{1]

[2]

- [31

[4]

[5]

WD 2006/ 004281 PCT/ K112005/ 090912 Descri ption PLASVA
RCE COl L AND PLASVMA CHAMBER USI NG THE SAME

QJ
W?&O’?ﬁgqo‘gzgp held U ] The present invention reP@t/ER2405/000912

an apparatus for manufacturing a sem conduct or
device, and nore particularly to a plasm source coil
for providing uniformPescriptigmon of a Critical
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t B@dinple, in an etching process, it is very important to guarantee uniform distribution
of CD change rate. The CD change rate is the difference between expected CD and
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 center part of2the wafer. However,
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[12] However, there are a variety of problens

regardl ess of the above-nerfti oned advantages. A
representative problemis indicative of difficulty in
adjusting selection ratio, etching rate, and an

etgbbng profile in the case of perform ng an etching

pr ocess. For instance, it is well known in the art

t i & BT FEPeaRA DI reveftant€l) igighr Rertigquisely, there is a
| NYQIaskbe B MR dilMeh of @l so cal l ed a trade-of f
rel@al onship), but the etching profile is also not

For exanple, a good etching profile is not
geiabtahBlaiaéd Aot d8€lo8kd deRfively Rk aﬁﬁ]&fjde%m{ﬁ\fvth%t\ﬁ @&ter.
rate, whereas the good etching protfile Is dgenerat eé
a high selection ratio and a |ow etching rate. The
abggemmtdfqﬁeghtiﬁpt indicates that the CD change
rate ACD (i.e., a difference between expected CD
an'lileqh@mﬂll’aohlemD) is high. Particularly, there is a

di sad t _distributjon of ACD..is not .
i nt A ALR SRR iy Biobdap Rl Shrdrery st uuim
delsgritiugionef t he wafer center. [13] Disclosure of

I nygption Technical Problem[14] Exanple enbodinents
may provide a plasma source coil indicative of uniform
disstap totmociem lalfge-AﬁfEcﬂ)SﬂnﬁS)nﬂl&t(mmfee.SS a |l arge-capacity

' f 15] | | di t ,
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[16] Techm cal Solution [17] In accordance with one

resent invention, there is provided a
pI as 1ca£%?#1?18300” conpri sing: a bushing arranged at

a centesiccpdbiice withthna abstlofihi biesik invBition Ctﬁérle & préVide@RPeema
in the formof a ?’H centric circle from

P PO FERBE T o PRIS ASRRERG A eebIEPHASHLA Plpflit g6 it coils

b uﬁhngag in thRERIoNa &fiﬂelﬁﬂ@c@:ie i 2 mbtﬁhhifer@xﬁ:'e |of AR BuPB oRMEL basis

nly . cannected

hi
&@F%‘é g IH%@%%%%}%@DSW&%@%HH@PG @fﬁ]cPf@?e hughipg 4p pqmmonly

C @bﬂnea&ﬂtotahﬁw@i §ipply@étfhinaffand (A ofAESIM RY cRh &nit QITHRA DL other end

coppected to a nd termnal. [18] In exanple

RE@S g}lfgﬂ’lgér‘re q?ﬂ%?ﬂ”#’g“’?%“f"é ihgrowd gmigalduct i ve
mat er déxamplekbodiiRnt] Bisiahg & YorRtd BY don@@iilS malcBaleach
confl red n the fo[sm of a circle. {‘EO The plurality

of un| © pigrality qf it cotls @ Rpelkconfgaedintisionn ef agrdmat

t hei r Theplufali§ibfugit cdiRWeVEohPexPiRAALELRR. kit el bSUBRAGE
ﬁpévmrthe bushi n | east two unit coils arranged at

At
ereguR BIORYISP™ %’&s‘ilit%ﬁ fpmdhe Bng At frestisra paif Faily agnged at the
UBiitbrn®@d goSitiah GroMlahRAY AR pRIAIENEE uB R BB U@ Bmeed on the 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.

Also disclosed is 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
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[21] The plurality of unit coils have a concave-type
structure so that their pos?tlon is elevated in
proportion to a distance fromthe bushing. At |east

two unit coils arranged at the outernost position

f r A ﬂmtfb@n & dbioadentrit cBfle ¥Rk kedof hiSncdh §n R PePARPC#hQBin one
t he sa ane. [22] Also disclosed is a plasnma source
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exa eng
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tRe g 3{@ % | n accordance with g
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p Rafruhgde ﬁh the fPas Haorﬁ:@rﬂﬁ@ﬁr&@éﬂ a éé@(ﬂﬁrpllzﬁlb Riere #helbiS 68 (RObushing is
n the formof a cylinder at a

rti arran
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plPBY &
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a aﬁ«ﬂ)flﬁ@ﬂief d:rﬁls mefeeme SdinrBort L EMRELtE B pRH ferkaliRl. t Op Of
t he bgghln |.ocat ed, wherein one ends of the | ower

uni t AR Entedifeat the pushing it wanecirddo e ey er-sgemipfegminal and
t efiddrowald téhshal. he ot her ends thereof are commonly

connect%q to a ground termnal, and one ends of the

upper Afstancegmeae e bwep Hﬁ‘fb‘"rﬂﬂff andyhdislance gmpig thp apper unit coils are
pey¥&in&icHiRt ¥rd.€amnal  and the ot her ends thereof are
commonl y connect ed to the ground term nal. [26]

exanp! &° 655 Hiuheas and theuonetiwHs 69s ars cwqﬁed:ﬁo@ach%hem@

P Q¥RiectSoAR Y. cdnﬁé(f@d@@ he pOWer-shfily SHraathnl e BiRA bonnbdibh 1ifks
dlstanci apong the | ower unit coils and a distance

afegCiehte thpgaund pmingloi | s are  each indicative of

0. 5- 2o digtlsed 538 plaSBEouttichil G&hﬂrﬁlrf%néjplm%ytb@ B cdiRlafranged in
COI|S are connected to each other via connection

| theferme ghfoaeantls cireles haingSiféarens raditsss widlednying a egvamerngenter part,

Oﬁx'h@feuﬁﬁﬁ REGIIF AR vnit 06i% arC@RRERMIEDnhRddRE 2 PERFREGply unit, the other
termnal. [29] Al so disclosed i's a plasma source “col

c Gﬂ@lfrth%w#gm fgm&oeeraﬁomeyteéfO agrpyndderntinel.gnd Hhe gait coils arq qeanected

f%éﬁc@%th@@ﬁ&@cfléafsﬂ dneCbrinetRf 1@vi ng different radiuses
whi |l e _having a conmon center part, wherein one ends

of th éﬂ pRsPIdaRasivith yar anotherAvpas 9f thepraweat ia¥pntion, ghere is provided a
P PKEina SRt il 'e!&hﬁns:ﬁgh@plﬁltaﬁ@r 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.



[31]

[32]

[33]

[34]

(35]

[36]

[37]

ends thereof are commonly connected to a ground
termnal, and the unit coi 1% are connected to each
other via at |east one connection Iine. [30] In
accordance with yet another aspect of the present

I nve ntﬁl@ﬁhm;ﬂ@ﬁﬁlﬁ)dirﬁenﬁr Q¥ bReditPof Wil ASIBaSOMEMPexC@hd structure so
Hﬁ:lSln% Elurallt of unit coils arranged in the
thsfr Poy i fvicged i proppréign oA distned Fpmdhaieningadi uses
o N t hergairditPbf witRbSHaRga %ﬂcﬁ%&?ﬁs WuctBreG8 MabheiP Bbshtion is
mh rein, one ends Qf the unit coils are comonly

fated iIprorpriipnde g distance fin the fHthing. ¢ he ot her ends

t her eofls@disc]s:edFRM AmE SR8 ofristngd b piuRint &N & dhit coils
and th un| coils are connected to each other via at

| EHEPEGRIE SiTmed f PRRTONTIRICEOm 4 Bre plang g kst part and a plurality of

e l’d@@d‘luﬂﬁ 0bils, artufiRd B M€ Brintof a @bnceithit cied bra RBMR phine in an upper
e structure so that their position js

conve
| QB o o O BEOYRORWETg Y cailsare priamenly pAnperEediin & RPYigSupply

[ 3enirkh endrheisthérichds tBéredfid cobfionsy ddaNRted tEPREMBAYRE, one ends
strggture SO tgat their positigon is elevated in

rPPBATE 6018 2 SFEREl FOPRsivie fehp BLKTTHYPPlY fsayingage the other

dieadd thaesr akécoﬁmﬂin@sdi’sﬂne%ﬁﬂ ke GRuhd CARRAAL zﬁid'ﬁl@b loWer unit coils are
pl ural i it cojls arranged in the form of

B <UOElR <P e gt G g Lot BB I 3 iappeppy cols ar

an:dm&.ctlaﬂ Wy dath dther@fa at WA ®he WiPet cdBEdisn Bid. anged in the
form(}n a concen%é;c circle on a second plane in an

upper 2 peprdancguthaietangther asperd ofthe pigsent J&WI% iere g prqvided a
alpasmha B cynl @&ﬂ]ﬁlﬁﬁigeﬁibﬁsﬂm@ vB@Mﬁl’y‘a?ﬂdﬂé&hYn tht €drii o1 @ ey ®fAer at a
t he ot her en ?E%rof are common| y. connected to a

g 8UR Pt lﬁ}lﬁg‘iy of fowiagr WHRols Wmlg%md’?fp%l’m o gonggsfriceeingleeon a
c anpnahy wﬁae RGbES bOthé B&hR@WEIbc34 Phdya S186 18, ReLpRPEhit coils

t he ot nds thereof are commonly connected to the

oGRS BUpA B 3 SRS TR 018 WA PG PRcTa i op Ofthe bushing i

C Govardf itbrdiPorRamlls SFHEbw¥ ditdbild SASImAGR Y éAMNE%ed to a power-
connection IlngIE 3@? t.h up er unit coils are
c SHvRl el gnd the g 5 Thgyelt are coramenty gnEcqsijea ground terminal,

C @hd e dnof] thd@pet{ﬁﬂ]coﬂsfhr@@cﬁﬂﬁ&ﬂﬁ&%n&tédﬁo ﬂf%tpoﬁ&oilbﬁﬁ/ terminal
E&ﬁﬁ gﬁﬁ?ge present invention, there is provid

pl therspd are envpendy f@ﬂﬂ%ﬁd&emaﬁ@méémnemdythe lower

aruhﬂla@&(ird ddnhdded kOEaah Ofherdvis #tl1ERARE 1R¥er Bonne&idh Bihe, RAY the upper

a ur lity of Iomer unit .coils arranged in the form

seted &9 qagh ethervigat Igast ang uppres FEMGHIEP &N¢-he
bOt t 0 T &dcoldBie Wi ReNBother dsp&Rbags prafdt Bvdkibl, Aldrd ¥ pRivided a

unit coils ,arranged in the formof a concentric

C P Sqre01 BRI 8| HPEhing erensehat acspentant s anbenlit gt unit

| Roild, ¥ERE 8 exifiRl Both tAOBusBRE! SaanaretsBEaﬂyoﬂ%ﬁd BRite bﬁéﬂlﬂgs wherein
are cogg&nly ggnnected to a power- supply term nal and

t {2 Wtels havedipisatuttcedres Bpniehivafercethatipge pedeigrmined radius

g e weehRf ?ﬂrln abocondisleOnG: 2BRISinOthe HRE wiRPSEa, YRl § ccﬁpédké area
are compn connected to the power-supply term nal

aﬁ%P??ﬂgt??ﬁ§m¢ﬁﬁ§§aFﬁereof are comonly connected to

t he gn@uathpleiFolitlents ARSutiN@ill P8BFrangdditd ha@t.oé ln%d&érﬁuned turning
connected to each ot her via at | east one

c SHRBYL P offlariabed vsigg g Predeerpndiequation of W(bémlaﬁ“élere "a" and "b" are
C BBiMgoiife hRe@aahd Qb8 indithfvedf theSRfheIeint PRAR corres onding to an
connecti on Ilne [35] In accordance with yet anotﬁ
a§H@¥?gﬁﬁmﬂﬁ@-Bﬂesent i nvention, there is prOV|ded a

Pl &S MEhS QS arERiok 116 ARREIE AAGngifkaliid !?Bnelgmagra duBed, or
center part; and a plurality of unit coils, H are

efzfeeﬂﬁfaﬁ@eihf%ﬁﬁ% @s %%tﬁn%go anypfige rrbindhy firgl v %fefv%?ﬁnd on

. the bushing, wherein



[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

the unit coils have different surface areas in a first

waf er area having a predetefmined radius froma

center part, a second wafer area enclosing the first

waf er area, and a coil edge area enclosing the second
wafceleasds €ea. [36] I n exanpl e enbodi nents, the unit

coils are arranged to have a predetermned turning
nunberthe feriaereds o thedii spilfgragipiuate netepichae mejntined ponstant, or
Ofard raeb iy BAuctdVAs h Bistafice 8 AH edde pal@ §fihe &9&&21 vpé?éj a}éa\ﬁ%creases

i ntegers, and "m' is indicative of the nunb unit
coils Té‘B F‘F@%‘fﬁ R o gherupit apils ﬁfﬁlﬁl@g‘é}ﬂe‘é paustaply arg E@ﬁuaﬂz ryduced, are
[ 3fddudiRancrétbéR6Lard aARIG kedubd), é&rla' dist&Rk {osan%ﬁge part in the coil edge
mai nt.ai ned constant, are gradual |y reduced, are
gﬁﬁﬁﬁﬁFﬁ?“rncreased as a distance to an edge part in

the fihgErsWRhRF ardd 8 iHe scllRRWRAS GRa ol3Bp a WARr SHELEGDe
areas of the unit coils are gradually |ncrease§ are
mif4f8fhed constant, or are gradually reduced, as a

di st ang® diRla& @ﬁi%nﬁ Holn d EenlePFarbEUR WG ard rt@ﬁl edge part
decr ses. k@a The surface areas of the unit co

sl S Hhar ahput 10:38%gf arientig spdipe el aowefer, awedth of the

g @éﬂdh’cﬁ%hﬁﬁr dr&Cik BRRPM.ab&lt 78LRo06 B WRkirk Yadh B QUL Vaf@Sand a width of
dlstanc§§to an ed part in the coil edge area

diercai g ariamqmrlﬂe apqut 3¢~SQerad an gtiseragdivelof the watse ond

vaf er Ta QRoMeditdiReadniadceh figpitASEactR Dfhe HRE YGRS 585 and a
[41] Also disclosed is a radius ffoma center part of

t AEFORq 4req adjggng fo the gofl ¢dge afvaedge part thereof is equal

t 0 or The8prdedRDarON In sEHRA% @lor 812h 8Rt Ldilin HRH LS f ﬁle second
r, awdth of the second wafer area is equa

aH’& arpdyisgifigret fraﬁl (et g sqopes| 1P clfharspeondamtr areanﬂdwalth of the

Wifighk Brebf thd REorIGdfer@E@8s ﬁfoﬁt%okﬁo% gp@!otaﬁ %eﬁl@@tuche gégoélq;&/é?fer
of an entire radius of the wafer. [42] The second

waeaand a width plthe speend-ares of ghe sggand wa ar@eﬁtab% 19+10% pfithg total

Waidh oh&scaiidvder af@Cond area adj acent to the coil
edge area. [43] . The degree of variation in surface

ar ea Hraceeiadncq Hith yetgnotheraspagiofithe preseptipvenign, thees is povided 2

W?faﬁfla afBer BmPifiAE e @iteﬁtfr%ltaﬁ@ﬁ d(‘)rﬁ\e foP B REEANERER Sace in
t he. second waf er area. of the first are

ofvhich glagnazi5 rﬁ%}m%faeﬁup%ﬂﬂeﬁmpged@b@ Wesmo%twe@np@mpe to support a
%éﬁﬁl&bﬂ@ﬁd&ﬂ%f&@&@é’ﬂoé’@z{eﬁr and@ fp%ma ek etotinflidinla ﬂu’élﬁn; arranged

second area of the second er area i s about "10-40Y
oft & 95K B3 ad Pluwhtcrtqﬁ upif cilsarranged ithoerof & pangentficigijclq from a

aGieRAGFREE oMht Budifile oﬁ@l‘&tﬂlﬁﬁ o?tﬁpﬁ&‘s?]m?wﬁepsﬁ ﬁ%eeeiﬂ 3 each unit coil

invention, there is provided a
c ¥R sRdhef thedrpsking areicommapply ICOIaﬁ@tefhwdlcnwelf -pplydériniiah gndthe

I 886 dn@ B SBRGS! dol anHeChheP bRiFohe b%slfu‘fgeﬂg gon'ui?}orccﬂzI QCHBE&ed toa

arra ed at a lower part of the reaction space t
B%f mynalseni conduct or wafer to be processed; and a

p| as g &R ﬁﬁh lyet'aﬂ@théf%ls Gt & iR RLE AN EER s ﬁr%vﬂed a

center part a p ur al |ty O unit ‘colls arrange
f PRsnpthanber sAMBITRG: an exteriar avall peha domecfor @qfwﬁaraemeomﬁpace in

t Qﬁwﬂ Pﬁﬁhﬁﬁ S hed:NGu a?ragéedtapg 10%%}1{&9 the Elﬁﬁ ﬂ)a%]t% support a

- each unit col one en g are

W&c@m& kapreessgdiyoriesmasoppt o;mlneqlmlm bushing atrdrged at a
center patt, a plurality of unit coils extended from the bushing while being spirally wound
on the bushing, wherein the unit coils have different surface areas in a first wafer area
having a predetermined radius from the center part on the dome, a second wafer area
- enclosing the first wafer area, and a coil edge arca enclosing the second wafer area; a

support rod arranged at a predetermined area of a




[46]

[47]

[48]

[49]

[50]

[511

[52]

[53]

[54]

ot her end of each unit coil_and the other end of the
bushi ng are comonly connecded to a ground term nal .

[45] In accordance with yet another aspect of the

present invention, there is provided a plasnma chanber
conprising: an exterior wall and a donme for defining a
reaction a i.n which plasma i s fornmed; a support

ar FRSGRE %?h }uﬁfawe AN pew e FURDREITtSARICCiSH tastha swppersrod to provide

suﬁ@ﬂam@w@emlpﬁm{jw@r wafer to be processed; a
I ncl udi ng . a bushing arranged at a

pl as sourf
ce nt © egl%ﬁﬁlﬂ%r e vt Cqils pre apanged tohave A grsdeterpngd turning

t mambetrsh cfhg:uMHd| tﬁm@@lpf&et%ﬂﬂnﬁ@i doMatieR H»Fﬁl=ax?ﬁnj G?lcre "a']'c and "b" are
rent surrtace

5 @g}g mhereln unit coils have dif
arg vetegers, §'P vﬁaf’éﬂndaqa&%eo KERAUg e TN qeilseprpsRaRing to an
r agleges gilesiteothddre center part on the done, a second
waf er .ar ea ncéﬂﬁlng the first. wafer area, and a coi
|

edge Ar8STERRIEE Y el celsasrmaipiamed copsiant arg gradugliygpduced, or

r gk g’iidh@lﬂ}glﬁd‘eﬁbd As P ﬁﬁﬁﬁ&ﬁb Bh B0E padt AAhOfirsbw HreCRE Rbreases.
power - supply unit connected

part bUShI and
to t hg&% %%8? i“ﬁ‘?ﬁd’ agperaquaily Wé@ﬁ?ﬁ ARRRig@ined penstant, or

V\Ilafel”grmu‘l@rrcdl[céﬁ]as k Ehs@ii@ﬂﬁ b€ e e in B Bond Wierlidaldecreases.
coHsI:[%rF]ur rran to hav% a predeterm ned turning

nunbe R HTER o et 691 gﬂrf‘amﬁfﬂéde@ ernﬁﬁawe%regaéaqﬂwewuced are
O feradealy (i dihed( W&S grachid{ly ddddcedbas afiRancORLA ARShak iN the coil edge
integers, and "nf is indicative of the nunber of unit
8P 8°EH Fesponding to an integer greater than "2").
[47] ThefistiwifeCheDdndalse sREont AT Bich 0GeRlab 8§ wAle® surface to be
nalnta?{ed constant, are gradually reduced, or are

y increased, as a distance to an edge part in

t he f mn@tdlmﬁans @Eﬁ&s%ﬁf@@ﬁ@ﬁpar{ A &e Qv aTsHaf AGEarPE R Bart
unl coils are gra ual |ncreased ar e

nH}eFngﬁs ﬁ%‘&‘ oo L35 fhpn absut l%ﬁﬁ%gaf aenirs pdine of powefer, awidgh of the
d b&bahe el Dea0l cQADO aBat 17019094 in SAGE RN Bl wAES 3and a width of

re 4 e surface areas of the unit co
ﬁ@ ﬂ’iF?ef-fteé‘f %L]é%‘lqedﬁ% bt 30-3P% of paentisg yagfivg aktle water. ar e
gr aduah¢ $ecolioh FaSe, indidedh BrsO5r88 MM & B Y58 Yafel Srefand a
di stapce to an %%gnfart in the coil edge area

d&EPULAERdace fo de8fr°haf er area and the second
vvaf er THfE &’gre@\b@f/érﬁﬂoﬁime@ffﬁfe aBddlof 8RR uhiPcdiBin IR RGEFASE the second

} d&%; ed IS a radius froma center part of
t ratef ?fF%’F 81iné%at {nthe seeanslyscand fhe seqomd pafr area, Aoyyisih of the
t €irsOired 6f3Be debGHA vAlle kea 10ab30°6006098 B £atal Kk @ﬂh&&c&fd v?afer

waf er 6$ of the second wafer area is equal
At BB Ohb oo R iapeagd SRt e rabeit 1010 of he ot
Wivitithoffie sebdifd veeBblar@dge area is equal to about 30-50%
of an entire radius of the wafer. [52] The second

waf er area includes a first area adjacent to the first
waf er area and a second area adjacent to the coi

edge area. [53] The degree of variation in surface
area of each unit coil in the first area of the second
wafer area is different fromthat in the second area
of the second wafer area. A width of the first area
of the second wafer area is about 60-90% of a total

-width of the second wafer



[55]

[56]

[57]

[58]

[59]

[60]

[61]

area, and a width of the second area of the second
wafer area is about 10-40%%f the total w dth of the
second wafer area. [54] 9 |In accordance with yet

- anot her aspect of the present invention, there is

provi ded a plasnma apparatus conprising: a process
chanbdr a¢cnrdam¢iwigl &t avather gspavt bi the presaneinventib, theds is provided a

Prayshd e _of . t r with bias power..

a Lg%é nglgaé our ¢ gtlﬁg gllﬂé 3’ ? ?cﬁ%stcﬂ?né o cgupogé‘dv o\ Eflf‘}%s JOWe it for
ourrevidiag obacksunise ef thp amafer vfth biaepqzmmae;slssnmham‘oecmltsnucture

C Q:ﬁsg)ggeltd él{s %g%ﬁ&f&@ PQ%.%HE&%QB ?% 15‘1? grk())lcens Ezlli]a?n er t%%ce)riv% t%eea?uon gas

P aGOﬂtamafhm theprofesngtambendnty mlasma:, ondhsimm B cdnl b.rshmg xttaqotetpart, and

' Lra‘i? étlf\,@o ﬁrﬂt]éoﬂg ulpp;h g%l ged ] e C(¥11 b\l\lﬁfﬁn iafe s'glrzg%/t\?foun% go the

ng suc ance between a c 0S|
atcod bughéngi Sﬁdcthataxdﬂlmncpb@tweenamdﬂ phﬂtlormﬂ hter spexifid radial pomt and the
agj dual | ¥y r.educed and,is_the
: gict}?eg g(glfe cjiﬁé%gllgl?tg ?{g’li lasi ad%lS7 Tl aend & tﬁ 4] 1ncrease , ¥ %dlgtance from
r bk @hteenkgéwlarr@fhdaé@sncramk m@mnme pmmunt IﬁmptoVidMg the plasma
pravi.di e with
DOl Bl AL ES sf QRS 1) |
exanp Ihee?@nmlmhm’iedmmntsnheuruimotls ocmtdusedcmrhb aplasmml sourvefchistructure
pl e coi l
DR Tod GHOE Bof Bldhing bl kM o8 RutBU R0 o} 1 o
mor e. AnE6ia OAtheaﬂaema efur¢erveil pﬂmlswﬁﬂl thag i hresvfthcwafticby

'%b £ an an area of the wafer by about 50% or
& ?%gfle%,{]

| ess. e unit coils are wound to allow a
speci Thewupbwiils prsrwosapwizilew @fSp@ifmgodiitingc@ahsib nf providing a minimum
dag&ﬁ&%ﬁ%&%&m inRlbn iR ikl a Uded 10 Lhe

er area specific pos Tén haV|ng t he

m ni nik¥he shesifia pesiticartprige tﬂeemmmulrrsdwtsncp esibtg the edls is pos1t10ned
agdgg&ﬁﬂt) V\# gd(:%q)aﬁ gg%.e %?%%ggg ﬁ#%%byz\?%gr[aa ﬁllrw dh t}ll\h(%stanc\é among the
r ecilsigrcdnereaieddftee paspiag thrangh tﬂwrspwyh: 110|a$0$ [séess fhan the other area in
p ther area in which the
d%?tcgh}%glééﬁn%%%ﬁgﬁtﬁg%ﬂ% |&s{w$educed [ 59] Advant ageous
Ef fects [ 60] A pl asma source coil and a plasma chanber

usy I accordance with a preferred
e%)dé%flkng%?ﬁgﬁﬁeﬁg present invention reduce resistance
of a eqgildsmaaogtct Cuiiradas plasiBlEHagbtr iR She Smhid L6¢tHance with a
[ n the enhance

| easin resulting j nt. of
PR RO o t §5enk o TR of £ ot Sipgease
acmg@dsnmm{mt ineressingfpowar, tdétlﬁn§iﬂaﬁﬁ§1har&ldﬁa1tbhﬁﬁsma density.

nsi.t n be easi| sted. to enhance
Bed l?%‘ifiﬁyé’tf it coil afe aﬁ@ﬂ%ﬂﬂf%the g#a o jariqus fhaRg pich that lasma
r &emsit)t tande iembsilst @djﬁﬂédﬁo@hﬁﬁd LA a4, A6 rdt€ bhd £ etching profile,
ﬂ source & E andfa pl asma chanber I n accordance
BRI INARNORAT  enbodi nent of the present
iMMEhtion change a surface area of the plasma source
coil capable of generating plasm according to
position information, such that plasnma density in the

A plasma source coil and a plasma chamber in accordance with another preferred

embodiment of the present invention change a surface area of the plasma source coil capable
of generating plasma according to position information, such that plasma density in the
reaction space contained in the plasma chamber can be finely adjusted according to position
information, resulting in uniform distribution of

ACD |



[62]

[63]

[64]

reaction space contained in the plasma chanber can be
finely adjusted according ) position information,
resulting in uniformdistribution of ACD 9a in t he
range fromthe center part of a wafer to the edge of
the wafer. [62] A plasm chanber i n accordance with
yet anot he referred e nent of the present

! DR R TObe SO BHS P %tO&eaféﬁfaofﬁ%%fgrs

enV| I oA pR&hSchafnBér 1@mmbﬁse vathGlet i’xﬂthe e rO Bk Snent F the
uni f.orm over the entlr waf er t hat process

e\Pé??ﬁlété’%,"CBRf?é’rm Ygs supgintipky W@Focewrmm%p or expynple, etching
e\eﬁmnts Cdme bﬁf&l&fo@&{thé/ éﬁtﬁ‘e A, ﬁ[&ﬁﬁﬁaﬁﬁ‘oce[s@é’&]em%’sé &er the

Descrl of tE ﬁx gg4 The above and ot her

otﬁ“@’@ erf LPGPRS: G &V%’P rca & SHECHYRE rlemgRtedy esent

|nvent|on wi Il be nore clearly understood fromthe

fq#lo¥h89 detalled descrlptlon taken in conjunction
csiptiompd e Rgawingsi ngs, in which: 10 WO

2006/ Gﬂé%%epgétﬁm%/ %Q%%gal{d%ﬂer E&‘ghtaées o§th@ resent invention

cross-sectional view.illustrating | asma cha

usTHH §e gorsicreh pndseeigod fmﬂa@ﬁﬁ)“@kymg@étad%ﬂ descriptign tak-frr@l conjunction
i &/1@1tﬂ@£¢@bﬂ1§éﬁﬁn§ﬁ#ﬁ§h{ﬁ@ ihomi@l the plasma source coil

shown in FIG 1; FIG 3 is a cross-sectiona

view illustrating a plasm chanber using a plasnma

source coil in accordance with a preferred enbodi nent

of the present invention; [68] FIG 4 is a detailed
illustration of the plasma source coil shown in FIG

3; [69] FIG 5 shows a second exanple of the plasnma

source coil in accordance with a preferred enbodi nent
of the present invention; [70] FIG 6 shows a third
exanpl e of the plasma source coil in accordance with a

preferred enbodi nent of the present invention; [71]
FIG 7 shows a fourth exanple of the plasnma source
coil in accordance with a preferred enbodi nent of the
present invention; [72] FIG 8 is a cross-sectiona
view illustrating the plasma source coil shown in FIG
7, [73] FIG 9 shows a fifth exanple of the plasma
source coil in accordance with a preferred enbodi nent
of the present invention; [74] FIG 10 is a
cross-sectional viewillustrating the plasma source
coil shown in FIG 9; [75] FIG 11 shows a sixth
exanpl e of the plasma source coil shown in accordance
with a preferred enbodi nent of the present invention;
[76] FIG 12 is a cross-sectional viewillustrating
the plasnma source coil shown in FIG



11; [77] FIG 13 shows a seygnth exanple of the plasma
source coil in accordance with a preferred enbodi nent

wWOR06#e428r esent i.nvention; [78] FIG 14 showspGmKriogioa912

[65]

[66]
[67]

| [68]
[69]

[70]
7]

- [72]
[73]

[74]
[75]
[76]
[77]
[78]
[79]
-[80}

[81]

[82] -

[83]

[84]

[85]

exanpl e of the plasma source coil in accordance with a

preferred enbodi nent of the present invention; [79]

FI G HG6. lsinmmos-mbttdnhl wew ifhlseratixig 4 filesnid dambesuiiigeaconventional
Eiwhg ance with a preferred enbodi nent of the
sent |nvent [80] FIG 16 shows a 10-th exanple

of t H3Gpt ess‘ﬂ\ﬂft%'eé illstrafim ofithe plasesn seuree coikshawmin FIG. 1;

pr ef Q?{(;Bﬂ 156!’61@3&%&&1&9?3& lilli.lsﬁﬁ. ladrﬁh)/&ﬁidtb&rhsdtg&]ﬂh lasma
L.S a Cr 1 O J| atl n e

01 Soweeqlp BerSRBRR M b pfiiiited Saibdmepli 3 b2 breRg nbpsion;

18 sdlisd bra detailed ﬂhmamne)f e plamqmomoﬂ; elmvaendﬂGl 3in

ac C OIS sho¥stabefondRk Skl of ﬁleﬁiﬂ%ﬁﬁ' sﬂﬁ@&t c&f r?ﬁ:ﬁ:ﬁ @itha

i nvepti 19 shows ‘a 12 exanp
I%%‘@G@%&B??fﬁﬁp‘&%%%@@ with a preferred
e nbodﬁ‘Iﬁemhomfs atthied pxamgdedf theplasha source ddl]in bdcordane with a

g%}ﬁgl%gél% B&{%Mee%rg&n[ ege sma source coil in

ce W err bdi ment of the present
| nve %Shwe]fowﬂgxwlwdbeplasmwwdwpmo qerigith a
f&e&@tﬁb@tﬁnﬁaﬁﬂdfﬂl :eséﬁpmei@fnm with a 11 WO
tzﬂg(sﬁ@‘%ﬁfa o?e%{g%%%g v/n%)‘ggf ?éegrlr G SouRR Coll Showittn FIG. 7;
c r s §1@ e shows al fifthi examplel of sher plasmagsorcp Iceask imaccordaiwerwith a
Spiférd Einﬁéd]ﬁmentsd?lﬂﬁecﬁ?&ﬁt]invéﬂﬁoﬁccor dance w th anot her

pref %ﬁed nbodi nment resent invention; _[87]
FI G 10ds & cpssrpectipral, vigw @efwgﬁgaﬁeamoa@ﬁﬁogw FIG.
co9;l shown in FIG 22; [88] FIG 24 shows an exenpl ary

di f di vi d f

ot e PG S0 8 GRlnple. A mbsfed Qo opi SporRleiTReggbo with
s cpreteried ﬁmbmmfﬁhl%\Fm&enV\immﬁoan ot her preferred
enbog{EMLis @ trdsl8echbR Stk MMMARNE & plast Wl soficBeoif shown in FIG.

shows exenplary distribution of a surface area from
the*center part of a plasnma source coil to an edge of
t he PFIGsi3whewsia seventhickampleaf deplanaasowice boibinnicbardance with a

rp&@t%é— g"ﬁﬁ %t'@%e#%sehﬁﬁv%‘ﬁtﬁﬁem invention; [90]

OWs an ex ctoil contai ned in a
pl asHiG-ddshews ameighth ﬁxmanle of the plasmaispurce eril Imaccordance with a

E{%&f@ﬁe&&nméﬁtr&meﬁésehhﬁv&fuaﬁem i nvention; [91]

h distrib f -
Cur 1 5% 1308555 7 SamBlalin plorna ook Beriain wih
c @réferred embaliment@f thel]neqehianmmmur ce coil in

aCCORRANGShYkS I 1@99% f 1#@&& @gﬁﬂs&%% @Qécoﬁ{anw&lm a

present | nvent | on oWs ye anot
e BeFpTTeg ombpdipe: at@athemsesemlavanace area fromthe

cent BIG. 17 is a cross-sectional view illustrating the plasma source coils shown in
FIGS. 13~16;
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
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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,



second, third, and fourth I qyer unit coils 521x, 522a,
523a, and 524a are each configured in the form of a
W@ilﬂﬁ,ﬂl@‘maw ng a predeterm ned radius. |f neePEDKRRI0&000912
first to fourth |ower unit coils 52la-.524a may take

of other forns as necessary. The first [|ower unit
c0ioP24% 323, rad 5Hal swetelptailthe bmwo phisho vairca il 5208 includes a

52

%ﬁlrahwégj;ﬁ%?ﬁkﬂt s e F’l@ 5%%‘%41“# &%ﬂ‘ An? tﬁ%\%e %%v%g u@y coils
contle 5338, ST, w498 camsgted i parainlln Ui pasealibpugphiawer unit
[ 1 t6i]s afeAluktoated m]:Il‘IGSﬁ’&hé e of ivler DRiOBoiised selected as

| 520h - B23h : d
s 1 AR 68 e € it bR o o,
529@9011 dhigrh @ad fourthylower qmty:ods Supp%?ﬂam%a, apdiSR43 are egch,
t hortfigifdd fed k;n ﬂﬁ@@z 3ﬂﬁi of 4 Eikdlé’hav%i?a fg}l@%&{t&éﬁhﬁ%ﬁ?}lg :Iflté ai Iﬂﬁ first to
?@Fhﬁg“éwﬁ ﬁ%?fl&"séﬁdn? & 9f Otles Sorrhs g5 PCesSHY. 3‘1: Firs
5 2 kdwer Baipboil 520aks erwhuied By theaemnd lovesr gai coih S2he Thaseeond lower

mﬁﬂ?émﬁﬁlﬁ Ii’seencfdswﬂg the ?%%f\gwelt llﬁhlgcg)hl 5%@? ]ﬁh%%%lo%%t coil

and

GOi ,
5 18 i‘l?f-‘l‘g Yth?l PRl wHECHli2Aen | ower unit coils
[1 10] t521x Th Aeer phiahs soﬁﬁdcﬁ?ﬂlﬂb&iédl!%deﬁ _?_ m?i@ Of hifpeP amabélﬁlsmb
Oxdie e firs
th% 5330, BRY SRR abiil 2 dor PlaSind b ooB(3508 Sigtudes a
nelustigeof Apperawifiveds, et ithe fiest, aedowd, thind,agd Genrth upper unit coils
t esz{lbn t 13 %[Ef]a
fourt thLZb 5231355}1@52&2?:1&&&{%3%1& f)%ng bs% S&gfr]]% AERd fourth
o ioeep b g2, 8%‘? ﬁ‘é 24hzre paeanged in the siBe pappgr@s the
5 18cst, Sévond,ithisd, and Smethrlowertunitrodils Sﬂtld, $2941 $ABappideT248ini t
' coi | 40 . '
gy pa:r al eﬁgg tﬁe’ gr O,l%ﬁ@j ?‘?rﬂirjlnogé &1%10 s?ﬁngsﬁ%%%%a, apd p24a are
c ofqnnepterin He the RE powgrrapply it 516.07he fisstisecomds third, and
R ker ““‘,22?““ 375, D06 SO3MBRL SO Mt oo fefflc fa 2 ground
| |
O ettty (el W, s Fone e s NGt Raper Wt ceilsab. 522b,
u pfp?éb, and|5@4b @lrelcommdan paratiel e the RF pooveriseppRy-unit 516. The first,

P QYESdS ] éhd%ﬁ&h ﬁ&ep@ @ﬁ@'c&ﬁ%zg& %EEIS" 52‘39 ra%ﬂi '3%111]-, X\‘g%gﬁ&%ted in

sarre ]%gnnectl on

S 3‘&““4159&@1‘% e figsblawes 2@50%} $2lend i fre wpger unit
¥ heil 3B 1 pareeonm ity therRE ]r(ﬁﬂ&-s e 508 &idHe gioahd tepminal via

iy S RGP RAE b Y . s sep O p Wy ol e second
C mmnmotl §22are Rponeotedrto theRH nowenistply GniaHith aﬁlb;he ground
O el vieBh&TkdRd caﬁhactiomméam RIS tugpc&ﬂ g@c}m

In the ca 0 rce co enot
- arfEPeBy Cﬁﬁég%?fﬁg"gwteﬂa fbﬁ er1lsmzé)ﬁ%ﬁ1 6 gnd the geund
 nuedoenal ofa thesdmeonhection dine, |m€fblirt1ﬁﬂgﬂeﬂﬁﬂt ¢oilVEaand the fourth
. i r and u
a?%ﬁ%fr‘*rﬁ%%%% 4ap ol 6 s R oy 20 Suathp ghie 3 B pun
: s tverningl yia thesameponaeation lioei t coi | s can be equal to or
[112] hi ghethé Bas oﬂthebﬁ:sxnﬂebxﬁéérb&%nmh B 5 Sari $90b awwr&kﬁg to the

AT AT M R -

g waily pdthe pawerand appdyanit ebidd dry adranged at @ePHICIHPOYRRE, re-
o eCef S UeORk uip Ol clfbe b U it e

pl dgtgemined value. In other words, the spacing among the unit coils in the case where
-~ the unit coils are differently arranged at the lower and upper parts can be relatively




In this way, spacing anong Y it coils is relatively
wi der, such that the plasma'Source coil according to

Wommsmﬁment invention can prevent an el ectrigcgkR2obé®E12

bei ng generated by narrow spaci ng anong conventi onal
unit coils. [113] FIG 6 shows a third exanple of the

pl w&imm tHa€ th 88 othet Easd G/Bigde AR \Gft AMIL Bredll ka8 Réef@fa{t% same plane.
errin

errb t.of. the nt.. i.nv n.tlon

{5y, upink ol BRE b B S ity Bighate source
6 2%1 acgerding30 theauwntinmtm cathpreyane sieelectiin wﬁom bemg generated
S|Wh@fov¢@agllﬁ %goﬂ{;g%ﬁd Rigsna source coil

deno a a The | ower plasma source coil
[”3]620ai‘f‘g é%" Gdbird, pxapp %%? Plasipa sougge poflin agropiance with a

plplzsfmedmubcchmmdftﬁe?@bsansln&temﬁnged at an upper part

pak

[114] lggon %\P&fﬁﬁﬁ ofﬁ?g{”ﬁ %&1 o‘l\ﬁecgﬁunl ﬂé”%%ﬁ’a

[115]

[116]

628e501dmeda theaweseemaentmn erehirpidar tp fheshevesmentianed plasma source
6 2601 deﬁﬂb@ﬁfsz?zf@ﬂgiz{)s {The Iéﬁ&g)&ﬁm tsbmwd g%ﬂigﬁba #Igh![rriﬂked ata
u S an wever

¢ gt fpﬁ’%%an% @’8&?%% iﬂéﬁa Sgwsw fﬁﬁkﬂﬁfr@g B AndiPRer Ragk Th

t Hewgr plasana souroeenil i680a incluesdbes fitst secolnd sthird,gand Turtit lowbsumt

| ggfr?gtig% aﬁi%iﬂja, ?E]cgﬁﬂg%gﬂer@g% N#ifsnﬁﬁﬂér@ ot #%6!?16181%#3 the first,

Pith VRpef Wit ¢qtls G2, 6321y P23 nd 684D . Howespr, th
t hdasomnberce pail shown in REG] ©¥6brdaleas e [iﬁsbhﬁﬁwsﬁﬁdn ifcibldes the

f,th
| SuBARE S 41l Bab ok BfbhcRlnay XA 2 blas i s RBE i35 by 5202
diagg 3Qsherrndn FlGi% Th éﬂ@ﬂt&@ﬂbm@(ﬁguwﬁ in the fous bf aigylinder by
6%@%@@@6 1PafiT $RNow Rasii@hrce R 858: ﬁ%n?ﬂé@heﬁ% the center

0 sposed on a pI the top o
é—ﬁ ﬁﬁl Bppbt Rlasgaggur carcg*g Eﬁgﬂ‘%ﬁq fowvop plasmi gowsenceiipads
P Idwnmddmrasplaqp witer¢ the bottovh @f thedinthing 63 0nistalvatdidpsed. The upper

nga)é%ﬁtglr ng in u?zlqbq5 &g%% E‘? %h&’ﬂo‘%qu‘i%%%tf?‘ettﬁlaﬁlﬂg 630 is also

=

c drpasedaFhe tushing Pf%lucwﬁ@mald@ﬂﬂf@t thesentst parh sugh thetiess

S @Ulyﬁﬁrbmeﬂ bfj}%ﬁ@dlf‘g& dRYur if Hdccen@r P, At ?319 uRisiR] dlitBBution of

t%[; [ fle present invention, |nd|V|duaI ances anong
first, second, thlrd and fourth lower unit coils
GEm&em@@ﬁamd@QsapmundkaznﬂmmmmcﬁﬂmxmmﬂwsdeEMﬁMhmowdby

A0l N i S o
% i andfaurh lowey unibcails 6312, 632 §2B2. 6o 6242 contained in
Wtie! lewéﬂjﬂasmmzﬁ icoil 6%3&!1@9‘15@&1@1 16 efléH $tRESEE mhy M8D B&GMferent

7 eact Bk a0, st Wi S oot st ches, whil the

6 emminiag distanea 3w difiorenGizdm eadmthm Tmatlisiwayt elivighmb distances

TSl e 00 U oL B

1pthe Bpper Blasra’ sqpEse a9l 6200 1y be equsl dgeash wmer, and may
vmm Be Mrmewoﬁbﬁ IfaRedd, sonee 6fithé 8lsRftesimBBeRREH to

r a fou | e of the
p g I eg’ g)%lrg ic?etg%:%: é‘é kﬁf%e{uﬁ‘%%ﬁ eAhqthe: e
enbd¥PnEshowsra fopgh pxméﬂn of ﬂlﬁ pbsma sourcerdoil in@ceardance with a
fefred Sfbb@indn aftﬁ%fek { -
15ligl shown i n Ff G gtwhij&l% eFIrt:’irJ r%gtg omﬁ?%ﬂ@aw‘%@ i
“ngﬁ‘%@ﬁ%n%%‘r‘&?é"é owRdCed by 720 and 730
Referring to FIGS. 7 and 8, the plasma source coil denoted by 720 and 730
according to the present invention is the same as the plasma source coil denoted by 320




. according to the present |n¥§nt|on is the sane as the
pl asma source coil denoted by 320 Its WD 2006/ 004281
WOCT6l22005/ 000912 and 330 shown in FIG 4. POARN®05/008912
plurality of unit coils 720, i.e., first, second,
third, and fourth unit coils 721, 722, 723, and 724
ar end380 stowp dis BIG. dn Howeves paplugaligned unit@6ik 7200i.a[ fidf) 8&dnd,

0 ot GBS AP Cols TAF ol 17ds, bIE734 dehod B @i i e piae,

conv
ceftdire paanged on #&P@veééhmsqch ﬂwt the fisstdge fQ‘ﬁ@r‘@@fcoﬂS 721~724 are

di ﬁlfrﬁi’gﬁm bh ¥ cfnh‘émsh:ﬁﬁ vﬂioﬁ@é@tei P f8n &R icbn e A EI.Ilrdeé faereof,

¢ ofiRretln !B Pl §Surta o showtt SR 4, b wtds e firs,

s espgend, thitd, gndifovpb seil coils 721 hE22y 723, and J2biretsementindlyidigposed in

73 %l (ﬁ'ﬁﬁéjb
i nglleyl thé@ EIT@O %8£ﬁ&{edagﬁlgequaﬁ¥ eaCE ot ﬂe
or yﬂ'a@ unit ¢ éﬁwb&m@éww%ﬁ or myﬁeéaf&eaent

- of othtreIfdiesdednsuane ofethic distateps adaythe eqidt o &ich %ther,\l\fhﬂe&hd Iléﬂxammg

r el e HrBLAIRAS ookt TS Ring PRTLEARE nBL Dfourh unit
2@118 7%33» 122583, a7 2faxe m@e@%m@mlw&eﬁmwﬁsumiy upit 716.

gasv bivd 8 iffcst fol fourth T cEiUSII1 NIl 393,304 780 &re also
flrst t o,.f our unlt caoils.721, 722, 723 and. 724 are

al €5 e%%%‘ﬂé’ It?r&m '0 a ground term nal.
[117] [ 117]'I'h5heshing'1ﬁmgm3$ﬁlalls spaed apart fyors plaectep senfiee of & dame 312, In
t NRe bRIRr %&ﬁfs@uﬁ;iﬁl ?@Ln% tRe-econd nnit &1 '%dﬁﬂfoénﬁnﬁit ﬁoﬂ 723 -
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di stances are different fromyeach other. The bushing
930 and the first to fourth unit coils 921, 922, 923,
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tW@enter part of the wafer, resulting in uneven
distribution of LCD The plasma source coil 920

acco%qq o the present invention reduces plasma
dens & O‘F%S%@'gfém@? letof ghe plasea souxss goil shayvn in accordance with
ura ;freﬁeﬁbtﬂembdddﬁuﬁtldﬂ theqiredefilinvintidal FIG. € isklerdfiQ¥etichal view il-

ac%%qugg Cg%\h/\)l£ F@#%Pn‘a Sm'oﬁl ::Tg:ﬁl gpomel Br esent

i nveRefening teFIGS. 112 alnd la, the plesms smir¢econill deudtedvby 11120 and 1130

| sédrain Rothb BResed & Bufck Goil dduoted by 720
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predehi2]j Hi2ant i28narids] 24 aresiie E@ﬁﬂﬁeiﬂéﬂﬁ the

R0l 0 3, e S 12
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S dijuMBds| ridyl Be ualRe 25 dtHert Qﬁlé’ the 'réihzﬁ%ng UistdiBes 2 §ifteRit from

| R R ieing 1 Cagltbe bt foues weepilsrd L A2, 1123, nd
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outermost location of the plasma source coil are disposed on the same plane,
differently from the above-mentioned plasma source coils according to a variety of
preferred embodiments having been previously disclosed. The plasma source coil

' denoted by 1120 and 1130 is adapted to maintain predetermined plasma density at the



the first to fourth unit coigds 1121 1122, 1123, and
1124 are al so connected in paraIIeI to a ground
woaeugioptkl However, the plasma source coil deavkrkose0912
1120 and 1130 shovvn in FIGS. 11-12 according to the
present invention is configured in the formof a
coedgepaghape, and the third and fourth unit coils 1123
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PCﬂ&ﬁa&ﬂ%ﬂ%ﬁ 1322 ﬁ@gscea%an frbrh 484 fifst i éaﬁ ﬁb@‘ﬁ@ aBpre-
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125 f |
11261 | 35 1P 5yt Rionca g oty it co\pefB et igtep et
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CSARERA o e s A 5 05 e g
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1 gl Sl S s st it
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[128] S g nﬁéfemng to FIG. 14, the plasma source coil according to the present invention
-includes a plurality of unit coils 1420, for example, first, second, third, and fourth unit
- coils 1421, 1422, 1423, and 1424, The first, second, third, and fourth unit coils 1421,




received fromthe RF power- sgppl y unit 1316 in various
ways. In nore detail, a curr signal applied to the

whizomtooapeit coil 1321 is divided into three sp@r,ﬁﬂwgg,mogn

signals, which flow through the second, third, and
fourth unit coils 1322, 1323, and 1324 via the first,

squm 1423) %di%mbef 5ueMphd | Bﬁﬁ@ﬁﬁéﬂn%& wggﬂéfgs} as wZ

h detaile ‘geﬁ?lpPPB weﬁeg’9 B%raw by bﬁlewgmaﬂrﬂfe@e? of deggription.
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the & m@{)&w&.shgﬁg Gnfl1316, Bl bicBnneBtiG o & Efogﬁi_ﬂe[@gl_. The first
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e
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- t d@sterthined distance, and encloses the third unit coil 1523. Distances among the unit

coils 1520 may be equal to each other, or may also be different from each other. If



connection lines 1461, 1462,. 1463, and 1464. The
current signal flow ng throu%h various paths affects

wohaembaet ric field distribution, and i nducespoEkRBLI /@012

inthe electric field distribution, such that it can
al so induce the distribution of overall plasm

denedded, soiné 30ihe MisGncddmay by equal tﬁiemﬂbtﬁefamil@ﬂlefrexﬁdiﬁng
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e prese |nvent|on
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1621, 1622, 1623, and 1624 g e arranged in the sane
manner as in FIG 15, as sut a detailed description
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con ve uch that the closer the coll sition
%Raﬁeﬁlsggiw %Ftl’raﬁﬁaaﬁ‘é‘“ﬂam s of the bushing 530,
t h e FIGh §® shctvtsemdﬂsthanmﬂplé bﬁﬂie@lﬂﬁﬁ&oﬁrﬁebmsinwﬁdrdanﬁb &vith a
t t oils 1520c on a convex
ape ucﬁh% ose Hltenccm | positionis to

t he lifti@@ngm G r18¢ the pl@@i@a sousee eoikacperding ig theggesent ineention

| Shﬂlﬂd@é aldwer glaslbaa&ﬁcé é&msfzbfaﬁmﬁu %gaéme[ &u@&tc%illlszob The
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SR B S0 5 5 S oo ety
185®@ed aprridicin 2ach atlner bylia posieetmined diseansane pl ane, such
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LSRR R 4 ot s 3B als S D s, e e o pwer i

1e0iBBlmay-bet fivelyf selacted as nedessacy iRirstto Tdinth wiit ddile 182k 18324,
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OWER Uhit Goil; 182 &,tspng]ggqlcby the second lower unit coil 1822a,
* the second lower unit coil 18224 is enclosed by the third lower unit coil 1823a, and the

- third lower unit coil 1823a is enclosed by'the fourth lower unit coil 1824a.



~the second unit coil 1522c > the third unit coil

1523c -> the fourth unit coi2 1524c. [136] If the sane

woernengesent as in the unit coils 1520a cont araeRR2005/000912

the above- nentioned first structure is provided, a
di fference between plasma density at the center part

[140]and tTie fﬁﬁth@:"coxﬂi aoiiRaifosith Yinid boilsh82 &4 gszzag1823h§and 1824a are

col

i

o ettty conRlitl b 48 deloriia HEY fowsf Sinm3scion iag 18418, pecond
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tojgayrth unit coils 1821x, 1822a, 1823x, and 1824a
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pr ed treepnd, third, And foyrth wppes unif ¢ags A824h, 48224 18 axai
i s1824b laﬁm&umﬁuy Benneered sledch \Wetier i latﬁrmpberb%aﬁe%non tihe1841b,
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C o Sbb g therh s sl agatipR I 8o ouId e sted fha the Grst ower
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B s e
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Be({ 1%%%%'1‘&031 (%rechgn thq IwEa:?,tthe third Ii()ev(v:érl cOniection fine
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ther, and the fourth lower connection line 18444 and the fourth upper connection line

d| i‘ect



[ 141] The upper plasma source coil 1820b includes a
plurality of upper unit coi P& 1821b, 1822b, 1823b,

weRghehfRgP. | n nore detail, the upper plasma SQUELS «ninorn
coll 1820b includes four upper unit coils, i.e.

first, second, third, and fourth unit coils 1821b,

clzgig@barg;ﬂﬁ%ﬁ% trat eﬁ&%gﬂaﬁg&ﬂ he4nﬂfrgg: gpl t upper
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181%% pldifs SRER119964 aﬂdﬂhé @k bla%.ﬁﬁzdaﬁ g&ﬁfé veMically
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Hac‘%llcﬁ chéﬁgy Bg’é"‘&etﬁgfm{lﬁbdlﬁ%%ﬁet h I ovver uni t
[146] c0| I Th&m plasﬂndﬁt}ur&"manf 19294 incheonplurdlipy 6ftowaehit coils 1921a,

b 1823h
47 S 3 AR ol 9 gy i
- f i 4 Rlpralj o‘wrm&mlw g-4 ffret, seeand; ﬂurdaaxyb’@@rtu layprawit coils
| corms,ulgnza, I19zaa, i RIAa A KRYuEE 4 YRR anft ORINEAE 'ilﬁf:trliﬂe@ﬁlFIG 19,

- 1102 RS ot Rl PR e el ectetia e T sty second
- c dhisdcnd dourth lmemaﬂm@;ls 1921a; 19224, 19284 and d92¥aCiré amarlged in the

1843R mah
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. [147] uppeiI‘he:ﬁmJ eedondythird, rmdf&&&hoﬁb@mt&foﬂ@'ﬂ%@, 19923, f9213§,tand 1924a

8o 0 B R o DL BRE S0 FORRPEL A ol rouna
artplang@dl‘herﬁrat lgw@un@t il k9214 amil theseoemdilowick anit cail 19822 are
f ldl&:incﬁllj’r E6tink&Bd td bR bt ha%lﬁ'ibvfeg%ge eefior] s 19413, 19425,

| ystr a FI not e t he
¥9§$a~ Pﬁmﬂa 'ﬂrﬁf&‘:?f}dglﬁwrﬂﬁ il cpA922 A the o1 P‘él?f @&p@ﬂ
c d9@dcare electrically cddddiedmycaticotiendsidoynd ma aﬁﬁﬁdxdnqmes

eq981.0Y gﬂa,n Ydﬁ%e,aarntii 1"9§£a r i Cc{ bRBr L\nﬁjc%ﬂ( tgnmé?urth lower

arrange POR.

c daiepil nl%%amr?@e%@éb( coneectaddo sachmtipr urmiblrd wm@onnecnon lines
| i19614] 39, FI68a,aindd odid. a6k the&rﬁ%&ﬂu&@qmmg&%, the

BB OB i TS i R by o

c dB6ksed P@ta ard g diré@lSeonaenied toeathhothet, amgpee alcanatelytamanged.

o | om0 B0 oy 5 521

f &8940 19939etnd i34 dnimeare detaid, theupperplagossoue@il 1920b mcludes
P@ﬂdﬁﬁ?@ﬁﬁﬂﬁﬂﬂﬂ;ﬁo&% E s@écﬁlg mtgﬁg,d%naefsﬁrWu F?%‘?g
Eé? Do Wb and oot Aigna # G uf £ols e Apobpie PG
o ¢ member of uppeeupneelMay hn/ﬁealy sebectddliag mpcd3edre s Thefirst,
! Sedoh 2 thikd) and RftrtBBBERHUINE Foi@! 10236 C R4 Yha! 190k fre arranged

present |1 nventl on rm sourc

15195 Sapgmannes ahR FIGH 43,75 saehy a detailed esmg therpeaf will herein be
|omednbasaaomnﬁeﬁaeamcbcﬁbaaﬁ>a and the upper plasna

[149] SOU'RR i decdide Mt b 65idh Wbfur whit coils 1921b, 1922b, 1923b, and
~ 1924b are connected to an RF power-supply unit 1916, and are also connected to a
- ground terminal. The first upper unit coil 1921b and the second upper unit coil 1922b
“are electrically connected to each other via first upper connection lines 1941b, 1942b,




spaced apart from each othe% by a predeterm ned
di stance. [146] The |lower p “sma source coil 1920a

woOnolsrsolesr a plurality of lower unit coils 19Z@yKR2005/000912
1922a, 1923a, and 1924a. In nore detail, the | ower

pl asma source coil 1920a includes a plurality of
I owmwmaum |'1?nte s€oofd u ;ﬁdr'hﬁit coif %«Z%B%d gﬂgyztgﬁd uﬁﬂé@' unit coil
r unl COl a
165578 i dcly o Bl 0 Wy PR et RS e
FI @51h91952bm53mmmé A 934b. Thevtirdwpper voisichid 1928b 4nd the fowitly upper
Sehﬁ%&ﬁl%ﬁb En%%i’e%&%ﬂ cditSorbd foda 1922aepﬂ9%uatdﬂg&dconﬁa§§ion lines

nit 00| S 1921a
iﬁép Ja%éﬁd%%bqﬂﬁé Mﬁﬁﬁhwpeagoqnﬁcwea £9415=1944b, the
S uaelaondaupj;et annediofidines 1951 bor9s5tb.cind die third upjee cerectien lines

O ciB1dh ol AN ULENSRAGE (BB NN ey HSiged.

'[150]19213&“119%6&192‘8&1“8@@111@% 193t shaglsh bfélmt@blth erppcmd

POlRVer SohABd O qmb t 95&1&d twuéc@;rdaapgémnﬁ&ﬁeﬁ Ghe 10310 Iaay be
fi.rst. Lower uni 192

t
1 M strperist i cagh Plet yn R B S95mosi R fng Gpt P A) figmieed ina
* covastieal didection.cEtetthiod loaver vormedtiondine [1862a and dngwbirt iupper

I Ofdieckieft fide 1 als&%%ﬁ?rcgﬁ%ﬁl r§)4 n iir \?ﬁ%‘%@é'b d

| ower unlt col 1922a an mer unit co
1.9%0RReckip lige (ot gh %"éﬂ h‘é%t’@”&c direction. I thisway; goe of the
S efieridwkOsuahedtion haes 19alla,| 19928 19485dml 19495 gy bé Aba8etly connected

21 5y PR Sl i bRUEE To1 ! 3, RIS, Ao, e

c deWer¢oagedtign éla%m@x ﬂe@ be/dizectly iconhettodubr otb@rrumelt ¢opnection lines.
(151! neFIG DoGhews & 9988 exahfiOsr thepsridfdivce cHl‘in hédofdanbOWRA a
conn on, | nes‘%941a 1944a, the second | ower
‘h‘?@%‘ 16 DIeSPBEAYENtORy the third | ower
[152] C o nn Referrmg tbIRi@s20, gl anik36d@e avibacrotdinyf toahd pregsent invention
c qg@?&éﬁ% yhﬂdrﬁfafﬂr B&%a%g% gé}g%ﬁf %rﬁ%hé%’zagg{ eée){ ugziergﬁnge@f a
pI lgwer plaS}nacﬁpurs:s ,9@11 20212 dispepadonracplane, Whex@télz@wm@g B bushing
argh3o &A% dlé;fasén; bfd s&eﬁ;ﬁp& la&ﬂ@sdtﬁfé%ﬂ%ﬁ@li@sﬁ&ﬁd Sﬁa plane

o e e oy o i e 2850 1D, T Rt Bty s ot

c aoaaa antighd tippet PRS2 sAB@Stwil 2000b 218 Xéisically sﬂaoezcgipaﬁ from each

_. “ﬁ‘é%b%fp‘%%%per sﬁ."?t**g%%?&*%@“ﬁﬂlg 1B ibhgth SPie biling 2030.
[153] nece@%ealoy/ I flggng $qugge col Q@’é@mc Tugles; a pluralityp ﬂ%wrtw&fﬁﬁémla,
g UrioR2:; 2023, mm&name ddeSit, 3o lo@@ﬂpli&%&btﬁe&:oﬂ@%&gﬁdludes
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S Ao P oo et Pl done A ae bttt isping 200, for
c cxgmplechinst sesondidhizd.iapd fomth 1pwerdinit Tods 2023191 2022226233, and
t fﬁom Aﬁﬁguélpdr'fowér HRie B6ils4né ﬁluﬁ%t&ﬁnﬁélﬁh tHedmkber of lower unit

192 a are connected to_an RF power -
015 et B fracl SelpriekpoRS IR i oari lov gt golls ZULY, 2022s,

t @023a)ahd 2(TAa afd ¢ash cotfiparedunitie foan bf 4 fizd®havitl 4 predetermined
secf upper unit coil 1922b are electrically

connected to each other via first upper connecti on
[154] | i neBhelfnsty pecond4higd, apd foupih lowenmitaedg2021a, 2022a, 2023a, and 2024a

e t@%ggg%%%kg% ot Vigridtlowel ubBaRin PRTLa. o
o Peopf syer cEmeC O B ALt e Ik Coptivchion ine 204 3ppd a fourh

u eer conmectian ling2044a<Fhe first lower connection line 2041a, the second lower
- -connection line 2042a, the third lower connection line 20432, and the fourth lower
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1951b, 1952b, 1953b, and 1934b. The third upper unit
coil 1923b and the fourth upper wunit coil 1924b are

We2e06{0p4280| | y connected to each ot her via thirchyRRIES/000912

connection |lines 1961b, 1962b, 1963b, and 1964b. The
first upper connection |ines 1941b-1944b, the second
u pp@mfi@mﬂwm dre aran gt paperdiadir.to amt dﬂhﬁ Fdi lek#ple, the first
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19 iigd the second upper connection |ine 1951 b may
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00 AR PO At Sl A G576 e
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| |
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oFtPled et B aﬁf%e%?q%égnimdq@eé% HPbEged ina verical

C dnrenunﬂ e']i’lmse@ndﬂowelmohnmhom tin@P®B2a ahdthe seatﬁﬂnipper connection
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ﬁﬂcft.kd k r,unit coils 20 § %%ecw?r%&ch
2‘8%%'2 i te fourth lowes o Jardgn F‘He ﬁ?‘% BPReg pnnection line
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25 WD 2006/ 004281 PCT/ HIt 2951000912 connection line

2044a are arranged perpendicular to each other. For
WoxaME81t he first | ower connection |ine 20R@I/KR2085600912

the second | ower connection |ine 2042a are arranged

inafirst direction, and the third | ower connection
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I rst di rection. ashe_source
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SPteM% distange cgmesponding FanhP ﬂe;ngt%lfof @&p@wmea 243Q0i 1 s
[160]202 1bThe Iae&aﬂasm&aam caih0120a 2¢budes A plopaly OETowviet unit duils 2121a,

0
P BE2a0 BRI BAE L6 ok RS ge'l@&érg,i*a%%a sfuaBt ¥5iP4190¥ includes
thap dﬁy abl omsmt ¢ails, fop sl ee acgqn , Olillﬂi loger unit
an Boifs@1014) 202ReD1283] dndX1Dks AdBSIEh 4 dRiPedils 2RO Brate FIG. 21,
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o PR IBRRF onehion A6s 2131813, i Bl i3 e ffECtion ines
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[162] A1 t Y fipde? BlaSimh ;fiﬁf& ddil 2426 ﬁfciqﬂgs s Pluﬁh?n offbpet dnit coils 2121b,

%aﬁ’am?sb st odl

t he I [st
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di éel’ecﬁﬁ%ﬁ ﬁ&ie Séhry. The #irdh, BEAHA! thirld r unit t[;oﬂs 2121b,

BB A and 3148 S gergrn i R S0 s

|. | deeniled desBriponcthereef will hwbm: peemiteed foecthé convehiene: GT@déiviption.

[163] four?ﬁ ﬁh&gr co tﬁ%@t I on @p%ﬁﬁtm’%g 2?%]#!) wat ??Bb aud

eb axseamracted o therRF Pmﬁbpniﬂ}lmé%lﬁs ped e alsorcoynected to the
ROV tBGhihaL 'Pl%?ﬂﬁsﬂiﬂﬁ»@f unif e'bﬁSjmﬁL fnd @d s&laﬁavﬁ @erlaﬁut:m 2122b

exa”a' o Bl o B SRR e A, A,
2143b, and 2144b. The second upper unit c011 2122b and the third upper unit coil
21230 are electrically connected to each other via second upper connection lines
2151b, 2152b, 2153b, and 2154b. The third upper unit coil 2123b and the fourth upper

.. unit coil 2124b are electrically connected to each other via third upper connection lines




[159] Referring to FIG 21, 5the plasma source coil
according to the present |nvent|on i ncl udes a

WeD6H8428tal bushi ng 2130 vertical ly arrangedrct/kkineso00912

center part, a lower plasma source coil 2120a
di sposed on a plane where the bottom of a bushing 2130
i s216Gilbs3162bsP68b,aind 26 e The fipst nppsr aswRcticlines 21:41Ib|~2144b the

Kttt 200 0 o

e 108 Gizpctly| coupagted o each atlsr) and poepdternately pranged.

[164] upperAltHoaginherdsine Hlusedtiondi 205, Al B sNSld b&adtbd/ thahe §&tond

[165]

det d.d
c ot KA e 4 R Do R ke Strtrtny ioa b5 brEache

Thiirgcgepnnsrisd teash gth@ewe @ifirstzoagestiomlhagiesshawn) arranged in a
pl vigrtiddl Qitedtion! THERRird Rivler e&sﬂeén&h%@gmzf%@%nge g%rér%?ge

he |
32&?““%‘%‘?63“‘? AL Pbe S%Sfﬁ‘f‘iﬁlwt{rpgwo 0 paghofon Ham sepds.
f monammp ligg (ot slxiwn) amranged in h Remtidal (ﬁﬁd:icfnglﬂﬁﬂ% vltzagy\eﬁe of the
UNfist 1o%f éo?mgc}n%i'. e?hi45. 2 (}%é%%iﬁ?ﬂ%@ﬂﬁ?ae @' %%; o(fo Enected

unj t CO*_ S are ] ustrate

urfP(ome 8F e st yppss cpnnestion kines 24 hy 214200 3E43bsandy2144heAlso, other
f i lower coneeting linés haylalso Be\@irdcly ChkhebNERY otHéF p&cﬂohﬁecnon lines.

2121
R R A P AL égaﬂ?aen oty e e & plasma
d eSOBICE Stnll Braceerdanse fwidk anbtheeprefanrell emboditriestoffthe preédneinvention.
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[166]

ﬂ'ﬁé by &he sape spferencamirarals apin KIG. 3,
u rsich Gadtbeir detaildrdesc&lpﬁcn &dih hereindsé dntittéd fibk BHétdnvenience of de-
Eﬂktgﬁf The first lower unit coil 2121a and the
seco ower _unit coil 2122a are electrically
connBeferingite FIGH 22025 die plasmd songe de%@ for useiaahié plasma

| ich@abet DA0®incid luraﬁiﬁ&*hm dfls el M, 346nd BHEL Qnﬁi fourth unit
R pe o SOk G B

s @2t arranged at thecentes ant, hid Bt ﬂﬂlﬁuﬂ oﬁﬂs 23012220426 8xtended from

b d .t
7o kg 22107 e Slich 8Bl o o Bl 0t o i Bl 2210
t Aliberadimitooiliare Bpstesedin FIG D) thomumber obmitouls oy be frocly

| belesed @lfodessary. 1o ther FbREXthe MafhbEr"@dteof ublt Rofild 1off bé 8¥Emined

CBIRCH B B 3% AL o P B, o 20

c 8 predeternoined tumming n@abardn’ bfid ﬂnanmmgmuxﬂberreﬁ't ¢an be determined to

ienpten bt s, AN A e

[167]

ot ﬁ‘p'élx (hiai(wiere|"a" s 'bh are bpilppusitive imegers). The

-ahmshﬁﬂgmno id formad of theamhd matbAd ay mafmt%ﬂ§m1s 92020 9203, and

ar i an é’zae%fng l'fgg tc‘f?r'r]18 émggb%fz%:hé‘gggéﬁ o |°% copper,

19is ﬁlﬁﬂ' formed of copper. Howesler, i Indeded,uhb buslﬁx{ﬂZlO can
Uﬂhé b@ﬁiﬂln&l Sty m&&%&éﬁ%ﬁﬁﬂw@&& fg &%ﬂignt r?ﬁﬁrr{)ﬁe]érzﬂg?Z& It

Y It“&tﬁl l iﬁd%%ﬁdbf'eb usg%ﬂéat 0 ez %q@foaae%f@e@yduqhvemnal

f Althdmghiha:lnmﬂmg 2B10 i, configurbdin thé forTa. cyhihder BRVih, % a pre-
in

are arra ed
same rranne‘raaggn g%ﬁﬁg %szoﬁe[? iled
desmqu%rpdﬂ?éil@meqmﬂnatmvdatetmbmdduecﬁcmcpefmdichhmthemp

- CMtiEBisBiNgD200 istRBsdd it iR benter part of the bushing 2210. The support rod




[163] The first, second, thagd, and fourth upper unit
~coils 2121b, 2122b, 2123b, and 2124b are connected to
W@ RpWoA2%ower - supply unit 2116, and are al so PEAKRIOOFH0912

to the ground termnal. The first upper unit coil

2121b and the second upper unit coil 2122b are

el 8lris alad fopmednfreerinductive neerial suches cagiper. flhe suppopired 2211 is

ggemas&edm eoIrnb Esgx;ﬁn%jlgtlﬂeltﬁkﬁ asu ﬂg@?l??ﬂe%ﬁég%tmﬁifofthe
o’Ig*?PmZizg'BP]éIr“@l 18 is grp aﬁ'ﬁ/@&s@araffé fsa%ﬁl Fpwer-
vi supplyamit3 16 pyeppliebiofast to Gdiudhl unitoil 2201 b2202 W62 the support rod

21 e third upper unit coil 2123b and
thgﬁ$our?% ? Eﬂlt coil_2124b are electrically

[168] conn gtt% Masmgsawee ¢eikhaving the ahoyemeatianad-stiugiyre and the
pl@ﬁna’ztﬂlamw WHIGhOSe) lakied Géllsity A thé SR bart 2l RIdively lower

[ ekts GSbﬁ%EIx afgf e %%a?@ﬂ%’t%ﬁﬁépﬁﬁ%%ﬁé@ o0t conte

Zlmrezlﬂsnbmlmfﬂnnldsmﬂumumpper connection |ines
21@3 2164b are not d| rectly connect ed to each ot her,

are rnat eI ggg od§164] Al 't h here is
RV ‘It%‘ lnlﬂ’ieP‘?I y-PF ﬁéﬂ’l“’&%@a e cppier part due
t I’m tisaehatidely hipholasma dendityi 20 thel detiter phtts Siacathe etdmeamfecim feduced
u%@'&oﬁﬁ%ﬁﬁéﬁ&ﬁi&wﬁ—ﬁ@a&w be directly connected
other via a S

to eac connection |ine (not shown)
ar¥@lged in a vertical direction. The third | ower

C CABitioRIat thodentdrheds iftbrdd Brolthé d upper  connect i on

line 2162b are also directly connected to each ot her

Vi second connection |ine (not shown) arranged in
' a di&tnbutmalat thieledgxt pantn Theé plasiha density at theveenedr patiés reflizeedtdue to the

sﬁiﬂ% g%%tg %{1% g]%:'anﬁnmtzt}fdggﬁer%tﬁ&ﬁ(??mg H&e& %ﬁl 4foducts

rectqé to one™
cdﬁﬁ‘é%fqdawdw $apthe1h, 2142b, 2143b, and 2144b. A so,
otm | ower connection lines may also be directly

r connection lines. [165] FIG
sgl}al%gr osgcc)%g% pa%tpnag‘ﬁ ew illustrating a plasm

cW@er using a plasma source coil in accordance with
angiuisiiioR e E&&%}M@%ﬂ%ﬂffoﬂ AtftBu lﬁé ve-tﬂ&ﬂi?)hb@glasma
view Il lystrating asma squrc

FIG 23.s a

c SPProg ﬂQIIAﬁPd. th‘? Platna chamber st ihe sameave facaboye meRBeRed

: Flaalan'ﬁa.@s ¢heydiaoé didfidufrytih enobafitely adjestiag ¢ distibitidsofas
75G 3, such that their detailed description wll

'hgrel n be omtted for the conveni ence of de-
sdn theirpngs from e pemterparttp ithy adge partRartiznlagly, the nbovstmentioned
S Q@ikiadan bhaszt%niﬂ?: foalffly y ddndif&ePhsAt Hipo ﬁﬁﬁg&ﬁﬂuﬁ%@m the

| ncl udes a aﬁl urg unit coils (e.
FGuUrth unit CO|IS 2201 2202,
- [169] 220&?1(}1% siRRE/An eamiphr;bdlsthn@guﬁﬁﬂﬁ center paoyte individohl edges of a

¢ parsing s Bhomi 50ilpd B RNGRS aded SpGERLAT i RebraaiE iy
b@aetherprefomred crabpdiment of frerpreseyt ippantion.JAG: Heshows exemplary dis-
cnmmmﬁer@aﬁm&eamr@m%ﬁt& peédta 1a§+nh@auaacalwmedgeofme

I I I t t | G, 22, h
c e fien ot abfyding Pngtagatharsv R aL Sl op ot gresent
\/\M\@atlon E&xﬂﬁwbews améxepiplary iutiit coil Contained ib@ plesher svurvedoil in

9“?‘? e bt 8o BB i of ek 3o ind iR FIGS.

: e same elements are denoted by the same reference numerals.
[170] Refemng to FIGS. 24~25, a coil radius L from the center part "0" to an edge of a



- a predeterm ned tam ng nunbey "n", and this turning

nunber "n" can be determned to be a positive real

wWaame@p428INanel y, the turning nunber "n" is cabCTikR2085000912

usi ng a pre- determ ned val ue of n=a x (b/n) (where
"a" and "b" are both positive integers). The bushing
22plgstha sdurgercetl ingreatatham awvafon rativsal fann the@ental parC'O" kba wafer

228de. BitRor 2
co?‘]igg 5201, e%%@égﬂragg%?’mg@% 55‘8‘& °ﬁm g‘tw{"p&aymewafe"

t hePEERd areg 24{Qjs %Fiﬁé@m&aﬁﬁpwé&r @133 band 4 gecond
n ewd@dmmwh@ﬁshwa@r 224 04T indidative b élﬁfum@réafha%g Q first

o E%Bﬁ’ 59 TR el Bk 8PS oottt dres Pt S indipaive of a

c afircalaz grep enclosing:the st wadesaraddil Lendhasa predeternihedroidghr .
t NBhedeUdpO24A 1i0 i dScaG08 bf Déifthr afta bhQodifl e YbcoRd wafer area

j.pd d rad d
R e RrBR Wb Egeary. [ 167) A support fod

[171] 2211 Ilpﬂlcjcmwédm ﬁIstawifﬂeai'e:t v 3l mddndila.’f@ﬁlsufﬁace areas ofa plurality

[172]

ls! KeEzo oS e
i Splaidmﬁmé oaitl 1sQi)nﬁglﬁ9@ a4 shokviGn PRE.©31 The ﬁﬂl@ﬁu%sdescnptwn will

| 2211 t ed
¢ eRBlapiarly s INBREY orle 7 i ol tof e ipose ol lygfhtion. A surface
t e of she it qoﬂenayﬂre cpﬁmnﬂxsdppggd inindividdd ar&s.gnmhaﬁedwafer
TheedDIe/ thIRREIA0LRA gl mﬁmaﬁw@%w% ?cgﬂhg%y mz%hh doiP

is | i'ed to,fi.rs fo unit co
é‘?‘g'%ﬁﬁ%’r %fz‘ﬂl H{BH@G 2512 s indicgtiye of a specific

Aamrrldlwhgplt coiltshefagqs a&nﬁ gﬁaﬂuﬂqeredmieﬂ dila\tlﬂﬁhd dedoted by 2513 is

e
EﬂsﬂliE erl;ig ﬂ;ﬁ 84 gdr%gfﬁcst{agas me de nw ggaﬁpéﬁ?gg;e%squln the
r SPE mftgr arcgvadi 2, therlipe deneted by 2431 sandicative af aspesifixigee in

pawticties suffade e id HiRaindd é&sﬁm@ ROGE %@Ed%e'}%ncﬁﬂ &he line

aphol FEPY1 bR o, Roete vy Wk anl suraiearea s

g ewentamedjccustanh thedmetdenotpdiby ZiBZGs iidivatiteeof £spetifid €hge in which

o op shtas i e*e%%‘“e%‘z b6 %ﬁ? B Bdere by 2 pacve of

bfp?ﬂ‘ caibyyriage areq isgmdually redueade center part
i s dmfmemmafefmm th%qagtéb of fedfi¢tion @312 in édiPsuPfarea can

gﬁéﬁ%oﬁ%ﬁogq%?@? nedoqn)é{ at the center part is reduced

he bushi ng 2210, and the
anotint of generated pol yner-based by-products is also

I eghirad de%?%f th&iBdse 2883 filhe ool Sirfabditbh O B adnbfed %92 Sie-

Pl e

O-ICD

—e

. If the above-mentioned angles

fa al = 4

and

— X

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

above-mentioned angles

-

~ and
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di stribution at the edge pasg are both uniform

Al t hough the above-nentioned plasma source coil and
%ﬁm chanber using the sane have t he PCT/KR2005/000912

above-nenti oned advantages, they have difficulty in

nore finely adjusting the distribution of ACD in the

rang@ fromthe center part to the edge part.

Pa mtel wa tﬂfshﬂdwdtéb&hﬁ%ﬂ SurfeRB hiteAReHlightly FAHYAr 26tPedI&B In this

‘?{11? |ncreea§ zgé ere@iﬁ 57 I%gpaﬁ %bl%canbe

24d§1§mﬂsb§’an exenpl ary di stance fromthe center part to
i nglisvi dual edges of a wafer and a plasma source coil

to il ratea Ias Qurc i n,accordance wth
anv éﬁ% n@%ﬂsﬂ EFPaPﬁéfeﬁPib {he Goil pdaparmga 2941 can be

FI ®nowbtyhovvs exerrpl ary di s- tribution of a surface
areg fromthe center part of a plasma source coil to
an edge of the plasma source coil in accordance with
anoﬁfﬂ@ra BY%*“@P‘]‘W&MJ%l nment of the present
|n¥snt| on. FIG 26 shows an exenplary unit coil

ﬁ{ ined in a plasma source coil in accordance with

er preferred enbodi ment of the present invention.

In—E"IGS 24-26, the sanme elenents are denoted by the
S B4FB hi| fﬁisem axastmar
24-25 gﬁa Goi | © aldl us&Pt%gr&%r%gér%t e cfeirl}lte%rag gﬁé&ﬁg@d Ifothe
anabé*aﬁgwa@ﬂgdzgg% 2006/ 004281 PCT/ HI 22005/ 000912
pl-asma source coil is greater than a wafer radius r
fromthe center part "0" to a wafer wf edge.
Therefore, a coil radius d Pod of the plasma source
corf is greater than the wafer dianeter d wt A wafer

argelowd s indicated fut EdiPshrfabs Sedisslipdy Meefled BF ?@ugéi.l 1

2 RBRSECEE i et simk 00 ) vt el ot

r MUMM of the omit cdib2204 rig gﬂdllﬂﬂ]lytl'edlﬁéd mTtheﬁmwaftsﬂ area 2411.
Vel sufth At;lf%hé ﬁmf S 2501 idGai %ﬂ%? c&!:s‘iég{l'ﬂ t.}:?ﬂ:e YL 58d wafer area

encl osi_ng first wafer area

pridd bt Een rP e AACRTI G Uit Goil 226k s radyally inecasarbin thecoil edge area
i rm;:amtmewfz asuefabcatbabf thé Gt aﬁpi:mumffeﬁaﬂ e ,

Big6d in
can f"fgaﬁ #émégé]gslgg@ﬁ‘gp 'l"l%g i W&%“ﬂsf’lbe changed

i Al vediong atays A 2 resilt, dedistibrionef a pI urality of unit

CQits contained in the plasma source coil are

' gra ual | chag]ged in the range fromthe center part

[174]

Sangg drony the ceafer pask ofithe.waler and the edge of thewafer gan begdjusted

thnsamms&zayﬁ he plasnma source coil is configured as

h i
:xgr‘rp hiko 3k, €¥lenal ol LM AR SRE bR Bt i eepgraty
pedieative o6an dierating cament (46) signal Mt AC signalsflow aldng a coil
ursu&ade% td@meﬁeutfﬁ%@eéshya éiéiﬁﬂ‘ﬁ@@s g ﬁwa@%enot é)ndmg

areasqﬁld?gtflhe Nl rsp%pqgg are | ne
depth varies according to changes in the coil surface area. For example, the lower the

* coil surface area, the Iower 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




surface area i s mai ntai ned gpnstant, the |ine denoted
by 2512 is indicative of a specific case in which

WQ@016/08428f ace area i s gradually reduced, and RCEKR2008000912

denoted by 2513 is indicative of a specific case in
which coil surface area is gradually increased. In the
segweats IM&SBiahwlMdeﬁﬂm indreased) et that chyteit Wisityds reduced.

Ui ot
B e T
24Blpsmy chambers alsggeriiced) Qiyrenizlepsifysis changed i dheyilpurface area,
s pawl Iﬂasmam:aaty lﬁ alsb ichdnged inlith She duareft denSify. Ifthe plasma density is

dﬂlﬁl géfd’] rve o a SHaLt %Pegldg £ egned %%ngcfl?”ygcr&%‘)%gﬂ Piching process,

ar’é&hiﬂ!geé{ adual |y increased, and the I|ne denot ed by

[175] 2533 ReferiifighdeRtd PIG.95, fis a%ﬁﬁﬁéé thét aCc’i‘&%-s of tﬁe ?1asma

[176]

f d.
RS o i it e o B e B o RS2 > o
s uveCambreforange namerab252d en atthicd feference manheiat 2562 Btha redss-
- Aserighaflale D6f HE Blaifa Qéu:w&fg%géﬁméé&% aegcrgﬂaa abQel a sprface arca

surtace area ca erm ned
- Pt el i gradnally seduserbin the, fitse water areq 241 is maiatained constant in

hi & secohd wafen aiies awng ahdRitheGQirhdBlly hRERsA 83 doﬁ eﬂé@ﬁ&i W21, In

0 el b B BB psion 450 5t on Tbass O g emter prt
t hi0s, thebighertthesplasvaa density. The plaame demsity is thers hlagﬂmhq.d constant in
I QHYISREnPlvalel a5 95LM Thér@aﬁé}' the ciSef thed J?ﬂhgﬁj)@ ot Fs tggbe edge part

|ncreas coil surf ace area In t
L B £age ot 31t dDWer th bleama dengily oo disgbees grntioned
r qdaswial densi@SBdributionpihk clisérfthe eoibpddRtionis {oiBe dpielpaftGf the first

Aot i3 %g ﬁlgggﬁetﬂg Et%&lg?%ﬁ&sl‘heéoseptﬁe coil position is to the edge

_above ment I ohe

. part in the coil edge area 3421 the lower the etching rate. A predetermined etching rate
is maintained constant in the second wafer area 2412. Therefore, uneven distribution of
NTD
. which may be generated when etching rate is gradually reduced approaching an edge
part of the first wafer area 2411 and is gradually increased approaching an edge part of
the coil edge area 2421, can be properly adjusted to uniform distribute
ANCD

For another example, it is assumed that a cross-sectional area of the plasma source
coil is sequentially changed in the order of a first reference numeral 2512 -> a second
- reference numeral 2521 -> a third reference numeral 2532. If the cross-sectional area
-of the plasma source coil is changed as described above, a cross-sectional area of a unit
- coil is gradually reduced in the first wafer area 2411, is maintained constant in the

- second wafer area 2412, and is then gradually reduced in a coil edge area 2421, In

--more detail, the closer the coil position is to the edge part on the basis of the center part
"0", the higher the plasma density. The plasma density is then maintained constant in
~ the second wafer area 2412, Thereafter, the closer the coil position is to the edge part
in the coil edge area 2421, the higher the plasma density. Due to the above-mentioned
plasma density distribution, 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



are high, this indicates thgs coil surface area is
greatly i ncreased or reduced. |If the above-nenti oned
WQaRpl6d84281.S and -S are |ow, this indicates ROTAKR2005/000912
surface area is slightly increased or reduced. [173]
Referring to FIG 26, in the case of a unit coil 2201
arbary inthe cail edep axea 342 Ltie highsirities etchingsmatet Aquedetaraingd etching

t h@atélﬁlxﬁmﬁﬂhéd Cordthni if (B REMR Wifer HEHEAE THELDHR, ﬁﬁév'éﬁ dis-
wa eb ﬁﬁ 2411. The surface area of the unit coil
22

i ntai ned constant in the second wafer area
2400 The surface area of the unit coil 2201 is

21 Sh k42 gER5AE0 i L0 P ARG o o a e
e ot B aea 241 et EvHatl e adapprars e e part of
pl dreBil dédesirda)2420, dah De PrapRiif adjassd e udAn dlsafbube

ch d in various ways. As a result, the
di stribution of .ACo mtherangefromthe center
par @ﬂléf examploaaresqualrio therpboeaentidned kxamylé,snclcthat their detailed

adﬂé&ﬁﬁlﬁﬁn vhﬂ ¥R B&kﬁm‘\ft@l ?br tﬁét?oﬂreﬂxéhc%f GesB§htfin] andthe above-

pros e ot U

mgtnsdntmmnionAC Si gnal s flow al ong a COI | surface due
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Sp ecitic areﬁlcorressond
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S Wgebaiewafaitiled 219, 35| the AR froA g H &paﬁh@mstt%fe: area

eho9%5 e M i S %@fsa&?ﬁa@ﬁgiﬁ@ﬁuﬁﬁﬁa@&f 7005 of he
d egntire ratlius ofthe maferc'ﬂpamdﬂyr | Sof e cuiledpeatea 24215 Lanthedisthnce
{ fforiid o g@ Bﬁt ARt fecoria watllaRd paide tﬁ@édlgﬁﬁ% bARS HARESE area

current ca

'S SO r
ma%‘ﬁt‘ tocpbeiti-S0hcpfehrertios Tadig phie &f3ler- Foy example, if 2
r Mﬁmlwa&u Isrused, thechadiss & Y fidin tﬂ@@éﬁaslm "Of Bf the iff¥stWaifer area

f I d t
o BB RO b A58 guPL“5FBe 20 oo
t 412 dsrabont Tr-Scm andbe wisth syefthe eoxB@dge\pat 242bisGbe@BH-5cm. If a
PO 404 0088 | = i Sachp By P wiferara
S e B B T R S Gl o vt
r eaglenc24d? it d’ueu@lﬁa‘ﬁ-rlﬁ Sdex)and the g&d’thli'at ofkhé Boil &ige patteE0R is about
oo e enl oo, 6 AR el Rl R s by AR o
alPSEPSER%ENged with the current denS| ty. If the pl asma
[178] densFIQ!. 27 $hows @ibaR e exdntp %_E dnetituabe of 4 Ritacsaeh %hf ﬂh@ center part

cr?iﬁaﬂaamfa@eﬁ o B Bl Sty Rl s b0 In Racordanes with Snother

geefomell enibaidireent obhthe psesentiioveatiomr ea of t he pl asnm
[179] S our ﬁ@feﬁ*ﬁx‘g to FRG. S90HGRE I:%E g{?%lﬁ&%ger'apeatﬁ?l Qh&Gidudf cofl surface

first rence nlmer
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




second reference nuneral 25331 -> athird reference
nuneral 2532. If the cross- sectional area of the
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surface area of a unit coil is gradually reduced in
the first wafer area 2411, is nmaintained constant in
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-the coil edge area 2421, canzbe properly adjusted to
\fﬂ'(goorm di stribute CCD O her exanples are equal to
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descrl ption will herein be onmtted for the convenience
scrl nd the_ above- nentioned principle can
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s%&b&gﬁag@%ﬁ@ﬁgﬁqy surface area is maintained

const ant ed by 2712 is indicative of a
spé€ific case in which coil surface area is gradually

iy e L
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$0912 surface area is gradually increased.
| mfhe second wafer area 2412, the |line denoted by
27 38 thi Sbévadh&ioh &Fax%ﬁ ¢@ specific case in which coil
surface area Is gradually increased approaching the
edge part. In the coil edge area 2421, the |line
dandt ed by 2731 is indicative of a specific case in
whigh coil surface area is maintained constant, the
l'ine

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




denoted by 2732 is indicative3df a specific case in

WHO eéocomizgs surface area is gradually increased
approachi ng the edge part, and the |ine denot d§TJ§R2005/000912

2733 is indicative of a specific case in which coil

sur f aoee-pfeafiored agfagual | y reduced approaching the edge
part,_J180] In the first wafer area 2411, the degree

of

by
i ncrease 2713 in the coil surface area can be denot ed

reduction 2712 in coil surface area can be denoted
émﬂredeternined angle 1-a and the degree of

by a e- .det g{ m ned angle -a If the above-nenti oned

angl®Bs'oW; thisin
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abowg1ERtY defp9l €s +a and -a are
i ndi cat es Hte?]% coP surface area is slightly reduced

or im@reased. In this way, the degree of increase
272 11figke coil surface area in the second wafer area

2412 can be denoted by +'6 If the angle +' 6 is
hi gﬁ,ﬂthis i ndicates that coil surface area is greatly

i ncis this infi %hﬁf‘&] +/3 is. low.  this indicates

t hat %e coi | cgtgf ace‘lzsr“é%“’. e is ErRly incrassede Habelangle

thisAway, the degree of increase 2732 in the coil

surif o teik Blidates | art 2421 can be
erw%gg Pé{s tﬂ%ﬁgﬁ ?ﬁg_s e é’geadf shééﬁ&qr%edzm@s way, the
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Iinsthis case, if the above-nenti oned angl es

» and the degree of reduction 2833 in the cojl surf: i i
ace area in the coil ed

‘can be denoted by ' o
—5

- In this case, if the above-mentioned angles

+&

and

-

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

and

-5
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 i indicative of 2 circular area adj’acent




+s and -s are high, thisggndicates that coil
surface area is greatly increased or reduced.

WOps/08#28, i f the above-mentioned angl es +PCEGR2005000912

are low, this indicates that coil surface area is
sli ghtly i ncreased or reduced. [181] FIG 28 shows yet
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|nd| tive fic case In I'ch co
su’lnftE“c %Qhaﬁth%a%ca we@ﬁgiea%lz @ﬁ%h@éﬁ%ﬁ@fwm@
28612fab$area ofthe ahit veil e be depeted by & preds@rmined\digtd coi |
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of - Althnggla threj coil sagleceiarea ingreasks aproaching thecdge parhiof each of the first

g r@wﬁﬂm SRS SoRPRES AN G Hn A B2 1 shd.ﬂfﬁ@d ndtid that
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th st .waf er
o eff ol St et iy e B RpTRehiBg Hecrigs e
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[187] 9r eaFIC. 30964 6fes-Sdctibiit vR¥SHHstratihg b PRisma chamber using a plasma

[188]

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 iflustrating 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
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les and -a are low, this i1ndicates that coil .
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way, the degree of reduction 2821 in the coil surface
area in the second wafer area 2412 can be denoted by
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[190] +s aAdyplastsa senree do3109 bapeblernd faratiggsplatind is@ahged ut 419GRernal
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ar Dot A nees ”?Swams P1ID prengsdaisberaes poitjndot leas
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angishgk 3Rigf erred enbodi nent of the present invention.

El enme ?s I dentical to those of FIG 27 are denoted by

[191] { he ughdthe peireedembediatent showisra Handle of thred drfiSdoils 3101, 3102,
Refnd 13103 /hich akd Gtendd ﬁbﬁ%é@éiﬂﬁ\ﬂ;hﬁ@fs‘iio e fitpde of il-
¢ qgét&hgﬁqt éhr(])uqu)% tE)lte%StH;a tl?eolijurn(l:ber of unit coils may be less or greater than
"3" as necessary. In other words, the number of unit coils may be determined to be an
integer greater than "2", and individual unit coils 3101, 3102, and 3103 may be spirally
wound on a flat surface in the vicinity of the coil bushmg 3110 n times (also called a
turning number of n).

[192] . Inthis case, a turning number "n" may be determined to be a positive integer. The
turning nember "n" of individual unit coils 3101, 3102, and 3103 is not always set to
an integer. For example, the tuming number "n" of individual unit coils 3101~3103
may be determined to be a turning number of 1.25. Nevertheless, it is preferable that
the number "m" of unit coils may be equal to or greater than "3", and that the turning
number "n" be less than "3", Indeed, the number of unit coils may be determined to be
a plural number (e.g., "5" or over) such that a plurality of unit coils equal to the
determined plural number can be arranged in the vicinity of the coil bushing 3110.
Also, the turning number may also be determined to be a plural number under

- allowable turning number or space. Nevertheless, the preferred embodiment of the
present invention shows a specific case in which the number "m" of unit coils is
preferably determined to be "3" and the turning number "n" is preferably determined to
be "7/3" in FIG. 31 for the purpose of illustration, and its detailed description will
hereinafter be described with reference to FIG. 31.

[193] The coil bushing 3110 is formed of the same material as the unit coils 3101, 3102,
and 3103. For example, if the unit coils 3101, 3102, and 3103 are formed of copper,
the coil bushing 3110 may also be formed of copper. However, if needed, the coil
bushing 3110 can also be formed of other materials different from those of the unit




. coil according to the presepg invention is divided
into two wafer areas 2412-1 and 2412-2, differently
WORMK{OPRE! pl asma source coil shown in FI G 272CTYERI @012
detail, a first area 2412-1 of the second wafer area
2412 is indicative of a circular area adjacent 36 WD

200915619251 0hamd 3193 Slosyegen there is ¢ neprbtoaisea condpetivgrmaterdal

fi amouga&wcoﬂrbam@ﬁlo 1@%&&&1-'@11@@&&{@5 m ned radi us
t he second ma

' 24
119417, - o s novier L SR B Vit s eleania SOuE ROB P GeRipye plasm
t his elestrimally verinecteditoghe Qamezpart ofi it dodsbudmpg ¥dot Brasontg power-

;?ggm%zg lﬁafz%efcoﬁwe sec v%r%r elzauﬁzlﬁ %e&ﬁjge’fah B o
r wgné %gbetsra%wg B%?wﬂﬁ?*@go wmﬁ%‘a tgfunit ﬁe&@éﬂ%f e coil
ar bashihg13 10.S0thepuemlds dfthé it veilit3101~3103 atecprefemblydrowmided.
al ea |«

11951 30,55 18 7xasel )i ik énaftbel byl ih FiG 0 Ring b nehibed

- t oplasmarhpmbep fan Rfcuspptsignal gemerat feanﬂmmurcﬁmwer unit 3020
exm& 103 mﬂifvm@ar&ﬁ&rmnmfoa L3108 Vi aﬁ coil |bﬁslﬁ‘ﬂgj3 1oJ sudh Eﬁu th‘é unit

008 5024 b Siechd oPRE SMAIRIE ! o U bE I Sl

u nfield capi indioad eheinf: ifiekitis mmteiqmztad_clmmbbhﬁlﬂﬁmmdingm Baraday's
ar@ag of%fel:ﬁoﬂné%ﬂéﬁ@ﬂidﬁédo‘b H@Phgéﬁﬁ;vgg& @? ngtt%ﬁiﬁ gas, is supplied

2921-1, and t egree of éa
~ ari@dhggeh aﬂb@r%ﬁﬂﬂt qug; with the, abpyegaentioped wducgd magnetic field, plasma
prig gedicested Aalimaingied A Semicohstor Eﬂ:ﬁiﬁlg@i@ﬁssdg péfirmied ioh the
(o]0 e .
ekl B e 0 Hofeh 0ty oy 3 5B0 e roduion
2ofthecoil bushinga1ihen me%@m&wﬁ faepled Mlasma unique
: ILéffégte ﬁ{cge' $¥na(€l:a eﬁelf‘;&ﬁ&&ﬁ‘lﬂé’cdiﬁﬁgﬁlg g;fén %ﬁi’s%sagéiﬁ’esentatwe
LTRSSt of Adagtively @P%ﬂe%{/’ﬂamgf%{}é RieB thepmgient ipyention.

[196] . Al ththeghsetdfe ptasimh eschinfpaleeicansiag hooneatan! Kiih{ndctively
t
oA I 910yl bl P o g
b d’rﬂ%ﬁsétf nerfgrmedigycthe wafer uging ﬁ@@lﬁﬂ@@nﬁm
Soddhiofed biytiee @mc@amhber%dsmﬁaﬁﬁﬁf mmyldiri;@m ¢hown
tW

pl%ﬁﬁﬁ%ﬂ%&%@%&a Shuttiop st B aSadima AREE agpn-

c avenfiomad [GP eci] issisedrind sach distandictamang vmumlt:mis iedgintained

Wh&ahtt Inl this t&deY thliCD &Fﬂr‘ilbﬁtugrpls %Flﬁg ﬁch&xﬁ%ﬁ& ec%%mt of the

- 30 1 s a cross-sectional_view il
- c eafers For example, the G2 digtriby, Bm@malymu part
yaif thwafeer preferred enbodi nent of the present

i 1
0571 ' S 8ot b - ReRicPha o oo S04 B ieuion, mod-

' prifieasioned thershapii ofd convertionaldCR0ilt sa asveredircarthe dis@ne@among
| Softs GpReANRRGH &ik@:p \Hﬁ%éﬂ ﬂrb’ﬁbﬁﬁ hl%nﬁt&? l\ﬁkrélﬁfé?ess, if the

so rce COI| taken a

ong..t, FIG 31,
of theyconyentioneh JCPcail .lw@gpia{l? %0 fngYealdd dlsteibution
b Q:*anbe slightlyl réducsd asdendied bg BEONInFIGA 36/ Hues CBdgue is relatively low

at the edge part of the wafer, such that the unevenness of CD distribution remains.
[198] - In order to solve the above-mentioned unevenness of the CD distribution on the
wafer, the plasma source coil 3100 according to the present invention uses a coil
~ bushing 3110. As shown in FIG. 32, individual distances among coils 3100 are
gradually reduced as the distance from the coil bushing 3110 increases, and are then
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b us
Iaﬁ’?ﬂq?é%ibﬁ% % -,3 Is waygtie distance wsn&@p caily 310fsan be adjusted as
a stitedoaboe The cansar whi eheatistince latish fe c3itd 91003 aidhﬂy reduced at

e R T e

UReleRstics denendiag o8 pltupingtngly a8 he@ufeomost ledpapdirerto e sebered
|Icoﬂd311$x)rat| on, it should be noted that the nunber of

uni t be | ess q ater _than_ "3"
[201] necelgélgrf il R g?o%ﬁg ﬁbﬁ accordingto ‘Bffefeﬂﬁ HDS’@@M spaced apart

[202]

ﬁﬁgwngz M@\Wm rof thet coillbasking 3110, kees g@pk fdralluskiaaiy & Rlationship
a an
E%r al | i)?m mundﬂﬂﬂ%&sﬁfb@% Lu?d féé&%dugg %h?eﬁén\?fl% F?'HSE %che drawn
showm) in Fifai3e Broyided that individual it positioris wrathe tcemter payt of the
nummmshnfg 31)0 afe’s8gdentiflly MRG0 bE A W ﬁ' ngahunper 4 A N A >
edt e a 05|t|veite er. The 4
R DR 15 3ol doikprgitions are
BQQ@DWOM d ol yibsd ad | wanydsd Stebpdcﬁvel?,mnd ﬂhﬂml .in B distance
ual unit
cunom sl gy U g i 0%, U |
nu e Ggse P! Qﬁnghé?ér%ﬂblaéﬂzﬁ single ¢ail $H0d fiespitally wouad, the
t distancerbeewechrthe sihgle Bbil 300Y dnd thBYenRS &Y WdradiBlI§ increased. In this
ef "n" be

%ﬁéﬁ%‘é&hﬁﬁg“m‘i‘ﬁ%@d that the turnt ng nu

| 'ess t he nunber of unit coils may be
d&term ned to be

at individual positions is shown in FIG. 34. Namely, if the coil radias
y ,

. is abruptly increased as a turning angle



a plural nunber (e.g., "5" @p over) such that a
plurality of unit coils equal to the determ ned
WPI20060428Unber can be arranged in the vicini tBCTERRI08F000912
coil bushing 3110. Also, the turning nunber may al so
be determ ned to be a plural nunber under allowable
turthi ng nunber or space. Neverthel ess, the preferred
e Ginidnhe il 3108 is Wo@RESH poldF\e8Hdindfes SHOWS] AdiReci fi C
case in which the nunber "n of unit coils is
préferably determined to be "3" and the turning nunber
" nis dbguptlyehareasbd guriiet aprinitinldtng, ¢the degree of Bicraase Mt cadliradius
for},the purpose of illustration, and its detail ed
deScription will _ hereinafter be_described with
r efIpdiced and isthen ingreasedy aphown i BT P4pushi ng 3110 is
f203]f or nifte ahovehBertioni®l variats: ialthecoitagiugni t coils 3101,
3102, and 3103. For exanple, if the unit coils 3101,
3162, and. 3103 are forned of copper, the coil bushing
31 ¢ heegpsilil seen fron G B inwhigh paréation Hotwening anglé needed,

the coil bushing 3110 can al so be forned of other

terials diff nt, f t f .t it.38 WO
200aPB A I8 T FrRRSAsRERRsS F9vatn i B SRR B 07 anc

3163. However, there is a need to use a conducti ve

- ma ' ) 'lmrm% ' 3110 is formed of
ot Sgﬁé@a‘{e&??@\lﬁgs Hg‘%?a%mseourc half)l wer unit 3020 for
préviding a plasma source power to generate plasma is
el Bieteases Ak bocotdIp REEHBelted,Had thbLincRasdd, &fshbWe i£BIG. 35.Ina
bu%ﬁnlgaéelélo. T('ée sQur cegﬁo 9y .unit 3020 nmay be
cofipod o E5TY I’Emb%\%ln-l 681 yad[',l‘fﬁt. Therefore, an RF
power signal of the source power unit 3020 is applied
t Ojs\iaily Fefd HE Gutekdst\Podcibf6f hE Wafer PEIRIY 46 34 sh
Otlﬁer € gésah%%fhe_ uni t%ggoﬁgﬁs%%?gdﬁeé are e‘?fer ablsys ows

gr FlatieR n the 6o radist he case of the plasma chanber
shewn in FIG 30 using the above-nentioned plasma

ch t&!@gt | %iﬁﬁi s [

sou ccg‘?dp%%lﬁl?r?ﬁ Om%ﬁgggv\;g ’ @gglgf% VI J{Ja{él Ur nllgfe' haélgﬁ[s
31®rogingEdothedurning angld  bushi ng 3110, such that the
unigt coils 3101-3103 generate an RF magnetic field.

By 1,he above- i oned magnetic, field n, i nduced

o SRS I ?iusgéﬁgqga{@&u? $eelefc o B et e shape of
acematiomin thocdibradilay' s | aw of el ectromagneti c

i nduction. If specific gas; e.g., etching reaction

gas, is supplied in the chanber 3000 along with the
ablppendipgen dedeningdogled nagnetic field, plasma is
geger ated and mai ntai ned. A sem conductor etching

pr qc ' erforned on the fer 308 using the
ab%ﬁﬁéiﬂ%n@&’qoﬁlﬁc%ﬁmquﬁ%lf l'I”Sr“lfhi s case, the

i ngroduction of the coil bushing 3110 can enhance a

ngd&gﬁﬁﬂ%iﬁﬂéﬁﬁme?d Pl asna) uni que effect

accor to managenent areas Qf the coil bushing_ am
[204] 3110Mf thﬂﬂ%qu‘fgleamr@ﬁ iplasmg seures eoil ¢apably of edinsting thegoil distance "d
Adg ﬁﬁeitd_\& |d¥scﬁﬁ&l31 G%ﬂﬁil*e,l:?iuﬁma( éChihg E@fifdiﬁﬁ:ni:srbnttE@WEfeESWéan be
I NVE LN, 1. n e a a cl.
Ry hopkid Bund ek afeh 30%. Ao AT EDHiG b o the water
Pl 308reai be phiformiyimplementbdias denoted by B60LEG. 86y be
[205] Unev&NhaheantRe, itk %Péféﬁbleﬂia@&??ga bf the dsRfa¥B8keL Boil B0

waf er using the pl.as ner at in {he chapber. The
accordililg to epresegt inverlrl%og,el.e., the coil area,gs greatertgg)n&earcaof the

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



graph denoted by the refereage nunber 3603 from anmong

urality of graphs shown in FIG 36 indicates CD
wolos

[206]

[207]

[208]

[209]

[210]

P88k i on which is acquired from the waf SPCHKBINH000912
con ventional ICP coil is used and each di stance
wound coils is maintained constant. In this

c a?,’ er §0fcapmlsg berpainfainpd at the edgenf gredwalpriBabihog detad, plasma
edmcliréﬂtﬁe cﬁ)fsulehﬁ‘ thé/\zﬁﬁil‘ |308Fs%d é&%ﬁﬂaﬁer x%fb?re@% asttﬁe wafer area)
radua r uce C e e
oeiteh s il © Qiiefanost Bkt it area can
béakilized nkn tbﬁ@asmnmm fof thelveil @fdadd B¢ gicktot thamthe wafer area
W abolit S bPIésso fPréféiﬁb hlﬁ@ @019&3&9@3 P YR &Bﬁhﬂécﬁp that a coil

coil.,. so as t di st ance anong

ap%’FB’QBﬁF%PeF @Pé’bfﬁé‘t ‘m@db%ﬁe el\?aaaa%wreased e.g. at the
atpomrpﬂ: eniustlﬂe\tmiudedlmﬂre wafér dedieTn thizaase, e goitft A at which a

u neven %%H% hﬁlﬁ’ %E(filloﬁll&c an Q:ID& bg ppsdﬁa?l%l%? 8?@8@“&@"‘1 area

deKyeR 'awb}yw%ebmlt V-t pdistapnetfrom GB opatieupart t the edge part in the
revdeiaely |low at the edge part of the wafer, such

mag}}%ﬂgd}#gﬁvenne Ofnﬁ?icg LS ut | or}Ere i ns. Llég§!>113100
t igzadegllyiincreasds, a distanceranidng comai‘s aiore fihely aﬂpsm, sachitheea
c %hﬁstéﬁ&@pfaﬁﬁc?aﬁbg 'eﬁ‘ﬂrJnﬂlehﬂ € \%ﬂ %ﬁ%ﬁ%eﬁ%@% cal g% gﬁfonnly

8%31’15‘?4 %?‘ aﬁ&‘EWgW%fSﬁ 308. ﬂ@@baﬁﬂlongnmqnyorr@gg@bulga@-

't h&onmmtanpzﬁﬂef ofabithfiallp hffedﬁlﬂ Ristdack bhQhé Grﬁfe? 808 San 1RWected

6/ 004281 PCT/ KR2005/ 000 o
ggtvlaﬁ{l; | Rt ease% {:% » PRES teé’i’ REFAICHp 51 ‘? dlﬁ"&nblmon’ and
onQCH@a%mPGBBI@O Si nce di stances anobng the coils

310PaiicRlafy, tHe b@ﬁ!m@ JerliRy afsirﬁﬁﬁofe‘ Vife coﬁ%ﬁ r%@%?é thie Host
sat h@g@a fil Fence ,CD can e uni
P‘?’F% T ,40f efel Ll’é‘gé"ﬂY‘F‘i‘”@J%fS@PStmﬁh’ﬂHéh% plagmp Jersity is-
i mbﬁna; 1s:§'ﬁst13[ af9Q@}ed/oyGRe plhsifa paictAion eﬁﬁfdiﬁﬂm@ rfmt éimple, the
r

| RdRLegiag %S %é‘%erﬁ%"?‘?#gy%%#epf feafip Gesehicelite above-
f Bentignsdpnduced elgefria @Mshammlon@nmg thet aoili hughlgg\§1 10y a
gﬁﬁmm hon . provy descarol kOGS Bbiy 1 nbie pone

CHEIREY g hecpRiing Brthe bresenn viitiosn s the disiaboc gm theapisr part
claghbedgeghrtdn freqlismazbire toihgl G0hraduallp iR rehise ?iefdiﬂta:@@ among
S waf er .can

e oyt SRR ot Bl s o8
cﬁl"lwsé‘ls@ pighing epviranmentpnthe wiafar 308 m boenifarmiyl distebuted
t brer theientifusiTeriDg3lebRting i WiSfoRs Mstibutioh lof CFEGVRP he cittvafer

t it can generate the CCP effect at an area
occupi ed by the coil bushing 3110. As shown in FIG
32, the |longest distance of individual distances

Fﬁll@éﬁ%ﬁ%pr ovided at the center part, is
gradual Ty uc proaching the edge part, and is
t heAsgppagentifion therabaeadesériptivhethe piesént iiventidn ¢andbeappited to 2
PRfhconltibebishetlef ol Ffobsat 19 delnd
acon éaln s gﬂrﬂxrfa]cb Cﬁeld a:z& %%edeeggp 1d progelses 1n sent
|‘WB Feﬂ formofd < d5 < d6 In this case, the
di sAlinmgh deprefeiridebodiferd BDhERIesBR iftenflbh hivetREY G8osed
Fhr fildGirNE f)ﬁl[&?és, &lg&eSkllled in the art will appreciate that various modi-
fications, additions and substitutions are possible, without departing from the scope




as denoted by d6 > d' . In &his way, the distance
anong the coils 3100 can be adjusted as stated above.
WORpWepE38on why the di stance anong the coil s BCIDORI0E5/000912
slightly reduced at the outernost edge as denoted by
d>dis to mnimze the destruction of symetrica
c hamdespirdsof thei ipventiop endisciosed in the acaomipagyiagglabnsat t he
[211]0ut ernmost edge due to the severed coils 3100. [201]
I ndi vi dual di stances anong coils 3100 according to
di fferent positions spaced apart fromthe center part
of the coil bushing 3110, i.e., a graph for
illustrating a relationship between individual coi
posi tions and individual distances anong coils, can be
drawmn as shown in FIG 33. Provided that individua
coil positions fromthe center part of the coi
bushi ng 3110 are sequentially determned to be A -> A
->A->A->A->A->5 A, individual distances from
" the preceding coils at individual coil positions are 6
determned to be d, d2, d, d , d5, d6, and d,
respectively, and variation in the distance anong
coils is given in the formof a graph shown in FIG
33. [202] In the case of a single coil 3101, as the
single coil 3101 is spirally wound, the distance
bet ween the single coil 3101 and the center part is
gradually increased. In this case, the variation in
coil radius r at individual positions is shown in
FIG 34. Nanely, if the coil radius vy is abruptly
increased as a turning angle 40 WD 2006/ 004281
PCT/ KR2005/ 000912 O by which the coil 3101 is wound
on pol ar coordinates, the coil radius Y is abruptly
increased during an initial time, the degree of
~increase in the coil radius Y is reduced, and is then
increased, as shown.-in FIG 34. [203] The .
above-nentioned variation in the coil radius Y can be
easily seen fromFIG 35 in which variation in turning

angle 0 is shown. In nore detail, the degree of
variation in the coil radius r is firstly very
abruptly reduced as the turning angle . O increases,

is secondly slightly reduced, and is then increased,
as shown in FIG 35. In a



[i]

2]
[3]
[4]
(51

[6l

ddition, the degree of varia3on in the coil radius Y

wbgmfﬁyo@@siy reduced at the outernost p03| tion P(HT 05/000912
e

waf er. The graph of FIG 34 shows variation’in

coil radius Y depicted on polar coordinates. In this
case, the coil radius vard'; tion i s changed according

to the turning angIeO h of FIG 35 uses a

| ogari Iy describe the shape of

var i atégﬂsl n tﬁ% COl Fmérgsl%é Y depending on the

tur ni rybRshpesarrapeed ptpicentengat;and val ue of the

vari ata ﬂmaﬂty bf\ﬁn@d@ﬁlh afrilied $n thé fbin Qﬁa%ﬂmﬁ}é cicle from a cir-

dlfferg%f 204]1 1f.the e- trentl oned
pl asne’ Sourcg ?b%%‘mnéhﬁp%? T‘ YWi%e coil
di st arigkereigone |ead obeadh asit deit and drecend o e, bushihg trerdoimhonly

et chi ngnRged 66 } Remhil, ehd ﬁﬂ%t%%%nﬁ) %’1 hmit coil and the

uni f or egentire wa

tQ t
the C9 &1&0‘58’?. shipgareicemppondy congegied thp e ﬁommﬁi y
i pl erfihetplabnassotes ebit dedoydiB folcthim Flwherelf thel bighih, ﬁhﬂfonned ofa
the ”%ﬂﬁﬁéﬁ%eﬂa‘:eriaf preferable that an area of t

pl asma_source coil "3100 according to the present

i nventhibgplasmagource peil agsording toclaims], grherain thetpheralitylof unit coils
area @feéebﬂcoﬁﬁélﬁédlﬁ%ﬁ)ﬁﬁwa'cﬁc@e‘ 32, such that the

uni fo t of etchln nvj.r on I’Jt the 41 . .,
2006/ 098 Rtk @&ﬁl'ﬂ?lvgas of gait coils

mai nt hamcmtvex-ltnq)eesﬂ'gﬁlmfsotﬂm throehif pfsﬁiiﬁﬁs Idwerédinroportion to a

det ai stk thi m@s the outside of the wafer 308's
area hereln ter referred to as the wafer area),

such Theplasma sepreeenll agcondingdawlaima, whesein adeastiwsr ynitscoils
part adraiged ayhe®teh6s posifioR fomSinidg! th@ﬁﬂ:ah'tjﬂof wHiffcoils are

case, ferable for the coil "area to be greater
t han %&%P@I’ﬁ |1 HY- about 50% or |ess. Preferably,
t he céh¢ phsmammeedoilacnmﬂinghe claimtly oshemeih the pluglity af unit coils

il
by e o VL
A5, Bingn the wafer area. In this case,

the poh Iaﬁn@clﬁnb&f‘h&:ﬁrtﬁl 15 M wifRkdin 9 1842 BeS uniflcoilsS

W criBme B8 gfRs S5 B et oo ot

cent attrqngedonﬂletshmeplilge. part in the wafer area. [206]
As the distance fromthe center part to the edge part
in the plasma source coil 3100



[8]

[9]

[10]

[11]

[12]

[13]

gradual Iy increases, a distance anong coils is nore
finely adjusted, such that 44 substantial fabrication
envi ronnent; e.g., an etching environnment, can be
uniformy applied to the entire wafer 308. The
fabrication environnent or the etching en- vironnment

ca able of substantially affecting a surface on the
33%80‘5%0 &8 ed by a variety of conponents,

e. agbushlﬁg 06 8&Sly bedped Althd Brm BF ASYRISQNS tdnier part;
di striputi and BFrocess %@? type, etc. [207]

PRIy of ﬁvef YHEeoplt areangetians foyn af %@Prqawrcaﬁle@aﬁﬁé%plane

C OisaréihE BéttonOoflike Bullin@RIécatedig@@r t ant factor in the
etc u?E gvrronnent Substantially theﬁglasna densrtX
di SRR Sf pRRSRUTCofls drianessl inthedote o afpueqnEiosirale og a second plane

gammamewpoemélbn@ﬁﬁgamocat&@r exanpl e, the induced
el ectric fi %_dlstrlbutl? , etc. The present
i SRTR 87 sodnolfdiow e ungtcailsse Genmenky equBers P AgpEesuPPLY

el edifidl end the btlerttings thérbotarOdbniiidnlPcdnhtcd@b h glduSdWetinal, and one
%ﬁg a lurality of unit coils 3101-3103 ext ended
RS WwEF

ungf seis 55 commenly,pRnnectesp g Powp-ugply yerminal and the
\NCtiﬂlmi end’é@l}i‘eﬁédﬂ hﬂ&%orhﬁroﬁlb@otﬁfe@t%@f&thdz éi’éﬁl’dlttbrﬁid malas the .
ce t he center to the edge part in the
12% AT TERE BP0 GBE%&JQ}G’FG}H b bysBiag dsconpggted to the power-
dlﬁb@@@ﬁnﬂﬁpﬁﬂimggmhﬁt@ﬁ@&ﬂ3103 is gradual ly reduced
nﬁ%ﬂi t hen |ncreasegw%Th esent invention allows a
s ubLTRAITR 3PUER iSRG TERE for Giménh o rin @ distages agrong ti lpwenypit coils
u narferrd‘dtaﬁcéihrﬁérfgl dw@e un@\e8ils 4rb 8ach MdidaBvesFioer-28R 8,
Iésﬁg i n unifor i stribution of CD over the
oo RlasBsaee opglgec %@% 0 g S VhsTein thedoswsr &t poilsapd the upper
[ 266 codsara pareaat tofeﬁdhrﬁtﬁdﬁ QiaBAEBriHAMES tdahdcRid to tRPower-supply
on can be applied to a senrconductor

pr esent |$§§§§
usieHRng 2 eryeLRisEen Logs gongeped todas grewy tepgpal.
Dm@&s&e&ulrdécs&%mprﬁ;ﬁigduct or related fields. [210]
A%VE %he referred enbodi nents of the present

et g 18 I OBRIO! qoBFenitie cTeley bvingeliferent radiuses

P WnRRSRSis ofmﬁsﬁmglarriﬂgediaﬂarbeﬁtaepaart will appreciate
that vari ou ati ons, addltlons and

- sUPEFIS 9Re SBHe élreémﬁag %5¢ eommipnly, sonneciedda A PPVE-SPPRIHTRiA dhe

S GatiRe erft theY¥or 2306 MBKl ¢ 8dnnebidd 161t 2O AQRERN enPRE uSPEils bire

of the inve n as disclosed in the acconpanyi ng
cl°gifgted tq ep eznll?tg‘iwa ﬁ%ﬁ%@%%@&%m lip=T/ 122005/ 000912

~ O 'Bidasmh bdurés dol1 35600 SOIIofifin G 0] WheFPiThE | Fﬁlrm; offnf ¥SillN Hade a

arranged at a center part; and a plura unit
C OFOIECxS f'aﬁ%‘%‘é]feisﬁ thap ey gpsiticpyis h’wéffﬁé%ﬂt)?‘? Olbtpracr e from

acir-



cunference of the bushing on the basis of the bushing,
wherein one end of each unf® coil and one end of the
bushi ng are comonly connected to a power-supply
term nal, and the other end of each unit coil and the
other end of the bushing are comonly connected to a
gr und ter 2] The plasma source coil according
&gpﬁP &ﬁﬁ* n the bushing is formed of a

[14] C OTieit4sinid @mﬂ‘&l ®ilizddordibBio cldh@ 10 Aish@n 9 Bfu?ﬁn)‘:@ Iunit coils have a
according to claim,1, wherejn t he uni t

pluralit
c ofngaveAng struglipre sonthat thelr Basitiop iy %ﬂ% rlmr@ﬂor'gpndp adjstance from the
[ 4fusfling pl asma source coil according to claiml1,
15 mh rein the plﬁralit of unit coils have a
5] o Esme SASEeePYl GRUPRIFSM S50 that their position is
| @\mlﬁﬂg veRtidallp piediobd thdfoln oftl SUiANG 8t 4 def®r pfpe bushi ng.

\M# %ﬁ nma_sour,ce coi accor ing to claim 4
urplity B IOFERuy coliartatgsd ip Gje fem %frar“&ﬁ‘@"éﬂlcé‘ftfdﬁ @ a first plane
outlerdbsbotpaSfiicbuskin@RaaRagni he plurality of unit

on the sane plane. [6] The pl asna

coils are arran% ﬁ

s QU UEI B YPPECE A i apgeda fierfor ofrepesmiicrifele on a second plane
plvidreed the tpp of the Bishingad losatedyave a concave-type structure

so .t hat thei ition_is elevated in proportion to a
du"é}eaeﬁt%’eﬂléfrﬂ %hémsmtﬁ@ s greqomppauly fogaseied (o3 Apyer-supply

aa&ﬁﬁﬁﬂ ﬁr@ theothdrahds theredA6S Rirnodly dofigSted Qd’@gﬂdﬁ]ﬂdte&ﬁﬁl Snd one
$ q% at the o ternost position from anbng
pFH a

SPPBY W e ol cogpqeisdethe aﬂW?rhSéP&l&rﬁérmnal and the

p logtiReendd thereb Bire Lornd I BorHOHEES theQirbund MR8 aAP: @
caII arranged in the formaof a cylinder

vert,
2‘ NE P ol oot ngeqiid P Sohofhepia pideast origlper cghnegtion line, and
artliat])gadmlt Roilsee édﬁhéﬂtéﬁf to Sach QfHeLNh hil 16asCdreGh rQBmﬁctfdnrlﬁiE

16 pl g erE the haottom of the bushing is |ocated; and

[16] ‘SP iR 11“{'/" BroWppEre-uni t coils arranged in the form
Ofan axteiiICRlltahd § d6ihé fo Beffingth BREGOR Shabe AMhicIIRER i BEned;
top of the bgshlngFls | gcat ed, wherein one ends of the

SwBPPortarranged py alo ’é"aﬁtd’i’crfpﬁﬁ?%?ﬁ‘t‘b%ﬁﬁ@é? SPPPH 2 sepirRafuctor wafer to
s%ﬁphyam&ﬁﬁm]nal and the other ends thereof are

Q$D conny %g@o a ground term nal, and one ends
3722 EPEO] m i3 bstipeEarrn aadh Genics RARb GHRUEAI of it cols

p @ieiiges UXhd forth OF AtdiRbntAOErdd Bom LRRMIGRES oF hgr eof are
commonly connected to the ground termnal. [9] The

pl asma chamber according to claim8, wherein the
bushing is connected to the power- supply term nal and
the ground termnal. [10] The plasma source coi
according to claim8, wherein a distance anong the

| ower unit coils and a distance anong the upper unit
coils are each indicative of 0.5 -2cm [11] The plasma
source coil according to claim8, wherein the | owner
unit coils and the upper



(17

[18]

[19]

[20]

[21]

[22]

[23]

24

unit coils are connected to each other via connection
| i nes connected to the powdP-supply terminal and the
ot her connection lines connected to the ground
termnal. [12] A plasnma source coil conprising: a
plurality of unit coils arranged in the form of
concentric circles haV|ng different radiuses on the
badpluing pn the Besis ¢tk byshing, gdgreiyong cpdeficash wtropil angheneghdhof the
0 I’lﬁlslﬁﬁgj Sre @bmnbAly Whirlecte®iol aSoReLsupPRMEHNiNAL %ﬁ’cpﬁ]l@ 6thECknt 8 &ich unit
5 pply unit, the other ends thereof are

g 3“" oBtnekod Hletbashangg%mnqr@f sAnAggied ta A groupdtermingl.

COA|p$asﬁllﬁ Sour€idNR6MEiskide® each other via at |east one

nection |I£ﬂ [13] The plasma source coil according
Shipgaange éﬁﬁmﬁﬁﬁﬁémﬂlurallty of unit coils have

a a SN %f bMPEIISIWHIEH 44 Si&ed Adth teRiHind O drk &H*rally?‘ wound on the

| gwered in proportion to a 45 distance fromt

b . [14] The pl asna source coil accordlng to

Clatiefoid the uhid 85iRIHAVd diFerBht Whidlck hdbaOh aUitt tvafP hiled LVANS, @
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coil and the other end of the bushing are conmonly
connected to a ground t er nitfal . [17] A plasma source
coil conprising: a bushing arranged at a center part;
and a plurality of unit coils, which are extended from
the bushing, and are spirally wound on the bushing,
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be processed; a plasma soupce coil including a bushing
arranged at a center part, plurality of unit coils
extended fromthe bushing while being spirally wound
on the bushing, wherein the unit coils have different
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i ncludin
minimum dg stance 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



a bias power unit for proviggng a back surface of the
wafer with bias power; a plasnma source coil structure
WQR6He428L at t he outside of an upper part of BEWKR2005/000912
process chanber to convert reaction gas contained in

the process chanber into plasma, including: a coi
~ bushi nig vdtichthe distance paong theneilsds rddeaslt two unit coils

whi ch are extended fromthe coil bushing, are
spirally wound on the coil bushing such that a
di stance between a coil positioned at a specific

radi al point and the other coil adjacent to the coi
is gradually reduced and is then increased, as a

di stance fromthe center part to a radial edge

i ncreases; and a source power unit for providing the
pl asma source coil structure with source power for
generating the plasma. [36] The pl asna apparat us
according to claim35, wherein the unit coils
contained in the plasma source coil structure are
wound on the coil bushing at a pre-determ ned turning
nunber of 1 or nore. [37] The plasnma appar at us ‘
according to claim35, wherein an area of the plasm
source coil structure is greater than an area of the
waf er by about 50%or |ess. [38] The plasnma apparat us
according to claim 37, wherein the unit coils are
wound to allow a specific position capable of
providing a m ni num di stance anong the unit coils to
be included in the wafer area. [39] The plasna
apparatus according to claim38, wherein the specific
position having the mninmmdistance anong the coils
IS positioned adj acent to an edge part of the wafer
area, Wwhereby an area in which the distance anong the
coils is re-increased after passing through the
specific position is |ess than the other area 49 WO
2006/ 004281 PCT/ KR2005/ 000912 in which the distance
anong the coils is reduced.



