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Description PLASMA SCURCE COyL AND PLASMA CHAMBER
USI NG THE SAME Technical Field [1] The present

WO pooeqo426h rel ates to an apparatus for nmanuf acRCr/KRQV0&/000912

sem conductor device, and nore particularly to a
pl asma source coil for providing uniformdi s

tribution of a Critica CD) change rate,
and a plasma chanber up%&ﬂﬂtgﬂﬁé [ 2] Background

PEASMA S??EQ%FE?Q@SI@@@@%%E?’RSB&?’E?%MEER USING

circuit conponents hav E] EI y devel oped. The
devel opnent of a vari ety o1 Sem conductor fabrication

deTeehniGdPfel@ of supporting fabrication techniques
requiting the ulti rrate t echni ques has en‘éfgl ed the

r api d NgEUREBiIRUSHtioB felafeso &1 anparalsIgRBERRAEEngR sehigonductor

¢ hagvhe&, and more puitididary® Adlasnea sotide dilefdr pli@m(ﬁ@lﬁhimr dis-
not .,on

fapricatipn_ devi.ces have use

B3 RS R OUE PO RE S bl g uing e
prew@sses, such that their range of applications has
rapidly increased. [4] A plasna chanber is indicative

of sem conductor fabrication equipnent, which can

ar Backgraund Avt m pl asma in a reaction space, and can

perf g M é‘:%'y%&éé %th:ﬁ%ﬂ’e%?g&%?nﬁéﬂ&ﬂnﬁiuﬁ} o138 SBNE Integrate

dep03|t|on usi

abﬁﬂesmgmculmnpqyleats ﬂvavesbmb@pldblahvglep@i dbe develeprment of a variety
El @P&hﬁ&n@zﬁ&bpﬁdbﬁea@%ﬁﬁ'&ﬁ:@%a BieR¥ s %ﬁéfabf‘@éﬂom&hmques

VWave ,Ex0|te Plasma (HV\EP) sources EFE C|t|veeeg
Co{?ﬂ}“é’d‘g %glﬁlﬁla{edeﬂ)mm Pé%@nab!ﬁ%h@ Fistdgvelappepbof gl circuit
Pl étﬁﬂiﬁbrfeh@laﬁﬁ&l tie@sherefrom ahigltkdPatilva shentidaed sedsiconductor

PobregiPe VR e diaf ot %aﬂl& Bebchetal SR PFadseb fut also for

el deposition procesues isntlethaatheir emtgerof ppplicat bnshas mapilyrindyygased.

an eAﬁﬁ&s{gﬁa hambs fjls 11%19&% ok? ¥em8n&{%g(g'%ﬂr?catit)§ E&i%ﬁlgﬁhwhich can

t hat asna_i S genera
pr artifigially ‘@!ﬂm]aiﬂé@l g tenctgmmctamcabmﬂrm aoyarieipEp processes

igwcﬁ%@ etcr ; ah@lae lragﬁﬁll ) %e féﬁr[éﬁ' n?xte }I’l;fhwv&méﬁféned plasma
ul S | |
CT CaTLbe 39#3@6?%59 Pﬁ?féﬂ\%éﬁ r(?&b@%fopﬁl%ﬁ&ki%oumys Helicon-

apWave &Ixt:MIBPlairﬁd (HWEP) pouic&s Gaﬁ@itn&l}oce@pﬂemglaﬁna (CCP) sources,

S M rggllo gc 1v|5?Py a% Wafl%;Plﬁ%IIn% ?IS%% E%urc?s etc Vecl%i/fpﬁcﬂ%%% foélﬁ(fes provide
t oalgmdu%mms@ﬂwmli Badio drequendyudRE) rpowfer CDisgh gagerate atnagnetic field,
Thﬁuﬁgnﬁlﬂ@@ gtr{n%tl%%h %g&l?ﬁl &'nFefr ﬁ&ﬁ B¢ G cﬁ% %&aﬁ%&ﬁﬁ@ﬂeld

resu artlcu

di mdaeedrhyethe magaetis fieldsugh thahblgbéiw@ty Riaﬁma isfeenergigd gven at low
an prebdufe. Tongfarddvith ECReplﬁﬁﬂ?sdﬁfceE e HVWEP "sourtz&etﬂeqwrsources have

od uct i Vi Cener.a
art Hﬁtﬁﬁtrllﬂarecﬁa*datawa% cgireq BB nEPE f Syl fasy method,
t hauchtthes tHey ¢ widety aceedtie vagharstapplicdtioas.waf er . However ,

O DRI a1 s SO opl SRS b oIS oo, or
byex,amplgbn ag ciching pa(g:essh at 1eyglty|1m@og@i§ tQy g@aiantpenumform distribution

c OMB%'hQﬁge hfdeThe CB chalgetd i tHE diifeichbe BetWbdid SHRBESE CD and

bet wee
resultant CD. Particularly, the higher the difference between a CD at the center part of

a wafer and the other CD at the edge of the wafer, the lower the productivity.
Generally, it is well known in the art that the CD at the edge of the wafer is higher than
the CD at the center part of the wafer. However, difference between the CD at the edge
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the CD at the edge of the waber edge and that at the
center part of the wafer. Par ticularly, the higher

w0 b@odegsee of integration of a device, the hiPCIEKRR2I98/000912

abovenenti oned necessity. [6] Presently, there have
been wi dely used a variety of nethods for adjusting
pr of1Be svafsiaddeiag hsthé Cerfler, papt (fihelwefer g@sbsttmbloyled B Sariables such

type ower, and t erature, et.c.) to adjust th
1 S PF Bt eed P iop et i agecdiodpinititze g difference between
| i tetGD aiothe edgeanf] the wafeg edgreandDhatiat thetcenten pardof thsiwader. Par-

th ) . ;
b e Tpher AR AP eraRH of A8E e Ind Wl oove-
Pafeniiqredmecessiss seni conduct or fabrication has

I eCePiekintDMREE hdveBeen WRI¥FK Rl rvaRbQUT HethetsFo3iiiding process
waf er grocess, applicati onl f general |CP,sourcesS is

p 0 .
| | PATEDRCERE -8 TSPV 84S SYPP %T%ﬁﬁ%@?ﬁ POY/GF pRLICEIpERAIYE, efc.) to adjust
pl éwe distdhaivnext GrHgesver, ahdegd atlaptis atimitador Radhoting @, CD dis-
hi ﬂ)u 1gn ﬁé’l{;lé rétabt)lvé)-\rlhsen{i(r)]ne% Iﬁecﬂl(lt)dsc,: %ds tthre%cr;’lg h %e%]%d capable of
i nductor ofca resonhance circuit. 'S curren
capraviding gtisfactoyy whilisct s di stribution of plasma
genepgtietiafl R seRRBRictor fibficiiR hhs #R 1h8vdd ¥orR 220mm wafer

that a coil”constructing an | nductor I ncludes unigue .
r eB08¢ss i@ @ 3PPrapevafer meeesss applicatigne gengraldGP souesgs is lmited due to

t Pﬁnﬁ:ﬁitrhl, prablefn SInltBO@Hsb 00h pIaBlfﬁ? CHérhBeéttfoi é@‘gfﬂl]% adeptiRthe ICP
al on e ,_ene cons i.on..0CCUrLS upi que ..
7 Sl it BF comghelids SR RiBe Gy Op pgance circuit.
i sThis RFxcurett caphcity greathpaffetedigtyibutien of plasnd genetatel in a chamber.
CUf,I: ' f ' i ' . J
ol LEREN RRRE |t e A AoliRohiifuclifh hn WP il AL B
i nresisanesiherein, Thewfern, wherecutest fpwein the col, sitssiensth of the
geRGTt A6w!if10n36r ARG CollPhelyI@nAfinptitaVBurs bY&nique resistance
above- nenti one henonenon becones nore seriou$ in the
calthgroih Sl@glﬁb%tﬁ&f mvmgﬁ? RRATEY sgionverfed igtorfaermph pRRIEY-jAs a result,
Ia ke %&H&;}t&ﬁpﬁc@ﬁ@ fﬁﬁ@'ihg irﬂtﬁﬁedﬂ ﬁfay&)efg:ritﬁlhﬂy Eéﬂu?ed. T ehis Wiay, if the
onger .the co t he hi . the resi st ance. of .t he coi )
o o2 ey Powinacin A i pSisc i SR RioR os hRme getgpated in
gr the whirhberl mayealsalbe uneven.dBre above olengonddgphenomenon becomes more
ab - ' r A t tl :
o utfoud e BREOR B iffnal' il Codifn BREAWORRAA asma source coil
cofarmed ppa ginglerrgd dthi dongsr thelceil thq lgphar)ties resistagegof the coil, such

SCihg@irteht SRy F6F pMsndh iRHSHIR 16 NSFBRHuAIRCIoWRdIIPorder to solve
in which coils are arran

pl as source cqil ed in .
pax%a gB%Y‘?'mPP‘QHe Qbleng, é‘lﬁ%{? paspsen |r%r§mlm%’ﬂ9%1ra plpgna source coil
pl mswisicls a phualitg of coitdwamarranpelliiparallel] 9] Referring to

Fl and 2 I h r..1 i.ngl .
reachiGn 8 gatierbilf SYRRTRe R BRRRE By MELAGE hesgya source co
wainl whiol ceifs aréy errangedive paralel. EIGI @rie a Hetiled iltuswatidncefisbe plasma

Pl &sf@ biQnhbenfiREIEd.i n a predeterm ned area of the
reactl on_space 104 under predeternined conditions.

Al t hBalsringe FE3el path2stha elasma ghanabes JOM ingludes aggasition space 104,
pawhichfis d¢fthel by aiRexthionan 109 0f af chimbEr dnd afdome 112 of the

it AL BRSBTSl fance 104
10tndes peddstermmed aomditiénsoAdthoughxthe raaatiorpgrate 184iiopthat a lower
o B BB A OB AR 1 305 S sebided oy

ar simpli&uthgdrayingsadndegdya lopfer pare opiha plasmashiaber1§.is also isolated

S effbmORdAErR1 phR| fich 48 atvacfn RARCER B8 thaiftain8@ [rsh idfbmal part of
an _upper surface of the wafer sugport 106. The wafer

sutbsdas eickfitndcvaler suppar 18% israaeedy a lower part of the plasma




power -supply unit 114. The wgfer support 106 may
further include a heater therein (not shown in the

waoeleawiongs) . [ 10] A plasma source coil for formPEHKR2005/000912

[10]

[11]

[12]

plasma 110 is arranged at an exterior surface of the
done 112. As shown in FIG 2, the plasma source coil

12¢hanibel WOERA Semicondiictor Q\QIférSIgSIto Be prdckdsed istseatbd oh h upper
and .124

uni t .coi 12 122 ich. are
sl e SFafor o, 106 TR MacdiodiF 104 s RiEpeE 1S h fSternal R
t hpowerssnpplysunitt 1H4. Toerwefer spporti 106 qusyl ﬁrthaymtiedé a bedter therein
First to fourth unit coils 121,
é'%g%@%vﬂ% tg@%glm%z each configured in the formof a
C| r cAlrana soyTee ool decfosminernlgsmantiiis arrmmgediag an extprjor surface of
t h@hefdoft1 19NAS skind inlBE. Qrﬁlé‘EEﬁfﬁa@bu&Q Boif €70 ﬁkhﬂé‘i fouPtinit coils,

source C h | es adi us
cl bf‘sefirsm Ropith bk pels ?%% ﬁéﬂﬁq&é a%ec@nesqt?f in parallel.
t h_Althdnggheﬁt udihevilsak illstrated tmethe ﬂfﬁﬁngﬂ‘ tHehminthee OflﬂhlucthIs may be
ggfrﬁel éect?d 5sh1?ec% i dF}Jrs ! %) f&? h unr coifs 1 1'1 hIGZQT ?% d lfQJl %re each

COhC U I on, Irs Unl toi
encdndigeredoy thehormof o ro;dclmhatvmg@l predbzeznnnddefaélgs;dhmcwﬂﬁrty the first

;:giéﬁjt é&?msar%gwa%ﬁe Péhté-lsmre&ltﬁéﬂp hi sdh%é colﬁ?as t@ekqnanest

third unit “coll cl osed by t fourth unit .
coradiugolhe otpser thercitcumderengerafithe plasme suree @11 thegpgher the radius in
12£’he odd of &k s@écﬁldQﬁﬁtrtsaﬂt 129 -b fihddidirdlunilcofl 9 230> Rie fourth unit coil

u uni 16. Th fir.st to fourth uni{ coi
oYL SRl i ceRd (275 end i PR heheiprdpifepif122, he
gr sconkd tt coih#22 is [eiidlbse'ﬂl‘tgf the thitd unit dodlur2B8handnthe thdal drdt coil 123 is

clci's&? d by ﬁ?e%guﬂﬂ qnﬂ‘%éil ?%‘t'lﬁi "Hy tb @o&rﬁleuxﬁ ‘?q?fﬁz?hfﬂb?% and

1 1624 @ra @hmtelq@si in nal@lleldp an KK nmm—supplp rueueltl é:r erfargt to fourth unit
| NEGRSIRY yms 19580 fm gret%nh&ﬁecf inrp%}aﬂeth .@g%hﬂd H:Pﬂrﬁnal

I's 122
ggls dee it Hhéﬁft%‘ it &8%12111222 A a1 Wcoptainedn e plpsm

s péteenbbP 400 faeive REGowet fifoneihd RIes@Veradpply unliel 16ER¢h il an
as con

h d
7 caeriio Reud b e GRS ebRTHE BEibe Mol Touatpapiecois
aanZ]a 12BeiBcand FdaThischechit figld passesthraighrtbeldomé 112, and enters the

P afeta&t%nes%gg@{;@lr Fhe diePictd ﬂa@élvg%\/tﬁé g&gtlbrg géﬁgé T€4 is discharged

p asna a %gd I ONsS OcCcurs
of torgae cartpined e reactigp srace 104 the gasris é@@@é@d infp elasma and a

f ' élﬁa‘i’mcﬁ f6R06n bétk’deéﬁi netil rddieal pArtibRE Lere@itkd byt &k gad 8nverted into

nd 12 onnected [l el ch that the
e Zad aﬁg E)éls QEGUTS,; élj'hﬁge%ye £ §ltlr£q,f:§é)l’rlg;e semlconduct%r wafer
[ ntm&is ms@ddl“h?eaﬁrse asddny, thirdcarlSoarth anigeoitsal@dci22; 123, and 124
Sefr;'l]e 08%1? uetah \é\ﬁil suth]tg%tt V\(':ea\rll%educteh ?da% & %&mg% reesgs)fance or

ams T8 ess 0 e R0eVET eR
admdnctag@eandAan emleimqeas 4 laegepeapbtipnsemyconddctonwiafes. of
di f f foWelat, inereAdl H%h&g of S{&@édls% 5raiels§of tﬁE %%Jégmelﬂio%ed
and_ an etchln pro Ile’inthe casé errormn
et ediapepy é\créggesermve. mieblgmdeindiqatiye Of/@llﬂflCWdM J“PFUtgnS@leCtlon
ar fatib\@thifig kA6, lin@an @a:mn% pr0filch Eld dage 616@6%@&@1 a@ﬂ chdtffil process.

ol Shingat By W kb ke AR i s B8 85 Sghing gate are rolated
f i ineerselproportonzl élscecaljod d tmtle-bifirglapomshig)ebut shenetthing profile is
e t
9 %\% ﬁ%qg}egag&téﬁgfﬁg Ia%S{)d %Ehﬁlgg %19 thm? §L’I9€\£’%t§¢ g{ﬂ i&% %electlon
a ritigland @|lew efchingrratel whengas the Iggwl etching rpgofrlatlsagenméed at a high
abéé‘le%nﬁﬁ @iticpd}ﬁda ToRCdicHiRE AR S abSRLmbREoneRP 150 ﬁﬂﬂ@ates that the CD
rateD (1. a difference between expected CD and

%llﬂng%\FﬂteCD) is high. Particularly, there is




a di sadvantage in that distrjbution of C D is not
mai nt ai ned constant due to the relatively high plasna

walemsio4sat the wafer center. [13] D scl osure BPET/KR2005/000912
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I nvention Technical Problem[14] Therefore, the
present invention has been made in view of the above
prabbens, and it is an object of the present invention
to.provj.de a plasna sourc oi |, indi cative  of i.fo .
o G Plae A SBUUEE R e sRAREEDYR i, TRicRly. were s
seailisadvintigein thaf distribptigiof t i s anot her object of the
present invention to provide a plasma chamber using
t he plasma source coil. [16] Technical Solution [17]
| nisaot Bretgiaed ganstantine ta dhatelatiyelythigh plagmadensity at the wafer center.
i nvention, the above and ot her objects can be
accqQnpl i shed _by the provision of a plasma source coil
coPpsclosure Oﬁlﬂﬁgmlﬁg arranged at a center part; and a
pl %@hbjé/alqirmkincoi |'s arranged in the formof a
concentric circle froma circunference of the bushing
on t Hetedietesthe fprastmt ilvvenbionas bdeamande in vevwerfdhe ibevegoblems, and
un o . a o\/o . .
copis- Bt B 1R TFeEREnfondco BHARI AP Rl ST Mindicatve of
enenifFrmedigtHbutign ofcoi | and the other end of the bushing
arg~gopmmonly connected to a ground termnal. [18] The
bushing is formed of a conductive material. [19] The
pl %Pr%ﬂtgtP&“&Fs ‘hﬁ:‘s -CRRFIY SEUCQIUHOE WAt -gured i n t he
f or nita$ aotledriobjeet of] tRO presére iplention td provide dpldsnaashhmber using the
havlgsrgacs:&ur}(\:/eeg(d.ltype structure so that their position is
| ower'ed” i h proportion to a distance fromthe bushing.
At least two unit coils arranged at the outernost
pO&i,.I.i r g the plurality of unit coils are
ar?ghgggb%mgﬁg{;ne pl ane. [21] The plurality of unit
coi | dn hesoedamce wiithane-aspastofsthe prtsenteénwntivinahe dbierand other objects
pos). iy i ' It t istance fr. .
P i B R Bl e ey RIAMT bl e Byt T LG bl Bushing
oudreanged at peaiteripgr; Andonplarabityyof yt ¢uily agrnged i theform of a
oo T eRHE ALl TATE cRAUARRIRITPE tRRAng be e s of the bushing

Wi ner . as )
" Y BFfe NS etﬂﬁ@? gaghsunit o) 9 eng epd akihg bghipg ere cgmmonly connected
C oty pSverGupply périindl] dnd thé ofher@id efitiath Gxit tail and the 9edr end of the
in t eformrgfnalconcentd'ic crirceon first plane in
a P%@‘rgaﬁ%f’?; QR BB A8 OEH TRRER uni t
coi | Sdebashyaglis formékoff pcandoétive maemadnt ric circle on a

seco i : t he
%Sﬁh?lﬁlgt o|’1’ ufit cHitd&t eQ&{ donfidlfeliGh éﬂtﬂgm gFQ&r&E.

| ower 0 s are_commonly connecte ] L
powerChembprijtytad unit sails bave aaeavetee swduretspéhas dheirpasition is
COI5NRADin GREPRESED 4 dstand fedtA thd KifsHInB A Icafi dwbRRit @6WSarranged

at the outermost position from among the plurality of unit coils are arranged on the

=t
s

same plane.

The plurality of unit coils have a concave-type structure so that their position is
elevated in proportion to a distance from the bushing. At least two unit coils arranged
at the outermost position from among the plurality of unit coils are arranged on the
same plane.

In accordance with another aspect of the present invention, there is provided a
plasma source coil comprising: a plurality of lower unit coils arranged in the form of a

concentric circle on a first plane in a lower part; and a plurality of upper unit coils



of the upper unit coils are gommonly connected to the
power -supply term nal and the other ends thereof are

W@ 20000M2§1 connected to the ground term nal . [ 2BJT/KR2005/000912
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[26]
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[29]

[30]

di stance anong the lower unit coils and a di stance
anong the upper unit coils are each indicative of
0. &radged irl B forhhef 4 omeEntubicircle@nl aseddid plae: mmneippwpah wherein
coi l sg@ fﬁlgrinect ed to each ot hrgr vi a {:gnnect on €8 minal
cofiifet PRE BREFS Sy 8y PR atpﬂge‘b?‘}%’y ermima
c oamkthe other Endsdbercoimre corethonly doheedjedtoradgroendhtierrainal, and one ends
[2 :

3 oS e RN G0 1 A0 Spob g an e
co?‘lheli:@?‘ilﬁ thesgafgre @rwngmiyﬁgnwtqdu te éhq growdf tgrg@al-i n t he

f or M Hisfan6dy Juh&‘i’g,?ﬂle%wélf UBRHOHE a4 Histahcdhbmg thedap ?ér unit coils are
it.coi pgt’grranged in the formof a concentric

ci ?ac?F‘én‘gFF‘t’é'eﬂf PPane where the bottom of the

bushiThg lower wittdodiel anditie upped utiedails yreodondpgied towact other via

COL e B ANGE bl 15 DRUIRE. Ty INEGRET Ly llofE Gipiontnes
V\h@mmwted)tmthelmsmdfteltmgall ower un| t coils are comonly

conngg ta@&)r&e?lc@ wi@ f alﬁﬂlﬁ’é}laX dcB6fThB g}es@ﬁqn\téﬁﬁoﬂ t(}ﬂ@r% is provided a

ends t her are % connecte roun
t ePlafTRA Pour%ﬁﬁpﬂo%nmwag afushing vgrHeall ymapg%m the fgrg of a cylinder

C ORI denter Hax ﬂaﬁp‘lhﬁﬂit}i 6f Toler ﬂﬁv\ams%hﬁﬁged ih@hdForml of at@ncentric

the oth d f t

or SHAIOR & Lame Yhsg t Rt R YRLInE g et Rfelty of

p Ouggter amp pbils a'rmngechml the fretnt ¢fea @moerdc t:mtlmon alsecqnd fland where the
O RhARR BUIRAR i [atb8! Ghertifiche 60 o 0ty B3 LACEe commonty

0 memd EOZéBPOWesuppbaéﬁrrmnaltand @lild @h@m@dﬁ H@re&gﬁ jpesrcommnenly
COLdrhe @S tFH Qﬂ%ﬁﬁ& R4mif1,888 30 Eﬁ}fsrof\fh@uﬁéﬂ Hﬁi@ Edni%rhré b&ﬁﬁlonly

connect e t he power -suppl term nal
co?m@&?tP‘gW ‘?‘P Revel-HRbcieraing ?Fd{;tt ?ﬁ’ r?é‘F Commonly

[Za}mbae@ﬁpme@ﬁnﬁletmmyet anot her aspect of the
vent i on rov sour

pres C .

o 1 T PNER e tflond BoRbRUpRS e R BT I BULEF epminel.

t he fAodistapte ammmgathre Howerainiteiods amda distandé ahengthe upper unit coils are
ragiy %Efﬁ Eotgag b9 a conmon center part, wherein

one ends of the unit coils are commonly connected to a
powerThsdppenunifiofls apd thegprer unitpdls eressoapected © csphdar yia

C OfdHReétRsh 1iRs omtetteddo HRPOwWl ]?pﬂij‘ tbrinffl HiY the ©er SomieBtion lines
connect e%}oq%ﬁeach other via at 1east one connection

| | fEmeety gundieraieal with yet anot her aspect of

t h e [inhas@mndance V&&lthtyeomotlﬁdias@ct of the pmsdl&dn\aannbﬂ,ahae is provided a
o Ve e RO BN R LAY il Al bp ) o form of

d| ¢dnsersnic crralds havang dififerént rasieses wbile having h mgnmrcanfgenart

at Wﬁe&ﬁm&renﬁéf)f vhe\e(ﬁﬁ(rgs 19a:@ REmATRA &fnnE&@d W ﬁov@éi" supply unit, the

are_ conmmpnl connected to a power upp y unit,
ot BT @de &h qf?ﬂfraé"o‘fm%iffl@n ¥ sRmsTed te arerenddernipal aargirféa Hait coils are

t tGdrS]dﬁnBabd t@éﬂéhbﬂﬁ:tr VAl dt 16261 drie cBhfectionMast ed to each

(0] er, via ea ne connec

O i b priinct; S e Mot 20ercko Ll Sty REn g agrg i provided a
soplasrad sdured coilpamsnpirisorg: a@ldrﬂi\lﬁy to€ dniit noifs oEmped orthe éoran of

di &fn%&&ﬁc c[r&%& hi\en Hﬁf !ré?lg ra<{1 J e ki ﬁlllb{l%iﬁlg a#ﬂ&Hg‘ed ata

ave conc TUC ure Sso t
pogqmqr@art; 'ghereln one ends o the unit coils are commonly connected toa power-

supply unit, the other ends thereof are commonly connected to a ground terminal, and

the unit coils are connected to each other via at least one connection line.



el evated in proportion to a gistance fromthe bushing.
[33] In accordance with yet another aspect of the

WEe@sen28i nvention, there is provided a pl asnaPGDERC@®5/000912

[31]

[32]

[33]

[34]

[35]

[36] .

[37]

coil conprising: a plurality of lower unit coils
arranged in the formof a concentric circle on a first
pI an H‘helj)llﬁalit(y\mﬂ'ﬁmn @bils havieth cdonpétypk istriyctafe sl thditpdsition is

| ed.i f f [ ircl
ccloatrlpIRETaO e 4 fsaf Tt RBPEEN oo cnde of th

I owe Thempiluralityi df sini ceilchavewrdopcavertppe st titre sathat their position is
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decreases. [39] The surface areas of the unit coils
are mai ntai ned constant, are gradually reduced, are
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[43]
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di stance to an edge part in the coil edge area
decreases. [40] The first wafer area and the second
vvaﬂajreaaesea overI ap a vvafer surface to be processed
'@ surta as e O PP a tlIrI]eI' as §ste vat %H d constant

area G 58 Ceeaad% p° ?‘H?éS ‘%%“é (Rl 811 eI T HAH ’
abaudre gtrd8ally wiluend, and disenceai ansedgé part wathe secoad wiadkriarea
of gdhessecond wafer area is equal to about 70-90% of
an entire radius of the wafer, and a width of the coil
edge Thestrface aseasf thejunitgsils agomaineainsd constanty areraduglly geduced,
of arehfadt@ll @ incrdaded, of i@ FARANY rREKT, adth ARtdn0E td141PSI8 part in the
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using a predeterm ned equatign of n=ax(b/m (where "a"
and "b" are both positive integers, and "m' is
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to an integer greater than "2"). [47] The surface
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at least two unit coils, which are extended from the coil bushing, are spirally wound on
the coil bushing. Therefore, as a distance from the center part to a radial edge

increases, a distance between a coil positioned at a specific radial point and the other



[56] An area of the plasma sgurce coil structure is
greater than an area of the wafer by about 50% or
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specific position capable of providing a m ni num
di stance anong the unit coils to be included in the
wagsir adj:li&ﬁt to[tbS¢oillR egrzsdmany iedacm ahd isqhexhﬁwea@dt he

Ty S ESRSRPIR e st dotysrooR ST R woung on fhe col
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Ef f e¢hs uhibBdilsArP WASARISAIGWEL S[Sé@ific FRfiof cﬂﬂ)m prodahera
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Pl 8 ShASRAH WhtAnDfistael Lmo@giihegbﬁ&stred pfance
el ection ratio, etching rate an etching profile,
resulting in uniformdistribution of D[61] A plasma
SONIdRaMabtods Effeddsasma chamber in accordance with
anot F?errggeenbodl ment of the present invention
c han gx\splasm poweeceil and wplasrpechamberysiag thegemedn pecordance with a

?@Rﬁ!rﬁ:d‘&ntﬂ)ﬁﬁﬁérﬁbf thd p@és@ﬁtniﬁvé}ﬁﬁ)ﬁ rré’dd&@ rés@stfﬁfétﬁ lof b @8il, and increase
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& pSATEETE T RPN RasiRE AOWE: KRB L erBance g of Plasma

adgietstt? dAlse, cwpldraligr dfauniawils amrartange& ﬂi&h¢ foim c;fe.&ribﬁs pes, such
i n uni.form.d e fr

colLpiadh BN Gah by Bliuat o et RHEn B b rate, and
A @i etshing @hﬁ“ﬂbercsulmnmamrfdan destmbutihny)ét anot her

prefeyred enmbodi nent of the present invention induces
substanti al plasma process environnents, for exanple,
etching environnments, to be uniformover the entire

waf era phseh séiiad ccﬁf ﬁ%ﬁaﬁﬁ@&[&&ﬁar QY RcotdaficcRith &ﬁ?other preferred

vvafe f or even ca be effective
iRl T BOBESda MIen eI nES f So a5 Ao Gy plfarhd source coil
[ 6édpablef gbﬂBtﬁﬂgpiaﬂﬁMoﬂhngemtpﬁ)slﬁbﬂ anforrestiomp shohtthat plasma

adaea}ﬂ glelsha %ac%igrg g(?afrcg 26 ¥etﬁl% g?agm\g' chlrn{zggr cqg & finely adjusted

cl ear ers rom

deaesprding wrpositioanniormatom, msultlmemn w111f¢rrrt distridodomplanyi ng
dr awings, in which:[65] FIG 1 is a cross-sectional
view illustrating a plasma chanber usin

c o iBp Fangp Alonpithg spRteRAst @fcr Wafer to thggde gfcﬁle yafeg g

d et aAI ;ﬂ@hmd dHagibeAin a@aoﬂﬁndeheutpya aﬁathspptefeered eilbodiisib of the
Cross-sectional vi

| plost e RGO indhieS sbrRiaDef R Pir oS eaP Amones dorramte,
c oetching eaciommatants; & be ghifampovef thereatireewdfod isnamnthatgfro¢dse evenness

Pr §5& e drti¥e Ql‘éfei),%r example, CD evenness, can be effectively implemented.

Brief Description of the Drawings
The above and other objects, features and other advantages of the present invention
will be more clearly understood from the following detailed description taken in

conjunction with the accompanying drawings, in which:



[68] FIG 4 is a detailed il{gustration of the plasnmma
source coil shown in FIG 3; [69] FIG 5 shows a
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with a preferred enbodi nent of the present invention;

[70] FIG 6 shows a third exanple of the plasma source

coi | HIG. decoérdssrseetivndl Rieav Mlustkfingechlasmiociambet ushg 4 bénventional
present invention; [71] FIG 7 shows a fourth exanple

of PEHE2 FUEHE source coil in accordance with a

pr ef dlGed issndasailedsHostotion bé therpdaserat sonree entlishown [i7RG. 1;

FI G i [ ' il

ol asiC,3 i GORSRCAGRA LRAMIKF @i D15 Aol biHf o plasma
a $qurgerroihan gprasdasice Mt gopratemed smbpdiancaib pf the present invention;
accorgens e av\ﬂétﬁlleﬂ 1Hﬁ§faﬁ6ﬁ ofl t&fﬁmﬂia%ﬁfce Qbil tsﬁ@wxﬁ’ EBENB;

| nvegztt[bog 'i‘éi"?‘l"l] 10 is ss-sectional vi ev(\i ith

i |l ustPalf Eepn %’ﬁ"ﬁ“@%ﬂ @SP 2 SOHGHAC} H‘?ﬂceuf agee with a
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sour c LI .
ebod e ik shaBBRUrHRD R (dbnt R Sp B Slapce yith o
crp@&r@émtmdanem@themr%ﬁmtmmnmg, the plasma source

coi | ﬁ&o d a{: fo@rth'e'xam 16 oF ke ﬁaﬁrﬂéscﬁlp&v&ﬂah%@(ﬁﬁﬁrpﬁ with a
exampl e o l'asma source cojl In accordance W t

pr e %ﬁ@eﬂesﬁﬁ‘é‘nﬁ@’@@ént i nvention; [78]

FI G Fé. SEM\&oébﬁse@hGﬁHl hlewmm’raau@fthé PlRsiih ssuFee &ﬁw}@am in FIG. 7;

I d f d enb t
o0L 16 SRR TBAR e B B S8 TR el i
ofpnefarrepleaﬂmﬂlmmoﬁmeqmeslenu invadiony dance with a
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FI G shows a
col in accordance with a preferred embodi ment of the

preseng. | NYRRS @ﬁxthk%&ﬂi})fél dBthelladrfa updeQD shB®h i Alordance with
Vi eW|IIustrat|ng asma, source coils shown in

FI &Rrefermediggnbadgpent the DIESCRhBNNUR: 11t h exanpl e of

t he [HIGS MRissOttbssesebibral vidwallasr@iap gl phinha Soupdedoilrshe@n in FIG.
en‘g&gi ment of the present invention; [83] FIG 19

sh a 12-th exanple of the plasna source coil in
accofdant®shawsha eventherampld of theqdasmasounie colleén peaosdante with a

I n &fgrfe‘a%mﬂoﬁl%enlt:loﬁhe%gesé elﬁlo}ls th exanpl e of the

sna_source coll In-accordance Wth a preferred
enbodilﬁeh‘t sherwstaneci ghtl segmple 9§ thetnlasma sogee cpjl @ ageondance with a
r&dkﬁxﬂoﬁtrﬁéiﬁaph? p?ésehhﬁv&it%ﬁnﬁ fOU][ Cf coil i n
accor n Wi apreferr enbodi nent o e prese
i nverﬁig Slt%@]alréﬁ@ eXgBIp esoféﬂbplagfga SQHEEG ‘&ﬂﬂﬂ‘F‘ ageQr e with a
|Ipne&tn‘edte|rrrt@dﬁn¢31taﬁﬂn pcdssamtmtremmnng a plasm source
coi | ordan n
of tlyé&p?éé%ér‘f? adl fr:ld\igln 19% ‘?&B? ]ﬁ%&\g ‘%‘E 901? Ce vitha
i | prgéarredtembgdinhent pf ﬁ@rmessnunu@tmxl shovvn | n FI G 22
[ 88] HIGGI7 &4 &Qﬁvgfﬁhgﬁﬁ%mhﬁgt}’au F%ﬁ@ﬁlﬁﬁnff s &ls shown in

ceEIter %art toIn ges 0]
FIG. 18 shows an 11-th example of the plasma source coil in accordance with a
preferred embodiment of the present invention;
FIG. 19 shows a 12-th example of the plasma source coil in accordance with a
preferred embodiment of the present invention;
FIG. 20 shows a 13-th example of the plasma source coil in accordance with a
preferred embodiment of the present invention;

FIG. 21 shows a 14-th example of the plasma source coil in accordance with a



waf er and a plasma source cojjl to illustrate a plasm
source coil in accordance with another preferred

werodi4rent of the present invention; [89] Fl Q@CRER2005/000912
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shows exenplary distribution of a surface area from
the center part of a plasma source coil to an edge of

t hprfetﬂr&armltﬁ)dnbuﬁdm oﬁmelpretsentaﬁeaftﬂ»anc e with anot her
re e e 0) ment ent nven
P & 62 SR a o v )RR ER SR R B {sife plasma
pl semee ciluin @ecardance iwtheamothed preferredi entbodimoerit ©f the present invention;
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FIG. 36 is a graph illustrating CD distribution on a wafer due to the introduction of
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cross-sectional viewillustrating a plasma chanber

using a plasma source coil in accordance with a
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is a detailed illuStration of the plasm source coil
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affected by spacing between gnit coils, such that the
etching rate, the selection ratio, and the CD, etc.,
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322, 323, and 324 and the bushing 330 are connected in
parallel to the RF power-supply unit 316. The first to
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FIG. 5 shows a second example of the plasma source coil in accordance with a
preferred embodiment of the present invention.

Referring to FIG. 5, the plasma source coil according to the present invention
includes a lower plasma source coil 520a and an upper plasma source coil 520b. The
lower plasma source coil 520a is vertically spaced apart from the lower plasma source
coil 520b by a predetermined distance "h1", e.g., 0.5~2.0cm.

The lower plasma source coil 520a includes a plurality of lower unit coils 521a,
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s emed phiipendicaactofeactt other, Rattlcularlbfsthi éizst cong2tion lige 8341 and
a nﬁile %@&ﬁld%ﬁﬁnéﬁﬁf)ﬁl ng4e @542%& Qf@rtﬁ@ﬁ'? 8 an@$hd ﬁ'mﬁlcghnectlon line

as such, a detaill description t er eof w

h el&%ﬁ@é %fﬁufth@enmww@ Hge L5 m hereentaly f&@@gw .ption.
[132] The fFIGSl6 slﬁﬁﬁ‘scmﬂ)—tﬂ dXafriple GftHe prasHh Boutbd Eoil dcBord k. with a
1622 16 t he bushing 630 are connected
Eﬁ?fﬁﬁ?P‘fg?%mnand are al so
[133] c o nn eRdfm:ing to EIC@ r1<6uthd plasnmiisoaice coihecdordiag taithietpresont invention

161%?:1u% Bﬁﬁu@iﬁ%@%&#@kéd a%?llléf cehfs %alq fer& C(ifeglld’ 4 ﬁlﬁl'allﬁ’y of unit coils

connec er via first “connection

164020 1!6]2132“011164 ®f therhmshigg 4 636 Her exapwiel finsii secemwsd, (thinds apd fourth

anghit &ﬁlstllﬁﬂ d1gani 16230hhd 16243 TRE firse!se6drldl &fld] ¥nd fourth unit coils
connect 0 eacC ot her via seco d ConneCtl On I | nes
2 B
616755001

165221, 4 getaregsrangedia the,same manmer apin Fgp 33, as such, a
and’ethﬂlﬁl desetiption Uhdrbofowilll heidr Be afmétted O thel coAvdnyence of description.

Touhe Fisbastnc@id. liBhakifie sty o PORE AR and 1674 mne
16&1511&@1680 arheomleciedlm aoRKFeoweosupplhynast 161%] aldard alsarcdnnected to
thg ﬁf&ﬁh& i eﬁi} fg‘tgﬁqdﬂur@ﬁl %’)@@ Ind 8R%et8f lﬂ‘?l[co‘iil' 16295ty electrlcally

con ecte L0 eac are alternat arra

[ 1gamegtedto eaph othes vierfysisconeatiopiaes V641643, U6t @pdaé44 The
E Es;ecfsi(l)ﬁﬁlgac&p %dZQGanGQhé fhirdhawoiln ﬁEﬁ ﬁb% eldetriceily cOh#d?RIdAB each
W n €SCI. 1 ov
ol SLBFEYia SeHopd EReptih o Yo e L ghd 160 Eh? ianeoil 1623

I | dndsthe &hirthynit doilsiédlace dectricdllyctonhedted oieach other via third

confl [ at on I o
CORIn AL 1681 &@lﬁiglg%?,lajﬁpl 665 mf;f@%@ CRAUES 1 §41 ~1644,
t othélses:onnl'ponmcpbm tines 1@1016% and theithisd egrmeettandimgs d 661~1664 are
al RRGRCE EsHaERd ﬁf‘@aﬁh Qthef AU ﬂ%rﬂéé’lg afthgpased at
the center part o | a@sna source c , and the
[134] f ol | dEnd/ fsia@essessctional Hle§’t iflystrating éhec%lﬁsr%sweer@elﬁ vlgwn in
I nElgslad-~i16 AtHough the f$h6wfﬂgrd%§crﬁinbu @bésthe ASdvedEntidRtd plasma

coils 15 samne ne in th
F aReRToDeRR G FRESS s tmutG oF iR Faciohy s Gal B Boted thar s
st cmﬁi‘gurzmoarcammlgebe appliedaoiplasmi séiibe ovilssshownda¥FEGS. 13, 14, and
shape, such that the closer the coil positionis to
t he ed%e part_on the basis of the bushing 530, the

[135]11 ongdieterriag it ElGridea plusatity ofomicilsore smanae) alonge cigpméerence of

St 5 B&dhi g1 0’ BIPIS 4 Thd cenlir 'pﬁrt%?%{écpl&%@soﬁ%\é%ﬂ STWRRE following
h th%Fﬂthe cl oser tggéCOI position_ is to. t

pa Hfsttpnt Strpciures caj bg splectiyelyiipgludesdp FIGhL/- %?{r&st@ﬁére

di stance fromthe done.




In nore detail, in the case gf the first unit coils

1520a, the first, second, third, and fourth unit coils
wazpemg428622a, 1523a, and 1524a are di sposed oPCT/R&2005/000912

same pl ane, such that distances between the first to

fourth unit coils 152 a~ 1524a and the done are

rmi'natua'emﬁdt edirsssaoa arra\ngea bf tlﬁh’ﬂéilﬁleqﬂaﬁd”iﬁ tlsee@ﬁgeifruml the bushing

[ 1 h
sbi e geshatl ARG FEREL a8, Chin kOl 1 2bih apucave
f i stepe,such thavible cldserdtbe coil phatiseisdn theumige pabioh thed@is of the

guf%m%r 5%0” tlo b {he]cﬁ&%p:e “ffan gﬁmfng ldﬁét%h{)’\ﬂh)& ggg 'tﬂlrd structure

e of t
d| @W%@W@G%&Z%% agpn\eX Sbame@ puch thapthe closgy sle %mbposmon is to

t h@le@ﬂg@pé}?&i ﬁﬁﬂﬁ&g P tHeWasinE 53®fthd dhRribt ﬂlé{dlg]s‘tﬁﬁgé fl‘éﬁi ﬂhe dome.
con I r u

co n m&%&ffﬁe in the gaﬁﬂdﬁn%ﬁﬁhwt %le%%%%ﬁehfelfsﬁsﬁonﬂft Iffgan

_safmrthrumarzrgﬂmmlaasszm 1523 amidt 15244 lue dispdfal @otht same ;ilane such
Idln}hffip gistggge\é% een%‘e irs forfglgré nsm? %1 1652%5 I%rZ y Iaugf &il’e ome are

erence be ween asma e cen
anuhaintrinest ¢oastapl. lu;tha cdserofithe swond hmt eaityel SQQb,ta dlsance between

rebahiof ﬁhﬂ cbﬁ’é’\ﬁZ 1b0PD4LAnk AR dPhd inERh Q)k?der of the ﬁrst unit

B ée% ulﬁ;%
contai ned in the secaond structure or unit co

15¢@k] %?dhraﬂhfewcwd wHecaih} 328b o thecthyd @mt cail { f&3teacthe Squrth unit
t heoilMSA4bCRI the cdse 9P theCtBiitd @hid €6iild 15200 @a &is@adbetween each of unit

t t t | th | [ to th
oafs 18 e riats SndiBE gpme oSt B e or i o the Hayedtiazte ->
untht secuindinit=Ald 522ntatha ddrd wmit dvél 1528¢ &> Herfoetthingif coéih&524c.

[136] ﬁ' gfﬁf thtterégmg @hhrﬁ%e?r? Ehi{gﬁﬁgﬁlﬂg%ﬁé‘{@fmﬁ@& o thé NBove-

11mentiened |ﬁ§$tétf9¢tut€|1é ppe a dd{arense beiween @laém@ieuatycaé the center
1%&11 Sdhebater Eﬁsﬁ%&%ﬁ&%ﬁ Ehe%gé Bﬁ't grr@ﬁﬁvély UéW@rQBAxﬂB the unit

eferri source
A § ntained in the

he
ac%‘aiSdgﬁab F‘b“t@lﬁ%é prtbe éwmg ﬁt&%lﬂie(% U esils 1
Pl ehdrdstraOfe; En theichseldi2RaumncbiRN 520 eontfindd 1Hths 6¢toaé structure, the

et k8 SEE P p At B %€ P B B case of

apthetunitcorts 3k contaged iy the: third stedoturs; the dlodérshanaibposition is to the

[1 coil 1820a i ncl udes
| o%‘]rter}%t Jhg\pﬁghepg,%;gtgnm%%%? 1823a, and 1824a. In
[137] nor e Hi6t 43 shovsam llloﬁheqxa@pbsqfﬁh%daw%swq cojlgp@geordance with a
| iR ntkithai o lhe Presk MRVl cOi |5, for exanpl e
first to four{:,ﬂ,{TJ n|t coils 821a‘il 1822a, 1823
[138] and AEDE K ulght BWSOURGE €O BFqosdigg &o § Ipﬂ%“F?ta‘P‘é‘?Ptlon
I ninkludes 4 Bywelr ptastarsbeice 0bil [l 820 andrantuppen ﬂl&mwgouhxe coil 1820b. The

ﬁﬂ%ve}( %STS %&%g% ggil E‘%gﬁﬁ” 11 C})’B‘fltsélégﬁg §%u9§eac%l H&IOB are vertically
C omapghamdt from eheh dtberrhyof pradesemgesd distanery a

[139] Pr ed@[‘h%flmv&%ga |fee cth 8§0£ RlcldeVRwer Dhik c&§ 1821§21]892a 1823a,

is enclosed e second |l ower unit coi
%%ﬁ%evhrmqrﬁ .dﬁtatlo'ihp lovgerplasma soproe 59 d 83Ja ltnﬁ]é‘d?srﬁ plgrahty of

I OlWer Whit Eoil) fdr ck8AR, firsf b fodfh dWdrcinit@oHS 1smllat 18X%al 1823a, and

ar RUBR SO Fer it A st rasR B Pl B, B b of fower unit
c ocdﬂs rﬂ@ﬂiaafreelﬁ &dectedl@AacssanydFit824 fouatheundt eodls 1 B2, [1§22a,
f."i‘@%‘ét %% 18245 3 balll Eﬁ?ﬂﬁ Yl!re"%i i@ the fo ?1&1 df%‘%rcle Q)%Cat prafktermined
i ne 184Ta, a second a,” a

connec

t htadihs| Bhetirst lomvee onit eeil ﬂ82ﬂ@ iy gadesed émdhtasefc@nd lonveir e eoil 1822a,

COfhg %Q&dn@qu'éﬂﬁnt]c%ﬂ‘]l%ZZJ R&nbiok&d by ﬁ%r&%@ ﬁfﬂt 9611 h 893, and the
he second | ower conpectiadn

t htﬁl@ lpweimieiinse srenelased h%ﬁ*géour&h@“teﬁ emrt gl tl%24a
| ower connection |ine 1844a are arranged perpendi cul ar
to each other. Particularly, the first



| ower connection |ine 1841a gnd the second | ower
connection line 1842a are arranged in a first

WQlR2006/00428N, and the third | ower connection | i NRCIW/BR3®3/000912

and the fourth | ower connection |ine 1844a are
arranged in a second direction perpendicular to the

[140]f i r StTHE firstesdcond) .thikd,4hdl fodith wiityils QB2E) 83T 1 823 aC trid 1824a are

[141]

[142]

[143]

oo B AR PSR bl v g ARG het Rirnedify s BT sccond
pl swen comeciden bus 18428 20third dewerdeandation linp d843a,and a fourth lower
CObdrSectiopbline T84S T ki ; '
coyrRegiepine 485 meSRSRer Cniippe (8L Wl K00l o
unsemegsiqnding 18424, the thirdtlawer gpnpection 1me 18432, gndherfowsth lower
l;P&ﬁ{netft[HngliﬂéOlit g4da H@%ﬁrﬁﬁgé{d ¥ %ﬁd&%l&i g&z g%haﬁlédigléﬁﬁ&ﬁgﬂy the first
irst to fourth u coll.s , , :
1 8%’3‘6“ 5?@6&%%{9%{#4.1@ GP% the;speqnddoyey ‘EHHBPCt‘é’ni‘nFcl@gEa are arranged
hain firsedipsceion,edndrthe théxd loweli comnection line 18434 amgkthe Eonirth lower
‘igé('%l%éf ]flqiﬁesl 8415 !'aul%sa%rdangé/d i.tnhaeseé(?r}%oﬁgﬁﬁglp Ee

r nj- il
e second T"ower=uni t "COI srpglhdé'%ué%ce%aﬂbeyﬁmtd

t hisedtionr d | ower unit coil 1823b, and the third | ower
uni t i j ot .
'I?_l% 2!123 %3% ﬁ)%ﬁdéécc%coﬂsl%éopﬁlcims gﬁyﬁh'zlﬁlyﬁ I’o?\gﬁﬁcfr?giﬁ:?lﬁs 1821b,

coi | Irst,  second, f .
upp&42buh323beend L5248 olnynoreglotay, the ipper, plasmp spgrceisol 1820b includes
el Ryt hit)p“é! hahit c6104) lil.e.i,:1 1{1@51, %%xﬁﬂﬂﬁa@bﬁ@fou%&mﬁ cﬁ)%l_ﬁ $82 16D P82,

(0] 1 O | nNe @ Secand .upper. connec I ne
TOROED. il R e 4 theRE oD SRS ART R 48, € number of
f oupgeh unip peils maybe fitélp selettad ad BebdisaryT Farst to fedrttuypecoils 1821b,
co t l] . C ' )
RS, SRE1 HS e oo ERREE R oSG Bing o pre-
t héeterminechradinseFheclanshlowier umit Foih 821945 bnclesed by thmgpeand upper unit
Egédgf[%?gﬁyﬂhgsieégﬂd l@?sﬁée} d{ﬁg}%{}- 1 a8rB]%IS %s'héﬁeisoéédo% the 'Slgg; 1ok unit coil

c oAby FSHbE itfHJéﬂi’S’&EBniéF‘éil 187588 enflgsed By flac ighith lower unit coil

di 1&2hbi on, and the third upper connection line 1843b

and e fourth wer connegtion li.ne. I

T kg dirnseOnd, SIES, ofR P oo i o 5 P 580, 1ga3b, and

f i 1824bgire electrioally ¢ohaditedda dackigthet Wiaradirstsupper connection line 1841b,

i | i ' e ' that

1 SROnE bR cofeclith 1461842, 31 ShrbEdifibaton 1R 1&%1%2’&“ 2

c ofEBtupper qonpectipgAing 1844b. Jhe dirstapperycoppentiondiag 1841b, the second

eagpbed thtectiomliie 18426 the BARPESPeP Pornetior( I 183BBV¥MY the fourth
arranged in.a Ver%gi di rect&on. The .secon

gbl we .
c oWRRSE EPsctiomiine; HH4R agarranged perpendicyly aca othgrc Prrgigutary, the
|'i fisst 4Pk bomieetion Kne ti41®cint yhecseooelippdr t@nneatidn liehk842b are

Vi on nnecti on, b i not _sh £l i
vePref S A e, A4 o 0Lty SElon il IR0 ahd e four
c olomwese comnectiombine] 43k agnatranged trha segonhdiaection prependiowlar to the

liﬁfst%ﬁéc%%nmy be directly connected to each o ther,
and the fourth | ower connection |line 1844a and the

f our t'Hthoy gk theggismediingistion elix 48, iraljould benejed that thetffryt lower

c owimle&tﬁﬁl 1h{éhm¢|£1 aid e First[ubpéd coﬁlhéétioﬂl 9ing h@zgﬂ) ay Be tHEectly

exa e asha source col .| ccor nce w a ..

o Bt e oS AR R oSt farnpricodine T ASBRY DT eRh by  Fertica

RediesctiongThecsebord lo8r cdrmectjpinaseel 842 andbthe sedond apperctiongection

t oliItIJ] %ﬁ%%?@%g%gﬁlélcﬁﬁgoﬁﬂe&%b lég otﬁelJ W& rse(fa)lna%gﬁlrection line (not
| a a r ce Col

source €co ) nd an upper plasha sour o
19stown) Trangedvie p vprtigshdireston.da teis way.the trirdewer prnnection line
UPPA3aRha HBhRAUPS& coRhdctidR ARD 1843 M&Y bé @@ddtly connected to each o

ther, and the fourth lower connection line 1844a and the fourth upper connection line



spaced apart from each ot herooy a predeterm ned
di stance. [146] The |ower plasma source coil 1920a
W0 a8l a plurality of |ower unit coils 1921eCT/KB2®&/000912
1923a, and 1924a. In nore detail, the | ower plasna
source coil 1920a includes a plurality of |ower unit
coi 841b rRaydalso Bem%alyszeﬁmekdtblaad‘tﬁbthand fourth | ower

it 1921 922 19 d 1924 Al tho
(1441 01 FIG 1 s 12 S aplrc ot g SR suree gt defidite bim o
nuprieéarredfenibodenent of theqoésest inegntive. freel y sel ected as

[145] N€CE/ALY ng 1&21@ 193 515 éﬁaﬁﬁ%rgkggrcte Rbii gcc@ﬂ%ft&fﬁ'étp?eshﬂt\’fﬁ{'e tion

unit col are arra
i nmphlée%alwwhsw SQUrce ﬁ0¢ﬂ220a13@d aasupmrdﬂasnw Wuregicodd 920b. The

depiel plas@R sbuieé 68lf 1990alanh el epﬁlaﬁﬁh sdupek il 19208 are vertically
conven ence of qﬁ’@% tion e first, second,

t hiRaged apsg froyp e y %PFF@‘Lt iL%d \81Ce. 19223,
[146] 1923&‘hedﬂderlpﬂé?sﬁﬁa svuece0ilrO20ethcludesan plﬁFalmDméfoww npit yoils 1921a,

?2;%%2%1:3#&3 % I@Pg% Eif-%(l)org a0as Cthg Pov%e? f&ﬁ% osguré‘e {:%11 1920a includes

ower “unit coi 'l
s ez phdality wélowm unit coild, e.pQ First, sacend [third, ;and &hurth lower unit coils

CopgaG! @22%019%3 hanﬁtl@%a ‘Alﬁloflgl'i ﬁtlodv&"tﬁﬁt GoRBBRGih ﬂlted in FIG. 19,

| i nes 1941a’ 194723, . The second | ower
unthe nggiber aidowsr %ﬂcmhén%ber @eqhb Wé?Ct‘%ﬂqﬁlSt neggsaryq dhesfrst, second,

Iar @irdl 8t ifohﬁltcl ﬂdWerQﬁ[trd:@ﬂi @%thaolmﬁhlmh &ndViog4s &e@i@nged in the
ower connectl es

e PR 6t PG 1 BB ST, 2o AGcriRton Bisren il Rgiem be
unomittedifor the Edmvemeacebbdﬁscmpimrﬂ y connected to each

[147] °¢ herTh\é'fﬂ'(s]t %é;g%'_tﬁ%én{i I&’@Q@%&%Puﬁﬂ O&R 119??}6193%9%93.51 and 1924a

1963a, an ower connec
1931116@%11@?4140 an R4 prvessapplpweit 18 bhaad areplsd ¢anasctad Bl aground

19éﬂﬁmaﬁ AGe & lé\bélr thif 0269 AEME s&dnl16\WS vh&lo 19222 are
4a arﬁlnot directly connected to each other

nd
ar %le%.trlfaé pgfediforeanly ather yig st loyer ‘E?&B%‘iﬂoﬁﬁ'é@?ré%laa 1942a,
sow43a, &1 194192ﬂié setsrldug@sr lﬁnpd:dil EQZZ& ﬁn@fhettﬂiﬁ@ Towsi uhit coil

' 192 b 1
f g?%ﬁﬂ’éﬁ' € (ftggzﬁé' csogﬂ? 3 d?> té’ oelaah g@ﬁb}ga Sﬁc&na & er connec?ion lines
pI 195kaj 19}5263‘ 1953 pendu9b4a. dbeltlsird lowgr pnit co@ﬂ92&emdmbh fourth lower

gtglgcoﬂaf%% gg%%l@aﬂ?ﬁﬁf (ﬁecﬁtgipelgt?h %t%lgltlag (t)lli!lﬁizl%%r connection lines
| | 196der 9624, 19637 and 1f§4a fiastpwer eomnegsiondinghi41api 944, the

mi%cbﬁ‘d fowre bé(nrﬁa@ﬁ&?ﬁl%% 18514090858 and thethid idvl?éiftconnectlon lines
urth u er u coil.s é I d
i%% ff@‘ AEppE F"r%?ﬁBé’H‘eF’r?nflﬁée tefpately arrange
[148] rran n eThea@pelprEdnﬁ sohfce call 1900Mhinchuddeh pldrﬁdy d€apper @hit 0vils 1921b,
t h%ﬁ%f }d%lbl ha‘i?%ﬁ.ﬂ% (? : rd;e{aﬁdthe%r %}' pel‘% rceecgﬁel 996b includes

desCription S&Co
f owplunalitp pEuppen ionit coild, .21 Firstbsecond 2hird, m@ ertbalmellmﬂ,@ﬂs
ar e eNIeohefoi3p, 2 248! O)Qﬁﬁou?g‘ﬂ a@beyﬁ&hi cokﬁlaﬁe ﬂﬁeﬁi‘até& fa FIG.
al so connected to a ground first uppe
unt$ tlafbnumheyz)i BPRETAN{ticeils Bay Ry f@ﬁlgesﬁleeﬁﬂtas e%ﬁeﬁsaﬁgéfi)@ first,

ar gec6hd Ghikd, aad Fourtippecifiticdin 19ach) 190761192818, ahil f1924b are arranged

up er _connection Li 941b,, 194 943D

e SRR e TS B4 s S SR Tl o herein e
u nOIhlttedlfbr th® EGMeareacebbdﬁscmpmhﬂ y connected to each
ot hefm Vi

1149 DqcoTheifity GBS g Shy E&*}Q‘%efé?mu%@ﬁsl@%?ﬁ?g%%%b and

t hE9Xbure eprunpfated taaf RF power-gupp. urat B4, and are @lsblcpnnected to a
lclogxggﬁ% 744 al. ?g%*zﬁr&t Er Mhﬁcdlf‘lgz‘ité%g@ ﬁ{%hsg&?{ar bﬁ%}gt coil 1922b
c oM &lacirisally comnecied Aq 6&0%9)41196 vig 4]1'@ URREH AONNGHLHAL lines' 1941b, 19420,
connection |ines 195 | b~ 1954b, and the third upper
connection lines




1961 b~ 1964b are not directly, connected to each other,

and are alternately arranged. [150] Although there is
wmeoosid8tration in FIG 19, it should be not eRCT/KRR2005/000912

the second | ower connection |ine 1951a and the second

upper connection line 1951b may be directly connected

t 01%43bhad 1EMbVTIRe Rcdid Sipet Gninesil 1922b| antl ehe( ﬂhﬁtl upb@wm)t coil

o oL e e el cnS Badly’ SRR Oy yik SRstndnioBer b Bfcign tines
| i H¥51b9622bat ¥53h| swl vbcThethudnppartund cod 1923hamt the fourth upper

xlel?ltn?%(gf%ar g@&@&ﬁ&%}ﬁ%%&ﬁed f?)‘gacﬁ Bfﬁ@f'} ﬁl‘iﬂ‘(?ﬁ‘[?&g cbtheBtion lines

| oli1be KRB 19630, mdnle%%gﬁheaﬁrsqmpzacoq@qtgw lings d 94 Hr4444b, the
ma%c@ﬁ‘d ppce @I)ﬂdécﬁ&m‘%t@g 16-09388, AU tﬁé"l‘ﬂuﬁ'u ér dé)ﬁﬁ&ﬁlon lines
ﬂgﬁ% g%g_llnes b, 19423 1943 an% 4h. d
ERA o fgAch o riand e é&we y armange
[150] C onnexithedgh thepd i@ei‘o 1llm$nﬁnoﬁ: fmﬂlﬂ‘.twpm s]houMe Be n{)téﬂi {Hat BHeGecond
20lo%v 22 88 aect}(;)gr* ne, or 2}% f Ic 5 e(t,orrrgo ugxipgls C 1otnh %eclgshb may be

accordance W esen
| ndiggetly sanngclediap eRéf @her viga figst Eb@lection htlfh op Islaa’mi arranged in a

%frﬁ%é Ql%!)tl(ﬁlc Qflé ﬁhf&ﬂo%r ¢ e&[dﬁslﬁfétl%ﬁé/ et tihe third upper

s a.cylindrical bushing 2 vertica

ar ?%ws%t&maknet 11962b areradso dyggcil y F%}eé@ﬂ to gaghtsr Vi asgeand
S OgbT@Ecticdl linedH8moWinP M@@éd Da fedficAEreiG. €n tHiewRPdne 1Bf the

o1 G PYER sPawear insgBute b a8 R ToRh Al igeci gonnected

t o wie df ltee fimgsippeg c@hBttiomslimls 464 th, Qﬁéﬁgd%ﬁh and 094b. Also, other

DRI 3G, S A D S8  bESPR3O e feion o
[151] by a Fioe 2@ shows anEithox wb@ph@gp wmcm@lt i@ acherdance with a
ﬁ@féi‘reﬁferﬂﬂaﬁuﬁéiﬁ bf 18 '%Qt inldmioh. The | ower plasma

source coil 2020a |ncI es a plurality_ of |ower unit
[152] ¢ oj | Reserping to B2 20, ﬂwi@gla SQHtge 569 26C0Tding fRythe parsenyi ipvention

t hﬁclu@w& cﬁhﬁlﬁlﬁﬂ Bughing QOB@Vértlaﬂ@Qﬁrangéd adBS cénter part thereof, a

al )
P 1 plaoisqlef Sl 20Uk s L BLA BRHE e afidhdion pf g pushing
s e2@3ds atshidisppsednand anupper plaswea seurce caab2020b2ixpbsed on a plane

20 I

ar éﬁ?ﬁel %g ?at e%r% @@%2@3(&%' Jlgbﬁdei%r%)ﬁ n% ﬂ%?w%sn’ﬁ)&)lu?ce coil
c0?029apag theauppeeplagma squaes cail 2020h arsesstically spagedaparg from each
f Obthtiby HPRUctefthined Qis{aﬁc@&ﬁ‘ﬂe%por?{ﬁ)ﬁgzﬁ the fé?l?ﬁh , of ISibBRE2030.

are confiqgured in |rc avi n
[153] pr ed %mea oyece qOﬂglijZBaer]"?iPSr aplurality SEE’W“F Rt goils 2021a,
an20X2a)2023a) mded024aiTh neove Hstaﬂ,&ﬁé. towel RAma s8iiz8aoil 2020a includes
2 024@ zﬁft&e? o%&e‘i‘ 1llsy dé glbﬁg a cﬁ‘cfrﬁlﬁerr]en%% %? {he\f)lughigg 2030, for

r connec ower

|on a, a secon
c oexamrtlé, distl $agend OHipdh and fwuﬂhldwmumt cailsiP08ta,i20R24, 2A23a, and
Zoﬂ@ﬁla ﬁﬁﬂo hf PldWeP uhiP @?fs a?@ﬁﬂﬁﬁﬁtb&)ﬁl i 9024 ﬁlﬁmb&h@f lower unit

first omer connectlon I ne a, he second
c ot apavohe freehe selestedyas Iteﬁ%SSﬁ‘IYr FHStIt%\f@rﬂthWﬁ'é‘élN emls| 208 ka, 2022a,

204388a, aa (218 afeiath Borl fIYRIACia TREFInin®T aldirdR: K% pré@etermined
ar%@Pged per pendi cul ar to each other. For exanple, the
I ower connection |line 2041a and the second | ower
[154] ¢ onn éd_telfnrst, $dcomd, 2Ridd and feurty lowvegadt coils2021 a,2022a, 2023a, and 2024a
ghgﬁgﬁég&&gﬁ?ﬁnﬁeﬁfédw g%cglndéfg & ﬁ&"t‘ ?o‘k% ggmléc{i&n 312, a
ar segprklowen cenneedemktine2(4de 4 thnddewgeqmn@qmoa ding @0¢3e and a fourth

f 1 foSler HbrrRefidPine 20423] TIMSUIBR}%f cotnRSith HRW0A%a OcHéZ Les:ond lower

2020b i ncl.udes a urality of upper unit coi
connectPon lyne 2042a, F%L al ¥ o

e third lower connection line 2043a, ang the fourth lower



2022b, 2023b, and 2024b. In ggpre detail, the upper
pl asma source coil 2020b includes a plurality of upper

wa@rios/oesl s arranged al ong a circunference of PEEKR2005/000912
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bushi ng 2030, for exanple, first, second, third, and
fourth upper unit coils 2021b, 2022b, 2023b, and
ZOediﬁaectmmhmmmﬁammhgeﬂpdrpaﬂidu&rw €achl dtls! F@tek@mbple, the first

| b |
G ot Sopnisd R tiE A1 S and RRSpodtl by ibarmesTt 1 A0S ant arranged
c oinl sfid0ditdrtiog ddishe thxdIowerngvan@didaing 1264 3sartd the fourth lower

SR U SRy g o
andir¢csignt h upper unit coils 2021b, 2022b, 2023b, and
2024 ru@p&l Rssnfd soatdecofl D066 IRfhdea PREANILP LR Bpper dit Boils 2021b,

corty T, SEALEGh o mererdeer et RIEVHLASHIKE ol 2920D includes

204ﬁlmra1ay| df apged unit boilgxpemgedaloag b lcﬁmmfemalce 0fidle.budltieg 2030, for
fi 5% lfg Rkt Se20 @8121 rz‘m{liﬁ Iﬁu%ff)érbUm (Izqoells%ﬁ?@%tol 25, 23b, and

conne i‘on~11ne upper conné ine
2020%4b. Althoughet ipper tihit apifseare dinstrated inHLG.i20ethe munibernpfupper unit

ar £ais BREfREY ICUL PLs ﬁe@es%@t%thﬁ’%ths ?(alrElq{é)p@f(ﬁﬁp&ﬁ}s be?o 2022b,

first per connectjon |ine second
c o%??e’»@t s 2024R arexeneb gonfigured inthe fym of aciycie hgving a predeterrmned
di fagfilsi on, and the third upper connection |Iine 2043b

a7 artgd e Oub R <6 AR tRep e A8 30230, and

f i 2024bdire elettrioally obhédteddot daohi gthet tnaracfirstsupper connection line 2041b,

G0 ELR 1020, S SR 2
c ofowetbtupper donpectipoding 2R4db. dée dirsftel@pq:r)pogmqﬁ]@gth@g 296 b, the second

e aﬁ'[g pe? EhRectiblint 20428] the ‘t’tﬁfhel?ﬂﬁei; Ebﬂde&ﬁn‘ IR 203@9 WY the fourth
ranged in.a vert|c§1 direction.  The secon

c o\’ﬁ’ﬂ?& eomcliomline 4l agranged perp C‘Hi‘)"ﬁé 2 wﬁ%rc Fprgxample,
|| the fit4ipBerddonnédtivg lihe 20418 ad1he B&oOh8 Uppdr conndttioh liaée 2042b are

PR SEF PobEPREEN B0 b DL AORp O RESH ahdod o
c ouppee torrectiomine223h agnatraniged irha sedonpdieection perpendioular to the
|I§% ﬁg%@g ey be directly connected to each other,

ourth | ower connection |ine 2044a and the

f our tAdthgyple thegis mednssratipn HeFEh 280t gaguldpe poted that the first lower
di EgimbttiondaRIHAN £8nd Bie FRG&MpPEMNDhnedtibadine Ebﬁb ay bé AR¥ELy

a 14-th e of the.plasm souyrce co

el i %CL Rther Xiagy § COPECHRDd e Rgt Sbf)w%@‘rﬂgsé i3 vertical

i ndfiegttion  The] sEb&d IBerewnnt:ldnduEI 0422 ind ﬂ)beecnind&nlpiper connection
SO il C [ i-ny

" oHAEEOR ke BEE RN %oh G 0BG GRE: Vil ¥ SRk Yonnection line (not
ar shmglé drrangedhie agerticel dipestion. In thisway, the dgrchlos/@ucwectlon line

c 02(?1 3%11?19 fthedth?rﬁ ﬁgﬁ& BhnétiBh ﬁﬁ@ 224% Ray B@dﬁ’&tﬂ %hﬁ’écté& to each

ing 2 di sposed per plasma

softhek ae‘bthe fgqrﬁab)“@r sprssoline20d4da ﬁ@d W‘?efpléﬁli’ Refes gopgection line
t hmm&ﬂamsaﬂé&récﬂy@bﬁ@cwd&@@saﬁothaihe | ower pl asma

2120 nd th I
5200 16 21 o o - bl B Rlebmd atrE S PG fpansy with a
pr preftetedrembodoneaht of ﬂnq:eesemrme:spmndl ng to t he I ength of
1S R 0 1 S AU O Rkl rion
21m2h1demgﬁaldﬂaaid)u2111.agal3 vertioally areanged at thﬁ eenten\part, a lower
P SrasRa § §&H5é3&)1}3231'2'0a ails?vgﬁzd'dﬂ PlERSwRer® ltﬁér&Jtﬂohyoth bdsﬁiﬁ\@r2130 is

unit coil for exa st, secqnd, third,
f ol ﬂlsp%ﬁg,raqqrﬁntupper plasma source co?l 2120b d1sposed ona pqane where the




coils 2121a, 2122a, 2123a, apd 2124a. Al though 4 unit
coils are illustrated in FIG 21, the nunber of unit

w@i0bo0428ly be freely selected as necessary. ThRCT/KR205/000912
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second, third, and fourth lower unit coils 2121a,
2122a, 2123a, and 2124a are arranged in the sane

rmmpeif tlaﬁbushln§|2(1330 Khlscﬁ@lspmedn The 16wéeplhsth Sﬂﬁﬁ@rdoﬂtzmﬂa and the
| e

oSBT plafish ot G 2 e Lt b pnt e LR Sinct by . pre-
f odetetmihaddistanes coreepdnelinglp 1 leAgth 24 theaBiag 2480 2124a

are GNGELEY eastr& @ﬁr&@ oﬁ%ét%a ﬁﬁdﬂf&k%/ Bﬁhh&htfﬂ;ilﬁywe?{lﬂlt 2bifs 21214,

al so connecte

un?122802123pand2 13%} III meore detaihcthe kamear plasme sewrice 0211@2%03 includes
ar £ pRirfRY bf oMek ¥init SHINE E6r@stainPleS ARR, s8¢ thiidRardd fobfth lower unit

R AR b S d A b o Bt 10 2

unihe nambker GfhRidecoils enayl bedidelcseldcyedenmeesstargl. Tl B8E Becond, third,

ot hey. vi 0 t a, 215
oL 05 ot GRS §OPLE6 DBl RoRREE IR same
t hmafwaras fn Fléwap, assuch (ﬁtﬂdtallzsllzlfbscra*@n Shesetf viitl dieteyn be omitted for

comg%gﬁgé}ﬂéngegpg&cﬁbm via third | ower connecti on
l'i nes la, 2162a, 2163a, and 2164a._ The first

| owe
conneTé’Pl HFF’ secArd thirds pad Sausthloweraniteqils?d 213 Rd P22, 21254, and 2124a
COag Q@imesatbdl tb raﬁszf%&aéa vsaﬂ@ﬁ lnit2M 6, tana afaulgcdcdxmwéd to a ground

{ 61 t di t
coEtabd e Sl iSwagiiot Hafe ShEa Sttt coi 2 are
[ 182¢tricalty cqnpecrtedatoaammoﬁmuvméirstdoWeﬂ:’kﬂﬁhctlondinm@Mlb 2142b,

p| %fé@lbl %ﬁ/nd é)lf44H pgt?{ seyﬁl& lto {dﬁt %?%ﬁza%ﬁﬁ %I% thﬁ'& %&per u%ﬂq:oﬂ

asnma sourc
2 12m§auarm¢19@egalh' qonnecied Wagh Oihpb@ﬂ segoind lewen osmnectlon lines

ar Qﬁfﬁgeﬁl 5@502119533 4nldq 945 ame '?ﬁi?d R)fwe} Hﬁu QHH; bir %Q?th fourth lower
for .exa first, second, f.our,

t
unfit %ﬁ’k@"ﬂ frejglectiigallyjfonpe 0 eaﬂaotb?mst ;J lpm% @wm&ctlon lines
u n2161692162a,<’ﬂ 163k dnd$X1644. ﬁtﬂlelfﬁstﬁbﬁar cbhnedtion 1imdsRBI1a00144a, the

UL 0Pl a5 sPELASHE 2 T i 90 dropdEiion lines
2121Iﬂiﬁ~21|6212kare & 2dbcthacmhn2dted v each o&ler,amgada alterndtely arranged.
same ’[’H%{h[%gér ﬁser A gﬁ'(g‘coﬁ 1261?111% mu‘? kﬁ?per unit coils 2121b,

descrip er el n

c oAl 23k, o1d HedbrIngpers rﬁietaflms]upmweﬂqtmasaour@é@dﬁd20b includes
t hj gﬂlralﬁ? df g@iéz Bﬁlt H@iﬂ)seirrdﬁﬁéd al@ﬁ% b Sirédmfeonce b2#R bushing 2030, for

212 nnected to the

G mipl st ogigong. g S804 et Ceif 181336 H2¥b, and

t e2 1idbaAlthdiph 4 umstoﬂsmpaeﬂlusmnatéd OFIG. 21 2thb nasnbert dfait coils may be

S ef:rgerig éig&? as nec%ss IThe2 %irs%b q, ?Im%c gnci FO%I’&IXI er umt coils 2121b,
£ her wi s Fros ePf'd

conne 0O eacC u per conne
| i AER2b22 0B, amlA24D agelargingedindthe &amt)mam as e Bal Zﬁ)ppsesuch a
UNgdtaife deslgt?ﬁ.l%:ﬂ R Hepélﬁ fe Hﬂl?t?éd fdpfhte c%ﬁ{'ém&ﬂ:g %Pdescrlptlon

are electr connected to each

se
upperlbedhirtetacrash third, aad iqlsﬁwppzmbcmbl?é%b ?dﬁab 2211@% and
The1 248 d’r@'cdiﬁn@&éd tihe mnpdwe%:ls %ﬁﬂ 2t1 6, ain@urd ztlscuaﬁﬁécted to the
unit c ]]#4]3’ 3.re el ectr ted tdo each it coil 2122b
ot HEM™ eémf Hﬁéwpﬁro‘}m fé‘i‘B‘ UPPgLI cot
2 1&8le]ectrivdllp tédiectedhe edahragher wnmﬁrst uptpm earirieotion lims2141b, 2142b,

g]]ll%bz%réﬁ%l 44b hghef’%s&{lﬂuébgp frhit g@ﬂg%g@ Itﬂ(l)énﬁ]ﬁ'ﬁ Upper unit coil

2 1%%21@@19cta¢@11}1mnn@|¢t¢<b@t gap @thtm wiatseepndaippercionpediion lines
ansh Ahe2 £326e5 HbEAM @1@19 DRSkhirll %ﬁﬂ&r ﬂttdaﬁl@gb% Q&T e ifSurth upper

no | tration in be not
th‘é‘“&%‘&ls)%]d?‘lﬁ)é‘&\?e? e%tsﬁa%leycctqnawtﬁ fQecagh gtpgr ‘élﬁalnff%p@éewctwn lines
upper connection line 2151b may be directly connected

to each other via a first connection |line (not shown)
arranged in a



vertical direction. The thirg | ower connection |ine
2162a and the third upper connection |ine 2162b are

W@bk®o/0aki28ect | y connected to each other via a SPCOR#2005/000912

[164]

[165]

[166]

[167]

connection |line (not shown) arranged in a vertical
direction. In this way, one of the first |ower

C omm—ltbt P2 162b| 21639, &kdAA1B4b 2K st Qpﬂp@B aomea@bxzﬁmeémmm @4b, the
ect4¥ connected

fi N
conan PR FPRELESn fiks 15182596 dpd % it UBhor gomnogrigp ines
ot AEY1b-2ifelb arenotatitecty conneeted hmgachlotter rnddire altdrhately arranged.

c o nn %lﬁﬁ)q fl ?ne?é ﬂ%ro 1Hﬁ)s(1?1|ea1[101‘f ﬂ‘nﬁﬁf t2'1 oﬁ! Sllldlf](? ﬁe n&t@:& llsrlat ﬁle(g’econd

is a c i ona ["ustra

c hhwe FOWPW hnﬁlééﬁan@ Bgrseeondgippes Wnaefétsmdaﬁ@éSW fray be

g P%ﬁ'&gl cﬁﬁﬁécﬁ’,rdrts Ga@drask \Piﬁﬁtﬁtrﬂfc?ﬁﬁ&u% ﬁﬁ@(ﬂot kiyeal)ta@iged in a
ap n_v W | ustrati.n urce

cotarticl diggetion: %?%athlrzﬁowg EIRRRELON, IH%r?tlgg%lF"‘? e thiptupner

FI é@nndctiondinde2 162k drelilsd difscapenrieefed te Bach cthoretai §ecaﬁd

|nFI h hei r .det ai nvv|II

s Tngetiol s ot Sp0RE) biPRleea S SriER 1eBFS, b Ll of the

[ 166} IOR@fr eomnengon bngs| Xt%1a, 23428 2143ee apd 34 Is@wlpec@r@db' lconnected

200, drlo ﬂ%ﬂs% Fc&r@éﬁ@l lﬁﬂi@'ﬁ@fb %@@90 '2"1]@3'5151%& 2944 Also, other

plurallty of unit coils (e.g., first, secand,
antPwes Gornection hneéénaWSal%mdlr@ﬂm sonnesisd to gHhgr m)wlamuon lines.

a budiGnm #Alesslsectidiabvidat 1ﬁh§tratih?% ﬂlki-sﬁ{hl dlhﬂmg@rl&hm a plasma
O u nl

arranged.at the.center pa
> DAPRICE A0 10 AECORIATER YAt EF'P PWEe &“E%‘%E@f he ffesgpiinvention.
S pFIGiIQBys aplandion iltuserating the Masmarsomcef:oﬂ steovioLimHIGg22. Elements

l:hg{ltﬁé%ll 11 &J‘oﬁ?[&m_’a C@énbfed%kghé %Jﬂ{ﬁe?& &4 nlu e J[lsc%s in FIG. 3,

e nu er uni ree
newbsﬂ@artyhem detajtedslesaription will lheretmbmermttemfordhe gnﬁl\temence Sof de-
cogdrﬁ,ugﬁy be determ ned to be an integer greater t han
ch of the unit coils 2201, 22012 atz and 2204
has é‘% rEag {eFIEh dd~23ihg Plashw yisce oqil200fqguserin ghe plasma

t Ughginit@r DROMREIudEs' a plafaliayeoﬂmhewns neg., f@stb@ec@m @sitd, bv®fourth unit

PRSI 200 AR, g S W AR, i ore .t pching

( WBiZl0ais ‘amangedait the'centee parbtand Piosite iwie coitst 226¢ +2304 a"r'h extended from

b

o e ilehifig 310} Snd Q5B whidt GRIFE it iferciios 3P dle Fushing 2210.

t hAlthengh Lenit @lbmﬂlugtmgd iIgR 22 he npmber of uaiticeHpEgy be freely
of se@&ﬁﬁp&[s net¥8ary Uﬁﬂitﬁkﬁ word$) thénahse "fri? roﬁfﬁﬂlt ebilRRPBE determined

Ho I f needed ushi 2210 b
ciptegerratidban 15y Bad ol Bf SotfaoR e 203, mat 2204 has

u na predetetraing@ Qiiniag ddmbet "6 hand tﬂlsh&mmg @anbidndn" ¢dnebe determined to

?r:l 62 .'I:rl Bgﬁn%?_ek%fﬂﬁ mb%I Sl@arg%llyj,];tﬁlr ! jnmg FhbgPH l'{? E:alg a gd us1ng a pre-

ough the I'S confrgure
t hdetémminedyalue @@M#arrd@/mhéwhan‘g & apdébYaredoth mctmeamea@S) The

angu 2’@16 ‘?s fd’i‘JﬁQd of helhaE nfa,?ér[ﬁ a@&eﬁ(ﬁﬁ%ﬁ?@?ﬁ)l b3/ b26s, and

rt ro projected in
1 20k For xsiolis it unis cotspa01c2 2090 2585, o SHcere Sermests copper,

I Sthe rbhémﬁg glzm istalt® femmnddesf d@@pér HbweW, ipusdticdOthe Bhshing 2210 can
con

odisd P2 PSPkt P46 s i aou e ot afrs S EBf Bo1- 2200, 1

c oshoabd edndted thaethe bushm@RZ 16X caarald8efomned cfigquinductivietmaterial.

538 B M e T AU P
podrsersnipgsl sadivsi and3as alse td@mgfm@lwrtf@nm asgecasgary.our t h
uni t 19 Qdﬂ 46822 ?12 ieéted ih Q%reﬂé%ﬁfﬂed rcﬁlgct?(%]pe}péﬂfbuiaﬁ‘%‘o the top

bus 21 Accor ng to sou
c o? ﬁ b %%[9 13 BRS ﬁaedfﬁ’ét&r a1 9@5& 3@5@%2%%% support rod




pl asma chanber using the samg plasm density at the
center part is relatively |lower than the plasma

wa@lemsio42sat t he edge part due to the bushi ng 2BPAUDKR2005/000912
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di sposed at the center part, resulting in uniform
distribution of D. In nore detail, nore pol yner-based
by22iriad dizb Sormied df arvonhdictide atatdrint swobiis €opeds Tha:hmppm rod 2211 is

s fronSe A A Fiatery ™ B R R Subply i, i 0Er B of e
abRFe)owentsupplrseuirnb31®ls eramidsd. THegpo@eDgehnesated from the R&t power-
ﬁltpﬁ)iénlsrg{ 3 fbaiE %Pblfeiigcb ffifr{t & F&ur%hﬂﬁ@ doll§ 250 1D 2%& i tﬁé‘ SdppBrt rod

%@ asma density at the cente
pa?@lh%? rtheibushingdi?d0t o t he presence of the bushrng

2 210 aA(%BﬂhﬁéTﬁ’) tﬂ@?ldﬁlha Qbur8LEAI Rdvash the |aM@%Lm@ﬁt§ﬁféd structure and the
ro

D o reduced uch that
o it r §ping e ol B‘PSIB%\a‘tnS&ﬁ (e semcupat isrelatiyady lower
at thiah ﬂleqﬂmnapdﬁnmtﬁaﬁhb edgde panu duertonctheAdushing @210 Hsposed at the center
ab v }g%ﬂ on%gﬁgnﬁapgﬂ%% %fh00|| and the plasma

e 'sane have e above-nenti oned
ad@éﬁtages they have difficulty in rmore finely

ad M%bﬂé%{ahe @tesﬁdlyﬂtﬁt bRBd 9;7 p%du@tsta!ﬂe[e %éﬂ%ﬁ@&i %rtﬂéT&étllf@ part due

center

abtnbe rrértt\rebhleah al%%%arﬁltérgté thegentss Bt Siesecthe Pighing rate is reduced

Cofd tdahesbove-nddhtioNBPb¥-prdups Bk em due to the
i ncreasing capacity of a wafer. [169] FIG 24 shows an

ex@ﬁﬁtary di st ance frontthe center part to individua
eddissibafiomatthé eentarpirtas giffeser foouthee coil to

il rate a plasma source coil in accordance with
ano preferred enbodi nent of the present invention.

FI GSU‘Q’BUQIFI aliibe edgerpartamhe glasma denspiytat 8¢ centenpartiisiradured due to the
ar fsdrcO Bt Eﬂa%uglﬁﬁé 22163%& tHf anfount aisé'@iel%?ééﬁﬁﬂyrﬁ&'—lgas&@by products

e source coil in accordance wt
an@@%@ﬂe%FE feiue gwé odi nent of the present |nvent|on
Fl &c726 shows an exenplary unit coil contained in a

our coil rdance wi th anot her
pr@ggﬁwg H@%atﬁ%ﬁrﬁgwﬁ%ﬁe present invention. In
FI 8SP 24- 26, the same el enents are denoted by the sane

r e&ﬁ@ﬁ&)’gg% EHH@ E(g%ec‘pa{t[ aé gl)tﬁe%%ifgﬁl ' ﬂﬂh&u%h Fll;ecﬁ)ovg %&E’iog@d plasma

of sasteeoteand dhe plased Flraml@r gﬁl@&t@saﬂwdwvethwbeve-mmlwd

I AdvaMagle tfe§HaPé ditAEdIty i mdre fineMadfistivg (R Fibution of
Therefore a coil radrus d of the plasnma source coi

frater than the wafer coi
in the range from the center part to the edge part. Particularly, the above-mentioned

disadvantage has been increasingly considered as an important problem due to the
increasing capacity of a wafer.

FIG. 24 shows an exemplary distance from the center part to individual edges of a
wafer and a plasma source coil to illustrate a plasma source coil in accordance with
another preferred embodiment of the present invention. FIG. 25 shows exemplary dis-
tribution of a surface area from the center part of a plasma source coil to an edge of the
plasma source coil in accordance with another preferred embodiment of the present
invention. FIG. 26 shows an exemplary unit coil contained in a plasma source coil in
accordance with another preferred embodiment of the present invention. In FIGS.
24~26, the same elements are denoted by the same reference numerals.

Referring to FIGS. 24~25, a coil radius r ; from the center part "0" to an edge of a



diameter d . A wafer area 244 is classified into a
first wafer area 241 1 and a second W wafer 2412. The

WO poospo428f er area 241 1 is indicative of a ci rPCI/KR2005/000912
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area having a first wafer radius r fromthe center
part "0". The second wafer area 2412 is indicative of
a himg bduied @il i8 lpfated IﬁlﬁanSWﬁlEr fadtusfri fidm mf&ﬁteﬁpﬁ'&"()? 4d a wafer

d
R
s edlamdtewdf eA veafercar@ 2410 iankisshibed mtqa Goé wafariarmad®4i dnédha second
a.f%? bhiZ behé éi]rstlv&hféﬁf 19fndﬁ(gtﬁvé bf ?Elr&ﬁ{l‘% a’rﬁ{a%ﬁlg a} first

|nd| Vi sSur "ace areas o
unWﬁfeé dius 1c o from the genter Rafe Op) Haersgcansl iwater ér@a PAk s Andicative of a

gr él?dﬁd’dr'ai‘ea@ﬁ@ﬁﬁﬁ@ the?ﬁfsh%afe@ﬁ%ﬁ 2f4{1 0 rﬁn%i has & ﬁfHdétrZelé'lﬂ%ﬁlElaﬂ width r
art o e.first wafer ar

(T %@%ﬁege?%gfbﬁaéﬁau\?&fﬁc%we pref ending G sepdvater area.

shoaw, aﬁdEAsG,prB&eterﬁﬁﬂedwidﬂow ng descri pt | on WI |l

exemin ?he case #t%lg Ifi? ug’%a?enrl #ea%iﬁ {ndI (?uaiJ Bl suftfic %{eﬁg of a plurality

t he purpose o ] ration. SUI‘ aCe ar ea O
unof urdiogdils igantained ah the plasmal syun;h aoid et graduallylichanped fin the range

ar g thd Belfté}%ag' "8 fo R girg@f ﬁ?lé' first watdiGirda 22@ 1 dﬁﬂﬁfs @dse, the

by2511|3|n|cat|veo eclt |ccase|n whi ¢
coPlpstay pquaeecail is gonfigured s SélpW@dn Efast3adbe follpwing ﬁ%scnptlon will

d eébﬁ&lﬁﬂarﬂ dielbde biilyl o€ iof eHel ih@t cdils ﬁ)r&l%?ﬁlhrbbéé ofal@stiafion. A surface

| #E" aE Mol %) 551 Flerenar EiEc ripa S e B e dfs water

i naretn D41l , ¢l linesdenbted by 25¢ & is indgatidbuaf] d specific casedn dvhidhncoil
t hﬁlrﬁl & Ry 1%&%¥mﬁé’de thet]ﬂl% de%l&gﬁlﬂﬂ? Bgifﬁ f?éﬁc R%]of a specific

|S|n|ca|veo I C case sur
ar ease uISWh@hrs;pduswé@pWasls gradualiyrednecds and thedige dpegted by 2513 is

23%?;‘:°f‘fl‘é@°iiﬂ’%fﬂmﬁﬁ whictgeotlsdrfuct Bta ikl indreased. In the
c owgp%w of geea 2t tﬁ%ﬂ{ﬁ @a*o Li>,z/523§2 liigmdicative,of wee#’%evase in
s pwmchlceﬂ csaﬁa:el aiiea/\ib hﬁdﬂntﬁtéibdl cﬁlsténﬂCIﬁ ey @il edge gm ada2d |th/e line
| he en OI I cativ
o SERERAR P e lndfealih O SREIE e i i bl ltfecE B ¥
gr Bdingdingd qomstiante the linetRhoted by R832 isrisdicatafearf azmpeafi@ ddse in which
CJIE&II‘%@Q hitq i dso%ra&@aﬁilgciﬁé Q&e& 5&]‘1& tfé@llﬁé)ﬁlénotceﬂrl{%/?@% X ficative of a

enot e eter m ne
d e@e@é‘w@sq lﬁé’{lé‘als eoibsyrface grep hfegféé‘ﬂqﬂ}’sfeﬁil#c&@e area can

be den tefiksDWafdr R 24’191 , Hddpest FedRtion b517 fhecoil surface area can
vg r&tl oned . an es antii are high, this indicates
'g‘% SC(a 'Y

by pradete reatly reduced or

| neteased. |f the above nmenti oned angl es andare | ow,

t g,lff’nc tgg dgg%ee of 1}1@1%}18 %15 x? ﬁ{efc%(i%u&a(ieeﬁarea dca% be%;l?t%d by a pre-

Fhereased. eégree o
|nd¢t@aseect§8§ie| n coil surface area in the coil edge
area, 2421 can be

. If the above-mentioned angles

—+x

and

are high, this indicates that coil surface area is greatly reduced or increased. If the
above-mentioned angles

—+cx

and



denoted by +s , and the degrge of reduction 2533 in
coil surface area in the coil edge area 2421 can be

walewoventsby -d . I f the above-nenti oned angl esPGT/ER2008/000912
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[174]

-d are high, this indicates that coil surface area is
greatly increased or reduced. If the above-nentioned
angles + d and -d are l ow, this indicates that coi

surface area.,is s ncrease
e i Bieles g flOi shraRE LR gl RERGdrisidl o s
anway the e grecadfi mg/reaﬂ‘e 2532 tin call $wfacaasaiin theeodredge aea 2421 can be
Unjdne y 2201 is gradually reduced in the first wafer
area 1 1. The surface area of the unit coil 2201 is
mairt ai ned constant in the second wafer area 2411. The
3 u rztrﬂocﬁe éé@@e &ff rellil®iod P53 GPédil A#fdde hisa i Adall ledige area 2421 can be
reas In the coil edge area 2421. In this way, a
su ?5%@' rea of the unit coil 2201 is differently
chasged in individual areas, such that plasma density
|n e an also be changed in vari ous
ltfhh %Oeg%geélﬁpﬁ afnlglee%m stribution of DJ in the
raﬁ@% fromthe center part of the wafer and the edge
of ,tfre wafer can be adjusted in various ways. [174] In
nore detail, a signal supplied froman RF power-supply
uni is generally i ndi cative of an alternating current

( A&})a h$diy ﬂﬁé indMafds tH¥Ecoil aiddcs atdadWordafly thebeas@d br rBdidedCE the
to alﬁlln effect. In this case, a signal flows in

a § Wementionedangls, r espondi ng to a skin depth
i ndiscative of a predeterm ned depth fromthe coi

su ce, and this skin depth varies according to
changes in the coil surface area. For exanple, the
| om@r the coil surface area, the lower the coil skin

degthow) tinsciﬁdhf:z?c% thﬁtamu}ﬂcé ﬁeﬂ?s' él‘itgﬁﬂ? ﬁﬁr&@é@&ﬁ@&ue@ﬂ d
the coil skin_dept Hﬂﬁére uced ﬁgCOI surface dep

i s alRederriag tREl- 264 casgiof émntea Pt gmpug ARlusaley ﬁﬁamt coils,

c O Slirfdtk afdadftieurioddil 2H0 s gagbdilyl @dﬂ@du@ @, firstuwdfendrea 2411.
cur.,rent

cloas 8fded afeh oF BRSGE cop 220 i mARtindy confnH i Rhond ater area
pl 24lta Toé sureee aren Qi Itmrnmmle%%)é ds gi@dudllyeincreasedam the dofl edge area
t Ngs [0 itk i %%ﬁﬁﬁ&h aéa o he hifire ‘égﬂ 25heis Qﬁiféreﬁtg)u 3 gﬂ@&% A

i s Increased t current enS|t IS re
t hindivigual ageps, speh that plasima dragiy in,the @1%@9&8@@6&% also be changed

pl AsvRiodewayd. WsGaRaila iRdistAbltish ¢t asma chanber is al so
reduced. Current density is changed with the coi

sufféte area,
in the range from the center part of the wafer and the edge of the wafer can be adjusted

in various ways.

In more detail, a signal supplied from an RF power-supply unit is generally
indicative of an alternating current (AC) signal. Most AC signals flow along a coil
surface due to a skin effect. In this case, a signal flows in a specific area corresponding
to a skin depth indicative of a predetermined depth from the coil surface, and this skin
depth varies according to changes in the coil surface area. For example, the lower the
coil surface area, the lower the coil skin depth. If current capacity is maintained
constant and the coil skin depth is reduced, the coil surface depth is also reduced. If the
current capacity is maintained constant and the coil skin depth is reduced, current
density is increased. In this way, if the current density is increased, plasma density

contained in the plasma chamber is also increased. On the contrary, if the coil surface



and plasnma density is also cfyanged with the current
density. If the plasma density is changed, this

WO pooa28s t hat a specific elenment, e.g., etchPCKR2a108/000912
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[176]

of an etching process, is changed. [175] Referring
back to FIG 25, it is assuned that a cross-secti onal

ar &ea &finéregsed) t?s ﬁﬁlfl skt rdeprhﬁ@idcrdasecﬁ sephaRiticatret dehsingBdeduced.
of a first, re

t d
el P Grinf curfon Ry eSS0 e WRHep PL faiiudt in e
nuplesmaa clE@sr id 4lsd reducado€ementtdensity is aha@edﬁvnﬁl}tbe poihsmface area,

S ?!gg&@?&ﬂé {ljer{flsﬁy fs@{%@éﬂa\gﬁg FI{ ;/(,J?lrﬁg ﬁ‘%@g h%zﬁe{sﬁﬁ%ensuy is
wathanged: éhis mdicates tha appeeifie pleegne @lgsteéﬁlmng rratec ofangichingiprocess,

wafs@haidega 2412, and is then gradually increased in a

coil e 2 n nore the closer th
coi | ripE B k@ﬁé @#ét 1@&5%1“@ ataﬁr?%éeﬁ&m argg of g plasma
C esduete qwm séqentidllyechingdddn tlid‘x&deﬂ (ﬁ'&\tﬁrsdefaeﬂc}t nuthieeal 2512 -> a

p Ity | n t

oL B30 AR LA RRTRAR 258 o

c osdctiperl jatciac thesplasing spureedipd ip alnangﬁdl ay mcmbﬁdl abedge surface area
ar @laa aftedoil i aiugﬂ‘?['edh 1B|tﬂe9ﬁﬁt AaRs bfed- 24@}' Gs hﬁlﬂtﬁﬁed constant in

above-nenti o | 'asma enS|ty |str|but|on
cl %éﬁcqnﬁéwé%r 4reap%fs112t anghisjthen gsadually drgeaspdin 2 ?qﬂ ¢dge part 2421. In
f | fn%fe J&diE thead16¢er geklcodl, poEiﬁ@nhS @hBé ed%’éfbaﬁt(ﬁhha Badi@éfahe center part

,,cIo er t oi | Sltl s to, t
{ b el g 1% e A3t 18 el ey 18R Rghined copgtantin
pr ﬁﬂsbmnmm& aeazmmgTha'eﬁter,stthlonelahel eall pmmtrals to the edge part

tﬁg g(? P &%ﬁq@a{{l—%{ Qéfﬂgeﬁle \%%4%27@1‘ th%EﬁErEg Al té/uﬁﬁé{ g)nt he ab above-mentioned

et plmmg density di%nlgn@dutélb clpsercthie; c@h p@ﬂ@m@a ¢mthegdae p@ﬁ gethe first
pa&ﬁfe?ﬁreﬁ ha11{,ithShighel (RE et@ﬁﬁ@ 188 1THe @B%r iR (Qﬁl%k'ﬁ'ths to the edge

i ncreas proachg art_of the coi

ar At o acmg gdperse ‘%6 jo‘x%r e pishing satgr/h o crthed elching rae
di Btrhdiftdined Comdtint iBthe secondvaifbetre £2341Pp Therefdre, iuhieven distribution of
as d that a cross-sectional area of the plasm

source coil is sequentially changed in the order of a

f i r which efayrbergeacmtedoyhen eRhig rate ia geadpaltyiredededr appomching an edge

gﬁg 8f thé Pifst waterdrdd D4 1? aﬁﬁ flse%rﬁ BGRy HTELsRY a é@%ﬁchuié art &fge part of

sectional area o sour ce
c hﬁlﬁg@d edge yea g4 lheen b%weeﬂ}aa@rlﬁg%t@éémrdastnﬁrt@a of
a wpaiyd coil is gradually reduced in the first wafer
area 241 1, is maintained constant in the second wafer
area 2412, and is then gradually reduced in a coil
edge Far asotBekzkamble, itis sssoidtditat a thes-séctivndl ardueofaie plasma source
gg(?] lif 1s%e%ue?-t151§( (t,hasﬁeedj %qhﬁgrdte% ﬁfg a ﬁ]l'sg ge%%én eennglf etraﬁe?.ﬂ%Z -> a second
pI m§¢ranq¢emqra,l %521 theﬂnrchnefﬂrmqaemnmmi O3S the cr¢s&sectlona1 area
gl’ﬁlfnﬁ 'Soc€ @oﬂafsjc%an &l %@:{ctri%éd alg(n% & l:l‘?ﬁf Eechaﬁal area of a unit

c0|l sition is to edge part in the col

ar el lzzgzafiual YléedHF‘?jH@rth% fiest prfes arpaddh g,, ig gnauwged %PIISF?@t in the
abg¢endrafer afeamm amGs ghen gtddnalqiy fedi¢dalh a@Bil elfearea 2421. In

) BB SR aRCaeP 35 im0 g oA Re b i e cntr p
Th'é()"ctlmémghet the plasinla deasity. IThe plasmaclehdity ie dgapadihtained ichestant in

¢ °£ SS9 vl %aar%f%ﬁﬂ ‘rﬁ@r £Pte9 htﬁé cfo'3 tﬁé &E}i Pkt talg fo fhﬁ edge part

pre erm ne ITHIn

t hia the eeihedgecren 2421 e e:!mgt@r thméasgfaoie@su)u higdn the abgve-mentioned
trhisthi 88hsf§ dfstfbution, the closer the coil position is to the edge part in the first

wafer area 2411, the higher the etching rate. The closer the coil position is to the edge



, Which may be generated whefp etching rate is
gradual | y reduced approachi ng an edge part of the

WO 2eoso0428f er area 241 1 and is gradual |y reducRdI/KR2005/000912

[177]

[178]

[179]

approachi ng an edge part of the coil edge area 2421,
can be properly adjusted to uniformdistribute D .

O pat inerkie opil ﬁd?gem‘r& Mlaiheﬁ@gﬂeh ﬁledéﬁﬁcﬂﬂlfgd RN p’rﬁ@edermmed etching
Suc e es p

o s e bR apd Pk S RGP HhE R ngyen dis-

anttibutien ebovenent i oned principle can also be equally

appli,gd to other preferred enbodi nents of the present

invention. [177] The radius r fromthe center part "O0O"

of » Whishmayde graeratedsyhen epchingirateds gradualiyyeedpeadiappfaching an edge
tlf“ﬁa{rﬁ@lf the ?ir@‘i\iﬁ(:{]r dréh m@ lahd rﬁ&%?l freduted ﬁﬁ%rbﬁ&lflﬁgﬁﬁ‘l stfze part of
(0] e. er. e secon er area

24%s cojl edge ar%é“ i St %@mpi%mié] H%eag ff%fmdl%gbq fie
finstowafer area 241 1 to the edge part of the second

waf 412 g % of e . .
o O F Rl 8 bl Py e R Rl uch B e dsated
c ofl¢scrplian \mllehﬁr@n bt omiitted for theecotivertienveof Hessniptiom and e above-

paﬁkn@éneh E)d RO Mfﬂéreqﬁﬁ?}gaq%‘fllg td &th eféﬂgﬁ eRBbdinRnts of the

he col | e area 2421, s to a t30 50% of
th@fﬁﬂFPP@nmﬁﬂlus of the wafer. For exanple if a

200mheahdias # S fibn€the deﬂt@r patli'orsofrthaMitst Gvatwhfeam@ram BE edge part

t"Ae fir area 2
P hereofis S b Goats e 0% et e i Gidiisiot 1% w98 ot _ of the
s essoond wafee area2dd2,441 2he d;lsmhmlﬂrorﬂf]m:eﬂgeqnd of e favistvhifer area

of %H'leto?l? %Sgygﬁ of g{ steﬁe LW, QJQQ 5% ﬁ]SB%?aJ t!o ?‘utc’fd@b?; of the
" oentmc rftdues dfiths wafgniThe veidder Wqu tlzmqoﬂledge ardae?@agee ﬁbﬁv distance

t hgbRqhe bdoeaRAWT tﬁe &céndsgvﬁfer the ZMQE(hthE egéezpa?{ oﬁtﬁ@ 0011 edge area

second, wafer area I s about .
wi 4 is egpaktpabey; 3|0 é@@é’f s ?ntlﬂ?ﬂu}sé’ éll!?o\‘j E&or anmple ifa
4. 200fmrnGiafero weade the rhdids ﬁb(ﬁtﬁn tRdeh@npght NQUIMENthE ffst wafer area

v a&hel to the ecpge p%ﬂ%ﬂe‘g‘e(()jf is Sbou?‘ie§ 5 artﬁe width T of the second wafer area

2412 is about 7~9cm, and the width r o of the coil edge part 2421 is about 3~5cm. If a
300mm wafer is used, the radius T from the center part "0" of the first wafer area
2411 to the edge part thereof is about 1.5~4.5cm, the width T of the second wafer
area 2412 is about 10.5~13.5cm, and the width T of the coil edge part 2421 is about
4.5~7.5cm. However, the above-mentioned numerical values may be changed as
necessary.

FIG. 27 shows another exemplary distribution of a surface area from the center part
of a plasma source coil to an edge of the plasma source coil in accordance with another
preferred embodiment of the present invention.

Referring to FIG. 27, in the case of the first wafer area 2411, individual coil surface
areas of a plurality of unit coils contained in the plasma source coil are gradually
changed in the range from the center part "0" to the edge part of the first wafer area
2411. A surface area of the unit coil may be differently changed in individual areas in
the same manner as in FIG. 25. In the first wafer area 2411, the line denoted by 2711 is
indicative of a specific case in which coil surface area is maintained constant, the line
denoted by 2712 is indicative of a specific case in which coil surface area is gradually

reduced, and the line denoted by 2713 is indicative of a specific case in which coil



[178] FIG 27 shows another gxenplary distribution of
a surface area fromthe center part of a plasma source
W@ i0b/00428n edge of the plasma source coil i n PCT/KR2005/000912
accordance with another preferred enbodi nent of the
present invention. [179] Referring to FIG 27, in the
c aﬁﬁ'fa@é afcaés éﬂaﬂﬁdl]y\ﬁ!ﬁé@isedf Iﬁ&h@éeboﬂd wiafedl aklaP4aP, th@lihe denoted by

of uni
e PG pRAGRNe 8 Pet ot A L ufip i by afa S BB pgrossed
r aa;g;eo:icbum théedgeqrarte In thacoil e@ge area 249, dudmeplenoted by 221 is

f : .

A 8PSl 5] 5083 bt o
t hée@sﬁﬁ%m@@ﬁesf ingicatiye P:ﬁ @pesz ic cpse inrehieh pejl sugfece pregisgradually
24ihcPeasdd ipldatRing BOSdRE phi, .'aalzl]thél-hh@dd:n'ib@i’!dcb”}I 1748 1§’fndﬁ:at1ve ofa

specifjc case j.n whjch_coil surf a i.s _mai ntai ned
 oPREF fieasq MM EOLLSHTEEE arcp s erpduallydegiitap appiophig hg edge part
[180] specilhite: firdswafenateh R4 hl, ales degseer dfaeducaora’ 1$mgroiickuefh¢e/area can
re h I|n ted by 2713 is indicative of
a gpeecnloFedaD aére&et ?e{'ggm | surface area is gradually
i néreased. In the second waf er area 2412, the line
de naﬁfdecﬂe H%’ rée gf]mbl%aéerﬁjl'lg a {h\éecoﬁ fu%qﬁ&{ édnoer%ﬁSteﬂ By a pre-
which cor[”~ surface area is grad ua y I ncrease
appetorapehyelthe edge part. In the coil edge area 2421,
t he<d i ne denot ed by 2731 is indicative of a specific
ca i n_which coil ace area i s maintained
ﬁ@@ﬁﬁ#mv?ﬂgmﬁPﬁ %ﬁted by 2732 is indicative of a
spee*flc case in which coil surface area is gradually
NGy ased approaching the edge part, and the line
deno ed by 2733 is indicative of a specific case in
whi¢h coil surface area is gradually reduced
APRE KA 1Y ind Gt W08 B irfack hRQlis bikallP fedubedér M@tfeﬁsred If the
area 24 11, the degree of reduction 2712 in co
sufbBoyeaneptionedanglese denoted by a predet er ni ned angl e,
and <t he degree of increase 2713 in the coil surface
area can be denoted by a pre determned angle . If the
e-mentioned angles and - are high, this indicates
thanc0|I surface area is greatly reduced or
in
| o T s hdjchPRBRANFFRE, R RRE EaRFbrindERed, Iy s
r eHapdhe @grq:mfrle@@w 27ph in Hegoilgyracerpscajadhetecond Wafer hrea 2412
I NEdmasSRndtédbyl N the coil surface area in the second
waf er area 24%2 can be denoted by + b . If the angle +
b #Fhigh, this indicates that coil surface area is
gr e@ihe/arghcr eased. |f the angle + b is low, this
|nd|cates that the coil surface area is slightly
i ntr/éased. In this way, the

is high, this indicates that coil surface area is greatly increased. If the angle

+p

is low, this indicates that the coil surface area is slightly increased. In this way, the
degree of increase 2732 in the coil surface area in the coil edge part 2421 can be
denoted by

+O

, and the degree of reduction 2733 in the coil surface area in the coil edge part 2421
can be denoted by

-5



degree of increase 2732 in tdye coil surface area in
the coil edge part 2421 can be denoted by +s , and the

waoele@oee2ef reduction 2733 in the coil surface BCBEER2005/000912
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the coil edge part 2421 can be denoted by - s. In this

case, if the above-nentioned angles + d and - s are

hi gin, thislthse, ifblé stvesmértidhed adlessur f ace area is greatly

i ncreased or reduced. Oherwise, if the

aboVe-nentioned angles + d and - s are low, this

i nandcates that coil surface area is slightly increased
or_reduced. [181] FIG 28 shows yet another exenplary

di stribution of a surface area fromthe center part of .
a Prehighs thisindicates ghat coi surface arra 1p greafp insrepsedhorgsdipced. Otherwise,

COjflhd dbo¥e mntdREEanplidsh anot her preferred embodi ment
of the present invention. [182] Referring to FIG 28,

i n*Che case of the first wafer area 241 1, individua
coad surface areas of a plurality of unit coils
contained in the plasma source coil are gradually
changed in the range fromthe center part "0" to the
edgre lpwirthisghdicates that entil snafhee arga éscslightly incrdased draeducedt

waf erp1ar S@sigdivs g;%t ahdifer e'x@ﬁgﬁ?}p@sﬁﬁiyuﬁan 84 sukfdce area from the center

i ndi cati1ve of specific case_ 1 n which coil surface .
ar @At pia plastar sowescailinangdee of the plasma sewise cailjingecordance with

| Sandfigtr padferved &ﬁb@iiﬁlgﬁiﬂfghélp&géi@%]ﬂv@?ﬁﬁﬂ. cg C oit | ds g rface

ar ea ragu reaugceaq, e ne not ed.. .

615 Herthie i7" BrHhe Sl e ArSCuater s Al . Fdigpa coil surface
suarkacef splealitysofgmatchodk bynthined aethe plasing sbivee seit aregradually
"nofing Gng b loifune LORGOFRPIN b e HE pok St the firy wafer area

ar 24l ldbrthe dsgsvadparemeilnthetline deniefed pr 2811 isnndipative@if b specific
edgge 3 fRichTot sulfile dréd\}iﬁ RN co¥taAB e lite dddtedHy 22 is

of ., a.specific case in i.ch coil surface area is
na%“%rlcéBYFe THsetig case inenich oil fice atea by eredupllyjreduced, and the
| Nihec@dnowed b3284 3 Spdichtive 6fbspetific\whsecin vt csildurRee area is

area i radual.ly jncreased.ap pr iLng the edge .
o palaydnii thabGERERT R4 BB ATy b g BN 021
s pmdicative ofasspeciiicwhsacin woch calisurface amn dacreases apmioaibing the edge
r egiie g4l 1 Lidg JUBE o hj bt ifi
PP R R0 % GO Bl 2351 il e
supaaswhich ol sprfare agenis maintpiped constaabites handanotaddiye2882 is
. madttatiheote e@ﬂicQ:gisd inGras @oﬂéﬁﬂrﬁcé Areh g‘ﬁglﬁ@tlhdllyﬁﬂérfeé’&G ap-
ar Sr%ac arrllg t % e SQ Sérﬁ anH ¥healirPercFenot%El %9@89? 1s i%gi%at?ve of a specific case in
which coil surface area is gradually reduced approaching the edge part.
In the first wafer area 2411, the degree of reduction 2812 in coil surface area can
be denoted by a predetermined angle
, and the degree of increase 2513 in the coil surface area can be denoted by a pre-
determined angle
. If the above-mentioned angles
and

— X

are high, this indicates that coil surface area is greatly reduced or increased. If the



If the above-nentioned angles and are high, this
i ndicates that coil surface area is greatly reduced or

w0 pwseeed. |f theabove-nentioned angl es and aPET/K&)05/000912
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this indicates that coil surface area is slightly

reduced or increased. In this way, the degree of

I egbigtingntidfed ariglest he coi | surface area in the second
wafer area 2412 can be denoted by - b . If the angle +
bis high, this indicates that coil surface area is
greamtly increased. If the angle + b is low, this

i ndicates that the coil surface area is slightly
increased, In this way, the degree of increase 2832 in

t haredew, thisiindigates thakeoil surfapearea s slighte radieed grinaregsed. In this

b ewﬂ? rtHé &%réé’ of i®ductidA 282 N e e 868 Surbdce 2RAUA iheOdcatPwaleParea

(o] ace . area in the coil edge part 2421 can
Sﬂéddpeﬁ%%Qmﬁgby In this case, if the
abov -mentioned angles + d and - d are high, this

cates that coil surface area is greatly increased
q&&ﬁﬂﬂﬁf Ot herwi se, if the above-mentioned angles +
- d are low, this indicates that coil surface
are [ ght ncr as d or reduc IG. 29
sh’éa}%g}y H%&@f%ﬁﬁaéfeﬁav 355 A5 eTes W&Eﬁeaa? i g engee
are fromthe center part of a plasma source coil to
d e of. the plasma s e Coi
it %fthb*rleéleﬁ%ﬁlab%aaﬁ ﬁeﬁ%ce&reatlﬁ éln %P@é@ﬁ?a%eﬁxﬁﬂﬁs S¥ay. the
E| &gi‘éﬁ of ihereiei28a? i thelcbilserfade drddGn tR cdll &lgdpanddl byn be
& ? reference nunerals as in FIG 27. [185]
1S d’to FIG 29, the second wafer area 2412
ombalned in the plasma source coil according to the
fiah EBSHoe
24’1 %e h%@%g@éf Iggudtg ? f8 g% gﬁﬁle CB? ?%I:fnwt%r?}ep@dp atl%fréa sotr grt 2421
co?@@fﬂ?ﬂﬁteﬂ#}’ﬂ G 27. In nore detail, a first area
241%-1 of the second wafer area 2412 is indicative of

ul ar a ad acentto. t edge part of the first
Féghgﬁ ei" SHPentie e‘<1:\"’“I§§'E‘deterrnned radi us r

+é‘
and
-5

are high, this indicates that coil surface area is greatly increased or reduced. Otherwise,

if the above-mentioned angles
+O
and
—O
are low, this indicates that coil surface area is slightly increased or reduced.
FIG. 29 shows yet another exemplary distribution of a surface area from the center
part of a plasma source coil to an edge of the plasma source coil in accordance with
another preferred embodiment of the present invention. Elements identical to those of
FIG. 27 are denoted by the same reference numerals as in FIG. 27.
Referring to FIG. 29, the second wafer area 2412 contained in the plasma source
coil according to the present invention is divided into two wafer areas 2412-1 and
2412-2, differently from the plasma source coil shown in FIG. 27. In more detail, a

first area 2412-1 of the second wafer area 2412 is indicative of a circular area adjacent



wf2-1 . A second area 2412-230f the second wafer area
2412 is indicative of a circular area enclosing the

w@ewona2saf er area 2412-1, and has a predet er iPCEER2005/000912
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radius r wi2-2 . The sumof a width r wf2-1 of the
first area 2412-1 of the second wafer area 2412 and a
W ghithe eddedpazt offthd fiest safparta@4e s, addhds 2 p&fdetehﬁm‘é& eoligsr . A
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ar el diigthd seond werfar awaritd 1 26l, end bassopi2dd@miseddadims r . The sum
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S a1 By g b a0 Rt ity F s area 3412, For

deercingde, lif/a 200 im yafemnid ukdie tlmaglﬂ&ﬂ of isi abotteh3-e8.1¢mtlfi@ 300mm
SULHRF BRI ARE LT IodiRbia FR90R° denoted by a
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is nmpre-rapi I.ncr eased Irst area
24auzfafe élreatoﬁ éhes@étcmd capbe ﬂela?t@bbm P@de@ﬁam@ﬂ anglegr ee
+J;]crease in the surface area of the unit coil can
enoted by a predeterm ned angle + r Al t hough t he
c oi A sutfacerea ofrthe unip eoib isthe secopd aeRihd 2taf éhewpgendywpfier area

of 243@(&@ ghidubifeintidasdd R/deAoted by 292 BDGis e %iﬂdl? %@éa@éd than that
2412-2 _.as sh&g@%l n FlG 29

ot
2 BRR P R e B a e, B B kg perease n e
edgefapantea ofitie unfitecoilegn de dedotedby & pedeterminedangleon nay
al so be variabl e as necessary. The plasma source coil
accdérding to the resent i nvention can finely adjust
pl aéhhp'mgrther ¢gil sur age areh éncreasefeappreachingithe edggeart of each of the first

di f,£h o414 14Rd BREERI 43 24158715 dhbn iR @'IG SRt should be noted that

Cross- sectl onal view illustrating a plasm chanb
usthg§oll spifageAreasmay decreasey anproaghing thees Rty ﬁl%@ degree of

anpichase @f@ﬂlﬁjhbﬁ @Inagrrm@pbermtablefas tnBEesETe: samplam&lt&rtoﬂ
an.vi e trat& Fll pnads c%urcef
plasina density at a wafer edge

C offl(icoﬂﬁngd%é) the g%ﬁ%né inyep o ! inely a

where it is very difficult to control CD.

FIG. 30 is a cross-sectional view illustrating a plasma chamber using a plasma
source coil in accordance with yet another preferred embodiment of the present
invention. FIG. 31 is a plan view illustrating a plasma source coil in accordance with
yet another preferred embodiment of the present invention. FIG. 32 is a cross-sectional
view illustrating the plasma source coil taken along the line A-A' of FIG. 31. FIG. 33 is
a graph illustrating variation in distance between coils in the direction of a wafer edge
of the plasma source coil shown in FIGS. 31~32. FIG. 34 is a graph illustrating a coil
radius depending on a turning angle of the plasma source coil of FIGS. 31~32. FIG. 35
is a graph illustrating variation in the coil radius depending on the turning angle of the
plasma source coil of FIGS. 31~32. FIG. 36 is a graph illustrating CD distribution on a
wafer due to the introduction of a plasma source coil in accordance with yet another
preferred embodiment of the present invention.

Referring to FIGS. 30~31, a plasma chamber acting as a dry etching device

includes a reaction chamber 3000 including a plasma process space therein. The



yet another preferred enbodiqent of the present
invention. FIG 32 is a cross-sectional view
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line AAA of FIG 31. FIG 33 is a graph illustrating

variation in distance between coils in the direction
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determ ned plural nunber camgdoe arranged in the

vicinity of the coil bushing 3110. Also, the turning
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under all owabl e turning nunber or space. Neverthel ess,

the preferred enbodi mrent of the present invention
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of the wafer. [197] In orderggo solve the
above- nenti oned unevenness of the CD distribution, npd
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[199]

[200]

[201]

[202]

so as to reduce the di stance anong coil s approaching
the edge part, has been previously attenpted.
Negadid18 iasgase fin tHeevicihigpef eﬂﬁ&paﬁ‘ﬁd&l\/tﬁﬂ toiDBEI0. SGide distances

I di f h f. d
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I nay shasadn FIG1 38 Preovidedahatdndividudl ®ilkpaditions from the center part of the
coil bushing 3110 are sequentially determined to be A1 -> A2 -> A3 -> A4 -> A5 -> A6 ->
A7, individual distances from the preceding coils at individual coil positions are
determined to be d1’ d2, d3, d4, d5, d6, and d7, respectively, and variation in the distance
among coils is given in the form of a graph shown in FIG. 33.

In the case of a single coil 3101, as the single coil 3101 is spirally wound, the
distance between the single coil 3101 and the center part is gradually increased. In this
case, the variation in coil radius
Ve
at individual positions is shown in FIG. 34. Namely, if the coil radius

¥
is abruptly increased as a turning angle



6 . In this case, the distange anong the coils 3100

may be slightly reduced at the outernost edge, as
waelerwovetsby d 6 > d 7 . In this way, the di st aPCEKRA®§00912

the coils 3100 can be adjusted as stated above. The

reason why the di stance anong the coils 3100 is

sl bghtly reduced at the outernost edge as denoted by d

> dis. I Nj th t tion. of i,cal 6 7
o bickAndt L 8 s meinn 5 Bt Senticy WRERLGE, e

ouper nost edge due to the severed coils 3100. [201]
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d , respectively, variation in the distance 1
283456 7 anong coils is given in the formof a
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coi| 3101, as FEZ single coil 3%015?5 spirally wound,

t h&€ di stance between the single coil 3101 and the
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o rEbh e rbEly vl T e iy st 7L PES' PO

abruptly increased as a turning angleq by which the

COfglfimaftP TeduSe P RAURE oRBrRSY BEsiGAPEAHhE Vafis: TR \GafptPbt FIG. 34 shows
radius t . is abruptly increased during an initial tine,

t heatiéigp dpthsreofl fedidhise in the coil radius
¥
depicted on polar coordinates. In this case, the coil radius variation is changed
according to the turning angle
e
. The graph of FIG. 35 uses a logarithmic scale to more fully describe the shape of
variation in the coil radius
e
depending on the turning angle
e
. In FIG. 35, the value of the variation of the coil radius
g
is denoted by a differential value.

[204] If the above-mentioned plasma source coil capable of adjusting the coil distance "d"
is used as described above, substantial etching environments on the wafer 308 can be
uniformly applied to the entire wafer 308. Therefore, the CD distribution on the wafer
308 can be uniformly implemented as denoted by 3601 in FIG. 36.

[205] In the meantime, it is preferable that an area of the plasma source coil 3100
according to the present invention, i.e., the coil area, is greater than the area of the

wafer 308 shown in FIG. 32, such that the uniformity of etching environments on the



r is reduced, and is then ingreased, as shown in FI G
34. [203] The above-nentioned variation in the coil
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variation in turning angle q is shown. In nore detail,
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adj ugkiy Etgﬁcecf%ﬂl 5 &hfeh gﬁrt tdlthe! eaﬁeﬁeﬁ'gmqﬁe ? Gk ks ?Frge coil 3100

above, substantial etching environ ts on _the
3oaraé%ﬁ=l yHaCTgases ¢y dptancesmangeofly issmaredinely adipsigde suchbat a

Thﬁfb@tfaﬁﬁﬁ faEﬁtﬁtl&Deﬂ\hﬁﬁﬁﬂelﬂg ltelg)) Irhnauec B%Wmeﬁa 8a1§5d9u1hﬁ)rmly
O e |
 Dtptell 1o (e AR RADE. e bR Eoredhy o Bme R the el en-

of vitdrengit agpablesafisubsantiaily aBeCiihgarcanfade oy tHeowiftne308 can be affected
185l Ve Bepls ;g3 bR gt oo, an
t hprocessgasityipkoiteri t y of et ching environnments on

t heV\'P{uﬁEul%ﬁ? tﬁé‘Bla@t'nﬁ ﬁe Pf@dtﬁ&ﬁidﬂecqn Bk cbﬁk@de%’cgﬁ) Béfthé Rfost
waf er et ai pl asna reacéﬁ%rﬂp e outside

of lmmt%%ﬁor et TV HERBPH Py RSt platrga density dis-

t hﬁlbri]lﬁf)ﬁ is fas@p)ffectedby the @laﬁﬁlafgé?éfaﬁ(ﬁﬁ erahromrﬁgt;rwor%kample, the

i n._ t.he r.t .of warl er [ea can e

st e ol i, Sy TEbrElenf oS Suil bap opipgl the above-

c omentaoned inducbé elgcteiatield distibutioreusiag the carl dashing 3110 and a
plurality of unit coils 3101~3103 extended from the coil bushing 3110 while being

spirally wound. According to the present invention, as the distance from the center part

to the edge part in the plasma source coil 3100 gradually increases, the distance among
coils 3101~3103 is gradually reduced and is then increased. The present invention
allows a substantial etching environment on the wafer 308 to be uniformly distributed
over the entire wafer 308, resulting in uniform distribution of CD over the entire wafer
308.

Industrial Applicability

As apparent from the above description, the present invention can be applied to a
semiconductor using a plasma chamber, and other devices and processes in semi-
conductor related fields.

Although the preferred embodiments of the present invention have been disclosed
for illustrative purposes, those skilled in the art will appreciate that various modi-

fications, additions and substitutions are possible, without departing from the scope



by about 50% or |ess. Prefergbly, the coil distance
"d" nust be controlled so that a coil position at a

W@ p®6i064281 poi nt at which the coil distance "d"PCHEKRQ@S/00912

[211]

increased, e.g., at the point A, nust be included in
the wafer area. In this case, the point A at which a
m adapiitadithe @iveitnces distlostdinthe Yéddatpafiiyig RRims.
positioned in a predeterm ned area whi ch occupi es
about 70-90% of a distance fromthe center part to the
edge part in the wafer area. [206] As the distance
fromthe center part to the edge part in the plasm
source coil 3100 gradually increases, a distance anong
coils is nore finely adjusted, such that a substantia
fabrication environnent, e.g., an etching environnent,
can be uniformy applied to the entire wafer 308. The
fabrication environnment or the etching en vironnment
capabl e of substantially affecting a surface on the
waf er 308 can be affected by a variety of conponents,
e.g., process tenperature, plasnma density

di stribution, and process gas type, etc. [207]
Particularly, the plasma density distribution can be
considered to be the nost inportant factor in the
etching environnent. Substantially, the plasm density
di s tribution is firstly affected by the plasm
generation environnent, for exanple, the induced
electric field distribution, etc. The present

i nvention can control the abovenentioned i nduced
electric field distribution using the coil bushing
3110 and a plurality of unit coils 3101-3103 extended
fromthe coil bushing 3110 while being spirally wound.
According to the present invention, as the distance
fromthe center part to the edge part in the plasma
source coil 3100 gradually increases, the distance
anong coils 3101-3103 is gradually reduced and is then
i ncreased. The present invention allows a substantia
etching environment on the wafer 308 to be unifornly
di stributed over the entire wafer 308, resulting in
uni formdi stribution of CD over the entire wafer 308.
[208] Industrial Applicability [209] As apparent from
t he above description, the present invention can be
applied to a sem conductor using a plasma chanber, and
ot her devi ces and processes in sem conductor related
fields. [210] Al though the preferred enbodi nents of
the present invention have been di scl osed for
illustrative purposes, those skilled in the art wll
appreci ate that various nodi fications, additions and
substitutions are possible, wthout departing fromthe
scopeand spirit of the invention as disclosed in the
acconpanying clainms.Clains [1] A plasma source coi
conprising : a bushing arranged at a center part; and
a plurality of unit coils arranged in the formof a
concentric circle froma cir cunference of the bushing
on the basis of the bushing,



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

wherein one end of each unityqgcoil and one end of the
bushing are commonly connected to a power-supply

WO 200a2B1 and the ot her end of each unit coi | PERERR2008/000912

ot her end of the bushing are commonly connected to a
ground termnal. [2] The plasma source coil according

to claim1, wherein the o is fornmed of a
GBI

conductive material. [3] sma source coi l

accor djiashfh ouRk®oit coMpsiggn the plurality of unit
coils aée each configured in the formof a circle. [4]

The pl&RvingATranged#fia ceateg 8R4 M to claim 1, wherein
t he plaphkdlity oﬁlﬁniﬂfbgls_amhgéd_ ih@N@fo@ranf ra\behcegmmcircle from a cir-
structure. so t i.r posi ti on owered in
or opor tkTese 8Plhe 0ihe B s hedR ot Bt RBE 5] The
pl asmawbewincemecod lof eathamdti aog and oot endwiithe hhshirg aregpmmonly
| east LpRe4Bd fo aﬁ@é&&-sﬁt@fﬂgqgﬁg At arfcnfne QP LSt each unit coil and the
position Froma ng t Iuraflltyo unit colls are
ar r angehergmdiaf dheshiishing| as;eommgnly prangstosking ssennddermgigal
accor drRgplhéing sétird Joil WoSHdRigtolcempl, Wheteid theBushifig is formed of a
coils ha\ée a concave-type structure so that their
posi t | SMdpEVgMIEHAy i b proportion to a distance from
t he bu¥he plgsmé¢ squrdehevildcasmiingtbaidimarl, adereinithe pliralityl odiunit coils
6, Whepelfu@lonsBaRks if W0 A Le GalE, arranged at the

position fr e’ p

out er nDSt™ pos| om anong lurality of unit

coi | s Hheplasmasqyeck el acherdingrie chimnle whesjn thepllurality of unit coils

sour cepfAial coﬁ%ﬁgfyipé Isigctu 5Bkt Pt [yosﬁfonl iQWerémfntproponion to a
coils arranged in the formof a concentric circle on a

first (ystanes fromihe BRsEIMEpart: and a plurality of upper

unit cOhd plgﬁﬁzi[ stgeLediNuct@idg0to Fladin 49 wheriie At 164se twid it €oils

on a secon ne in an upper .part rejn.one.ends .

of ¢ hesirdiegs B AP puiendl pRESH GRALAmoPEIGH Ry s Ss SR Soils ar
power sapguigyd be the saade panet. t he ot her ends thereof are

conmon i nal.. . .
comanh SISREGHF A &GN AT Wk 8 TR0 i o
power - Baygsl opneavierty prastrugtie st thabthgispogitien is dlevagesk in preportion to a
CONMDNY ¥ ARG tRIbdsRinghe ground terminal. [9] The

pl as source coil according to claim8, erein a,

di st anCRe Ity chamber amgaa q claig ﬁsw%?ﬁﬁ‘n&%gttgﬁd’@“ coils
anong irfhged pethe Bietmeosdipbsitian rofvdhorigtté pRirdlitg oD hnit coils are
0.5~2cm 10% Tn%%enasqaesour ce coil according to claim

8, wheP'&F°t RRIWEF Bt coils and the upper unit

coi | s Amlaspwrsesceedilcompasingot her via connection |ines
connecf rfllﬁr bffoweP it ééi"s&ﬂ‘l'a)’lg&ﬁfnrfh@ fmAdtd, Jo%@elﬁ{ip Eircle on a first
connectton 11 nes connected to the ground term nal .

[11] APlaneigwaplowstp¥t a8di | conpri sing: a bushi ng

ver : | CapluYalidy bEMSHRE uhid cbéilCarfAEEA Rf thé feiit df@catri@circle on a
center

se%grﬁ p;wlane in an upper part,

wherein one ends of the lower unit coils are commonly connected to a power-
supply terminal and the other ends thereof are commonly connected to a ground
terminal, and one ends of the upper unit coils are commonly connected to the
power-supply terminal and the other ends thereof are commonly connected to the
ground terminal.

The plasma source coil according to claim 8, wherein a distance among the lower
unit coils and a distance among the upper unit coils are each indicative of
0.5~2cm.



a plurality of lower unit cojJs arranged in the form
of a concentric circle on a first plane where the

Whoiosom28f the bushing is |ocated; and a pl ur aPCT/KRRG05/000912

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

upper unit coils arranged in the formof a concentric
circle on a second plane where the top of the bushing

is | OC’ﬂh@plasmb sduetdcainNgcerdisy tofcldiines, whieisin tli@ilbwéiﬁidlt&:oﬂs and the
are comro

cannected to r.su t erm
The oo e i SR ket Ba o BRISHRY VBt hpb &y s Bhected to he
gr oundpavesrrsiupplly teranvial and tlenatberaonbdrtion pipes camnedted Wi the ground
are CO{EHH?:EV connected to the power-supply term nal
and the other ends thereof are commonly connected to
the grOmRFMASORTCE4Pil cpmprisimgie pl asma chanber accor di ng

to claj Hﬂlslﬂng W& '&nﬁﬁ@edﬁﬁftﬁé f9miof a Hﬂ&ﬁfh@ﬁi céxﬁeﬂ

power - s m naI t he d nal

The pl %ﬁﬁﬁalésaf @évee B cg) g?fi; niBe BT ohacpnocEs ﬁlrﬂe on a first
a di st planewasmenie bdtwnt ofthe bushidg Sdbdaﬁedaaﬁﬂ a di stance

anong ni Il S tiv f. .

0. 59 chPIirdfhY Byt b Bt Cus e PAGe Kl G oortc circle on a

cl ai m secondrplaneivherettlee top\of thenishing a$ losatadxd the upper

uni t cehbRintde C?SQQQ%E %ivér%nﬁ%ﬁs *&%ﬁuﬂdxﬂ’y %E& HP;E‘ power-

l i nes connecte ower - sup term na

ot her ¥WRISETMigal andifheo ﬁlaeaeq 31 ¢HPRY ﬁennected to a ground

t Ier i l”@hmnhll ahd An@éxﬂﬁrmt&myp@ﬁmﬁmdﬂswwm@bﬂg cofinected to the
pl ura

nit coil r f
P onc enbae b sl o i het s fheredfatsbBrygnty gonnected to the
havi nggaundtesminatent er part, wherein one ends of the
uni t l.
U0t P £SO UL SAURPLET | S AN AR Y compected o
a grouﬂmppwcmmyteanmalmrhﬁgtou@dlwrgnmle connected to

o1 2 e plasth® sty QRLIoBIhCIDRAR 17 AnbiclFa gishite dinong the

coi | s 9MeRHpiE BOIf%‘F‘“fiWéﬂpté‘F% aafongéh&%wﬂer pait E?‘u%cql% gach indicative of
havi ngo.g-3drer ent radi uses on the basis of a bushing

arrang a_center .part ends

i ¢ o5 Shsrp SO CoiPFebginkIBe i, 1 SrEB e Lol yit cois and
uni t, thh@pperhmit cois sretdosnentdd tareactcothemvih yomeanerclivg coonected to
a grou

each o&%gp Vi aﬁ%lly eggglai %ﬁetﬁg g{rﬁlﬁgg(%ﬂlng%ﬂn%&%l ?%i %%i t6 the

pl asneg@und tEmEdl.| according to claim 16, wherein the

pl ural Atpyasg{agémctecgglcbﬁlpﬁgﬁg a convex-type structure

so that {hej 03|t| nis | ed in

20 st el Al ke §ﬁ'iaH§“:do lpf%f] ofpef ﬁP’é‘%‘H‘Cs%{ﬂeég‘a"mg different
coi | amdiusel Wblldhavﬁnigimrﬂﬁonwﬁélepam the plurality of

uni t C&herél eeena &5 dt'ﬂg e cSHsDar %})mi’{'o‘i‘ﬂ'l}";(:eog?-g::it&rI f%t éovser-supply

posi ti On T e ereva proportion §rEnce F9om
t he bugtht,niga ot[lmga]ndS\tIptMnm csmun@rdy conrlecied hp a iggdung terminal, and
pl ur al {hk Yinfif oil@éﬁ% cobticledd8ehch Rh&ii98dedsP ohdGornBétBnAfne.

a concentric circle_on a ?ITS
A plasma source coil comprising:

a plurality of unit coils arranged in the form of concentric circles having different
radiuses on the basis of a bushing arranged at a center part,

wherein one ends of the unit coils are commonly connected to a power-supply
unit, the other ends thereof are commonly connected to a ground terminal, and
the unit coils are connected to each other via at least one connection line.

The plasma source coil according to claim 16, wherein the plurality of unit coils

have a convex-type structure so that their position is lowered in proportion to a



plane in a lower part; and gglurality of upper unit
coils arranged in the formof a concentric circle on a

wa@ewonek2pl ane in an upper part, wherein one enPGI/ER2008600912

[18]

[19]

[20]

[21]

| ower unit coils are comonly connected to a
power supply term nal and the other ends thereof are
commnmytaﬁwm@ﬁ&mbdsm ground term nal, one ends of

t he up unit coi cted. t

pover SHEPMR e foi o PR B B Btk By of unit cois
conmonhaveamonevedyipe siruchee go thahthetrgositinlis, elevated ingroportion to a
| ower gt LOLLShébRhi@nnected to each other via at

| east one Tower Connecti on line, and the upper unit

coi | s Amdasgwrheurcesail cOMPEERSot her via at | east one

upper g£pRefEY bpla)vdek At coitldrra Fi&l ﬂl&ﬁ@f&ﬁi&(ﬁjﬂhﬁ:(ﬁt@%ﬂtﬁ% circle on a first
y arranged I n e rorm

conpri s| n% 3 bush |ngqu ertica

of a cRIPRAEloReT Bt @ler part: a plurality of |ower

uni t coplusalay béugped uhin cbllsarfang@d ofthe faronsfendontenttic ciedle on a
on a fjr I vvher bottom of the bushing is

| ocat e%cfcgllé(.ln a{i‘ %I uaﬂp argf upper unit coils arranged

int hethmmcuie eadssoﬂbe hwdrangicod$ erecammandy comhegted trea power-
wher e # ?hﬁ {®Fninkl ddghd BB fl‘gs Wiferd PRl &gmnmg chhﬁbcEégﬁo a ground

ends o ower _unit coi are_conmonl nnect e

a poweesningl Pne endsiafdhe upper enibcoiisae CERmén mp@%%edatpéhe power-
comMDNduppBOBARiahIELhdItRe StheF ide ther€sfiird\@dmmane coffecidds the

of the u $ unli §|Is are comonly connected to the

power - &9 Bﬁ i} and the other ends thereof are
commonthyg l(umfrrnmn:ttceds tue doheeagdooredch ethan viakt least dné kower connection

| ot %&n%é‘ar&ﬁfe'uigé’{ dhitetid ﬁfﬁt &%néc?ec?@célﬁﬁ’&ﬂﬁ vﬁé'ai?‘leﬂ%t one upper

| eas ower ~connec I ne
coi | s egmaegtismdinst ed t o each ot her via at Ieast one

upper Q%ﬁ%éoﬁféecbﬁ%ombﬁgihng pl asma chamber

o i Souchl e e R ool S

ar r anggplugdlitpof W ufié f:dillsﬁfrratngai mahe fdrﬁfbﬁdlﬁiﬁgeﬁtﬁc (élrcle on a first
support [. sSse an a

o Do aptads B e PSR B b Bl Hing R B ooy ot a

cent era plurality af whner ahit ceilsafrranped ingbé fameofraarpgeehtiiacir¢dle on a
form O%ecén&;glaﬁ@ﬁrhéﬂg%&iob%#%ef Hu% 1§1o[:§t9&* erence of

t hebus the wher ei n one
end of Wb%réﬁl qngiendg ef the Joveer ymi ceﬂsjar@fcomqmgqnnﬁ@eé fa power-

COMDNgyiyy B»Oteﬂﬁ%h%dttﬂe SthBOMRK ST ave écﬁﬁxﬁbiﬂ?'com@é&dadttbfa ground
ot her e'r‘}gﬂngf % oil and the ot her end of th h
bushi n§ @B ?’Visé’é HPPELURiECalls Qe AP P’l’ff’ﬂ%ﬁ“ed to the
[22] Apphassupplyaerdiralaad thecaihgarends thgreofl ateltdhinenly connected to the
arr anggd, o i AnfGllge Part: and

the lower unit coils are connected to each other via at least one lower connection

line, and the upper unit coils are connected to each other via at least one upper
connection line.

A plasma chamber comprising:

an exterior wall and a dome for defining a reaction space in which plasma is
formed;

a support arranged at a lower part of the reaction space to support a semi-
conductor wafer to be processed; and

a plasma source coil including a bushing arranged at a center part, a plurality of

unit coils arranged in the form of a concentric circle from a circumference of the



a plurality of unit coils, wych are extended fromthe
bushi ng, and are spirally wound on the bushing,

wWoR@ee0428t he unit coils have different surfacePGF/ERI005/000912

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

a first wafer area having a predeterm ned radi us from
a center part, a second wafer area enclosing the first
waf er Bushing ciintle Bagivof the Bashimy, StheRiE bkSénddbfichéh it sibland one

T e
a pr edether endvd @achuumt ergl andrthe othénéndoaf] thebusheg ans comgmanly
pr edet@dr'1 LA ( LAMRLh P Rrdfnaf =ax(b/ M (where "a" and "b"

are both positive integers, and "nf is indicative of
t he nufpbasmsrsogreecod 6PMgrigisgr espondi ng to an i nt eger

gr eat e bk drdinked hi2enERaitl MY SOUr Ce Coli |

accordi Q clal.m 22, rein the surfac reas qf .
The_und PRy e* R wﬁ@ﬁﬁ&ewﬁ&ﬂ  the bushjpe g feyspirally
r educedount orathe bgstiagial |y increased, as a distance to

an ed g%h@r%fnt the ﬁmtt I(F:](%ls]c l'lfarvé tdif%% ft'suith ceeaar?a%.cirrl ggi%&%vv%érza?la having a
The pl asid source col I"'accof ding 1S R 22 erern

the supedeternzinedrdoss framea genter paot, h second wWaferdwed dnglosing the first
| ncr eaggfl alh nl IYBE dred 8RSbARE theeodtic?y HEALHA! | v
reduced, as a distance to an edge part _ In the second

waf er Bheplagee paraeeoll googndinprie cgﬂna%vv%r@%@e gt coils are arranged
aﬁ cor dio'tavé _alpeéd@teama%d iR gﬁ‘l&lﬂlﬁeh En"SdAluRB Q] Wil ptélfiletermined

the unit coi ar i.ntai ned copstant, are.gradua I
 ogucctnuatphobr D Vb BawElt oft tith BT ark B dnd " i
r educ enmdicativeaoftthes hamber dfanrcodsdgargspondingitot dnanteged greater than
edge as decreases. [27] The plasma source coil

according to claim22, wherein the first wafer area

and t hEheplasnalsaus¢ecroikaceerdingdp icigyma2werhereinsthe Saidacetageas of the

be progRE&SH ard AdintalQ RIndEHR al%%‘édiﬁll? Qdducas P aid %igdlfaﬂy
claim 22, wherein a radius froma t%g ]éer part of 1he

first Rereasedapeadisynesiosgsdespatt i Wiwater aeq dpcreages.

or | es¥hd plasmaksuiée ddit a200ndalg toR1LMmII2 &hemil the s@iface areas of the
waf er, at wi.dt h orf ta@ﬁ( Secon waf et tar e(g i S eﬁU?J tor duall
about W8t Stiby2ns eadually, increased, are maytaipgd consiagy, or gre gradually

wi dt h eflucddeacadistapcyio anredge part evthe lsedond atadertarGOdes Eses.

of an ] j f : . [»39

Sour e T piSind B8Aeedtl ack O Sgm{z3 hndidth B 35tFRbe arcs of the

waf er @iibepilsiies Madaiped qonstent precgradijally settuced, armgradyallytincreased,
vaf er gf e griatalty £a6Adasd §idtanel RGAMgS Part HEthe @bill e@EtURea

ar ea. 30(]r The plasma source coil according to claim

29, wheEr%i® he degree of variation in surface area of

each uThd plaghd sounce dugl dccomslingao etnimf22) heecthe dirstafater area and
area i g.di &Bﬁ%@a&‘ér“a&%&{éﬁ% 2 Whil WG EGeQH o ﬁeﬁf the

second Wafer area.” [3 € ‘prashm”source col

accor dlhgplasme squiren dl acgprding to claimi2ds wheteint dieadfusifeam a center

ar ea oémaﬁ SEhe BER %fé’i’%}&rtg %WS?%é ﬁar?@lgfgof ﬁga'qgg\%?) g% %]ég% %han about

t ot al dt h of the secon r-area, an .
the selbri@%plean etirg REUSOE areplcran aridth of thei sgconsowafer area is equal

10- 40%oibotit T~ 00VAf At ettitt Mlliub BE thHeerdag an®@i RlidtAIoe the coil edge
[32] Aaljgrll ?sseré%alctp) aag(t))lietr?’og%%rolf an etttire radius of the wafer.
The plasma source coil according to claim 22, wherein the second wafer area
includes a first area adjacent to the first wafer area and a second area adjacent to
the coil edge area.
The plasma source coil according to claim 29, wherein the degree of variation in

surface area of each unit coil in the first area of the second wafer area is different



an exterior wall and a dome f,or defining a reaction
space in which plasma is fornmed; a support arranged at

w@20oomer28part of the reaction space to suppor tPEI/E82005/000912

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

conductor wafer to be processed; a plasma source coil
i ncludi ng a bushing arranged at a center part, a
pl ur al from thdt mltﬂetseﬁ(ﬂicﬂ deuftthasednd kafertaha. bushi ng

Ut t ©c B B0kt ooat BBt HimS; Wheidin A0Rf o e Hist area of

waf er theeecdndwaligr acqis eblait&OrPOf df adotaliwidil ofthe kecond wafer area,
cent er,pay &idih of (e sé’&‘ﬁﬁ dg%o??ﬁé’{égo &feré{eg?s&l% {P(§~4%@b of the
the first wafer area, a col ge area enc

t he se@éﬁléVld@fOéﬁheaieé@d%{af%ﬁfS@rt rod arranged at a

predetgrpﬁsﬁﬁcbhgﬁ@graj‘m@sg@ter part of the bushing;

and a power - ss&ﬂ%@g& Beﬁrged to t.he sugpor . %?aﬁ .
to pr oVl e Ng afFacHon sRasF In f"g*ﬂ" gals
pl asnmefotihadtber according to claim 32, wherein the unit
coils determn turnin
nurr‘oerazj‘s'urPp a?r E zﬁétglu& a%&xtﬁe%e?%ornrﬁpﬁedtoesaﬁ%?l%nseml'

of n= ac«(ﬂdlwt))rwmt@bem‘%@m@d b" are both positive

i ntegey g fasiid gour@é cdiFintMdirpaf BuéRin %edrﬁ’ﬂ %@ﬁtepﬁaﬂ*’ ;3' plurality of

coils rres onding to an_integ eg ter

[34] TWHt ¢ mné frpwth %w@rrw Wiyl qgla%g %nlﬁﬂls 2voum% &p dhg;bushing,
the fuw?a@ﬁl tBE QAP céﬂsl tlidvs dﬁgdréntgﬁtfh& RES iR Iﬂ(rjﬂ;ta.vair@%rea having a
constant ., are gradua reduce ra ua

" er eafetelzingd SR o bEREE arfn Bleitoin S Pehont pagsr ara
waf er archsingabe et eafer[adi) andecqil edgemredmwtasing the second wafer
accord&? to claim32, wherein the surface areas of

the unit coils are gradually increased, are maintained
const amsuppert red arrgegd @hi piedeternined ; aregof a ceiter parcef the bushing;
an edgggoart in the second wafer area decreases. [36]

The plasna cha er,accord| gto clalﬁgfz wherei n the

sur  AcePAFEARIPBY WHiOReHted: g the suppartted i rPHidg the plasma source

const agdil wahpo@éladual |y reduced, are gradually
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The plasma chamber according to claim 32, wherein the surface areas of the unit
coils are maintained constant, are gradually reduced, are gradually increased, or
are gradually reduced, as a distance to an edge part in the coil edge area
decreases.

The plasma chamber according to claim 32, wherein the first wafer area and the
second wafer area overlap a wafer surface to be processed.

The plasma chamber according to claim 32, wherein a radius from a center part
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pl as maSqr%ac ?Ju ? of gach c'o&l 19 lier ugﬂargé ofth& ?eco d ax%? T area is different

and at"1eas wo i COI I's ar e ex
t he cofrbmidhathn thy, seeons ased @faheyemodlmfamrqahe coi |

ggsgl Q@héygana L}ﬁﬁc@\«[d;'r LA %ia}gﬁ% FheRid 2 Rfﬁﬁh bt &eqﬁst area of

Ic radi a of her_ col [ adjacent
to the é?qonﬂé"aé‘?fa?é‘iﬁalls |a90trte,6(9u8% of adotrkwidgeaf the second wafer area,
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accor di ng to claim42, wherein an area asma
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determined turning number of 1 or more.
The plasma apparatus according to claim 42, wherein an area of the plasma
source coil structure is greater than an area of the wafer by about 50% or less.
The plasma apparatus according to claim 44, wherein the unit coils are wound to
allow a specific position capable of providing a minimum distance among the
unit coils to be included in the wafer area.
The plasma apparatus according to claim 45, wherein the specific position
having the minimum distance among the coils is positioned adjacent to an edge
part of the wafer area, whereby an area in which the distance among the coils is

re-increased after passing through the specific position is less than the other area
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in which the distance among the coils is reduced.



