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for generating plasma and a plasma chamber using the same. 2. Description of the Related Art
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the generated plasma. The 25 plasma chambers employ various plasma generating sources, which
can be c&Rj6ie@inbigh éf@dﬂ@ﬂr@%{ﬂﬁém%gwh&hﬁ@mﬁ%hgmﬁa&fw a helicon-wave
excited plasma (HWEP) source, a capacitively coupled plasma (CCP) source, or an inductively
coupled plasma (ICP) source. The ICP source suplles radio freuency (RF) power to an induction
cdfl to generate a magnetic field BXH388M 2, il < dgnetic field stores electrons in
the centey of a HasAaf gﬁ@mh%generate hlgh den5|ty plasma even at low pressure. The ICP
source is broad}y used since it is structurally simpler than the ECR plasma source or the HWEP

source and faciltafBiPREGE HEYRRBAMLIGEHRS &0k §AURRNduUCtor manufacturing apparatus,

and more particularly, to a plasma source coil for generating plasma and a plasma

chamber using the same.
15
2. Description of the Related Art
Ultra-Large Scale Integration (ULSI) technology has remarkably developed
during the past twenty years. This has been possible because semiconductor
manufacturing techniques, which had reached technical limits, could be supported by
20 semiconductor manufacturing apparatuses. A plasma chamber, as one of these
semiconductor manufacturing apparatuses, is widely used in various applications
covering not only an etch process but also a deposition process.
Plasma chambers are used to generate plasma and to perform etch
processes, deposition processes, and the likes using the generated plasma. The
25 plasma chambers employ various plasma generating sources, which can be
categorized into an electron cyclotron resonance (ECR) plasma source, a
helicon-wave excited plasma (HWEP) source, a capacitively coupled plasma (CCP)
source, or an inductively coupled plasma (ICP) source.  The ICP source supplies
radio frequency (RF) power to an induction coil to generate a magnetic field.  An
30 electric field induced by the magnetic field stores electrons in the center of a plasma
chamber to generate high-density plasma even at low pressure. The ICP source is
broadly used since it is structurally simpler than the ECR plasma source or the
HWEP source and facilitates the generation of large-area plasma.



In a plasma chamber using the ICP source, a large RF current flows through a coil constituting an
inductor of a resonance circuit. Here, the amount of RF current significantly affects the distribution of
generated plasma in the plasma chamber. Generally, it is well known that a coil constituting an
inductor has its own resistance. 5 Hence, as a current flows through the coil, energy is dissipated due

to the colil's resist . the f t flowj ough the
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the greatest rate ACD of change in CD, the edge of the wafer has the smallest rate ACD of change in
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lithography process, are bound by technical limits and fail to obtain a uniform density of plasma.
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uniform 2e:AlasRaaNyisI ¥RdasaAah Frerbibukianselaseagian breanaraied the rate ACD of
change in CD in the center of the wafer may still differ from that in the edae of the wafer during, for
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occur, thuf e PiBedPROBEAGMEERilBuR JEferpeeedag 308 sy sirgrthgbrNemIng the
byproducts between the center of the wafer and the edge thereof. That is, whereas the diffusing
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wafer has the smallest density n; of plasma. As can be seen from a curve 14
showing the rate ACD of change in CD, similarly to the density n; of plasma, while
the center of the wafer has the greatest rate ACD of change in CD, the edge of the
wafer has the smallest rate ACD of change in CD.

20 Conventionally, many attempts have been made to solve the problem of
non-uniform density of plasma by using improved processes. However, various
manufacturing processes, such as a lithography process, are bound by technical
limits and fail to obtain a uniform density of plasma. Therefore, developing a
semiconductor manufacturing plasma apparatus capable of generating uniform

25 plasma on its own is required.

Even if uniform plasma can be generated, the rate ACD of change in CD in
the center of the wafer may still differ from that in the edge of the wafer during, for
example, an etch process using a plasma chamber. During the etch process,
chemical reactions occur, thus generating byproducts. There is a difference in a

30 diffusing speed of removing the byproducts between the center of the wafer and the
edge thereof. That is, whereas the diffusing speed of removing byproducts is
relatively low in the center of the wafer, the diffusing speed of removing the
byproducts is relatively high in the edge of the wafer. To solve this problem, the



2 etch rate should be reduced in the edge of the wafer. Also, a plasma source coil having various
structures capable of controlling the density of plasma is required. SUMMARY OF THE INVENTION 5
According to an aspect of the present invention, there is provided.... claims 1 62.. BRIEF
DESCRIPTION OF THE DRAWINGS The above and other features and advantages of the present
invention Wi 0 ripg.i il P % [ ts thereof with
referencee?éﬁhﬂgqézgﬁ:%ngg Q%a'ﬁ#&%gﬁﬁéi%éﬁig%?g%%%% ' sl?g\%%é at}lgn}élgcflﬂs r%%q}gr;g § t!we density n;
of plasméavidgheariats ATIThiresaapamess aoatling tinedensitnicbphstte isseufiedring plasma
apparatus with a plasma source coil; 15 FIG. 2 is a plan view of a plasma source coil according to an

the plasma source coil of FIG. 2; FGIMMARY $Hm Mtk INVENA 4NN source coil according to another
20;embodiment ALIBERIESBUAUEILONLAE dRdea HEBRIP Hiadae prativRal agiRy/ql between
portions of a unit coil according to a radial distance from the center of a coll in the plasma source coll
of FIG. 4X;84G. 5A is a plan view of a plasma source coil according to another 25 embodiment of the
present invention; FIG. 5B is a graph showing a variation of a sectional area of a coil according to a
radial distance from the center of the coil inthe plasma source coil of FIG. 5A; FIG. 5C is a graph

A

showing a variation of an inte2a v DATHIA RSN geoaeimg to the radial distance from

the center of therp@ildBJ0E RIRFBIAcPR3RUFES SAH Qb HAtRABTARhE/ ple deplanvemtigd @jplasma

source coil according to another embodiment of the present invention; FIG. 6B is a graph showing a

vafation BPEOSRRTBALS ARRAK R BYiIdRSSiRing IR iribreRtHYemhadHBUAHIEHAWH in the
plasma seutege el @f fésafdshed drawings in which:

FIG. 1 is a graph showing the distribution of the density n; of plasma and the

rate ACD of change in CD in a conventional semiconductor manufacturing plasma
apparatus with a plasma source coil;

15 FIG. 2 is a plan view of a plasma source coil according to an embodiment of
the present invention;

FIG. 3 is a cross-sectional view of a plasma chamber including the plasma
source coil of FIG. 2;

FIG. 4Ais a plan view of a plasma source coil according to another

20 embodiment of the present invention;

FIG. 4B is a graph showing a variation of an interval between portions of a
unit coil according to a radial distance from the center of a coil in the plasma source
coil of FIG. 4A;

FIG. 5Ais a plan view of a plasma source coil according to another

25 embodiment of the present invention;

FIG. 5B is a graph showing a variation of a sectional area of a coil according
to a radial distance from the center of the coil in the plasma source coil of FIG. 5A;

FIG. 5C is a graph showing a variation of an interval between portions of a
unit coil according to the radial distance from the center of the coil in the plasma

30 source coil of FIG. 5A;

FIG. 6A is a plan view of a plasma source coil according to another
embodiment of the present invention;

FIG. 6B is a graph showing a variation of a sectional area of a coil according

to a radial distance from the center of the coil in the plasma source coil of FIG. 6A;
3



3 FIG. 6C is a graph showing a variation of an interval between portions of a unit coil according to the
radial distance from the center of the coil in the plasma source coil of FIG. 6A; FIGs. 7A through 7K
are plan views illustrating shapes of coil bushings of the 5 plasma source coils according to the
present invention; FIGs. 8A through 8E show various sectional shapes of unit coils of plasma source

coils of the present ivenlin: EiGs. 83069 o1 Blan e shelosria sputse salls acepiing to

another embodimen inven 1'is a cross-sectional 'view or a dome of the
plasma chaihtet atcaGlizy Blks. Eriialdisjant® drensitssesedtovhthéeos|dh doenpame plasma
source cgi 8r0a Rers according to embodiments of the present invention; FIG. 46 shows a
plasma sgﬁgéggc%q arlzcal:cor |hr§ t6 another embodiment of the present invention; 15 FIG. 47 is a
cross-sectional Tikys of A praeugh chiearieaplasinipwe ipLiratingsirapesnio? ¢l GuabingrR4BEs a plan
view of a S}ﬂ}p&e&mgm% CTATalIATToN mlﬂwé' .of the present invention; FIG. 49 is a
plan view‘% a plasma source coll acgg‘?é?)ng toBanot%er 20 embodiment of the present invention; FIG.

50 is a cross-setlfofaPhidirorahpfisslzovhuaiinususacyenalihsprs sburibasiis &f Plgsme; FIG. 51 A

is a plan ¥ieyef @on@émﬁé%%mw@ﬁ%ﬂing to another embodiment of the present invention; 25
FIG. 51 B Is a cross-sectional view taken along line IB-IB' of FIG. 51A; FIGs. 52 through 67 show

plasma source ¢dfESa8canding @rambaneyiamsRIdEsMa §PHHED FAISRGEOEAINSHIACOBETs a
cross-seg}ggabmeé{ﬁp&atﬁ@Fpé@&mmy@ﬁ@ﬁﬁording to another embodiment of the present invention;

30 FIG. 69 shows an example of a plasma source coil of the plasma chamber of FIG. 68; FIG. 70 is a

cridss-sectional Gikdv b dSaciAaschRrisBRhY R RhG Gramddidhe plasma chamber of FIG. 3;
FIGs. 12 through 45 are cross-sectional views of domes and plasma source

coils of plasma chambers according to embodiments of the present invention;
FIG. 46 shows a plasma source coil according to another embodiment of the
present invention;
15 FIG. 47 is a cross-sectional view of a plasma chamber using the plasma
source coil of FIG. 46;
FIG. 48 is a plan view of a plasma source coil according to another
embodiment of the present invention;
FIG. 49 is a plan view of a plasma source coil according to another
20 embodiment of the present invention;
FIG. 50 is a cross-sectional view of a plasma chamber using the plasma
source coil of FIG. 49;
FIG. 51Ais a plan view of a plasma source coil according to another
embodiment of the present invention;
25 FIG. 51B is a cross-sectional view taken along line IB-IB' of FIG. 51A;
FIGs. 52 through 67 show plasma source coils according to another
embodiments of the present invention;
FIG. 68 is a cross-sectional view of a plasma chamber according to another
embodiment of the present invention;
30 FIG. 69 shows an example of a plasma source coil of the plasma chamber of
FIG. 68;
FIG. 70 is a cross-sectional view of a plasma chamber according to another
embodiment of the present invention;



embodiment of the present invention; 4 FIG. 71 shows an example of a plasma source coil of the
plasma chamber of FIG. 70; FIG. 72 is a cross-sectional view of a plasma chamber according to
another embodiment of the present invention; 5 FIG. 73 shows an example of a plasma source coil of
the plasma chamber of FIG. 72; FIG. 74 is a cross-sectional view of a plasma chamber according to
another embodpyent,of ' ion; A 0 I urce coil
of the plasma crﬂﬁbﬁ gtF %@%%ﬁ% %?Iﬁ%é%é@g%gﬁlﬂ%@%@%%ﬁeﬁmng to
FIG. 2, alplasm@; source coil 200 is made up of a coil bushing 210 located in the center thereof and a
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present igvepeaimenhof finitedsethéapotietescription. The plasma source coil 200 can include m
coils (here, m > Sy WE%P ag I%ﬁ%‘g Shis 284 A9R number
n of turns (here, n@éﬁ%cﬁitivg%ea num e'ér). %‘n number ofEZ%%turns ?)f %ﬁﬁsm%%s 201, 202,
203, and26% MRy not be an integer. The coil bushing 210 is formed of the same material as the
plurality of unit qeks 29 302,203 AH A9 BRI PR PRGN WeaHBLFolk:RENGq8 #Anapd 204 are
formed of copper, the coil bushing 210 can also be formed of copper. The coil Bushing 210 may be
formed ofENBREFRANhAdtEIRPIRSAThEYRMtiNIAPd1, 202, 203, 25 and 204 according to
circumstances, pyt;sheud hedamechpigeandystivmmatsiiak 2B &\ HBRAIPRINIeY isflocated in
the center of the coil bushing 210 and protrudes perpendicular to a top surface of the coil bushing
210. The':s@bpzﬁt bar 211 is also formed of a conductive material, for example, copper. Referring to
FIG. 3, in a plasma chamber 300 including the plasma source coil 30 200, a proper size of inner
space 304 is defined by outer walls 302 and a dome 312 Although the inner space 304 of the plasma
chamber 300 is externally d¥ehMLER BRI FHONME S HEINEENLIG

practical use to Referring to FIG. 2, a plasma source coil 200 is made up of a coil bushing 210

located in the center thereof and a plurality of unit coils 201, 202, 203, and 204,
15 which spirally coil around the coil bushing 210.  Although four unit coils 201, 202,
203, and 204 are exemplarily used in the present embodiment, the present invention
is not limited to the above-description. The plasma source coil 200 can include m
coils (here, m 2 2, and m is an integer). Each of the unit coils 201, 202, 203, and
204 has a number n of turns (here, n is a positive real number). The number of
20 turns of each of the unit coils 201, 202, 203, and 204 may not be an integer.
The coil bushing 210 is formed of the same material as the plurality of unit
coils 201, 202, 203, and 204. For example, if the unit coils 201, 202, 203, and 204
are formed of copper, the coil bushing 210 can also be formed of copper. The coil
bushing 210 may be formed of a different material from the unit coils 201, 202, 203,
25 and 204 according to circumstances, but should be formed of a conductive material
anyhow. A support bar 211 is located in the center of the coil bushing 210 and
protrudes perpendicular to a top surface of the coil bushing 210. The support bar
211 is also formed of a conductive material, for example, copper.
Referring to FIG. 3, in a plasma chamber 300 including the plasma source coil
30 200, a proper size of inner space 304 is defined by outer walls 302 and a dome 312.
Although the inner space 304 of the plasma chamber 300 is externally open in the
drawing for simplicity, the inner space 304 is externally shut for practical use to
maintain vacuum in the plasma chamber 300. A wafer support 306 is located at a



maintain vacuum in the plasma chamber 300. A wafer support 306 is located at a 5 lower portion of
the inner space 304 to support semiconductor wafers 308 having certain patterns. An RF power
supplier 316 is connected to the wafer support 306. The plasma source coil 200 for generating plasma
is located on an outer surface of the dome 312. The plane structure of the plasma source coil 200 was
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located in the center ushing protr perpendicular to the surface of the coil
bushing 3unfase Rithpdemeuppier 31w iplaoaraitistite tidhsuppsrmasopiae ThAlLGAMRE power

sugpller SESCHRRISHIR BRI IND COMMADL AXoiPBisANG 310 KAdhaBURRYar 211 and

the coill bus%mg glo. In this plasma chamber 300, t[%e unit coﬁs 20% 202, 203, and 204 receive RF 15
power frotniey RiFpoRsusiassief iuderedidtaad entastsidd] 1202 12efiankR0dasses through

the domes 32 3nehiF dRdiRE 4B B IDRSKiRBSP130hRhEIR PIRSTAAGRAMIPRIGOS, Jhe electric field

induced in the inner space 304 produces gas discharge in the inner space 304 of the plasma chamber

300, thud¢feniaritRiEHEPh AT HBItERSarR hedfidl 2dicansddadtis s enaggieriindne @slreby process
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plasma produced in an inner space has the&%reatest value in the center of a wafer and has the

sifallest (RgaemhindhaigenietY IsrerihiKdnaed SrRRARSAHL SresReARandiERs 1aliRg a

non-unifagieeamtiet REFBIZHMES Fiasma HIRpGREr3Hehdhe PiasetrRRie o e density of
plasma is properly reduced in the center 25 of the wafer 308 due tg the coll bushinﬂ 210. Thus, the

density of PRRGHPBEhes TihfortREiRATIRANE PHiPR ShsHhd eHRRiBe D@ awe. 19Ahe ¥ifan view of a

plasma sgyiree20qil sepaplssohaaIating hlasupponitur, 1agaartiecin anamagempodiment, which
exemplarily illustrates only a unjt coil. FIG. 4B is a ﬁra h showing a variation of an interval between

portions of a unt! SUTRIPSERIAGIRFS PARINE YRR D APtherOen P SraRd O SPERYEAAT As shown
iME1Gs. $Hwedifdinane RE@bHBY aubpreges hamgepeldiedningectric field. The electric

field passes through the dome 312 and is induced in the inner space 304 of the
plasma chamber 300. The electric field induced in the inner space 304 produces
gas discharge in the inner space 304 of the plasma chamber 300, thus generating
plasma. The resultant neutral radicals react on charged ions to thereby process the

20 surface of a semiconductor wafer 308. In conventional plasma chambers, the
density of plasma produced in an inner space has the greatest value in the center of
a wafer and has the smallest value in an edge of the wafer. Unlike the conventional
plasma chambers having a non-uniform density of plasma, in the plasma chamber
300 of the present invention, the density of plasma is properly reduced in the center

25 of the wafer 308 due to the coil bushing 210. Thus, the density of plasma becomes
uniform inside the entire plasma chamber 300.

FIG. 4A is a plan view of a plasma source coil capable of generating plasma
uniformly, according to another embodiment, which exemplarily illustrates only a unit
coil. FIG. 4B is a graph showing a variation of an interval between portions of a unit

30 coil according to a radial distance from the center of the coil of FIG. 4A.

As shown in FIGs. 4A and 4B, a unit coil 201a diverges from a coil bushing
210 located in the center of the entire coil and spirally coils around the coil bushing
210. The unit coil 201a is structured such that as the radial distance from the

center of the coil bushing 210 increases, e.g., in an x direction, an interval d between
6



210 located in the center of the entire coil and spirally coils around the coil bushing 210. The unit coil
201 a is structured such that as the radial distance from the center of the coil bushing 210 increases,
e.g., in an x direction, an interval d between 6 portions of the unit coil 201 a in the x direction

decreases. That is, as the radial distance decreases, the interval d increases. Inversely, as the radial

distance ingreases, intery. C hus,: iL.201a nds.f. rom the center of
the coll bégﬁf?slg %ﬁ)tmeeaurﬁ;%?ﬁ d%gjtl: |orﬁ,?§§?n é%g‘i@ztgv%e%o%u%rgéntf@bﬁégviﬁgn\w%ééﬁgtfhe coil 201a
becomesdigianesdadegrsgshtharindanabiccincesnges. atoudragbasisstiehisdialkiistancelensity of

plasma in i egigﬁ f S i i t ' ich is farthest
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of the wakniguettheabbiskingg 11 0) theaginlrdigstaraniatenalibivecdesisitgris 10 plasma
irrgspecti itiQ @] it coj is gm IR EIG  4A it ' at other
un%fcoils%%@aggme trlﬁ:{[gt]?gl g? ﬂ?&%{ﬁtﬁ%g‘% Ec{%cgzglﬁf}'be furth%’rmglgjné%lﬁlgléf%%ﬂ%ﬂg%ﬁn view of
a plasmadseariieeasespati8isfekesaiiegisasity-ofplasmaynawsaiihas adethef ameiRliment of the

present IRyeRiion iied 2 oY 8es 2rhRdeis i B SR dScR &Py thewing a

variation of a sectional area of the unit coil according to a radial distance from the center of the coil of
FIG. 5A, el buening 24 @ grapriRebwingathariarmi LAR ReeIaAdervrsas ifdhRRSHEeS unit coil

accordingg {igdpdias 4SIRBGLINBUSHIRF TG AR IBRITRIMA R BIPREVR SPUMR ARILRRSIG oA 20
Referring to FIGs. 5A, 5B, and 5C, a_unit coil 201 b diverges from a coil bushln%élo located in the

cdfter ofRIRSIAdFRSESSHNE iPasiiapRally HEIRVER0RY one Shitseira] 219 S tlA-201 b is
structured AUghcliadh AR EIGM eFliskneS BN eantes Al e 6@l hHaNiRg 240 Hpraases, e.g., in

an x direction, the sectional area A of the unit coil 201 b decreases, but the interval d between
portions 26 SHREURIELEEdo1 b is held constant. That is, as the radial distance decreases, the

sectional area AFIGIreASRSa IpvaTSRbY % 86l4a6al sisldicedinergaasie dhgesreHARG! FERMA
decreases. Thus, even though the amount of current is constant irrespective of the radial distance, as

the coil 26871 1P ERREnRECRIHRG HOAN B SRR RO EEl HERIREM AMKeR Q8GR tion, the density
ofisurrentfewiniatnyoueirdtes only one unit coil. FIG. 5B is a graph showing a variation of a

sectional area of the unit coil according to a radial distance from the center of the coll
of FIG. 5A, and FIG. 5C is a graph showing a variation of an interval between
portions of the unit coil according to the radial distance from the center of the coil in
the plasma source coil of FIG. 5A.

20 Referring to FIGs. 5A, 5B, and 5C, a unit coil 201b diverges from a coill
bushing 210 located in the center of the plasma source coil and spirally coils around
the coil bushing 210. The unit coil 201b is structured such that as the radial
distance from the center of the coil bushing 210 increases, e.g., in an x direction, the
sectional area A of the unit coil 201b decreases, but the interval d between portions

25 of the unit coil 201b is held constant. That is, as the radial distance decreases, the
sectional area A increases. Inversely, as the radial distance increases, the
sectional area A decreases. Thus, even though the amount of current is constant
irrespective of the radial distance, as the coil 201b extends farther from the center of
the coil bushing 210 in a radial direction, the density of current flowing through the

30 unit coil 201b increases. This makes the density of plasma increase in an edge of a
wafer corresponding to a portion of the coil 201b, which is farthest from the center of
the coil bushing 210. Further, since the density of plasma decreases in the center
of the wafer due to the coil bushing 210, the entire wafer can have a uniform density

of plasma irrespective of positions. Although only one unit coil 201b is shown in
7



30 unit coil 201 b increases. This makes the density of plasma increase in an edge of a wafer
corresponding to a portion of the coil 201 b, which is farthest from the center of the coil bushing 210.
Further, since the density of plasma decreases in the center of the wafer due to the coil bushing 210,
the entire wafer can have a uniform density of plasma irrespective of positions. Although only one unit

coil 201bd N7kl it [ 0 upit coil S t unit coil
201 b caﬁ?gét%ﬂfltﬂlterréiRg\ﬁ%g%ﬁ;}%&;a@%sgﬁﬁp%ﬂ%iéﬁvﬁ%? ggﬁﬁags%g g%ﬂjl? rec§ %oi gcgﬁg@ l(?%qtﬁe rating
plasma @aifope fyrtwonthiedanother embodiment of the present invention, which 5 exemplarily
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coll bushing 210 located in the center of the entire coil and spirally coi the coil bushing 210.
The unit 8670 rregwitthedsliicivineeyydirariirradiasisianes freedbeteestanefdbiemething 210

increases,a-f. B AnahdiFaeton: how dhe nienvalich BRRURSRLASHARS AEe gL A01 ¢ and the

sectional area A’ of the unit coil 15 20Ic decrease. That is, this plasma source coil is obtained by
combiningaH®NHLHedsFcOtareerdng io thndial diianseHadhasaaidai10e caikehds

farther frerthgacenter of the coil bushing 210 in a radial direction, the density of current flowing
through the unit coil 201c increases most effectively. This makes the density of plasma increase at the

hitthest rate in dREBGESE Frsr 56 BRe3pe fiing tBil 56/i8A 1t Hheecaf TR Aisieh is farthest from

the centes@SHfiry 29t RsAYBY iAlR cFiaher otifiee dhardassitad BlsiENy deiRsensantHedgnter of the
wafer due to the coil bushing 210, the entire wafer can have a uniform density of plasma irrespective

of positicR4SARSRP: ontyB Ml SRIESD 20 1% S YRbRAisHa L thahask 18 RIS RNARLIAMit coils of
the sameyitraeivtsr % e eEiltsRsnied 21eamcrbdaeduBhe! indwudedirbtasn 7hoiravaihihale plan

views illustrating shapes. of coil bushin_?s of the plasma source cojls acco[din%to the present
d" between portions of the unit coil 201c and the sectional area A’ of the unit coll

invention:
15 201c decrease. That s, this plasma source coil is obtained by combining the
plasma source coils shown in FIGs. 4A and 5A. Hence, as the coil 201¢ extends
farther from the center of the coil bushing 210 in a radial direction, the density of
current flowing through the unit coil 201c increases most effectively. This makes
the density of plasma increase at the highest rate in an edge of a wafer
20 corresponding to a portion of the coil 201c, which is farthest from the center of the
coil bushing 210. Further, since the density of plasma decreases in the center of
the wafer due to the coil bushing 210, the entire wafer can have a uniform density of
plasma irrespective of positions. Although only one unit coil 201c is shown in FIG.
6A, it is obvious that other unit coils of the same structure as the unit coil 201c can
25 be further included.
FIGs. 7A through 7K are plan views illustrating shapes of coil bushings of the
plasma source coils according to the present invention.
Referring to FIG. 7A, a coil bushing 210a can have a simple circular shape.
In FIG. 7A, the sectional area of the coil bushing 210a can vary, thereby affecting the
30 distribution of the density of plasma inside a plasma chamber, particularly, in the
center of a wafer. The radius of the coil bushing 210a, which determines the
sectional area of the coil bushing 210a, also affects the distribution of the density of
plasma. Referringto FIG. 7B, a coil bushing 210b can have a circular donut shape

so as to define a vacant central space. Branches 210b' are located in the vacant
8



Referring to FIG. 7A, a coil bushing 21 Oa can have a simple circular shape. In FIG. 7A, the sectional
area of the coil bushing 21 Oa can vary, thereby affecting the 30 distribution of the density of plasma
inside a plasma chamber, particularly, in the center of a wafer. The radius of the coil bushing 210a,
which determines the sectional area of the coil bushing 210a, also affects the distribution of the

density of_pl Referri 7 ' I , Ve a Cl r.don So as to
define a éﬁﬁrﬁ@rﬁgr Spﬁé?g%%&@s%@&@@ ?ﬁ:%’t%%%ﬁ@?& \%ﬁﬁ?\?@ %itrjl ra qug{ég eﬁ‘ainaﬂer,
this structpmarwmapmmmgeilzuwm@ Wémes immderﬁﬁ.iawlbbmmmr@mm@gl Ob
as shown, i Bl <{F il B TRIBIRHO S AMaeh SEUTHIRRAIING (01168, LG Aalipushing 210c
can have a circular donut shape so as to define a vacant central space, but does not include branches
in 5 the vaeant sbapaisspasdaudikioer \tabliseinga BIEasef FUGITEs Mok rdiidesimreEs Ot of FIG.
7C:havin n eat t ef~reglCi ty:af plasma in
thc(:e5 ce nte%gf%%g rk?r}@?ﬁ\gg%gﬁ gﬁ@hlér? 5} %ic%ﬂt?jg?gl{:@é .gﬁgﬁegf/i%qhﬁ'ramﬁggﬁgégmﬂe erring to

FIG. 7D, 188 skmd Ghexdnsha Ranwietahiplacailiaenitedseace esisorsteietectiohal area of
the coil bushiped4Hd BRANANGPRISAY Afarina e distipaienpiinrleasibushirlgsnadnihe center

of a wafer. Thus,the length “and/or the width of the coil bushing 21 Od, which determine the sectional
area of tfdGofitbhaning thedirgsieafd@ine distribution of the density of plasma. Referring to FIG.

7E, a coil bushimgbfd iR $8'FGYe D, SALGISHSAGE 08 88PRd0LS N RId 3yiasRNERgpE 2l Space.

The coil bushing 210e has a mesh structure in which branches 21 Oe' are located in a vacant central

spce. REdTHAG 4B Aits. gctioraliamanhge roil Rishing 94ueae vrutRamRky sHfasibaikime a

vacant CfisigbeRdefof e RSP bINSIHSRRIANABRS e \AGRRAFERtrar BRaCHENLKg e coil bushing
21 Oe of FIG. 7E. The coil bushing 21 Of of FIG. 7F having a completely vacant central 20 space has

a greaterdEFEer 16 MGEGT e GOy pradAdipishaster B iageP eHiaN 8 &1&5 Hulbiing 210e

of FIG. 7Ednayiraite 2reachrp ket Refenanbifibhes the derighof BidpidusRisrs diay eoa
polygonal shape. As shown jn FIGs. 7G and 71, coil bushings 210g and 210i have a hexagonal shape
and an df:@ggﬁal%ﬁ%é’,%ﬂgc%wﬁ/%@ BRYGA FRERES CADURDFBE A BRLPAGL 21 Oh and 21

Ojhave yhexaoesalrdospishapT e danelaigg 2l 0omasshassh structure in which
branches 210e' are located in a vacant central space. Referring to FIG. 7F, a coil
bushing 210f can have a square donut shape so as to define a vacant central space,
but does not include branches in a vacant central space unlike the coil bushing 210e
of FIG. 7E. The coil bushing 210f of FIG. 7F having a completely vacant central

20 space has a greater effect of reducing the density of plasma in the center of a wafer
than the coil bushing 210e of FIG. 7E having the branches 210e".

Referring to FIGs. 7G through 7K, coil bushings have a polygonal shape. As
shown in FIGs. 7G and 71, coil bushings 210g and 210i have a hexagonal shape and
an octagonal shape, respectively. As shown in FIGs. 7H and 7J, coil bushings

25 210h and 210j have a hexagonal donut shape and an octagonal donut shape,
respectively. Also, as shown in FIG. 7K, a coil bushing 210k has a triangular shape.
As described above, the coil bushings 210h and 210j of FIGs. 7H and 7J, each of
which has a vacant central space, can reduce the density of plasma in the center of
a wafer more effectively than the coil bushings 210g and 210i of FIGs. 7G and 7I.

30 Of course, a coil bushing of the present invention can have various shapes other
than the shapes shown in FIGs. 7A through 7K.

FIGs. 8A through 8E show various sectional shapes of unit coils of plasma
source coils of the present invention.



respectively. Also, as shown in FIG. 7K, a coil bushing 210k has a triangular shape. As described
above, the coil bushings 210h and 210j of FIGs. 7H and 7J, each of which has a vacant central space,
can reduce the density of plasma in the center of a wafer more effectively than the coil bushings 21 Og
and 21 Oi of FIGs. 7G and 71. 30 Of course, a coil bushing of the present invention can have various

h ther th in FlGs. F 8 [
e o SR TERTILIR REIGR S HEUh ISR IB TR s o,
through SE\vé & andusoisatiothel preseas. invetixacapl ehiver o aio s wait torl A& hdpesyviRgraxample,

h o ) ) oula iy N 5 haut , donut
sectonal . e s B B e e S D T e e s
donut se@tvitbh@miéﬁ@ﬂefﬁ Miaqlﬁiﬁ@@i&ﬁ&)_&%ﬁ%g@@@m%maﬁ%ﬁ@ﬂé batt'tmg@@qugnit coil of
the, pres%hﬂ‘(‘%‘é&}%ﬁé\ HQ}S%,Oé%ré’ﬁHﬂ%ﬁ%LP-%ai’@O é-sFe'rﬁéi_r%lﬂQF‘ér%gé‘? p@@é’@‘?@eS’f
plasma source colls capable’of generating plasma unitformly, according to another embodiment of the

present iffv@IHCOR el GRS TS Iy QAR SN O LI Y000 s peekionp! shapet: coil 210d 10
located in the canist of tigPiasena BUNGRAA SO0 BRI UAAILLR b fer 2fs: 2030,

204d, 205d, and 206d, which spirally coil around the unit coil 210d. Referring to FIG. 10, a plasma
source c&ilaaN0R EHUAEYReAA AT EoirNOthRY esehesimMemOtERGQ eram MuemM®Rource coil 200e

and a plurality oRuRitABSE FhcP: 92@281adRREselnt® oPe0dRdLRERISIBCH! SPiAHERIbAtRYINd the

unit coil 210e. 15 The plasma source coils 200d and 200e are obtained by replacing the coil bushing

210 of FItgC2iey tRdNMALHRE Of Bte MAsP DSOS 8YOA S —RAGRIUFRIIGO UHLCAllfitZbif21 Od

may coil ppuatesolagkuiaRy, Abenaiive?osa SRAWA Bpiriiy £8iltar uHuteRilAlOsomaY @il clockwise. In
any case, the plurality of unit coils 201 d, 202d, 203d, 204d, 205d, and 206d or 201 e, 202e, 203e,

204e, 205 NGB KiteH RRIRSBAROLIRS ARILEBRISHERAGALPiEBNb B R P21 Oe and coil
around theddcril R Sshter 318 PRe RISl dRVEstiQ0 e Retdianibaedntherakeveois sofed

number (i.e., 6) of unit coils that coil around the central ynit coil 21 Od or 21 Oe. FIG. 11 is a
cross-se@ Iéf?&ﬁwﬁ%@’d'%ﬂﬁ@’cﬁwezﬂ@%rﬁ@%ﬁw&“%fq@fb?@.u”d the unit coil 210e.

15 The plasma source coils 200d and 200e are obtained by replacing the coil bushing
210 of FIG. 2 by the unit coils 210d and 210e, respectively. As shown in FIG. 9, the
unit coil 210d may coil counterclockwise. Alternatively, as shown in FIG. 10, the
unit coil 210e may coil clockwise. In any case, the plurality of unit coils 201d, 202d,
203d, 204d, 205d, and 206d or 201e, 202e, 203e, 204e, 205e, and 206e extend from

20 the outermost portions of the unit coil 210d or 210e and coil around the unit coil 210d
or 210e. The present invention is not limited to the above-described number (i.e.,
6) of unit coils that coil around the central unit coil 210d or 210e.

FIG. 11 is a cross-sectional view of the dome of the plasma chamber of FIG.

25 Referring to FIG. 11, the dome 312 of the plasma chamber (300 of FIG. 3)
according to the present invention is comprised of two material layers having
different dielectric constants €1 and €2, respectively. More specifically, the dome
312 has a lower dome 312a and an upper dome 312b. A bottom of the lower dome
312a faces the semiconductor wafer (308 of FIG. 3) and is exposed to the inner

30 space (304 of FIG. 3). A top surface of the upper dome 312b is exposed out of the
plasma chamber 300. A top surface of the lower dome 312a is in contact with a
bottom of the upper dome 312b. The top surface and bottom of the lower dome
312a and the bottom of the upper dome 312b protrude toward the inner space 304

of the plasma chamber 300. The lower dome 312a is formed of a material having a
10



25 Referring to FIG. 11, the dome 312 of the plasma chamber (300 of FIG. 3) according to the present
invention is comprised of two material layers having different dielectric constants E1 and EZ2,
respectively. More specifically, the dome 312 has a lower dome 312a and an upper dome 312b. A
bottom of the lower dome 312a faces the semiconductor wafer (308 of FIG. 3) and is exposed to the

inner 30 f S f e i fthe plasma
cham berﬂ)géskgﬁ% é n;éu(#f:g%ét %ﬁ@eé ?rggvé%r;%r%rg §T§feﬁ2€)§éﬁd%[t%c?§v%ﬁﬁnaa ﬁ%%%)sﬁf %?%beau%per dome
312b. ThdialeatiefaonsiadtmittbmtofAte: lohee dpoprr dade didkhe trmed of theapgéaldome 312b
protrude j ) T is formed of a
matoral e & L S e e 50,3 hwing
dielectricdielesitit ed sk 918 fMhexamriedoaiaBiRb i Boneus dhakiesialasawnghameeietermined
segond d Tof that) le the,fi [ ' t le, ceramic.
T obui a1 e L e S e T3 PEre s oot e
above-desiitsedcpitspidhedquiesesbiRveMtiRpresent invention. FIGs. 12 through 45 are

cross-sectional pRYS 9bArAEIRAS BIRSEIGSIOLECRoFRNS BWAATBRMBAMAG B IAsAUURER

embodiments of the present invention. Referring to FIG. 12, a coil bushing 210-11 and a planarizer
340-11 af@iDQipiREa 6AAMBArSRAREEEENE HoATBRPIANtRINtHR RRRSRIVEFRESIRNof a bottom of

the dome 312-1&ghatfages AIGNAST SRASEHRISHIPIGSME-Shambes JThaspiaoag2er 1 340 L is typically

formed of plastic or ceramic or may be air that fills a vacant space, according to circumstances. The

cdf bushfi§RPEed Pisaderte iRt arioms thi2-ddmuamiah s thadavaEspiakiaiobrhaitam Qfdisposed
to surroufLtaeRaldaushinehAB :Ab8skdn THRALRRAR 4 bisdamaskeraiiming bpar 211-11

is located in the center of a top surface of the coil bushing 210-11. The dome 312-11 has planar

bottom afdQoh!si§rixpia rgrmed Al BIRHIRPLErAMIALS HARY JPanRF HomoS AR E $REEESs. A heat

emissive JayerRRg-bldrdiananday) theHdlaparzeshiPohb- andsagiaratitynoiendesdép G0k 1,
202-11, and 203-11 are located inside, 20 the heat emissive Ia\égzr 340-11. Of course, the plasma

source cOfMRat Lre! hedRfiiae NRRGERG R {! PREisROSHd OnSWROWId P RPL SV BR-Mplied not
ORly to tirg PlasmaTaeltens®B 0L HIGislidrimbigdiamaneaup of soe b @iy 2f vnit ¢silscated

in the center of a top surface of the coil bushing 210-11. The dome 312-11 has
planar bottom and top surfaces, and the coil bushing 210-11 also has planar bottom
and top surfaces. A heat emissive layer 360-11 is disposed on the planarizer
340-11, and a plurality of unit coils 201-11, 202-11, and 203-11 are located inside

20 the heat emissive layer 340-11. Of course, the plasma source coils that are
described with reference to FIGs. 2, 4A, 5A, 6A, 9, and 10 can be applied not only to
the plasma source coil of FIG. 12, which is made up of the plurality of unit coils
201-11,202-11, and 203-11, the coil bushing 210-11, and the support bar 211-11,
but also to plasma source coils that will be described hereinafter with reference to

25 FIGs. 13 through 46.

Referring to FIG. 13, a coil bushing 210-12 is located in the center of a top

surface of a dome 312-12.  While a bottom of the coil bushing 210-12 is planar, a
top surface thereof has a convex form. A support bar 211-12 is located in the
center of the convex top surface of the coil bushing 210-12.  Unlike the coil bushing

30 210-12, the dome 312-12 has planar bottom and top surfaces. A planarizer 340-12
and a heat emissive layer 360-12 are sequentially disposed on the top surface of the
dome 312-12 where the coil bushing 210-12 is not located, so as to surround the coll
bushing 210-12. A plurality of unit coils 201-12, 202-12, and 203-12 are located

inside the heat emissive layer 360-12.
11



201-11, 202-11, and 203-11, the coil bushing 210-11, and the support bar 211-11, but also to plasma
source colils that will be described hereinafter with reference to 25 FIGs. 13 through 46. Referring to
FIG. 13, a coil bushing 210-12 is located in the center of a top surface of a dome 312-12. While a
bottom of the coil bushing 210-12 is planar, a top surface thereof has a convex form. A support bar

211-12 is located i centep-of.the convex f i ' - ike the coil
bushing 30 210- é?etwfl 80@%5 ?1'&?2%?\@&%%%?%1%%% [t]c%%%ér aﬁe%g%%%ﬁﬁﬁggr 0-12 and a
heat emissifatayer860m2 i sEdueWitiilly aibptcst afithkectibsiaifing 21 the3 dasa 312-12 where

oo 201 D0 A 0T B R e R B R A i o
FIG. 14, theotentiehpigire plagds topstedanalnd tneasildiustipg tivtad8.of e @ 31L8310vhile a
bogom 9&%&@5‘&%?%8&&%0@ ﬁ?é % c“o%%‘)éeﬁfgggagmé‘f{)f&%‘?ﬂj ﬂﬁ%’é’%iﬁ&#’ﬂ&ﬂ&a%@“ppo” bar

211-13is located In the centfe e planar top sur t the coll ing 210-13. The dome 312-13
5 has a plag&obedef, et eriskuebinth?d HdiondPIReaspeubHEd IaehacoRei &BISsVBottom of the

coil bushiagey 953 Splagagaen A iR e Bl st BN Ggmienially disposed

to surround the coil bushing 210-13. lurality of unit coils 201-13, 202-13; and 203-13 are located
inside th@h!éalﬂném‘iégluecm%ﬁ#@‘sd%s? & Kbfanthgas-tizredogaiedl Bigemy 2Rl is located in the
center of g{pRaERRS 868-4ame 312-14. While a bottom of the coil bushing 210-14 is planar, a top
surface thereof has a concave form. A support bar 211-14 is located in the center of the concave top

stifface of the cHIERRIENAJR T4 AIRRRELUNIREPiNG islocaiethin dBeeestor P4 &d@blanar

bottom aggrtapSBracesme 3P nipparipghiita-B4tRd ofralmissirergye 389-ipraagequentially
disposed to surround the coil bushing 210-14. A plurality of unit coils 201-14, 202-14, and 203-14 are

located ilGRISYHBFREIRAELIZE RGONSBICIIR RefelimigABOLi 827 814 -dbisdRraLFEN3B6-11 and a coil
bushing 2tptép arehsearentialbogisoaaed bt the eenteushindop sutipce Ohpkdame coik-15. The 20

e O T 310-1 4 The dome 31 S 4 5as planarbotiam Bnd top Suraces. &

15 planarizer 340-14 and a heat emissive layer 360-14 are sequentially disposed to
surround the coil bushing 210-14. A plurality of unit coils 201-14, 202-14, and
203-14 are located inside the heat emissive layer 360-14.

Referring to FIG. 16, a dielectric layer 350-11 and a coil bushing 210-15 are
sequentially disposed in the center of a top surface of a dome 312-15. The

20 dielectric layer 350-11 may be formed of plastic or ceramic or may be air that fills a
vacant space, according to circumstances. The dome 312-15 has planar bottom
and top surfaces, and the dielectric layer 350-11 has a planar bottom surface.
However, a top surface of the dielectric layer 350-11 has a convex form. Similarly,
a top surface of the coil bushing 210-15 has a convex form. Thus, a bottom of the

25 coil bushing 210-15, which contacts the top surface of the dielectric layer 350-11,
also has a convex form. A support bar 211-15 is located in the center of the convex
top surface of the coil bushing 210-15. A planarizer 340-15 and a heat emissive
layer 360-15 are sequentially disposed to surround the coil bushing 210-15. A
plurality of unit coils 201-15, 202-15, and 203-15 are located inside the heat

30 emissive layer 360-15.

Referring to FIG. 17, a ceramic layer 360-11 is inserted into a central portion
of a top surface of a dome 312-16, and a coil bushing 210-16 and a dielectric layer
350-12 are sequentially disposed on the ceramic layer 360-11. The ceramic layer

360-11 may be replaced by another insulating material layer. The dielectric layer
12



vacant space, according to circumstances. The dome 312-15 has planar bottom and top surfaces,
and the dielectric layer 350-11 has a planar bottom surface. However, a top surface of the dielectric
layer 350-11 has a convex form. Similarly, a top surface of the coil bushing 210-15 has a convex form.
Thus, a bottom of the 25 coil bushing 210-15, which contacts the top surface of the dielectric layer

surtace o1 s T i SR Bt e B A AR LR e
sequenti@bcdisingéel cocumsiandeise cEithdalmtg&lﬁ)hEShAs Iaumiamqrdmitﬂmsusfaoe m,dzoz 15, and

203-15 aypdqealad;ip Srt%}%@qartﬁgseé%féh‘éer L?‘r?é)c > (? 1) gﬁf 6B Gt (f1a ColT‘gl?éﬂ\ﬁ yer

360-11 is inserted Into a central portion oOf a top ur ace o b, an 210-16

and a dmﬂ’é&rtﬁlQ@t%ommar@egam@mmy&ﬁepbtéwmm&mﬁwmyerﬁsmsy rfeige eéramic
layer 36%%!??@69% @g@%@'obxér&%d' %ﬂ#vé;az% T@%dg%%%tr'c fyéautpﬁa $20-12
me acC Ing to

may be for of plastic or ceramic or may e alr ant space, accor

circumstdfses] Tﬂ@ @h@%@@imﬁhﬁ§@tﬂéﬁéﬂ%@dﬁﬁ@m¢@c@”&ﬁ@p Mdfé@@ﬁiﬁcﬁ'ﬁéﬂwo 11 has a
planar togsyirface. Aipmhsudars 546 s BYRUpe il lrtasen H‘&r@%&%‘@r‘ﬂ&%{/ 360-11 has a

concave form. A top surface of 5 the dielectric layer 350-12 loCated on the coil bushing 210-16 is

planar. Adigipperd E%ﬁQTQM’E’@I%@&dé@WﬁhH&QC%WeT@f te RIREM S YitseloRHe Ihelectric layer

350-12. Aplanglizay3fs 1eale %Bs@&m&&%@%ﬁ@%@@@|%9eueabails. disposed to surround
the coil bushing 210-16. A p Iuralli/ of unit coils 201-16, 202-16, and 203-16 are located inside the

hé@t emissive |dyefesBoate TERABrAaEEIE. |Qgeéciﬁ@réér?@ﬁﬁe@@lsbuﬁﬁ'Hﬂd?éQfdlrtﬁﬁ§h|ng
210-17 asp RRARINEHY SbuRREROIHE BerfeNErLich BN Riéa6eLHHEMER1 2: 1 FTbgsloe 312-17

has a planar bottom surface, but has a concave g ortion in the center of the top surface. The dielectric

layer 350313 .%tz.%%&i%&@@&%m BERIYBRRSRASCRGRNRLABIPBURARE. R Qirfage of the

coil bushtag 3ifr=lee locird el deritTlielessic 18yerdgshbiddan ﬁn@%&%ﬁ%rpoméhmm 211-17
is located in the center of the convex top surface of the coil bushla%ZlO -17. A [Jlanarlzer 340-17 and

a heat erfiQANAHPR SE(RE9-aré LR RUTRRR AidpEL BUSiRA AdYRE d8faREIRAIEL0-17. A
phyality efisheitieriimyelsb0-20hdd aasshreRfbfrare IReatggort bar 211-17 is located in the

center of the convex top surface of the coil bushing 210-17. A planarizer 340-17
and a heat emissive layer 360-17 are sequentially disposed to surround the coil
bushing 210-17. A plurality of unit coils 201-17, 202-17, and 203-17 are located
inside the heat emissive layer 360-17.

20 Referring to FIG. 19, a dielectric layer 350-14 and a coil bushing 210-18 are
sequentially disposed in the center of a top surface of a dome 312-18. The dome
312-18 has planar bottom and top surfaces. A top surface of the dielectric layer
350-14 located on the dome 312-18 has a convex form. A top surface and bottom
surface of the coil bushing 210-18 located on the dielectric layer 350-14 have a

25 concave form and convex form, respectively. A support bar 211-18 is located in the
center of the concave top surface of the coil bushing 210-18. A planarizer 340-18
and a heat emissive layer 360-18 are sequentially disposed to surround the coil
bushing 210-18. A plurality of unit coils 201-18, 202-18, and 203-18 are located
inside the heat emissive layer 360-18.

30 Referring to FIG. 20, a dielectric layer 350-12 is disposed in the center of a
top surface of a dome 312-19. A coil bushing 210-19 is located on the top surface
of the dome 312-19 to completely cover the dielectric layer 350-15. The dome
312-19, the dielectric layer 350-15, and the coil bushing 210-19 each have planar

bottom and top surfaces. A support bar 211-19 is located in the center of the planar
13



inside the heat emissive layer 360-17. 20 Referring to FIG. 19, a dielectric layer 350-14 and a coll

bushing 210-18 are sequentially disposed in the center of a top surface of a dome 312-18. The dome
312-18 has planar bottom and top surfaces. A top surface of the dielectric layer 350-14 located on the
dome 312-18 has a convex form. A top surface and bottom surface of the coil bushing 210-18 located

on the dielecfric layer 350-14 h 1Gave for i ectiv .support bar
211-18 is?+§)c%1 iﬁﬂeiﬂﬁ%gen%élr%ﬁ%@e@o%@g\jgtop'Rs Ir?g'%gi %é)t{]#g 6(5:(2%5 %@ﬁ%&%%gﬁr% §p anarizer
340-18 dayes Beat Khdassiseqageaitiathp dispaseseiguaumntialiynditosed looishirguidti8.co bushing
210-18. lurality. of Lot coils, 201-18,202-18 13- I iNsl igsive layer
300-15, R B o e B W e of
a dome 3aper BHA-JAI bushing 210-19 is located on the top surface of the dome 312-19 to completely

coger the cleleciiglaer 1316 T1C BB s B SISIORISUEE NS AlkldhB 0 bushing

210-19 each have planar bottom and top surfaces. A support bar 211-19 is located in the center of the
planar 13egpytiagecobrAeme6ilARhg A cokbuspingai 2846 100aird amee tenissifacriyer

360-19 agg feangRiiaiv SispORECOIR YU BF FRll Rurhing 2! 850. furakiyeqd st coils 201-19,
202-19, and 203-19 are located inside the heat emissive layer 360-19. 5 Referring to FIG. 21, a

dielectric3dye?@350d 8 dieieside [ryeie3ashid oreh fopvsuptapardbetignmrnditepsurassitbushing
210-20 is/{ngRiackiN LORraLE A% 8l dhP BIRAMG 28Dt sompIstely BRve R SipleRtE laver

350-16. The dome 312-20 and the dielectric layer 350-16 each have planar bottom and top surfaces.
While a oINS efthe CoRURRIMTWGD BILPRR isikarated iR saaemel &y Lomexdtdnvex

form. A sypRasesr Re1caR usated 10 Bt conisrabiie Foaverdan sy Trea ehikaiceildushing

210-20. Aglanarizer 340-20 and a heat emissive layer 360-20 are sequentially disposed.to surround

the coil bBSRIRG 818 SRAYERIALIT F108RR L RIBEENDINRSoIRURHNEDS 18 e ISLRILERIRKIAE the
heat emisgiiteEer 036002005 8 etais 8240 Gre b catdialpidiie e hdaPeissispaped in the center

of a top %%3?58_ of a dome 312-21. A coil bushing 210-21 is located on the top surface

15 Referring to FIG. 22, a dielectric layer 350-17 is disposed in the center of a
top surface of a dome 312-21. A coil bushing 210-21 is located on the top surface
of the dome 312-21 to completely cover the dielectric layer 350-17. The dome
312-21 and the dielectric layer 350-17 each have planar bottom and top surfaces.
While a bottom surface of the coil bushing 210-21 is planar, a top surface thereof

20 has a concave form. A support bar 211-21 is located in the center of the concave
top surface of the coil bushing 210-21. A planarizer 340-21 and a heat emissive
layer 360-21 are sequentially disposed to surround the coil bushing 210-21. A
plurality of unit coils 201-21, 202-21, and 203-21 are located inside the heat emissive
layer 360-21.

25 Referring to FIG. 23, a dielectric layer 350-18 is disposed in the center of a
top surface of a dome 312-22. A coil bushing 210-22 is located on the top surface
of the dome 312-22 to completely cover the dielectric layer 350-18. The dome
312-22 has planar bottom and top surfaces. A bottom surface of the dielectric layer
350-18 and a top surface of the coil bushing 210-22 are planar. However, a top

30 surface of the dielectric layer 350-18 has a convex form. Also, a portion of a bottom
surface of the coil bushing 210-22, which contacts the top surface of the dielectric
layer 350-18, also has a convex form. A support bar 211-22 is located in the center
of the top surface of the coil bushing 210-22. A planarizer 340-22 and a heat

emissive layer 360-22 are sequentially disposed to surround the coil bushing 210-22.
14



of the dome 312-21 to completely cover the dielectric layer 350-17. The dome 312-21 and the
dielectric layer 350-17 each have planar bottom and top surfaces. While a bottom surface of the coill
bushing 210-21 is planar, a top surface thereof 20 has a concave form. A support bar 211-21 is
located in the center of the concave top surface of the coil bushing 210-21. A planarizer 340-21 and a

heat iSSi \ - ial ' { ' i -21. A pluralit
o unt co T oL o 2 R S e Sy S
Referringetmib$iyedayeardiéedac layer 350-18 is disposed in the center of a top surface of a dome
312-22. A coil bushj =22 4s | - t - |
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bushing 210-22, which contacts the top sur ielectric ‘layer 350-18, ‘also has a convex form.
A supporthsieof hazaisansaee iarte cArieR sirtread Bigfdiedestiiedaysr Béhitiylocateg on

planarizef, 340522 AnA2 ARpt iSplisire layes 3 8288 SRUEINBlY HiRp238dI8 Rutpung the coil
bushing 210-22. 14 A plurality of unit coils 201-22, 202-22, and 203-22 are located inside the heat
emissive§igieotne |ayeredatghd #RS. isplangieleArruRper P50-29 1544 6 donatadimine10-23 are

sequentialihlisRAsRE PARSABRISLALBIYN HETasR BlshiRme 3123 AR ShalimRsUsfase of the

dome 312-23 is planar, a central portion of a top surface thereof has a concave form. A top surface of

the diele@MERhyRMBINEIAYERARPAS HE SOt BbytRIAReSREHAr S toEnd e el BYSHBM bushing
210-23 logeptedon gheigigiRgHicdateiona®a9-asodsnEmaing sopnmtdhansddrdiissiaeates in the

center of the planar top surface of the coil bushing 210-23. A planarizer 340-23 and 10 a heat emissive
layer 360788t RRSSiYf MR8 %Red to surround the coil bushing 210-23. A plurality of unit coils

201-23, 202-23 Ratd g &3 FIG. losaigflila sidsothsmhnat fipissineiByier SR 2B i R TENGIDHIG. 25,
while a bottom surface of a dome 312-24 is planar, a top surface thereof has a convex form. A

dielectricﬁ'alff@fcgéb-eé@% Iaq@p%@@yﬁm(grm. A dielectric layer 350-20 is disposed in the

15 center of the convex top surface of the dome 312-24. A coil bushing 210-24 is
located on the top surface of the dome 312-24 to completely cover the dielectric
layer 350-20. The dielectric layer 350-20 and the coil bushing 210-24 each have a
planar top surface. A support bar 211-24 is located in the center of the planar top
surface of the coil bushing 210-24. A planarizer 340-24 and a heat emissive layer
20 360-24 are sequentially disposed to surround the coil bushing 210-24. A plurality of
unit coils 201-24, 202-24, and 203-24 are located inside the heat emissive layer
360-24.
Referring to FIG. 26, while a bottom surface of a dome 312-25 is planar, a top
surface thereof has a convex form. A dielectric layer 350-21 is disposed in the
25 center of the convex top surface of the dome 312-25. A coil bushing 210-25 is
located on the top surface of the dome 312-25 to completely cover the dielectric
layer 350-21. Like the dome 312-25, a top surface of the dielectric layer 350-21 has
a convex form. However, a top surface of the coil bushing 210-25 is planar. A
support bar 211-25 is located in the center of the planar top surface of the coll
30 bushing 210-25. A planarizer 340-25 and a heat emissive layer 360-25 are
sequentially disposed to surround the coil bushing 210-25. A plurality of unit coils
201-25, 202-25, and 203-25 are located inside the heat emissive layer 360-25.
Referring to FIG. 27, while a bottom surface of a dome 312-26 is planar, a top

surface thereof has a convex form. A dielectric layer 350-22 is inserted into the
15



15 center of the convex top surface of the dome 312-24. A coil bushing 210-24 is located on the top
surface of the dome 312-24 to completely cover the dielectric layer 350-20. The dielectric layer
350-20 and the coil bushing 210-24 each have a planar top surface. A support bar 211-24 is located
in the center of the planar top surface of the coil bushing 210-24. A planarizer 340-24 and a heat

issi - ' ' dt ' ' 24, A plurality of
it cole ST P D S 8 AT S R B L AL SE SR Rerering o
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to FIG. 27, while a bottom surface of a dome 312-26 is f

glanar, a top surface thereof’has a convex

form. A dfeRletiaiivngé usdrolsi2tHseRed(RtEthand 284t G thiocalagbintifesinedieadf the dome
312-26. ARG SV ECesY-Jys dielectric layer 350-22 has a concave form. A coil bushing 210-26 is
located on the dielectric layer 350-22. A bottom surface of the coll bush'é]g 210-26, which contacts

tHé top surface alsrHigIR FilGags Whiea oftomsiirsardin dRirdde -8 {ds BlalAac18Pthe coil
bushing 31628 sHelAsEIh AsSaiRBATAofhL -2 SR Eiisid iy B0 genisT il priseéeprepidhe coil

bushing 210-26. A planarizer 340-26 and a_heat emissive layer 360-26 are sequentially disposed to

surroundfifeleBiIBGSRELIR SIOME Bil#afity oVRite-BiRosEIIRMRER A HRFOHBURINIR Iocated
inside thep hgat 2 RUSSAVEIAYETS RS20 a1 (REfRTERE fiRcrdet 35 1uhie a RaltppsuBace pf 2dqme

312-27 is planar, a top surface thereof has a convex form. A cojl bush{a& 210-27 is located in the

center of 4RI QIAAGE BIEHRT dBRB!313C 3P RHTiRCE ROHACSl PushiBiid Yesrbudhing

15 planarizer 340-27 and a heat emissive layer 360-27 are sequentially disposed to
surround the coil bushing 210-27. The planarizer 340-27 has a planar top surface,
but has a curved bottom surface that contacts the top surface of the dome 312-27.

A plurality of unit coils 201-27, 202-27, and 203-27 are located inside the heat
emissive layer 360-27.

20 Referring to FIG. 29, while a bottom surface of a dome 312-28 is planar, a top
surface thereof has a convex form. However, a central portion of the top surface of
the dome 312-28 has a concave form. A coil bushing 210-28 is located on the
concave portion. Thus, a bottom surface of the coil bushing 210-28 also has a
concave form along a surface of the concave portion. Also, a top surface of the coil

25 bushing 210-28 has a concave form. A support bar 211-28 is located in the center
of the concave top surface of the coil bushing 210-28. A planarizer 360-28 and a
heat emissive layer 340-28 are sequentially disposed to surround the coil bushing
210-28. The planarizer 340-28 has a planar top surface, but has a curved bottom
surface that contacts the top surface of the dome 312-28. A plurality of unit coils

30 201-28, 202-28, and 203-28 are located inside the heat emissive layer 360-28.

Referring to FIG. 30, while a bottom surface of a dome 312-29 is planar, a top
surface thereof has a convex form. A dielectric layer 350-23 is located in the center
of the convex top surface of the dome 312-29. A coil bushing 210-29 is located on

the top surface of the dome 312-29 to completely cover the dielectric layer 350-23.
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210-27 has a concave form, a top surface thereof is planar. A support bar 211-27 is located in the
center of the planar top surface of the coil bushing 210-27. A 15 planarizer 340-27 and a heat emissive
layer 360-27 are sequentially disposed to surround the coil bushing 210-27. The planarizer 340-27
has a planar top surface, but has a curved bottom surface that contacts the top surface of the dome

30027, 20 R G2 mres e b B e e S A o
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340-28 hd9% phanie lepatedrisideibadeatrves witner 86422 that contacts the top surface of the
dome 312-28. Apleugity, ab 41584 wirDA BB APttt Shierhars 190atee Isidar herbpat

emissive layer 360-28. Referring to FIG. 30, while a bottom surface of a dome 312-29 is planar, a top

surface tBEfEfh eI MasasonVaxdielabtrid\selestirJayergeldd is ineartefdntertiie convex top
surface ofdRg 41aB)e stheads ot il duraBing 2429 Aseasiad aratie dPhauwiare pidhg dpme 312-29

to completely cover the dielectric layer 350-23. 16 Like the dome 312-29, a top surface of the dielectric

lalfer 350328 174shae aheeRaaYm ofTso, A &Rl RHehkRwL 130 iFHaSAIRE 213l GlEeRMS! form. A
support e 24 2Aipdesriesiniedis? sREEl BRAHERSeREaiPUshiag3182RA planarizer

340-29 and a heat emissive layer 360-29 are sequentially disposed to 5 surround the coil bushing

210-29. AYilachtg dhamelsrtisdayes Sash2h hasia Se8VRX dpEMbcafe P Siddare AtketHisive layer
360-29. Relstlipde0=-H8. s Weievekatam suxfagpsd i isane B0 3 iscatedah thtoBeAtbfasie thereof

has a convex form. A dielectric layer 350-40 is inserted into the central top surface of the dome

312-30. ANGoHIM LIRS BIRE Gidhe Fril RS a oW had LPERIRR 1870 SR a5F sLERRIg 210-30
istlpcatedpiidéiodlialpmtaergerare sequentially disposed to surround the coil bushing 210-30.

The planarizer 340-30 has a planar top surface, but has a curved bottom surface that
contacts the top surface of the dome 312-30. A plurality of unit coils 201-30, 202-30,
and 203-30 are located inside the heat emissive layer 360-30.
Referring to FIG. 32, while a bottom surface of a dome 312-31 is planar, a top
20 surface thereof has a convex form. A dielectric layer 350-25 is inserted into the
central top surface of the dome 312-31. A bottom surface of the dielectric layer
350-25 has a concave form. A coil bushing 210-31 is located on the dielectric layer
350-25. A bottom surface of the coil bushing 210-31, which contacts a top surface
of the dielectric layer 350-25, has a convex form. A top surface of the coil bushing
25 210-31 has a concave form. A support bar 211-31 is located in the center of the
concave top surface of the coil bushing 210-31. A planarizer 340-31 and a heat
emissive layer 360-31 are sequentially disposed to surround the coil bushing 210-31.
The planarizer 340-31 has a planar top surface, but has a curved bottom surface that
contacts the top surface of the dome 312-31. A plurality of unit coils 201-31, 202-31,
30 and 203-31 are located inside the heat emissive layer 360-31.
Referring to FIG. 33, a lower dome 312a-11 and an upper dome 312b-11 are
sequentially disposed. The lower dome 312a-11 is formed of alumina and the
upper dome 312b-11 is formed of ceramic, but the present invention is not limited

thereto. A bottom surface of the lower dome 312a-11 is exposed to an inner space
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350-24. A bottom surface of the coil bushing 210-30, which contacts the top surface of the dielectric
layer 350-24, has a convex form. A top surface of the coil bushing 210-30 has a convex form. A
support bar 211-30 is located in the center of the convex top surface of the coil bushing 210-30. A
planarizer 340-30 and a heat 15 emissive layer 360-30 are sequentially disposed to surround the coil

bushi - I | 0- f that
contacts he e AL A o 1o S B R S I et MR S0 e
located iribeigphemdamendisdlyd layef B8 o3@rRioieidd 2a-HGha2 plahie topattwhbstidate of a dome
312-31 i t f . ' ic | -25 s i ted int
e centl TaoEs R, RS S OB S Rt bl e B o e e
concave i, wﬁ@ic@mbarﬁgfzfm:amgnueatwmn thﬂeaﬂéIéu&hiﬂ_gy%*rO%ia'ibowtﬁﬂt@mtb&rface of the
col b”Shb’?p%?%’c?’r%e_v%i'Et?]-‘iqr.‘taﬂ%é‘t@ﬂh%ﬂf?%%% 6f 1he Sislerishilaysh 5%?%@?&?%@’( form. A
ceo | bus -3lislo

top surfa the col ing 25 210-31 has a concave form. A support bar 211 cated in the
center oftiieteRseEReeopf S0EratPer dama P bikhing 23033s A privaizarguo-ditemewises:
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340-31 has a planar top surface, but has a curved bottom surface that contacts the top surface of the

dome 31}0BBUAfaRe Aitheraamitiskinm 2193202 A plaasize d40332pa 0z dteat iABHRSHR heat
emissive sy 36051 R NGRS bpNELIRAG IRe W L ARYBRRL Jomerd2D-11 are

sequentially disposed. The lower dome 312a-11 is formed of alumina and the up&er dome 312b-11is

fotPned oPENANTAEr BAPHE PasaRiAantpshsdrfsiginkid damarety VA baleMssiireso@k lower dome

312a-11 [MAasaféach J0RBCERTand (Shéer RIasBaehamRer, ANl @ant YIRreCHIR e/ contact
with a bottom surface of the upper dome 312b-11. The lower dome 312a-11 has planar top and

bottom stificEs A9GrAsBAiiR! raisstipRids R BeARENBSHE @eie392B2 1 is planar, a top

surface thereof hrsaARNYEF T34\ SRIWBISHE2d 1232113 neaies @ppdedottierst 2lome g2b-11. A
bottom surface of the coll bushingﬁplo-sz, which cgontacts _the toP surface of the upper dome 312b-1
S

1, also h&SAUESHAY [AIFR0Redp SMRIQVSE HRM& it IRRHIAG'2E R85 KRR RAUBRbt bar 211-32 is
lopated i rpdRNarWoRS Hrfssieont iffee’ Rishingppd-ddnfs Baperizeis3dia aantop heat emissive

surface thereof has a convex form. A dielectric layer 350-12 and a coil bushing
21-33 are sequentially disposed in the center of the top surface of the upper dome
312b-12. Like the top surface of the upper dome 312b-12, a top surface of the
dielectric layer 350-26 has a convex form. A top surface of the coil bushing 210-33

20 is planar. A support bar 211-33 is located on the planar top surface of the coll
bushing 210-33. A planarizer 340-33 and a heat emissive layer 360-33 are
sequentially disposed to surround the coil bushing 210-33. The planarizer 340-33
has a planar top surface, but has a curved bottom surface that contacts the top
surface of the upper dome 312b-12. A plurality of unit coils 201-33, 202-33, and

25 203-33 are located inside the heat emissive layer 360-33.

Referring to FIG. 35, a lower dome 312a-13 and an upper dome 312b-13 are
sequentially disposed. The lower dome 312a-13 has planar top and bottom
surfaces. While a bottom surface of the upper dome 312b-13 is planar, a top
surface thereof has a convex form. A dielectric layer 350-27 is inserted into the

30 central top surface of the upper dome 312b-13. A bottom surface of the dielectric
layer 350-27 has a concave form. A coil bushing 210-34 is located on a top surface
of the dielectric layer 350-27. A bottom surface of the coil bushing 210-34, which
contacts the top surface of the dielectric layer 350-27, has a convex form, but a top

surface thereof is planar. A support bar 211-34 is located in the central top surface
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layer 360-32 are sequentially disposed to surround the coil bushing 210-32. The 10 planarizer 340-32
has a planar top surface, but has a curved bottom surface that contacts the top surface of the upper
dome 312b-11. A plurality of unit coils 201-32, 202-32, and 203-32 are located inside the heat
emissive layer 360-32. Referring to FIG. 34, a lower dome 312a-12 and an upper dome 312b-12 are
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and an upper dome’312b-13 are sequentially disposed. The lower dome 312a-13 has planar top and
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dome 312b-13. A bottom surface of the dielectric layer 350-27 has a concave form. A coil bushing
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210-34, WieharcariatisnihsuteRceuriasestas sisherisis fayar 320081 blashtmgMe sk, but a top

surface thereof is planar. A support bar 211-34 is located in the central top surface 18 of the coill

bushing 3A¢RE ABRAPRE HRTEsH P fleateRAEGTEIHYECE ST Bie Gpl BuglntiilPd8posed to

surroundingcrcliopisbisarRlB 4uiiaed bnAEZespat @G 183 Zhplanardon swiess fBrhasa curved
bottom surface that contacts the top surface of the upper dome 312b-13. A Eluralitéfof unit coils

201-34, 36P-8413RG 8338 a0l [usiitged HisrIOAAHRRERILTE 125 R pagerbliitg ® FIG. 36,
ajewer dpRsridtlatd4randanrdPrRyy somesb2ihétaneoushing 210-35. A planarizer 340-35

and a heat emissive layer 360-35 are sequentially disposed to surround the coil

bushing 210-35. The planarizer 340-35 has a planar top surface, but has a curved

bottom surface that contacts the top surface of the upper dome 312b-14. A plurality

of unit coils 201-35, 202-35, and 203-35 are located inside the heat emissive layer
20 360-35.

Referring to FIG. 37, a lower dome 312a-15 and an upper dome 312b-15 are
sequentially disposed. The lower dome 312a-15 has planar top and bottom
surfaces. While a bottom surface of the upper dome 312b-15 is planar, a top
surface thereof has a convex form. A dielectric layer 350-28 is inserted into the

25 central top surface of the upper dome 312b-15. A bottom surface of the dielectric
layer 350-28 has a concave form. A coil bushing 210-36 is located on a top surface
of the dielectric layer 350-28. A bottom surface of the coil bushing 210-36, which
contacts the top surface of the dielectric layer 350-28, has a convex form, but a top
surface thereof has a concave form. A support bar 211-36 is located in the center

30 of the top surface of the coil bushing 210-36. A planarizer 340-36 and a heat
emissive layer 360-36 are sequentially disposed to surround the coil bushing 210-36.
The planarizer 340-36 has a planar top surface, but has a curved bottom surface that
contacts the top surface of the upper dome 312b-15. A plurality of unit coils 201-36,

202-36, and 203-36 are located inside the heat emissive layer 360-36.
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sequentially disposed. A bottom surface of the lower dome 312a-14 is exposed to an inner space of a
plasma chamber, and a top surface thereof is in contact with a bottom surface of the upper dome

312b-14. The lower dome 312a-14 has planar 10 top and bottom surfaces. While the bottom surface of
the upper dome 312b-14 is planar, a bottom surface thereof has a convex form. A coil bushing 210-35

is located on th . 12k-14 il ' 0= ' tact
the top surtace TG Bl OMEnHRME I3 St bt h el
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central top surface of the upper dome 312b-15. A bottom surface of the dielectric layer 350-28 has a
concave faen¢OA RuaMDgHNG-270-36 RI#v@sieer cit8-bpansradiedrendssive iaieTal-35ns. A
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50-28, has a convex form, but a top surface thereof has a concave form. A support bar 211-36 is

lothited iM@feacRIRBARPRPHEASH SRS G eHEVES RN W iaredhal srMaGiefR1RB6 and a heat
emissiveéav&rc%%%mspﬁ%ﬂwyzﬂsmsed\? SHBEBE AR 66ilashing 236357, ARg planarizer

340-36 has a planar top surface, but has a curved bottom surface that contacts the top surface of the

upper doAf33128!e308akrsHHNICS: et GsiLrrgsies laper #4Ad-203-36 are located inside the heat
emissive layer 38EfSRinkPtREliEsrng ta fofvePdoméonerdamea it da-Lpprchamerpersiamedl2b-16

are sequentially disposed. The lower dome 312a-16 has F?Ianar top and bottom surfaces. While a

bottom sSRILEYIANE YSPeFEdme! BEIBVR IS A 28id8 RSRIENH R PRILIERR ex form. A coil
byshing 3Lef3dels. lovateé envbrtonpREFface of the upper dome 312b-17 is planar, a top

surface thereof has a convex form. A dielectric layer 350-29 is inserted into the
central top surface of the upper dome 312b-15. A bottom surface of the dielectric
layer 350-29 has a concave form. A coil bushing 210-38 is located on the dielectric
layer 350-29. A bottom surface of the coil bushing 210-38, which contacts a top

20 surface of the dielectric layer 350-29, has a convex form. Also, a top surface of the
coil bushing 210-38 has a convex form. A support bar 211-38 is inserted into the
central top surface of the coil bushing 210-38. A planarizer 340-38 and a heat
emissive layer 360-38 are sequentially disposed to surround the coil bushing 210-38.
The planarizer 340-38 has a planar top surface, but has a curved bottom surface that

25 contacts the top surface of the upper dome 312b-17. A plurality of unit coils 201-38,
202-38, and 203-38 are located inside the heat emissive layer 360-38.

Referring to FIG. 40, a lower dome 312a-18 and an upper dome 312b-18 are

sequentially disposed. While a bottom surface of the lower dome 312a-18 is planar,
a top surface thereof has a convex form. The upper dome 312b-18 has convex top

30 and bottom surfaces. A coil bushing 210-39 is located on the upper dome 312b-18.
A bottom surface of the coil bushing 210-39, which contacts the top surface of the
upper dome 312b-18, has a convex form, but a top surface thereof is planar. A
support bar 211-39 is inserted into the central top surface of the coil bushing 210-39.

A planarizer 340-39 and a heat emissive layer 360-39 are sequentially disposed to
20



5 dome 312b016. A bottom surface of the coil bushing 210-37, which contacts the top surface of the
upper dome 312b-16, has a convex form, but a top surface thereof has a concave form. A support bar
211-37 is inserted into the central top surface of the coil bushing 210-37. A planarizer 340-37 and a
heat emissive layer 360-37 are sequentially disposed to surround the coil bushing 210-37. The
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A planarizer -38 and a heat emissive layer 360-38 are sequentially disposed to surround the coil
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25 contagisfieotpARs SHARELPHBCHIRRISHMY S 36240 LR sMiBee tatiepissRisdr #e2-38, and
203-38 are located inside the heat emissive Tayer 360-38. Referring to FIG. 40, a lower dome 312a-18
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312a-18 isiplafiphad A0foRvERFBHRCreRTIRHBrEBRYEX IanD -id NsERBENHRIMRSSAEhES fags convex top
30 and bottom surfaces. A coll b,usk\:i@rﬁ%eﬂ -39 is located on the upper dome 312b-18. A bottom
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surface ot4HECDIPHLhIRY RSB0 RontAdaR iRy ShP:48 8Rthe A& sRECI#YBI18, has a

convex f@en-hotadueguEataIfpersedsealanairdsiPPRideantishiag B1ipseutedTirw the central top
surface of the coil bushir&ZlO-S& A planarizer 340-39 and a heat emissive layer 360-39 are

sequenti@IFHREEEESH o BONGR R R iPHURMPYL H 02 BHEVSA AP skbiaerHhal: planar top
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202-40, and 203-40 are located inside the heat emissive layer 360-40.
Referring to FIG. 42, a lower dome 312a-20 and an upper dome 312b-20 are
sequentially disposed. While a bottom surface of the lower dome 312a-20 is planar,
a top surface thereof has a convex form. The upper dome 312b-20 has convex top
20 and bottom surfaces. A coil bushing 210-41 is located on the upper dome 312b-20.
A bottom surface of the coil bushing 210-41, which contacts the top surface of the
upper dome 312b-20, has a convex form, but a top surface thereof has a concave
form. A support bar 211-41 is inserted into the central top surface of the coil
bushing 210-41. A planarizer 340-41 and a heat emissive layer 360-41 are
25 sequentially disposed to surround the coil bushing 210-41. The planarizer 340-41
has a planar top surface, but has a curved bottom surface that contacts the top
surface of the upper dome 312b-20. A plurality of unit coils 201-41, 202-41, and
203-41 are located inside the heat emissive layer 360-41.
Referring to FIG. 43, a lower dome 312a-21 and an upper dome 312b-21 are
30 sequentially disposed. While a bottom surface of the lower dome 312a-21 is planar,
a top surface thereof has a convex form. The upper dome 312b-21 has convex top
and bottom surfaces. A dielectric layer 350-30 and a coil bushing 210-42 are
sequentially disposed in the center of the top surface of the upper dome 312b-21.

Like the top surface of the upper dome 312b-21, a top surface of the dielectric layer
21



312b-18. A plurality of unit coils 201-39, 202-39, and 203-39 are located inside the heat emissive
layer 360-39. 5 Referring to FIG. 41, a lower dome 312a-1 9 and an upper dome 312b-1 9 are

sequentially disposed. While a bottom surface of the lower dome 312a-19 is planar, a top surface
thereof has a convex form. The upper dome 312b-19 has convex top and bottom surfaces. A coil

bushi 40| -19.. A hott f ' hing 210-40,
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The uppqﬁ@&%&%%@g@g@m@x top 20 and bottom surfaces. A coil bushing 210-41 is located on
the upper dome 312b-20.” A bottom surface of the coil bushing 210-41, which contacts the top surface
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340-41 and a heat emissive layer 360-41 are 25 sequentially disposed to surround the coil bushing

2108-41. BniopIaHERSEBARAN AR LOMeX I surft@ UpREn 2o me i éR-Betlita Sam4eX iPat

contacts #R|ieetsHIaGaRIdEe URRREIdeme BYeb38b-A Phraliyceliuiisamily 203-43 o#82-41, and
203-41 are located inside the heat emissive Iager 360-41. Referring to FIG. 43, a lower dome 312a-21

and an upperaBhwddiaRosedn Kie eqliehrhifaiopsitiasRicieuRReh LMect st iower dome

312a-21 sidanartop tnfaeEasaribaippbhasmeeneexdorm dpeuracs aptmhe dicibotichagdionvex top
and bottom surfaces. A dielectric layer 350-30 and a coil bushing 210-42 are sequentially disposed in

the center 1 hE 155 FRESI M uppErdioR S9Hace likerait Ry singea! G enaser dome

318b-21,cvinesisiese oA heppisrepticdayes3s inserted into the central top surface of the coil
bushing 210-43. A planarizer 340-43 and a heat emissive layer 360-43 are
sequentially disposed to surround the coil bushing 210-43. The planarizer 340-43
has a planar top surface, but has a curved bottom surface that contacts the top
surface of the upper dome 312b-22. A plurality of unit coils 201-43, 202-43, and
20 203-43 are located inside the heat emissive layer 360-43.
Referring to FIG. 45, a lower dome 312a-23 and an upper dome 312b-23 are
sequentially disposed. While a bottom surface of the lower dome 312a-23 is planar,
a top surface thereof has a convex form. The upper dome 312b-23 has convex top
and bottom surfaces. A dielectric layer 350-32 and a coil bushing 210-44 are
25 sequentially disposed in the center of the top surface of the upper dome 312b-23.
Like the top surface of the upper dome 312b-23, a top surface of the dielectric layer
350-32 has a convex form. However, a top surface of the coil bushing 210-44 has a
concave form. A support bar 211-44 is located in the center of the concave top
surface of the coil bushing 210-44. A planarizer 340-44 and a heat emissive layer
30 360-44 are sequentially disposed to surround the coil bushing 210-44. The
planarizer 340-44 has a planar top surface, but has a curved bottom surface that
contacts the top surface of the upper dome 312b-23. A plurality of unit coils 201-44,
202-44, and 203-44 are located inside the heat emissive layer 360-44.
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350-30 has a convex form. A top surface of the coil bushing 210-42 is planar. A support bar 211-42 is
inserted into the central top surface of the coil bushing 210-42. A planarizer 340-42 and a heat
emissive layer 360-42 are sequentially disposed to surround the coil bushing 210-42. The planarizer
340-42 has a planar top surface, 5 but has a curved bottom surface that contacts the top surface of the
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bushing pillar 420 and have curved shapes on the top surface B of the insulating
pillar 410. Although only three unit coils are shown in FIG. 46, which is intended
merely to be illustrative, a greater number of unit coils than m coils (here, m=2, mis
an integer) can be used. The first, second, and third unit coils 401, 402, and 403

20 are located in a spiral shape along the circumference of the top surface B of the
insulating pillar 410. Each of the first, second, and third unit coils 401, 402, and
403 has a number n of turns (here, n is a positive real number) and coils around the
bushing pillar 420. Once each of the first, second, and third unit coils 401, 402, and
403 respectively reaches a certain point a, b, and c that is positioned at an edge of

25 the insulating pillar 410 at radius (r) apart from the bushing pillar 420, the first,
second, and third unit coils 401, 402, and 403 follow a helical trajectory around a
lateral surface of the insulating pillar 410 until they reach the bottom surface A.

FIG. 47 is a cross-sectional view of a plasma chamber using the plasma

source coil of FIG. 46.

30 Referring to FIG. 47, the structure of a plasma chamber 300-1 is similar to
that of the plasma chamber 300 of FIG. 3 with the exception of a plasma source coil.
In the plasma chamber 300-1, a certain size of inner space 304 is defined by outer
walls 302 and a dome 312. Although the inner space 304 of the plasma chamber

300-1 is externally open in the drawing for simplicity, the inner space 304 is
23



22 FIG. 46 shows a plasma source coil according to another embodiment of the present invention.
Referring to FIG. 46, the plasma source coil is comprised of an insulating pillar 410 having a bottom
surface A and a top surface B. This insulating pillar 410 5 is a circular cylinder, through which a
conductive bushing pillar 420 is located in a vertical direction. Although the insulating pillar 410 and the
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similar to that of the plasma chamber 300 of FIG. 3 with the exception of a plasma source coil. In the

plasma cIEHHRIGRE BEKIPRFSPA BISHRANS RIEBAGS AR PHF Y fer Thus, the

15 plasma chamber 300-1 of the present invention enhances various characteristics,
such as etch selectivity, etch rate, and reproducibility.
FIG. 48 is a plan view of a plasma source coil according to another
embodiment of the present invention.
Referring to FIG. 48, the plasma source coil is comprised of a coil bushing
20 210f located in the center thereof and a plurality of unit coils 201f, 202f, and 203f.
The coil bushing 210f is formed of a conductive material, for example, copper.
Although not shown in the drawing, the coil bushing 210f is connected to an RF
power supplier to receive power. Also, FIG. 48 shows that the coil bushing 210f
has a circular shape, but the present invention is not limited to the circular shape of
25 the coil bushing 210f. Of course, the coil bushing 210f can have various circular
shapes, such as a circle and a circular donut, or polygonal shapes, such as a square,
a square donut, a hexagon, a hexagonal donut, an octagon, an octagonal donut, and
a triangle.
A first unit coil 201f, a second unit coil 202f, and a third unit coil 203f are
30 arranged to diverge from the coil bushing 210f and spirally coil around the coil
bushing 210f. In the present embodiment, three unit coils were exemplarily used,
but the present invention is not limited to the foregoing number of unit coils. That is,
the plasma source coil can include m unit coils (here, m =22, and m is an integer).

Each of the unit coils 201f, 202f, and 203f has a number n of turns (here, nis a
24



walls 302 and a dome 312. Although the inner space 304 of the plasma chamber 300-1 is externally
open in the drawing for simplicity, the inner space 304 is 23 externally shut for practical use to
maintain vacuum in the plasma chamber 300-1. A wafer support 306 is located at a lower portion of
the inner space 304 to support semiconductor wafers 308 having certain patterns. An RF power
supplier (‘% ted to the watf AR insulatt illar. 410 ushi illar 420, 5
anc it SRS R, S o bol, RS Bl b0 1 O R
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respectively.

15
L=2n7nR, (1)

_nl
27R,

(@)

20 Z =2maR, (3)

In Equations 1, 2, and 3, | denotes the amount of current that flows through
each of the unit coils 201f, 202f, and 203f, R denotes an effective radius of each coil
from the center of the coil bushing 210f, n denotes the number of turns, and w

25 denotes the resonance frequency.

As can be seen from Equation 1, the entire length L is proportional to the
effective radius Re.  In the plasma source coil of the present invention, since unit
coils coil around a coil bushing located in the center of the plasma source coil and
are curved in wave shapes, each unit coil has a longer entire length L than in typical

30 single plasma source coils. As the entire length L increases, when the number n of
turns is constant, the effective radius Re also increases. As can be seen from
Equation 2, the effective radius Re is inversely proportional to the intensity H of

magnetic field. Also, as can be seen from Equation 3, the effective radius Re is
25



bushing 210f. In the present embodiment, three unit coils were exemplarily used, but the present
invention is not limited to the foregoing number of unit coils. That is, the plasma source coil can
include m unit coils (here, m >_ 2, and m is an integer). Each of the unit coils 201f, 202f, and 203f has
a number n of turns (here, n is a 24 positive real number). Since the first, second, and third unit coils

201f, 20 , ver 0 coil bushi t r that ligd to the coil
bushing?Igﬁ(%té%&%ggﬁ\é%gméﬁésagge%on?f%rgg Tzr%? uengﬁ:e:ﬁqsw%%g?? gﬁ%%%’é? ach of th(le
first, seconigresityl thied maigoetis oMt dxa2éaaes J03f ibeilipedadcend tuit¢assttng 21 Of while forming
“shaped et e ain inter N il bushi
210 Ths, el ol B B e pr R R R Sy e
from or relqieemzivsa pagvaehambet e dof sushing heneasdbadinyesipocaidns.invamalbever, it is
ferabl intai in ir - f i : ' it coils 201f,
031, anc A O e d e ST bl A 0 R
length L, e antdpxiip B epihrigeien fkhyaddolas Masdtrineerz cainpe theiesdhias aHasilnsin
Equations L2 AiikBto BRPRSHIVEN i3 LRAMRR AN Ber W R3ctZRE A8, TiRsGRe (3) In Equations

1, 2, and'3, I denotes the amount of current that flows through each of the unit coils 201 f, 202f, and
203f, Re tReREEINTR AR NEUIBRINE® freatheantirsm e Bnien Hihis deHBeRAING 2201, n denotes
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entire length L is proPortionaI to the effective radius Re. In the plasma source coil of the present

inlntiond8il WiPlasmadsil S6lee LainmiehrlgIRtERAsPthe ARRFERERIBIEGIRESSHNCE coil
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plasma source cails. As the entire length L increases, when the number n of
speed of removing byproducts caused by chemical reactions during an etch process
is high, since the etch rate also slows down, the rate ACD of change in critical
dimension (CD) is reduced.

15 FIG. 49 is a plan view of a plasma source coil according to another
embodiment of the present invention.

Referring to FIG. 49, the plasma source coil is comprised of a coil bushing
210g located in the center thereof, and a first plasma source coil portion A and a
second plasma source coil portion B, which sequentially surround the coil bushing

20 210g. The first plasma source coil portion A comprises first unit coils 201g-1,
202g-1, and 203g-1, which diverge from the coil bushing 210g and coil around the
coil bushing 210g. The second plasma source coil portion B comprises second unit
coils 201g-2, 202g-2, and 203g-2, which extend from the first unit coils 201g-1,
202g-1, and 203¢g-1, respectively, and coil around the first plasma source coil portion

25 A

More specifically, the coil bushing 210g, located in the center of the first
plasma source coil portion A, is formed of a conductive material, for example, copper.
The first unit coils 201g-1, 202g-1, and 203g-1, which are also formed of a
conductive material, for example, copper, diverge from the coil bushing 210g.

30 Although only three unit coils 201g-1, 202g-1, and 203g-1 are shown in the drawing,
which is intended merely to be illustrative, it is obvious that a greater number of unit
coils than m coils (m = 2, and m is an integer) can be used. The first unit coils
201g-1, 202g-1, and 203g-1 are located in a spiral shape along the circumference of

the coil bushing 210g. Each of the first unit coils 201g-1, 202g-1, and 203g-1 has a
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turns is constant, the effective radius Re also increases. As can be seen from Equation 2, the
effective radius Re is inversely proportional to the intensity H of magnetic field. Also, as can be seen
from Equation 3, the effective radius Re is 25 proportional to the impedance Z. Hence, as the effective
radius R. increases, the intensity H of magnetic field decreases, but the impedance Z increases. As is
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embodiment of the present invention. Reférring to FIG. 49, the plasma Source coil is comprised of a
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source call S%tion A comprises first unit coils 201g-1, 202g-1, and 203g-1, which diverge from the coil

1
bd8hing 20RSyAMAEAPRIaHNANC 6 RS TRIGl PosS 1 ha (HALRIBSDARRLERR SBikion B
comprisesaeANA 462G 29 BBTAI2T-HANERP3T R pHbisruersanch e s Nt coils 201g-1,

202g-1, and 203g-1, respectively, and coil around the firstglasma source coil portion 25 A. More

specificaliai@\Bawes /e 1901 db8eaGANH S BR et DA tHY 17 s £ (s 288 B8 ESH portion A, is
formed of a congygiy@ragéenialnion Sxashi|isepRes. sEBerd inindaRaiis(AQL a; Ro2XPa; arknd 203g-1,

which are also formed of a conductive material, for example, copper, diverge from the coil bushing
2109. 203g-2 in the second plasma source coil portion B are curved in wave shapes and

15 coil around the first plasma source coil portion A, the plasma source coil has a longer
entire length L than conventional single plasma source coils. As the entire length L
increases, when the number n of turns is constant, the effective radius Re also
increases. As the effective radius Re increases, the intensity H of magnetic field
decreases, but the impedance Z increases. Hence, as the ion flux is reduced with a

20 decrease in the intensity H of magnetic field and an increase in the impedance Z, the
density of plasma in an edge of a wafer also decreases. As described with
reference to FIG. 48, a decrease in the density of plasma leads to a slowdown of the
etch rate. As a result, even if the diffusing speed of removing byproducts caused by
chemical reactions during an etch process is high, since the etch rate also slows

25 down, the rate ACD is reduced.

FIG. 50 is a cross-sectional view of a plasma chamber using the plasma
source coil of FIG. 49.
Referring to FIG. 50, the structure of a plasma chamber 300-2 is similar to

that of the plasma chamber 300 of FIG. 3 with the exception of a plasma source coil

30 200g. Since the operation and effect of the plasma chamber 300-2 are the same as
those of the plasma chamber 300 as described with reference to FIG. 3, a
description thereof will not be repeated here. The plasma chamber 300-2
comprises the plasma source coil 200g, which is made up of a first plasma source

coil portion A and a second plasma source coil portion B.  Since the plasma source
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30 Although only three unit coils 201g-1, 202g-1, and 203g-1 are shown in the drawing, which is
intended merely to be illustrative, it is obvious that a greater number of unit coils than m coils (m >_ 2,
and m is an integer) can be used. The first unit coils 201g-1, 202g-1, and 203g-1 are located in a
spiral shape along the circumference of the coil bushing 210g. Each of the first unit coils 201 g-1,
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the, first %II"E')?@% l"g.‘,fBC?lﬂ pféiti% A Thus, the second unit coils 201g-2, 202g-2, and 10 203g-2 may
be relatively far from or relatively close to the first plasma source coil portion A according to positions.
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is constant, the effective radius Re also increases. As the effective radius Re increases, the intensity

H18f maghtee.fiMd likdfedivesgeiiaReatgrsiahtiie Zateakva DUghiy A3 tHarmM e peadddced with

a 20 deciparfein HiRiMHINNDL] Magnain fieldrreganinsreasividifaemieedsschvéne density of
plasma in an edge of a wafer also decreases. As described with reference to FIG. 48, a decrease in

the densRyefip@IhA0daIIREJesRREE ol tHRe e tthhid 148 al sti@rddd #dhe BiRLEISY speed of

removingcByRiigsl1ats caHaaAd yhiedeaiigm serrtR asdidiagean e il frpeshe giRiehosingaitheeetch rate
also slows 25 down, the rate ACD is reduced. F|G. 50 is a cross-sectional view of a plasma chamber

using thes&&g%cg&“p&k@%rﬁéhq@urth coll line 1124 are located in an opposite

15 direction.
The first coil line 1121, which diverges from the conductive bushing 1110,
extends from a point A toward a circular boundary line 1101, which is illustrated with
a dotted line and defines the area of the plasma source coil 1100, and turns at a
certain position to extend along the boundary line 1101. After that, the first coil line
20 1121 extends further as indicated by arrows 1130 of FIG. 51A and finally is grounded
(not shown) adjacent to the boundary line 1101, i.e., at a point B.
The second coil line 1122 diverges from the conductive bushing 1110
adjacent to a position of the plasma source coil 1100, where the first coil line 1121
extends toward the boundary line 1101 and is grounded. The arrangement of the
25 second coil line 1122 is similar to that of the first coil line 1121. The third coil line
1123 diverges from the conductive bushing 1110 at a position of the plasma source
coil 1100, where the second coil line 1122 extends toward the boundary line 1101
and is grounded. Likewise, the fourth coil line 1124 diverges from the conductive
bushing 1110 at a position of the plasma source coil 1100, where the third coil line
30 1123 extends toward the boundary line 1101 and is grounded. The arrangement of
the third coil line 1123 or the fourth coil line 1124 is the same as that of the first coil
line 1121 or the second coil line 1122.
In this plasma source coil 1100, RF currents flow through adjacent portions of

each coll line in the opposite directions. For example, in the first coil line 1121, as
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Referring to FIG. 50, the structure of a plasma chamber 300-2 is similar to that of the plasma chamber
300 of FIG. 3 with the exception of a plasma source coil 30 200g. Since the operation and effect of the
plasma chamber 300-2 are the same as those of the plasma chamber 300 as described with reference
to FIG. 3, a description thereof will not be repeated here. The plasma chamber 300-2 comprises the
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chue BHakiRY l}ﬂ'llgré-sr@ﬂ‘f’&% d to a power applying line 1111,
through which an RF current flows from an RF power supplier into the conductive bushing 1110. Four

coil lines 1121, F1G2520s1a péasima sepacai¢eibadeerisgdesopthecomntinestiveptishihg 1110 and are
located iggide & fikrsidpRoundary line 1101. An RF current flows from the conductive bushing 1110
into the respective coil lines 1121, 1122, 1123, and 1124. The first coil line 1121 and the third coil line
1123 are locateBRfieip o §ite dréctivhstiHatiie aidberelasnaseurcecaid #ROfsusimtian ithe 1124

are locatgeipARRRRHR-1SoaHes ien. JHradirs cailite ke 2hubirghdivargesiom e onductive

bushing 1110, extends from a point A toward a circular boundary line 1101, which is illustrated with a

ddfted linRA&RrCadrinesdverara briha SR hERESBEINIAL) angREMECAY, EeHRaPRSERRN to

extend alghgréecBRUNGRN L HFELIDIA Adtssitdats Rdistiroibing R8s 12 exterpisifipthes fs indicated
by arrows 1130 of FIG. 51 A and finally is grounded (}not shown) adjacent to the boundary line 1101,

i.e., at a pokt BiveressEeamienaniElve BRtigesHd M ¥ SRReRR A/ ECOLEIMYarYeb aRdfcent to a
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line 1101 and is, grounded. The arrangement of the 25 second coil line 1122 is similar to that of the first
coil line apkog anirpesiions where first through fourth coil lines 1221, 1222, 1223, and
15 1224 diverge from the conductive bushing 1210 are not located at regular intervals.
The first coil line 1221 pairs with the fourth coil line 1224, and the second coil line
1222 pairs with the third coil line 1223. A pair of coil lines diverge from the
conductive bushing 1210 at adjacent positions. The first and fourth coil lines 1221
and 1224 diverge from the conductive bushing 1210 at adjacent positions, and the
20 second and third coil lines 1222 and 1223 diverge from the conductive bushing 1210
at adjacent positions. The plasma source coil 1200 of the present embodiment has
the same effect as the plasma source coil 1100. That is, as indicated by arrows
1230, RF currents flow through adjacent portions of each coil line in the opposite
directions. As a result, the intensity of magnetic field increases.
25 FIG. 53 is a plan view of a plasma source coil according to another
embodiment of the present invention.

Referring to FIG. 53, the structure of the plasma source coil 1300 is similar to
that of the plasma source coil 1100 of FIG. 51A, with the exception of the number of
coil lines that diverge from a conductive bushing 1310. That is, while the plasma

30 source coil 1100 includes four coil lines that diverge from the conductive bushing
1110, the plasma source coil 1300 of the present embodiment includes two coil lines
that diverge from the conductive bushing 1310. The plasma source coil 1300
comprises the conductive bushing 1310, from which a first coil line 1321 and a

second coil line 1322 diverge. A position of the plasma source coil 1300 where the
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1123 diverges from the conductive bushing 1110 at a position of the plasma source coil 1100, where
the second coil line 1122 extends toward the boundary line 1101 and is grounded. Likewise, the fourth
coil line 1124 diverges from the conductive bushing 1110 at a position of the plasma source coil 1100,
where the third coil line 30 1123 extends toward the boundary line 1101 and is grounded. The

arrange -the thi il li r i1 124 i same t first coll
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1210. Specitically, in the plasma source coil 1100 of FIG. 51 A, positions where the coll lines 1121,
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where first through fourth coil lines 1221, 1222, 1223, and 15 1224 divérge from the conductive
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1224, angd il geril 6PiHE8eddrd Bairinutiabe [Dibeaihiaad 44 6 Iy seeibiinge diveige from
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coil 1200 of the present embodiment has the same effect as the plasma source caqil 1100. That is, as

indicated3{P¥Polis O 730 R R Ao e ueiagireei RartipBrisheas beh if ihi the opposite

15 opposite directions. As a result, the intensity of magnetic field increases.
FIG. 54 is a plan view of a plasma source coil according to another
embodiment of the present invention.
Referring to FIG. 54, the structure of the plasma source coil 1400 is similar to
that of the plasma source coil 1300 of FIG. 53, with the exception of a position where
20 each coil line diverges from a conductive bushing 1410. Specifically, in the plasma
source coil 1300 of FIG. 53, a position where the first coil line 1321 diverges from the
conductive bushing 1310 is directly opposite to a position where the second coil line
1322 diverges therefrom. However, in the plasma source coil 1400 of the present
embodiment, a position where a first coil line 1421 diverges from the conductive
25 bushing 1410 is adjacent to a position where a second coil line 1422 diverges
therefrom. The first and second coil lines 1421 and 1422 diverge from adjacent
positions of the conductive bushing 1410 and extend in the opposite directions.
That is, the first coil line 1421 extends on the right of the conductive bushing 1410,
and the second coil 1422 extends on the left thereof. Since the arrangement of the
30 plasma source coil 1400 is similar to that of the plasma source coil 1300 of FIG. 53,
a description thereof will not be repeated here. The plasma source coil 1400 of the
present embodiment has the same effect as other foregoing plasma source coils.
That is, as indicated by arrows 1430, RF currents flow through adjacent portions of
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directions. As a result, the intensity of magnetic field increases. 25 FIG. 53 is a plan view of a plasma
source coil according to another embodiment of the present invention. Referring to FIG. 53, the
structure of the plasma source coil 1300 is similar to that of the plasma source coil 1100 of FIG. 51 A,
with the exception of the number of coil lines that diverge from a conductive bushing 1310. That is,

while the : ourge coll [ our £Qil lj hat di fro ive bushing
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the condinti@adeshing 1310. The plasma source coil 1300 comprises the conductive bushing 1310,
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coil 1300 where t ! diverges from the conductive bushing 1310 is directly
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along the boundary line. After that, the first coil line 1321 extends further as indicated by arrows 1330
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source coil 1300 of the present embodiment has the same effect’as the plasma source coils of other
fof@going Rersfiniive brshing, 13 iAdnskisIegGataddna 1edd, semiciicknhes AdWenteligh adjacent

portions %wmgpndm%ﬁimﬁslm eppaeiteWeeliantedsine andadnp dyansityef orageetic field
increases. FIG. 54 is a plan view of a plasma source coil according to another embodiment of the

present iRRHTIBSQERSFRY 10RAs. SAasecanrerl BiRnEosRINETIGHEOTHR MR BAHHRA to that

of the plasimiaesesrer CALBEHME 5183 vitl 1oe A¥erplianal SoRAsiHOE vipeeh30rasl Gailine
diverges from a conductive bushingq 1410. Specifically, in the plasma_ source cqil 1300 of FIG. 53, a

position Witk the st €oi g 1321 GieRfssSRYRhi the right semicircle and the second

15 coil line 1522 extends spirally in the right semicircle inside the circular boundary line.
More specifically, the first coil line 1521, which diverges from the conductive

bushing 1510, extends toward the boundary line and turns at a certain position
adjacent to the boundary line to extend along the boundary line.  After that, the first
coil line 1521 extends spirally as indicated by arrows 1530 and finally is connected to

20 a first ground line 1541 that is located in the center of the right semicircle of the
boundary line. Similarly, the second coil line 1522 diverges from the conductive
bushing 1522, extends spirally in the left semicircle, and finally is connected to a
second ground line 1542 that is located in the center of the left semicircle of the
boundary line.

25 In the plasma source coil 1500 of the present embodiment, RF currents flow
through some adjacent portions of the first coil line 1521 or the second coil line 1522
in the same direction. However, the RF current flows through the first coil line 1521
in the opposite direction from the RF current that flows through the second coil line
1522 at a portion 1500a where the first coil line 1521 is adjacent to the second coill

30 line 1522. Thus, the intensity of magnetic field increases at the portion 1500a.
Also, RF currents flow through adjacent portions of the first coil line 1541 in the
opposite directions at a portion 1500b1 adjacent to the first ground line 1541.
Similarly, RF currents flow through adjacent portions of the second coil line 1542 in
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conductive bushing 1310 is directly opposite to a position where the second coil line 1322 diverges
therefrom. However, in the plasma source coil 1400 of the present embodiment, a position where a
first coil line 1421 diverges from the conductive 25 bushing 1410 is adjacent to a position where a
second coil line 1422 diverges therefrom. The first and second coil lines 1421 and 1422 diverge from

adjacent itions: \Y [ . int ite directions.-Fhat is, the
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coil line 1521 diverges fromthe conductive bushing 1510'is directly opposite’to a position where the
second c8Auiise 1300 fidfaeaTharpghenTweaneectisticeih e rgeehieRs ERTJPer position of 10

the condygiivk BtpbingshE AFbisslenaies) 1B soigk Semipkeitch RbR R Qosslant ling which is
illustrated with a dotted line and defines the area of the plasma source coil 1500. The second coil line

1592 divéieRs A¥RIGER NS ERMon 9 WRYBHAUER RlBRRGIF Y sEocaid ROBcarash@Neft semicircle
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second 15 coil line 1522 extends spirally in the right semicircle inside the circular boundary line. More
specificafyPARRR MR SegandeRiHinRd A¥RIIRE HEiaNe didhigteniblingE8ad toward
the bounglai¢h RSrALtIRCEHiIRiN BRFAtIoNs MAiGaeodhe s pslpaydinectregrdend along the

boundary line. After that, the first coil line 1521 extends spirally as indicated by arrows 1530 and

finally is QOMISARH S 0V HIRRSISHIMSTRIRL B 2 FRited e @it iniBe StaRtaightelRiRircle of

the position adjacent to the boundary line. After that, the first coil line 1621 extends
spirally as indicated by arrows and finally is connected to a first ground line 1641.
Likewise, the second coil line 1622 diverges from the conductive bushing 1610 at a
position adjacent to the position where the first coil line 1621 diverges, extends
spirally in a left semicircle of the boundary line, and finally is connected to a second
20 ground line 1642.

In the plasma source coil 1600, RF currents flow through adjacent portions of
the first coil line 1641 in the opposite directions at a portion 1600a adjacent to the
first ground line 1641. Similarly, RF currents flow through adjacent portions of the
second coil line 1642 in the opposite directions at a portion 1600b adjacent to the

25 second ground line 1642. The intensity of magnetic field increases at the portions
1600a and 1600b.

FIG. 57 is a plan view of a plasma source coil according to another
embodiment of the present invention.

Referring to FIG. 57, the plasma source coil 1700 of the present embodiment

30 comprises a conductive bushing 1710 and has an area defined by a circular
boundary line, which is illustrated with a dotted line and spaced a certain radius apart
from the conductive bushing 1710. The area defined by the circular boundary line
is divided into four regions, i.e., a first region 1700a, a second region 1700b, a third

region 1700c, and a fourth region 1700d. A first coil line 1721 diverges from the
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boundary line. Similarly, the second coil line 1522 diverges from the conductive bushing 1522,
extends spirally in the left semicircle, and finally is connected to a second ground line 1542 that is
located in the center of the left semicircle of the boundary line. 25 In the plasma source coil 1500 of
the present embodiment RF currents flow through some adjacent portions of the first coil line 1521 or
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with the exception of a position where each coil line dive es from a conductive bushing 1610.
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diverges therefrom. However, in the plasma source coil 1600, a position where a first coil line 1621
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toward a circular boundary line, which is illustrated with a dotted line, and turns to the rlgiht at a certain
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indicated|ipy arrowiRRAdERINs i FRNBEAERSLIY & Hishergund inenttdiketdisawiagatplageond coil line
1622 diverges from the conductive bushin H? 1610 at a rE)é)qultlon adjacent to the_position where the first

coil line TBPPEIVRFGES ALY SFRANG [H1G feftdeRAiEHRIe D MRCEOLRTOR N WHYTRIRG is

capnectei7igal sedpnd specifically, each of the first, second, third, and fourth coil lines 1721,
1722, 1723, and 1724 extends radially from the conductive bushing 1710 toward the
boundary line, then extends parallel to the boundary line, then goes back toward the
conductive bushing 1710, then extends parallel to the conductive bushing 1710, and
then repeats the above trajectory to reach the first, second, third, or fourth ground

20 line 1741, 1742,1743, or 1744.

In this arrangement, a first portion 1721a of the first coil line 1721 is located
adjacent to a second portion 1724b of the fourth coil line 1724, and a second portion
1721b of the first coil line 1721 is located adjacent to a first portion 1722a of the
second coil line 1722. A second portion 1722b of the second coil line 1722 is

25 located adjacent to a first portion 1723a of the third coil line 1723, and a second
portion 1723b of the third coil line 1723 is located adjacent to a first portion 1724a of
the fourth coil line 1724. As indicated by arrows, RF currents flow through these
adjacent portions (1721a and 1724b, 1721b and 1722a, 1722b and 1723a, and
1723b and 1724a) of the coil lines 1721, 1722, 1723, and 1724, in the opposite

30 directions. Thus, the intensity of magnetic field increases between the first portion
1721a of the first coil line 1721 and the second portion 1724b of the fourth coil 1724,
the second portion 1721b of the first coil line 1721 and the first portion 1722a of the
second coil line 1722, the second portion 1722b of the second coil line 1722 and the
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20 ground line 1642. In the plasma source coil 1600, RF currents flow through adjacent portions of the
first coil line 1641 in the opposite directions at a portion 1600a adjacent to the first ground line 1641.
Similarly, RF currents flow through adjacent portions of the second coil line 1642 in the opposite
directions at a portion 1600b adjacent to the 25 second ground line 1642. The intensity of magnetic

feld incropseaal e PR ABORARNGA000 751504 e lanNIEAl A FI3B spige col

according to another embodiment of the present invention. erring e plasma source
coil 1700tbircheqirtiserit /&3 ol rttenfirsOpsutigrid €8 4ecohithectone thushildne 71i424nd has an area

defined by a cir r i ich s il i ted ling. certain radius
apart from the c%gn@dl?g?\f/ég%%wg q\gfl%\m '?Iﬁé g%%ﬁﬁ%%ﬁ%@tﬁéﬁc%}@ﬁ gglcj)sngj‘agry |2e is divided into
four regic@sbpdimefitsefrégapreyeuanyaisvnd region 1700b, a third region 1700c, and a fourth

region 1700c Adust i ineFi2 61 Aig 0 486,32 ANl B AHETINASHHQ Ap i angted n the

first region 1700a. A second coil line 1722 diverges from the conductive bushing 1710 and is located
in the sed®riffrrgiviromiHirl Aavmeascripad ethes erohrdieestriinctvat BnshpieiGaibliagd is located

in the thiyg SeciRm A0 oMSP cBARKKRVECH GG '?éfﬁYerﬁﬁétf\’Qf‘PHQ%Gﬂ’ﬂHHq%’?&dW?% 1710

and is located in the fourth region 1700d. The first coil line 1721 diverges from the conductive bushing
1710 andr@RiéhRIsanduaiveI e RIRGpES ranereatfriyio dne Shareral i eersderier of the

first regiaq 4 7RPBAMIARFRAE, SO LAG TR AIYSAERHTE FoHELAREILCING dUSBEIGCAT} ORed extends

in a fan blade shape to reach a second ground line 1742 10 located in the center of the second region

1700b. TREkHRE ¢6RARXENSS dioardBe GriAUREVEdRIRIvngeIRIShiAYart haReEREEdiifa fan blade
shape to spachertaish S AING &7t B6atashiy rcentappbiherhing Bgiead #QRFaAsp. the fourth

coil line 1724 diverges from the conductive bushing 1710 and extends in a fan blade shape to reach

a fourth JRSURECTBTErRNERLAIBE PRYRIGEK IS iR qelfiRG d§6R a8t park avRrd BEifically, each of
the first, sepRRtitirdugnmhovsiocendnexibndd, phrakl 1628 aivhduaiveBesHm sl ispe the

conductive bushing 1710 toward the boundary line, then extends parallel to the boundary line, then
goes badlRERERIS the above trajectory of a fan blade.  The coll 1820 repeats this process
15 four times as indicated by arrows. In this arrangement, many portions of the coll
line 1820 are located adjacent to one another, and RF currents flow through the
adjacent portions in the opposite directions. Thus, the intensity of magnetic field
increases between the adjacent portions of the coil line 1820.
FIG. 59 is a plan view of a plasma source coil according to another
20 embodiment of the present invention.
Referring to FIG. 59, the structure of the plasma source coil 1900 of the
present embodiment is similar to that of the plasma source coil 1800 of FIG. 58,
except that the plasma source coil 1900 has the shape of two semicircles.  That is,
in the plasma source coil 1900, one coil line 1920 diverges from a conductive
25 bushing 1910 and extends inside a circular boundary line, which is illustrated with a
dotted line. The coil line 1920 extends in a right semicircle of the boundary line to
form a fan blade shape and then extends in a left semicircle of the boundary line to
form another fan blade shape. In the plasma source coil 1900, as indicated by
arrows 1930, RF currents flow through adjacent portions of the coil line 1920 in the
30 opposite directions. Thus, the intensity of magnetic field increases between the
adjacent portions of the coil line 1920.
FIG. 60 is a plan view of a plasma source coil according to another
embodiment of the present invention.
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conductive bushing 1710, then extends parallel to the conductive bushing 1710, and then repeats the
above trajectory to reach the first, second, third, or fourth ground 20 line 1741, 1742,1743, or 1744. In
this arrangement, a first portion 1721 a of the first coil line 1721 is located adjacent to a second
portion 1724b of the fourth coil line 1724, and a second portion 1721 b of the first coil line 1721 is

located adj j i 2 il i tion 1722b of th
second col e 190 LA e 0 e B S A o Rl e 1725, anc
second ponbodinTRBhH af trezhiscdedinéiddoy ZPaiieUmrhed rahay dnetond iz i p ditisinelg@ Adtbfathe
fourth coil ling 1724 As, indi ' tions (1721
and 1720 A T A R B e e A B I o 1
1723, antegiaa 2000 appasiteusth deenvR900hus, Al sheorsyadiverAyabingfikld inisréecietetween
the.first I ' i i t ' th coil 1724,
thgsslrescoal%r{pl?gg%ﬁ %gﬁ@%ﬁ {%ﬁ‘?@;&}ggqg{ggf?g?dgn%st e |r'Esst8 ;r)@r{?c?ﬁ/nellggfﬁqgg tggal g:—:-%ong ?:Ioil line

1722, thderaieddprasienterl Biareesesdiedion #0022 Arbitcardiret o Rigshinead bt the third
coll Ine 1i& 452130 1nme eRnich iR iR harfidheotiod cfld'aadudi? e Uesbperiap 1724 of

the fourth coil line 1724. FIG. 58 is a top plan View of a plasma source coil according to another

embodinét dfsHeqsieseint ihgaaiiar sfredoritsanion 8900@ plAsiat seiirtae8#4B00 of the
present eqRRAGERERS st ETRFENE I dheeanoystle 5o ReseiigmRBRRd P RIe kISt glyeone coil line

1820 diverges from a conductive bushing 1810. That is, the coil line 1820 diverges from the

cdAductivBiEHiFRIAN 8P ErRSTANALSHARR Y IR fAHHSINERS M SRR bHMEARAine,
which is irgiacivih i éledeeineoMaietsresiisiaty St A4saitling %%%I?Iﬁ@éﬁ\fr@é” the

conductive bushing 1810 toward the boundary line and then extends parallel to the boundary line.

After extdRRifR) 1y 18esaRd 20N 2ARAGQFSREBIIEE BPHIBBLHRE Y ITTErdRNEJPHAE €850 goes back
toward the&opdogtivedopehing 88 itheR ederdnanrlicl sanbaieanshishee Mheiung L0, and then

repeats the above tr?#'aectory of a fan blade. The coil 1820 repeats this process 15 four times as
indicated%%?&r?&ﬁ@ Zhis arrangement, many portions of the coil line 1820 are located adjacent to

ong another, anph RifscarranteitynthRIighrteats flow through adjacent portions of each of the
coil lines 2021, 2022, 2023, and 2024 in the same direction. Thus, the intensity of
magnetic field does not increase in the adjacent portions of each coil line. However,
there are a portion where the first coil line 2021 is adjacent to the second coil line
2022 between the first region 2000a and the second region 2000b, a portion where
20 the second coil line 2022 is adjacent to the third coil line 2023 between the second
region 2000b and the third region 2000c, a portion where the third coil line 2023 is
adjacent to the fourth coil line 2024 between the third region 2000c and the fourth
region 2000d, and a portion where the fourth coil line 2024 is adjacent to the first coll
line 2021 between the fourth region 2000d and the first region 2000a. As indicated
25 by arrows, RF currents flow through two adjacent coil lines between two regions, in
the opposite directions. Thus, the intensity of magnetic field increases at each of
the portions where one coil line is adjacent to another coil line between the two
regions.
FIG. 61 is a plan view of a plasma source coil according to another
30 embodiment of the present invention.
Referring to FIG. 61, in the plasma source coil 2100 of the present
embodiment, an area is defined by a circular boundary line, which is illustrated with a
dotted line, and divided into a first region 2100a, a second region 2100b, a third

region 2100c, and a fourth region 2100d. A conductive bushing 2110 is located in
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adjacent portions in the opposite directions. Thus, the intensity of magnetic field increases between
the adjacent portions of the coil line 1820. FIG. 59 is a plan view of a plasma source coil according to
another 20 embodiment of the present invention. Referring to FIG. 59, the structure of the plasma
source coil 1900 of the present embodiment is similar to that of the plasma source coil 1800 of FIG.

58, 119 > e |
cource LB S el B R A B 2T 8 P R e
circular beemigagfiihe, figticagiom sttite danirazs atmstetigioentHmnediikid dxtteddndbén a right

icircl : . b "y o ‘ th
poundan T T S B R A A R R AR

arrows 1980)RiicdrreaieianfivoagH adpiEhoponicine! 21d 4 Inatesbo ineresatesphttre
dirgctiongodiseIE 308l olmagnade fincnsicanardaieaniine cofiasaNoprRs ! the col e

1920. FIG. 60 is a plan view of a plasma source coil according to another embodiment ot the present

invention2 340Raneraxte rsls kpirgdy i gidepiag s s ngien cbi0Dado cease phedést erewddiinent, an area

is definedpy A CI[GIRLBRUARARLIBRIWBIFIHE BvsI e Wik ﬁoﬂpfrféiém?daemvsﬁeﬁi@q a first
region 2000a, a second region 2000b, a third region 2000c, and a fourth region 2000d. A first

conductivé! BOsHEXtANdS $etaBiBSidend e Saertd 1R8I RN 2008e) Rl $e5866nd conductive
bushing 20dgrg IIneasgdn thefrenieiabinegSesPIHds2PP2oR92 1A Ad Sy iy bghing 2013 is

located in the center of the third region 2000c, and a fourth conductive bushing 2014 is located in the

cdfter of RNARIFAS BNt @shisecard 66il lIRe28221ARergdS4om the first conductive bushing 2011
and turns spirally, glaskayied desitihi (R fiFes RiRMAPPSagR semettitepbritiians bagnhldremdse, a

second coil line 2022 diverges from the second conductive bushing 2012 and turns spirally clockwise

inside th€3b4BRE FGdnDDRIF R &R NG PAME FHRBISN follus cBiIf IReE19Br_fand 2024
extend inniag safReridlarssaadhmbrehaadrs s adjeebinporididl inshdR 2billine) thiscergement,

RF curreng‘leogvréhéo#gr?igrg jv%ﬁgpé %?ert%ci)rrsl? ggileﬁlr?g 8{ éqeis adjacent to the second coil line
15 2122 between the first region 2100a and the second region 2100b, a portion where
the second coil line 2122 is adjacent to the third coil line 2123 between the second
region 2100b and the third region 2100c, a portion where the third coil line 2123 is
adjacent to the fourth coil line 2124 between the third region 2100c and the fourth
region 2100d, and a portion where the fourth coil line 2124 is adjacent to the first coll
20 line 2121 between the fourth region 2100d and the first region 2100a. As indicated
by arrows, RF currents flow through two adjacent coil lines between two regions, in
the opposite directions. Thus, the intensity of magnetic field increases at each of
the portions where one coil line is adjacent to another coil line between the two
regions.
25 FIG. 62 is a plan view of a plasma source coil according to another
embodiment of the present invention.
Referring to FIG. 62, the structure of the plasma source coil 200 is similar to
that of the plasma source coil 2000 of FIG. 60, except that the plasma source caoil
2200 comprises both clockwise coil lines and counterclockwise coil lines. More
30 specifically, in the plasma source coil 2200, an area is defined by a circular boundary
line, which is illustrated with a dotted line, and divided into a first region 2200a, a
second region 2200b, a third region 2200c, and a fourth region 2200d. A first
conductive bushing 2211 is located in the center of the first region 2200a, and a

second conductive bushing 2212 is located in the center of the second region 2200b.
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coil lines 2021, 2022, 2023, and 2024 in the same direction. Thus, the intensity of magnetic field does
not increase in the adjacent portions of each coil line. However, there are a portion where the first coil
line 2021 is adjacent to the second coil line 2022 between the first region 2000a and the second
region 2000b, a portion where 20 the second coil line 2022 is adjacent to the third coil line 2023

between C region i ' i yq~coil line 2023
B A e R e A
and a poriuh avieerdhtioe fioluchiveol isiei 129 22 14 asljacateddntibdicaniei dirfeetairtbetegien the fourth
region 2 and the first region 2000a. As indicated 25 by arrows, RF currents flow through two

adjacent coll lines between two regions, in the opposite directions. Thus, the intensity of magnetic

field increases 1 ééﬁir_p@f'l kine é’é’&ﬂ)d@lﬁmfm@ o first _icscmja@év\e foushing el ind betdeen the
twg reg'%{%?{ﬁ'\ﬁ/ &IB&k\ﬁi@ﬁﬁ& SEWOTAP @%ﬁ P65 fbofle%ﬁofw@%@rﬂ%‘?yﬁée?’o Rrobogigent of

the present invention. Referring to FIG. 61, e plasma source coil 2100 o present
embodinkQit liae 2r22idvenaes 9 HirareasLeoRM A RUENNG Adidard Withsssricabd line, and

divided ingg iR RN 2 1I9Be ARE SRRABHY 199808 1BiFdarFPIRE BHARGaANTH ouxth region

2100d. A conductive bushing 2110 is located in"35 the center of the plasma source coil 2100. A first

ground lifleirgheailiinecdéd mitREgeeHeMdhth b crRilbatvEODESRIRG 23t and dvsimaminally 142 is

located i g FRRIG G4 EGRRBTSERIADEBERD. A faircarayINHNe il Iogatadin the center of
the third region 2100c, and a fourthéqround line 2144 is located in the center of the 5 fourth region

2100d. AffkstRePNHECHVEIbYRRIRG S 4t thntSBIfAd b GEHME raloeviaa BasiedI8 REIN inside the
first regiogbAOBsRacT e frSharmdfinantddbilikeyiseothaeeond eaibiing2422 diverges

from the conductive bushing 2110 and extends spirally inside the second region 2100b to reach the

second §/BGHAIRRSPHADSHHGIY e @RSLINR SSPARERPESUH caiblingRierd sAh@ 228%CBS hanner as

the first amgl/seg o sritdoerwitélspiel tdatinghis arrangement, RF currents flow through adjacent
portions of each of the coil lines 2121, 2122, 2123, and 2124 in the same direction. Thus tﬂe intensity

of magnetic fieltl dBiSAHEANHEDEEE R M HGAtS P WIRIOHI b ASRFERLPRAOMR QI &RN Of the

15 coil lines 2221, 2222, 2223, and 2224 in the same direction. Thus, the intensity of
magnetic field does not increase in the adjacent portions of each coil line. However,

a direction 2231 in which the RF current flows through the first coil line 2221 is
opposite to a direction 2233 in which the RF current flows through the third coil line
2223 at a portion between the first region 2200a and the third region 2200c. Also, a

20 direction 2232 in which the RF current flows through the second coil line 2222 is
opposite to a direction 2234 in which the RF current flows through the fourth coil line
2224 at a portion between the second region 2200b and the fourth region 2200d.
Accordingly, the intensity of magnetic field increases at these portions between
opposite regions.

25 FIG. 63 is a plan view of a plasma source coil according to another
embodiment of the present invention.

Referring to FIG. 63, the plasma source coil 2300 of the present embodiment
comprises a conductive bushing 2310, from which one coil line 2320 extends so as
to form a plurality of circular layers around the conductive bushing 2310.

30 Specifically, the coil line 2320 diverges from the conductive bushing 2310 and
extends around the conductive bushing 2310 so as to form a first circular layer
2320a. After making a turn, the coil line 2320 turns back and extends around the
first circular layer 2320a so as to form a second circular layer 2320b. After making

another turn, the coil line 2320 turns back and extends around the second circular
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there are a portion where the first coil line 2121 is adjacent to the second coil line 15 2122 between the
first region 2100a and the second region 2100b, a portion where the second coil line 2122 is adjacent
to the third colil line 2123 between the second region 2100b and the third region 2100c, a portion
where the third coil line 2123 is adjacent to the fourth coil line 2124 between the third region 2100c

20 1ne 2402 e B N R e BRI, s, R
currents floatteotugh,tihe adjhtieat23q0ihes Hbacsanthextegimarduntdhepihdsitei divdati@yarThus, the

intensity Eggﬁgggt(jicsqgl%mgﬁﬁégﬁgﬁ%gta%g ?QE{}H‘S where one coil line is adjacent to another

coil line between the two regions. G. 62 1s"a plan view of a plasma source coil according to
another embodlmbns cirtaageewinit ktvErdioateRdmrarngws FrE. @rrendsshawttireoudthe plasma source

coi 200 ia il 9, 38 A RARI RapeN o856k 29980 B R0 rrsbiafiinelasp agurce coil

2200 comprises both clockwise col ounterclockwise coil lines. Moré 30 spe y, in the
plasma seliesdiens. 2200y swritkedatrnedimddMBoadticliRle hociedess hedWaencadiamerteited!@ith a
dotted Iin@y@péi_ divided into a first region 2200a, a second region 2200b, a third region 2200c, and a
fourth region 2200d. A first conductive bushing 2211 is located in the center of the first region 2200a,
and a second colfauefe BuRAMYIOW1of B Rheaed H9 dieccepicGooitingekbARGERbN 2200b. 36 A third

conductivg.isiiine maddrie Iprsderiithiingsater of the third region 2200c, and a fourth conductive
bushing 2214 is located in the center of the fourth region 2200d. A first coil line 2221 diverges from

tH@ first conductVRSiEIIHg F5@1 Gthdheralustypm alyitesRlania Friieassird 08dfofi PHB0b o reach
the boungiagy AN preSiARGRAEENDR 2D G INEFIES BoneiieRarrie condediva by shire2212 and

turns spirally counterclockwise inside the second region 2200b to reach the boundary line. A third coil

line 2223'WR B FROHIThE RISENa SEERIBOMSE 228RemtcistaRiRAIlIRR &AR e inside the third
region 2240erdeéonipin ¢ad tondidt divergrsdrom thentldaurbsarsiied e diing¢214 and turns

spirally counterclockwise inside the fouyth re_lgion 2200d. That is, the first and third coil lines 2221 and
2223 eadisRROL410 so as to form a first circular layer 2420a. ~ After making a turn, the coil
15 line 2420 turns back and extends around the first circular layer 2420a so as to form a
second circular layer 2420b. After making another turn, the coil line 2420 turns
back and extends around the second circular layer 2420b so as to form a third
circular layer 2420c. After making yet another turn, the coil line 2420 does not turn
back and keeps extending around the third circular layer 2420c so as to form a fourth
20 circular layer 2420d. As indicated by arrows, RF currents flow through adjacent
ones of the circular layers 2420a, 2420b, and 2420c in the opposite directions,
whereas RF currents flow through the third circular layer 2420c and the fourth
circular layer 2420d in the same direction.
FIG. 65 is a plan view of a plasma source coil according to another
25 embodiment of the present invention.

Referring to FIG. 65, the plasma source coil 2500 of the present embodiment
comprises a conductive bushing 2510. A coil line 2520 diverges from the
conductive bushing 2510 and extends around the conductive bushing 2510 while
making a big turn.  After that, the coil line 2520 turns back, extends around the

30 conductive bushing 2510 while making a small turn, and repeats it until the coil line
2520 almost reaches the conductive bushing 2510. Then, the coil line 2520
extends from the vicinity of the conductive bushing 2510 toward a circular boundary
line. In the plasma source coil 2500, as indicated by arrows, RF currents flow
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clockwise spiral structure, and the second and fourth coil lines 2222 and 2224 each have a
counterclockwise spiral structure. In this arrangement, RF currents flow through adjacent portions of
each of the 15 coil lines 2221, 2222, 2223, and 2224 in the same direction. Thus, the intensity of
magnetic field does not increase in the adjacent portions of each coil line. However, a direction 2231

in which CULy: r irst,coil i ; IS it irecti 33.in which
the RE oo O AR D S o BT SR AR o8 0 and
the third retsioaity20i0nagRelia Fdiresdepcz2altie\adiciceht RIFtionsaftthevesilHnegRH2€ second coil
line 2222 is oppasitesto.a difectiqn i icht 1 fourth coil line
2224 at a portioqﬁqk?éf\(?vé)le%%&Z%Heﬂeﬁgéﬁé%%%ggﬁ ethe I#?ﬁ%%@&ﬁ%%%%ﬁ& Accordingly, the
intensity efMbadieaotfieldnadesssy iBeieportions between opposite regions. 25 FIG. 63 is a plan

vieyy of & plasmyspufe, GRS UAIBLORIRIDRS GTROEIESRS AR LESPABIYRIUR Safpring to

FIG. 63, the plasma sou present e ent comprises a conductive bushing

2310, frofhabitihemiassnaise wsereitidAae ob BIS 64ormiaWRNeNyNOhE RIASMRFOY 8ectill the
conductivesshipgczalihel SPesiiralikoinfreeddir 4739 duesagsbrhibeses dintig bushing 2310

and extends around the conductive bushing 2310 so as to form a first circular layer 2320a. After

making 2l aseRSuqte D ahingr2od Ackyann elkierlbs MtburgrRet IRSheicUmsiugiid 2320a so as to
form a seaesKlrd 2876 12Y&Is 63 8RN I hERSNSOIRMREIEE 24T Bt thecddim d 22 e 2Bask and

extends around the second circular 37 layer 2320b so as to form a third circular layer 2320c. Also,

after malgxiepes éﬁb‘#ﬁ@r%ﬁrﬁ%@%i%r&@@ﬁ@t@@ﬂ@bﬁ“@l‘ﬁﬁd}él&gﬁhlg‘a?timﬁﬁﬁéiﬁhﬂﬂdcircular layer

2320c soyrsriedpEnta fiourtheiffidiasdayrie2289f dirdRigsarianospptitairedigategh ky arrows, RF
currents flow through 5 adjacent ones of the circular layers 2320a, 2320b, 2320c, and 2320d, in the

opposite HREERHE WRIE the FRerRfeel irfread RPN easedienBINasRIEES eRtular layers.
FIG. 64 ipgaoarMigw ifsidama eRidic 2 SRitasEPEHithE AR s EsANINE2eL Pightheresent

inVention'second coil line 2622 in the opposite directions. Thus, the intensity of magnetic

15 field increases between the adjacent portions of the first coil line 2621 or the second

coil line 2622.
FIG. 67 is a plan view of a plasma source coil according to another
embodiment of the present invention.
Referring to FIG. 67, the plasma source coil 2700 of the present embodiment

20 comprises a conductive bushing 2710, which is located in the center of a first region
2700a having a relatively small radius and a second region 2700b having a relatively
large radius. A coil line 2720 diverges from a conductive bushing 2710, is arranged
in a spring shape in the first region 2700a, and then arranged to simply surround the
first region 2700a in the second region 2700b. In the first region 2700a of the

25 plasma source coil 2700, a direction in which the RF current flows through a portion
2720a where the coil line 2720 is twisted is opposite to directions in which the RF
current flows through adjacent portions where the coil line 2720 is twisted as
indicated by arrows. Thus, the intensity of magnetic field increases between
adjacent portions where the coil line 2720 is twisted.

30 FIG. 68 is a cross-sectional view of a plasma chamber according to another
embodiment of the present invention. FIG. 69 shows an example of a plasma
source coil of the plasma chamber of FIG. 68. The cross-sectional view of FIG. 68
is taken along line Il — II' of FIG. 69.
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10 Referring to FIG. 64, the structure of the plasma source coil 2400 is similar to that of the plasma
source coil 2300 of FIG. 63, except that a coil line 2420 makes two or more turn in the same direction
once. Specifically, the coil line 2420 diverges from the conductive bushing 2410 and extends around a
conductive bushing 2410 so as to forma first circular layer 2420a. After making a turn, the coil 15 line

2420 turns bac t u fikst ¢i layer. 24 0 d circular layer
2420b. After m;ﬁer?gg rﬁrﬁgﬁgﬁ@% ﬁwget%g?l %%é?%%ﬁr@% Eggéga%rﬁdg @?gn?jg Fﬁd%nf ?Crlﬁ)ttensecond
circular layrebodoent dsasingl fsria thehpisene whatager 3200, Alfterdwekinit) g exanptien airfiethe coil
line 2420 Kk endi r ird circular layer so as to form
a fourth fg%%%égr)%%r%g&o?ﬁi@gnﬁi%%d y%?‘r%ws, @b%d?e@%@ﬁ%!vgtéﬁﬁsg rﬁldzjfggent ones of
the circulgewatm@aammbpatﬁﬂ 24P80 piike w@m@ﬂa@@msﬁ @/_hef’a”a% FPWSmL@ren_ts flow
thrguh 16 IR WREIRKRSRAACAA R TR et RusartiRchiR R distion. FIC. 65
is a plan view of a plasma source coll according to another 25 embodiment of the present invention.

Referrincfiddrie2 B3, $eeprasuid soilfc82RAra0 S22A20 praskiht ishitibiopeith B 2tap e Sa2hductive
PuShIng Skieh aiBIJIG Sed ARSI el FRRARAIE sinanicidiantedsnafigund the

conductive bushing 2510 while making a big turn. After that, the coil line 2520 turns back, extends

around tHBra0 @RIk R AVEBASIAAGIS WHIGHiIE IAGRIAE AROYEH anc AasRERISLERGIRNRA.tEISH line
2520 almasbraaehase bl COMBtRliveduRbINg 2R4 GrdheBclRicahiNGiRPAAIt RYRAER SomM the vicinity

of the conductive bushing 2510 toward a circular boundary line. In the plasma source coil 2500, as

intflcateddR8Aoand B RIS HERASS! thr 8L ALREARA BERHOALRE GRNEG RREDEL iéhe opposite

directionsirdivégisreANtansEN of asRaticiakt nerranessy Kirradineemoodiprszaitinetrthines
2520. FIG. 66 is a plan view of a plasma soqurce coil according to another embodiment of the present

inventionSECRBEEFRATOEAIG. B8N thisstgclish SEERNEIAMEINEH RIeRiISatRP it kiRt RE R0 2t of the
plasma sgppe Grd 2AREhEEE IR B4 iuMaRy. ibtBa AlRSfER fouesaspile 28R raMACRIybRes, i.e., a

first coil line 2621 and a second coil line 2622 diverr%e from a conductive bushinq 2610 symmetrically
with resp@%ﬁ'ﬁ; Ineatsd nihe top surface of the dome 312. In this case, the first, second,

15 and third unit coils 3221a, 3222a, and 3223a are spaced at least the thickness of the
ceramic layer 3218 apart from the top surface of the dome 312. The ceramic layer
3218 may be replaced by air according to circumstances. If air replaces the
ceramic layer 3218, the plasma chamber 300-3 may further require a support portion
for supporting the first, second, and third unit coils 3221a, 3222a, and 3223a.

20 In the second region B1, which is located closer to the top surface of the
dome 312 than the first region A1, the first, second, and third unit coils 3221b, 3222b,
and 3223b extend from the first, second, and third unit coils 3221a, 3222a, and
3223a, respectively, and are arranged in a spiral shape. Thus, the second region
B1 surrounds the first region A1. As aresult, the first region A1 is located to

25 correspond to a central portion of a wafer 308 loaded in the plasma chamber 300-3,
and the second region B1 is located to correspond to an edge of the wafer 308.
Although not shown in the drawing, the unit coils 3221a, 3221b, 3222a, 3222b,
3223a, and 3223b are connected to an RF power supplier (not shown) to receive RF
power from the RF power supplier.

30 In the plasma chamber 300-3, the first, second, and third unit coils 3221b,
3222b, and 3223b in the second region B1 corresponding to the edge of the wafer
308 are spaced farther from an inner space 304 of the plasma chamber 300-3, while
the first, second, and third unit coils 3221a, 3222a, and 3223a in the first region A1

corresponding to the central portion of the wafer 308 are spaced closer to the inner
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bushing 2610. Also, each of the first coil line 2621 and the second coll line 2622 10 extends around
the conductive bushing 2610, makes a half turn, turns back, and then repeats it. The first coil line
2621 extends in an opposite direction to a direction in which the second coil line 2621 extends. In this
plasma source coil 2600, RF currents flow through adjacent portions of the first coil line 2621 or the

second cgjl li int site directi hus; inteqsit neti field i ases
petween a0 0t P SSREELR SRR S 30 TS A rasty el MAmSS AT S e
view of aipltiweestatqeocidirnot thrdimgpteratiioan deatedimed: whileegprekivelyeigtione Rifierring to

FIG. 67 DM ce 81100 Glipe Besser smodinen, 200mpuiage LRy ppushing

2710, which'is e"center o Irst region aving a relative adius’and a
second reAeM27E0beavintpandraaspaCtivegef rResilin s editheavaBierges from a conductive

bughing 2710, i%ﬁ&%%’a@rﬁé@@@@tﬁ?ﬁaﬁ"?ﬁ reﬁg@%%%&%ﬁ@ %r%é%%@ﬁ@ﬁﬂ?&@ simply

surround the first region 2/00a in the secon irst region 2700a of the 25 plasma

source c&iMPrgmediretiivsh presBHRMEePourfelfl fiGlveReYsugR XsoRRbE OF ZoRasH@re the coil line
2720 is tisledhis APBPEYE SdifREHARR NV BICRItEARF  ayiEelans EiiaR RfaseR@oriiens where

the coil line 2720 Is twisted as indicated by arrows. Thus, the intensity of magnetic field increases

between IS ifiesRIonEiIbAG Wherk/iied EEF lihd- 2P0 Sieltnesspme refgigncerougIseifod® view of a
plasma chagbgy dssersifttesmnetbrmenteodimepiaf g present invention. FIG. 69 shows an

example of a plasma source coil of the plasma chamber of FIG. 68. The cross-sectional view of FIG.

680is taken aloriteiEing 1P 51Gfc 7B Helbinlustrie of treapla¥narRambensdutiber 300-3 of
the presegiinpaRladiaest iR SNante Sharmiss R BIEIc ABOLRiBo 2 MAN B RGARtion of the

plasma source coil. In ?jgglasma chamber 300-3, the plasma source coil for generating plasma is

located oPPARCSUREH & 69 J046HRe 912 FRENEI3d R AUt BBLRATIIISR B IFPIBEEHPY BfeRllity of unit
coils, for gxamples Best bsHERYB388Thavala3édhdm saennglisinicends riacttics 2 2bfiatd third unit

S 32 A2 a et Gy 3581 B aaand ot ol B33 B S Uit don 2@
distribute®9 , and a firs c a, a sec c a,and a c
15 3223a diverge from the coil bushing 3230 and are located in a spiral shape around
the coil bushing 3230. This coil bushing 3230 is formed of a conductive material
and connected to an RF power supplier (not shown) so as to supply RF power to the
first, second, and third unit coils 3221a, 3222a, and 3223a. In the plasma chamber
300-4 of the present embodiment, the coil bushing 3230 is located above a central
20 portion of a wafer 308, thus lowering the density of plasma in the center of the wafer
308 more effectively. As a result, the density of plasma can be uniform irrespective
of positions of the wafer 308.
FIG. 72 is a cross-sectional view of a plasma chamber according to another
embodiment of the present invention. FIG. 73 shows an example of a plasma
25 source coil of the plasma chamber of FIG. 72. The cross-sectional view of FIG. 72
is taken along line VI = VI' of FIG. 73. In FIG. 72, the same reference numerals are
used to denote the same elements as in FIG. 68.
Referring to FIGs. 72 and 73, in the plasma chamber 300-5 of the present
embodiment, the structure of a plasma source coil located on an outer surface of a
30 dome 312 is different from those in other embodiments. That is, the plasma source
coil is comprised of a plurality of unit coils, for example, first unit coils 3221a, 3221Db,
and 3221c¢, second unit coils 3222a, 3222b, and 3222c, and third unit coils 3223a,
3223b, and 3223c, which diverge from a central point O. In particular, these unit

coils are distributed throughout a first region A2, which is located above, a second
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throughout a first region Al, which is located above, and a second region B2, which is located below.
More specifically, the first, second, and third unit coils 3221 a, 10 3222a, and 3223a are arranged in a
spiral shape around the central point 0 in the first region Al, which is located farther from the top
surface of the dome 312 than the second region B1. For this, the first, second, and third unit coils

3221 a, ] i ing matexial ic |
3215, ot D e e e BRI o
3221 a, 3beXashrepRapA2 arddbeceecanidasgive Biickrdsseospeeifizatynib tafjest 32a@agart from the
t f - - . ic | lac Al [
croamsr LB SO sdo e 322 N0 02203 SR eBrERATT A SPY SHRERRI.  equire
a supportpagsirdbpeiigeitirig eré sirsegieadht, whigthisdagstasbiier iz franB P tomadrEacEa. 20 In

th [ ich i ; f f th - [rst regi
A e 1 B L B e e e s e, and

third unit@edldtimpunit soea2ana, 3228a, AngaeRas aren weoedniyen insuigiing SIRIgEaThus, the
second rﬁ%ﬁ%ﬂ B SR AIIES 4 fRticagins: Ab 148 aJesilh %ﬂ%ﬁ%‘&ﬁgﬂe‘%ﬁﬁ@t%ﬁ%@ 2.

correspond to’a central portion of a wafer 308 loaded in the plasma chamber 300-3, and the second

region B1l ReiGeatsniedaprebpthdes stratderplfaiirges308) hitheash Hoe dhehwharand drawing,
the unit coily g4ed §hiBédils B2PL B 8274 0 1323588 R ARS8 81 (eRSEHE IHR I BE Faner

supplier (not shown) to receive RF power from the RF power supplier. 30 In the plasma chamber

300-3, thesiamisdayau3ahg mrartirwoinedopsyrfageohthmecine 3 % thEheesrmisyiayes 1

corresponging Fﬁé?%@d@@aey&waéﬁraé@&@@%aa%mmcﬁem MaineprRERP4 of the plasma
chamber 300-3, while the first, second, and third unit coils 3221 a, 3222a, and 3223a in the first region

Al corre§SSABIG'RY %ﬁ@%éﬁ'tfgi'%&lﬁéﬁ‘éf%érﬂpﬁéﬁQQ%WXHHE@WEfMrt% RV 40 space 304

of the plwmmbaw@ﬁrﬁﬂ Thelsirst "elasbredy AightArasiniiaiaspal i Hrepcantiabeptics of the
wafer 308 can be reduced, while a relativelg high density of plasma in the edgf}e of the wafer 308 can

be increased. AS95840% YAL BRIR R B PidsatRcaRdhE FeRrReeFeER Rl PP HLRITRY O the wafer

398. 5 FI%2 /héy ariasskeamdingahvicypphpaplasealchgmiesiasteigiiegde anaibahird region
C2. Thatis, the first, second, and third unit coils 3221c, 3222c, and 3223c extend
from the first, second, and third unit coils 3221a, 3222a, and 3223a, respectively,
and coil the ceramic layer 3218' along the slant lateral surfaces of the ceramic layer
3218’ until they reach the second region B2.

20 In the second region B2, which is located closer to the top surface of the
dome 312 than the first and third regions A2 and C2, the first, second, and third unit
coils 3221b, 3222b, and 3223b extend from the first, second, third unit coils 3221c,
3222c, and 3223c of the third region C2 and are arranged in a spiral shape. Thus,
the second region B2 is located to surround the first region A2 and the third region

25 C2. The first region A2 is located to correspond to a central portion of a wafer 308,
the second region B2 is located to correspond to an edge of the wafer 308, and the
third region C2 is located between the first and second regions A2 and B2.
Although not shown in the drawing, the unit coils 3221a, 3221b, 3221c, 32223,
3222b, 3222c, 3223a, 3223b, and 3223c are connected to an RF power supplier (not

30 shown) to receive RF power from the RF power supplier.

FIG. 74 is a cross-sectional view of a plasma chamber according to another
embodiment of the present invention. FIG. 75 shows an example of a plasma
source coil of the plasma chamber of FIG. 74. The cross-sectional view of FIG. 74
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embodiment of the present invention. FIG. 71 shows an example of a plasma source coil of the
plasma chamber of FIG. 70. The cross-sectional view of FIG. 70 is taken along line IV - IV' of FIG. 71.
In FIG. 70, the same reference numerals are used to denote the same elements as in FIG. 68. 10
Referring to FIGs. 70 and 71, the structure of the plasma chamber 300-4 is similar to that of the

plasma, chae 30053 ALE\ SO Frsik et ibe RIFEfER spuite gl G TaJogted gn a dome

312 further comprises~a coil bushing hatis, ac ng a certain radius is
located iratheusedtty deadisstheegiomerelenteattresunit-¢Gil 8221 a, a second unit coil 3222a, and a

third unit coil 15 t b ' d

the coil bushing S0 O AT a e ag i 4p TR BLECRE G B A S08ERE oo an
RF powe$I§ﬂJiﬂ5I‘@r’fdmit@‘rmm|w@% w@mym@w&@ the, rxsepkiaia alasma¢emiceoils 3221
a, §’222 ﬁ’o%?a?@@o%*éﬁeoﬁ'l%?@ﬁ‘r e‘le.j1 ﬂ@ﬁ@&&ﬁ?‘%ﬁ%%f Erfrqg bushing 3230

IS Iocate ove a central 20 portion of a Wa er 308, thus lowering t asma in the center

of the Wa$é’r3@08 ﬁhﬁbi%ffé@tlv@lk/bw@'lﬁlQa@@@oiﬁ'@d@ﬁlsﬂﬁeﬂplasfm@ @&rsti@cmerdnm hespataive of
positions @4l ATV G fifls PaspEetiana sdeuhel ahRlBsIMI A BRE e agrengio another

embodiment of the present invention. FIG. 73 shows an example of a plasma 25 source coil of the

plasma céRinte? 3t fivsrge frne m@&é&ﬁm@g@a@%ﬁm@w@a@@ﬁ ASRYahehaprev of FIG. 73.
In FIG. 72, iR §IMEISTHENGH G aPsoals frfe USRI KA g%@ébelﬁmﬁ]@!fm%&ﬁau@ﬁ& 68.

Referring to FIGs. 72 and 73, in the plasma chamber 300-5 of the present embodiment, the structure

of & pIaer&%Wc%’%ﬁ%@&@&%?Pa@ﬂo?fePQWé(%’BP'@VS@@'EJ?H@W@N@ aripcsHRRYRRose in other

emboc"”]@é\k?erﬁh%@f%‘? RlESHRY SQHﬁcﬁlﬁe'hﬁtc@éﬂﬂrﬁ@l Qf e.aréQ@Iw@fmeao"anfmeexample first
unit coils 3221 a, 3221 b, and 3221 ¢, second unit coils 3222a 3222b and 3222c¢, and third unit coils

3223a, 3@§§Waaﬁ%|a§9@%rc3%@httlﬁ/%bbﬁ#§m%gc"é%ﬁpal'E&fﬁ?@éﬁ%ﬂ?&%@i&ﬁﬂﬁ@é@%@%ﬁ@ are
distributegdfspBOBOYS @itk Eralg IR Nieh &3 [968FRE RPCcEntRIQIBHIthreDiAB RareHoB is

located below, and a third re&:ﬂon C2, WhICh IS located between the first region A2 and.the second

region BINRABIE MgriMadaly he fRSUILts-RensiY fliRiasTacERs BenkoapInesReqah are
afrangedgpsiiBpisad SRPR @RUBOS.

While the present invention has been particularly shown and described with
reference to preferred embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and details may be made therein
without departing from the spirit and scope of the present invention as defined by the

20 following claims.
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the central point O in the first region Al, which is located farther from the top surface 5 of the dome 312
than the second or third region 131 or C1. For this, the first, second, and third unit coils 3221 a,
3222a, and 3223a are arranged on an insulating material layer, for example, a ceramic layer 3218,
located on the top surface of the dome 312. The ceramic layer 3218’ has slant lateral surfaces. In this

case, thev(}n;%t %eg%r?%e gng third unit coils 3221 a, 3222a, and 3223a are spaced at least the thickness

of the 10 " apart from the top surface of the dome 312. The ceramic layer 3218
may be replaced by air Acptasing sowineuawstépicgsniralingpitasesatie acpragatcuyeregl 18, the plasma

chamberrl%%('e-@g ,afgétW@%ﬁ%gﬁﬁ%%wg%%ﬁﬁgﬁ?@ﬁl pporting the first, second, and third unit

coils 322 and cetl , 3222a, and 3223a reach edges of the first
region 15 A2, theysibeodsieattnpiindighirastaaperaifiginé toks sviriabextsnddrondregion C2.

That is, t%%éiﬁﬁ%%sﬁéﬁﬂ SRR MR EQ R s hetenBPdAredg sirRndoliRm iy sy second,

and third unit colls 3221 a, 3222a, and 3223a, respectively, and coil'the ceramic layer 3218" along the
slant latefé AURR@SOMIFeSEERIrARARY & BITRthm GPiheyTei#AEh the second region B2. 20 In the

second region B, yRigN s o05AIRALBRFRdRNRI0B SUERSES e dome SRR fagfirst and third
regions A2 and C2, the first, second; and third unit coils 3221 b, 3222b, and 3223b extend from the

first, secERMBAFd unit coils 3221 ¢, 3222c, and 3223c of the third region C2 and are arranged in a
spiral shape. Thus, the second region B2 is located to surround the first region A2 and the third region
25 C2. The first region A2 is located to correspond to a central portion of a wafer 308, the second

rédion B2 is located to CoPrEifiAa foUrcedt of faiMdrewbeseianberroitksingds Ormetcated

between e 08 S66806HKRI IPARNA HHR2 uMiBeugh not shown in the drawing, the unit coils
3221 a, 3221 b, 3221 ¢, 3222a, 3222b, 3222c, 3223a, 3223b, and 3223c are connected to an RF

power supplier (not 30 shown) to receive RF power from the RF power supplier. FIG. 74 is a

cross-sectional giew offmglprBmaOReY ésEoitingriranbesieRBAshMeB oG e sent invention.
FIG. 75 shows an example of aglasma source coil of the plasma chamber of FIG. 74. The

cross-seQHHENGiNE SPETEI R 49RR%5ken along line VI - VIII' of FIG. 75. In FIG. 74, the same
reference numerals are used to denote the same elements as in FIG. 70.

4. The plasma source coil of claim 1, wherein the coil bushing has a
shape selected from the group consisting of a circle, a circular donut, and polygons,
such as a square, a square donut, a hexagon, a hexagonal donut, an octagon, an
octagonal donut, and a triangle.

20

5. The plasma source coil of claim 1, wherein each of the unit coils has a
shape selected from the group consisting of a circle, a circular donut, a semicircle,
and polygons, such as a square, and a square donut.

25 6. The plasma source coil of claim 1, wherein each of the unit coils is
structured such that as the radial distance from the coil bushing increases, interval
between portions of the unit coil in the radial direction decreases.

7. The plasma source coil of claim 6, wherein as radial distance from the
30 coil bushing increases, the sectional area of the unit coil decreases.

8. The plasma source coil of claim 1, wherein each of the unit coils is
structured such that as the radial distance from the center of the coil bushing

increases, the sectional area of the unit coil decreases.
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Referring to FIGs. 74 and 75, the structure of the plasma chamber 300-6 is similar to that of the
plasma chamber 300-5 of FIG. 72, except that a plasma source 5 coil located on an outer surface of a
dome 312 further comprises a coil bushing 3230'. That is, the coil bushing 3230' having a certain
radius is located in the center of a first region A2. A first unit coil 3221 a, a second unit coil 3222a, and
a third unit coil 3223a diverge from the coil bushing 3230" and are located in a spiral shape around
the coil bushing 3230'. The coil bushing 3230' is formed of a conductive 10 material and connected to
an RF power supplier (AgtiabimaohsonietcooppigiRg: power to the first, second, and third unit coils

3221 2, 32222, 3355 IR SUASFAIARES FOE: MRcolNSAG 3230 nlosaisd above o

central portion of a owering the density of plasma in the central portion of the wafer
308 morkeiffgciRingditydhesuitetealinaig digrReme; can be uniform irrespective of 15 positions of

1 bretentor ombolU Rt I Ne T taea By ot e b R R e verios

to preferred embodiments th ose of ordinary skil rt that various
changes farfexpraitingesainsiesndvetaravriehsrein without departing from the spirit and scope of the

present invertiog o GSIGs, P A0RIRGIEI B 3 AL HBETEM B pladl s source coll

for generating plasma in a predetermined reaction space, the plasma source coil comprising: m unit
coils, eadiPbiifHRE UiBG MBSOl Baaehsolmtahehasa HIRPECBIP TS WinshiwgirR RNt Ad

predetermigiachragitisusHiig $RVieg Bredasmand ragite!iRick BENRIFI98E PR pii'sd Shape

around the coil bushing, wherein m is an integer more than or equal to 2, and n is a positive real

niifhber. €0ibaMthaTRARRSHR BTN SRRACL PNER IR 8ol AMSHEMIN YV RS EY DRthe same
conductiygiBrie i rest k2 Wribeols 18 ol RAPIRSENR SOLItRR o4 GaBr2, wherein the unit coils and
the coil bushing are formed of copper. 15 4. The plasma source coil of claim 1, wherein the coil
bushing has a @ Support bar located in a certain central region of the coil bushing of the
plasma source coil; and
an induction coil connected to the support bar, the induction coil for supplying

15 power to the plasma source coil.

10.  The plasma chamber of claim 9, wherein the coil bushing and the
support bar each are formed of the same conductive material as the unit coils of the
plasma source coil.

20

11.  The plasma chamber of claim 10, wherein the unit coils, the coil

bushing, and the support bar are formed of copper.

12.  The plasma chamber of claim 9, wherein the coil bushing has a shape
25 selected from the group consisting of a circle, a circular donut, and polygons, such
as a square, a square donut, a hexagon, a hexagonal donut, an octagon, an
octagonal donut, and a triangle.

13.  The plasma chamber of claim 9, wherein each of the unit coils has a

30 shape selected from the group consisting of a circle, a circular donut, a semicircle,
and polygons, such as a square and a square donut.
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shape selected from the group consisting of a circle, a circular donut, and polygons, such as a square,
a square donut, a hexagon, a hexagonal donut, an octagon, an octagonal donut, and a triangle. 20 5.

The plasma source coil of claim 1, wherein each of the unit coils has a shape selected from the group
consisting of a circle, a circular donut, a semicircle, and polygons, such as a square, and a square

donut. 25 6. The plasmp ol BUP Jr MBI\ SREILAL DA ol Slicfured such that

i |
as the radial distance from the coﬁ)éﬁémng increases, wﬁﬁrva between portions of the unit coil in the
radial dirsttimtudedreackeshat andhslasdial stsiaeceditandladncd) abehiig icradidsiimtawalfrom the

30 coil b e‘&géﬂecééﬂfﬁ%mﬁgmf%ﬂﬁq FQ% ngiﬁéﬁigﬁctf%?&és The plasma source coil of

claim 1, w e unit colls’is structured such that as the radial distance from the center of
the coil bushing increases, the sectional area of the unit coil decreases. 44 9. A plasma chamber

coguprising: a chignber iy g el AR} &IAINPa ARBRUAADRER AIE PTG iheing defined

by the outer walls and the dome; 5 a water support located at a lower portion of the chamber, the
wafer sugpdroushisgdpereagesiiecsriinbplhairaNidhradhiacod feereasdscated on the dome of the
chamber, the plasma source coil for including m unit coils, each of which has a number n of turns,
which extend from a coil bushing having a predetermined radius in the center of the plasma source 10

coil and are arratfyed ihkedpiranyhgpamRaiRf Haiebd.puRaIeY) RAehch theisal CRHeder more than or
equal to 3yapel Puid SRPSIHYE A8ThBUTUIAT RSSHRROT BRMIRS RIS & SREBIASEFRhERgIoN of the coll

bushing of the plasma source coil; and an induction coil connected to the support bar, the induction
cf for sUPPISRRESE3NSRG IR RlaRpasAtdN URIECYiIdeereAseHlasma chamber of claim 9, wherein the
coil bushing and the support bar each are formed of the same conductive material as the unit coils of

the plasma source coil. , , ,
17.  The plasma chamber of claim 9, wherein the dome is formed of

alumina.

15 18.  The plasma chamber of claim 9, wherein the dome comprises:
a lower dome exposed to the reaction space, the lower dome formed of a
material having a first dielectric constant; and
an upper dome located on the lower dome, the upper dome formed of a
second dielectric constant that is different from the first dielectric constant.
20
19. A plasma source coil for generating plasma in a predetermined
reaction space, the plasma source coil comprising:
a bushing pillar located in a vertical direction, the bushing pillar having a first
surface, which is a lower surface, and a second surface, which is an upper surface;
25 and
m unit coils, which diverge from the bushing pillar on the same plane with the
second surface of the bushing pillar and are arranged in a spiral shape along the
circumference of the second surface of the bushing pillar, wherein when the two or
more unit coils reach a certain radius, the unit coils extend on the same plane with
30 the first surface of the bushing pillar while maintaining the certain radius.

20. The plasma source coil of claim 19, further comprising an insulating
pillar surrounding the bushing pillar between the first surface and the second surface,

the insulating pillar surrounded by the unit coils.
46



20 11. The plasma chamber of claim 10, wherein the unit coils, the coil bushing, and the support bar
are formed of copper. 12. The plasma chamber of claim 9, wherein the coil bushing has a shape 25
selected from the group consisting of a circle, a circular donut, and polygons, such as a square, a
square donut, a hexagon, a hexagonal donut, an octagon, an octagonal donut, and a triangle. 13. The
plasma chamber of claim 9, wherein each of the unit coils has a 30 shape selected from the group
consisting of a circle, a circular donut, a semicircle, and polygons, such as a square and a square
donut. 45 14. TiH plasiitzeghlasibersofiuckem@l ofreagim Ehchhgrgio oniscilsntegeruvanethsuch that as

the radial di r [ ing iner ' I [ f the unit cQil in the
radial dirégtléo e%(ée%"’sée%?%%?é%ﬁ'eﬁ E%é%aﬁﬁgn%lméﬁlgﬁwﬁ véx;hgeaétiﬁ Illésgrg(ﬁg\ﬁg%tggcfe from the
coil bushmgnReieases, the sectional area of the unit coil decreases. 16. The plasma chamber of claim
9, wherein each of the unit coils is structured such that as the radial distance from the center of the
coil bushing 10 increases, the sectional area of the unit coil decreases. 17. The plasma chamber of

claim 9, Wherei@ﬂ]e dM%H&ﬂrﬁ@GfBb%lgﬁmijngm. The plasma chamber of claim 9, wherein the
dome comprises; & |oMBEFRRAHFBARGNAIN S A6 AP A R ABFIR WBLEOBE R TiRshaig material

having a first dielectric constant; and an upper dome located on the lower dome, the upper dome
formed oPgaingesfinefdndine esiaiiuali;hand tgsemerrom the first dielectric constant. 20 19. A

plasma source epil e cengERHB EREEALE LREISHIBINGnERAkpERATR arelaspasipurce coil

comprising: a bushing pillar located in a vertical direction, the bushing pillar having a first surface,
wHich is £OAHRRQIHAESHNGASLIERIVERI®EZe, which is an upper surface; 25 and m unit coils, which

diverge from theyu1g8ing pél@icercHieISearsbMBWHBARE of the chamber, the plasma source

coil for comprising a bushing pillar located in a vertical direction, the bushing pillar
having a first surface, which is a lower surface, and a second surface, which is an
upper surface, and m unit coils, which diverge from the bushing pillar on the same

15 plane with the second surface of the bushing pillar and are arranged in a spiral
shape along the circumference of the second surface of the bushing pillar, wherein
when the m unit coils reach a certain radius, the unit coils extend on the same plane
with the first surface of the bushing pillar while maintaining the certain radius, and

an induction power supplier connected to the bushing pillar of the plasma
20 source coil, the induction power supplier for supplying power to the unit coils.

23. The plasma chamber of claim 22, further comprising an insulating pillar
surrounding the bushing pillar between the first surface and the second surface, the
insulating pillar surrounded by the unit coils.

25
24.  The plasma chamber of claim 22, wherein m is an integer more than or
equal to 2, each of the unit coils has a number n of turns on the same plane with the
second surface of the bushing pillar, and n is a positive real number.
30

25. A plasma source coil for generating plasma in a predetermined
reaction space, the plasma source coil comprising:
a coil bushing for receiving power; and
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second surface of the bushing pillar and are arranged in a spiral shape along the circumference of the
second surface of the bushing pillar, wherein when the two or more unit coils reach a certain radius,
the unit coils extend on the same plane with 30 the first surface of the bushing pillar while maintaining
the certain radius. 20. The plasma source coil of claim 19, further comprising an insulating pillar

surrounding the ing.pill the first sur d cond sur insylating pillar
surrounded by t eﬁﬂtt%o@%é%ﬁ%[ﬁ?m P ﬁs%agsﬁ)%%ﬁei&Iogﬁc@%ﬁ%!%hée%ﬁgrénq?g rgt]n{‘lﬂngteger more
than or exildbtsZngandotindeunieddilsiave Snapaseane widuirs caitduskiagositive real number. 5

22. A pl PCSING: ' I ' fth
chambor boing AT By D e B AR R RIS ey porton o

the chambémlRe wafer support 10 for supporting semiconductor wafers; a plasma source coil located
onghe dome of the chamber, the plasma source coil for comprising a bushing pillar located in a
vertical direction, the bushing pillar having a first surface, which is a lower surface, and a second
surface, which i€&n uppéragasesantenaaiiot sliginyhiciheveiythrdmitieeibisra angesn the

same 15 iH'%%WE%W&%E%H@%%@Whing pillar and are arranged in a spiral shape along

the circumference of the second surface of the bushing pillar, wherein when the m unit coils reach a
certain radius, the unit coils extend on the same plane with the first surface of the bushing pillar while

maintaining the 2?.”‘5“nﬂﬁﬁﬁﬁné%%@%ﬁtﬁ&”&ﬁ@%wa'@éﬁﬁﬂH%Eﬁ@é@t@%ﬂ‘#@@ing pillar of the

plasma 20 source coil, the induction power supplier for supplying power to the unit coils. 23. The
pltsma ciRARHRR PaEANDS PIGERE SOHIBASAY CRMRERMHg pillar surrounding the bushing pillar

between the firsj gysiaspsnd GireCPBGISHIRABAIAG rinBrRIIAG BBIRS, SMATEHTARSLGY thergit cails. 25
24. The plasma chamber of claim 22, wherein m is an intedger more than or equal to 2, each of the unit

coils has @RRWBRINE MNIRRSIYINGHRWPHARhAS AfFRAged in a spiral shape around the coil
bushing; and

a second plasma source region including m second unit coils, which extend
15 from the first unit coils of the first plasma source region and are curved in wave
shapes to surround the first plasma source region,
wherein mis an integer more than or equal to 2.

28. A plasma source coil for generating plasma in a predetermined
20 reaction space, the plasma source coil comprising:

a bushing pillar located in a vertical direction, the bushing pillar having a first
surface, which is a lower surface, and a second surface, which is an upper surface;
and

m unit coils, which diverge from the bushing pillar on the same plane with the

25 second surface of the bushing pillar and are curved in wave shapes to surround the
bushing pillar, wherein when the m unit coils reach a certain radius, the unit coils
extend on the same plane with the first surface of the bushing pillar while maintaining
the certain radius.

30 29. The plasma source coil of claim 28, further comprising an insulating

pillar surrounding the bushing pillar between the first surface and the second surface,
the insulating pillar surrounded by the unit coils.
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second surface of the bushing pillar, and n is a positive real number. 30 25. A plasma source coil for
generating plasma in a predetermined reaction space, the plasma source coil comprising: a coil
bushing for receiving power; and 47 m unit coils, each of which has a number n of turns, which diverge
from the coil bushing and are curved in wave shapes around the coil bushing, wherein m is an integer

more than or ecyl (0 Zyang 03 BOSHXEISAL RCSaSvife Lhe AR TR RULER SR OLEgIm L.
wherein the unit'coils are afranged In"a spiral shape around the coil bushing. 27. A plasma source coll
for generatingyaatond, ipegipeidbretmihedila 0asactiombeacepttisrpmemihsotaotequieewithising: a first

plasma s LeRlon LERe AL ESHLSS Whieh VTS JATE fosgising for recelving power

and are arranged in a spiral shape aroun ushing; ‘and a second plasma source region
including m second unit coils, which extend 15 from the first unit coils of the first plasma source region

angl are curved gywavey é@sqﬁé %5%&%’5\%@%{#@9 ISma source region, wherein m is an integer

more than or equal to 2. 28. A plasma source coll for generating plasma in a predetermined 20

reaction space, &hehglasiea R irce R YR i8I 2c0pnMhiRy pakRiabeRaaarrhtverabanierction, the
bushing @'gﬁ{dwagmge@ Bﬁhé%[ﬁ%?v&%ﬂ?grjﬂ Fawersface, and a second surface, which is an upper
freg A

surface; and m unit coils, which diverge from the bushing pillar on the same plane with the 25 second
surface of the bBsMAgPHERPAbIacatechaéa IowRnBAHAP S theGHalRE thEhBUNAIRE PIMRORVherein

when therp gngHinmeashis Gdiritbrafdsrdhe unit coils extend on the same plane with the first

surface of the bushing pillar while maintaining the certain radius. 30 29. The plasma source coil of
cltfim 28, furthe,a&gﬂ%q)sqh@g@ng@ﬂ@@na source coil including m unit coils, which diverge

from the coil bushing and are arranged to surround the coil bushing, wherein mis an
integer more than or equal to 2; and

an induction power supplier for supplying power to the unit coils via the coil
bushing.

15

32. A plasma chamber comprising:

a chamber having outer walls and a dome, a reaction space of the chamber
being defined by the outer walls and the dome;

a wafer support located at a lower portion of the chamber, the wafer support

20 for supporting semiconductor wafers;

a plasma source coil including a first plasma source region including m first
unit coils, which diverge from a coil bushing and are arranged in a spiral shape
around the coil bushing and a second plasma source region including m second unit
coils, which extend from the first unit coils of the first plasma source region and are

25 curved in wave shapes to surround the first plasma source region, wherein mis an
integer more than or equal to 2; and

an induction power supplier for supplying power to the unit coils via the coil
bushing.

30 33. A plasma chamber comprising:
a chamber having outer walls and a dome, a reaction space of the chamber
being defined by the outer walls and the dome;
a wafer support located at a lower portion of the chamber, the wafer support

for supporting semiconductor wafers;
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pillar surrounding the bushing pillar between the first surface and the second surface, the insulating
pillar surrounded by the unit coils. 48 30. The plasma source coil of claim 29, wherein m is an integer
more than or equal to 2, each of the unit coils has a number n of turns on the same plane with the
second surface of the bushing pillar, and n is a positive real number. 5 31. A plasma source coll

ising: ' | . i f the. bhet. heing defined
by the outar walu g TAdones Gol ARIAGHHE & SO L 106 88T 8 VERETTIG 10 arer
support foedupgivninpibanhisemguattirsivatestace Ovehoil ibus img aadriaptasand sagecersbil including m

Uit cols YRRl T8RO e UL UG B R AURIOAR WGBSRk Bl vnerein
m is an integer more than or equal to 2; and an induction power supplierYor supplying powet to the
unit coilspiltatendbie sagiEngans BithAhssgaanshauitasecohipadiighinghribabendeaiaguned walls

angd a dofﬂ%&\fé*@ﬁ%%é‘?@%%HBHL@%HEEBE BALSURRIAN WRSARE YRR ReGiIeSpnG a wafer

support located at a lower portion amlag, the water support 20 %or supporting semiconductor

wafers; acgldsindaiiucdoiMichadimgdeane: Prabie s 3merabang) with bR diisg sHfiree @hithevils, which
diverge f%@rﬁr@ﬂjﬁéﬁwmeaﬁ%i%%iﬁfﬁ@’\%%dp@%ﬁpli%iﬁE?‘Qﬁdaround the coil bushing and a second

plasma source region including m second unit coils, which extend from the first unit coils of the first
plasma source &QivEEiPAROMEE SRRlier waveeragdds thebyshing tidandhe iravgtinirce region,

wherein @d@@,nsi g@rrmoggrg Ay 8l i@ ZnadipRdnguction power supplier for supplying power

to the unit coils via the coil bushing. 30 33. A plasma chamber comprising: a chamber having outer
wHlis and a dome, a reaction space of the chamber being defined by the outer walls and the dome;

34.  The plasma chamber of claim 33, further comprising an insulating pillar
surrounding the bushing pillar between the first surface and the second surface, the
insulating pillar surrounded by the unit coils.

15 35.  The plasma chamber of claim 33, wherein m is an integer more than or
equal to 2, each of the unit coils has a number n of turns, and n is a positive real

number.

36. A plasma source coil for generating plasma in a predetermined
20 reaction space, the plasma source coil comprising:
a conductive bushing located in the center of plasma source coil, the
conductive bushing for directly receiving power from a power supplier; and
one or more coil lines, which diverge from the conductive bushing and are
arranged around the conductive bushing,
25 wherein each of the coil lines is located such that currents flow through
adjacent portions of the coil line in the opposite directions.

37. The plasma source coil of claim 36, wherein the coil lines diverge from
the conductive bushing and are arranged such that clockwise coil lines and
30 counterclockwise coil lines are alternately located.

38. The plasma source coil of claim 37, wherein the conductive bushing
has a fan blade shape.
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a wafer support located at a lower portion of the chamber, the wafer support for supporting
semiconductor wafers; 49 a plasma source coil including a bushing pillar located in a vertical direction,
the bushing pillar having a first surface, which is a lower surface, and a second surface, which is an
upper surface, and m unit coils, which diverge from the bushing pillar on the same plane with the

second surface gh he RyahgBIIaLAFL 8IS AUy LRI HAYE SRRSO IERUSING pilar

' [ T
wherein when the m uﬁ;ﬁcc}ﬁ’s reacﬁ a certain rag‘lus, t%e uni exten o'n e same plane with the
first surfaekeiralitieofmeshiing pivaniomitivergiattornththeamttaitivediushiagdean iausyiormedieal supplier

connecte\gim FQ@ amftm%giléﬁlrnﬁ&%é(}%ﬁ&mngower supplier for supplying power to the unit coils. 10

34. The plasma er of clal er comprising an insulating pillar surrounding the bushing
pillar between the first surface and the second surface, the insulating pillar surrounded by the unit

col. 15 35. Theglasmycligaie Qlelen i Wosseinan IBABISNFaR: G/ ban fiuBgyp! t 2, each

of the unit coils has a num turns, a IS a positive real number. 36. A plasma source coil for
generatif yrldiaficall inefstehithared vemridnspadiacer preinassolice eendttiptising: a
conducti\fﬁJQHﬂang located in the center of plasma source coil, the conductive bushing for directly
receiving power from a power supplier; and one or more coil lines, which diverge from the conductive
bushing and are arranged around the conductive bushing, 25 wherein each of the coll lines is located

such that currenjs flowthpoyl sliasericesli TRl e soiLinR I BIRARARG I iHEEGHAMS: 37- The

plasma source coil of claim 36, wherein the coil lines diverge from the conductive bushintg and are

ahdinged/§iEcAA R ERAANAHE HNTHBS aMai SD FELPRERGSRRISSIBEINTHRE Chialaetn2Rar} 16REted. 38.
The plaspa SeEectior PLSRiRg 3ynieiRiaIIN VPN RN ikaVe b bsHiggshape. S0

42. The plasma source coil of claim 41, wherein the coil lines comprise:
a first coil line, which diverges from a first position of the conductive bushing
15 and is located to surround the first ground line in a fan blade shape; and
a second coil line, which diverges from a second position of the conductive
bushing, which is opposite to the first position, and is located to surround the second
ground line in a fan blade shape.

20 43. The plasma source coil of claim 41, wherein the coil lines comprise:
a first coil line, which diverges from a first position of the conductive bushing
and is located to surround the first ground line in a fan blade shape; and
a second coil line, which diverges from a second position of the conductive
bushing, which is adjacent to the first position, and is located to surround the second
25 ground line in a fan blade shape.

44.  The plasma source coil of claim 36, further comprising a first ground
line, a second ground line, a third ground line, and a fourth ground line, which are
spaced a predetermined interval apart from the conductive bushing symmetrically

30 with respect to the conductive bushing.

45. The plasma source coil of claim 44, wherein the coil lines comprise:
a first coil line, which diverges from a first position of the conductive bushing

and is located to surround the first ground line in a fan blade shape;
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39. The plasma source colil of claim 37, wherein the coil lines include a plurality of colil lines, which
diverge from the conductive bushing and are symmetrical with respect to the conductive bushing. 5
40. The plasma source coil of claim 37, wherein the coil lines include a plurality of coil lines, which are
diverge from adjacent portions of the conductive bushing. 41. The plasma source coil of claim 36,

further comprisi | 10 hin 0 ' ich ar; determined
interval apart frogr% gté%ﬁéjc%gﬁﬂ |9é%&%@g§§%g&%£éy%H@es%eé%cwl%g %@@ggg)ﬁg@ce%%shing. 42.
The plasivizsstngancoi dheiian Wiswieiteh tihe setbiitkgroomplise: iradifsndoidiasshabieh diverges

from a first positiof, of e GAEGN LRSI ANG i lpsaist B PR dte s igtine in &

fan blade shape; and a second coll line, . iverges from a second position o ive
bushing, @tlds lecaipddivestd ibienktshe dbitid gramaddinscitedfan hladeisbane;seednd ground line in a

fan blade shape, ) ¢, J&Puw@,sma%wsﬁ%g@ BlrAUmS P{"#S&ﬂii%htﬁ Tﬁé’ BB@E&&WB”SG: a first coil

line, which diverges from a first position of the conductive bushing and is located to surround the first
ground liRe'shiagzangligioentgsbicapdreosacdng tourinarounehinr éige andadesebeng position of the
conductive bushing, which is adjacent to the first position, and is located to surround the second 25
ground line in a fan blade shape. 44. The plasma source coil of claim 36, further comprising a first
ground line, a stond HreUPIASME, $OtHieE §RILPICIRIE) 4fdWTeiath i Gal lineS wATBRER: spaced a

predetermined IgtRrYALEPAHST WRIKIPHOBRIELIHS MUSRING SYSHRpidsaiy huilkbitrsBaShIRghe

conductive bushing. 45. The plasma source coil of claim 44, wherein the coil lines comprise: a first coil

lin8, whick@letgeatae e Surdishiostisisdilicgia BENAGRPE located to surround the first

ground line in a jasEblote ShPRSe, 5\#1%ﬁ?ﬁ@@%é@iHB?ﬁ’é"ééébrﬁﬂVﬁégﬁﬁ)ﬁthﬁesééﬁﬂgd?%tion of the
conductive bushing and is located to surround the second ground line in a fan blade shape; a third coil

line, whidPHEEHBEF EMOS RS IoHIRHBRHE RRFRART BBLhINE Uha $PI B8RS surround the third
ground line in a janikipESiISRNaVIABH diverges from a third position of the conductive bushing

and is located to surround the third ground line in a spiral shape; and
15 a fourth coil line, which diverges from a fourth position of the conductive
bushing and is located to surround the fourth ground line in a spiral shape.

47.  The plasma source coil of claim 36, wherein the coil lines are arranged
to surround the conductive bushing in a spring shape in a first region having a
20 relatively small radius, and
the coil lines are arranged to surround the first region in a spiral shape in a
second region having a relatively large radius.

48. A plasma source coil for generating plasma in a predetermined
25 reaction space, the plasma source coil comprising:

a plurality of conductive bushings spaced a regular interval apart from one
another, the conductive bushings for directly receiving power from a power supplier;
and

a plurality of coil lines, which diverge from the respective conductive bushings

30 and are arranged to surround the conductive bushings in a spiral shape.

49. The plasma source coil of claim 48, wherein the coil lines surround the
conductive bushings in the same direction.
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5 a fourth coil line, which diverges from a fourth position of the conductive bushing and is located to
surround the fourth ground line in a fan blade shape. 46. The plasma source coil of claim 44, wherein
the coil lines comprise: a first coil line, which diverges from a first position of the conductive bushing
10 and is located to surround the first ground line in a spiral shape; a second coil line, which diverges

from a second itio t ive bushj isocat round. round line in
a spiral shape; a 'irdﬁﬁﬁéﬁvﬁ%ﬁ%ﬁ&ﬁ@! é?grr% a I’ﬁgd %gt%)ﬁr? §ﬁ [ & c'gﬁ%egﬁ\glg%dsﬁr% and is
located totaraumang éhbicdiblioesaliaddoadeshicassrapadand s safoardireotidime, which diverges
from a fourth position of the conductive bushing and is located to surround the fourth ground line in a
spiral shape. 47. The plasma source coil of claim 36, wherein the coil lines are arranged to surround

the conductive lﬁ]shing%@'@%pﬂﬁ:@@lﬁm im@és?mion_having a 20 relatively small radius, and the
cojl lines are a”é‘g%%%@e?W%?ﬁéﬂFepWéﬂégé]‘?m'& 2 goRKaLSRARGdA e_passocgﬂmﬂarﬂsgmg a

relatively large radius. 48. A a source coll for generating plasma in a predetermined 25 reaction
space, theaingseieiisedrer ksl @diepwaily aapthealignes conductive bushings spaced a regular interval

apart from one anotpersihie.6ondrsiivs BLshies: 'BbAIERCHY RS BHARRP R psFer BqyiRfsuPplier;

and a plurality of coil lines, which diverge from the respective conductive bushings 30 and are
arranged(® SHRRRHNESCEVIFANESHFET YRR in a spiral shape. 49. The plasma source coil of claim

48, wherein the £qijdiig SHTRWIEINBILIHUHNR O ushiBam SRS ABBHRANIRNDESHAY The plasma

source coil of claim 48, wherein only coil lines facing each other among the coil lines are located to

sttfround fFBiedsihibefReiRsPIHAlaaMASPACEnePHb R 6RTISHATHY e DrstiaehisE Ar8aRY outer walls
and a dopag e/ fieg PiRTeT RS _ﬁféﬁﬁléhé‘ feDQIRG Qﬁém%ﬂqﬁ%é’y%iéﬁ‘@img@mei a wafer
support located at a lower portion of the chamber, the wafer supﬂort for supporting semiconductor
wafers: from the conductive bushing and are arranged around the conductive bushing,
wherein each of the coil lines is located such that currents flow through adjacent
portions of the coil line in the opposite directions; and
15 an induction power supplier connected to the conductive busing, the induction

power supplier for supplying power to the coil lines.

52. A plasma source coil for generating plasma in a predetermined
reaction space, the plasma source coil comprising:
20 a first coil portion comprised of two or more first unit coils, which diverge from
a central point of a first region, which corresponds to a center of the reaction space
and is spaced a first distance apart from the reaction space, and are located in a
spiral shape around the central point of the first region; and
a second coil portion comprised of two or more second unit coils, which
25 extend from the first unit coils and are located in a spiral shape around the first
region in a second region, which corresponds to an edge of the reaction space,
surrounds the first region, and is spaced a second distance apart from the reaction

space,
wherein the second distance is shorter than the first distance.
30
53. A plasma source coil for generating plasma, the plasma source coil
comprising:
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a plasma source coil plasma source coil comprising a conductive bushing 10 located in the center of
plasma source colil, the conductive bushing for directly receiving power from a power supplier, and
one or more coil lines, which diverge from the conductive bushing and are arranged around the
conductive bushing, wherein each of the coll lines is located such that currents flow through adjacent

portions of the cplL g I G-0BRgRIT ATACIR0TA 15,40 IGNGRaES SURBlLEganected (o the

conductive busing, the induction” power supplier for supplying power to the coil Tines. plasma
source coifdral@astiatingf plesreadticnmreaetsantned pecetdenfephdistanceplagarhfsourteecoil
comprisiqgéggoq]f%ﬁéggil portion comprised of two or more first unit coils, which diverge from a central
point of a first region, which corresponds to a center of the reaction space and is spaced a first
distance apart fdfifsheqié pontanspacw! wed afdw atcadtreafiegiiknithaie arbiehddiMergerftieimpoint of

the first ragior..apda; e 1Relelarle]aNy sed 0 fol; SECOR. it Goilsy MRk 25 extend
from the wst%rllﬁsco#sﬁa@fg{;ﬂhag Iocéa}ltegagl]n ag‘s%a% gr%apge@%)uhﬁgt)hgg)ﬁ?stgrg iorcll1t rin a se{ﬁgn%a}egion,
which colresptigdffslan edge of the reaction space, surrounds the first region, and is spaced a

second distance,apar fpRbINERRHIEmRALR WG BHDFSRe AL SiRiaRfedsIRqfHREANan the first

distance. 30 53. A plasma source coil for generating plasma, the plasma source coil comprising: 53 a

coil bushfgapediemiadissnelt sPisird agRARRAIIdOrPespbALENRRE BEitRsl Bistdtsatof the
reaction $paeh NG ISTRE LRI BF L WENEEARIb e s g@g&% gRARG QiBFSLpaLortion

comprised of two or more first unit coils, which diverge from 5 the coil bushing in the first region and
ar® arranY@dqHIS g 8! '§RAFRORBUABAHE SRACBHShARECAbIdISSRRER RRBIT FMILRSRFFHQSY of two ore
more secggisbdnit coils, which extend from the first unit coils and are arranged in a spiral shape

around the first region in a second region, which corresponds to an edge of the reaction space,
wherein the second distance is shorter than the first distance.

54. A plasma source coil for generating plasma, the plasma source coil

15 comprising:

a first coil portion comprised of two or more first unit coils, which diverge from
a central point of a first region, which corresponds to a central portion of the reaction
space and is spaced a first distance from the reaction space, and are arranged in a
spiral shape around the central point of the first region;

20 a second coil portion comprised of two or more second unit coils, which are
arranged in a spiral shape around the first region in a second region, which
corresponds to an edge of the reaction space and is spaced a second distance apart
from the reaction space; and

a third coil portion comprised of two or more third unit coils, which extend from

25 the first unit coils to the second unit coils in a vertical direction in a third region, which
is formed of slant lateral surfaces of the plasma source coil between the first region
and the second region,

wherein the second distance is shorter than the first distance.

30 55. A plasma source coil for generating plasma, the plasma source coil
comprising:
a coil bushing located in the center of a first region, which corresponds to a
central portion of the reaction space and is spaced a first distance apart from the

reaction space;
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10 surrounds the first region, and is spaced a second distance apart from the reaction space, wherein
the second distance is shorter than the first distance. 54. A plasma source coil for generating plasma,
the plasma source coil 15 comprising: a first coil portion comprised of two or more first unit coils,
which diverge from a central point of a first region, which corresponds to a central portion of the

reaction space [ .afi ] efr | mﬂ: re,ar ' spiral
shape around thgel?fglﬁ?ral §ﬂ't8}3} {:E)e jl%éég?i%@?@?ﬁ%%m bogr%giq@rﬁﬁié@%gﬁ%v%%r more
second uiie calspugtishgdrethe sy cedion apialrehaipengedin ahepiialt segiemancanedbadedgion,
which cqy ds to an edge of the reaction space and is spaced a second distance apart from the

reaction space; and a third coil portion comprised of two or more third unit coils, which extend from 25
the first unit coilgé &eamndaaihpoihitrcotsprisee dchvaiesdioreisecond vationllsviithchsaisrmed of

sl etesgt ayiag s RLIIE-PANRE souiR Al RRYVREIUNG TUstagaian andinrspnd region.

wherein the secon orter than ance. 3055. A sma source coil for

generatirP Plespeads ophis A s frte GO 5P68g 2ad Y dRepathacrteadfipiaren@pata first

region, whigh %r@g&mggaaceceéﬁ@l portion of the reaction space and is spaced a first distance
apart from the reaction space, 54 a first coil portion comprised of two or more first unit coils, which

diverge from tha Hancherihipeytieteonsrierfio?f ine arenaranipisd i epilel Whigheaxienad @@ coil
bushing; & &88ndrPH AR HE thePERREFRIALA WG!S MR BREAIrBBHHPIIS QWRIFD rRifioR, alkaRged in a

spiral shape around the first region in a second reﬁgﬂgn, which corre.scagnds to an edge of the reaction
splce anig 194paE &13BLEHAAIStHAGS 2D FITFORMAPBASRUISE SodRetunrea thediEdirpairion
compriseghf M LIchda dgishunit coils, which extend from  the first unit coils to the second unit coils

in a vertical direction in a third region, which . .
wherein the second distance is shorter than the first distance.

56. A plasma chamber comprising:
15 a chamber having outer walls and a dome, a reaction space of the chamber
being defined by the outer walls and the dome;
a wafer support located at a lower portion of the chamber, the wafer support
for supporting semiconductor wafers;
a plasma source coil comprising a first coil portion comprised of two or more
20 first unit coils, which diverge from a central point of a first region, which corresponds
to a center of the reaction space and is spaced a first distance apart from the
reaction space, and are located in a spiral shape around the central point of the first
region, and a second coil portion comprised of two or more second unit coils, which
extend from the first unit coils and are located in a spiral shape around the first
25 region in a second region, which corresponds to an edge of the reaction space,
surrounds the first region, and is spaced a second distance apart from the reaction
space, wherein the second distance is shorter than the first distance; and
an induction power supplier for supplying power to the unit coils via the coil
bushing.
30
57. A plasma chamber comprising:
a chamber having outer walls and a dome, a reaction space of the chamber
being defined by the outer walls and the dome;
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10 is formed of slant lateral surfaces of the plasma source coil between the first region and the
second region, wherein the second distance is shorter than the first distance. 56. A plasma chamber
comprising: 15 a chamber having outer walls and a dome, a reaction space of the chamber being
defined by the outer walls and the dome; a wafer support located at a lower portion of the chamber,

the wafer support iNg.semico fers: a pl i iSi irst coil
portion compriséd“égf){?\?m r%rréﬁﬁeo%g%:afs%}ﬁ% %{)el\@ w ?%ﬁ(c%\?g%%%%ﬁrﬁgg ggr%t&iéﬁ%r%@? tflrst region,
which cofeesppiytingssesricansiutioraaitos;, space and is spaced a first distance apart from the

reaction space, [ i 0 t int: of the fi ign, and a
second coil portl% %%ﬁ%%@g% %ﬁé@%ﬁ%@sﬂggcﬁ%dﬂ éﬁr?lgsg%mﬁg/vﬁ%ﬁﬂgx@%ﬁéfr%érrnﬁ%%%zrgst unit coils
and are l6esiteeion, ypirahsieipespmigaiiche destrs pegismiafdhe ceactiayRpacerac ¢drresponds to

angedge ghle (PAGHEN o SPURGR oA CREIPEp 208, 1S FRAGES HSRATERIAGER gpart from

the reacticfﬁ space, Wgereln.t ee%#({econ. distance Is shorg-:-r than the first distance; and an induction
power supysler fNose PisBliHG beiks: whish aivecoasamitie il bushing.iBdw7iirtgegiva aRember
comprising,a,hambenhaving QURL L ANLIARLRS BUSARECRRRACSRbIE SIARYEbPeing defined
by the outer walls and the dome; 55 a wafer support located at a lower portion of the chamber, the

wafer suSEORTEPd Y VieiRiesBIACoPRIERIS YRkicRIlsa Whish 8480t & @diItberfiprdettaiallzoil bushing
located inyfhe fenierefdsrepip Bl SRITRRPANIAD AaRIHTA RGN bgisRavliaprspace and

is 5 spaced a first distance apart from the reaction space, a first coil portion comprised of two or more

firk unit COECHRABAIAGLROM A EIIPRELAThERRARCSHEPHASS N firsh e @itANnaRE IR a spiral shape
around thygedPusbieanandAFROBIAPIBAIAR reARRIFEHRINIHRIRMPRR SeRRAG Unit coils, which

extend from the first unit coils and are arranged in a spiral shape around the first region in a second
region, wiigiance is shorter than the first distance;

an induction power supplier for supplying power to the unit coils via the coil
bushing.

15

58. A plasma chamber comprising:

a chamber having outer walls and a dome, a reaction space of the chamber
being defined by the outer walls and the dome;

a wafer support located at a lower portion of the chamber, the wafer support

20 for supporting semiconductor wafers;

a plasma source coil comprising a first coil portion comprised of two or more
first unit coils, which diverge from a central point of a first region, which corresponds
to a central portion of the reaction space and is spaced a first distance from the
reaction space, and are arranged in a spiral shape around the central point of the

25 first region, a second coil portion comprised of two or more second unit coils, which
are arranged in a spiral shape around the first region in a second region, which
corresponds to an edge of the reaction space and is spaced a second distance apart
from the reaction space, and a third coil portion comprised of two or more third unit
coils, which extend from the first unit coils to the second unit coils in a vertical

30 direction in a third region, which is formed of slant lateral surfaces of the plasma
source coil between the first region and the second region, wherein the second
distance is shorter than the first distance; and

an induction power supplier for supplying power to the unit coils via the coil

bushing.
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10 corresponds to an edge of the reaction space, surrounds the first region, and is spaced a second
distance apart from the reaction space, wherein the second distance is shorter than the first distance;
an induction power supplier for supplying power to the unit coils via the coil bushing. 15 58. A plasma
chamber comprising: a chamber having outer walls and a dome, a reaction space of the chamber
being defined by the outer walls and the dome; a wafer support located at a lower portion of the
chamber, the wafer support 20 for supporting semiconductor wafers; a plasma source coil comprising
a first coil portiobGomfistasofawbambesreofimgtiaimigcoils, which diverge from a central point of a first
region, which cqqr i t ti - a%%i S dafi jstance
from the reactig%&si)%%%(,éirﬁg \g@e zggg]rggéﬁ!%rgﬂsap%gq[fﬁgbgl%?ﬁgr%h cgﬁtgaﬁ%%iﬁ%%ﬁthg}% first

region, aReiogrdedivied dryidhecouiprived ®andbtioe shomesecond unit coils, which are arranged in a
ol o : TP o .
Spgal shape aroé‘%%gﬁséelﬁaﬁ(}%%%éfbﬂ SECO KT B%W&qhg%ﬁ%ﬂﬁgﬂyﬂﬁg %ﬁ%ﬁfﬂﬁﬁm? reaction

space and is spacec . Istance apart from the reaction space, an portion
comprise®osURPAt RtbBe RiranshictebiRrsch extend from the first unit coils to the second unit coils

in a vertical 30 djrCHORAN B GO MIMNER iSQreadhakRiAGtIESIaLSHTRE &S AldPE Riasma

source coil between the first region and the second region, wherein the second distance is shorter
than the fiFst SRSRc&VRIAD BAMTESRONGIS R RECEIFIRIHRNSODIFiIfEAsIRR SRAGR AN oils via the coil

bushing. 86,58 1 HIAS R G BYTFORRTISNG S iam BBARBVING NSRS VSIS SR EchiiRBEd BFeaction

space of the chamber being defined by the outer walls and the dome; 5 a wafer support located at a
lolRer poriitsh Ot TRr @ rlihel! GRSy ATBILEEIf QTP AR SeisTitamiu Eis ilskeesi aniisha
source C@Fé%’ﬁﬂ&ﬁﬁ@@ of §_§SIF£%B€ @t_‘b’ﬂﬁé‘ iﬂé%ﬁ‘?ﬂé’ﬁiﬁb?a@ébb‘?@i%iI%ﬁfbﬁo”esponds to a
central portion of the reaction space andis | | , , ,

comprised of two or more second unit coils, which are arranged in a spiral shape

around the first region in a second region, which corresponds to an edge of the

reaction space and is spaced a second distance apart from the reaction space, and

15 a third coil portion comprised of two or more third unit coils, which extend from the
first unit coils to the second unit coils in a vertical direction in a third region, which is
formed of slant lateral surfaces of the plasma source coil between the first region

and the second region, wherein the second distance is shorter than the first distance;

and
20 an induction power supplier for supplying power to the unit coils via the coil
bushing.
60. A plasma chamber comprising:
a chamber having outer walls and a dome, a reaction space of the chamber
25 being defined by the outer walls and the dome, wherein the dome has a protrusion

toward the reaction space in a first region corresponding to a central portion of the
reaction space such that the thickness of the first region is thicker than the thickness
of a second region, which surrounds the first region;

a wafer support located at a lower portion of the chamber, the wafer support

30 for supporting semiconductor wafers;

a plasma source coil comprised of a coil bushing located in the first region of
the dome and two or more unit coils, which diverge from the coil bushing in the
second region of the dome and are located in a spiral shape around the coil bushing;

and
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spaced a first distance apart from the reaction space, a first coil portion comprised of 10 two or more
first unit coils, which diverge from the coil bushing in the first region and are arranged in a spiral shape
around the coil bushing, a second coil portion comprised of two or more second unit coils, which are
arranged in a spiral shape around the first region in a second region, which corresponds to an edge of

porton comproas B BT ORI B i TR BT Secona

unit coilslaighuegtical direction in a third region, which is formed of slant lateral surfaces of the plasma
source coil between the first region and the second region, wherein the second distance is shorter
than the first distance; and 20 an induction power supplier for supplying power to the unit coils via the
coil bushing. 661A plafmiasmartiansbemiesmyyisingiamber having outer walls and a dome, a reaction
Spgce of he crahemBa A ien Rt RUENAle ATLIaAI T YRR Wediae has o
protrusion toward the reaction space in a first region corresponding to a central portion of the reaction
space subRiftghdinee dnnthe oftgrewals rrafbih & dRitiee hareiRdhRriclateednefusied eond region, which
surrounds e i RAIRTQANALRH SHBRATIHRCRRkAR IR UBp RSN LN Qb REalipitaler support

30 for supporting semiconductor wafers; a plasma source coil comprised of a coil bushing located in
the first rEBRIEAN EhilrdorAgian A TRANBIROUIRI CCERBIRHRITINNLHERSRRFIOBSPBASHHEHN the

second regipRH 1HRIGRIBE aNtha R L FalidhisameKel $hana ARLBIYIRS RN, MISBINGL rkighaié an

induction %er supplier for supplying power to the unit coils via the coil' bushing. 61. A plasma
cAmbert@&nipFisiAgofa chamber having outer walls and a dome, a reaction space of the chamber

being defined by t\hﬁf@\f’@!mﬁ%‘ﬂﬁ I_éBQt_HEﬁé_iWﬁﬁb@iww&f‘?!ﬁméﬁéﬁibéﬁstﬁe WQ?@#%QBFSBWafd the
outside of the dome in an opposite direction of the reaction space in a first region corresponding to a

central pHRliGHRPARE N SEMIR UYL ALNRTETS;

a plasma source coil comprised of a coil bushing located in the first region of
the dome and two or more unit coils, which diverge from the coil bushing in the

15 second region of the dome and are arranged in a spiral shape around the coill
bushing; and
an induction power supplier for supplying power to the unit coils via the coil
bushing.
20 62. A plasma chamber comprising:

a chamber having outer walls and a dome, a reaction space of the chamber
being defined by the outer walls and the dome, wherein the dome includes a
protrusion toward the outside of the dome in an opposite direction of the reaction
space in a region corresponding to a central portion of the reaction space;
25 a wafer support located at a lower portion of the chamber, the wafer support
for supporting semiconductor wafers;
a coil bushing located in the center of the region of the dome that corresponds
to the center of the reaction space;
a plasma source coil comprised of first unit coils, which extend from the coil
30 bushing in a first region surrounding the coil bushing and coil around the protrusion
in a vertical direction, and second unit coils, which extend from the first unit coils in a
second region surrounding the first region and are arranged on the dome so as to
surround the first region in a horizontal direction; and
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that the thickness of the first region is thicker than a second region, which surrounds 10 the first
region; a wafer support located at a lower portion of the chamber, the wafer support for supporting
semiconductor wafers; a plasma source coil comprised of a coil bushing located in the first region of
the dome and two or more unit coils, which diverge from the coil bushing in the 15 second region of
the dome and arg, Eﬁi‘ﬁ%%' o%?'%%lgﬁ?e?‘?o”}@y@%}? °§§@P§§'ﬂ% ARd %&Né‘gfécﬂ%‘c“ocﬂ"’.er supplier
for supplying power to the urit coils via'the coil bu ngg . A'plasma chamber comprising: a
chamberbizgshimgouter walls and a dome, a reaction space of the chamber being defined by the outer
walls and the dome, wherein the dome includes a protrusion toward the outside of the dome in an
opposite direction of the reaction space in a region corresponding to a central portion of the reaction
space; 25 a wafer support located at a lower portion of the chamber, the wafer support for supporting
semiconductor wafers; a coil bushing located in the center of the region of the dome that corresponds
to the center of the reaction space; a plasma source coil comprised of first unit coils, which extend
from the coil 30 bushing in a first region surrounding the coil bushing and coil around the protrusion in
a vertical direction, and second unit coils, which extend from the first unit coils in a second region
surrounding the first region and are arranged on the dome so as to surround the first region in a
horizontal direction; and 58 an induction power supplier for supplying power to the unit coils via the coil
bushing. 59

59



