁbfﬁ%%%§§%at@.”%¥' d

second end defines a secon rotrudi ng portion receive ut spaced from
sai d first rectessit ibisilblisvexbthat depbsition: unifonmity willibegmpraved donthosz pertions

of ol ai s whePERh el ihés ith Tie BREY 15 B8, AL omPRRoR; an dRelBBRCC L o
to said first pestohuskeroalbas thelnecaed withif tisesionS0abt the eativentiuil cold BR&wH O

menber is connecfed tg said second protruding pgrtion. 10. The apparatus of-
claim1, wher ol Figc® WILBRY coptEn A Eerien of the comeatanal go becsivee dom ets o the

menber overl ap ' [ n | : 1 t of
clai m 10, wher g?lrﬁ%sg?g n?gh'&%? ggénr%rééﬁg)ﬁ@ @%Y(:bglcaa@b#é{nr ‘% ana&gﬁ’J@gﬁ ir?{'e'déléa
central axis aRputteringdRtesadjacant by slot 908 as/caropared fe thesiat6@0dorthercolidBénal

to said central gié'hs gﬁgdsai d second connector nenber overlaps said first
connect or rrenbgf %1 al direction orthogonal to said central axis. 12.

The appar atus of cl i secbedaricaanith the présint invention) i has besd revvdnized ¢hat

chanfered. 13. The apparatus of, claim.10, reip said first end has a
rotr uth ng por PIRSTEBANS Rgelyn tinvioaky pHBe ool eadeay BRImPINER bYa J

ot v of % PoRORBOTRS S ISl 200384 20900 14 k80 oot

portion and a @MASISs @spestivelihin suchca manbetthen dheiBFicutrentpatie (reptespntedioydi ng

P hor o o Y Being 500 el ol S Sineatf aa A A
azimuthal discontinuity. The RF current is believed to propagate along the
surface of the ¢oil. Thus, in one half oycle the cumrent travels from the RF
feedthrough 200a, around the circumference of the coil and back to the RF
feadthrough 200b as represented by current path 300. (In the other half cycle, the
current would travel in the opposite direction from the RF feedthrough 200b,
around the coll and back to the feedthrough 200a.) By placing the connection
points 201 of the RF feedthroughs 200a and 200b to the coil 104 in the
overlapping portions of the coil ends 117 and 119, respectively, the ends of the
current path 300 along the coil may be drawn closer together. in this manner, a
circumferential or azimuthal gap in the current path which may cause a
nonuniformity in the plasma density may be avoided.

By comparison, in the prior art coll 800 of Fig. 9, the ends 902 and 904 of
the coil 800 do not overiap and the RF feedthroughs 910a and 910b are not
connected to overlapping ends. As a result, the circumferential or azimuthal gap
indicated at 912 between the feedthroughs 910a and 910b can cause a similar
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spaced fromsaid first protruding portion. 15. The apparatus of claim 14
wherein said first RF feedthrough connector nmenber is connected to said
first end protruding portion and said second RF feedthrough connector

menber is connected to said second end protruding portion. 16. The 10 Fgg 2003
apparatus of cllaim1, further conprising a sputter target positioned withrn
said chanber to provide a source of sputtered deposition material wherein
said coil is fcircusdershtialor szimuthalgap intheretresnt path-820souhd theaeil 860 froirs

d d c FEB 200
bor kol ace, ancoipeatRatcBpisgier. i el el auttyA BrmierntialiRn e o
cotl material asFcurrim phti G advatedly aﬁeeepasﬁha%ﬁs iheatjaent & el ERueRRNt O

forma |ayer thereon 7. An apparatus for ionizing deposition naterial to

be deposited oagorraspanding @cw)se;@ﬁmtpaudngosmortwaimuy a hol der havi ng a

i acent sad- hol ddt4 Shows Boalf Rielafirel ygy b AR B0 e Ao 6ne
g)r(le(r)ggdl ?E)osgl glbﬁﬁtbﬂibetweewtﬂe phaend; Wmdiﬂ‘lmn'il‘mw efniﬁrads? lg@bh%lgcbahasecond
eng spacgd frof‘?"i’&l ) rfmgﬁ;(%@ Q{r}ﬂfeﬁg HE%@ g}%&\%{@: 9;&1‘?’?@5? rpjd(;g% qﬁ:ﬁ%ugh
connected to sghg14fiséo tpé%b néct rriel?tﬂ ‘?ﬁﬁ’%’é’ eﬁﬁ‘lr ﬁ’% |Hsjttuance

connected to sald second sald coil and defining a
current path abmginga:apagltnrl125etme§eecﬂhnoughs pass Rinpowerbraughithe shigidhitSughs,

coi | botween sk errfioiUARA e BONdRS 34 @bathRlihs SiPITRRRE 1D8 Bine 1o
AR vt i v eSe?“t aving a
surf hce. adapt ed to SN RSN e AePLG Borien B Wichdnelidesran piarosd

adj acent said laldéea; wﬂseﬁldwhes huateracfécbs@éwaﬁ%éaweﬁéugé EShVerQé‘Iy'Rhé
energy into a plasma in said plasm generation area, said coil havi ng

first end and &o#epdAdohag %Ef&t"b!@“ﬂ PaHion 26 withyanenianggd end 628t deﬂm
wherein said flﬁégés %}@ rotrud| ng portion and a first recess,
and said secon ena Fi nes a secc?nd protrudi ng portion received by but
spaced from sai d fi iThe tiwoends 112 aind 159@6&& il daré uv&ﬂnppedlm‘a spaggda second
recess receivi but. ed. fr id first rotrum aflr RF
f er dt hr ough comﬁgﬁ%ﬁ%@fﬂ% ﬁ?@%’-’gﬁ'ﬁ Qﬁsﬁ'ﬁ H;fp tion
of said coil ins ﬁe?deWeﬁ ¢ re@essesean ol ks endsmns”mmEny Qﬁé’?f&l@dm@ p“dmﬂfEZE)r
menber connected to s second HErotrudl n&; Portl on of said coil in said
first recess Oftheen 9 s receive e recess 610 of the end 117. However, every

portion of the end 117 is spaced from every portion of the end 119 to form the S-

shaped slot 600, so that a short between the RF generator 106 and the system

ground can be prevented.

Although the slot 600 separates the two ends 117 and 119, the current path

300 of the coil 104 effectively covers the full circumference of the substrate and

the plasma generation area without any gap or break in the circumferential

coverage beacause that portion of the current path 300 extending into the

protruding portion 626 of the end 119 overlaps axially with that portion of the

current path 300 extending into the protruding portion 602 of the end 117. In

other words, every axial cross-section of the ooit 104 taken around the full

circumference of the plasma generation area contains a portion of the curment

path 300 of the coil 104. No axial cross section of the coil 104 fails to include a

portion of the RF current path 300 of the coil 104,
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19. An apparatus for sputtering material onto a workpi ece, conprising: 19

~ 0 FEB 2003 a chanber; a target disposed in said chanber and adapted to
sputter said material onto said workpiece; a holder for said morkpnqpp %My
generally cylindrical shaped plasma generati on area between said target -a
said holder; a-:single turn circular coil adapted to inductively couple

energy into a plas t|o rea, ,sai havi ng a
first end and a Segﬁ'ﬂé%ﬁﬁ&%ﬁ@g&%%gﬁ g.‘ﬂﬁ ‘%"B’%%‘Eﬁ"%nd sai d
fI][st end bei ng:lmdntggverﬂw weawbm?mgdh@gm%axutmdmgfﬂé d‘oﬂe:gtrépres@hel :hgyl ng
a first connector er 0,sai rst en sai d coi and a
second RF feethhW gﬁg H(ﬂ’h@BtHHbdkg\e Wﬂﬁ%%“@éﬁﬁﬁ!ﬁ?@ﬂq‘@"sal d

second end of gmﬁﬂ‘ Sﬂ:ﬁ dhﬁﬁhé%ﬂe@bﬁ%ﬂ?@g re bR@ssed’thnd at

| east a port [ on (0] Sal generati on area om sa st connect or
menber to said themdwcﬁﬁ%omﬂapsmmmlrendZUT wenﬁermﬂirmextpnbmfdbswi@ow

duct cur as .t
chamber - and r sofzaci s SRR BRGE etk of e HB6RR B BB 255886 il e
over | appi ng endﬂinddwmrlt rélativelyconstahtwithinthib victhity ﬁtﬁé&ﬁﬁ@!ﬂﬂ?ﬁﬁé@“@ﬁ area
PPl yi g RE orerRered i SnfiContits iR 2o SRumirERR su G AGRL NG o
first connect Orawam{ rtlﬂhé%ﬁh&w 642 us%ﬂté?éd S?ér%nQﬁEginaﬂf!ﬁ\e

through a second RF feedt hrouglh havi ngia second connector ne connect ed
e

to said second &4fuwhich dnieestsitne regess 610, the amarnciased by theywinspwfia2 wij nat
| east part of s f econd .
connect or nenbe?ég"ﬁgfyss‘hleggﬂ%%% g\@@%&@#&gh@%%# ragrgﬂg'gr and
sai d second conweﬂbwmmiienplowa@nnmna:ﬁmeesisttsmmbgom”ofﬂﬂa engh8net hod
of claim 20 further, c ri,sing. utt.er.l mater i saLd c onto
said sem conducPBP %@ﬂ?& tﬁg%ﬁrﬁﬂg@@ygﬂ%&pog&gpﬁ &qb WH}'P ¥'a¢Jt?
seni conduct or deasfheides With thehsurfaet b doibénd-1 €7 Will B dredtbhadjasatititie FrieaA8

i d sem conductor device to forma

Byer of "aid niEOadACaDh e e S Cop iRy oS FUPFBLIETSHY nfhe PRETREF hp

claim20 wherei Mlﬁfb\nﬁb@*vhlch ToMciRbs UAR thie Sutfae8 df the?ébil end 119 adjacent the line
648 s relatively small or even zero since the current path 300 into the coil end
119 does not extend substantially past the RF feedthrough 200a. It is believed
that the higher ourrent density along the surface of the coll end 117 adjacent the
line 848 will substantially compensate for the lower current denslty along the
surface of the coll end 119 adjacent the line 648 such that the plasma density will
remain substantially constant. By comparison, howevesr, if a window 642 Is
centered on the imaginary line 920 in the circumferential gap 912 between the
feedthroughs 810a and €10b of a previous coil shown in Fig. g, the current
density for such a window will be zero, or substantially zero, because the
feedthroughs lack any circumferential overlap. Consequently, plasma density
may vary substantially adjacent the coil ends, .

in the embodiment of Fig. 4, the RF feedthroughs 200a and 200b are

overlapped in such a fashion that there Is an area adjacent the coll ends and
between the feedthroughs in which the current path 300 itself substantially
overiaps in the circumferential direction. Thus, for example, if a window area 642
wete centered over an imaginary line 650 between the feedthroughs and adjacent
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10 FEB 2003 24. The nmethod of claim 20, wherein said workpiece hol der
surface defines an axis generally orthogonal to said workpiece hol der
surface, and wherein said second connector nenber overlaps said first
connector nenber in a direction generally parallel to said workpiece hol der
axis. 25. The method of claim?24, wherein said coil is generally cililcEE&T2003
I n shape and defines a central axis and said second connector nenber

Contral axis. 918 S AR AP Ry of ) oRE11 7 BufaieRt he tink g0 UL o1 g
ends are chanf eusstant@fly mdteh thel duw@nbiersitpiohthaboil wha Mapadpstest fhenine 680d has

a protruding portion and said second end fines a .recess such that said
protrudi ng por ﬁscﬁ"l'eﬂu-rtge intgleunigpt depsity HQ&Z‘?? resuitant Qﬁﬁ"}m agigcentthe

et hod of clal @anay bR 1RERE thidifioyansmad bedider Hlarhi Hebich AkoRfy ¢ i On

and a first recess, and sald secon es a second protruding portion
recei ved by butapplications.from said first recess, said second end further

defining a second rege r AN ced from.sai.d.first protr.yding
por t1 on. 20. The. et Bo8 SHPVE EAdTe shauc B el ora s i abuefiriole
connect or nenbebeord enbodifient of the presknt invention) dhercilM0da igsirfiaE fodfie 8ol sai d
second RF feedthrou%_h connect or menbﬁr I s, connected to said second end

pr 3; r udi ng por t104:0f Figo 4 epceptbatibg cof 184aisphaped diferantly at tweiepds $50ia1d nes a

rorber radi ar | TeSAIEH SRS biEnaPRRA the REFeeHiBURHs Wolke FiNinfART S 0T 1

circul ar : n s?aqyodappingjef thecirantpath 380. Ike colhidMahascomplenientarp sotched al | y
e

connector moabdpolAtraD 8P 4k 678 st ey BBA6 860 At Bzf VesPERRRT T8 ec i on

orthogonal to sf0chasenprotruding portichB7Eetowticestcindd recessard@ e7@her ei n sai d

first and second ends, are ch ed. 21 .1 0 FEB 2003 33. The net hod of
clai m 30, wher &PONVemely. the EFgg%@F‘ﬁ%Q P@*mmwﬁé%ﬁ’wﬁﬁhs QhedecssSond

end defines a 8688765 THE préRidiPpoHies 880 BAthBEnB@70/i® PodefvetiFfythy ftch¥d but
spaced from sai d recess.
recess area 672 of the end 660, and the protruding portion 878 of the end 660 is
received by the notched recess area 676 of the end 670. However, evely portion
of the edge surface 682 of the end 660-is spaced from every portion of the edge
surface 684 of the end 670 to form a slit 690 between the surfaces 682 and 684,
so that a short between the RF generator 106 and the system ground can be
prevented.
In a manner similar to that of the coil 104, the current path 300a of the coil
104a extends around the full ciroumference of the plasma generation area and the
substrate without any substantial gap or break in the circumferential coverage. A
circumferential gap is avoided because the connecting members 201 of the RF
feedthrough 200a of protruding portion 678 of the end 660 and the RF
feedthrough 200b of protruding portion 680 of the end 670 overlap each other
axially. Furthermore, overlapping of the current path 300a is minimized by axially
aligning the RF feedthrough connecting members as represented by the line 692
which is parallel to the chamber axis 130 (Fig. 2).
Fig. 6 shows a partial elevational view of a ¢coil 104b in accordance with a
third embodiment of the present invention. The coll 104b is similar to the coil
104a of Fig. & in that two ends 700 and 720 of the coil 104b overlap axially so that
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34. The nethod of claim 33, wherein said second end has a protruding
portion and said first end defines a recess such that said protruding
portion of said second end is received by but spaced from sai d reddsEEBf2003
said first énd. 35. The nethod of claim30, wherein said first end has at

| east one protruding portion and at | east one recess, -and said second end
has at | east one protruding portion and at |east one recess such that said
prot rudi ng por tthewoibf04taexdends atound the full creumfershol of the plasma geserafiorsareal

ai d recess of Gyt R 46 B Medlth the Bolndid oS e 83K i ke RO b o
first RF ferdt hemisdD0cmu 720 siaped diffirently fRmntRave@GntS of tHetboll 1084 tefh a
protrudi ng portion and, said se&ond RF ferdthrough connector nenbe

connected to satlli73eWbis 18 AlsoHNaPed apmgwhaldifesen WNW%S'WBQQHWG{‘I’{HS& m
30, wher el n sal fodd Ifile fAbrREIVOGHTED grifie EQP{U48 4 chafiferd ARERRT ©f

claim24 wherein said coil encircles sai asma generation area. 39. The
met hod of cl ai ngBoximatatetrianguiatshagpe. i s axially displaced relative to said

wor kpi rce hol der. 4 ] : e L1 si,tio teri. nto a :
wor kBi rce, conprisin ‘@'ﬁ%ﬁ%ﬁiﬂ& g%ﬁﬁ%ﬁf“a&%@&?al F'r?Pﬁ"ig‘BP%s!ﬁg""@Sﬁer ation
ar ?i’i to generatbetwialenmmf;ctbsvozmugMprrgelsfnzzz épaaéimetﬁtwbﬁmﬂeohndé, sai d
coil coverin u ci reunference of sai asma generation area a

havi g tvio SacEAD.buh &5 AR Frevigsbh the Sieprds TR0 and 12 variep BRBb SN
portion and a rﬁﬁmaoasiemehadia?&dda%énﬂiabéhﬁﬁréﬁmméeuﬁﬁa%hﬁy sai d

coil through a first RF feedthrough having a first connector ne

connect ed to sagdep prlyerkén the covetaten Asiwithdhe coils 194 anci104a, the ebilcii4b wilkind

t hrough a secon f ' ted
to said protrudlger'.lgglgérszaﬁgﬁérg#g?gﬁg%égég%éﬁ"d&%?ﬁ%wg%?lﬁg%?@%{éﬁgéi ng
said material fobthepdsthagénerstinmareaibecauseigvencrmdiabciossseetidnafdhe cdil Wabd
mat eri al on sai rkpi . FEB 3,41, A nethod of. cessing a
seni conduct or d%\%@%ﬁ?l@fﬁ?@%ﬁﬂﬁ? leas emtﬁ’&ﬂ%%}"%@??o a
chamloer , and r gﬂbaibh lmgﬂﬁ-'c&lt Ay Hmvet . £ unitke tgémgnm:i.wﬁe Rvarlée%th#wghs 200a
over | appi ng ends ce 0. ot her, said ends each .including a
connection to aﬁ"&%@h@? qoggﬁﬁﬂ FBJEHF“Q‘&?'H“E\()&F"WE‘PGH?' PYeripRast

di stance curr enFyRRérhare AHE Cufehithal BDOB 668 KitireGhferdritdilg BVatRip! i+Riveler, t he

other coil end connection) said |'east distance current path extending at

| east 360 degr e®scHBeHdhe siggumfetantialyeveriapping ends 200 and 720 obthe coib i

i nductively couphhfgeatie [ ' I ' ' area in
a sem conduct orab‘rj@cessﬁeﬁggﬁfgﬁgﬁﬁ%&nﬁv@?g%w?gpbgk%ﬁé%é%ﬁ@%ia nectors,
conprising: a calignsst, thecfeedtoaughs<0aiang 290bimay e morrreadiymobed clogpra fi r st

i al it he - oatepqierat gin b P8 W< oot B1e S leRofihnans Yornd st

connection t er mofiie daiir900adepisted igFig. 9. As shown therein, the feedthroughs 910a and
810b of the coil 900 are circumferentially aligned and the coil ends 902 and 804
do not overiap. As a consequence, any plasma density nonuniformity adjacent
the coll ends of the coil 104b is believed to be reduced as compared to that
adjacent the ends 902 and 904 of the coil 800 of Fig. 5.

Figs. 7 and 8 show a ¢oil 104c in accordance with a fourth embodiment of
the present invention, The coil 104¢ is different from the previously discussed
coils 104, 104a and 104b in Figs, 4-6 in that two ends 760 and 760 of the coll
104c overlap each other radially instead of overlapping axially like the coils 104,
104a and 104b. In other words, the end 760 Is positioned “behind” the end 750
(i.e., between the end 750 and the shield 105) instead of being positioned axially
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to a first RF connector; and said second end of said conductive nenber

havi ng a second connection termnal for connecting to a second RF
connector, said first and second connection termnals defining a | east

di stance current path extending at |east 360 along said coil betwkgrFEmgi
first and second connection termnals, said first connection term nal belng
spaced a distance less than said full axial width fromsaid second

connection tergbdvdlor béw hetid 7goorAuH5q§ﬁrmé/@J°y degtbqlm%"%ﬁqﬁéﬁ%{)pl nto a

plasma in a plasma generation area in sem con tor processin par at us

having first affdialyistradef axislydbe col 106©ahllr¢)§$mi§ araurgba fullctiicumferemdecaf

econd end spared s peibrtin R vilhollt 8y oad B il BreunreriRfiuc v

menber havi ng eovfeu'agsatso:thlhalw raglinl cRyssiseationofthé eoil ﬂmmneeatome tﬁis funr st RF
connector; and sal secong of said gonductive, nenber, having

ond
connecti on t er ATtEIERRS OLWeRlasma aaneration ﬁ@&?ﬂ?ﬂ!ﬂ%%@ﬁﬂ@fzmcmé%@lm
second connect%%,{ngfmghostgag@pﬂﬁé&@qu a?ﬁ d&@n said full axial
said con

width fromsaid first connection term na Ctive nenber defi ni ng
a radius, said secoMibestsaenin Big. B&mR%jeedﬂnghﬂﬁMg:osaedsta thetcol @endiect i on

coupl i ng RE onCobgts Abtriint Ribmbet 70, he ol Rephinunh 20 canfien Bthe "' VY

sem conduct or polberesTS0at cumpsctdrmember 782.f Té atold acbircamtstentiit ﬁﬁp et or' s,
conprising: a cond ct ve er. defini a circunference and havi ng a first

end and a secof YP 'FBH‘H%%H'EF"E%F@W@HGP% e£9jl gRds¢it Is pesfated
wherein said fiHa ih@féédth?&gfh édnhéeﬁognﬂ&huémmﬂ%a ty_}%véﬂa&ﬁérbd fApResS:

and sai d second end defines a secon rotrudi ng portion réecelv
spaced from saPteferablytbe-radielly lignddd Is éﬂaﬂ)lﬂustmt embodimentidhe mm@pwos econd

' t d wh
S a riret pr oot 786G 782308 Bl Aiblod B s eldlahidoRBaribc. e
menber has a L mh&dﬂﬂdthmltmﬂﬁ&ﬂh ﬁdﬁpbﬁﬁﬂmd!%ugﬁboﬁ?oﬁog IrridfiﬁbeRFd
connector; an ec tru ortion copnd epd of , sai
coi l conductlvgaﬁ‘?grmg °ﬂ %‘?@Et‘ﬁ‘%ﬁi%?&h%gﬁﬁﬁgﬂ rendialbnnect
to a second RFooempemorﬁaré&al Jmtuaﬁpﬁrsﬁbua Héfap_”F'r ué{b@hé@’%&ﬂé@ﬁd&uw"

S EXpOSEd to said |§U Sna generatlon ar ea, he app ar at us claim1l

wherei n sai d c&? afrangped to pveriap QisHaverentially ip beth radial ande et hod
bl asmm gener at g et “%Ié*ﬁ? AnREE 1 DRSS o e sbt e AERGERGoN, 371
si ngl e turn coidirection.
An axially oriented diagonal slit 770 spaces the two ends 760 and 770, so
that a short between the RF generator 106 and the system ground can be
prevented. Even though the fwo ends of the coil 104c overlap radially instead of
axially, the coil 104c will be able to sputter the coll material and couple energy
around a full circumference of the plasma generation area because every radial
cross-section of the coil 104¢ taken around this full circumference of the plasma
generation area includes a portion of the coil 104¢,
The gap between the coil ends should be sufficiently large to prevent
arcing between the two ends which are at substantially different potentials. The
gap should also be sufficiently large to prevent deposition material sputtered from
the target from bridging between the two ends and electrically shorting the two
ends together. On the other hand, the smaller the gap, the smaller the
nonuniformity in sputtering rate for those portions of the coil adjacent to the gap.
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49. The coil of claim43, wherein said conductive nmenber conprises a single
turn coil and said conductive nenber is adapted to be exposed to a pl asna.
50. The coil of claim42, wherein said distance is 4 to 8 nm 51. An
apparatus for processing a workpiece conprising: a chanber; a holdpﬁFQ%yhﬁg
a surface for supporting said workpiece; a plasnma generation area adjace
said holder; a coil for inductively coupling energy into a plasma in said

| asma gener at i dmttar iastrated eémbod ' ' : a.second_end

gdj acen%J to said first end: ,246‘1“"“{3h %ﬂéé%a%gégq %F%ﬂ'm&&‘gﬁ@mmvi ng
a first connect ipﬁ%fe RRPreimataly @ mm.o However! it issantielpatedithatajahs & bther 826s 2
second RF feedt I \ ' nmber connected to sald
second end of saig co???&\ﬁggreglen g%@@?%ﬁ@“@@ﬁﬁ'&ﬂ%ﬂ%ﬁ%@@ abeveshape
and said first conneesmgtmmtieﬂgo\zetﬁemm&anodhsﬂa%?ﬁéﬁ&%g@g&r in
a direction sel %quzfv&lﬂ@ é@? gégugg?co lii sting of axially overTapplng,
radial |y overl a%i&gi, an Iges 8, ‘I"'Sfp e witirespest to ther targesitng abbde  An
apparatus as in | Isnegativeficbiasdd. STH ' ' i S i all
052r| appi ng sai g?_se ndgconneclti ng rnadr:rbjnl.feiéru.j ﬁg%sggﬁﬁg'%’%g?eagﬁgp%%%f &i m %1,
wherein said fi 48 'g‘?mé’a%P'ﬁgmmowpmwmqf;hedmetamereggg@i d second

connecti ng nenber. 5% 1ol ' rein said first

connect i ng menber i sﬁiﬁsﬁ%g‘ffﬁ%@? ﬁgﬁgﬁ%@}ﬁs&r ?@%@"éﬂ%ﬂﬁ;ﬁﬁ@%gﬂd

second connect i M@"W%QE vagudms dhathbef. Pheociemben hields 05 E??‘gumagrt?q%}/i ce

Saidt 1ot connslRemYrBuad ol ShabEe Bl Shscbbhifaze wrarksanaca eheldenber

and said coil bdBAdke theicharbershisld05,0é grouneéwfmo\%ﬂ%éathtaFﬁ:?d‘stCe%’h?Ct or
r

menber, extends1§ O degrees. 56. An apparatus for ocessing a
sem conduct or worKpi ece, conprising: a chanber;

The target 110 is generally disk-shaped but may have other shapes. The
target is also supported by the adapter ring assembly 152 but is negatively biased
and therefore should be insulated from the adapter ring assembly 152 which is at
ground. Accordingly, seated in a circular channel formed In the underside of the
target 110 is a ceramic insutation ring assembly 172 which is also seated in a
cotresponding channel 174 in the upper side of the target 152. The insulator ring
assembly 172 which may be made of & variety of insulative materials including
ceramics spaces the target 140 from the adapter ring assembly 152 so that the
target 110 may be adequately negatively biased. The target, adapter and ceramic
ring assembly are provided with O-ring sealing surfaces (not shown) to provide a
vacuum tight assembly from the vacuum chamber to the target 110,

It should also be recognized that the present invention is applicable to
plasma chambers having more than one RF powered coil. For example, the
present invention may be applied to mutltiple coil chambers for Iaunchir—rg-h'elicon
waves,

The appropriate RF generators and matching circuits are components well
known to those skilled in the art. For example, an RF generator such as the ENI
Genesis series which has the capability to “frequency hunt” for the best frequency
match with the matching circuit and antenna is suitable, The frequency of the
generator for generating the RF power to the coil 104 is preferably 2 MHz or
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a hol der having a surface adapted to support said workpiece within said
chanber; a plasma generation area adjacent said holder and within said
chanber; a coil disposed within said chanber, said coil adapted to

i nductively couple energy into a plasma in said plasma generation dr&EEB. 2003
said coil having a first end and a second end spaced fromsaid first end,
said first end being adjacent to said second end, said coil defining a

central axis; anBBrMHzlﬁEtMﬁﬁtlbtpm%ﬂ&Memg’téaﬁﬁryﬁ'@ﬁlnﬁfr"e%m @' MHz
connected at sgog “ rst end of said coil; and a second RF feed hrough
havi ng a secon B tor nmenber connect ed at said second end of said coil;

25 10 FEB 2p0 wh @bﬁu&uﬁféﬂ%ﬂfﬁe BBofé the Bflarfibertnidl$ 365 nBL! of sa d

first connector east part sald second connector nenber, and
said coil bet wdmme!ardMDOrmm (dG‘hrmnﬂtds anticipated dvat satisfactonaesultscoant=ct or

whor oi h sai o c SRTARSS B A AnslEh dos g ar TPoRBB A (o8 . e chinler
connector me ”b%hleldi‘l 05 ARyhelfabricatdd fidth @ vifiefy of riRARAS IludFRMShiatved sai d

coil between said first connector nenber and said second connector nenber,
ext ends 360 dedpatedals sych as ceramics or quartz. However, the chamber shield 105 and all

QL[A'- ﬁf‘[ A Ay, @éa{)sb@@és iikeiPtorbel boatid WRK tH tafifat atbtidiafé prefirably Wlade ofx
material such as stainless steel or copper, unless made of the same material as
the sputtered target material. The material of the structure which will be coated
should have a coefficient of thermal expansion which closely matches that of the
material being sputtered to reduce flaking of sputtered material from the chamber
shield 105 or other structure onto the substrate 112. In addition, the material to
be coated should have good adhesion to the sputtered material. Thus for
example if the deposited material is titanium, the preferred metal of the chamber
shield 105, standoffs 122 and 124 and other structures likely to be coated is
titanium. Any surfaces which are more likely to sputter, such as the end caps of
the coit and feedthrough standoffs 122 and 124, would preferably be made of the
same type of material as the target 110, such as high-purity, surface treated
titanium, for example. Of course, If the material to be deposited is a material other
than titanium, the preferred metal is the deposited material. Adherence can also
be improved by coating non-sputtering structures with molybdenum prior to
sputtering the target 110. It is preferred that the coil 104 (or any other surface
likely to sputter) not be coated with molybdenum or other materials since the
molybdenum can contaminate the substrate 112 if sputtered from the coil 104.

The substrate 112 fo target 110 spacing is in a range of about 120-150
mm, preferably about 140 mm (about 5.5"), but can also range from about 38 to
200 mm (1.5" 10 7). For this wafer to target spacing, suitable stepped wafer
bottom coverage may be achieved with a coil diameter of 290 mm (11.5 inches)
spaced from the target by a distance of approximately 50 mm (1.9 inches). | has
been found that increasing the diameter of the coil which moves the coil away
from the workpiece edge may have an adverse effect on botiom coverage. On the
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wrj { vqgl gb] XS] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] cal] ca] cRa] calU] ca] caU] ca] cal] c
a] cal] ca] cal] ca] cal] caU ca]calU cal]caljcalUlca]c.:a <<w ) s

LSIm T VWBSWBARRr ' ] (;

-~ytoje [Vc] ca]ca] ca] ca]ca]ca]ca]ca] ca]cal]ca]ca]ca]ca]calca]cal c7d] ¢&Bcahsa
] ca] ca] cal.ca] ca] cal] ca] caU] ca] caU] ca] ca!;

-1/d/f/h/ gl 2U223*4| 445p55?6' 78889BBBB" HpH

I'1?3JJ~yt ni c"ofkpretjan, Heereasinh dbg coil fiametarite mdve #le edircidsstite tiewhrpbliga] cal

ca] caU] ca] caU] cal cal cal galllcalc cal cal] ca] ca] ca
JK>LFLHLJ LQM@%@S&%&VJ Hﬁ‘b&’ﬁﬁ&hcppm(ﬁ]@ HrJr{vgl gb] W e] caU] ca] ca] ca]

ca] ca] ca] ca] caU] calepukitiohGmlfatlycabs abpeaid trbe a drichbA oF 631 ssidiy Frh e caul ¢

a] cal] ca] ca] cal] c

Jr M Rr Zr pt w&%{qqt‘g{’\}i@.f%\ﬂwﬁﬁ mentipngdJpcprsingiaf &P mm(t.9)inchds) bptweghdbé ca] ca) ¢

R
6} | w mhc”YU] | a‘ac ic cal cal. a%ca ca Ea] cﬁ] Crg] éa] cg‘]}tg??aiﬁ?aanca] cal ca]
ca] ca] ca] ca] c%i‘@%ﬁeg f‘&%‘?‘ﬁ?}’ﬁ&ﬁ f ]'E&.f'ﬁ*",'t&\ J<"}xsnid_ZU]]1]]ca] ca] ca] ca] ca]
ool cal cal ki @%Eﬂﬁﬁ?ﬁ%"i{ B e SANg eApils B ABHEA) 021 cal cal

ca] ca] ca] ca] clrbdingAt bik,c@] @t dbjof s2adtive gpses suchas| NEY, €, and (reapy:otisersy gl gb]
XUH11cal cal colgid eehinl 6od oRBkGrek ol eatbll falanh Hatasbe] cghoal cal cal

kCCn{vgl gb] XUniToara| Elaivendre ptesaimes|betivesr] ol Tofcamdo3( mdbadheitataibaiblioa ] cal

bdB! L10%b& ()-L109& ()-!
T0%ba (). avyEOES PRVB () 1098 () b }ro\=310%& () 10b 10b

10b! 3: 10%& ()-! mwih)Ypbsirse, e mdé?&{&bd}hdtﬁwo%aﬁéﬂéoﬂthwg}éieﬁiﬁvéﬂiqn ,
109&' ()-!'"f 109 ()-f 109K ()-!"L 10(V&'r’(t)-! L 109 ()-L 109%& ()-}~-F § H=
10! 10% nt mg (N itsvarioys@aspeqts, wit heapparent io-those skillgd inghe artzsemederng 10S)rg\ =
109409 () - 4 apBhrehtbniy after study, others being matters of routine mechanical and

electronic design. Other embodiments are also possible, their specific designs

depending upon the particular application. As such, the scope of the invention

should not be limited by the particular embodiments hereln described but should

be defined only by the appended claims and equivalents thereof.
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10t FY: 10% & ()- 010% & ()-!4" 10%H& ()-s!  10%té& ()-s<: dEg\= 10&10%& () -
1090% ()- 1090% ()- | 10%0% ()-10%0% ()-3z109%% ()-:w ) s dEg\= 10F

100408 () - 1008 ()-3 10008 ()- 10%0& ()- " 10%0& ()- 10%% ()-

ISIm 1 dEg\= 101 "GLO%O& ()-  10%0& ()-Y 10%0& ()-fs10%0& ()- F 0 FEB zp3
10908 () - @ 109 () - ! V$988888EVK@ 10 100 100 100yY:

1. An apparatus for processing a semiconductor workpiece, comprising:

a chamber;

a holder having a surface adapted to support said workpiece,

a plasma generation area adjacent said holder;

a coil adapted to inductively couple energy into a plasma in said plasma generation area,
said coil having a first end and a second end spaced from said first end, said first end being
adjacent to said second end, said coil defining a central axis;

a first RF feedthrough having a first connector member connected at said first end of said
coil; and

a second RF feedthrough having a second connector member connected at said second
end of said coil;

said coil extending around said central axis at least 360 degrees between said first
connector member and said second connector member.

2. The apparatus of claim 1 further comprising a sputtering target positioned to
sputter deposition material through said plasma generation area to said workpiece.

3. The apparatus of claim 1 wherein said coil is a single turn coil.

4, The apparatus of claim 1, wherein said workpiece holder surface defines an axis
generally orthogonal to said workpiece holder surface, and wherein said first RF feedthrough
connector member and said second RF feedthrough connector member overlap in a direction
generally parallel to said workpiece holder axis.

5. The apparatus of claim 3, wherein said coil is generally circular in shape and said
first RF feedthrough connector member and said second RF feedthrough connector member
overlap in a direction paraliel to said central axis.

6. The apparatus of claim 3, wherein said first and second ends are chamfered.

7. The apparatus of claim 1, wherein said first end has a protruding portion and said
second end defines a recess such that said protruding portion is received by but spaced from
said recess.
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8. The apparatus of claim 3, wherein said first end has a first protruding portion and
a first recess, and said second end defines a second protruding portion received by but spaced
from said first recess, said second end further defining a second recess receiving but spaced
from said first protruding portion.

9. The apparatus of claim 8 wherein said first RF feedthrough connector member is
connected to said first protruding portion and said second RF feedthrough connector member is
connected to said second protruding portion.

10.  The apparatus of claim 1, wherein said coil defines a radius and said second
connector member overlaps said first connector member radially.

11.  The apparatus of claim 10, wherein said coil is generally circular in shape and
defines a central axis and a radius of substantially constant length and orthogonal to said central
axis and said second connector member overlaps said first connector member in a radial
direction orthogonal to said central axis.

12, The apparatus of claim 10, wherein said first and second ends are chamfered.

13.  The apparatus of claim 10, wherein said first end has a protruding portion and

said second end defines a recess such that said protruding portion is received by but spaced
from said recess.

14, The apparatus of claim 10, wherein said first end has a first protruding portion
and a first recess, and said second end defines a second protruding portion received by but
spaced from said first recess, said second end further defining a second recess receiving but
spaced from said first protruding portion.

15.  The apparatus of claim 14 wherein said first RF feedthrough connector member
is connected to said first end protruding portion and said second RF feedthrough connector
member is connected to said second end protruding portion.

16.  The apparatus of claim 1, further comprising a sputter target positioned within
said chamber to provide a source of sputtered deposition material wherein said coil is formed of
the same type of material as said target and is positioned to sputter said coil material onto said
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workpiece, and means for biasing said target and coil so that both said coil material and said
target material are deposited on said workpiece to form a layer thereon.

17.  An apparatus for ionizing deposition material to be deposited onto a workpiece,
comprising:

a chamber;

a holder having a surface adapted to support said workpiece;

a plasma generation area adjacent said holder;

a single turn coil adapted to inductively couple energy into a plasma in said plasma
generation area, said coil being exposed to said plasma generation area and having a first end
and a second end spaced from said first end and adjacent thereto;

a first RF feedthrough connected to said first end of said coil; and

a second RF feedthrough connected to said second end of said coil and defining a least
distance current path along said coil between said first and second RF feedthroughs, said least
distance current path extending at least 360 degrees along said coil between said first RF
feedthrough and said second RF feedthrough.

18.  An apparatus for ionizing deposition material to be deposited onto a workpiece,
comprising:

a chamber,

a sputtering target;

a holder having a surface adapted to support said workpiece;

a plasma generation area adjacent said holder;

a single turn coil adapted to inductively couple energy into a plasma in said plasma
generation area, said coil having a first end and a second end spaced from but overlapping said
first end, wherein said first end has a first protruding portion and a first recess, and said second
end defines a second protruding portion received by but spaced from said first recess, said
second end further defining a second recess receiving but spaced from said first protruding
portion;

a first RF feedthrough connector member connected to said first end protruding portion
of said coil in said second recess; and

a second RF feedthrough connector member connected to said second end protruding
portion of said coil in said first recess.

19. An apparatus for sputtering material onto a workpiece, comprising:
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a target disposed in said chamber and adapted to sputter said material onto said
workpiece;

a holder for said workpiece;

a generally cylindrical shaped plasma generation area between said target and said
holder;

a single tum circular coil adapted to inductively couple energy into a plasma in said
plasma generation area, said coil having a first end and a second end spaced from but
overlapping said first end, said first end being adjacent to said second end;

a first RF feedthrough having a first connector member connected to said first end of said
coil; and

a second RF feedthrough having a second connector member connected to said second
end of said coil, said coil extending at least 360 degrees around at least a portion of said plasma
generation area from said first connector member to said second connector member.

20. A method of processing a semiconductor device, comprising:

supplying a plasma precursor gas to a chamber; and

radiating RF energy from a coil having two spaced but overlapping ends adjacent to each
other, and into a plasma generation area containing a plasma energized by said coil, said
radiating including supplying RF energy to said coil through a first RF feedthrough having a first
connector member connected to said first end of said coil, and through a second RF
feedthrough having a second connector member connected to said second end of said coil;

wherein a conductive path defined by at least part of said first connector member, at
least part of said second connector member, and said coil between said first connector member
and said second connector member, extends at least 360 degrees.

21. The method of claim 20 further comprising:

sputtering material from said coil onto said semiconductor device to form a layer of said
material on said semiconductor device.

22,  The method of claim 20 further comprising:

sputtering material from a target onto said semiconductor device to form a layer of said

material on said semiconductor device.

23. The method of claim 20 wherein said coil is a single turn coil.
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4.  The method of claim 20, wherein said workpiece holder surface defines an axis

generally orthogonal to said workpiece holder surface, and wherein said second connector

member overlaps said first connector member in a direction generally parallel to said workpiece
holder axis.

25.  The method of claim 24, wherein said coil is generally circular in shape and

defines a central axis and said second connector member overlaps said first connector member
in a direction parallel to said central axis.

26. The method of claim 24, wherein said first and second ends are chamfered.

27.  The method of claim 24, wherein said first end has a protruding portion and said

second end defines a recess such that said protruding portion is received by but spaced from
said recess.

28. The method of claim 24, wherein said first end has a first protruding portion and a
first recess, and said second end defines a second protruding portion received by but spaced
from said first recess, said second end further defining a second recess receiving but spaced
from said first protruding portion.

29.  The method of claim 28 wherein said first RF feedthrough connector member is
connected to said first end protruding portion and said second RF feedthrough connector
member is connected to said second end protruding portion.

30. The method of claim 20, wherein said coil defines a radius and said second
connector member overlaps said first connector member radially.

31.  The method of claim 30, wherein said coil is generally circular in shape and
defines a central axis and a radius of substantially constant length and orthogonal to said central

axis and said second connector member overlaps said first connector member in a radial
direction orthogonal to said central axis.

32. The method of claim 30, wherein said first and second ends are chamfered.
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33.  The method of claim 30, wherein said first end has a protruding portion and said

second end defines a recess such that said protruding portion is received by but spaced from
said recess.

34. The method of claim 33, wherein said second end has a protruding portion and
said first end defines a recess such that said protruding portion of said second end is received
by but spaced from said recess of said first end.

35. The method of claim 30, wherein said first end has at least one protruding portion
and at least one recess, and said second end has at least one protruding portion and at least
one recess such that said protruding portion of said first end is received by said recess of said

second end and said protruding portion of said second end is received by said recess of said
first end.

36. The method of claim 35 wherein said first RF feedthrough connector member is
connected to said first end protruding portion and said second RF feedthrough connector
member is connected to said second end protruding portion.

37. The method of claim 30, wherein said first and second ends are chamfered.
38. The method of claim 24 wherein said coil encircles said plasma generation area.

39.  The method of claim 38, wherein said coil is axially displaced relative to said
workpiece holder.

40. A method of depositing deposition material onto a workpiece, comprising:
coupling energy from a coil into a plasma generation area to generate an evenly
distributed plasma to ionize said material, said coil covering a full circumference of said plasma

generation area and having two spaced but overlapping ends, each end defining a protruding
portion and a recess, said radiating including supplying RF energy to said coil through a first RF
feedthrough having a first connector member connected to said protruding portion of said first
end of said coil, and through a second RF feedthrough having a second connector member
connected to said protruding portion of said second end of said coil; and

sputtering said material from said coil onto said workpiece to form a layer of said material
on said workpiece.
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41. A method of processing a semiconductor device, comprising:

supplying a plasma precursor gas to a chamber; and

radiating RF energy from a coil having two spaced but overlapping ends adjacent to each
other, said ends each including a connection to an RF energy feedthrough, said coil including a
least distance current path around said coil from one coil end connection to the other coil end

connection, said least distance current path extending at least 360 degrees between said coil
end connections.

42. A coil for inductively coupling RF energy into a plasma in a plasma generation
area in a semiconductor processing apparatus having first and second RF connectors,
comprising:

a conductive member defining a circumference and having a first end and a second end
spaced from said first end, said coil having a full axial width;

said first end of said conductive member having a first connection terminal for connecting
to a first RF connector; and

said second end of said conductive member having a second connection terminal for
connecting to a second RF connector, said first and second connection terminals defining a
least distance current path extending at least 360° along said coil between said first and second
connection terminals, said first connection terminal being spaced a distance less than said full
axial width from said second connection terminal.

43, A coil for inductively coupling RF energy into a plasma in a plasma generation
area in a semiconductor processing apparatus having first and second RF connectors,
comprising:

a conductive member defining a diameter and a full axial width, and having a first end
and a second end spaced from said first end;

said first end of said conductive member having a first connection terminal adapted to
connect to a first RF connector; and

said second end of said conductive member having a second connection terminal
adapted to connect to a second RF connector, said second connection terminal spaced a
distance less than said full axial width from said first connection terminal;

said conductive member defining a radius, said second connection terminal overlapping
said first connection terminal in a radial direction.
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generation area in a semiconductor processing apparatus having first and second RF
connectors, comprising:

a conductive member defining a circumference and having a first end and a second end
spaced from said first end and adjacent thereto; wherein said first end has a first protruding
portion and a first recess, and said second end defines a second protruding portion received by
but spaced from said first recess, said second end further defining a second recess receiving
but spaced from said first protruding portion; and wherein said first protruding portion of said
first end of said coil conductive member has a first connection terminal adapted to connectto a
first RF connector; and said second protruding portion of said second end of said coil conductive

member has a second connection terminal adapted to connect to a second RF connector.

45.  The apparatus of claim 3, wherein said coil is exposed to said plasma generation
area.

46.  The apparatus of claim 18, wherein said coil is exposed to said plasma
generation area.

47.  The method of claim 40, further comprising positioning said coil to be exposed to
said plasma generation area.

48. The method of claim 47, wherein said coil is a single turn cail.

49.  The coil of claim 43, wherein said conductive member comprises a single tum coil
and said conductive member is adapted to be exposed to a plasma.

N 50. The coil of claim 42, wherein said distance is 4 to 8 mm.

51.  An apparatus for processing a workpiece comprising:
a chamber;

a holder having a surface for supporting said workpiece;
a plasma generation area adjacent said holder;

a coil for inductively coupling energy into a plasma in said plasma generation area, said
coil having a first end and a second end adjacent to said first end;
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a second RF feedthrough having a second connecting member connected to said
second end of said coil;
wherein said coil is generally circular in shape and said first connecting member overlaps
said second connecting member in a direction selected from the group consisting of axially
overlapping, radially overlapping, and both axially and radially overlapping.

52.  An apparatus as in claim 51, wherein said first connecting member is axially
overlapping said second connecting member.

53.  An apparatus as in claim 51, wherein said first connecting member is radially
overlapping said second connecting member.

54.  Anapparatus as in claim 51, wherein said first connecting member is axially
overlapping and radially overlapping said second connecting member.

55. A method of processing a semiconductor device as in claim 20, wherein said
conductive path defined by at least part of said first connector member, at least part of said
second connector member, and said coil between said first connector member and said second
connector member, extends 360 degrees.

56.  An apparatus for processing a semiconductor workpiece, comprising:

a chamber;

a holder having a surface adapted to support said workpiece within said chamber;

a plasma generation area adjacent said holder and within said chamber;

a coil disposed within said chamber, said coil adapted to inductively couple
energy into a plasma in said plasma generation area, said coil having a first end and a second
end spaced from said first end, said first end being adjacent to said second end, said coil
defining a central axis;

a first RF feedthrough having a first connector member connected at said first
end of said coil; and

a second RF feedthrough having a second connector member connected at said
second end of said coil;
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wherein a conductive path defined by at least part of said first connector member,
at least part of said second connector member, and said coil between said first connector
member and said second connector member, extends at least 360 degrees.

57.  Anapparatus as in claim 56, wherein said conductive path defined by at least part
of said first connector member, at least part of said second connector member, and said coil

between said first connector member and said second connector member, extends 360
degrees.
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