, RSTUe3eHEXp6TI 1 VACUUM PLASMA PROCESSOR HAVI NG CO L W TH NTERVHD gh&E2002
PORTI ON COUPLI NG LOVER MAGNETI C FLUX DENSI TY TO PLASVMA THAN CENTER AND
PERI PHERMO #a89ONS OF THEM CO L Rel ati onshi p to Co- pendi ngc¥ofshisabi ons
The present application is a continuation-in-part of the comonly assigned,
co- pendi ng applications of John Holland and M chael Barnes, entitled
"Vacuun1PIasna 5 Processor Having Coil wth M ninunlwhgnetic Field in Its
ductively Coupl ed Source for Deriving Substantially Uniform
erials Nos. 08/661, 203 and 08/662, 732, respectively, both

r 1 , 1996. 10 Field of Invention The present invention relates
general y Yo vacuum pl asna processors having i nproved plasm exciting coils

and mmmm"lmﬂmmm IarIy to such a COI| havi ng i nterconnected interior,
intJ -H&é . é;l Q? h V|no S atlal geonetrues
Q% .'.

such t haggodtie |nte NED ant, T%é:n magnet i ¢
f1 ux denS|tytoth O O TS i-‘ sity coupl ed
to the plasma by the inj |pﬁ il{g Rgil ﬁrﬁ NROLE Qe .d Background Art
Various structures trave Oppty- RE- T € o- an ionizable
gas in a vacuum pl asma proce55| ng chanber, to excite the gas to a pl-asma
state. The excited plasma interacts with a workpiece in the vacuum 25

pl asma processing chanber to etch materials from an 2

Relationship to Co-pending Applications

The present application is a continuation-in-part of
the commonly assigned, co-pending applications of John
Holland and Michael Barnes, entitled "Vacuum Plasma

5 Processor Having Coil with Minimum Magnetic Field in Its
Center" and "Inductively Coupled Source for Deriving
Substantially Uniform Plasma Flux,* Serials Nos.
08/661,203 and 08/662,732, respectively, both filed
June 10, 199%96.

10 Field of Invention

The present invention relates generally to vacuum
plasma processors having improved plasma exciting coils
and more particularly to such a coil having inter-
connected interior, intermediate and peripheral winding

15 portions having spatial geometries such that the
intermediate portion couples a significantly lower
magnetic flux density to the processor plasma than the
magnetic flux density coupled to the plasma by the

interior and peripheral portions.

20 Background Art

Various structures have been developed to supply RF

fields to an ionizable gas in a vacuum plasma processing
chamber, to excite the gas to a plasma state. The
excited plasma interacts with a workpiece in the vacuum

25 plasma processing chamber to etch materials from an



exposed wor kpi ece surface or deposit materials on the surface. The 13 Mar 2002
wor kpi ece is typically a sem conductor wafer having a planar circul ar

surface pl anar surface or a dielectric workpiece, which can have a
5 recta?luvé&"g&r7 eriphery, as in a flat panel display. A prifckisssnors,

treating workpieces with an inductively,coupled planar plasma (1CP) is
disclosed, inter alia, by Ogle, US. Patent 4,948,458, comonly assigned
with the present invention. A magnetic field is 10 derived froma coi

posi tioned i o5sad] ace Flac@ Nl RN de@loRG k! It i o ext engicng in a
di rection gener aI ly parall to the workpiece planar surface. In commerci al

devi ces, theSWFHRow i s TRealPykgdsces b%caugéce&ém 72 h8€ L GRNFREEATal
inpurity andvpfeyi Hesiagt lan@malﬁxr e;sllildlﬂafxorsme@@@pl &ngetdheptainkrd s
connected to be responS| ve sour cg havi ng ah requency in t he range
of 1 to 100 WHEE3But Skhi th 1e]ﬁ? rclacilvoi P58z . CAfed¥hte fat ching
netwsrk is mmme@l@etmenphhsycoas andas@dlat;epanelrrdmsmﬂag RF

refl ections couplgd o] S from cl g e coil
and the plasnma. B]gr né@g&@%ﬁ tfla% lyecaetlr{Scj)%‘gO} %(l:ésgcll ogggﬂa aie asma
processor i rﬂcrpcim:rthg\f%lzoppupéﬁdi mkaRaw ebageri ilid) anl*RFdﬁﬁﬁéﬁﬁeéxm tation

field for processi &91%5 rne) abguely th a5 gepaulsikr af 6548 f@a exea;mn@nl

di el ectric substrat fﬁ'ém ng rectangul ar fl at panel di stgl 1éﬂ the
Barnes et al2SPHHRH W]t e PrEFEEet PVERTEY  he (INS Ccéf}ﬁ 1 the
pl agma vi a piema\tveai nﬂrumdaabbyls@mttleﬂaedi ebrecor i adyphodnunsa lsint_qne
preferred 30 odi 7 atent su wi_nd
posi tioned |n ouIrd ??’%]é%é%% quad?é% t%%)%lgh ¥ F cou%ﬁg romthe
coi | througleeneral hromarablehetl éls,maworhpmpndp&\snhaveuafahecknégs
substanti al | yodfeSsc i famadPecd Hi cess o 1S rﬂl%'u%l‘{‘ﬁ'yn‘&%‘é(rjﬁvbggahg% sane 3

conbi ned 35 area as the plural wndows to wthstand the differenti al
pressure betIWBRLE hBaFadAt T¥sFEeat héTBHEABYr i REPOEPREr PELpFEESure on

the 1ghanber exdeTt O foﬁew@r ao@n‘ﬁr@ entTE@' lcoG.anllsth‘l‘c&’ﬁrh@cfb‘e@r godbecl osed
in the '737 %C%ent one o hﬁgfe coils ur al._ S wi ndi ng, Sﬁgﬁents
connect ed el L?‘?’&%&Y?/ R p?:ilr Foblétc\ﬁe Lt Gand SENY tEE ARG

coupl ed to amikfe exCil ata erOswizcehxitaw@mm al$| hgpietwdyk 13S66eMBE .t he coi l
configurati el rall o] he sane
el ectrical Iodﬁlgt'hp%g%%%n%tzﬁgﬁ?ﬁg %'%ar?fg lggec(gé\rg?t%%err?ﬁggg%% EP%VI de
nmor e uni f or AP asHRL FIWEHondia PioH Hize RE aeiblecy loasgeoppasar bPF%ft panel
di spleay Surf@&eﬁhéa\ébﬁ&c@ 'fe&nR N UL 884 Peh hphelingt e/ aEd DUISakAi khe
configurations dlsclosed in the '737 patent were 15 redesigned as
illustrated § 1, a bottomview of the redesigned coil. The prior art
coil 10 of Fig. ]Bamésldes tado ,spiral - Pekentel®edayq,cd1 ydpsehbsed aopper

wi ndi ngs 12 4, ng pial - e ns I |y
symetri cal I@%@%ng@ég@egﬁg#es“g%?ﬁ?kné ig Sgégnt gggpoﬁﬁggé‘é%{}%\; di ngs 12
and 14 are cdfEniERg apd Wé\/@k@p@r eé@haaétl@uns fiigls skemr Precessingct i ons

(W bfg each Sf@fa@l%pg a drepot Bupkraheut,1 £3p %rsaampwcl ddkngchbett-om edges

spaced apprOX| mat el cns above the up er fi\ces of
ubstrates forming rectangu ar

the Barnes et al. patent, the RF field derived by the

at pane& displays. 1In

coil is coupled to the plasma via plural individually
supported dielectric windows. In the preferred
30 embodiment of the ’737 patent, four such windows are
positioned in four different quadrants. To maximize RF
coupling from the coil through the windows to the plasma,
the windows have a thickness substantially less than the
thickness of a single window having the same combined

35 area as the plural windows to withstand the differential
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25 four rectangul ar quartz wi ndows 21, 22, 23 and 24, individually 13 Mar 2002
supported by one-piece, rigid frane 26, nade of a non-magnetic netal,

pref er ablvp sanpds zed al umi num Frame 26 is preferably conspepgk@fhorsy a

manner simlar to that illustrated and described in the ' 737 patent,

except 30 that interior nutually perpendicular rails 28 and 30 are
substantially coplanar with the top copl anar faces of w ndows 21-24. Coil

10 i s suspended by dielectric hangers fromthe ceiling of a nonferrous

met al (pref eprdgsuamodietate et ufihrunyachent r onaghet itheshicklkhdbds canér of the

type discl osggngsr%rﬁgff@spﬁéséhre'&?‘z?t e chémb%\lngkeg%i&%a”d 14

respectively include interior termnals 32 and 34, equispaced from coil
center point 16 FVREFhiFIDBe et A sond igvgagd onseatpedt rtased driven

in parallel gndceennestedhdyentt al sdreaoB85tn8ge5 ceahlse 136/d Op Dyt Pyt

term nal 38 of C;O’rlxaltchi ng network 40, , havi gg in.i naﬂt term na cgnnect ed to
be responsi VEHIGHE SSHME S Gﬂfﬁ}eccilch, edFFhp 158 Hds AR iPREFtE8LU shape
with a firstbdtageeai tfhesti bandg sspaoed sebsiaalsaldoprflad heo fanonkRM ndows
21 and 24 t i ndi ngs d , 1 .t he eg ni bet ween
the first | re]égﬂ_:air,\\! te% ?\%ﬁgégzvééd%?ﬂa%s%ﬁla% é%tﬁmgrs},{iowis% sééi?gE%esi nmplify
t he drawi ng.COh@ondsi g PN ofl Sber edpéRataity hayel nasalieldcanktrical ly

opposed cor n&dgmdres e . HeeIdlnaled A4 ald 113 e hf BSPGELLVELY £PRgECted to
ground through. ca am%ors 48 apd 50. Qutput term nal 52 of matching network

40 10 al so gi¥h RS YIRS return current path through - capacitors
48 and 50 to the Tatmhbnddeehsnes kugi dondes) 4 enar fikhx f @nd hey pas ad hel
currents flomlrr]%:thr]g)ggll 2r0 Wi ngi n%s 1% and _14. lW di nrgLs 12 and 14 have a
geometry and $HE VAT Ues 6F Fapkeff'srs 282 and 3 lar §18BEEYt WA ARRi mum

st andi ng waveawiunrg end s vectrnghdnag t pediphgiiys oftha ndrawgisou? amoli 14 at
positions t { SLSONE, t gl Leal Iy cl ta m 44 46.

Typi cal |y, ;@%%e?qlnam n%éstgkgg%ghg\gyexgurﬁ%t S 0723?{” L?aﬁ!t te oUt ef nost
turd%f eachresteSiFRRhFS 1A IMRErEL 6 ipr Bkgni ty & Hat&iom zéewThs shandi ng
wave currentrddfedigndd Zzedbial 0se ftre t peiper i pher vdifl cobl JO Fegi.ncfease the

magnetic flux density at the periphery qf the cqi.l and thereby i ncrease 30
the plasma % i‘f‘?oaﬁpé(’f@ﬁrt’ 19%@’\/\6&?@%&5 & rﬁ?éﬁ/ﬂaéac#ﬁaﬁew ndi ngs

12 and 14 hasirsdispis dl2 ldride leonfeiagir abivangaptiursll spijreholijke tthatns

Gescri bed | P BR L0 s aaad o bahdr g S Sashell B8ESEe
confdOgur at i orergferegdif e wi ndi ngs

Windings 12 and 14 are coplanar and have copper

conductors with square cross-sections (with each side

having a length of about 1.25 cm), including bottom edges

spaced approximately 3 cms above the upper faces of the

25 four rectangular quartz windows 21, 22, 23 and 24,

individually supported by one-piece, rigid frame 26, made

of a non-magnetic metal, preferably anodized aluminum.

Frame 26 is preferably constructed in a manner similar to

that illustrated and described in the ‘737 patent, except

30 that interior mutually perpendicular rails 28 and 30 are

substantially coplanar with the top coplanar faces of

windows 21-24. Coil 10 1is suspended by dielectric

hangers from the ceiling of a nonferrous metal

(preferably anodized aluminum) electromagnetic shield

35 cover of the type disclosed in Barnes et al. ‘*737.



5 12 and 14 is frequently referred to as a "square or rectangul ar"13Mare2002
Each of wi ndings 12 and 14 includes 2.12S turns, fornmed by nine straight
segnents, Each winding includes four straight nmetal conducting segnments 5
ext endi n§PPAI4PT el to rail 28 and five straight netal conBGEUSHYI%Egnent s
extending parallel to rail 30, whereby gach straight |ine segnent

intersects its abutting segnent approximately at a right angle. Term nals

32 and 44 of coil 12 are on one side of rail 30 10 while term nals 34 and

46 of coil 14 are - o] Sl i,d i . Ist.C h . the turns
of wi ndings 12 ang?ﬁlgﬁgrﬁg g‘%s%%%t ?gl Fryegtphe{a%a%e hgggéﬁgﬁt% eé)’{lesnlgt hs of
the coils betEBRNEEFNS AARS 32, 34udrgaggd ApomTReidoFENBEr PYLNY kan be

t hought of aélbﬂ?{i RGil15 TNt ererinireedi at anand peairphenalcyordd ons
respectively i ncl udi.ng a%prlgxi mat el y two On‘ﬁ and two.turns. The%%ns of
the center pOFtYSR RcPIdEsErai SRS CShdb¥t MG 2de §rehPs 361-3 of

wi ndinig 12, asblwel Béasostoaipgitt treetrailnaclondi@icod £ ngasetivgt sietivorxk afo wi ndi ng
14. 20 The o n, of . i - i Lt i nel j ghent s
75 and 76 of oy LP i rFA i BofaBREacl e B FOEBORLIBLEY BN ng
14. The turnsoefcehé2per TpRéFal lgor SEEAP] A8l H@E Y dinyiar tesh e s - 83 of
winding 12 agi¥gl lh asisdd ai g8t creomat § G486 obpwkRdi neR a1 2N, coi |
illustrated in Flg. % has Ergw ously been used to excite %I asma for

et chi ng rect SAHEHREF, FHPBI WeRAPKST R4t 2Bdnef GPER FWNEs dfeehvidyg
straight, reshangllearofiesi phegal rsimtEngofb&SBesn6Themt sisk 608gX aHl 720 nm
Such wor kpi eces _were fixe | ocated _on.an_electro ic .chuck sa the top
face of the g%ﬁ%‘ ?3?% %/\%saq’lacyp&r‘ldx|Str‘%wlsiﬁta &) 3511380%7%8?'?0(?71%?%%1—’ A0 tsd‘rﬁps"ilrﬁyeri or
face of wi ndbae @faRingThe rectangul ar periphery of coil 10 in this prior
art arrangement vasngopEwhab areates Lhap tﬁ%ss’écpf&épye&mhd%helatl

rect angul ar workpi ece; _in one prior art configuration, coi

di nensi oned S&2TRET befi bHePBPOSSE GPERET Fut EMEP fpe Setinadisar 4o dgss

t herﬁpf wer e% @pr@?béﬁt@b¥1§5@oﬁ?@58embgggbﬁ&@s it@igoi@_ht fét%p%ﬂazllltc%t enged
to the peripher e rectanqul ar, area define wi ndo - an
beyond t he r%%t%‘?fgu?éir ﬁé‘ﬁ%ﬁategif%‘flqar?eaf\ﬁorqﬁpi"éac gl'”\/@/ﬁ Iriftt"f%ﬁ%ﬁ'%dt%re
illustrated absé&i grolbnfledctioonssadtdesfaacteruty torreart gamhcighoungttances,
for other cngg%ggg@gggsqgt nedingd op g E%eOfmé@&Pﬁggﬁgt%‘B& %Giﬁ!ntdédlo

across the large area workpi eces is not as great esired. e asma
flux densitytenminelf| 8T pdhs daxslde wordiirenss r delaving fihgraudie coi |
illuggrated {pnfifgslibagna iendepenat Aghe1bebald val hhewd jehdaar, and
peri pher al por(él ons of _t he wor Iré%lé%ce, exlposed %Iggnar 15 rechangul ar face and
to be rel ati¥ePyRgr y81HRSi fte S 5ortT ofRIoP Ot RECWSFRECEEE S5t veen
the center ansxpemnphedad ipg aeneurirentef ockhencelohbetipd assregfhsnofdensi ty
on the wor kp&g&&ﬁggl glvé endency 4t 0,Pe Qe B8hsPeL Y t NE £OoidlhflyTedi at e

portion, i

0 was

electrically close to terminals 44 and 46. Typically,

25 the maximum standing wave currents occur in the outermost
turn of each of windings 12 and 14 in proximity to rail

26. The standing wave current is maximized close to the
periphery of coil 10 to increase the magnetic flux

density at the periphery of the coil and thereby increase

30 the plasma flux density adjacent the workpiece periphery.
Each of windings 12 and 14 has a spiral-like
configuration and is long enough that transmission line

effects occur therein at the frequency of source 42, as
described in the previously mentioned co-pending

35 applications. The configuration of each of the windings



20 the second half of the first turn and the first half of the secoqd Mur 2002
of each of windings 12 and 14 and to be | owest bel ow the center and

peri pherwlo gautssons of coil 10. The decrease in the plasmpcifigygpifrsity at
the corners of the peripheral regions of the rectangul ar 25 vvor?<pi ece is

due to a large extent to the tendency of5the plasma resulting fromthe

excitation by coil 10 to have a circul ar periphery. The tendency of the

pl asma generation region to have a circular periphery results in the plasna

flux densityli2n am@ Béribhefzeanegtdis wHfarreBotawelspiecesdireet lgr bel ow

the peri pheral&QiHg PRIt QRS H-2MOVELHh rOMiRg i6Qls 160508151 119, D] 1qe

substanti al | ﬁ %r eater than the plasma flux densi t)é in the peripheral corner
e

regi ons of tReldor Kpiere: FfremMscadih PLEIR SEXSLEYVTA $ABIGNES al oftprch

di agonal of thedireatedlwdeifece taeeidht drytfl esormRROXidRIcRInedldo from
conpl gte uni formty. The a 7l Eel ati.\iel A | ow. pgasma bl ux densi tHy on the
subst Pat e suFf%:(?él%&gti%%E btfitath FRE &R & %nt per PEREFEPEpdIRtns of
coi|l 10 occursndeciusy t segricagsma ekornHasga pendehey ttoo difdidse Fa,om t he
center of thenRlasim taal d ot Jdigul!t ariRdl Alnll | ARl P! a3R.  The
coil metal shield Structure associated wth the vacuum pl asma proceéssi ng
chamber has &PUESdERcy IRPTeMse PR PRERESLEY f 1% déri veabhtr omnedid. 10,

Fihg-nbl, to ”?%Qn@\fﬁl\lsf Bgﬁ‘_ahbeﬁ@h@ﬂh&ﬁilé_eﬁ pher ¥nt @}vﬁ@rgi&@%@grglﬁr |3Qj‘ dt hte
chanber, as .di scl osed i.n the ca-pending,.comonly assigne land e

al . aBplicat Vg’r’fq6’8ﬁ§§ﬂl§’@§.3 Igt4 i""§?i gchng‘thfyl%%lﬂ”e&p RS Wiesent

i nvention tospdevbderaibesoandrhenriovetsvacuthe ptasnd ¢f eceskioigds arn
providing a rel.ati,v i u i n.the.,surface of a
relatively | ar Se&\%org%i ggggeé\ﬁ%?%g?%ﬁ%c a%?s ‘iq-herte!)ﬂi%oeuﬁ-l O iléantg(g ovi de a
new and i npr ofetheacishsikefivegy deegsioralisavdi2ng 34 emid 4gar #iécul ar | y

desi gned so the nagRetisif! we density deri ved thaiyht icy s¥chphat,g he
plasma flux density on 20 a relatively |l arge rectangul ar workpl ece,” such as

y
a f1aP panel C8NPSFrayinFeTmeripFGaAnd BRFLBRAL 2L PODVIAS FesPeCEiT&isy f or
the plasma fhuwelde€isig yaporbreinetalyvely, | @neovasid cenbercaits per impher al

regi ons of the vvorkgi ec&?A j

further object of the.invention. is t rovi de a
25 new and i M3F&Ved Eoi orc%lm'vearcuﬁ’l%IJ Ilggmlﬁ?{;%‘a%sﬁﬁr%tei FSHe coil is
part.i cul arl y coesiugtidshd osepment di réd -&4r ebht imialdyngni I2r mapgl asehl f las
Lo 1Y On | AELAC Gland dlRldoieley B uonibhac ey RALLEY A1y
wor kpi eces having~a rectangul ar periphery. The I'nvention In~accordance
wi t h28ne asp&®e oPnehetibienffonthe virirrmgdiahm muddssor iheludesating a
wor kpi ece W %Iﬁr@i@h%sr@e%@é‘ﬁfihfése§ ha Usdiabr VagcHURhghambels where the

e

wor kpi ece s adapled o Be | ocqbed; g’ Sk L, Spabet

winding 14. The turns of
the peripheral portion include straight segments 81-83 of
winding 12 as well as straight segments 84-86 of winding
25 14.

The coil illustrated in Fig. 1 has previously been
used to excite a plasma for etching rectangular,
dielectric flat panel display workpieces having straight,
rectangular peripheral sides of 550 x 650 mm and 600 X

30 720 mm. Such workpieces were fixedly located on an
electrostatic chuck so the top face of the substrate was
approximately 10 cms from the bottom, interior face of
windows 21-24. The rectangular periphery of coil 10 in
this prior art arrangement was somewhat greater than the

35 periphery of the rectangular workpiece; in one prior art



W8 has an inlet responsive to a gas which can be converted into t#8 Mar 2002
pl asma for treating the workpiece. An inproved coil is positioned to couple
an RF field to the gas for exciting the gas to the plasma state. The coil

i ncl udesV@99/mM78% i or, internediate and peripheral portionsPCThes/misri or and
peri pheral portions have turns connected to each other and arranged so the
magnetic flux density coupled to the plasma by the interior and peripheral
coil portions exceeds the magnetic flux density coupled to the 10 pl asma by

the intermedighe; gobhe PRt IQN:) e, 60! 4; AOAYBLKAI e56 peLinher] s, nave
similar dimensions and geonetries. 'n one preferred enbo ITent . Wher'ei n t he
wor kpi ece i sstezighgul autually aperpenganuladi sgidges t tbegsidf wEse

peri phery cpglﬁﬁgls(g;%_i.%c@iw%Isostﬁah%t ®RNAUCt @ nERENBAt SACEhDI RG:a
rectangle simlar in size and shape to_the rectangul ar workpi ece to assist
in providi ngSHrEFdeth o phssREFEPRR YRS t e dre ¢RI Bfitadaldnest ece. At
| easts sonme, pBydviriddes @l y2akhd BERsDt Hheetaidnduld g AGHEMF Jf
straight segnents. The coil is preferably arranged so the current density
therein is substERt RIS greater in the center and peripheral coil portions
than in the interWeidlatttheaitryporirens. 1 Ust taf &d eiml, Fitche Ic dunauriefrer abl y

1o, 82 e PO W5 (il COLR LRSI Pl Boridons e
tighter pitcRi¥PHHRSERRPRS| Fhheieryery phertdle porasmen flmwetensiity, the
coi l1¢ ncl udegcpbais alched Mok 32etl apdrispbtyscamesbed dsn gagat | @ls so
;:urr_ent rovxg in %)(grfal 'ﬁ% tﬁéou%g Lrg{m nal s of the wtglgl ngf bet ween out put
erninal s of “&het2hi ng' Het ROPRMETHE B uPEPSWtYdi RYs tife bt F ePERS}
spatial |y andisbbsy maxdigiesubsesutlitdingy fspmehei call alldutstarmsd dn poi nt
o o ST WS Vb 0 PSS g A e SN0,
peripheral portions of the workpiece exposed planar
15 rectangular face and to be relatively 1large in
intermediate portions of the workpiece, between the
center and peripheral portions thereof. Hence, the
plasma flux density on the workpiece has a tendency to be
greatest below the coil intermediate portion, i.e., below
20 the second half of the first turn and the first half of
the second turn of each of windings 12 and 14 and to be
lowest below the center and peripheral portions of coil
10. The decrease in the plasma flux density at the
corners of the peripheral regions of the rectangular
25 workpiece is due to a large extent to the tendency of the
plasma resulting from the excitation by coil 10 to have
a circular periphery. The tendency of the plasma
generation region to have a circular periphery results in
the plasma flux density in the peripheral regions of the
30 workpiece directly below the peripheral coil portions
removed from the coil corners to be substantially greater
than the plasma flux density in the peripheral corner
regions of the workpiece. The plasma flux density
profile along a diagonal of the treated workpiece face

35 deviates approximately 21% from complete uniformity. The



termnals, simlar to a spiral. The above and still further objects13 Mar 2002
features and advantages of the present invention wll becone apparent 5

upon conRgpdeiisaks on of the foll owi ng detail ed descriptionsperasey s

speci fic enbodi nents thereof, especially when taken in conjunction with the
acconpanyi ng drawi ngs. Brief Description of the Drawing Fig. 1, as
previously described, is a bottomview of 10 a prior art substantially

pl anar coil, in conbination with four_self supporting w ndows, of a vacuum
pl asma processbrtivelyel k@ velpsmar gblare LT KpY eC8s, thar tFHRAHAGE 1 at

panel di spl ays;r&t8. %oi:ﬁi@nBOt}B@ﬂéé{i:BW ohea ®EtET edhsdi lpdat phfe@ccor dance
wi th one enbodi nent o the.i)re ent invention, in conPi nat i wi.t h four

sel f - suppor t BAT WA RBEWEE EPHT B0 iQCEUBBt PORTUPEW BF BIFEPR het artblident of
a coil in aceendance wotdifhespresent thaveanten, of ntlvonbiamta drowdnd four
sel f-gupport ed_wt 100Y5e 330 Bl Bort ik BLULLMMLN OF hd WdlemQU] 11

accordance € present i hvention, in corbination wth four
sel f - suppor t ebigdddoasruFtyse 4acapdiaBedr ewstle VhewsvaFuydr thigifnaf t he

coi | illust fgiséegeiEchhémb%§_ g o5 tieMleiles to SRIURS e Maried ndi cating
a function of plasma flux_densi t£ ver sus. wor kpi ece £05| tion {or the-coils

i | lustrated FRUki gerivad Erge. c8hlahfd s5Bidrel  rERpBRYS VAYRY LIRS ditensi onal
plots of silpambetcherdpheiryr domnrid ath@acehtgrass 3beplatadbeaxcided by

the coils of Figs. 1.and 4. Fig. 6 js a view | Lng. r rom.t he
line$Y6-6 i ndl’ff’gio’?efihfﬁutgke & WY nﬁillenc% icr?méno\?ag}(uh%gﬁggggnag%%%%%(gse&

i ncl udi ng t halcoappdficBtgond 08vlénei2®3t.he processor portion including the
W ndows; 1 10 ;Eig;47 | j yi.ew 9f, thgséaterspr ofe t hg-d@oium

pl asma processor |Ill u% fat%ﬁé?ﬁagﬁg.yé‘); Fflg. 83i S a view oef! %\re processor
i |lustrated ERVEN§ONs thP7OVIRKANGIoVEIRS THPTPVEMH VREW L EE®R i n 5

Fig. 7; . Fig$oclsang EBrapeoluatngraenbodi resls ohifvpmndpifafentlweils in
accordance wth the invention, wherein eac oi_l incll udes series segnments
conné8ted t od&RRAFY B8 EhsaFtrfgsg of a relatively large workpiece.

Another object of the invention is to provide a new
and improved vacuum plasma processor having a coil
particularly designed so the magnetic flux density
derived from it is such that the plasma flux density on

20 a relatively large rectangular workpiece, such as a flat
panel display, is relatively uniform, to obviate the
tendency for the plasma flux density to be relatively low
over center and peripheral regions of the workpiece.

A further object of the invention is to provide a

25 new and improved coil for a vacuum plasma processor,
wherein the coil is particularly designed for providing
a relatively uniform plasma flux density on the surface
of a relatively large workpiece, particularly workpieces

having a rectangular periphery.

30 The Invention
In accordance with one aspect of the invention, a
vacuum plasma processor for treating a workpiece with a
plasma comprises the usual vacuum chamber where the

workpiece is adapted to be located, wherein the chamber



10 Fig. 11 is a top view of another coil including several nested 13 Mar 2002
conducting corner segnents in accordance with the present invention.
Description of the Preferred Enbodi nents Reference is now made to Fig. 2 of
the dr aWhY/14I1% wherein the prior art coil of Fig. 1. is REWU$I8E8I300
include (1) an internedi ate portion for .coupling a substantially | ower
magnetic flux density to the internedi ape portion of the plasma flux
i ncident on the workpiece relative to center and peripheral portions of 20
the coil an ) Lph Lop_havi N I nduct i ng
segnent s fo&lag%d?%ggﬁggge?%gb?ﬁgib%oe?hg g?gsﬁggc%hgggdggg%%%’%&tlgg fl ux
suppl enent s ¥eghethe Plasma il ierato nhe it aamkiiece maitn paproyedt he
coil, i.e., ddwer pastpkithenedl tonebupnel Hdi RG Fheiraddibt kprab25 rgegnents,
to increase the mpgnetic flux density in the plasnma_peripheral portions,
wher eby t he SEGhet?e PrasHRE FTURRBIASas R b ct dhgurst lwdPRpHEEE exposed
f ace sheconesi ipgei v f drbednediigte 2antihgaddilidilal pseghents ar eheonnect ed |
in parallel wmith t i art, of. the coil. 30 Coil 100 of Flg. 2 has a
rect angul ar Peri phglr?yglt?%;tfeolf%p%?ﬁ# é’rorlctnl%lhségheavfn& S E© greéieFoi n size
t han t he wordggilecethelre andceryengefl tde thguregnetdcesthsx r denanguyl ar
wor kpi eces, gl rLally (HODT alshidl pPapRL fhsPl AYS arfPideri Qe ag! t wo
electrically pLgé al l el %1asvvi nd|9ngs 102_and | 0a4, Z)Ieec?)(rpllegglql ggggnnect ed
t 0 ungr oundRPEMPYF SHFRRAD HSUMeEeEFiiFaf s ussiemtil BY cunlat fionghaet wor k
40) 1ion turn glesprasbyethe 1ateemids alte s@UNce i ndings 4821aRdq104 have
a common centraji b term nal %‘06. coi ncident wth coil, K center goi nt 16,
about whi ch WHTXRTECoi | PTHOPPET 66t ARGl 151 tfonaft YepaHPE hePBRor e
di anetri cal lggomsytmiésical . Terminal 106 is connected by an electrically
conductive strap I r m . u tm_nal . 38.
W ndi ngs 102 10 a%g%fbezg?\gg%lfg%dggéggﬁgﬁﬁbgo‘g%%ﬁqﬁ% E)vﬁtéfr glle{&%r ﬁ‘lgnal s 108
and 109, at mpposrgelperiphegal @orhbas obasel| dbdeplaes ni bhes ¢o8land 109
ar e jsespect 'ﬁ@ﬂ%ﬁ@ﬁ%%r@ié@s HoW1ded 1t etfanahc52oakuRbehiagmbat wor k 40

4o, an

via capacitors 50. Each _of w ndi ngs 10Z and 104 has 15 an el ectri cal

length for t45F ¥ ERieficy o6t a0GdEc &Y hiRhEt28r e aRs $P nkheffect s
occur in theeaeduahagbar Thedkerigides 0d wigrdingsid0prand diGdy andifbem

frequency of_.so e ar |1y such he.di st ance .al ong each
winding is ﬁj‘lag#%yfﬁéés d%ﬁ;éﬁlégf h% fyﬁﬁvtéggka%'ﬁu%grt ﬁ”g) S6iitce ggequency.
The val ues dfeaHparinar arygpardesebdyeas el ecteds sof rdek cand halvnden

stap@i ng wave ST et S5 I §iPesthehysoccur in the peripheral and interior
portions of ‘the w ndings. In one enbodinent, the peak standi ng wave

currents occur appr®xiGvdtlel ySaPiHERIN 25T8R9CRe Bt EMPoSEUFERRS of
wi ndi ngs 10Zieans dp4cmbréinaie apps®sntaladlly ajragitad: Wi hekhdi bedlethat
appr oxi mat o9 a DeEsRPREr L 168 TP eI SRS PRt g vtk boreRBeifatea peak
val ue. Because 1t heonai@nﬂm sTendhig Md/va\télecqcvialntpmmnrabhﬁbouasSéB of a
on 2ol o e dlod hgsts JO%caoia 108, LELILLIERY oS RggeLLE) ||\
peri pheral PRGNS thae pradws iadied@rdiste MePearprndl therepdh of the
wor kpi ece. center portion has turns with a tighter pitch than turns
in the coil peripheral portion.
Preferably, the coil includes plural windings
30 electrically connected in parallel so current flows in
parallel through terminals of the windings between output
terminals of a matching network. The plural windings are
preferably spatially and electrically substantially
symmetrical about a center point of the coil. Each of

35 the windings includes plural turns extending radially and



F

T 12 Coil 110 includes (1) a three turn central portion 112 (incl{gdvag2002
straight netal conducting segnents 113124, extending radially and

ci rcunf evemd¥/nd7By from center termnal 106 to which they aperpksgbijcally
connected by 5 netal struts 111 and 112)) (2) approximately one turn
intermedi ate portion 130 (including straight radially and circunferentially
extendi ng netal conducting segnents 131-134), and (3) approxinmately two

turn peripheral portion 140 _(including straight radially and 10

ci rcunf er ent i aFFGUBLEERBEAG Lt aPeEYRBUCt FRY sHYRRRt QY 148nd 4@XteMont ur ns

of peri pheral tponihansl4@ikdvaratsubstspitbaal |y greater pitch than the

single turn 132 of internediate portjon.130, which ip turn_has a pitch

consi der abl y greatgbetﬁgﬁth@qﬁgﬂﬁﬁ%fpf?fﬁgﬁrtagﬁgcgf’1§e@§HF§F|iWiion

110. I nternedadvenpegesont18ieiprasdbst amvenht yom adilal Ibe adingplagppead-efitom
centercportion=110 I r.adi - rd al_ .portion

140, Each of LRe caR Arar e o o Chey P L oma i A Qe e iR

131- 134 and 12f-ageeprl papesbhicC 1ampodpnamps thryeef prasaif YL f ehesd of
copper havi ngr ak&HUahecehgascteehl @A tdf tARPERXIBLSNVY nG 482wy each edge
and is spaced so its bottomedge is approximately 3 cns above the top faces
of wi ndows 21-24, having bottom faces about 10 cns above the pl anar

processed worRkpiefeDsdtkapeionhef25he Dadiawmdsigof coil 100 are suspended by

di el ectric hangers_fromthe_ ceiljng. of non-.f err ous t al referahly
anodi zed al uni nun)F%Si'IrriSh?sélpgﬁeﬁ’gloglos\?l r%c? Cérlib;%ié a.ssgf%‘gte%‘g n e %Bar nes
et allOpatenta Phdoaxtasrt osubatgnbiatémt lagwil gorli ohnltombieation
electrically &99&6%%@f Rye 30 BBEBbre PR B sCORREra SLEULS. #ﬁggﬁggel52

fa ¢
to the interior ends of internediate coil portion 120. To mni

amount of nagREPFESEPHx cloRml ededyptdiviedys 113r9¢12 an8% aw@rkpecgst he
pl asnma beneat afbgcmﬂadmysflbhepahémpaig@qgg@n inverted U shape, with a
oV

first leg 35 Tyinggip a.plage abpregiably, above the plage of the ,, 13
15 accordance with one embodiment of the present invention,

in combination with four self-supported windows;

Fig. 3 is a bottom view of a further embodiment of
a coil in accordance with the present invention, in
combination with four self-supported windows;

20 Fig. 4 1is a bottom view of a further cocil in
accoxrdance with the present invention, in combination
with four self-supported windows;

Figs. 4A and 4B are side views of portions of the
coil illustrated in Fig. 4;

25 Fig. 5 includes a series of plots indicating a
function of plasma flux density versus workpiece position
for the coils illustrated in Fig. 1-4;

Figs. 5A and 5B are, respectively, two-dimensional
plots of silicon etch rate for two flat panel glass

30 plates excited by the coils of Figs. 1 and 4;

Fig. 6 is a view looking upwardly from the lines 6-6
in Fig. 7 through a workpiece in a vacuum plasma
processor including the coil of Fig. 4, wherein the

processor portion including the windows;
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strai ght conducting segnents of portions 110, 130 and 140 and two 13 Mar 2002
domnmardly depending | egs electrically and nmechanically connecting the

first 100. The struts have a 0.3 x 2.5 cmcross section with

the 2. 5 %@ ‘@g% being parallel to wi ndows 21-24. The coP¢THPISHIOET 2 is
designed so there is a greater current density in the center and peri pheral
coil portions 110 and 140 than in internediate coil portion 130. Thereby

the magnetic flux densities derived from 10 the center and peripheral coi
portions are gre thap_t t f e fron1the

i ntermedi ate COI|%§grt?OQS fhgggggﬁ?f fl?ﬁb ﬁg% éﬁgg.og the pF§¥¥E flux
density |nC|db@@m@nprheeaeekpibbestnatﬁ@ wacEUG1cﬁanber to be greater in

the internediate pogti @ns Ofa theed Sovokkpi dhadhi ni 1 Pesceptey and .
peri pher al portlons of .the vvorkg)l ece is reduced. The plasma flux density in"

the center pot2Fon®offhé: ptPokiagtdpyRrasdsy Fﬁ%i“udhﬁglﬂﬁéscél BénFig 1
has & tendeneygto7be relatively | ow because the plasna has a tendency to
di ffuse avvayfro 20 the, center ortlon he pI The tendency in the
prior art of the pf%srra Iﬁ)?ddelnés)l &S otB thsrat?v ngl'f‘%w:?nq Héri pher al
portions of dhkfereshealclia beceuéencheﬂm@m gewem;tle:dl byhekeiprior art
coi| has a reydiugbphagaelfby dessely d €gi,0 ome 25

i nt ernedi ate di stance et ween t%e centere%an the perip ecgygé())f Qt ﬁlgéllgo . To
establ i sh t &Pt edeRr¥ed pPdsma flux density at the center of the workpiece,
the 1@ stance betweeq. the tigp &f cbhe WilKpseCcanartetha-dnder skdgaohgt he

di el ectric w ndows. nust (? suffici entlg?lar e as to allow 30 far ?asma

di ffusion. THEPrabmReaFe? (SPBAUCHIRRCPRe |"‘F‘@g‘ghﬂbﬁdl?e@izﬁﬁr%n%’erage
out into a noith whé oprepémasnintémxickensity at the workpi ece. However, the
relatively large distance between the workpiece and t he underside of the
w ndow cannot be efficiently used V\hen 35 proceSS| ng | ar ge area wor kpi eces
since the i lezewriptipon of 1ghe dPxe f4 p@ch et9or kpi ece and the

Wi ndows causes thes flepegase;in ddvﬁsfn@dél ezs ci:elra_;SI ty etf thee pei»hpbﬁga' cor ner
regions of the workpiece to be even nore severe. The coi | of F‘%ﬁ?ﬁ
©(1) nore

i npridves t heVMERIR £PGx RFeR 13- oveP Tt hets B9 or L ar dSpynadivi

magnetlgI fl Lth@llaEtSdzty 0 the Cﬂgéx(arhe@igsea Here i S fUﬁ:anc]E)?lptlB@lg a

i nternmedi ate ons_an additio eti u ity to
the periphery lHjosf ﬁ{’ﬁ%% 6% at ‘“)élg gpgrtlr%glulxy m?éi’sclo%r?é ﬁ% Esﬁcts of

t he shi el di mgptstyeduzee Adret don i pprovedorasw t Elwecimcbdenusen theer ali a,
the center apd écpgef@iaipﬂ;é'@@Scé']@e@%%ég)epipﬁgfél gﬁ&b%ﬁsa o eater

nunber of turns an internedi ate portion 1 I N one enbodi nent, the turn

of 2% er meditdte %H i3pd 160 i3 ReEHRREFS b el @t RAYHRT t addibionaht er

portion 15 Iddt SUcbidiait i sabmenter ot atchwm@tnergmlaé EIRGI £oOophkUrN s
appr oxi mat el twice t out ianeter.o e Cen'[(ﬂlt ortion exterior turn.

I n ot her worktf?5%The SI BPIRRE T mgﬁﬂ‘%t YT YB3 0"RFPEUHEcr i bes
an area whi chluss amqnbxedm}tceltyhé quiragmanrdsy thenaiegpatt cofischebedi2p by the
three turns of ce i S di ate
portion is spaced %legntcg]? %%?n% %& t%/\nrg%e ?%gé gtlzlg a‘%@‘gl }{Jl&ﬁgge

ext @5 or tur&ﬁgﬂerct'ew e\aopbn@reﬁsmghﬁsmeeeeééqrfdmn ety ciimt ¥Be point .
The single tarf bt SHREH RIS RTIADN IRlrdiSy SPRCafhdRef OMpiA8mbUr NS of

peripher al port| on 140 about the sane distance that the turns of the
peripheral pordf oﬁeéﬁsété’pa%edaf FERtERA I Th e OT P RS c P Fi §2C2. In
particul ar, isddcmehimaendmdformsegnerrisy . 13]- tB4 adeispasad segrestsai ght

conduct or s%ﬂ%?%&%n%ﬁ:e%ﬁ%nb%arallel with the main part of the coil.

30 Coil 100 of Fig. 2 has a rectangular periphery that
is similar in shape and slightly larger in size than the
workpiece; the processor of the figures processes
rectangular workpieces, preferably cross flat panel
displays. Coil 100 includes two electrically parallel



30 approximately the same distance that strai ght conductor segnents4134iaPr2002
144 are spaced from strai ght conductor segnents 146 and 143, respectively.
The thuswbisghdigsy pitched center coil- portion 110 and itspspRRYAYL S endte
spacing frominternmediate coil 35 portion 130 help to overcone the tendency
for a 15 relatively low plasma fluxidensity to be incident on the

center of the workpiece. The tight pitch of center coil portion 110 and its
separation fromthe rest of coil 100 cause cl ose self coupling of the

magneti c fluwidéihged 5 0 onande dénter «lgidtpioral by t cocorcertr atw t he

TRgnet | c 1 UinblofindERCLERSS LG IBINGEL Gl | WLABNSLLY), deghuedf g cent er

portion 10. To attain the desired substanti al orm pl asna | §X density
over the ent PMRECROPRPPEEYCTBefPphéRalt UEs Iref@oﬁ’cﬁlﬁ%r"—ol@@ i o Ried

rfel ath ive tlo b?aﬁeél QL .ar twiGingef 1F‘}29 add 1040hhee ‘éorc@%in%h%zeg%'r:&?}goa g i40n
of t COl 0 onsl st n O (oX0) uct.Qr s nment s
ond 151046, Ppmuar “paE O Y HARH ey YL cRRTS) bRiat vt diesa

struct ure addkilchoailfls gferdqaleryoa 0is nsular:usanﬂ:Saflli@r i guyetniad 11 war@densi ty
inth [ h f I I
Inthe peri ppﬁéﬁe%rg glghg%ﬁbaﬁﬁézgsfé#nﬂ%tyr% par %gﬁﬂlnn,go&% asrm close

to corners o € rectangul ar proc S of Fig.
2, peripher aforpefrtedrey am §4§Ctlﬂf(§~|c@dé§’ gqudvc@naﬂe gtrepr (et I%hoamiductl ng

wi ndi ng 20 segnkRAtehifd He8misRal idldphadi &estat 03Ehe mgﬁhlggrlﬁ%era

corners of the coil peripheral term nals 108 and 109. The odd nunbered ones
of wfdi ng segfehPéd 18Eiséeaﬁéagapﬁ o¥ SRBCOSEGe®STd RS nG IR NAYS | e t he
even nunber edosngend of o9y r@t'@mﬁ\tpﬁeﬁaﬁﬂhéﬁl af@r:p@fs; of id 39ocadded to

w ndi ng 104. W ndi.n n y are co | anar. with conductoy segnents
113- 1291, 131. 234 SRE™] ﬁ%a{é aatfaei EEREC HY N CHTRE S 50 n t he
peripheral pgrouodedof temmllnaduo 5|@ar toﬁ:ulraa{ttqhamgt heetwonkr s40f thHe coil
where the mag&?éb%@?? @haﬁﬂﬁ EEUX %QcﬁeB Wlﬁﬁl?@ée 132t QRdenGY l;n%sbe

otherwi se re lve current | ow ng w ndi ng segman S
161-1%8 addsaﬁa@h@@tél@Phxl%gttlhef%rm sfnﬁqqqri@cmca%r@ptpmﬁ:égsuswgmhanber

The magneti cefhix caddamhiliniSP0NBNLs 1620468 eckhe o ogassiAgdhaaber ai ds

the magnetic qux sugglle to 35 the roceSS|n ch by conduct or
segnent s 141TH9 6L g windings 1 and 10 and the frequency of

source 42 are usually such that the distance along each
winding is slightly less than a half wavelength of the
20 source frequency. The values of capacitors 48 and 50 are
selected so peak and minimum standing wave currents
respectively occur in the peripheral and interior
portions of the windings. In one embodiment, the peak
standing wave currents occur approximately at the point
25 of the outermost turns of windings 102 and 104 which are
approximately aligned with rail 30 that support windows
21-24 and the mwminimum standing wave currents are
approximately at terminal 106, where the standing wave
voltage has a peak value. Because the maximum standing
30 wave current occurs about 3/8 of a turn from each of
terminals 108 and 109, relatively large magnetic flux
densities are imparted by the main peripheral part of
coil 100 to the peripheral portion of the plasma incident

on the peripheral portion of the workpiece.
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16 the main coil portion to increase the plasma flux density bel owvi3 Mar 2002
corners of the coil and overcone to a |large extent the non-uniformty of

the plasma flux density at the corners of the rectangul ar workpi ece and
vacuum 3VepHHE# . The nagnetic fl uxes established by the Btrasgm37

i ntersecting conductor segnments 14| -146 (which form 90 corners) have

| ongi t udi nal axes substantially at righ# angles to each other and bend
around the corners of the coil, vacuum chanber and workpi ece; the magnetic
fluxes 10 established by segnents 16Z-168 have axes extending generally in
the sane directi &GPlds 1 ST SbyrRntRraa1t8rReCRREhRahnPEeRt LABY are
spati al | y adjiacefiinénidsh@cktiraabhy eemnaectethdurtpirdl s&dmehpst hespreferred
enbodi nent iI2I ustr%\t eg.i n Fi g g 15 (?ach of %ﬂdech.%i a (r)fnal I%( oggosed coi |
segnents 161 %4ndSXE5 PAEFLHREIROLY BT SR AR TR ]ﬁg gENUFelrar copper -
conduct or ségmenirsall 32618% wBdwduthey srgnehesti84addgt ¢8bBneftedi bysegnent
161 eespect invely axtends paial lglg to and e RePAd.aned Ut V@ﬁ@wuiflg&( by

t he sane di stances)_ 20 straight segnents 132 and 141, w th segnent

ext endi ng f AGrerMEERFTRePOTiorsdéli b udbedestir I8y FR@ipd1vbgnd smal | er
di stance thanrsegitentd®lSegemAtsndlBd anelk 485 carRIURSRREt b¥ghyn€gnnect ed
to segnents %izﬂg}@ 141 g%/ z{iﬁjb segnent s 1%2& a%fl“ 18? Segnent 162 has a
geonetry 25 dedridal 8% hdt! of? 24U Bi° i SY&P (REFLBPRER defi ned
by i ntersecporgisir ai ghto | i néinedmdnhg 134taedgitd. Beaeodh afly ndang
segpents 163, [ . an trical : n N

parabl el wi i inmeareriason KRRk ELEE Coat SHETPSENREED o,
segnents 14143nd 4842 anBhehé&urmsersfe e biperabnpertépnsddiferhavel4d and

145, has a gubstamidiallly |Ardae Area ANA: KK e kONSIGE DL S hPan $£a5ENt s 161
or 162. Cons_e%uentl ', windl ng. segnents 163c§’2d, 164 add nore magnetic fl ux

n
35 density fOLERESSIAGM PPEglepos]emfo FR& Chal 17 ot Wie has 7 Pikelium

pl asma pr ocemisri@e&iwﬂyel r%fémttef Stiﬁdﬂedhbylt\dﬂgmld:ll ighailng segieid st dbhs aggl 162.

W nding segnent 163 i ncl.udes 1 electrically. and spatially all el
congéct or sgﬁﬁ’té;ﬁtrs Wcté"r?dl 18]81\,%)? espgfcr%tle\’/xé e;/(:‘(l;)ag)a‘:s?ti gt 3t V\ggéﬂ y*3nd 5

i nwar dl y of sabetextardilng rpdiallllyl di sptanddct vom segrient pbd2io8eyhent 187 is
connected i ek e i seEnt : i Lt Lon out si de
and extends%blzr %Flée?m%%ﬁ%gggﬂgtf%?igegnent tﬁ%;%rrégg’tﬁélﬁ?‘sig%%?&gﬁdfg%g have

about the sane | &fgth Phatthe RRIMHERT geéadINthametslt heondwgs s f
segnent 188 geBheeicd cals per4a) | eb1conneghions if-nam sd &l oo NdUE] or
segnent s 143 gnd ]4 2 .toﬁfar%rlfl co ductcﬁr fze nments 187189 are established
by €Pub condd@ ort *¥ediemtE RS T HRKh R hFAPFT RV IRFI 3T E fie
conduct or segoest-sebtlionl 4% aampbd@7id8R 1N W2Hh ohioh ¢hely adege ploydical ly
connected. Car isndi.n gLE i IhC y or ner

wi ndi ng seg%ntgs%ggl,d gg gf%m&; r?%%ﬂ%%g%?&%ggﬁgﬁ%g?ngn?k%G%IBSVgnd

i ntersects $hearght fesaduef orirdewemls 24 had nubostophéagepmPotr ned by

t hem 10 cms above the planar processed workpiece surface. The
25 windings of coil 100 are suspended by dielectric hangers
from the ceiling of a non-ferrous metal (preferably
anodized aluminum) coil shielding cover of a type
disclosed in the Barnes et al. patent. The exterior ends

of center coil portion 110 are electrically connected by

30 metal, preferably copper, struts 150 and 152 to the
interior ends of intermediate coil portion 120. To
minimize the amount of magnetic flux coupled by struts

111, 112, 150 and 152 to the plasma beneath the windows,

the struts have an inverted U shape, with a first leg

35 lying in a plane appreciably above the plane of the



20 Each of additional diagonally opposed wi nding segnents 165 and 16%Mar 2002
respectively at and electrically connected in parallel with the corners

defi ned o 99ma789nt er secti on of conductor segnments 142 and ek4ddusd8dofshe

i ntersection defined by conductor segnments 14S and 146, 25 incl udes

conduct or segnents 198, 200, 204 and 2082 Segnents 198, 200, 202 and 204
provide parallel current paths slightly outside the corners associated with
them The end of conductor segnent 198 renonte fromthe corner is closer to
center rail JFFIHGNE SAWRLIMESEORENES 36 RORBLERSr 1 Segreift argi314p

Wi ndi ng segnefiid 164vo t Adwiiddierly naegasaitie magret egebkuxcdensi t ¥ngl ose to

the wall of the vacuun]n | asma $rocessi n% hanbe{. \/\'Endi n? s¢ nents 167 and

168, respect iVETRAA S T FRTTCHIY v iOnhEETed FR bAraPFel LRt h The

di agonal | y 3stwopposdthyperd gher al 2c6r mer srolser eeend onemwiicthakhel@9s5an6 18

108 arge | ocat ergéﬁtéé/gyl%pcggqﬁ%(ﬁ&?aﬁfgl2,gonduct or segnents 208 and
I sl'i ght i

209 that extend para ~to and are Iy outside of conductor segnents
143 and 146. Segneth® xgg &dF209 ares e¥ Ay tdefifedsed Byestab 5

strai ght condugtdnseqmE it 212 randnel3ckaceenddelior psegprBta] 1430and 146.
The magnetic fluxes of_ seg ts 167 and

ment s 168 aid the magnetic fluxes of
segnent s 143 RAF1OR° + b19 nePeadé Ot ﬁ@aﬁerlinpﬁé}taqr'ﬁcgjﬁfaef?%kl dBREFEYD The
out er edges af3®achThértbg ohtemagaedtet dlsixofdeis adikd | daal veer £pbar al

w ndi seg ts 163- 1 s tors-,1 187', _200, _ 200" 2, 202',
208 &% ZOQTTEtglree Cseg%et]g%ﬁ]dsP%grﬁ%?’%q%ﬁo?‘noﬁ%egéagér%ngdSgg %feemgﬁﬁoggaﬁlm SO
t he magneti ¢ fhanmatne e blut hderes dpndigrived | srehf e Vet grmddedteo t he

plasma. (In RgS Zsfeidd. S W0, PALS Oin@PRESI LE ﬁ%igbgérﬂg

wi ndi ng segnents bear the sane reference nunerals except t rrmes are
added to the b pHeRrELtYI AdIGigieddgnent §hehHorkRIeCH ot Ns &1 f YRgrpp

described.) Theamgneld def fuxatesulh it finearielidyd %artfib@l\éi 8@ theough

segnents 16120 168 is added Ioéthe nargcnetlc | ux result 2& fromthe_current

Flowimy in t PTRRIFFRANYT Yhe G o o AR B BHARSFRh ieTELPRExOE

i ncreases thechwmgreatkd ddeud sakretiheegder i e pl aafma A wadensiplasmthe

processing c artd qul ar Iy d Ith%]capl[ S Lbe E@ t o). LNcrease

25 the plasma T} uéxr oée)ns%ty in t%he erllp era‘? O?%Q%n% o%g(? _eg\i/\%?keP%ce SO

the plasma flepddeRdi t§ig ncildems on tHRNARAKDI ECe e med@tdnieflor metan the

prior-art of fichude the Wsab@iindabhat tahgaher, Rlasdde densidyapnitonnmty is

achieved by the coil illustrated Ln glg. 3 than ig 30 attained with the

coi | 2B Fig. P'e TR CBPFEOP FPE. £A%i RLEFREI at BT H T PIIY o 1808 s

nmodi fied rel ghdiver tartt o Ehg. pPasmdbofli ure riertyi tyeplcabengeet alvelel towrical |y

conducting struts 150 nq,f % ang conduct rg 13 133 W h’ﬂ

electrically Pondict en]gl% erlrﬁ ls t%%nds ﬁg a‘%ldgé(}g?lég??%%g ‘Lf@%g%%ucti ng

portions 224 tml Pdagsma generated by the prior art coil has a maximum
plasma flux density in a ring-shaped region at some

25 intermediate distance between the center and the
periphery of the coil. To establish the required plasma
flux density at the center of the workpiece, the distance
between the top of the workpiece and the underside of the
dielectric windows must be sufficiently large as to allow
30 for plasma diffusion. The plasma diffusion causes the

ring-shaped region to average out into a more uniform
plasma flux density at the workpiece. However, the
relatively large distance between the workpiece and the
underside of the window cannot be efficiently used when

35 processing large area workpieces since the increase in



T 19 Conducting portions 224 and 226 have the sanme crosssecti onal3 Mar 2002
di mensi ons as the remaining conductors of the coils of Figs. 2 and 3 and

are copl h the remai ni ng conductors of the coil of Fi 3. Struts

220 5 a‘ga%/éwﬁgve t he same di mensions and geonetrical orif @Wﬂ&?’bﬂ 3%s

struts 150 and 152, being shaped as invepted Us. Thereby) a negligible
anmount of magnetic flux is added to the plasma by struts 220 and 222.
Conducti ng segnents 224 and 226 extend parallel to 10 rail 30, inwardly

from conduct angt%&@e%@w&% and J3fkplespeshd aly wma%dse'a%@egftﬁgch of

conducting segnments 224 and 226 is |l ess than one half the spacing
conducti ng s§6ﬁ§ﬁ9§e13? RA@STSY L PRPE t¥82 L ThEBFeB§ L 1 PRBT8AICOFN@ECh Of

conducti ng seggeﬂh& 22X and Zaekpeeoke kb B¢ ogveandidcisl ngsagENt8hd 32 and
134 is substant su2d e eXtEhl or turn ?Eflux er nah{cml postion

t t h
110. Struts 556 52% ext g‘r‘far Prem the Bnasfnerm nal $°6F 'tie |ﬁfe’f’?%r coil
portién 110 p@lphfeagndeOfSUE)Dﬂbflpgr tlildnwoz24magoe22€ fénwt dehsdny cod|

segnents 132:8ad d3dre20 JRSRRCT b%@txonéhetﬁgﬁe&%ng;h@ fiﬁ{@ﬂﬁ@&&@émen
the coils of Figs. 2 and 3 cause the call ig. 3 to have greater

i sol ati on of PLREMRBRELILEONS ék‘deé?éb?iﬂghanﬁ?lc@ﬁBE?téél flpsrdensinyo than
the Fig. 2 eﬂBOd:IH@nperA_ﬁhérye&iﬂ tthé5ptlb%lh@ i S0 aa@r Lyt ?@i@fal@ﬁnetl C

flux density in the erﬁr}r ngg 3 than #aéthe coi |

Furt her, the°fEgHEMNC ﬁgF?y ttlrﬁfe PRt &1 HEBPafL THGELTEN ofT]i”T"le coi |
of Fig. 3 i sﬂnpsrsv‘ehlarreisnltm cochr ObeEagseZ 1Titezmeaghm| ctHée uxempadt er ns

derived 11 ompRe 3G pibldis 9005 2180dnd hoPYH OS] frgpOrL] ons

140 are substan hese actors cause asma fl ux
density eXC|9§§a§?rtﬁ§m@GFlOéftPFQS gBheg petREMEddAtROPArERAN 1&@ pl asna

flux density excigadohy émsoagmbnef Ehg- t8rn of 189erﬁe&959ér5b£6aéhfurther
enbodi nent |Ilustratede:é{1 gﬁg‘[} 4A and 4B, th rﬂ)fo Fig. 3

modified to ¢4f &fi FARRG cEBF BBFEFIRT 33T 2:2%’%[“?116 E%t%%‘&ate .
the additi onatLOpeuthetrrﬁt pehel dehmedet s«fgrt&ﬁ aﬂtﬁérrﬂ&ﬁlétéq)cbheyor&lr e
closer to th Iasma n th inin duc segnent ln the
coil of Fig. %Hgnl n é e'%%é:é yp(t):F" %gn %néggr%dl g‘&%t%(g iorﬁ:lti}b% only
appr oxi mat el yeonerhabrtobncendamorsttlm arch t3her .wer;lscothe porngln 130

i ncl udes turn of intermediate portion 130 circumscribes an area

which is approximately four times the area circumscribed

20 by the three turns of center portion 110 and the single

turn of the intermediate portion is spaced from center

point 16 by twice the distance that the exterior turn of

center portion 110 is spaced from the coil central point.

The single turn of intermediate portion 130 is spaced

25 from the turns of peripheral portion 140 by about the

same distance that the turns of the peripheral portion

are spaced from each other in the coil of Fig. 2. 1In

particular, straight conductor segments 131-134 are

spaced from straight conductor segments 141-145 by

30 approximately the same distance that straight conductor

segments 141 and 144 are spaced from straight conductor
segments 146 and 143, respectively.

The thus tightly pitched center coil portion 110 and

its somewhat remote spacing from intermediate coil

35 portion 130 help to overcome the tendency for a



10 only the part of conductor 132 to the right of rail 30 and the p3stmaf 2002
conductor 134 to the left of rail 30 (as viewed in Fig. 4). In Fig. 4,
conduct i we spQkfsbons 224 and 226 of Fig. 3 are conpletely eliRisepifHig, and the
ends of conductors 132 and 134 are electrically connected to 15 end
termnals of center coil portion 110 bylhetal inverted U shaped struts 230
and 232. Struts 230 and 232 are very simlar to struts 220 and 222, except
struts 230 and_232 are connected directly to the ends_of conductor segments
132 and 134 &rladiivelehtl@w pdresien five. depsebisbquent 1HCidert meayridid ¢ f 1 ux
density in thentrbtesredinat @oRapteek .t henpl @ﬁﬁﬁtiﬁiwm&sffcggné@ﬁ &oij of
Fig. 4 than for the cails of .Figs. 1-3. .In fL: e COL| of Fi% 4, parallel
peripheral sEHES ol P68 AFE [SPALBHLERaF /Mt hPEnESEbn Ec‘f‘?lrfg Ynent s
25 113-124, t32sel3M ol 441f 1d6upl iheofatheparignedt itthe 1lani |Idedinsdead, the
parts.of the I [ [ ngs,.th reat est. anount
of rraaneti C ff?%x Hg]%t ﬁe%tlez%ggg?gréggpggért{)ogé?}é&g'lp%%%%mgqsgé“ar%%elﬁltc of

t hese paral | éluger (pher alneprasseghennegberng ek dessarty30 derived t op

face of w ndewsn? ettt dhaba i@t gy conducting segments of the main part of
the coil. Each of parallel peripheral segnents 161-168 of_ the coil of Fig.
4 includes a st rai%’n@%(ﬁfdh&?\en@g?égﬁ?@ntsqi%aqga&l%élngqﬁ% e of

w ndows 21- 241ukh@etnndiyctidvey @RI e wdirkb ifdes edefipiaslare il
mechapi cal ly_and.el ectrical ly,. .. 21 nnected.to each ot her by netal
stragg havi né’ogg&s?sn gé@t ?%n%%dﬁlfﬁ%%srl%f\és)tls\fem ar eopgﬁ?ﬁt%rﬁﬁ%]nd” 32. As
illustrated Fagki g¢s. 4A ehbezBworfe, nehal maingpsrekerndf ddvevaridl yoff rom t he
conductor se nts i i i T hQri.z lly to

gaEN! 5 k@oﬁ@?spar%@lﬁe%'&%d%c@ort Qg%f{._efl%giﬁnfﬁet HEEsR

t he conduct or gmsnts 0 segnent s corl of Fig. 4,
t he bottom f 8868s14£ -34fal Rl webhdetStgitsedidnt $12841598%nd 1382) hees' | 187,

188, 189, 184ddit8%nall&tructlte 2bedQQ it Derighdnd 20%HR ) close

to t upper faces of dielectric wndows 21-24. These conducting segments
cl osggto Wi n&g\’ﬁsm??p?&l&r 5?%0 Eaigsz ARA é?ﬁ‘ﬁ’ BFE&PP‘F&{I? tgb‘?nﬁ’elr?t ' as
appropri at e, paetdendratliyng heegaents oZ4thé 461 hymaret bbssttapodiks BF3, 182",
183", 191, 1 o ' ' , 4, 15 198', 204', 206, 207,
206', 207", giﬂf ¥%%§,a%a%%§dff%gs%t a%%gdﬂb%%d parallel to and at right
angl es to the pl ad@ shewehbedsmont xif Fiscads ePebhdbera hgcsegmamtsiorg4, 185,
184", 185", 186, 1188udh9.addT 1onk88'e1 k8% ica209: 200G A0 in20 208

and 209 close to wi ndows 21-24 are adjacent to the Fel’l phery of the plasm,

t hese®conduc EFARCEEFrent&l il e TRt RF 8REREERTF ontBowé et o HRE pl asma

corners thanpegiptiireMedaorridys e coRl ardn paradelrqedephamilssagent s of

Figs. 2 and 3. nggi nc gsgngF e citﬁgti on_occurs 25 because of 1%3?
i

i ncreased maﬁgt fie densi’f"f/ 85T t??}%sf?onwjt ey osseeqrmeﬁtosxi y of the
conducting ségfents phatecfoaninadddsd2io 2dindamg t he2 coptidiart hpareaterel
peri pheral Cﬁﬂﬁ%@x'e@o%‘é%@?t»gi&cﬁiﬁé %(?n?ex?d”éd 131 -1k e2d gt hoRe c%f‘%n%{ oser
proximty of the parallel conducting 30 segnents of Flsg* 4 enabl es
si gnPPi cant 8PEECY 6t Ainding d.04 -cafdaitinge Sean@tsd 6o 1fe & ICRF fiel d
to tlh_e pl ?Snp.lalhrart letthbbiidef:tEh:gﬁegﬁeﬁBQ :E)131?E4 Aty of ﬁ‘icﬁqtll{lf}s'lij atic
coupling 1ro rtions o e . COol t t he a 1S _quite,s ecause
of the Substgh?ia?gg cause adélglona é% cur@en%nato élow 1nrn%he
peripheral portions of coil 100, particularly at the
corners of the coil where the magnetic and plasma flux
30 densities have a tendency to be otherwise relatively low.
The RF current flowing in winding segments 161-168 adds
magnetic flux to the corners of the plasma processing
chamber. The magnetic flux added by segments 161-168 to
the processing chamber aids the magnetic flux supplied to

35 the processing chamber by conductor segments 141-146 of



35 separation between the plasnma and the coil. As a result 22 A48 Mare2602
ef fects, there is an appreciable Increase in the plasma flux density in the
peri pheral 1% on of the plasna when the plasma is responsive to the coil

of Fig. &f’4%i ve to the coils of Figs. 1-3. 5 ReferencBCrasagifidnde to
Fig. 5, |ncI uding plots of silicon etch rate in Angstroms per minute from
flat circular workpi eces, each having an exposed surface uniformy coated
with silicon; the workpieces were laid out along a diagonal of a plasm

processi ng chg fha A0 08 19 S P OB RE BNBRE. p AxodleserLbad i T

connection wt Since etch rate is direct ent “on
plasma flux BehsVt gh@hcﬁm{ﬁ e%%nf:@eoFoétlcr?%t%V%lf@fﬂiﬁFré@t by legigee! at ed

with plasma ékﬂéndeﬁﬁbt ylonThmebcrhurc@rt ofl $hel Qlitaeshal Q’lu&l)detd&tgf':ﬂf art
nter, int i ate and

coil of 15 FIB Crélp % é a coil aV| n?, cg
peripheral pofti neEF 1 Pst ¥ ‘?ed“?%qf}%}l RTEBABFRat R WA YWhe
peri pheral penabek.cdlhe segmentis @fl ukieg. egt@pumsheeay {13 dtheviegid of

Fig. 2 (plot fzggé)égggéxg{ghéoﬁgggt%Fiwgmeﬁt%pllgt g@@ @B P)e e 3%@' of

Fig. 4 20 (p ots re obtalne rom plasma processing
chanbers opegarpagsundavet Henghirmidigrdi taes va&‘»tmte&lbm aposslgmte and

practical. Eigh 1é§t@oléabadbEﬁE%daﬁboagneh%rxu%&l%h@ncﬁu&%fé i
di stance al on he di abgw b?@%@t he ece surface is indicate 25 in the

X axis directPbh: ThEU rcé H’lﬁéﬁ iphBramaggetec dL¥§st he
di agomal ar eeﬁealpbﬁ:tshédl yby nd;emte&otsby 16he 168Nelaes "aXedn@xtkndiing t he X

axi s dlrectlo uy f£se ted in Fi i_ndicate the plasm
flux densiti® n%%—glf%‘?‘af r%%gﬁgnél orm]fec 1on the ti;% %‘rlas} Sgggglteg&sw th
pl ots 260, 2&%1-264, wiehamhizgs l§\}’1€:2'1 5@6 18p@0iLallly OB d kel amehdl3. 0%

respecti vel yelgégméamg%gﬁﬁeéega it preathag data about plasma fl ux
density as a function o iece radral position. Wien etching with the

prior art coil, rE’@rEQ@nPéﬁfﬁyrEFﬂoﬁn@B 2BENta I HERERtEEC ATy &8 -0 /
appﬂﬂiinat9|&adh 825248848t r 8MEBgonaldd opposed coil segments 161 and

162 includes four straight, mutually perpendicular copper
conductor segments 182-185. Conductor segments 184 and
185 of coil segment 161 respectively extend parallel to
and are positioned outwardly from (by the same distances)
20 straight segments 132 and 141, with segment 184 extending
from the corner intersection of segments 132 and 141 by
a smaller distance than segment 185. Segments 184 and
185 are respectively connected to segments 132 and 141 by
stub segments 182 and 183. Segment 162 has a geometry
25 identical to that of segment 161, but is at the corner
defined by intersecting straight line segments 134 and
144.
Each of winding segments 163 and 164, respectively
at and electrically connected in parallel with the
30 corners defined by the intersection of conductor segments
141 and 142 and the intersection of conductor segments
144 and 145, has a substantially larger area and more
conductors than segments 161 or 162. Consequently,
winding segments 163 and 164 add more magnetic flux
35 density to the plasma flux close to the wall of the



per mnute occurs at the center of the workpiece. For plots 262-26813 Mar 2002
however, the m nimum val ues occur at point 3 along the X axis) i.e., at a

poi nt diwp ®aatkef rom t he wor kpi ece center. The | ack of syrpgq:,%%&i]ﬂqgcat ed

by 5 plots 262-268 probably occurs because the magnetic flux densities
derived fromthe coils of Figs. 2-4 arel’hot conpletely symmetrical as a
result of added conductor segnents 188 and 188'. The m ni num val ue of

plasma flux density in the workpiece center, indicated by plot 268, 10 is
subst anti al | y2@Rghepl 2 $an RIRCSRTING chpgPeratbBanot s aadded iy atisdAeRy 266.

Apparently, tbgmaheat ¢e1magRelks.fl WxnhspbategReREOYicded Y ddg stydicture
of Fig. 4 for_center gﬁ{glf ortion 11Q relative to internedi ate an

peri pheral c®tfCporER S tieg lya R WL SLpbSPRALFEPT| SR S5 in
t he magneti ci8fuxand th@s centedpeaft vl yl am c1Qreal eloumENRIIE fHdX

i solation occurs_in th il of Fi,g. 4 than.i he coi,ls. of Figs. 2 and 3
bocanse (1) ThRaraly G888 8L ehitng‘prPRRLED, LT spRbLE B, mebiis e, o
shorter in FLg2.4 Bhgmenh FB@sisle@nandted) in seymehi wvabh 20nparct cof

peri pheral p ' 1 Vigg it hesc | eHRY 8 8 ', 185",
187) 188, 18%%‘?%’[# 43queséé' thate ,ﬁszgige?yg%ifﬂ%%o, 20"‘52d'e,1L ng&dlag’é‘t%gé)s i s
farther fronPPbRiish $20CPRARFEOT 45EHBANE nl £ ¢sSegMgAES318[bandg Leive

addi tional praeél ghoconthstidge SRHEYH THAOM Bomewiae ofred® drhenzgi n coi
close to the w ndows 21-

upper faces of 4 causes, an_appreci abl e_increase in
the Peri pher%ﬁ'get iﬁnﬁgge. %or SE2TFHCe, ]t2erfle' et chﬁlreé?'éé)g?f-t Rer@difdrs of
pl ots 266 ando@Béct bonshEromwinasi rotokilgsonduandrisageenes st iarel 142
appr oxi mat el 7 ﬁ]g] ' m pyt t pQi n . 15 and
are respecti%//%l Ig’f"fopr ox%%ﬁ%%%gggﬁg%g%An\irg%ltare{)e?rgspe elrﬁsﬁlﬁ%bé’t poi nt
14, which i sstbutc@mdgefonr hsegmgntsoni- 8br L92entet eding 1&at ortibktout er

corner of the,gpbk. (The il choddi@sd Nsbhfehptenirdi als Pank ,efavt-agg .
wor kpi ece, between nunmerics 35 6 and 12°in the X axis direction of Fig. 5,

6 2
are 34 rtual 1yith whyoh theys axgphysicehdy gpprecedi gSornemyindigg
i ndi cat ed bysedwént 2664 andcafStribeeet Chenaiesllndt6atedgnby phialsnd66 and

268 are substantiall i gher .in the.i rmedi aje_portion of th rL,kpi ece
Chan are the SPtRarafed. POF" aplmelELrp B BORBL SRR afombnl PRe
uni |1 ustr at eandoint énekcas et i ghitoroRERctHangegmgneat 44 plrad e 5 btix

density is atfai Bef.EPr L PGe§0b), S REFi9S. 3 and 4 than is attained for the
enbodi nent g‘% Fi rl2 nd t%e uirlli H?uns]trat ed enbodi nent, even though the

-g. a
coi 140 of Figs. 10830}and0ﬁ hadeéifienakr @diemoralyYunPPBPfitty Wangdinge to the
coil of Fig.segméhesUnkk! usilr aleed GRidpetitd vdl§ i 0Oindr &1ebt@8caddyand 5B
are plots of silicon_etch rat@; i.n Angstrons Ber mn%, under identical
condi tions, SRMPEFLEY pPaBFT&le Wit GPesS§OER6TR AT IBY pRAel 15

di spl ay subsimateseduvibor ofycoaduedow tsegsienitcon 420 arat uL4s chadbehe
respectively, | ngludipg L L§ B) EbfSuctopNdedme eheh LAt ggenere

HEL DB oE bl B Eufichobrdeduell
measured at equally Spaced natrix poihts on the panel; neasurenents
adj at®ent t heipahedesd@endittonn@edt®nys f 186y t k@, edfts. ange 206.

Segments 198, 200, 202 and 204 provide parallel current
paths slightly outside the corners associated with them.
The end of conductor segment 198 remote from the corner
is closer to center rail 30 than is the corresponding
30 conductor segment 183 of winding segment 162, to further
increase the magnetic flux density close to the wall of
the vacuum plasma processing chamber.
Winding segments 167 and 168, respectively at and
electrically connected in parallel with the diagonally
35 opposed peripheral corners where end terminals 109 and



20 deviations fromuniformty dropped al nost 100a from 21% for the pB8iMar 2002
art to 11%for the coil of Fig. 4. The decrease in average etch rate is
attributed to nore equal |oading by the plasma of the coil of Fig. 4 than
by the pVRIM4EP the coil of Fig. 1. There were significaRCmUsSey1918her et ch
rates below the internmediate portion of,ghe coil of Fig. 4 where
considerably I ess magnetic flux is generated than in the coil of Fig. 1; in
this regard, the etch rates of 1989, 1904, 2071, 2023, 2033, 2028, 2031,
1899, 1831 180%r 200R-canuh 2080 eulid1f0; HEOTLENE) Ehac 30 dofdidedy e
materially resgectlvel re gged to 1700, 1629, 159S, 1578, 17S5, 1668,

176S, 1710, $999°0f84308 790448 %1 61N heXCERE MaFaldedoi Fonaadyse

Ref erence i sshoghoage dwtHgs. & FoaddcBoof sdgmenion ngwhanai m4de coil

of Fig. 4 isgill ra 35,heing included in a vacuu cessor, 600

i ncl udi ng Va%ﬁ%ﬁgﬁkﬁ 458 %ﬁgnggg @6% 5?5954% W%%%éﬁ%FF%méﬁ W LR 604,
prefebably fetrnedgbt amwdiudal aromemtsThel 2xeedi &1 tvactemiwhtaoer 602
is defined b j -24.3 1aid S 2 n ogH ] idewal | s
61D, and ano%??@gﬂgggﬁé%i%@ﬁiﬁﬁg%r é?ﬁ? %?ggﬁéﬁpsqg%%gfng#ﬂg%!gof?%9616 and
618, respect§él gneohhBchid EHeamapasitisbifd vges sdursagmantsa Ve @nd punp

(nei ther showng. tdhen¥aesbmm auapp@&ti?meir%he?al&waomxﬁ& aasiuym condi tions
in chanber 602, ejagbl i ngSt he .i onl zabl e gas [ owi n%[throu ort 616 to be

10 excited by the 8FeRPFERagASEFcOfi EPFHET F&F R HSTe TBIFUTCH P 4 to be
exciited to aapasmensiatmer GQhleemel 60Ddngdy ceegmetif4é ares3 neebaniicadly and
electrically ea pt h an p n tenydal ropriate
contacts andc%{r?(gg?gégg %ﬁ? el %QY o’ C(f;f% | n%o{) h’egin(g%hcej%(l?% arr?ddﬁfaalgc%/e(@:@f"%gi c
fields derivarebget Headdoiglighid v Hinsi thedauesrt adgRF ¢f evihdewsixly- deri ved

fromthe coijgsgot BRI AN 8l 68d 1 Fed i B dEneLRS BB Shisgl d are
considerably Lower than the fields toward the CTenter of the plasm

processor. 2BLFRCUA¥ELM prPdedsitY cHBFLeP 1B s | ot ed et Potati ¢
chucks 620 whtehrbspdadingkppaees623£i Nnopibléivki | @eignaa=kpi eGdinhidoei ng

processed; in OIQSnE’éeL%E&Edt use_of the praocessor

I ise_of | X amSuUbstrat e 6%2ista
rectangul ar STELE §TbEERAL & Hor SaNC e FEETFSICR i LM £t 2y SFSREF.
El ectrost at i préhegkaserdded| e ithie gidyiplsotal ediridion tdegmproumdheot ent i al
of nmetal covere6Qfe Wapesif18aa0¢ f&lQQEr?@{;}dgKOel PRES | RadMStd At iFg,Sheet

624. D~ voltage from a_suitable Source (not, wn) is applied as a cl anping
potential torePettiBdtEXPR e BN QR 1S HII B sesmritied Slia a

mat cho ng net vog K iko AdF s6URER (Hdnshownk liukatrd¥uli AseSEEBA the
el ectrostatic chucg d workpi ece .622. I.n addition, the ba%@hf ac
e

of
wor kpi ece 625%F%}P 4BIRP cbB1 dd*By "BrBviRA Ty GlroovRs 97 uckeré‘fo. In
t he preferreadddniogat andgnetionflall éngasaises3shentagthecdd ifiltux tate

interior of yﬁ@”ﬂ@kﬁﬂﬁ@?§ro§o%ﬂgl65cu&m plasma processing chamber,

particularly in the corners of the chamber, to increase

25 the plasma flux density in the peripheral portions of the

workpiece so the plasma flux density incident on the
workpiece is more uniform than the prior -art of Fig. 1.

It was found that greater plasma density uniformity

is achieved by the coil illustrated in Fig. 3 than is

30 attained with the coil of Fig. 2. 1In the coil of Fig. 3

intermediate coil portion 130 is modified relative to the

Fig. 2 embodiment by replacing metal, electrically

conducting struts 150 and 152 and conductors 131 and 133

with metal, electrically conducting struts 220 and 222

35 and coil straight conducting portions 224 and 226.



T

26 plenumor manifold mounted on wi ndows 21-24; to sinplify the 13 Mar 2002
presentation, such a plenumor manifold is not illustrated, as such
structure® w@nerseel | known to those skilled in the art. 5 Ganeg 1§92 and
cover 604 are constructed such that processor 600 is configured as a right
paral | el epi ped to accommopdate rectangul @° gl ass flat panel display

wor kpi ece 622. It is to be understood, however, that the periphery of
processor 600 is nodified so the peri phery 10 of the processor is sinilar

in size and §RAFECEENhePABEkPhEce Jferaphery i fhatre Gbekpamee tess®t her

p]g‘rl p[\)er al cggtzslcg@mtl |cﬁﬁ&alnsﬁ§né Hélsti}’?]@tl@é’méfhfﬂa Scoﬁd@é‘\]go%sé éﬂec}pgr: ph?‘ry
of substrate tly s t han i ry o the coil o
Fig. 4, whicf9 ? % %f'rghﬂi r’éinapl e‘?n%haﬁfp ép Afed¥pERi pHegy of

wi ndows 21- 24emBynd|n@m3irmhjatgmme>ﬂoru}u£mrlamﬂ Ei@st:s atesﬁﬂ2t§022dﬂe

subst gat e periphepy.is §9Lg3v\ng; ectan ul ar

subt e%ded by %’ﬁe ??\éterl %r anberminadédgén%ﬂe effi%?:(lﬁen 0[9 tl&e% atl ng
suf ficient pbxésatiltierat aﬁheStIlJalF‘gfé arxa mﬁkpl%%e |1%¢1|11€pr§hed«96veisthe

prior art of jRi@rtla 10 Lnabhfe AdiR, PR ed BN B RIRNSLH & henfimsout ces
energi zi ng tﬁe Cgl| of Floﬁ 4 arﬁ}%{ 'he b|ea§'§5|]€r1]‘:%::1li chuck 620 to be%rrlal nt ai ned at

a rel ativel yfly% Eévécds RIATH RNtSERES R eA2P Fdd- an out put

power of 5 kW Asc:blnlduxs:tt-flaigedsdgmdﬁtgs B4 CARRCIIOr Sx @ @118416 ggunt ed
int vol ume b en.the u per dace of , wi ndows 21-24 an op, of cover

604 t he cnrfa& ‘o rOVSE o P S FIRATRES o 5
Capacitors 3®e4§eamdv50yareTbanﬂlenged 06 eathutf tecomiwat snd C8equecht]ldD9 of

the coil of Ebg 4%8y ff@p s SHIULS Fﬁgfaqgn§3awﬂhptQh%;cggég?nﬁfaggms

parallel to rail in a ane par a to the upper
21-24. As il FeBEPstaad ﬁearth? 137d ad 11 dorem gfai{ 28 4 SBhdxehyupport ed

by a structuggei 888UGF NGa&h &8t ldiRluct in stegn?ezltsj B3yl ahanﬂzs exléeﬁ&aé ed bars
640, _642 and 644, suspended fromthe cei e%%cgf cover 60 The mai_n=portion

of thd coil OFCR FOHYE IRE hRECERFF Cortn d1ts B& S a2 G0y 644 by
el ectrical i pasukatiengheerxteatior e»dmnd:mgrﬁzesnrmpbrctopbspcsrtﬁék&x 1o turn

mechani cal | Yg gggggcrﬁg %%gh%%%%ggg%é{% f?l%nﬁortq_l@ger% tr| cal i nSéJ|t i ng coil

support plate perip erar portl on 140 of
the coil, andntenier ¢will peextiorn 1100 sostippoened IBf cunitlerpqusitors:o.

224 and 226 yremote from coil segments 132 and 134,

20 respectively.
The foregoing differences between the coils of Figs.
2 and 3 cause the coil of Fig. 3 to have greater
isolation of the magnetic flux established by center coil
portion 110 than the Fig. 2 embodiment. As a result,
25 there is a greater center magnetic flux density in the
embodiment of Fig. 3 than in the coil of Fig. 2.
Further, the magnetic flux density in the intermediate
portion of the coil of Fig. 3 is less than in the coil of
Fig. 2. The magnetic flux patterns derived from the
30 . coils of Figs. 2 and 3 in peripheral core portions 140
are substantially the same. All of these factors cause
the plasma flux density excited by the coil of Fig. 3 to
be more uniform than the plasma flux density excited by

the coil of Fig. 2.



T

10 As illustrated in Fig. 7, the bottomfaces of the peripheral, cof3dar 2002
segnents of the coil are slightly spaced fromthe top faces of w ndows

2124; in Fig. 7, coil segnents |89 and 209 are illustrated as being

pr oxi mat‘@éOP%é‘”ésbper face of wi ndow 21 and are connected 1BCEUS®WAPI37segnment s
141 and 146 by curved struts 193 and 2Q6', respectively. Coil segnments 141
and 146 are in turn illustrated as bei suspended fromthe bottom face of
coil support face 650. In one preferred enbodi nent, the bottom faces of
segnents 189 and verti cal 0. .spaced, framth op_face.of w ndow
21 by approxi mat ellgél)g%ségn%m[—'%a)n% tér%t%lgtrt om éiclér}seno’ rrlgllfnu%%?%es%gﬁ%nts 141
and 192 are Fiegsi chl 147 spacéd . byhaboatil 202 Rig f rPorhst hedbdtiedntbaces of

peripheral cojmSeHENtSnd89c8Pp3P0; ohs bO3L oM yi e of n @ (] thekaeQil in
accordance wth 25 the present invention is illustrated in Fi 9. In the

coi | of Fig.the adtitaenebRer dhersd o6irel G ER1lsSEPRENEP 1%1 tké8ai n
respects to dhechayn Hadt s1eketrhecsoths ¢l ddwen ephadi wert Sr&hafhong2-4, has

added to it (ger"gheral seTc_j nts thgt are connected in series with 30
corners int %nca) Frhhera? gg??‘?%?@ ®f the main part of the coil. The

corners are fornebh hhe aeducbifngigeghenis: etrred ietteendidubsranbhal 3y at

ri ght angl es; ch: giher, haw n o] Lk j 8c t hat al nost
neet. The adldél ??gﬁg lgzeiri%gs ltggérlll uct oc?ﬂlé}gg%gggéklgﬂa?ghé93§%t§e?%psfer‘g portion
of the coil FRRAERF2N3F I ny34n 1-¢., @O1} HREF PR hi3 G abmc bpde s al

dirqeti on asodiRe spat paktyoddicasankreendyet itkg t@leeaRnt < thatl the
magnetic fl ux Otﬁgel ed b t%ese ddi ti gnal coggllécil gg s§gments to the plasna
is additive 34t r%?%tcf FIPEGE Fed FPoMENEEEE B npat t30f (3%e coil .
The coi|l of Hewed® imcFides4g¢ent an avid.i it eraedhaita qeprgdiconsl 2 znd 130
whi ch are identi j t h rr Lng.c er. intermedi ate portions
of the coil aor)fé I%CZSE! O\Allg Ft}ﬁ‘}e %’e(ré%ghg?ﬁ'ﬁﬂggngoﬁT%ﬂbnggg?h%mgoﬂ‘e 1%“85

il lustrated dh cRndud@dss hddeved, 13didre di¢ereita¥hpneemmeecoed stof t he
enbqdj nent s Firdrra 1 sT N #T8EAL PR 5 1 heyJagriidhe PRI 0
inclqt?des strﬁf’ﬂ%htt (;:onductsi ng segrrgntés 2701, 272 2174 a%gbﬂ%{/ e‘géc}f#]gf whi ch
i s paral | el ¥¥/9%;9d 3B shapagbstras syt 2ohduSting S1838eaRem 22 280,
282, 284 anthi8&lersacfintfl ashitehstsuparadd elnd @20gi bx38ptNovguos =16 ai ght

conducting se 270-276 and 280-286 are in .direct contact. |nstead,
Chere i s a Gab @ Baite SToTRECr St rrer | ort Lo fbr S0 SR AL 1T two 20

exterior corsegrei?95 it 2861 oriPed by acpalr oénedfacerttbmes L0 segments
270376 and St efifendypal r t@i% SURRLRIEIL al £t uahd s pendi culgr

strai ght segnments™i1s connected to the non-abutting ends ‘of coil_ segnents

270276 and Zgv-exgedigiee Rppt et Pdeismasd§mbArSTsEppl Yhescabli e onal

magnetic fl Lp(igf_o 4 hendh asdB PIes | hEIY . off Neigslditipnal series-connect ed
segnents are illustrated iiQT %9‘5“9 ag bei ng fo-pl anar W%%{] t he straight
segments of cent er™ igR difafe Goi PP {FORETHRPGRY 13RI Rel | as
strai ght segminils 268x87acanctc@886 eith heh80 querdupitamg spsgiens of t he
nmai oi | pari,_ Veg, t S nt.ad tLons I r tie

ol aden ¢ han T TR Bhg, | 90 R IR RO LADSREN RELT MTehd

suppl enent alcait) ai gHnst@fdhict bhe wWeatg s sthghilayadiede reriprigrerl f aces of

Wi ndows 21- Zdsgreiisd QHADMpp19SBhe! r dt8 MBS FI HAGnERLA £Phk part
conducting segnents 270
to the plasma are closer to the plasma as a result of
these parallel peripheral coil segments being much closer
30 to the top face of windows 21-24 than are the conducting
segments of the main part of the coil. Each of parallel
peripheral segments 161-168 of the coil of Fig. 4
includes a straight conducting segment that is close to
the plane of windows 21-24. The conducting segments in

35 different planes are mechanically and electrically



-TL 29 276 and 280-286. To decouple magnetic flux in conductors13 Mar 2002
connecting the supplenental conductors -to the ends of conducting segnents
270- 276 wod92889 286, the suppl enental conducting segnents pefraupgidiget ed to

t hese ends of the 5 conducting segnents of the main peripheral part of the
coil by netal electrically conducting siuts 310, having the sane

di nensi onal and positional attributes as discussed supra for the conducting
struts of Figs. 2-4. In particular, corners 291-296 where straight 10

conduct or se@ﬁ@ﬁ?§t2¢0 tg7gach7ptipmg bygmetzgy, spRapandadgdcal eosss but do

hot quite, lBéétiéﬁblaHQMHﬁﬁ¥8Hé\éﬂmﬁra¥”33ﬂéﬁkﬁébfégbtéﬂﬁﬁé3§0”qy§t0r
segnents 301- ig ¥ gigonal Yy extendin qg netal struts 310. Each of
addi tional cORIHEFFRGESedredt 9330208 il uddie tTRrab %‘ilf%i?%h‘?"tend

i ntersecti ngdowndacrtilllygferbemaheScaﬂxauandrBéégmeesBemh| vied ymexih gFch

paral Lel to pai Igth apg, 30. tﬁ:ggg%g f@g%g gg ECS‘}g 3&96314 %{Fgach of

suppl ement al "conduct i ng pbrtrons t-at a poin <tanti al | y
al i gned wi t hsegeenggr gér 'Painglilisd gumEntdefliqled @8- t he proj ection of the

mutual |y orthogongh sheakght eﬁnﬂygtoa SEREERbE8h EhceHBLp RArd1 0f; the
Coil next to a particular additional grrent Conduct | ng%el ement s 2 and

314 are spat FQPFIVCEPB%SF@“‘feﬁ‘éscéﬁéucf-P g $88ment8>0f 1Hé nk8% P2 of the

coil and are1§5 el eelri, calel9y ,CORECtaRa i Roer,i esM | hzdd“%&ﬂ:l std Al Lt
condgﬁti ng s msnt; of _.the main The spati al ar r angenent

of chfiductor 7953 ¥e0 A9 uRBCB: Hnest ok e eghaRE: MBSk S bt he
mai n coil paThess suwidudtaing heegmendst sclosel eémentinddds and -244 40w i n 30

fogronts ovoncsb8lies oGt SERLE EbLE Dy LONGLELEAT, PO Mo cOnAuCt I N0
particul ar phPrceRduehdnst PRGNENERehEs - 346 El’idﬂgﬂﬂll%t’a@?%c?e&ﬂ THier eby,
magnetic fluxgs:resghtingdromdghne cosrenss: fl Q\gzng |1@335 clcygducztd,pg

el enients 312 gnd 321§4<;1nd26:gn 2uctl g seg%rlltls A F213 . )
‘ ' ' ' ‘ and 213
that extend parallel to and at right angles to the plane

of windows 21-24.
Because conducting segments 184, 185, 184‘, 185‘,
ig87, 188, 189, 187’, 188', 189', 200, 202, 200‘, 202+,
20 208 and 209 close to windows 21-24 are adjacent to the
periphery of the plasma, these conducting segments couple
greater RF excitation power to the plasma corners than is
achieved with the coplanar parallel peripheral segments
of Figs. 2 and 3. The increased RF excitation occurs
25 because of the increased magnetic field density resulting
from the closer proximity of the conducting segments
close to windows 21-24 than the coplanar parallel
peripheral conducting segments of Figs, 2 and 3. In
addition, the closer proximity of the parallel conducting
30 segments of Fig. 4 enables significant electrostatic,
i.e., capacitive, coupling of the coil RF field to the
plasma. In the coils of Figs. 2 and 3, the amount of
electrostatic coupling from all portions of the coil to
the plasma is quite small because of the substantial

35 separation between the plasma and the coil. As a result



270-276 and 280-286 are additive in the peripheral parts of the pl as3Mart2002
increase the plasma flux density in the plasma periphery relative to the
prior art of Fig. 1. . Current flows in struts 310 in a direction opposite

5 to theW@iae8? on of current flow in el enments 310 and 318ctassnd®il7 as
opposite to the direction of current flowin the main core conducting
segnents 270-276 and 280-286 spaced cl @Fest to the particular strut. To
prevent the magnetic flux associated with the current flowing in 10 struts
310 frommaterially adversely affecting the magnetic flux density and the

pl asma flux HYerdiase of G e thphsr 4F PAARPIHCIH pIrdReEashanupper | egs

of struts 31;5)1@5@ shsixandénsl yy diispl esed p‘erxamreﬂeﬂentégiﬁéa a1d 8hd, as
di scussed su In the eC|f c errbod ment f?k‘rat ed.in_F

.9,
conduct i ng erﬁs"ﬁ? and %Haf’% 6&55 alrSJwet ﬁc’[ CSRd&c?anggegmsnt s

of the main qo.arztebaitim toi the howelerofiFigs.tb-Be understood that el enments
312 apd 314 can hg positiongd w9, dlgmpsty akut ;the fd% Ss%tw ggovs

21- 24 i.e., are oser to the 20 plasma than the con duct nments of
the main parf’tllo‘fc‘?rheeééfﬂ rafe adi | ARFSTrQUS o Afds BdEREeofaloseflas,

strai ght, n&ilaicwmmuwwl@o@mnt 8a3h6 1@@%6@,8 drexieapdised panafhel to rail
30) that are connected bet n? art. of 25 the coil and. out put
terninal s 1@%@@9 Byt u‘f”st}félpgl 181 1 a?léel‘dgﬁ}@{:%?e? %’f‘?u%@lélo
Qpposi te endsutof adbegent m&gamalcoanﬁeat eol 4smé erproralssiegy deheabéy and to
an gnd of ¢ 8 2ad nal _corner se nt 4 by gne of
strﬁlts 319, %%eé)op%oé:letacgu e s o %(.})l%)% 3?§S§r§ggggnne§?lﬁ t 0"t er mi nal
109 -direct |ISPTHIRF Rt iPmWERHY Bigeontiu®t orSJZIS‘Be aelf ek enateadis t donatt twr ner
segment 304 fupdrhifert f&f pqa%naf f§hkuc§§n§ﬂ+gy St %%s%%%nia:%\e% 8R dpygrted U
en

'shape, arrangéd so thg % her eof _ext para el to faces 21 and 24
are subst anti9 2B% FiFE E}Yf FeRreRatpRadid ti%tlr?st“??e ke densyt¥egnent s
in 31 PGHe ddvh nbate past pobetha goil .(1TheHmghetde dhuixesi T rom el enent

316 .and conduct or. d caj | rner. _adja ent termnal. 108 and the -
rragr;l%’tl c fl%:éf]s flrg é’l%e?rgﬁﬁ 3E€ an(foéc}n act6° E% B SHd HWEEHEELh corner 5
adj acent teranchapetpheThér ecrtd areyl agi blé uskgadiedc 1 ukibucki.ngieffects
resulting fr cﬁﬂ?ﬂb&‘ﬁaﬁﬁ%é Jlt%v“tﬂg ﬂ;é‘rﬁ%ﬁé‘%él %ﬁﬁiﬁ QﬁesééinQHWsn@f'e to

Fig. 10 of t raw n anot I catl ustrated in
Fig. 4. 10 IHi%hé dalptof%rz‘. 10 the ol il iFd S @x<§éﬁ§|¥§/4and(‘b] asma

flux densityHen ddia wm@er@ (@)qbr&eassof ahhe B')aEHE @6@18@98&@@“@' |y

d t th dif t h I
bor Eon_of |t 758b | et HIE s Bh b 8t ET bR LOP o dg tan S 455 B0a. <15
one of whi Cclprcxeaisieas vlaimddrs oparapdniophedalr cheneame oforidie md, Each of
suppl enent aI Ooetgiilgh%rﬁ é,gcz BSEsEBiE sggre £§C§%ga324 |Q&Jﬂ:u§3%§ef ou:[sstral ght

conduct or elenen arranged so e enen and xt end
paral | el to imgijcagd wAlPBIelthrent sag3 dmd B ekt endride ph¥stiarteto rail

30. El ement 9133k &b 33 3doHAar %QCi:h'enwbi‘ﬁpQGEbpgéfﬁbcga{é HaiheccQi | at

corner 335, while elenents 333 and, 334 intersect at peri pheral _corners
of £fe coil It EBfndt 3%4S fiheRticns: a'ﬁBeSQ’?’f]fRi’seq%rﬁ’FBtFFr eg which
i s inside ofpeanipheastiledcorhéraalong the diagonal are respectively

indicated by the numerics "2" and "15" in the X axis

direction. The measurements presented in Fig. 5 indicate

the plasma flux densities deviate from uniformity for the

30 coils associated with plots 260, 262, 264, 266 and 268 by
21.5%, 18.9%, 17.9%, 14.7% and 13.0%, respectively.

Fig. 5 provides some interesting data about plasma

flux density as a function of workpiece radial position.

When etching with the prior art coil, represented by plot

35 260, a minimal etch rate of approximately 1,825 Angstroms



25 second leg forned by el enments 333 and 334. Ends of strai ght condddtMag2002
el ements 331 and 333 of corner segnents 321 and 324 renote fromcorners 335
and 336 woesgemmect ed to each other by straight conducti ngcelssginiB38,
extending parallel to rail 30. 30 Term nals 340 and 342 of the coi
illustrated in Fig. 10 are at the cornets defined by the intersections of

el ements 333 and 338 of corner segnents 321 and 324, respectively.

Term nal s 340 and 342 are Connected to the ground or output term nal of the
mat chi ng net MBE k YEHBE S3DCSHBWN 3t F1Yy. Cﬁﬁﬁe%yogthésWEGﬁﬁé@FeonsEbr

established p16th 26232681 OUghe £ARAGE WANS mlth aBUUES, otespest IptﬁLryt Thus,

t he peri pheral ermnls of the coil |IIustrate |n Fi | aced
fromthe corﬁef“i ogg f’ & &oPfLSin Lebnrr &5t atgol &1 1%()Cr‘1efpgur of
each of Fi gswotkpiand erfkdGor neThsegherk so32 lsyamee 324, 1ed¢harcadl Uy ng a

pai 1 gf paralh el .ebectoigal, el IRG Al BekaUck WS LesRRCld Vel

el ect |caIIy|n series output termnals
remai nder of dengatdes deﬂ%’@er@é@‘“cbhﬁe@?#éﬁs ofr F 3% abb i §hédet Hidugh

metal strutscdQn §éﬂel?afs§rnﬁ?ﬁe6¥l(§e{l exseadsrediagonst | xdaaav\@rcdiduétrm the
main part of the coil is electrically. connect dllletsof]t nds el enent s
t

332 and 334 PEHBEBLEr bRPcBPHerE88335 Thy 1““1"6" ng the
paral l el curgefbipgt i eheCorkpisegmeentel?] iand caded Elyerrﬂlﬁts B3, and 15

D) o PP QX GBL B BT 2T Gh e un WH Beld SOMBUNAY 5 PORTAE 120, | e

equa?‘ | engt hgof Eot Ner segient s differ
sonewhat froofcplotee Sé@ﬁﬁﬁﬁs ?EQ.P@I\@IHBM U@t%uﬂsléeémﬁ,fr aagree e tigdhunt nal s at

caor ner SegneQtstcblg%%oﬁngrg%degofaﬂ}e{:hgos§PG@?{H“§ 3EFand B8R RAr&nter

el ectrically connectedt he remai nder of the cojl by diagonally and
outwardly excehdi ngﬁépﬁl 1§9r’€|?%a§%ea% LAt 8 ARG PLORIEERY to the

ends of conduelar pehr@ misS 1331 agiad 1333 c(a@fse@oran@ub@e;@mtﬂ 32wk 323)
whi ch are rem)teFromZS corne&a 335.and .336. Simlarly, nmetal, struts 348

are éPectricaPl ytRSnMRIRF 10 tHEend® of'SofFIEdr 8Fen’élﬁ?s B3 %hd 334 of
corner segnegieald2z avhr3dic whlnin ekelrehticands s rignotbef comlcarhers 335

and 336, resgectl X%Manﬁbﬁ S- 9 ?{lﬂst?ang S%BHI§ 344 @Q‘g 8 MM ch are

30 toward t héPnt érrof e COI are connect ed
t oget her by spnslug:mtmgonaa@m@ntgeg?r%nt@tm\edé@ttw oPOWF\F@ﬁ‘ ek#endPParal | el

to and ire oRLEPRESI g ﬁhgeswéhatﬁllln 3Qgandiext gnd () epposdEr dhdeet i ons
by equal anounts away fromrail_ 28. Segments 35d .are 35 rem)v(iad fromthe

oute?operlphé’lay"tofotf-hé’e&)‘lﬂhq’{arlusppgfé n 140 (viz: the conducti
segments 184, 185, 184', 185’, 187, 188, 189, 187', 188",

189‘, 200, 202, 200‘, 202‘, 208 and 209) is farther from
portion 110 in Fig. 4 than in Figs. 2 and 3. Moving the
additional parallel conducting segments from the plane of
25 thé main coil close to the upper faces of windows 21-24
causes an appreciable increase in the peripheral etch
rate. For example, the etch rates at ‘the corners of
plots 266 and 268 for the coils of Figs. 3 and 4 are
respectively approximately 2275 and 231% Angstroms per
30 minute at edge point 15 and are ©respectively
approximately 2475 and 2550 Angstroms per:minute at point
14, which is about 92% of the way from cail center point
16 to the outer corner of the coil. Thé etch rates in
the intermediate part of the workpiece, Between numerics

35 € and 12 in the X axis direction of Fig. 5, are virtually



1

E W33 in Fig. 10, but are positioned sufficiently-close to the 13 Mar 2002
peri pheries of wi ndows 21-24 to add magnetic flux to the peripheral portion
of the plasma _and increase the plasma flux density in the peripheral part

of the YR8 5 regions renoved fromthe corners of thBCHUSSS#HRI¥NG t he
wor kpi ece. The inner ends of conducting,truts 346 renote from corner
segnents 322 and 323 are connected to an end of each of conductor segnents
352 and 354, both of which 10 extend parallel to rail 28. The other ends of

conduct or Secq{ée@aﬁne?’%%rartgxe%%ﬂrseorfe ‘;%U Velah L aNnget ?HdHQaEQ§08 ds of

conductor segments 141 and 142 renote m conduct or segnents 1 nd 132.

Conduct or s 26352n8nd 6854, They etheh paatiohdmdigriad &y eflotshdéoil, are

15 respectivgly sesnestedstosenscead19f sagment snldhandntddmelitbe
intermedi ate portion of the cqil that also . includes conductor sggmsnts

132 and 134 POt ¥h&E SO 810 SEGREhAF 9 $2%arEIs425F8 FREPERE vel y
connect ed t adit et oIFigQi |2 poploon 26K) byndt ties B3 langk 232%d ncbhe 20 sane .

manner that {Lhe JALef Ted) ol eoporddon of yLhgccoid ol i Upyddrd, coppgCted to

the interior por ] ereof. Segment's 350 are positioned i nwardly from
the peripherdensfittheizititainedtier ednencrigs 20 Fégpr ovi ardgtethan _
uni formty ofsthecRligim Fbwx @RASI L¥bbAChERRt 8 2bid he Jwopkpi egget han is

attained with the prior art coil of Fig. 1. The plasma flux density has a
tendency t o We LaErated t?é“ti%jrli"tﬂfé:r'aleg‘@d? r’r'é"r%‘%’? c?’i‘?eceﬁéﬁbelf Fhdf-in the

p]t?][ imher al poaidoashatet hiceshanbet i erave dirf i foeniihey genrerisve te trduce this
ef fect, straight ments 350 30 set _back from.t out er. coil

peri phery. (Sﬁegéﬁal ESt'f ?suréha;,u?ﬁ’éagﬁ(g %%%’Phae{g'% r PE&§E, @8 % irst of
whi ch ext ends parkildsl %% ar Thcese gplof adofissligdnaatdchsrpbsi t inned

substanti al | W ndo - n - nent,s 1- 334 of
35 peri pherﬁhdpsg%%(%%g%glml\%%g'\‘Iq?llg%:eerzngid%?%g tqr ggﬂdg%é%gl%' Q%f%ﬁr 2002

WO 99/ 14789 &34 PEIFUS98i19137 two glass 600 x 720 mm flat panel
15 display substrates uniformly coated with silicon in

vacuum chambers regpectively including the coils of Figs.
1 and 4. The etch rates were measured at equally spaced
matrix points on the panel; measurements adjécent the
panel edges were made 15 mm from these edges. The
20 deviations from uniformity dropped almost 100% from 21%
for the prior art to 11% for the coil of Fig. 4. The
decrease in average etch rate is attributed to more equal
loading by the plasma of the coil of Fig. 4 than by the
plasma of the coil of Fig. 1. There were significantly
25 lower etch rates below the intermediate portion of the
coil of Fig. 4 where considerably less magnetic flux is
generated than in the coil of Fig. 1; in this regard, the
etch rates of 1989, 1904, 2071, 2023, 2033, 2028, 2031,
1899, 1831, 1909, 2065 and 2000 resulting from the Fig.
30 1 coil are materially respectively reduced to 1700, 1629,
1595, 1578, 1755, 1668, 1765, 1710, 1712, 1645, 1724 and

1611 when the Fig. 4 coil was used.
Reference is now made to Figs. 6, 7 and 8 of the
drawing wherein the coil of Fig. 4 1is illustrated as

35 being included in a vacuum processor 600 including vacuum



T

each of struts 344, 346 and 348 extend vertically between the first13 8ard2002
the strut and one of conductor segnents 331-334, 3S2 and 354, as

appropri @ige/ 38 construction and positions of struts 344,p3%465e87643348
mnimze the 5 magnetic flux effects of the struts on the plasma. It is to

be understood, however, that the conductbng segnents in the coil of Fig. 10
can be nodified, as appropriate, so the conducting segnents-of peripheral
portions 321-324 are closer to windows ~l-24 than the 10 remai ni ng
conduct or segimenmberof 602e emid . eRefdrenomniat yow sudeld o FPger 11604, t he
drawi ng, a battem\vigw ¢b, 3tk braahuatibel GQumi himal cepLdaReeYLh,the
invention. In the coil -of Fig. 11, a nore uniformplasm flux density is
gener at ed atVW§PWﬂI§@émF@Fi688raﬁ dsfrpgrohy wWindduFnglséfnehtslfo28he

cor lner lhocafj E%gls 1, tdieod s, 0d1@npaiin @fid@a'lé@|1|86|61\ﬂ,ncﬁr[tgsar1]xf1@<ﬂﬂi:&g a rrgi n
coil. The added corner__segnents are _connpect ~.n _series wt e remai nder
of eaéh wi ndiddg™iEyh LAORd ﬁé‘lhasS%ﬂS?“’PT?Fegipi i‘i@ci'dd?hgogﬁﬁr?ige nts of
the coils of eRisgs.rexpedivald Homteat gt toondudomigaddgneyds souseezes

bet ween the added_ s S i, ef Co rsyin digffe ] t
guadr ant s of at“%e %q?’%{zﬁm“e.l,%rﬁ_8?eéltglgéct%1@§‘g§} b‘he?fallfl.écé’%%@po?&ﬁ j acent
ones of wi ndewsablizhesTARPEABFEaser 6 gHLM SR oK Usechambrat$92t y | ane

gap between 253416 cPERBIiSRUIEPIE S0 thewShg altluRpe P g1600Baped to
t he gaps between thé corners_and strai ght sgggiatagl n the coil of Fig.
d

. . Fig. 9;
of cd@rse thé’P‘é’1itsednGYgéﬁeb%%WéEﬁoF‘ﬁgng&lﬁe FHEPENPYsEORer®Elin the
coils of Figef Fi4. Addid benaldaitddiad engihssmd dthecst r atightb&egeent s of
the 30 main coil have n _subst anti.al | c L ase the ga
bet ween t he @&dngf’é’eﬁngg‘fﬁgesﬁ'gF aﬁlrcaalléﬁ{ ggég%gﬁggrég%ggdc ?‘5%%"?%@
corners. The teoidact Biherlhrid thacacterd zedténttahpbot eapgroprigtand has
great flexibi]l i s pfe i r;ent : 35, gnent s
t hereof. The Acoélltt?éclot? g?{ghpﬁ%l?ﬁ%l%?es tv%tcgj Cf?f?gl%%a}:gigr[g%&%/lmgﬁé?n%lz&402 and
404, Hhi ch: tedgstide fdeddsnderiged bit EPfedPate afide pPhiphers®dye®si ons
406, 408 and 40 ffF thET@i ldending} Nn@eddeldNCEUERS tHY eldgarn aBe exkheri or
termnals 412 and 414, vé:ilﬁ wi_ndi ngmf.él%f 5 igcl udes iggeri r, reég exterior
terminal s 4168RFT4LR. 2%t &1 PEFTEEr mi Tt €S 4£2°5/d A 6 ?esgB‘r‘Fﬁ' t3t o
ungr ounded ouwlopigti detreihliyndlowad afhamattdte nigi enled swardwabd byhe abbet &2 0o find

U-shaped str 42 ile._t ) S 414 and 41,8 are connected by capacitors
(i.e. reacti \L/El(:ahelébzlla%r{ead nr&;%ge)@%glét and 426 to the grounded output term nal

of nm@Ochi ng net worll 407ackhin vapxesessinapachesbed24 687d 476 ak@dcaked| engt hs
of windings 452 314, A% ilebahickeshd THECMAYS] 8O UJHIQfi 2o 43 af eusuch

that the peak standing wave current_ ogcurs aggrom matelg in the center 15
of exterior péritieokheloskrifgecdr| PeLRPePEBFEPERTH ndl's°RE PLEGHEEIR Y ar e
posi tioned ahgrg &f | the extetubisgr ! hsobghraeet e922poiat AA2Beotandmelani |, as

Bnd 415 arc SQAEhaBER EPaREcol e cdilt eF A58 ARt RS0 a Py H0 PaRR 2d on
oppogid e si ded eaft dwdtdrghudknal0aks elsfctmidaldy Uselatiest fxom therti on
as vel| as S DK tesredelnah feyad tord® sl nAg s dto ot ho®? %
614 by electric insulating sheet 624. DC voltage from a
suitable source (not shown) is applied as a clamping
potential to electrostatic chuck 620, which is also
30 connected via a matching network to an RF source (not
shown) that RF biases the electrostatic chuck and
workpiece 622. In addition, the back f%ce of workpiece
622 is preferably cooled by providing grooves in chuck
620. In the preferred configuration, ionizable gas is

35 introduced into the interior of vacuum chamber 602 by a



25 404. Coil segments 431, 433, 435 and 437 extend parallel to rail 13Mar 2002
whil e straight coil segnents 432, 434, 436 and 438 extend parallel. to rail
segnent ‘%3 9/%;,&;1 segnent 432 intersecting segnments 431 and 433, segnents

433 and Y432 ersecting, segment 436 intersecting segnenPSTHS¥/BY7and 437,
and segments 437 and 438 intersecting. Reripheral coil portion 410 includes
strai ght conducting segnents at corners 441, 442; 443 and 444 of w ndows

21, 22, 23 and 24, respectively'. Since each of t the straight conducting

segnents at gRGuRfof Mhdte! Sohd Inourt &4 N I8 ndtAdk 129 -dentiCalmp@ify
description qof the straight conduc mg Zégrrents 451- 458 OL orgle% corner 441
is given. stf gﬁ’rrecﬁ?ﬁﬂifg"t’i% sé& t ETHES P PRBUFOh8stisd BBFners,
such that canducstnatségmeant sudBlt#63rubed5hrandedd7kextvendopahakkel to .
rail 28, V\hiélgiﬁfgg%%iuggesgggents 452, 454, 456 and 4S8 extend parallel to -

rail 30. Straig conducting ségnments 451-458 are arranged in pairs, such
t hat Sadj acent | y ricihdabed @%@m&im%@gﬁ%t@q GonsFrqigEid sagt hhat

abutting endsrdteSsS5P! 666 - i d NSO SOFNETSs ORGPy agaNdUatiigesegReENt S

451-4S8 are aligned_along |line 46 that_intersects coil center point 428.

Conducti ng S¥fiRERRAaEe ~Fsgtangy 4872388y e IgPEgr KRS deﬁEEéHsi ng

l engths in therigpbéed axzler Itand eonpkl aindyr Segpntttowkbidr 48hat4Bheand 458

have 15 pro i pcr easi ng?lreﬁgbhs in th%.stat Edtgrder . The_| engt hs
t S

ressively i . :
of segnents%féil-gl}é%rir%gsgﬁﬂc?ﬁ ehifls"SH E&§He R 51 P€18BNCHEs and
457 19paced fobntheneBEsgar pisgsdsdilaegl yirf asther ahdomhragid 139, thhil e the
ends of seg%{ 4 Aé? Iﬁ?gf C i Lspaced
fromrail 28, )%1%5?4]% p_en ) s‘felgs"frfe‘;?%‘ggr%%g?é% %é@ﬁeﬁgﬁﬁégpﬁgi‘?g” her
fromrail 28AMakEYEYREARS- 454, 456 and 4S8. The nested arrangement of

E:onfluc:_t ors 451;]4535 Piﬂyﬁﬂgt&@a’ééaﬂi_@ntﬁzi?s.L@raﬁﬂﬁes,i Nt RBYPEtL héfyxoelegs: ty
rel ative to the coi ig. n t aspa_peripheral  corner bel ow
coi | corner SHPASTHRES ngé?'nefgcsﬁﬂbtagngf“?‘;lggrFggﬁ FF‘SHPE%HhSFYCSFnerS
441444 i s grigded esdibelbdwRie. ext ewhochr égi dm afutihestoght apdsdetieases

toward the GaN.er t qi:I'E o] etie fl sij.y_g£st abl Lbshed by
the conducting rgegt?r{eenjt rs&%g?) dtshgte%gP%rQ? i Es:’%so‘?’nevx%(g‘tggl eés]}s/ |2%"rsl thebgl asna
portion bel climgsiogbrdudiiegrsegeerry 481d 48pstrars t 628 iae t hkepl asma

portion bel awhong, CONPEeHIHAG rSeHENE 81 ¢5 EontBat Tt Mal athH EReMBgNEtic
flux density in the plasm has a tendenc}gbto make | aspa flux density

t he
mor e uni f or MSSEFARELIRY cBFREr SYRHSRISA the plﬂtc?rrelé?% of ehgmber

20 602, the efficiency of generating sufficient plasma flux
at the large area workpiece 1s improved over the prior
art of Fig. 1, to enable the power requirements of the RF
sources energizing the coil of Fig. 4 and the biasing
chuck 620 to be maintained at a relatively low level; in

25 one embodiment, RF source 42 has an output power of 5 kW.

As illustrated in Fig. 8, capacitors 48 and 50 are
mounted in the volume between the upper face of windows
21-24 and the top of cover 604 so the circular cross-
sections thereof are parallel to the windows. Capacitors

30 48 and 50 are connected to output terminals 108 and 108
of the coil of Fig. 4 by copper struts 630 and 632, both
of which extend parallel to rail 28, in a. plane parallel
to the upper faces of windows 21-24.

As illustrated in Figs. 7 and 8, the coil of Fig. 4

35 is supported by a structure including electrical
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W 37 Peripheral coil portion 410 al so includes straifght, equal | eny3 Mar 2002
conducting segnents 471-476 that extend at right angles to the | ongitudinal
axi s of waidy1#89 such that the ends of conducting segnent scflioghdesAre 5
equi spaced fromthe axis of rail 28; segnents 471-473 are on the sane side
of rail 30 as term nal 30 and segnents 474-476 are on the opposite side of
rail 30. Peripheral coil portion 410 also includes straight, equal |ength
conducti ng segnents 481-486 which extend at right angles 10 to the

| ongi t udi nal iasikabingai F1309akgdh P& Sofiidsi t& e eftif spaLERSRASH t he

| ongi t udi nal ¢ axhScRE Faihidg. oEoBdueti BgasSegmmBt maddl pdsBianeckoeaked on

the side of coi] 400 between cen , OhTt 428 an

Fler d %e[m nal g]ﬁ whi_| e
conduct i ng seghems High- £84SaPECPBRAFBYLBnCPARSOPPIsT? S iide 8£2coi |
400, i.e., thedsiede helwekaceeoitaternimaulpaiintg 428rahdal by merakndisg
Tntermedi ate coil _portiqn 4 i n¢gl.ud tral .cQlhl.se 491- 494,
wher e n equaf"PBRY hpc?osﬁs sglg%bnﬁél 4§€r§n&%zfg%%§%§léﬁii gl sé ac;‘ie r 6 coi |
center poi nthd28zahbaylPxtandg gl¢csxiend. 1asutagRRI ARl leSUPBOLite

| ongi t udi nal , x| §50fe 4Rl @B, 5HCH t BaLc@RPOSEH € RiYHf pachpabreai I's 491
and 493 are %qw spaced fromthe rail 28 |ongitudinal axis. Each of segnments
491 and 493 Pestipe 34PfeCfehBEncailcoPPdsEGRERESC2T1- RPEE1RRL By ifhe ends
of all of 25sghpaiebl B9 beficgpepbscdéicd76, 491. and 493 are equidistant
fromthe | ongitudjnal_ axis_of rai.l . Each of ral ght -coil gpents 492
and Y94 has the s ﬁelFZHS?ﬁagsdc&inl 21:esal«,ggrne\afft sﬁﬁ%%ﬂg%g%nga%?? e% sgglte ri ght
angl es to t hperppheralli naomears ségmants3@E stled tcldfl tdmee cehtight1l30 of

coil segment 5,492,300 4944 & GOIALIAPN: WiRadie 4908k { ughnplgaxis of rail
30 and are oﬁpoppom € Si ckiles of" co cent er poi nt 428. The conducti'ng
segnments of @PhHi rEPIATENLE e 18 epBBNARR e@ By &l besEratedndifct PR et al

struts 50135,pd6; mypL! %h&hapgead@ablengfseagﬁaams 20f anandirag cdffcated 38
connected by el ectric conduc

] mgl metal struts 523.-536. The iggducti ng
segrEht s andtQt FRid HEIMEHEhgkH whBReB 5t BY iTHRISACRT LS ni”df 2B al | el
wi ndi ngs 402288d, 404 speicendeladi al tyihndegmenusf erentdrad | y46 nasespiral | i ke
5 manner between interjor r o 41 A0 teriar tecninals 414
and 418. Eac}\é:ﬁ)éf1 %ﬁﬁ?srgﬁ%SS%%%%%n%ﬁ{%g%‘?%g an |§')\§1eer !tbé)gtﬁ%s%gg% and is
construct ed béscoall puphersafeceas 66Re sfpupseopreigsreg gmbgdaNgnte so as

not to appreghgbgg g%ﬁxeﬁhcégeoBF'sEbﬁ\leﬁ§sdQ@i9V%9ld19of9r aReCQRe¥gEhng ysegment s
431- 438, 451-458, 52 -476, 481486 _and 491-494. The |atter conductin
segn@dt s ar esBBBREAN&FOM thife (R 1£35¢ RF r Ui BACY n2Ei b_y PPPEOXIPAtEMNer coils

peri pheral cgnggcinnGnse HRN o4 468c&s eof| @aen toidi sdgmwenl&- 241t han

ot hers of the gonducting segnentss. 15 Typicall t he,l gngt h e of

W ndi ngs 402a§ﬁd1284airse Ivees‘gzltcr?&;yons@%%% Cbo¥ %b%l/é\:/e égggh S?E{nhg%%F
excitation fbeguemcfadesi védpbyiRhesaldr coid2 segventsl 189 ehdcdfdci tors 424
and 426 and the | gngths of WeQdi308 402caRd 4341856 suchAdgte( bithhe peak

standi ng wave current ) . . .
25 the present invention is illustrated in Fig. 9. 1In the

coil of Fig. 9, the main part of the coil, which is
similar in certain respects to the main parts of the
coils of the embodiments of Fig. 2-4, has added to it
peripheral segments that are connected in series with
30 corners in the peripheral portions of the main part of
the coil. The corners are formed by conducting segments
that extend substantially at right angles to each other,
having non-contacting adjacent ends that almost meet.
The additional series conductor segments in the

35 peripheral portion of the coil have current flowing in



20 occurs in each of wi ndings 402 and 404 i~ a m ddle; part of peri ph8rmiar 2002
w ndi ng portion 410 and (~) the standing wave current at interior termnals
412 and %%@{7 w ndi ngs 402 and 404 is relatively |low Typical points where
t he maxi &hai ng wave currents occur in 25 w ndi ngs 4BCTARP/UY are at
the centers. of conducting portions 472 and 475. The standi ng wave vol t ages
at interior termnals 412 and 416 are relatively high and decrease to
relatively | ow values at exterior termnals 414 and 418. 30 The

i nst ant aneousLCHY et ¢ fL oW dna t eonduetiing.segirents wi_ndi 402 and
404, other than ir% struts SO1- 5?%aand 5211- 536, 1Is ?% ;ttﬂgeesgﬁgtglgﬁéé’ti on in
spatial |y adf@t3FeNEoRABENFR§NEeGHERERESFEL Sl Bhe t Hagnasiantaneous
currenlt L | OV\b&LﬁpD@dil\(lj\ﬁ?t 'tngséefgnamrittagﬁ%i, Itk angd é@éﬂéﬂési 8ol Fh‘éjehe same
spati a irection ich. E W P is opposiite to the spatia irection
of the i nsta‘ﬁi%ﬁ'@%ujss ﬁf?‘%‘e‘iﬁ"? ItcRNti?P’r‘? E‘B‘ﬁ&&(‘?tlicn%lé‘é‘gr‘?ﬁﬁtlé’e&f,mf’h@@eand

474- &£/6. Thenspatpatrt dof eche omodI . i nst ant aneous current flow in each of
conducti ng segne 432. 84- i S - osit,e to the
spatial directi ng% %lélt ;}%?gﬁ du;b gﬂéggﬁt@f Fg\?’vt?r]f %g?hlggggg‘ﬁgﬁé‘%ﬁng
segnents 4340ubkonRsd 149)- 488 SBAi lerigh tawre cudentiidd bwwinhcondect i ng
segrent s 451cdf Gfoanag! beutar GBideint Srabubyeel RRIANANLAUS! Yl the

sanme spatial dj e(gél on. The 10 values of capacitors 48 and 50 of the coils
of Figs. 2- 4C%Jn]crj L 1H2And? t hel PR R FPRAT I heP A hiPRgE46f ofhEhpr e9idus| y
desarg bed embbdiserd sedr £n sEd. thats | heowdwed] nguiesedcareeahti Brbhe two
paral l el w ndin S t. change.. I n all _of .these coi t he . spati al

di rection 128?) Qfsonllsjf%rﬂé;ﬁ:ehéeusem(l:%%rlé“ﬁntﬁ & %ﬁgs:pgt'flal I éri&df"aégn?a%nduct or
segnents is @he theae. pagriphegwll t ,pofteiomgnetdc finodesiater i sedaighm

spatial ly adj&e8Mting Ad %@@}25; §f73t B8 aCakles gfil = gi,. wﬁié and 9-11
are additive to increase the magnetic flux density aﬁd 6 plasma’ Pux
density in the R¥FREFehnbC pERiphéBal afoMeldneofs tFrighe uapndnahbag.

Segnent s 431setpferds maw t keht,| yapi Ashebeefih ¢F wnien E.Qr‘%éQQllc\.@’!ﬂi le
segnents 451-458 '(]ﬁt (f” four corners 441-444), 481-486, 492 and 494 form
open _pitche 725 hit nedi ate and peri pheral portions 40:8 and 410. The
turns of center porie oof 466 raightoneciert irgy andgaratspaieidss saepar at e

fromthe tur Ofgd i at i pher Lons, 4 and_410, such
that there ijgssosi gnél %%ﬁgs%%%]ogcpcﬁﬁ%{g%'f t %%%g?\% ]?% %.Se?dg% derived
from cent er &oigaqibrall dhesadeuy tnsericubseaneral 2fAgReti anfli hd tvwoss

couplg Ng Wi tdktRir B RRIrredd ebdsafars ¥t droin e of paai-nder 8§ atbge coi |
i ncludi ng portions 408 and 410._Thereby, rtg?e na(?netl ¢c flux density coupl ed
by coil 35 &BHfi%r Gfor PORCREE 13/ Phe’ e FPUTRPS1 asnd | BRéAs| PF

supplemental, mutually perpendicular straight segments is
connected to the non-abutting ends of coil segments 270-
276 and 280-286. The supplemental coil gegments supply
25 additional magnetic flux to the plasma periphery. The
additional series-connected segments are illustrated in
Fig. 9 as being co-planar with the straiéht segments of
center and intermediate coil portions 1i0 and 130, as
well as straight segments 260-276 and 280-286 of the
30 peripheral portion of the main coil part: However, the
supplemental portions can be closer to the plasma than
the remainder of the coil; in such anéinstance, the
supplemental straight conductors would be!slightly above
the upper faces of windows 21-24, considefably closer to

35 the windows than main coil part conducting segments 270-
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:

40 controlled by proper design of the coil center portion. In the tdMar 2002
Figs. 2-4 and 9-11, the nagnetic flux density supplied by the center

porti on wodohargeoi | to the center of the plasma i s substandraldey/ idyzgher

than the 5 magnetic flux density coupled to the plasnma by the center of the
coil of Fig. 1 to increase the plasma fRfx densities in the center of the

pl asnma relative to the prior art of Fig. 1. W have found that the etch
uniformty achieved with 10 the coil of Fig. 11, in planar form was

i mproved r el affbvendo28Aad8sehi Ty @eagurt & Maonetds: GLRENER IR Prof FI g.

4 when the Cgblnn%fctF'r%' éﬁewaﬁ divkhed1t @ bucddds SEGTRALS ARik 454 ©
each of corners 441-4

segnents 476, 474, 481, 48@,3}3491-494. In
this 15 conf CERARCGIRI §8§ﬁ‘§ § 230248 %5 2RO & BEonhBEtPREUE R E3 k¢
conducting S'&:bﬂﬁu@ltdrﬁgegi@jtﬁén@lé%&ﬁ@dc&lﬁemeeé connéeised ehrgdsarc(ﬁ hetie
condutlng strut he center ort| n_pf il e in Fig . 2
: é and 16G°DORFE % Secﬁqlesegrr%ﬁt %R a@ %@rlﬁ%’}a@r S5 'séctioh and
a11 20 partscoﬁltbe' meﬁ:lal(eﬂ)ebudnnglﬂbrecgndutlg}n@eﬁ‘ért;‘ésﬂh%arhawmhe t here
have been deggLl b;%%b N diddit i Ld saver goshecdic ebodiptands ofsthe

invention, it WI| e clear that variations in the detalls of the

embodi ment s giecuEsesl ISHRTE Q% dihe) GERAYESET I Wey D TR 25 % t hout
departing fromt hqrﬂ%ﬁxaﬁdultaxa,l d ssaperof dde- 29weniiore astiefidgied in the

2 WoRRpi cae WPPAUSESI SRS 37 zo203n PANuBT g C0actinr CRAMIR  whor &

t he wor kpi ec38|65aad©psltedbum de hocageidtet hinchasbet &wvwimgppactiivetyf or

i ntroducing into ot %kdch@gbghdatq oa%‘?oned&e g%gfl{:gdwglzgfo%he%yl asma

for treating e S i ece ac0| e an ield to the
gas for exci tdulﬁglomfellgas Q}Qtftrirfélrgﬂl asmtélatétrtlﬁé célllo -i ncl ddigly i9ferior,

i nt er nedi at e ayd LAY RN RRILIRNS s iR eBle’— 308d pﬁél@@@é aleortions
havi ng turns connected to each other and arran netic flux

densilby couplséFaighthel i eEReCHiNSatANGRCE HBI] %ﬁ@f“ie&tsaﬁ& p%q%%}%4 coi |
portions exca%@@ etabc@ehﬁszgdepéraylébupchedrad)l*sheEpl aata ny t he

i nternedi ate coi ort| 0 t and plgce h

substanti al | fan%xcg: rhr%hesrf’ S‘Ha2n georre‘rr(;’gsea@? #ﬁ l%/éa%u%%ea% asm
processor of c@::lnaiumt:lmmerp@ntims coBP1r304rr angedssstt hetcurr eodehsity in
the coil is d @14, O qqtg‘?’fed NwiRe C@Héer"&ﬂ%é&e” RRer éheCQydp

portions than |n e Internmedi ate coil portion. 3. The vacuum | as
procé@dsor of C‘(ﬂfa\lnfﬂdl by ZhthePEPHSFR&CROIAE hike o "blrté’zi't 4 rRﬁ:ﬂ}%FFg%‘?a urns in

its center andRedmheicHanaidd %’wyrﬂéwdb igT iths matmr padiabe plosteonl r 4.
The vacuum pl as rocessor  of 14 and,16: 25 wherein

the coil cent”&x’:pog?l éh Hﬁ’éthPﬂg%wﬁ%ﬁa”ﬁrbarﬁ ?é%ﬁnfﬂgh t harPTHFRE TS t he

coi | periphersllenportd o812 and 314 are spatially close to the
conducting segments of the main part of the coil and are

25 electrically connected in series with these straight
conducting segments of the main part of the coil. The

spatial arrangement of conductors 312 and 314 and of the
straight conducting segments of the main coil part is

such that the currents in elements 312 and 314 flow in

30 the same direction as the currents which flow in the
portions of conducting segments 270, 272, 274, 276, 280,

282, 284 and 286 with which the particular pair of
conducting elements 312 and 314 is adjacent. Thereby,
magnetic fluxes resulting from the currents flowing in

35 conducting elements 312 and 314 and conducting segments



z 13 Mar 2002 42 5. The vacuum pl asma processor of ‘clai ns 1-3 whef8iMart 2602
coil includes interior and exterior termnals connected via a matching
network to an RF source. 6. The vacuum pl asma processor of any of clains

1-5 wher¥OPH#H@coi | includes plural electrically parall elPCRIUSSSHYST each

of the wi ndings including one interior and one exterior termnal, the
exterior termnals of different ones of*%he w ndi ngs bei ng di arretri cally
opposed. 7. The vacuum pl asnma processor of any of claims 1-6 wherein the

coil includes_peripheral r the terior L rmnal.s being at apalr of
the peri phergVBEg?Ee?ggo?gﬁhgg%oﬂe aéi S adli eplpesrr‘?'é’kber'if-‘ge “%f any
of clains 1-3dfwheegindire, ¢l [increlasdeshpl plabmw ﬁﬂung@en@nmcntred:hm

paral | el so gULLRR HELOWRCDG! veeacthe Mt ehkng ehank ajd e pl ural

wi ndi ngs via't e vacuum pl asma processor of clam 8
wherei n the pl ur aFURFREEN§50HF el B pRlt T § yﬂaﬁnoltrmae&lrnq,cmcsn Spssdnig al |y
symesrical aboghe aiﬁﬁ&@forp@mbu@frehhefmwl inlfl ethBRt ¥aTUYMBHY 23R

processor of claim®8_ or g ﬁ?& a ?’ W nd s i ncl u%—f‘l&y{)l ur al
turns ext endffg”Fadi &FI 9P8ﬁ81 Fr fnt8Fefit F&F f/oﬁ‘et rrrﬁé‘tn o™ and
exterior ternheahaln dci}:dvacoﬁﬁﬁatzﬂﬁg1éeg?ﬁla:e1t\saclrmn$ﬂ®sa’adpmmem of any

of claims 1- éga)é‘QSrS 5t %E \é‘@urﬁ }eeégrﬁcﬁﬁﬁka% ylar and, #L}%ve%"

peri pher al es |nc ua g rai con uctor segnment's eflnlng a
rect angl e haweagesiuigs tfdu a¢$§0@h@t%<érréll§|hzet1aﬁd shapntastiheinactiangul ar

wor kppece. 12¢r[Pg VALHUNE RLAS A UUOGESSOT Rivale Bf O i ihigl 1 pMaer ei n
the coil |ncludes§glural turns, all of the turns ncludlng pl ural straight

conduct or selABAEEIC18IWFAeRSE AN ddifa Rt sohwordensi tof 1 &hes 1- 12

wher ei R t he péfiphéﬁhﬂdﬁarp‘s Udjﬁltl’iélhrp’iSasrﬂall ttHe tigpdmiringgd red @@lﬁwsonl y

straight conductqr segr vacuu ocessor

clains 1-13 r & eac 'i]haﬁw %I fa(ﬁas af(rallrolmn ?'g?ntf%r#% d an

ext erior terBifal asa dmNSl@dI prdance El@nrtés@t e@lpeolﬁne @hmlmw m nal s
fﬁh of sai¢h,utpdiogsint kg Va'we%&fdai a&iéx\@?wp@%”%ﬁ 3hfhe

I eng excl

of each wnding and t e RF fi atlon requencg ei ng such
that a peak 3¥angrrdaRmave w%&h%nﬁoa@uﬁhénéxémqw feeqtiBAcadécurs: in

each of the phpdi Bgsthe ha1petidmeial, Gal |lEpOtE<§| Ba. uﬂa@erét%@@u‘ﬁmam asnma
D ocesor | CLAhRL 99, WA ot (o2 LAy, L, B pressen el ud: g
havi ng an i nhettfohei fecasluct ngindudves tdie dhanber. a gas q/]tuaﬁr ¢an the
CONVES! 20 LbReLHE PLETTENLOLobARRLLAg, bUEREKPLRC petnkil] B! roned o
the coil.
The coil of Fig. 9 has additional series, straight,
metal conducting elements 316 and 318 (extending parallel
to rail 30) that are connected between the main part of
25 the coil and output terminals 108 and 109 by struts 319,
that are identical to struts 310. Op%osite ends of
element 316 are connected to terminal 108 directly and to
an end of conductor 284 adjacent additional corner
segment 304 by one of struts 319, while opposite ends of
30 element 318 are connected to terminal 109 directly and to
an end of conductor 286 adjacent additional corner
segment 304 by the other one of struts 319. Struts 319
have an inverted U shape, arranged so the legs thereof
extending parallel to faces 21 and 24 are substantially
35 farther from the plasma than the conducting segments in
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13 Mar 2002 44 the plasma state, the coil including ilnterior, interngdat2002
and peripheral portions, the interior and peripheral portions having turns
connect egolsg1£86h ot her and arranged so the magnetic fl uXpg@Rbd Yo §PupP! ed
to the plasma by each of the interior and peripheral coil portions exceeds
the magnetic flux density coupled to theiplasma by the internedi ate coil
portion, the coil center portion having turns with a tighter pitch than
turns in the coil peripheral portion. 16. A vacuum plasma processor for
treating a wehkpingceh whaht aofil atren, cdéhe. pr ortes seaghaci adifigxe sv atkbhn
chanber where.the rkpi e is,_adapted t e_l.ocated,, th anber havi ng an
inlet for i n?}Sf&ﬁ&%ﬁgﬁlént%g?hgoc%glr%é)rr a‘?%gsa\?\,ﬁi ?:ant c%lﬁé bgoggnvce?]{%%ri nt o
the plasma fedjareati ngerhenabr kpo@&cend ¢did ppoherdnedfiexesupieormn RF

field to the.gageher £ L1189 BRRRSL b Bhad® shét BoitheSAld
including interior, internediate and peripheral portions, the interior and

peri pheral pdfiREREthARTR A nE0RonndQ I F t B BalRISHHEPLEN T nEfed so

t he magneti c £iLixbdersinby e¢derited reauilta ) axren yuresat Off Idwindtagi or and
peri pher al coLI Eor%@ ns exceeds the magnetic flux density coupled to the

pl asma by t h8“FHt&rmedi'ate coil portion, the coil including a pair of

paral | el wi ndi ngsRedacknck time newdnads iteclRidi ngl@ ©ér thealdwaw e,

I nteri or PothQEhQQdm%dti%ri 'quono%ét *&%ep%fdigh%rllaﬂusw&é%f'zirﬁ% ofy the

wi ndi ngs including first and second longitudinally extendi ng connected
segnéfts forAinghe rilerobnFifle Béni g anageetionllihe dedsityalansh t he
peripheral pgitsRR of1.88chemsRdL NG PetRE FertibPeddd Uotherdi b$t the

| ongi t udi nal x{éext endi ng sgrgman , we_ end of éhe Ill rst 45 longjtudinally
extendi ng seBrBAMHEFAgSPRADERE L ROMY ebCRTEBPABI T AT 1 YR Pridte O%f claim
16 wherein thetcotl Figcl udeg moddfigl hgidt hal pexishexd Enpbingi shrefigthe cent er
port1 on of (LgifoLb andy (e oual, P RENLE! | DOLALARLPToARRARLS @ ongld udk nal |y
ext endi ng segment s ot € col eril pheral porltll on. 1 ermmal s on’' t he

peri pheral pornei of whichelgdgitl degimgfsubst daurapeyiphesat corndmes axfs t han -

to the cornegpe L&;1The pHaressoLuph1 &hahihib peh-ibhaphas! ididdie g&egirent of
each wi nding 1 ncludes an indented portion renbte fromthe corners and

i nt er sect i ngSEABERkPs. 3#d. - 3R 4 actRft et mafprEcessERrivbE t eedUrF

wor t.p! ece Wi temgaeak:@sgall—)gbie,pa@ﬁﬁﬁ@@d é@@ltn%ﬂemﬁa:amcanm :_cm?rém?erymre t he
wor kpi ece is_adapted to be located,. the chanbe ng_an jnl et for

i ntroduci ng Pﬁfaﬁﬁg ERardter af%asw%f%heggweBéscg\é\?e%P d 313%[ $X4E DI asma
for eoeati ngptlrelbedkpioeseila3®oi | Hlegigntenedt archbife it ¥Eddtelidito the
gas for excitjng éé}eiggrﬁe}atao %Qgtploetsr@qit abgy e &9}:rge%”§!3§9“ Rehigd ertor,

i ntermedi at e ‘and “peri ortions, the interior and peripheral portions
havi ng t ur nseéemgatted3Boaidchs bt HeFeBRACHSr Rangerl RYFIRhe TRy rIRERT ux

density cour)b@gth@ht&wupl@@naofbmeeagbsqf tﬁlBerhél?@éai @Blaﬁddp?szphﬂ“gﬁé ﬁo”
porti ons exceeds the. magnetic ux. density coup tg the pl.as y._the

"t er nodi at o265T1 Gpor i n. 18heWBOFR  par (TR Bor EPOnoFAEREA ] Beer o

| ongbudi nal bgcextienkangfeegadntlsy f etemagtpl (B andnéng .on Endsperf pher al
portion, at | . e e i udy i n tedep i bet ween
bai rof “tnetiarshle ShnafiecIAATIR EneRELLTIE, B NS e DU %0
The processoseghepitsi ArloanHepetnrenetpefrphefarnpbetd dn amd|Ifes2¥our of

the | ongitudicRahkycexd aRdidiris egiReE Spyf Lishighd :RERA G ha srapent s
that extend parallel to each other |ncYud|_ g the , indented portions. 21.

The processoP38f Er&ERIEGaRErSld alhdGdrdiphetl portion includes four of -
the kongi tudi nal | yeexigadisn® srgarat sa2aldf of hahcohli nallude rafted noent ed

portions. Fig. 10 are at the corners defined by the intersections
of elements 333 and 338 of corner segments 321 and 324,
respectively. Terminals 340 and 342 are connected to the
ground or output terminal of the matching network (not

35 shown in Fig. 10) by series connections established
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47 22. The processor of any of clains 1-21 wherein the coil and wor#piMarc2002
peripheries and walls defining the chanber interior have substantially the
sanme shape as each other, the workpi ece periphery being slightly inside the
coi | pePR¥IIB9 and the coil periphery being slightly insPEBUSHoNT | s
defining the chanber interior. 23. The _processor of any of clains 1-18, or
22 wherein the coil peripheral portion-i“ncl udes several Iongitudinally
extendi ng segments formng plural corners on the peripheral portion,

| east one of_.the gnents ncl u n ndented orti.on between a alr of
the corners WHI® ﬁﬁ s2Bafa 85? ggc n%téer eé% ¥ otessbruf Ehg

clainms 1- 159ﬁﬂiﬁhﬁfﬁhh€¢emnnah@ @b|¢h¢nc®uﬁe$lauparateﬁ paraigellmﬁndlngs
each of the , LAEEL UBLOA End CEOLAGES 08¢t Bfic! BLELI Oian{n%z‘?Qsé‘“d a
termnal ont e pe pheral portion, eac the wi ndings i ncludin rst
and second Ithditidioht | §oR %%#%ﬁ%bo%%gﬁﬁnﬁécho@ﬁ1ﬁgga cbrﬁe@n@n9the

peri gheral porti atbride é@@ﬁw@é oM tded pesa phesah p@élu@nngfaeﬁgbrw ndi ng

bei ng at the nd of e fir | ongi t udi naII exten i ng segnent, the end of
the first |t3fo‘f"’h];f T e’?(f%?l %’t ?ﬂ% rB‘?rB’g% f r OhF eatPU8or ner

fornmed by ar@geaﬁlmlﬁleg]mcurntc@r]s]e;ctnmgsemm g tpothieoasidnotityeueoi |

i pher al Ag AFL- A AL .
D3, AnE. An3 %%l%n%o {@/ aﬁdsé\ 2 gﬂé 'Lli% %@*’Anreﬁ[‘gf éhe EOA%ngA’Ah‘?AL A . AH
LA Al +Fr. A Rexlem @que@mms e e gbhshed ORerougPQBTOaY t 9 XUXS] cal] ca]
caUheaU] ca] calcalealicadd calical %x@]aﬁ@]scé]l.ﬁg%h%ﬁh?a]){it@]a?aﬂrcff‘om the

LﬂcAaLﬂca]caU]ca]caU]caU]ca]cTa cal] cal] caoEF
- 2233+34{ v WRAY c aPEA BB aFEa ] c APEa [ Sa R TR T ¢ 28 e T altP ca] cal] ¢
ay] cglgi] Z?lﬂ]rmale@ﬁié QﬁﬂJlled&]meaidXS]sca]3c2ablhdaelbqakeﬁabca4ﬁéém4&6:?n@é\ B ]E yj ]
<<<< (I§}1 ca ca ca] cal ca
ca] ca] c"a] c%a] ca]%sa t]U] rl gt aglcl 'i'/%’cg‘}l a%ﬁ%%fﬁ%i)j ‘%ﬂ%‘g

HHHHH IxJC(EEnﬂxﬁaﬁf corner segments 321 and 324. Elements 331 and

.

_aa}f ffffg han the equa engt ments 333 and 334.

nnnU]nst ]euf ‘lj]g”‘ UkUBGMrl # UpK la&]wuéq sab] C‘a&lcp?fk%] edlrealcaldtalltal ©adwal cal cal
cay] caj cal] ca caj cajcal Ca ca ca ca ca ca ca

||| df ghkl hi |8 #IS*%J Q g%—‘ Ea] EQ%QE%] cafea]R] cay ca]

cal ca] cay cat]e(mhl]rraalﬂ caa]tca]:oa]nea] ca@gm&ﬂltatﬂm caa]nrh] caQ].ca] ceoBidNz X %
Caﬁ% g val g ?;j 91}, }:, 53l g@LC@h%%v]lﬁ%lJl%l chialsdLasalgel cal cal

DblZ(ﬁSLEﬁI]Jg’E)WaaZE&ﬁ%\ Wi ] @@ch?@;]?capya] dapoanpédycathdalheiardln] cal cal c
a] cal] cal] cahGakealfp] eiltcal cakealea] aal cadhcabhga] C§trut 346

=31 -Weeupke ZU] Jcal cagt;ﬂ CaLﬂ@ﬁ%} cal cal c‘tt]aca%caica] caV] % caj cal] cal] c
a ca ca] ca] EQAEL A ] cdjTq Y of 333
~ytoj d*VY] ] captaldmidcaseqhent sajza] ﬁﬁ]ica}zea] Q&xh@mU]at&U]feaﬂdtfd citera] caj caj ¢
al gaul cal calqalqal e saLaal 93kl ClfA ar1 o me¥ ¥ struts 348 are
electrically connected to the ends of conductor elements
332 and 334 of corner segments 322 and 323, which element
ends are remote from corners 335 and 336, respectively.
The ends of conducting struts 344 and 348 which are
30 toward the interior of the coil illustrated in Fig. 10
are connected together by straight condpctor segments
350, both of which extend parallel to and are on opposite
sides of rail 30 and extend in opposite directions by
equal amounts away from rail 28. Segments 350 are
35 removed from the outer periphery of the coil illustrated
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}ergb]X]]c]ca]ca]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca

] ca] ca] calrakdkmaU] cal ca] ca] ca] ca] cal] ca KL56 AGL3568; =l $98/19137

}xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] cal] cal] caU] ca] ca] ca] ca] ca] ca fl():a afca] caj ca
Ul caU] ca] ca]ca]ca]ca]calcalca]calcajcalB3s t w X

WRK=) ***T+h+mty+| +, E, ' --. D/ 0001111} xr mhc”Yi d_ZU] ca] ca] ca] ca] ca] cal] ca] ca] c
a]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]caU]ca]ca

] ca in Fig. 10, but are positioned suff1c1ently close to the

1QR4555r 7<<< E cajcal]c
af%a]ca]ca]cgfcg cgﬁba ca]ggbﬁég% cg4c§% %8? ? ? iﬁ é?i 2] ca] ca[
iQP ripheral portion of asma and increase the plasma
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10 extend parallel to rail 28. The other eﬂds of conductor
segments 352 and 354 are respectively connected to the
ends of conductor segments 141 and 142 remote from
conductor segments 130 and 132. Conductor segments 352
and 354, in the peripheral portion of the coil, are

15 respectively connected to one end of segments 141 and 144
of the intermediate portion of the coil that also
includes conductor segments 132 and 134. The ends of
conductor segments 132 and 134 are respectively connected
to interior coil portion 110 by struts 230 and 232 in the

20 same manner that the intermediate portion of the coil of
Fig. 4 is connected to the interior portion 110 thereof.

Segments 350 are positioned inwardly from the
periphery of the coil illustrated in Fig. 10 to provide
greater uniformity of the plasma flux density incident on

25 the workpiece than is attained with the prior art coil of
Fig. 1. The plasma flux density has a tendency to be
lower in the peripheral corners of the chamber than in
the peripheral portions of the chamber removed from the
corners. To reduce this effect, straight segments 350

30 are set back from the outer coil periphery.

Each of metal struts 344, 346 and 348 has four legs,
a first of which extends parallel to the faces of windows
21-24 and 1is positioned substantiallf farther from
windows 21-24 than conductor segments 331-334 of

35 peripheral portions 321-324. The remaining three legs of
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portions 321-324 are closer to windows 21-24 than the

10 remaining conductor segments of the coil.

Reference is now made to Fig. 11 of the drawing, a
bottom view of still a further coil in accordance with
the invention. In the coil of Fig. 11, a more uniform
plasma flux density is generated at workpiece peripheral

15 regions by adding segments to the corner locations of the
turns of a pair of parallel windings forming a main coil.
The added corner segments are connected in series with
the remainder of each winding. Each winding has short
(relative to the short segments of the coils of Figs. 2-4
20 and 9) straight conducting segments in series between the
added segments at a pair of corners in different adjacent
quadrants of the coil, i.e., at or close to peripheral
corners of adjacent ones of windows 21-24. The short
straight segments cause a relatively large gap between
25 the corner segments and the straight segments compared to
the gaps between the corners and straight gsegments in the
coil of Fig. 9; of course there is no gap between the
corners and straight segments in the coilé of Figs. 1-4.
Additionally, the lengths of the straight segments of the
30 main coil have been substantially reduced to increase the
gap between the corners and the short straight segments
removed from the corners. The coil éf Fig. 11 1is
characterized by complete symmetry and has great
flexibility through selective use of different conductor

35 segments thereof. The coil of Fig. 11 includes two
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"()-'I 0%k ()of exterior portion 410 of the coil Interior terminals

%;e. reactive

412 and 416 are positioned along a line extending through
center point 428 of the coil, as well as on the center
longitudinal axis of rail 28. Exterior terminals 414 and
418 are equispaced from coil center 428 and diagonally

20 located on opposite sides of the longitudinal axis of
rail 30.

Interior coil portion 406 includes straight coil
segments 431, 432, 433 and 434 of winding 402, as well as
straight coil segments 435, 436, 437 and 438 of winding

25 404. Coil segments 431, 433, 435 and 437 extend parallel
to rail 30, while straight coil segments 432, 434, 436
and 438 extend parallel to rail segment 28, with segment
432 intersecting segments 431 and 433, segments 433 and
434 intersecting, segment 436 intersecting segments 435

30 and 437, and segments 437 and 438 intersecting.

Peripheral coil portion 410 inéludes straight
conducting segments at corners 441, 442; 443 and 444 of
windows 21, 22, 23 and 24, respectively; Since each of

the straight conducting segments at each of corners 441-
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along line 460, that intersects coil center point 428.
Conducting segments 451, 453, 455 and 457 have
progressively increasing lengths in the stated order, and
conducting segments 452, 454, 456 and 458 have
15 progressively increasing lengths in the stated order.
The lengths of segments 451-458 are such that the ends of
segments 451, 453, 455 and 457 spaced from line 460 are
progressively farther from rail 30, while the ends of
segments 454, 456 and 458 spaced from line 460 are
20 equispaced from rail 28, but the end of segment 452
spaced from 1line 460 is farther from rail 28 than
segments 454, 456 and 458. The nested arrangement of
conductors 451-458 causes a substantial increase in
magnetic flux density (relative to the coil of Fig. 1) in
25 the plasma peripheral corner below coil cérner 441. The
magnetic flux density derived from each ¢f corners 441-
444 is greatest below the exterior region of the coil and
decreases toward the center of the coil go the magnetic
flux density established by the conducting segments of
30 the corners is somewhat less in the plasma portion below
short conducting segments 451, 452 thad it is in the
plasma portion below long conducting segments 457, 458.
This variation in magnetic flux density in the plasma has
a tendency to make the plasma flux density more uniform

35 in the corners relative to the prior art of Fig. 1.
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()-tvgzmkmp@pmothe same side of rail 30 as terminal 30 and segments
474-476 are on the opposite side of rail 30. Peripheral
coil portion 410 also includes straight; equal length.
conducting segments 481-486 which extend at right angles
10 to the longitudinal axis of rail 30 and have opposite
ends equispaced from the longitudinal axis of rail 30.
Conducting segments 481-483 are located on the side of
coil 400 between center point 428 and terminal 418, while
conducting segments 484-486 are located on the opposite
15 side of coil 400, i.e., the side between coil center

point 428 and terminal 414.
Intermediate coil portion 408 includes straight coil
segments 491-494, wherein equal length coil segments 491
and 493 are equidistant from coil center boint 428 along
20 rail 20 and extend at right angles to the longitudinal
axis of rail 28, such that opposite ends of each of coils
491 and 493 are equispaced from the rail 28 longitudinal
axis. Each of segments 491 and 493 has the same length
as coil segments 471-476, whereby the ends of all of
25 straight coil segments 471-476, 491 and 493 are
equidistant from the longitudinal axis of rail 28. Each
of straight coil segments 492 and 494 has the same length
as coil segments 481-486 and extends at right angles to
the longitudinal axis of rail 30, such that the centers
30 of coil segments 492 and 494 are coingident with the
longitudinal axis of rail 30 and are on opposite sides of

coil center point 428.

The conducting segments of winding 402 are
interconnected by electric conducting metal struts 501-
3% 516, while the conducting segments of winding 404 are



10?7 f 13 Mar 2002

10??! *1092?& () -s0! h* *10%& ()-s0! q*10%& ()-s0! m *10%& ()-sO! *10%&' ()-sOuS1@
' - ' -0 " 10%& -109<&' - &' - V&' - 27:

%Bfigi/g%@" HLPLO%<& ()-0 " 10%& () - 10%& ()-LIL0%& (%CTﬂlj%ﬁ%l 3(7) 10?7?;

111 vS10%<<& ()-0! {$10%<& ()-0! $10%<& {9 - 0" $10%& ()-0! $10%<<& ()- 0! $10%

<& ()-0D~_@1!'v10% u& ()-10% u& ()-'t3 10%u& ()- 10< 10<

10< - +109%<& () - L$10%& () -0l x%&Y7~_@1!!!f (10%& ()-sO _

|\vf@( iIO:V? ]; fc'lg ())/c?_xgﬂxécf:tg_é@(y@i/( 12 (L QU 0 &P h& QW U (1} =S @ 0%u& () - twi |

LI 0 -- == .

10--1"f (10% The (§9§8‘Fﬁ‘r‘~%1}@w®e?5f‘?§6?| PROSELEF SsBFef RrIRRISA Whrereby? V@

101111 ] #10%8E 19 - sAELs18%RA( )R & J - pata¥Rel) Wit ikRPR 402 Yand 404

1099& () -2"

101 #109% " &g’%\%@%/%%‘ib%l() A CHHFET SR EY #idod: EPIE8 LA G%

& ()-50! vl #1@@pner between interior terminals 412 and 416 and
exterior terminals 414 and 418. Each of! struts 501-516
and 521-536 has an inverted U shape andiis constructed
basically the same as the struts of Figs. 2-4, 9 and 10
so as not to appreciably affect the RF fields derived

10 from conducting segments 431-438, 451-458, 471-476, 481-
486 and 491-494. The latter conducting segments are
coplanar in the coil illustrated in Fig. 11 but in other
coils peripheral conducting segments 455+458 are closer
to windows 21-24 than others of the conducting segments.

15 Typically, the length of each of w%ndings 402 and
404 is 1less than one-half of a wavelength of the RF
excitation frequency derived by RF source 42. The values
of capacitors 424 and 426 and the lengths of windings 402
and 404 are such that (1) the peak standing wave current

20 occurs in each of windings 402 and 404 in a middle part
of peripheral winding portion 410 and (2) the standing
wave current at interior terminals 412 and 416 of
windings 402 and 404 is relatively low. Typical points
where the maximum standing wave currénts occur in

25 windings 402 and 404 are at the centers of conducting
portions 472 and 475. The standing wave voltages at
interior terminals 412 and 416 are relatively high and
decrease to relatively low values at exterior terminals
414 and 418.

30 The instantaneous current flow in the conducting
segments of windings 402 and 404, otherfthan in struts
501-516 and 521-536, 1is in the same' direction in
spatially adjacent conducting segments. For example, the
instantaneous current flow in conducting segments 437,

35 491 and 471-473 is in the same spatial direction, which
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The spatial direction of instantaneous current flow in
each of conducting segments 432, 438 and 484-486 is the
5 same, opposite to the spatial direction of instantaneous
current flow in each of conducting segments 434, 494 and
481-483. Similarly, the current flow in conducting
segments 451-458 of a particular corner 1is always
instantaneously in the same spatial direction. The
10 values of capacitors 48 and 50 of the coils of Figs. 2-4
and 9-11 and the lengths of the windings of the
previously described embodiments are such that the
standing wave current in the two parallél windings does
not change. In all of these coils the spatial direction
15 of instantaneous current flow in spatially adjacent
conductor segments is the same. As a result, the
magnetic fluxes derived from spatially adjacent
conducting segments of the coils of Figs. 2-4 and 9-11
are additive to increase the magnetic flux density and
20 plasma flux density in the center and perjipheral portions
of the vacuum chamber.
Segments 431-438 form a tightly pitched center coil
portion 406, while segments 451-458 (at all four corners
441-444), 481-486, 492 and 494 form open ..pitched
25 intermediate and peripheral portions 408 and 410. The
turns of center portion 406 are conne¢ted to and are
spatially separate from the turns of intermediate and
peripheral portions 408 and 410, such that there 1is
significant self coupling of the RF magnetic field
30 derived from center coil portion 406 without substantial
magnetic field cross coupling with RFimagnetic fields
derived from the remainder of the coil including portions
408 and 410. :
Thereby, the magnetic flux density coupled by coil

35 center portion 406 to the center of the plasma is easily
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controlled by proper design of the coil center portion.
In the coils of Figs. 2-4 and 9-11, thé magnetic flux
density supplied by the center portion of the coil to the
center of the plasma is substantially higher than the
5 magnetic flux density coupled to the plasma by the center
of the coil of Fig. 1 to increase the plasma flux
densities in the center of the plasma felative to the

prior art of Fig. 1.
We have found that the etch uniformity achieved with
10 the coil of Fig. 11, in planar form, was improved
relative to that achieved with the three-dimensional coil
of Fig. 4 when the coil of Fig. 11 was modified to omit
(1) segments 451-454 of each of corners 441-444, and (2)
segments 476, 474, 481, 484, 491-49%4. In this
15 configuration, segments 434 and 509 were connected by a
first conducting strut and segments 438 and 529 were
connected by another conducting strut, the center portion
of the coil was the same as in Fig. 2-4, 9 and 10, all
the coil segments had a 1/8" x 1" cross section, and all
20 parts of the coil (including the struts) were co-planar.
While there have been described and illustrated
several specific embodiments of the invention, it will be
clear that variations in the details of the embodiments
specifically illustrated and described may be made
25 without departing from the true spirit and scope of the

invention as defined in the appended claims.
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workpiece with a plasma, the processor :including a
vacuum chamber where the workpiece is adapted to be
located, the chamber having an inlet for introducing
into the chamber a gas which can be converted into the
plasma for treating the workpiece, a coil positioned to
couple an RF field to the gas for exciting the gas to
the plasma state, the coil including interior,
intermediate and peripheral portions, the interior and
peripheral portions having turns connected to each other
and arranged so the magnetic flux density coﬁpled to the
plasma by each of the interior and peripheral coil
portions exceeds the magnetic flux density coupled to
the plasma by the intermediate coil portion, the coil
and workpiece peripheries having substantially the same

dimensions and geometries.

2. The vacuum plasma processor of claim 1 wherein
the coil is arranged so the current density in the coil
is substantially greater in the center and peripheral

coil portions than in the intermediate coil portion.

3. The wvacuum plasma processor of claim 1 or 2
wherein the coil has a greater number of turns in its
center and peripheral portions than in its intermediate

portion.

4. The wvacuum plasma processor of any of claims
1-3, 5-14 and 16-25 wherein the coil center portion has
turns with a tighter pitch than turns in the coil

peripheral portion.

10%r
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wherein the coil includes 1nter10r and exterlor

terminals connected via a matching network to an RF

source.

6. The vacuum plasma processor of any of claims
1-5 wherein the coil includes plural electrically
parallel windings, each of the windings including one
interior and one exterior terminal, the exterior
terminals of different ones of the windings being

diametrically opposed.

7. The vacuum plasma processor of any of claims
1-6 wherein the coil includes peripheral corners, the
exterior terminals being at a pair of the peripheral

corners of the coil.

8. The vacuum plasma processor of any of claims
1-7 wherein the coil includes plural windings connected
in parallel so current flows between the matching

network and the plural windings via the terminals.

9. The vacuum plasma processor of claim 8 wherein
the plural windings are spatially and electrically
substantially symmetrical about a center point of the

coil.

10. The vacuum plasma processor of claim 8 or 9
wherein each of the windings includes plural turns
extending radially and circumferentially between the

interior and exterior terminals.
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11. The vacuum plasma processor of any of claims
1-10 wherein the workpiece is rectangular and the coil
has peripheral sides including plural straight conductor
segments defining a rectangle having substantially the

same size and shape as the rectangular workpiece.

12. The wvacuum plasma processor of any of claims
1-11 wherein the coil includes plural turns, all of the

turns including plural straight conductor segments.

13. The wvacuum plasma processor of any of claims
1-12 wherein the coil includes plural turns, all of the

turns including only straight conductor segments.

14. The vacuum plasma processor of any of claims
1-13 wherein each of the windings has -an interior
terminal and an exterior terminal, a reactive impedance
connected to one of said terminals of each of said
windings; the values of the reactive impedances, the
length - of each winding and the RF field excitation
frequency being such that a peak standing wave RF
current at the excitation frequency occurs. in each of

the windings in the peripheral coil portion.

15. A wvacuum plasma processor for treating a
workpiece with a plasma, the processor :including a
vacuum chamber where the workpiece is adépted. to be
located, the chamber having an inlet for introducing
into the chamber a gas which can be converted into the
plasma for treating the workpiece, a coil positioned to

couple an RF field to the gas for exciting the gas to
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peripheral portions hav1ng turns connected to each other

and arranged so the magnetic flux density coupled to the

plasma by each of the interior and peripheral coil

portions exceeds the magnetic flux density coupled to

the plasma by the intermediate coil portion, the coil

center portion having turns with a tighter pitch than

turns in the coil peripheral portion.

16. A vacuum plasma processor for treating a
workpiece with a plasma, the processor including a
vacuum chamber where the workpiece is adapted to be
located, the chamber having an inlet for introducing
into the chamber a gas which can be converted into the
plasma for treating the workpiece, a coil positioned to
couple an RF field to the gas for exciting the gas to
the plasma state, the coil including interior,
intermediate and peripheral portions, the interior and
peripheral portions having turns connected to each other
and arranged so the magnetic flux density coupled to the
plasma by each of the interior and peripheral coil
portions exceeds the magnetic flux density coupled to
the plasma by the intermediate coil portion, the coil
including a pair of parallel windings, each of the
windings including a terminal on the interior portion
and a terminal on the peripheral portion, each of the
windings including first and second longitudinally
extending connected segments forming a corner on the
peripheral portion, the terminal on the peripheral
portion of each winding being at the end of the first

longitudinally extending segment, the end of the first
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includes a longitudinal axis extending through a center
portion of the coil and through a center portion of
opposite longitudinally extending segments of the coil
peripheral portion, the terminals on the peripheral

portion of the coil being substantially closer to the

axis than to the corners.

18. The processor of claim 16 or 17 wherein the
segment of each winding includes an indented portion

remote from the corners and intersecting the axis.

12. A wvacuum plasma processor for treating a
workpiece with a plasma, the processor including a
vacuum chamber where the workpiece is adapted to be
located, the chamber having an inlet for introducing
into the chamber a gas which can be converted into the
plasma for treating the workpiece, a coil positioned to
couple an RF field to the gas for exciting the gas to
the plasma state, the coil including interior,
intermediate and peripheral portions, the interior and
peripheral portions having turns connected to each other
and arranged so the magnetic flux density coupled to the
plasma by each of the interior and peripheral coil
portions exceeds the magnetic flux density coupled to
the plasma by the intermediate coil portion, the coil
peripheral portion including several 1longitudinally
extending segments forming plural corners on the
peripheral portion, at 1least one of the segments
including an indented portion between a pair of the

corners which are adjacent each other.
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20. The processqQqr of «claim 19 wherein the

peripheral portion includes four of the 1ongitudinally
" extending segments, first and second of the segments
that extend parallel to each other including the

indented portions.

21. The processor of claim 19 wherein the
peripheral portion includes four of the longitudinally
extending segments, all of which include the indented

portions.
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22. The processor of any of claims 1-21 wherein
the coil and workpiece peripheries and walls defining
the chamber interior have substantially the same shape
as each other, the workpiece periphery being slightly
ingide the coil periphery, and the coil periphery being
slightly inside the walls defining the chamber interior.

23. The processor of any of claims 1-18 or 22
whefein the coil peripheral portion includes several
longitudinally extending segments forming plural corners
on the peripheral portion, at least one of the segments
including ' an indented portion between a pair of the

corners which are adjacent each other.

24 . The processor of any of claims 1-15 and 19-23
wherein the coil includes a pair of parallel windings,
each of the windings including a terminal on the
interior portion and a terminal on the peripheral
portion, each of the windings including first and second
longitudinally extending segments forming a corner on
the peripheral portion, the terminal on the peripheral
portion of each winding being at the end of the first
longitudinally extending segment, the end of the first
longitudinally extending segment being remote from each
corner formed by a pair of straight intersecting winding

portions on the coil peripheral portion.



