PLASVA SOURCE FOR UNI FORM PLASMA DI STRI BUTI ON | N PLASMA CHAMBER BACKGROUND
OF THE I NVENTION Field of the Invention The present invention relates to a
pl asma chwotess/o4za3d, nmore particularly, to a plasnma source/Krzooumifsar m
distribution of plasma in a plasnma chanber. Description of the Related Art
Technol ogy of manufacturing ultra-large scale integrated circuit devices
has devel oped remarkably over the past twenty years. Such devel opnent could
be acconplished by virtue of sem conductor manufacturing apparatuses which
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applicatzﬁngI ﬁp , for exanple, is now used for a deposition process as
wel | as ng process. The plasnma chanber is a sem conduct or

manuf acturi ng apparatus to create plasm therein, and perfornms a process
such as an etching process or a deposition process using the plasma. The

pl asma chanber I | £l i el ectron-cycl otron resonance

pl asma ( ECRP) %éﬁﬁ%ﬁ%@ﬁhﬁﬁﬁﬁ$H§3ﬂ2$®28ﬂ€mave excited plasma (HWEP) source
chanber, an inductively coupled plasma (I CP) source chanber, a capacitively
coupl ed plasma (CCP) course chanber, and the |like, according to a plasma
sour ce. Recenh;%lgﬁ%rﬂhjLP e has been suggested an adaptive plasnma source

chamber, whic VPg ot h advant ages of the CCP source and the | CP
source. Fig. 1 .is a schematic cross-section M/lllustra i ng | asma
chamber conpr i SISREEsERIdREHT eﬂf%ﬁs %Pa ﬁﬁagl ab@b an&.ngore ﬁal‘tlgular Fohblgt ety
illustrating the plasma source In Figs. 1 and 2, the pl asma
chanber Spwe&hsmfm@&stabt}t@aef pl@%maslaa@@&%@aa@ei ned to

Description of the Related Art

Technology of manufacturing ultra-large scale integrated circuit devices has
developed remarkably over the past twenty years. Such development could be accomplished
by virtue of semiconductor manufacturing apparatuses which can support processes requiring
advanced techniques. A plasma chamber, one of such semiconductor manufacturing
apparatuses, has been widened in its applications, and, for example, is now used for a deposition
process as well as an etching process.

The plasma chamber is a semiconductor manufacturing apparatus to create plasma
therein, and performs a process such as an etching process or a deposition process using the
plasma. The plasma chamber can be classified into an electron-cyclotron resonance plasma
(ECRP) source chamber, a helicon-wave excited plasma (HWEP) source chamber, an
inductively coupled plasma (ICP) source chamber, a capacitively coupled plasma (CCP) course
chamber, and the like, according to a plasma source. Recently, there has been suggested an
adaptive plasma source chamber, which can provide both advantages of the CCP source and the
ICP source.

Fig. 1 is a schematic cross-sectional view illustrating a plasma chamber comprising a



predet er mi ned di nensions by a chanber outer wall 102 and a done 112. Pl asna
120 is produced in a predeterm ned region of the reaction space 104 under a
pr edet er mvoadocoanzint i on. Al t hough the reaction space 10#Cr&rhamiss3 bei ng
opened at a | ower portion of the plasma chanber 100 in the drawing, this
structure is sinplified for description, and in practice, the |ower portion
of the plasnma chanber 100 is also shielded fromthe outside, so that the

pl asma chanber 100 is under vacuum A wafer supporting station 106 is
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sem conductor wafer 108 to be processed thereon. The wafer supporting

station 106 ispLRROaciRd 4R ﬁﬁh@%lﬁﬁa@&l 108FoRQYESs aSi@hiief spdl.10Aldehmidab not
shown in the drawngs, the wafer supporting plate 106 may have a heater
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A plasma source 200 is provided on an outer surface of the dome 112 to produce
plasma. As shown in Fig. 2, the plasma source 200 comprises a plurality of unit coils, for
example, first, second, third, and fourth unit coils 131, 132, 133 and 134, and a bushing 120.
More specifically, the bushing 120 is located at the center of the plasma source 200, and the
first, second, third, and fourth unit coils 131, 132, 133 and 134 spirally extend from the bushing
120 to surround the bushing 120. Although four unit coils are illustrated in the example, the
number of unit coils is not limited to four unit coils, as a matter of course. The bushing 120
has a supporting rod 140 disposed at the center of the busing 120 and perpendicularly
protruding from an upper surface of the bushing 120. The supporting rod 140 is connected to
one terminal of the RF power source 114. Another terminal of the RF power source is
grounded. Power is supplied from the RF power source 114 to the first, second, third, and
fourth unit coils 131, 132, 133 and 134 via the supporting rod 140 and the bushing 120.

The conventional plasma source 200 has a circular shape extending from the bushing



field intensity given by the followng equation: 5B/ t = -V x E -(1) where
B denotes magnetic flux density, V denotes a delta operator, and E denotes
el ectri c woebeb/d4misensi ty. Ceneration of the magnetic fi ecd/raeoavmissg to the
Maxwel | equation as nentioned above is applied to npbst plasna sources
having the circular shape. However, the conventional plasma source has
problenms in that it suffers deviation in magnetic field fromthe center of
the plasnma source to an outer periphery thereof, resulting in difficulty to
control 190khd SdousdinENs bostsngln. Whthfiids snuetucd)itheglasataspuicn2(blras aerdgastic at t he
center and the outer periphery of the plasma source. SUMVARY OF THE

| NVENTI QNidlihehsf efven by e filloesgiiquatitvent i on has been made in view of the
above problens, and it is an object of the present invention to provide a

pl asma sour ce,gpi=Cky grmduces..@yuni formdi stribution of magnetic field in
both an azinmuth angle and a radial direction to create uniformdistribution

of plasma wi t RjRABRlASERERMIE ST defkitgC COIrdaneea deltchopmmatas peCE defioteshe
present invention, the abovée and ot her objects can be acconplished by the

provisiqmmgkfgkph@§ﬁ§.source for producing plasma within a reaction chanber
for processing a seniconductor wafer, conprising: an electrically
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a plurality of source coils Tinearly extending fromthe bushing to a
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and uniform etching rate, in particular, at the center and the outer periphery of the plasma

source.
SUMMARY OF THE INVENTION

Therefore, the present invention has been made in view of the above problems, and it
is an object of the present invention to provide a plasma source, which produces a uniform
distribution of magnetic field in both an azimuth angle and a radial direction to create uniform
distribution of plasma within a plasma chamber.

Tn accordance with an aspect of the present invention, the above and other objects can
be accomplished by the provision of a plasma source for producing plasma within a reaction
chamber for processing a semiconductor wafer, comprising: an electrically conductive bushing
equipped at an upper center of the reaction chamber; and a plurality of source coils linearly
extending from the bushing to a periphery of the reaction chamber.

The plurality of source coils may be disposed in a symmetrical arrangement.

Each of the source coils may have a non-constant thickness from a portion connected



bushi ng by a predeterm ned di stance whil e surroundi ng the bushing around an
upper periphery of the reaction chanber, and having a circular shape to
connect aWb 2odwo4pdsaral ity of source coils to each ot her pCiiKR200%00c3e, t he
pl asma source may further conprise at | east one mddle source coi

separated fromthe bushing by a predeterm ned di stance whil e surroundi ng

t he bushi ng between the bushing and the peripheral source coil, and having
a circular shape to connect all the plurality of source coils to each
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reaction chamber for processing a semiconductor wafer is provided, comprising: an electrically

conductive bushing equipped at an upper center of the reaction chamber; a plurality of first
source coils radially extending from the bushing in a first region surrounding the bushing to a
periphery of the first region, each first source coil having a shape curved towards an upper
portion of the reaction chamber; and a plurality of second source coils spirally extending from
the first source coils in a second region surrounding the first region to a periphery of the second
region.

In accordance with yet another aspect, a plasma source for producing plasma within a
reaction chamber for processing a semiconductor wafer is provided, comprising: an electrically
conductive bushing equipped at an upper center of the reaction chamber; and a plurality of
source coils extending in a wave shape from the bushing to a periphery of the reaction chamber.

In accordance with yet another aspect, a plasma source for producing plasma within a
reaction chamber for processing a semiconductor wafer is provided, comprising: a plurality of
source coils linearly extending from an upper center of the reaction chamber to a periphery of

the reaction chamber; and a circular peripheral source coil connecting all distal ends of the



In this case, the plasma source may further conprise at |east one mddle
source coil circularly disposed within the peripheral source coil while
bei ng sepmoaverb4sespr edet er mi ned di stance fromthe peri plreratreemocs4coil to
connect all the source coils. In accordance with yet another aspect, a

pl asma source for producing plasma within a reaction chanber for processing
a sem conductor wafer is provided, conprising: an electrically conductive
bushi ng equi pped at an upper center of the reaction chanber, the bushing
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coil and the second |inear source coils. In accordance with yet another
aspect , sarfpreaafike Sisusesiom 6mlyplin of pavgceRiols pendinginp wave shape from the first

section of the bushing to a periphery of the reaction chamber; and a circular peripheral source
coil connecting all distal ends of the source coils at an upper periphery of the reaction chamber.

The first section may be gradually decreased from a bottom surface to a portion
contacting the second section.

In accordance with yet another aspect, a plasma source for producing plasma within a
reaction chamber for processing a semiconductor wafer is provided, comprising: an electrically
conductive bushing equipped at an upper center of the reaction chamber; at least one middle
source coil surrounding the bushing; a plurality of first linear source coils linearly extending
from the bushing to the middle source coil; a peripheral source coil surrounding the middle
source coil; and a plurality of second linear source coils linearly extending from the first linear
source coils to the peripheral source coil, wherein the middle source coil and the first linear
source coils are formed of a material different from that of the peripheral source coil and the
second linear source coils.

In accordance with yet another aspect, a plasma source for producing plasma within a

reaction chamber for processing a semiconductor wafer is provided, comprising: an electrically



reacti on chanber for processing a sem conductor wafer is provided,
conprising: an electricallyconductive bushing equi pped at an upper center
of the resotn@w4cisanber; a peripheral source coil surroec@iKRRGIM®1334shi NQg;
and a plurality of linear source coils linearly extending fromthe bushing
to the peripheral source coil, wherein the bushing, the peripheral source
coil, and the linear source coils are forned of different materials. In
accordance with yet another aspect, a plasma source for producing plasma
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In accordance with yet another aspect, a plasma source for producing plasma within a
reaction chamber for processing a semiconductor wafer is provided, comprising: an electrically
conductive columnar-shaped bushing vertically located at an upper center of the reaction
chamber, the bushing having an upper surface positioned a substantial distance from the
reaction chamber and a lower surface adjacent the reaction chamber; a plurality of upper source
coils extending in a wave shape from the bushing to a periphery of the reaction chamber, and
coplanar with the upper surface of the bushing; and a plurality of lower source coils extending
in a wave shape from the bushing to the periphery of the reaction chamber, and coplanar with
the lower surface of the bushing.

The plasina source may further comprise an upper peripheral source coil coplanar with
the upper surface of the bushing and connecting distal ends of the upper source coils; a lower
peripheral source coil coplanar with the lower surface of the bushing and connecting distal ends
of the lower source coils; and a vertical source coil vertically connecting the upper peripheral

source coil and the lower peripheral source coil.



of the | ower source coils; and a vertical source coil vertically connecting
t he upper peripheral source coil and the | ower peripheral source coil.lIn
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one middle upper source coil located coplanar with the upper surface of the bushing between
the bushing and the peripheral upper source coil; a peripheral lower source coil circularly
located coplanar with the lower surface of the bushing and connecting all distal ends of the
lower source coils; at least one middle lower source coil located coplanar with the lower surface
of the bushing between the bushing and the peripheral lower source coil; and a vertical source
coil vertically connecting the peripheral upper source coil and the peripheral lower source coil.

In accordance with yet another aspect, a plasma source for producing plasma within a
reaction chamber for processing a semiconductor wafer is provided, comprising: an electrically
conductive upper bushing located on an upper plane positioned a substantial distance from the
reaction chamber; a plurality of first upper source coils extending in a wave shape from the
upper bushing to a first region separated by a first distance from the upper bushing; a plurality
of second upper source coils spirally extending from the first upper source coils on the upper
plane to a second region separated by a second distance from the first region while surrounding

the first region; a peripheral upper source coil connecting distal ends of the second upper source



of second upper source coils spirally extending fromthe first upper source
coils on the upper plane to a second region separated by a second di stance
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upper source coil connecting distal ends of the second upper sourcecoils on
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located at a center of the reaction chamber; and a plurality of conductors radially extending in a
stripe shape from the bushing.

The conductors may be disposed symmetrically.

The bushing may comprise a conductive material.

Each of the conductors may have a thickness gradually increasing from the bushing to
the edge of the reaction chamber.

Each of the conductors may have a thickness gradually decreasing from the bushing to
edge of the reaction chamber.

In accordance with yet another aspect, a plasma source for producing plasma within a
reaction chamber for processing a semiconductor wafer is provided, comprising: a bushing
vlocated at a center of the reaction chamber; and a plurality of conductors radially extending in a
curved-stripe shape from the bushing.

The conductors may be disposed symmetrically.

The bushing may comprise a conductive material.

Each of the conductors may have an S-shape or W-shape.



curved-stripe shape fromthe bushing. The conductors may be di sposed
symmetrically. The bushing may conprise a conductive material. Each of the
conduct orwormags/lazase an S-shape or Wshape. Each of the cecdusx2o0z0nmy have a
t hi ckness gradually increasing fromthe bushing to edge of the reaction
chanmber. Each of the conductors may have a thickness gradual ly decreasing
fromthe bushing to edge of the reaction chanber, One of the advantages of
the present invention is that, since the plasnma source conprises

non-ci rcul ar, Hackof (ht neatuctosonaycieve aitlisknesstgridsalomsichding fram predwsinitg to
deviation in magnetic field fromthe center to a periphery of the reaction
chanber ddpe ¢fike reandionthagiteect i on, resulting in easy control of critical

di mrensions and uniformetching rate both at the center and periphery of the
pl asma sour ce.Eadhof the coraidvtarntiagehaoé a thieknpss geaelndlly deeendingfrom shd haling &i nce
conductors radially extending fromthe bushing at the center of a reaction
chanber epgeofthspasied chamtar.stri pe shape or curved-stripe shape, a magnetic
field is circularly induced, so that a magnetic field is uniformy

di stributed i rotobhtignadvantagss ofethg | Resdmdingerttiadi iglthal] kiged URNpladn@s whréeNg i N
enhanced selectivity and uniform CD distribution. BRI EF DESCRI PTI ON OF THE

DRAW NG otpéiseahoveiaier, 0t Nekar0Bhect &ils,fieR éd@ésﬁ‘lﬁe @d\ﬁle%lﬁ@lé\/@%lﬂﬁtlﬁ@ﬂéhcpf t he
present invention will be nore clearly understood fromthe follow ng

det ai | edictes6mithe Eifer kK Ealphelycaﬂhmﬁéﬂoﬁr&hxmbé} it IR agsloRavA RAuidh@w ngs,
inwhich: Fig. 1is a schematic cross-sectional viewillustrating a plasma

chanber @&péRUbING cAitic '&Mﬁéﬂsioﬁ@%d RERSARICERY '%@c@ botﬁ'agthe %el'lt& dYeBPhely 6V
illustrating the conventional plasm source of
the plasma source. Another advantage of the present 111vent1on is that, since conductors
radially extending from the bushing at the center of a reaction chamber are disposed in a stripe
shape or curved-stripe shape, a magnetic field is circularly induced, so that a magnetic field is

uniformly distributed in both an azimuth angle and a radial direction, resulting in enhanced

selectivity and uniform CD distribution.
BRIFF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advantages of the present invention
will be more clearly understood from the following detailed description taken in conjunction
with the accompanying drawings, in which:

Fig. 1 is a schematic cross-sectional view illustrating a plasma chamber employing a
conventional plasma source;

Fig. 2 is a plan view illustrating the conventional plasma source of Fig. 1;

Fig. 3 is a plan view illustrating a plasma source in accordance with one embodiment
of the present invention;

Fig. 4 is a cross-sectional view illustrating the plasma source of Fig. 3;



Fig. 3is aplan viewillustrating a plasnma source in accordance wi th one
enbodi nent of the present invention; Fig. 4 is a cross-sectional view

i Il ustratwogosdneippbhasma source of Fig. 3;Fig. 5 is a pl aoTxrws/doissst rati ng
a plasma source in accordance with another enbodi ment of the present
invention; Fig. 6 is a cross-sectional viewillustrating the plasm source
of Fig. 5; Fig. 7 is a plan viewillustrating a plasna source in accordance
wi th yet another enbodi ment of the present invention; Fig. 8 is a plan view

iITustrating appl as [8a SO Q/?ew MLAGRAEIANMAmA sdirdetn @M‘icﬂlﬁée evtpoghotient of

the present invention; Fig. is a graph depicting the/a rel ationship
bet ween gﬁb&mhghggmg§§$§@gwgh§hance fromthe center of the plasma source of
Fig. 8; is a plan V|em1|llustrat|ng a plasma source in accordance

W th yet anot h? @gqgfgsggé&loﬁivﬁ\k}%h@ﬁﬁ &ﬂz@fﬁ%@&h%f e%g 11 is a plan

view illustrati g a plasma source In ac ance wth 'y anot her enbodi nment

of the presentj,nvent, :Aﬁ?lh ) viehd 111111'@atfh§ aaglﬁ%ﬁ%{'s&hgé’vlﬂ %Ach}tEﬁ&t {WAg Rt PR

source in accor ance anot odi nent o pr esent i nvention;

Fig. 13 &%gﬁmﬁ&%%?p@ﬁ&%&ﬁﬂ@hﬁ%ﬁe“"||UStrat'ng the plasna source of Fig.

11; Fig uStratlng a plasma source in accordance with

yet anot her "FOdISrEErH[ lan vﬁ R{st%“ﬁﬁgt B!Pyﬁyts&gge 11f Hcg:o¥d]ztacé %m% Iet Enothel 16 is

Cross-sectiona I ew |l asnma source o

a plan vie atin asma source in accordance mnth yet another
erbod nertosimia R e BB T on.

Fig. 9 is a graph depicting the/a relationship between coil thickness and distance from
the center of the plasma source of Fig. &;

Fig. 10 is a plan view illustrating a plasma source in accordance with yet another
embodiment of the present invention;

Fig. 11 is a plan view illustrating a plasma source in accordance with yet another
embodiment of the present invention;

Fig. 12 is a plan view illustrating a plasma source in accordance with yet another
embodiment of the present invention;

Fig. 13 is a cross-sectional view illustrating the plasma source of Fig. 11;

Fig. 14 is a plan view illustrating a plasma source in accordance with yet another
embodiment of the present invention;

Fig. 15 is a cross-sectional view illustrating the plasma source of Fig. 14;

Fig. 16 is a plan view illustrating a plasma source in accordance with yet another
embodiment of the present invention;

Fig. 17 is a plan view illustrating a plasma source in accordance with yet another
embodiment of the present invention;

Fig. 18 is a plan view illustrating a plasma source in accordance with yet another

embodiment of the present invention;
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Fig. 17 is a plan viewillustrating a plasm source in accordance with yet
anot her enbodi nent of the present invention; Fig. 18 is a plan view

il ustratwogoe/q@imema source in accordance with yet anotrheKroirdissent of
the present invention;Fig. 19 is a plan viewillustrating a plasma source
in accordance with yet another enbodi ment of the present invention; Fig. 20
is aplan viewillustrating a plasnma source in accordance with yet another
enbodi ment of the present invention; Fig. 2 1 is a plan viewillustrating a

pl asma source f3 @§¢op %%Cﬁe\)()’iifhﬁuﬂﬁ{g ARREAL o@D Al hean@ withgePaRuRAt
invention; and Figs. 22 to 27 are pllan views illustrating exanples of a

pl asma sguf L EofdangSeohh a fifth enmbodi nent of the present
Pnvent i o DB B et e pRED EVBODI MENTS Pr ef er red embodi ment s

of the presentyighy@@;agpn%dv iﬁt?s_h?ﬁ%g{t irp%ﬂa%ﬁl@e ELhELRARS (vRh 3ECHMRRYI NY

drawi ngs. Fig. I's a plan view i ating a plasnma source i'n accordance

wth a f%x§1§3di1% 8%1&?%%3113&@1&@11@esent invention, and Fig. 4 is a

cross-sectronal vie atihg the plasma source of Fig. 3. Referring to

Figs. 3 and 4, ggm%gﬁs%lawa&%glgslhgm%ﬁaﬁgmé 'sbitbe GIBORIIRNE WRRITRY higfi: @

bushing 2 11, e ‘source eri pheral source coil 214, and a

pluralit f.line source coils 212. The bushing 2 11 is forned of an
el ectri cgpﬁgﬂu}}gﬁ(‘]ﬁ@?ﬂ%enﬁ%vg}%031afllaand, al t hough not shown in the draw ngs,

the bushing 2 11 i.s |located at.an.upper center of_a,re i.ON. C The
bushing 211 has'®§ r%?& (85 B nﬂfﬂsiﬁlf)sg%%gee&algpfe§ ﬁéag%aarsl gr%dc%?&ltnﬁqtél' u%[%f" ng 2
éﬁsﬁlf’n;r%ﬁ?ﬁ%ﬁhgib&%{%ﬁtotfﬁl%@re%é‘nt%tel%{oﬁ?" RF pover source (not shown) to the

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be described with reference to
accompanying drawings.

Fig. 3 is a plan view illustrating a plasma source in accordance with a first
embodiment of the present invention, and Fig. 4 is a cross-sectional view illustrating the plasma
source of Fig. 3.

Referring to Figs. 3 and 4, a plasma source 210 of the first embodiment comprises a
bushing 211, a middle source coil 213, a peripheral source coil 214, and a plurality of linear
source coils 212. The bushing 211 is formed of an electrically conductive material, and,
although not shown in the drawings, the bushing 211 is located at an upper center of a reaction
chamber. The bushing 211 has a protrusion 211-1 located at the center of the bushing 211 to
transmit RF power from an external RF power source (not shown) to the bushing 211. The
linear source coils 212 linearly extend from a periphery of the bushing 211 to an upper
periphery of the reaction chamber. ~Since the bushing 211 is electrically connected to the linear

source coils 212, the RF power supplied through the bushing 211 is also supplied to the linear

11



| i near source coils 212 linearly extend froma periphery of the bushing 2
11 to an upper periphery of the reaction chanber. Since the bushing 2 11 is
el ectri cavbyoennamset ed to the |inear source coils 212, troe/KBR0E0OMETS4
supplied through the bushing 2 11 is also supplied to the |inearsource
coils 212. Although the linear source coils 212 are disposed symmetrically
in this enbodi nent, the linear source coils 212 may be non-symmetrically

di sposed in order to alter the plasm distribution The peri pheral source

coll 214.4ised QERUAY AhANoHANCTinBE bRBL LI 14 A dIGRGK QM ENAIRE!in s

surround the shi'ng el ng separated |ng 2 11 by a

predeter gﬁ}qﬂc?cﬁn dies ot Hinar SGRRELA Yo 1&5&%&’1‘?&{ %ﬁﬁ&hc@?t GseiGh lordel b &1%?”9“ S

all dist I'I'near sour ce "col S 1s disposed in a
églirﬁ'g‘i f‘d%:@% lesﬁerﬁ rz ?Lﬁ}e}%ﬂeﬁe‘?ﬁl e gojﬂr S}jzﬁfg?“g% ﬁtd%ﬂqﬁjw@%ﬂg#?f f‘“é?lé Z ce
cepar at elrriopeRbabaRond SO Dy BB el S R B 21 o'
coi 1 218 et diafiBnobiiduf e o %%c%f%P S

o Zshgesﬂ?aﬂ%'sfrz%ﬁr‘%%&ﬁ‘i , b Ao osshior SE0AE M o Gl B Pl 212

extendin bushi 2. 11 eri he y of th gac ion nber .
Wi th Okl aw%rwmm%lba% 108 Seriet Yol 214 BRI ik BRes 1y

given by th ol ow ng equat.i on - 0/4 p f)/ ) ) where
B denot egerwgzg%qu:cerq W2 ldeHds wcul'cﬁF odl\%l%’ﬁ%}t f@ssuﬁf@\rr%éls qauﬁliﬂpg 2 FZ&%H%@%@
electric current, r denotes the unit vector, and_R denotes distance, Wen
pr oduci ngepﬁﬁ&&ﬁéctqﬁtthﬁ ibashangd by eedetermined dstages. |y dihg maddle pouree go<dPBlse t o
prevent deviation in magnetic field fromthe center to the perlphery of the
pl asma sernneds plhthe gistal sz@ﬂsaaf theilinetsperge cotlsPdR+ i hlapsi the Haey seusen qods 2b4 are

critical dinmensions and pn|f0fn1etch|nq rate both at the center and the

per i pher gonsctgde eprihapdlien vig digrraiddle source coil 213 and the peripheral source coil 214.

The plasma source 210 of this embodiment comprises the linear source coils 212
extending from the bushing 211 to the periphery of the reaction chamber. With this structure,
the plasma source 210 has a magnetic field intensity given by the following equation:

dB = (1104 T)[(d x R’ —(2)

where B denotes magnetic flux density, 1o denotes permeability, I denotes electric
current, ¥ denotes the unit vector, and R denotes distance.

When producing magnetic field with such a liﬁear structure, it is possible to prevent
deviation in magnetic field from the center to the periphery of the plasma source in the radial
direction, resulting in easy control of critical dimensions and uniform etching rate both at the
center and the periphery of the plasma source.

Fig. 5 is a plan view illustrating a plasma source in accordance with a second
embodiment of the present invention, and Fig. 6 is a cross-sectional view illustrating the plasma
source of Fig. 5.

Referring to Figs. 5 and 6, a plasma source 220 of the second embodiment comprises a

12



Fig. 5is a plan viewillustrating a plasma source in accordance with a
second enbodi nent of the present invention, and Fig. 6 is a cross-sectional
view i | | \wonatdmampsbhe pl asma source of Fig. 5. ReferringCrxki@oggoi$4and 6,
a plasma source 220 of the second enbodi ment conprises abushing 221, first
source coils 222, 223 and 224, second source coils 225, 226 and 227, and a
peri pheral source coil 228. The bushing 221 is |located at an upper center
of the reaction chanber. In the plasna source 220 of this enbodi nent, the

bushi ng &%ﬁmg%zalfﬁﬁ arcEREiOI20am BLhRCHII &BbdscRRBELRS 2N 20@ bkt 22 andend t hi s
is the sane as that of embodi nents descri bed below. The first source coils

222, 2231% ﬁelglzﬂbu?treeciloﬁ%t eehhé Bushihd Q§1t isClobtatl & arl BEped TeMeSHI thoUuBLAgY t he
bushlng the second source coils 225, 226 and 227 are | ocated

bet ween Elﬂﬁlbﬁ:l‘h ; Sh%l ﬂ{egﬂisﬂl@ DuPh ¢ HEns 'efn%Héhﬁlrenp He! &Qﬁﬁ%ﬂ SRWIs6 oreel lof 228

sur roundr n region A~ Mre specifically, first source coils

222, 223 l@ﬁ&ﬁ?%gﬁ(ﬁﬁﬁ@é lﬁ{teﬁ?ﬁt SAnds 1?{5% tsglﬁ Wﬁ gﬁﬁf Sndlichdhtd ferddell BElotkegl ON A

to a perip first tegion A, each of the first source

colls 22¢, %@gso%&%féﬁézmzmmﬁemg wc 5@&' i D IR fl HRBER ARbEIdAR B the

reaction second source col 227 spirall'y extend

f2 r2 g mbé[]s\gfg,k AR (ﬁe s%%ndssoa%g ’cm%zéﬁ ai%ear%ﬁ %%17 Qrel DG RAPRE r‘d?é ﬁlgﬂjéél&ﬁ o coi |

Brne fi T st region eral source coi
per E“EE%',%%%“rcﬁﬁﬂ%r%%?p?erﬁg‘é%?%§oﬁéﬁ§%w%@ldﬁl@%ﬂ B0t D gresaBRaRy oo
e T bR R S5l 275 R AP PRI B S Lo o
oS S Skt 08 £ 2 r°d%‘1%ﬁ%ﬂ‘s#ﬂﬁﬂxe%gifo%?e?%éle BLEERED
(o, prevelt dediaton) @pagﬁe;%tg%ﬁpétu%ﬁea;@%“% bRl ST A0S |,
casy contigl, sbocciiucal duTE oo g LB SLeIAI, [t Bl ho
the fir SE:oﬂ 228 between the first region A and the peripheral source coil 228. The peripheral source
coil 228 connects all distal ends of the second source coils 225, 226 and 227.
The plasma source 220 of this embodiment comprises the first source coils 222, 223
and 224 having a linear structure extending from the bushing 221 to the first region A, and a
magnetic field intensity as shown in Equation 2 is produced with such a linear structure.
When producing the magnetic field with such a linear structure, it is possible to prevent
deviation in magnetic field from the center to at least the first region A of the plasma source in
the radial direction, resulting in easy control of critical dimensions and uniform etching rate
both at the center and the periphery of the plasma source by controlling the size of the first
region A.
Fig. 7 is a plan view illustrating a plasma source in accordance with a third
embodiment of the present invention.

Referring to Fig. 7, a plasma source 230 of the third embodiment comprises a bushing

231, and a plurality of bar-shaped source coils 232. More specifically, the bushing 231 is
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region A, Fig. 7 is a plan viewillustrating a plasma source in accordance
with a third enbodi nent of the present invention. Referring to Fig. 7, a

pl asma sowoceosd@2sof the third embodi ment conprises a beehikrpo®abissand a
plurality of bar-shaped source coils 232. Mre specifically, the bushing
231 islocated at an upper center of the reaction chanber. The plasma source
230 further conprises a peripheral source coil 233 circularly provided
around the bushing 231 and separated a predetern ned di stance fromthe

ok bl T
e M R
T e A LA L T R
Cor T ekl e tbeailer bl B AT RS AR i o ™5
o crent s nse’ 37 e <y ok o170 B BT B e G TRER B 222"
nearly eciending from he bushing 251 Lo e por Bheral sougcs,co | 255

connected to the bushing 231 to the peripheral source %@il?'ey%v%ﬁ%gérg
I'hc

exanpl e, the g ckiessplan vésye AlusBaingea dismaipprGesingceq T i n

the direction toward the bushing 231, whereas thi.ckness of. e

coi | 232nibedigreatiofatht pregest ﬂ@@!;@f@?iﬁlﬁﬁ Fige? & ¢ @ph S?Pl%ﬁlziﬁﬁﬁ? Fe??ﬁﬂoilﬁ’?@h%%@%nrigu;gi
i.e. in the direction of the peripheral source coil_ 233. That,i as shovvn’
in Fig. @®ilthitleessindkispmse Gomttheceien phihe Plrsp st ddigdr | & g@z&ﬁﬁiﬁeﬁ?

const ant i ndependent of a distance fromthe center of the plasm source
(see 41Qpferemeynuperdsstizas efFiad denete testapdeaneroihthese oFd8ter of the pl asma

source is increased (see 420), or nmay be decreased as the distance_fromthe
center Referring to Fig. 8, each of source coils 232 linearly extending from the bualr}ng 2§1

to the peripheral source coil 233 has a thickness, which is not constant from a portion of the
source coil connected to the bushing 231 to the peripheral source coil 233, For example, the
thickness of each source coil 232 is gradually increased in the direction toward the bushing 231,
whereas thickness of each the source coil 232 is gradually decreased in the direction away from
the bushing 231, i.e. in the direction of the peripheral source coil 233. That is, as shown in Fig.
9, the thickness of the plurality of source coils 232 may be constant independent of a distance
from the center of the plasma source (see 410), may be increased as the distance from the center
of the plasma source is increased (see 420), or may be decreased as the distance from the center
of the plasma source is increased (see 430). The change in thickness of the source coils 232
causes current density to be changed, resulwhich influences a plasma density. Accordingly, a
desired plasma density can be obtained by changing the thicknesses of the source coils 232 to
prevent non-uniformity of the plasma density.

Fig. 10 is a plan view illustrating a plasma source in accordance with a fifth

embodiment of the present invention.
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of the plasma source is increased (see 430). The change in thickness of the
source coils 232 causes current density to be changed, resulwhich

i nfl uencewoaogimsrsa density. Accordingly, a desired plasoaidenesdoyssaan be
obt ai ned by changing the thicknesses of the source coils 232 to prevent
non-uniformty of the plasma density. Fig. 10 is a plan view illustrating a
pl asma source in accordance with a fifth enbodi ment of the present
invention.Referring to Fig. 10, a plasna source 240 of the fifth enbodi nent

e i et

center of the ["ur source coils 243

ext endi ng. L1118 WaYe ShARS, LAY b by st ng%e%gm@%mq Rphenmt, dibe

gsgczggﬁected ch ot her her s raoIa sour%e ?O:LEI243
e i WS B AL S R T Y e
B P A e

sou e il 7 indiied S PP ol By eb il L
to a perZ¢pmeerdisnopedtindhe wanersiens RaKLg3R ML géﬂdvye%1g13%10 taﬁg}lﬁact%ﬁﬂog{gﬁggr
coil 252 connecting all distal ends of the plurality of radial source coils

253 at aueriphspérouercoPRédy of the reaction chanber. The plasma source 250

further conprises a circular mddle source coil 251 connecting, al
source coils T8 bletweeplan ryéeve dlsaatings 2 (S8 SOST %bﬂwegmﬂﬁﬁ“ﬁ%e BgﬁLphera

source coil 253. A distance fromthe center of the plasma source 250 to the
m ddl e smhodieeoboflthBdsenisnehbeter than a di stance fromthe nmiddl e source

coil 251 to the peripheral source coil 253.
Referring to Fig. 11, a plasma source 250 of the sixth embodiment comprises a

plurality of radial source coils 253 linearly extending from an upper center of the reaction
chamber to a periphery of the reaction chamber, and a circular peripheral source coil 252
connecting all distal ends of the plurality of radial source coils 253 at an upper periphery of the

reaction chamber.

The plasma source 250 further compri;es a circular middle source coil 251 connecting
all the source coils 253 between the center of the plasma source and the peripheral source coil
253, A distance from the center of the plasma source 250 to the middle source coil 251 is
shorter than a distance from the middle source coil 251 to the peripheral source coil 253.

Fig. 12 is a plan view illustrating a plasma source in accordance with a seventh
embodiment of the present invention, and Fig. 13 is a cross-sectional view illustrating the
plasma source of Fig. 12.

Referring to Figs. 12 and 13, a plasma source 260 of the seventh embodiment
comprises a bushing 261 equipped at an upper center of the reaction chamber, a circular
peripheral source coil 262 surrounding the bushing 261, and a plurality of radial source coils

263 disposed between the bushing 261 and the peripheral source coil 262. The bushing 261
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Fig. 12 is a plan viewillustrating a plasma source in accordance with a
sevent h enbodi nent of the present invention, and Fig. 13 is a

Cr oss- secwoanalo4visew i | | ustrating the plasma source of PCy/KR2BoS/(Besserring
to Figs. 12 and 13, a plasma source 260 of the seventh enbodi nent conprises
a bushing 261 equi pped at an upper center of the reaction chanber, a
circul ar peripheral source coil 262 surroundi ng the bushing 261, and a
plurality of radial source coils 263 di sposed between the bushing 261 and

the peri phepitks 5 At SRti60D61a2Bich Thea blesibi dieh ARl MRl s€8lovel héirfibn 5LGET ON
26la, which has a greater area and is |located at a | ower portion of the

pl asma s puERSsABE, 268NehPa SREANEECESELEION wAREhas WiaerNas AdSirched ofhga and
is located on an upper surface of the first section 26la. In parti cul ar,

the firstpseshiofol6dfrst feabets@al et AW rhdRist detibrofs1h MR alRl aSMEB [vRYT Ce
260 has a non-constant cross-section. For exanple, in order to reduce the

pl asma dgsgbd ¥f @k p‘ldﬁﬁa%&ﬁl’léf b6@hast PRoL ASHR SQREESion! MeorfdxhBbleSRGHQM, 261a

has a crosssection gradual |y decreasing froma [ower portion to the upper

portion pfudRe PlhaniMeRRYEGE: c&akhr ik ﬂﬁa%@ﬂ%@}{ﬂﬁéﬂ%ﬁ %@tjcﬁloidég llgs6§c1%}iisgends

in a wave shape fromthe first section 26la o hi ng ltot

peri pher gl SO0 Uebre 283 %é}lﬂaol%(wtef g?ﬂégﬁ to hB %Rg%qjoﬁkm SEULE ﬁla\%:lmﬁ%l h&u@é}?’ are

di sposed I n the wave shape having a eterm wavel engt respect

L0 2. CeNELAl ot SulPLECtal o8 L0e A0 00 b0 fhn! ROTHNE BRI o e

bushi ng 1l tot eri pheral ‘source coi _ ~ends of
e, 120, ShyRUE e hyAlh B6eSATRS o) MAGPAIELINE i L P ener
ecoor gt 80 0 ST T S aRUGRT b LR g 500
et R B b RS R SRR SR Db b 5B Byt
ermbodi ms%:% S %?%s {.h%e,Fd.isqgl ‘ends of the radial source coils 263 are connected to each other via the
peripheral source coil 263.
Fig. 14 is a plan view illustrating a plasma source in accordance with an eighth
embodiment of the present invention, and Fig. 15 is a cross-sectional view illustrating the
plasma source of Fig, 14.
Referring to Figs. 14 and 15, a plasma source 270 of the eighth embodiment has the
same construction as that of the plasma source 260 of the seventh embodiment shown in Figs.
12 and 13, including the disposition of the peripheral source coil 272 and the like, except for the
shape of a bushing 271 and a waveform of a plurality of radial source coils 273. In the plasma
source 270 of the eighth embodiment, a protrusion 271-1 is placed at the center of the bushing
271 to supply RF power from an external RF power source (not shown) to the bushing 271, and
is not changed in cross-section in the vertical direction. Additionally, in the plasma source 270
of the eighth embodiment, each of the radial source coils 273 has a wave shape having 3/2
oscillations, which is different from the wave shape of the radial source coil 263 having one

oscillation in the plasma source 260 shown in Fig. 12.
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12 and 13, including the disposition of the peripheral source coil 272 and
the like, except for the shape of a bushing 271 and a waveform of a

pl ural i t ywofwoesadizmb source coils 273. In the plasma source/KRz00s00148h€

ei ght h enbodi nent, a protrusion 271-1 is placed at the center of the
bushing 271 to supply RF power from an external RF power source (not shown)
to the bushing 271, and is not changed in cross-section in the vertical
direction. Additionally, in the plasna source 270 of the eighth enbodi nent,

each of the r aﬂ\ﬂ%ﬁi%%é‘)gr G G ﬁlth%?rg‘%%a? sl Soultdhica ﬁ‘ﬂiﬁﬁ% grglgiaafﬁnth

oscill ations, C feren wave shape o source

coi | 263-%3Vh%%t§ﬂ§%ﬁé§ﬁhh H%gy in the plasma source 260 shown in Fig.

12. Fig. T89S view ITTustrating a plasm source in accordance with a
ni nt h enbodi t. of the.present inventi errin Fi.g. : asna
source 280 o?q? %“ﬂgﬁf§“§#§o§ﬁﬂShaS%Sﬁﬁgggéggg%n%1%%?%&%5??@“%@%5%% %ve
bushi ng 281. equi pped. a n er center of the.reagtion.chanber, east
one. i i a0y cBRE0HE oyl BRSHRARHE < Repeb gnteag t g Bn ey ity
first |inear, source caoj 284a l.inearly.e ndi fromt bushin 8l to
the i ddie T8 e gnl s isind Prar ity £ oheu Soha TRt SURE RS ne
m ddl e sgurce coil 282, .and ur al i of .second | sour.ce .coils 284b
" near | 20k e e B omay prRuie P b sy e St siond 385 0o e i
peripheral squrce coil 283. Although the bushing 281, the.nm ddle souyrce
Cor | " 252501 8 Sharhe b maile eaTGoitn Sasand hBLe opHEI RS (OO | <
284a, and the second_|inear source coils 28 are electrjcally conductive,
they ar e23Binseely xtepfling i&ena e Tigifingar sguece CT’?#%%%QP tﬁ? AP ralcFP%"C%%Qllr?% - coil 282
and the first |inear squrce coils 284a are fornmed of a first electrically
conduct i ve mat@ihoseh thefyshing 28k thegnilgisowss feib2 e fhe PorBhesH OV RReCEleddnd
| i near source coils 284b are fornmed of a second electrically conductive
mat er i al the ABstslingfr, sawgef eqilsrdd4aomiuiiei sprandelinep sowsenm ceilte2§4br e cdshigalbt i ve
material and the second conductive material cause the plasma density to
di ffer agongipdivedhyere Srmed ef diflrent roseridhantdpt inike middiesouse cpibA&s 3nddhe t he
reaction chanber. Accordingly, it is possible
first linear source coils 284a are formed of a first electrically conductive material, and the
peripheral source coil 283 and the second linear source coils 284b are formed of a second
electrically conductive material.  As such, different conductivities between the first conductive
material and the second conductive material cause the plasma density to differ at the center of
the reaction chamber and at the periphery of the reaction chamber. Accordingly, it is possible
to specifically determine the first conductive material and the second conductive material
depending on a desired plasma distribution.
Fig. 17 is a plan view illustrating a plasma source in accordance with a tenth
embodiment of the present invention.
Referring to Fig. 17, a plasma source 290 of the tenth embodiment comprises an
electrically conductive bushing 291 equipped at an upper center of the reaction chamber, a
peripheral source coil 292 surrounding the bushing 291, and a plurality of linear source coils

293 linearly extending from the bushing 291 to the peripheral source coil 292. The bushing

291 is formed of a first electrically conductive material, and the peripheral source coil 292 and
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to specifically determne the first conductive naterial and the second
conductive material depending on a desired plasma distribution. Fig. 17 is
a plan viwe2nddustsnating a pl asma source in accordance WCITIKRR0652001334
enbodi ment of the present invention. Referring to Fig. 17, a plasma source
290 of the tenth enbodi ment conprises an electrically conductive bushing
291 equi pped at an upper center of the reaction chanber, a peripheral
source coil 292 surrounding the bushing 291, and a plurality of linear
Sour ce o PRIkt BB P ERY T sh AT AR halele Oy PpARNer
source coi .
conduct i i t i |, SQUL: oil.. ndt he | i.near
cource cor 110 S0 Sreoithi s pRe @é@%ﬁ&oeﬁ%é%ﬁfﬁﬂﬁaﬁeﬁ%%n a?@%’*v%o#%%%s: .
In the c sof iLenty bt l.sQ... S| t ecifically
determ ngaﬁﬁgea aiplﬁ ?gtsgcgg%g?ﬁ?% %Hrf%f%rrqeg%ndgl d)%tar?gSIfs%g?gEgj ug%h(gfl@?'in@‘e materi al
dependi ng on apdesit | St.ri ion of plasma. Fig. 18 is a.plan, view
il Ioust rating arlgl 335 rlrsgg gi&r%ge\!vswsggt%}@r %gﬁfﬁ%a\ﬁﬂrﬁe %{ﬁacéplé\%% Wlﬂgg%géﬁ\?g]m] of
the pres j ron. Referring to Fig. 18, a plasna source o] e
eIevgnthgg%%gﬁ%ﬁéﬁ@gggﬁ%ngggwﬁg el ectrically conductive bushing 3]91f
. . . st
cour e coi | s SBSCBRERAna T BHPhE sty SO ro L LT e ePEUNEE % egi on
I i i il oundi ng the
o o YR b LT G o oAt h e b o b
I i di fromthe first source
coi 15 308uPEb TR TER P bt eEm v S0 hE 11 fee [SBLFERaLEcS 1302 ar e
di sposed_in a wave shape, and the second source coils 304 are disposed in a
spi rpal sTFRpaed Fyg? 1’%@ (ﬁ%tal e ¥R 5 zwliﬂ}gl &k while syrraundingsths ehing 801 na

cordance. with a twel fth enbodi nent of the present invention. _
ac perlelmeral source coil 303 surrounding the first region B ,p and a plurality of second source coils

304 extending from the first source coils 302 to the peripheral source coil 303. The first
source coils 302 are disposed in a wave shape, and the second source coils 304 are disposed in a
spiral shape.

Fig. 19 is a plan view illustrating a plasma sourc;a in accordance with a twelfth
embodiment of the present invention.

Referring to Fig. 19, a plasma source 310 of the twelfth embodiment comprises an
electrically conductive columnar-shaped bushing 311 vertically located at an upper center of the
reaction chamber, in which the bushing 311 has an upper surface 311a positioned a substantial
distance from the reaction chamber and a lower surface 311b adjacent the reaction chamber.
A plurality of upper source coils 313a extend in a wave shape from the bushing 311 to a
periphery of the reaction chamber, and are coplanar with the upper surface of the bushing 311.
Distal ends of the plurality of upper source coils 313a are connected to each other via a
peripheral upper source coil 312a. A plurality of lower source coils 313b extend in a wave
shape from the bushing 311 to the periphery of the reaction chamber, and are coplanar with the

lower surface of the bushing 311. Distal ends of the plurality of lower source coils 313b are
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Referring to Fig. 19, a plasma source 310 of the twelfth enbodi nent
conprises an electrically conductive col umar-shaped bushing 311 vertically
| ocat ed awvoanosuppsn center of the reaction chanber, in wIT&HR265200883N0i ng
311 has an upper surface 31la positioned a substantial distance fromthe
reacti on chanber and a |l ower surface 311b adjacent the reaction chanber. A
plurality of upper source coils 313a extend in a wave shape fromthe
bushing 3 11 to a periphery of the reaction chanber, and are coplanar with

the Uppercoﬁ’réEtfa@?cﬁea@ﬁ o%hlaﬁwlél WSRtipkra 1her sBisd &dil Binds ‘Pﬁe ﬁéi‘&)héllapﬁp'fﬂkf dovrcef

upper source coils 313a are connected to each other via a peripheral upper

sour ce bl 3742 (B BlitBhi el Sod 1R A B FAL 33, Sibiandla iigavave

shape fromt g 3 11 to the periphery of the reaction chanber, and

are copl @&ﬁé 1504 g iOWEEos c?“{/é}lgc%ﬂb o@ffe L&)Eg‘ sQusRIPGe Fhdiior Qh%hﬁée ends of the

plurality of Tower source onnected to each r via a

peripheral V\@i;gaég ug Vé)lgno bww%%lggl atu[‘[é" g fg%[ﬂaps}aﬁfc@ lin UPREE 1§9 %tﬁ;%hﬁ‘]ﬂjtelentﬁl 3a

and the perlphe source col are connected to each other via a

verti cal %Bﬁh&gmxﬁhﬁgﬁ%éﬁﬁ*@ﬁﬁgb'S di sposed vertical to the upper surface

of the reaction is a plan V|em1|llustrat|ng a plasm

Rel or 11 ng ?Scﬁﬁéﬁ?@% 8 P‘%PQS%Q aé%%éforc‘uﬁe'c%%’%?ﬁﬂﬁi”t%%m E@cﬁ ﬁtscﬁﬁﬁ?&@%”“
oot ed- SR gpRr <o rpS G Pl ST HABERS SR ol v
and ot onge i ElPmBE sDTBeR s bfind é#‘éf‘a%eaﬁé%%%%‘f{fﬁ%% I EhEa a'ag%a%’@l?f‘ﬁiar
he T cactiRaCRARBEHE dng a&s?éteﬁ%%ﬁaé% RO %ﬁ%ﬁa@%ﬁ%ﬁ e °
connect oJTE SBHE BB ERKpHGR A DopiE D9up AcoBri $335 AHIEn has
Chanbor . CRIBTOHaI PPlaTHeH B F APPeLpRbPe vl e Ageace Bort B saieghen

connected to _each ot her i . .
upper linear source coils 324a are connected to each other via a peripheral upper source coil

323a, which has a circular shape, and is disposed around an upper periphery of the reaction
chamber. Additionally, the plural upper linear source coils 324a are connected to each other
via a middle upper source coil 322a which has a circular shape, and is disposed between the
bushing 321 and the peripheral upper source coil 323a.

A plurality of lower linear source coils 324b linearly extend from the bushing 321 to
the periphery of the reaction chamber, and are coplanar with the lower surface of the bushing
321. Distal ends of the plurality of lower linear source coils 324b are connected to each other
via a peripheral lower source coil 323b, which has a circular shape, and is disposed around a
lower periphery of the reaction chamber. Additionally, the plurality of lower linear source
coils 324b are connected to each other via a middle lower source coil 322b which has a circular
shape, and is disposed between the bushing 321 and the peripheral lower source coil 323a.
The peripheral upper source coil 323a and the peripheral lower source coil 323b are connected

to each other via a vertical source coil 325, which is disposed vertical to the upper surface of the
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via a mddl e upper source coil 322a which has a circular shape, and is
di sposed between the bushing 321 and the peripheral upper source coil 323a.
A plural iwg 2066/d4mser |inear source coils 324b linearly extrartoévmnsyhe
bushing 321 to the periphery of the reaction chanber, and are coplanar with
the |ower surface of the bushing 321. Distal ends of the plurality of |ower
linear source coils 324b are connected to each other via a peripheral |ower
fource co!lh323b,fmthh has a circul ar shape, and is di sposed around a
ower peripher . the reaction chanber. Additionally, the plurality of
| ower |Pﬁ%§‘l'%ﬁ$?e coils 324b are connected to eachyother 5ia a niédle

| ower source cpil,,322b which has a cir r sl gy i . et ween
t he bushing 3 ig'%ﬂgzgk%mbéﬁg‘i”plﬂgsﬁ% n%(h) ?agﬁlgosaﬁljgégﬂgg?cﬁ %%ezwa}%g% %lg%ngher al
upper source cojl. 323a and the peripheral |ower source coil 323b are
connectéﬁﬁpgngﬁgﬁﬂgﬂﬁgFﬁﬁ?ﬁngﬁbertical source coil 325, which is disposed

It e
i et " ol Uhppishs ooy Lo, o
;52g1fggifﬁgéfﬁﬁghﬁgag?%%?iﬁF 3§ﬁﬂ%ﬁﬁﬁ?ﬁpﬁ%F®§m18@3%%?ﬁ§%mP%a§¥)@ﬁ§C?ng

upper  bust inyegaltee febicvanbs BarioR Gepavat biFtET O 1RE POULE BUR RS USie, A

| urali [ i

gl)k(ltereﬁd!t %ﬁ%ﬁ%&%gﬂgﬁé}géﬁrﬁﬁg."f’l)'cit Eg.z:_'l'ﬁreef 75t upper sour e coi | s 332a
separ at ed by aAPhﬁﬁﬁydfﬁﬁgg%@fﬁﬁggﬂgh%3§%ﬁ%$gﬁégigﬁagﬁgféhaééﬂ%ﬁ%%%%iF;, a
plurality of second upper source coils 334a spirally extend on the upper
pl ane frmwmih@hmgﬁﬁla@bp@@dsdﬂﬁd@ﬁdwpﬁ§0932§“5@3&1§€@3g8aﬂ@@?éﬁqﬁ at ed
by a second distance

the upper bushing 331a to a first region C1 separated by a first distance from the upper bushing

331a. Additionally, a plurality of second upper source coils 334a spirally extend on the upper

plane from the first upper source coils 332a to a second region separated by a second distance

from the first region C1 while surrounding the first region C1. A peripheral upper source coil

333a is disposed around a periphery of the reaction chamber to connect distal ends of the

second upper source coils 334a to each other on the upper plane.

A plurality of first lower source coils 332b are located on the lower plane, where the

lower bushing 331bis located. The first lower source coils 332b extend in a wave shape from

the lower bushing 331a to a third region C2 separated by a third distance from the upper

bushing 331b.  Additionally, a plurality of second lower source coils 334b spirally extend on

the lower plane from the first lower source coils 332b to a fourth region separated by a fourth

distance from the third region C2 while surrounding the third region C2. A peripheral lower

source coil 333b is disposed around the periphery of the reaction chamber to connect distal ends

of the second lower source coils 334b to each other on the lower plane. The peripheral upper

source coil 333a and the peripheral lower source coil 333b are connected to each other via a
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fromthe first region C while surrounding the first region . A
peripheral upper source coil 333a is disposed around a periphery of the
reacti on wbaniwar11so connect distal ends of the second uppEKrWW®Essaoi | s
334a to each other on the upper plane. A plurality of first |ower source
coils 332b are |l ocated on the | ower plane, where the | ower bushing 33Ib is
| ocated. The first |ower source coils 332b extend in a wave shape fromthe
| ower bushing 331a to a third region C2 separated by a third distance from
t he uppewertice kounge ¢33 BBS, whitdhiit dispuadd wertical tp therdpértsyrfet ofte amactidnehenbesour ce
coils 334b spirally extend on the |ower plane fromthe first |ower source
coils 332b to Bighdltol27regplan viepadiwatethgbskampled Wf b plading tsanceinf dcosrdidte t hird
region C2 while surrounding the third region C2. A peripheral |ower source

coi | 333kvitha filtespth eadodineunet thdre@arl inphigio). OThd plsniLRetde O tHENSNBRRIMER
connect distal ends of the second | ower source coils 334b to each other on

the | oweis iffems: fidMehd@fst ph&vath sAHREmEHBUnCBatGObes3RB 2oRPHsd ME pgegpticpfrer al
| ower source coil 333b are connected to each other via avertical source

coi | 335goundeicefd i s di sposed vertical to the upper surface of the reaction
chanber. Figs. 22 to 27 are plan views illustrating exanples of a plasma

source in acCoreAfR Ed 22, bid HxaenldhrenhadinRitce B0 tREMne SE e ﬂff%&%lf?ti on.

The plasnma source of this enbodinent is different fromthe first to fourth

enbodi mephBodiMert %ﬁzné:iritsesdfp BS&hiMRt349 qg%)cllfé.dsﬁ thd EerRE1df Ql@ﬁl%éi%as WH&E3460 bhd a

Referring to Fig. one exanple of a plasm source 3 accordihg to the

fifteenthuemBos BRMctsOPY l-i&%w BxtBHBLY 28 gﬁ%lbdsﬁﬁﬁgggghﬁ 1'&112‘1??19&%1?51’ L the

pl asma sourceé 340, and a plurality of” conductors near[y extendi ng

f h i i i i i : : The
bushi ng B sotfecddo, T it &34 1 Shdr Al il X2 F#C?ISF e 3 ougn
h j j I,L:].S: ) sour ce
(ot " shomuio e AR LA aishierie SURGEER b A A RS TR sl B3R e
shape, aﬁgchh@fsth@ c&{icﬁggﬁ ?/55 &Ie%di%\ﬁ/ gﬁgcgsgg ilg la’sthl)oreesfhgf)e?balnx ’hag errcecc%{%%%ﬁlteg rs 342

are di sposed symetricalTly.

thickness d1. Preferably, the conductors 342 are disposed symmetrically. In this case,
although the number of conductors 342 is even, the present invention is not limited to this
structure.  Additionally, although not shown in the drawing, each conductor 342 is not limited
to a particular cross-sectional shape, and thus it may have, for example, a circular shape or other
polygonal shapes.

Unlike the conventional plasma source, the plasma source 340 constructed as
described above creates a magnetic field which is induced in a circular shape, so that the
magnetic field is uniformly distributed in both an azimuth angle and a radial direction. With
uniform distribution of the magnetic field in both azimuth angle and radial directions, enhanced
selectivity and uniform CD distribution can be achieved.

Next, referring to Fig. 23, another example of the plasma source 350 according to the
fifteenth embodiment comprises a bushing 351 located at the center of the plasma source 350,
and a plurality of conductors 352 linearly extending from the bushing 351 in a radial direction

of the plasma source 350. Unlike the plasma source 340 shown in Fig. 22, the plasma source
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al t hough the nunber of conductors 342 is even, the present invention is not
limted to this structure. Additionally, although not shown in the draw ng,
each condwotose/@4%0i s not limted to a particul ar crossPseaRr005z01hape,
and thus it nmay have, for exanple, a circular shape or other polygonal
shapes. Unli ke the conventional plasnma source, the plasma source 340
constructed as descri bed above creates a magnetic field which is induced in
a circular shape, so that the magnetic field is uniformy distributed in

both an 3zj gt @Eﬂa{lcﬁo@@gb Rabipst v@ﬁmlfil'le{s %Qﬁlblgféss o éﬂﬁd&!ﬂﬂy frdasiglh &t the Badidl on of

the magnetic field in both azi muth angle and radial directions, enhanced

sel ect V'dﬁélctlta’lhﬂofﬁrﬂlé 9{1{31@%5@' STk Qﬁ’ﬁdﬂﬁ@ sérdl 19@%Lﬁg&eeo\f%gangw%)ﬁﬁagn'éﬁ’dc g&aing to

Fig. 23, ano exa he plasma source according to th

fi f t eent nﬁqugpg‘gg‘?&H ag&%{lé eiﬁ Bidahhd@ic g.ﬁ IdQ%?HﬁQ:oﬁ&ucHi‘%SQ B4 @Ingaf the

pl asma sour Ity of conductors 352 [inearly extending

from the bushl ng gﬁgﬁélc@hs@%ag&]%&l s At gélla? 2 hteqﬁlcﬁllé'%? %?tl%ownﬁﬁctgfg’@ﬂ Unli ke

the pl asma sourc e p asma source3d50 has

conduct 033 £GP bt (g %&P@ﬁﬂ@gﬁ e g} ﬁhhxomwﬁmtﬂe in

t he rad| iTectron |ng ure serves
f ch
pubose o TSR IRALCILS 10 0k by iaGSAg BEmE i npe
vari ckn

f |
S onfuat opuge Eea&é&dgglﬁhﬁ%c GBS e R dBe bR L The MPERTe Rhd ey

t he pl h
conduct ofs s Ratet SPBRE FoPH NS ﬁgxé%megﬁd tiﬁﬁ%iﬁlﬁ&%ﬂ%}aetﬁf@ and a
hi gher thICG §§% d2 away framthe bushin 351 B{ netic fﬁeld fpten5|ty
i s decr eSYBRYHS 1Y YPECEHRETH DM ‘H%asf)d‘% ’E}asdc?i‘Sl P'étS‘sB‘Eflp L

exanpl e can, be enpl oyed for proce U|r decrease in plasna density
at an ou#@gmﬁéPWBh%Fﬁm%ﬂmPﬁE£$ e@ﬁ é@ﬁher than at the center of

:)Pgs Lgagghﬁgecg@gtb ;%t’é@lgl\gq)é%gg t2§f§tee%é{o?hel e>?am§3lle of a pAI'asn%g som%en %(p accor mgr%)‘ll g of a
fifteenth embodiment comprises a bushing 361 located at the center of the plasma source 360,
and a plurality of conductors 362 linearly extending from the bushing 361 in a radial direction
of the plasma source 360. Unlike the plasma source 340 shown in Fig. 22, the plasma source
360 has the conductors 362, each of which has a non-constant thickness d3. More specifically,
the thickness d3 of the conductors 362 gradually decreases in a direction radially outward from
the bushing 361, whereas the thickness d2 of the conductors 352 gradually increases in a
direction radially outward from the bushing 351. This structure serves the purpose of
changing magnetic field intensity produced according to variation in the thickness d3 of the
conductor 362, resulting in variation of plasma density. At this time, variation in the thickness
of the conductors 362 depends on a desired process within the reaction chamber using the
plasma source 360 of this example. For example, since the conductors 362 have a higher
thickness d3 adjacent to the bushing 361, and a lower thickness d3 away from the bushing 361,
the magnetic field intensity is increased as a distance from the bushing 361 is increased. Thus,

this example can be employed for a process requiring decreased plasma density at the center of
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fifteenth enbodi ment conprises a bushing 361 |ocated at the center of the
pl asma source 360, and a plurality of conductors 362 linearly extending
fromthe woehiang1361 in a radial direction of the plasmecImr0oe/@634 Unli ke
the plasma source 340 shown in Fig. 22, the plasm source 360 has the
conductors 362, each of which has a non-constant thickness d3. Mre
specifically, the thickness d3 of the conductors 362 gradually decreases in
a direction radially outward fromthe bushing 361, whereas the thickness d2

of the qﬂ%‘é%‘%&)ﬁ glﬁgg:)%?ra%?ﬂ'eﬁ%tlﬂi’e e NEKBASTR: rbdttion SHahef i on radial 'y outward

fromthe IS structure serves the purpose of changing

magnetic fiel gxggggg@iggxo P ,S?btclﬁﬂzg?%gf HiafP1ek OF YR HlAhiaBuicBs 3108 38Miutkness

d3 of the conduc In variation of plasma density. At this

tine, V%O?Qk :tl?'enl‘il .tere]:nﬁlhe%ﬁ%oﬁhﬁéﬁ? E%‘E%%f? btuﬁﬁnééojpﬂ,gfr’%oilﬁ B dodeRends @itepotlesired

process € reactiron ¢ usin | asma source 360 of this

o jagg'eﬁ ith%: g{awﬁ%?”&e% .’3@i Z{%@%ﬁ& "8 GARAUGLOE o?(@:ﬁnd&%?s dﬁnf‘ﬁ@ﬁﬁ cnickmess d3

i and a lower thickness d3 away fromthe bushing

361, theeéérz% ﬁgtf%Oﬁbﬁligi)lglgﬁli}ggt T:ﬁStl%/ 11%1%9&,'1‘8{9%?\3/% .a%lﬁl(gﬁl%t}ﬁdgﬁl‘ﬁ shine&m 34oe

PEZB:P?n de rg ed as dgnég ylste;(a 68 gag_:féagplgéfgbéfr%ﬁﬁgggfess
L?;Q?rZg%?§m§§,$ﬁ?ﬁ$£$iﬁ%§¥?ws j?ﬁ?fi@ggs%ohgggau ér.%ggft? re grrlnb g?
L R Bt L
o i et Sl aebernri oy ARl Ao Mol e s o
e pontuctr Soaieboering Lok & T STy AT |
condic 57 S Goandi Sou ot Sspbet oy I 0 PSR W v
conductohEaQﬂmylKhéﬁ%UEQWH”§@H¢@§IBQObeiﬁpﬁﬁ-ﬁﬁmﬁﬂgcggko E%%g?éggﬂgngour
and the plasma source 390 of Fi ,

conductors 372, 382 and 392 is not l%'nitgd? m?c? %e ecglgdq}cto(l?so’g’n%l,]§§202E11Sd 3%%211:1&}’ have an
S-shape or a W-shape as illustrated in the drawing.

In the plasma sources 370, 380 and 390, the conductors 372, 382 and 392 may have a
constant thickness or a non-constant thickness. In the case where the conductors 372, 382 and
392 have the non-constant thickness, the thickness may be gradually increased or decreased as
distances from the bushings 371, 381 and 291 are increased. The thickness is determined
according to a process to be performed as described above.

The invention can be applied to a semiconductor manufacturing apparatus employing
a plasma chamber, and a method thereof.

Although the preferred embodiments of the present invention have been disclosed for
illustrative purposes, those skilled in the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the scope and spirit of the invention as

disclosed in the accompanying claims.

23



In addition to this, nore conductors nmay be di sposed symetrically.
Curvature of the conductors 372, 382 and 392 is not limted, and the
conduct orw036@,/04388 and 392 may have an S-shape or a W shapsRass/ioiisustrat ed
in the drawing. In the plasma sources 370, 380 and 390, the conductors 372,
382 and 392 may have a constant thickness or a non-constant thickness. In
the case where the conductors 372, 382 and 392 have the non-constant

t hi ckness, the thickness may be gradually increased or decreased as

di stances fro hj /1, 381 and 291 are increased. The thickness
IS deterninedqgggﬁpggﬁﬁhﬁgﬁaﬁkrocess to be perfornmed as descri bed above.
The invention can be applied to a sem conduct or manufacturing apparatus
enpl oying a plasna chanber, and a nethod thereof. Although the preferred

enbodi nents of. th resent jnvention . have heen di i I rative
pur poses, those %ﬁ?ﬁ?%ﬁ‘?% tlf)ﬁ%logltmtmwlflﬁmaa‘ﬁl }ugg iladtcgi&i1 %%%\/e&?c{r%&séeééﬁ{g #
nodi fi cati ons addi%%ons and substitutions are possible, w thout departing

from t heSCRUGEPRICER Vel CPMPIIYRE t he | nvention as di scl osed in the acconmpanying

clainms. WHATIS CLAIMED . IS: 1. A plasma sourc or. producin I ithin a
reaction chanﬁ@reFﬁP“EWoﬁgégﬂﬁﬁ ‘”E@ﬁi%@ﬂ@ﬁ @%@nwﬁﬂg}fﬁggﬁﬁfﬁ@$2%?&%%

el ectrically conductive.bushing equi pped at an upper center of the reaction
chanber;d@ﬁé@hmﬁlurality of source coils linearly extending fromthe
bushing to a periphery of the reaction chanher. 2. . The plas SO e
according to o Bl ofgeurcsichils Hecagy &F@P&@%P g SPwg 5 ¢ Ber&?lgl a‘f%{stﬁeos ed
symetrically. 3. The plasma source according to claim1, wherein each of

t he sourisectigprliasntishs a nonconst ant

2. The plasma source according to claim 1, wherein the plurality of source coils are

disposed symmetrically.

3. The plasma source according to claim 1, wherein each of the source coils has a non-
constant thickness from a portion connected to the bushing to the periphery of the reaction

chamber.

4. The plasma source according to claim 1, further comprising:
a peripheral source coil separated from the bushing by a predetermined distance while
surrounding the bushing around an upper periphery of the reaction chamber, and having a

circular shape to connect all the plurality of source coils to each other.

5. The plasma source according to claim 4, further comprising:
at least one middle source coil separated from the bushing by a predetermined distance
while surrounding the bushing between the bushing and the peripheral source coil, and having a

circular shape to connect all the plurality of source coils to each other.
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t hi ckness froma portion connected to the bushing to the periphery of the
reaction chanber. 4. The plasma source according to claim1, further
conpri si yo 200qp@nispheral source coil separated from t hePouwar2065/d0yssa
predet erm ned di stance whil e surroundi ng the bushing around an upper

peri phery of the reaction chanber, and having a circular shape to connect
all the plurality of source coils to each other. 5 . The plasna source
according to claim4, further conprising: at |east one mddle source coi
separated fromthe bushing by a predeterm ned di stance whil e surroundi ng

t he bushing bet ween the bushing and the peripheral source coil, and having

a circular pe to connect. all.the plur o (kg3ﬁ>%h
other. 6. A pl Z %&tl%g&ﬂﬁlrseglcfe 391 pé?%ﬁwglyﬁasma%ﬁlﬁy a %acﬁ&uélﬁlﬁlrbglafgt ?on ghg oer for
processing, a enlco ductor .wafer, conprising: an electrically conductive

bushi ng S&§i§P %@1%? CLROMBEHRE cent er of t he reactlon chamber; a plurality of
first source coils ra |aII exten fron1 bushi n ir gi on
surroundi ng t B8 HerdGa ﬁb 5 ‘é?tlﬁ‘éq? %ﬂ%@f‘l}s@? &R gaﬁté(}ngf fggcﬁeta?ﬁ&

source coil_ having a shape curved towards an upper portion of the reaction
chanber ;cheipbpra plurality of second source coils splrally extendlng fromthe

first source coils in a second r;gl n surro ndln&bﬁ % lest re

periphery of tadugBygHdirpleyiss co a,mBygg g P ethp PSB?%Hh%lng %?asna
within a reaction chanber for proceSS|n a.sem duct or rising:
an el ectsnirewnding the hephing to & nstiRkIN e’ By b t?éﬂma?acg gl SpEre ‘&(\éﬁfaé( f'ngoafS n}E
reaction chanber; and a plurality of source cglls extending in a wave shape
from t heubigd mvﬁ\gdsta@ UaPgs @ptioh ef ti;e feaction chamber; an

a plurality of second source coils spirally extending from the first source coils in a

second region surrounding the first region to a periphery of the second region.

7. A plasma source for producing plasma within a reaction chamber for processing a

semiconductor wafer, comprising:

an electrically conductive bushing equipped at an upper center of the reaction

chamber; and

a plurality of source coils extending in a wave shape from the bushing to a periphery

of the reaction chamber.

8. A plasma source for producing plasma within a reaction chamber for processing a

semiconductor wafer, comprising:

a plurality of source coils linearly extending from an upper center of the reaction

chamber to a periphery of the reaction chamber; and
a circular peripheral source coil connecting all distal ends of the plurality of source

coils around an upper periphery of the reaction chamber.
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of the reaction chanber. 8. A plasma source for producing plasma within a
reacti on chanber for processing a sem conductor wafer, conprising: a

pl uralitywohoeodizse coils |inearly extending from an upper/Krnex0issh t he
reaction chanber to a periphery of the reaction chanber; and a circul ar

peri pheral source coil connecting all distal ends of the plurality of
source coils around an upper periphery of the reaction chanber.9. The

pl asma source according to claim@8, further conprising: at |east one mddle

source coi l C%Bﬁ#%Q%%%ﬁ@héﬁﬁ?ﬁﬂgﬁﬁﬁaﬁﬂ”gﬁEmBQ%Fﬁﬂﬁﬁgl source coil while

bei ng separ at ource coil "by a predeterm ned distance

to connect all %Rs% @ﬁ%%é&le ]%&'ulceS eoil Sroufard lcﬁ@%?ed.s\gﬁ'l{ig &nd Béripﬁ&?ﬂ&&ﬁ'dégcom asha

within a reacti or “processi ng a sem conductor wafer, conprising:

an electrically con i ve bushin i : tine
reactioﬁ“Bﬁiﬁ%éFﬂmVﬂ%ﬁ%ﬁ%ﬁFﬁGnggﬁgFﬁ%#ﬁ%ﬁgg??&%@Qgggg?gﬁ&ﬁgﬁﬁE%ﬁgdégeater
area and being |l ocated at a | ower portion of the reaction chanber, and a
second <M C‘H]ziving a smaller area and being | ocated on an upper surface
of the first section; a plurality of source coils extending in a wave shape

fromthe first section of the bushing to a periphery of the reaction

chanber; and a circul ar peripheral. source il connect.i cal L di |, ends

of the source]@oﬁﬂ%ﬁg?S%HE%%EQFmﬁ@PgBﬁ%??“ﬁﬁnﬁﬁgwp]égypﬁnlghgﬁgg§&%fl. The
pl asma source according to,.claim10, wherein the first section is gradually
decr eas egmicPBHCRr Bafer 6ANBEYH%ce to a portion contacting the second section.

12. A plasma source for producing plasma within a reaction ghanmber..for
proc esgi ng a an electrically c%nductive b%sﬁng equipped at an upper center of tE'he reaction

chamber, the bushing comprising a first section having a greater area and being located at a
lower portion of the reaction chamber, and a second section having a smaller area and being
located on an upper surface of the first section;’

a plurality of source coils extending in a wave shape from the first section of the

bushing to a periphery of the reaction chamber; and

a circular peripheral source coil connecting all distal ends of the source coils at an

upper periphery of the reaction chamber.

11. The plasma source according to claim 10, wherein the first section is gradually

decreased from a bottom surface to a portion contacting the second section.

12. A plasma source for producing plasma within a reaction chamber for processing a
semiconductor wafer, comprising:

an electrically conductive bushing equipped at an upper center of the reaction
cha111beg

at least one middle source coil surrounding the bushing;

a plurality of first linear source coils linearly extending from the bushing to the middle
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sem conductor wafer, conprising: an electrically conductive bushing
equi pped at an upper center of the reaction chanber; at |east one mddle
sour ce cowb eawvmmsndi ng the bushing; a plurality of fir®CTIKReEv00$34r Ce

coils linearly extending fromthe bushing to the n ddl esource coil; a

peri pheral source coil surrounding the mddle source coil; and a plurality
of second linear source coils linearly extending fromthe first |inear
source coils to t he peripheral source coil, wherein the m ddle source coi

and theSflrsé i near source coils are formed of a material different from
that of *PHe&° peflpheral source coil and the second |inear soiu-ce coils. 13,

A pl asma sour ce fqlm {{j C&oﬁ%pdtﬁﬁﬂgtll\éﬁl ﬂdlgscﬁucre%@ﬂ:tah@n chamber for

a pert
processing a & or wa rising: an electrically conductive

bushi ng equi pp 13‘86&%{?2 ééj%%ﬁg {uD E&Ege (%flls gﬁ%ﬂg%ﬁféﬁ 19? g?t'ﬂp%‘fst liReaP8bureher al

source COI| sur [ur [ 1 near source coils

1 near| y @to d' n@g&?ﬂ%ﬁ@%g?mg %hreﬂ%hé %Ilécf'e 50 cglli]%c?tjhe AR éb@dcje’coﬂ‘@er ein

O
t he busHi ce col the I near source coils are

f d of
vviO{ ﬁn gf"“‘? goé ﬁ$8§£‘ %ﬁ‘ﬁﬂ@ﬁ h?ISPf 1?)?1}3 %8?1%5%?} pslem c%ﬁ%‘go{ﬂo#d\%a @C&giclgﬂﬁp%rs Irrg i ng:

an el ectrically conductive bushing equi pped at an upper center of the
reacti omO8Rafer; a plurality of first source coils extending in a wave
shape fromthe bushing to a first

13. A plasma source for producing plasma within a reaction chamber for processing a
semiconductor wafer, comprising:

an electrically conductive bushing equipped at an upper center of the reaction
chamber;

a peripheral source coil surrounding the bushing; and

a plurality of linear source coils linearly extending from the bushing to the peripheral
source coil, wherein the bushing, the peripheral source coil, and the linear source coils are

formed of different materials.

14. A plasma source for producing plasma within a reaction chamber for processing a
semiconductor wafer, comprising:

an electrically conductive bushing equipped at an upper center of the reaction
chamber;

a plurality of first source coils extending in a wave shape from the bushing to a first
region separated by a first distance from the bushing while surrounding the bushing; and

a plurality of second source coils spirally extending from the first source coils to a
second region separated by a second distance from the first region while surrounding the first

region.
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regi on separated by a first distance fromthe bushing while surrounding the
bushi ng; and a plurality of second source coils spirally extending fromthe
first sowoeomn4izsot o a second regi on separated by a seeomkRivevm@mnse from
the first region while surrounding the first region.15. A plasma source for
produci ng plasma within a reaction chanber for processing a sem conductor
waf er, conprising: an electrically conductive col umar-shaped bushi ng
vertically located at an upper center of the reaction chanber, the bushing
havi ng an upper surface positioned a substantial distance fromthe reaction
chanber and a lower surface adjacent the reaction chanber; a plurality of
upper source in r.
peri phery of ﬁge‘&ﬂ’@l@?ﬁ%ﬁce %é%)dﬁcu 1§sn§m nglg{vé\}lél e E*"%ﬂ%gglr&%ﬁr ace of
t he bushln% WEnd aﬁf urality of |ower source coils extendlng in a wave
shape f SERHCPHRCHLY ehﬁmPE“W peri phery of the reaction chanber, and
coplanar with th face qf the

V\ﬁy oy C{UﬁTéYe ECgWB?anS 1?4353 tl)tlnl%ll% Jv@rucll lo%ht@é %Fce coi |

according to &} £ per era

copl anar wt he u er s e bushln and. co end
of t he T Ofs’iiarl??é Spfiea eéatﬁ%b\)ésﬁ““ﬁg VR&Pa 10%‘%%86€ fOt“éé‘S%Pg%%?ﬁ%& th the

| ower surface of the hushing an onnec dlst ends of e |l ower source
coils; ohitpnge ﬁ@mﬂaeéa%cﬂglba}awgel&wﬁ@ “%aﬁf“ %%}ac(%tﬁ RIEEGHRY ofe ebegpper

perlpheral source coil_ and the | ower @%é gheral soyr ce. Coi lqb,lasna
source for prddpleiehy i RPRRSWFECHTNS £XFRHRSE bR “EiE @%‘e rgp iber B%Slgg j

sem conduct or wafer, conprising; an elect |caI g;we col nnar-shaped
bushi ng neaphervelithereacsen ekamnbst, aathcopspaM: ‘é?pe B 2 arrber , the

bushi ng having an upper surface positioned a substant .
0 ga phuahtr})/pof lower source Cgﬂs extending in a wave s %ape 'ﬁom the bushing to the

periphery of the reaction chamber, and coplanar with the lower surface of the bushing.

16. The plasma source according to claim 15, further comprising:

an upper peripheral source coil coplanar with the upper surface of the bushing and

connecting distal ends of the upper source coils;

a lower peripheral source coil coplanar with the lower surface of the bushing and

connecting distal ends of the lower source coils; and

a vertical source coil vertically connecting the upper peripheral source coil and the

lower peripheral source coil.

17. A plasma source for producing plasma within a reaction chamber for processing a
semiconductor wafer, comprising:

an electrically conductive columnar-shaped bushing vertically located at an upper
center of the reaction chamber, the bushing having an upper surface positioned a substantial
distance from the reaction chamber and a lower surface adjacent the reaction chamber;

a plurality of upper source coils linearly extending from the bushing to a periphery of
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di stance fromthe reaction chanber and a | ower surface adjacent the
reaction chanber; a plurality of upper source coils linearly extending from
t he bushiwg 20@/&133eri phery ofthe reacti on chanber, and eoplkrracs/oviish t he
upper surface of the bushing; and a plurality of |ower source coils
linearly extending fromthe bushing to the periphery of the reaction
chanber, and coplanar with the | ower surface of the bushing. 18. The plasma
source according to claim 17, further conprising: a peripheral upper source

il I . Wi.th th f. f ' [ |1
st al - Sraechen timet o SBG SR e syl MR U AL PO " e

il ted I ith th . Of. ll wih
bushi ng_ and 1 AGVEERT BhEVF sty IR Il hng SopLFe SIS BERIRRR 12

coil circularly |l ocated coplanar.w.th the l.owe r e of the bushing and
connect iohHe FaFUoH “3%“8 ere%]g§81?:}fmaf Wgﬂmp}?\}\%‘?{erggﬁrc%8ﬁ(1:1§$‘|15§s@%at | east one niddle

| ower source coil |ocated coplanar with the | ower surface of the bushing
bet ween the bushing and the peripheral |ower source coil; and a verti cal

source coil vertically connecting the .peri ral _upper source coil and the
peri pheral | ow8rTheglastoe seutq %Ccc?ﬁ'g‘%gfé? %?“g‘gﬁag‘gﬁﬂﬁ}l@p‘%g?g'pr oduci ng pl asna
within a reaction chanber for processing a sem conductor fer,.conprising:
an el ect ri cal laypesigheralcnpge SQ}E??e?Oﬂbeé’fﬂnﬁ]ngtBE]éet BRPH A ?%%PS\;I)@? %Bﬁhé{lrge%
positioned a substantial distance fromthe reaction chanber; a plurality of
first umoercciusallsksts endsf BRMEPRAIISPECI 1% wave shape from the upper bushing

to a first region separated by a first distance fraomthe upper. bushing; a
plurality of setesidnappddlespniceuissicris lagaied &PIPI?fméR"f‘@nt&i? H@PGFFBH%CF@% r st
upper source coils on the upper plane to a second regi on separated by a
second diuslisgoswéandim tusking fuckthe pesighespl upper source coil;

a peripheral lower source coil circularly located coplanar with the lower surface of the

bushing and connecting all distal ends of the lower source coils;

at least one middle lower source coil located coplanar with the lower surface of the

bushing between the bushing and the peripheral lower source coil; and

a vertical source coil vertically connecting the peripheral upper source coil and the

peripheral lower source coil.

19. A plasma source for producing plasma within a reaction chamber for processing a
semiconductor wafer, comprising:

an electrically conductive upper bushing located on an upper plane positioned a
substantial distance from the reaction chamber;

a plurality of first upper source coils extending in a wave shape from the upper
bushing to a first region separated by a first distance from the upper bushing;

a plurality of second upper source coils spirally extending from the first upper source
coils on the upper plane to a second region separated by a second distance from the first region

while surrounding the first region;
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whil e surrounding the first region;a peripheral upper source coi

connecting distal ends of the second upper source coils on the upper plane;
an el ect rvoabéeys4csnducti ve | ower bushing | ocated on a | eeexkRbesm®1sd] acent
the reaction chanber; a plurality of first |ower source coils extending in
a wave shape fromthe | ower bushing to a third region separated by a third
di stance fromthe | ower bushing; a plurality of second | ower source coils
spirally extending fromthe first | ower source coils on the |ower plane to

a fourth region separated b f. [ NGesf t A REIcE Whil e
surroundi ng t k?epepﬁﬁel}%} PRY; 88#;0@301%#1}5%%%? 353@’]1 gﬁ%ﬁ@?u%?@%% I Connect ng
di stal ends of the second | ower source coils on the |ower plane; and a

verti cal O'd3UtRPE RYI®t vertical ly connecting the peripheral upper source coil

dth i ph | ] ! il .. 20, I k . oduc]
e e A A S

conprising: a bushing |ocated at a center of the reaction chanber; and a
pIuraIit@m@Pmconductors radially extending in a stripe shape fromthe

bushi ng. 21. The pl as soyrce accordi,ng to..claim 20 erein e A
conductors aré H]i“%‘g’sgg figs) ﬁ%?rr JOuEEP| SIS Fsiendipg, Iy A Wie %ﬁ? %é) ma@lgolp dhg to
cl aim 20, wherein,the‘bushin% conp%hfes a_co%ggctiﬁg mat eri al . 23. The
pl asma sowRiBEtoAdkisd weieg StRetataday iz digipss Bpm et si% conduct ors has a
t hi ckness gradually increasing fromthe bushing to edge of. the reaction
chanber. 24. Thelu ﬁ%{sqme@@é QBT SEWET RIS GPEBLY g %oﬂma AET O EAEF t he
conductors has a ) . .

coils on the lower plane to a fourth region separated by a fourth distance from the third region

while surrounding the third region,
a peripheral lower source coil connecting distal ends of the second lower source coils

on the lower plane; and

a vertical source coil vertically connecting the peripheral upper source coil and the

peripheral lower source coil.

20. A plasma source for producing plasma within a reaction chamber for processing a

semiconductor wafer, comprising:
a bushing located at a center of the reaction chamber; and

a plurality of conductors radially extending in a stripe shape from the bushing.

21. The plasma source according to claim 20, wherein the conductors are disposed

symmetrically.

22. The plasma source according to claim 20, wherein the bushing comprises a

conductive material.
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t hi ckness gradual |y decreasing fromthe bushing to edge of the reaction
chanber. 25. A plasma source for producing plasma within a reaction chanber
for proceweizn@/@i1zsenm conduct or wafer, conprising: a buskrmkr2ocztesk4at a
center of the reaction chanmber; and a plurality of conductors radially
extending in a curved-stripe shape fromthe bushing. 26. The plasma source
according to claim25, wherein the conductors are di sposed symetrically.
27. The plasm source according to claim25, wherein the bushing conprises

a conductive 'El&et %asm Zﬁ)mc-grlx%%cﬂhiﬁg@@clﬁﬂ’t’ b6 Ewir&R regél'ﬂ&” the cEAd@tirsds awher ei n

each of the c as an pe or a W shape. . The plasma source

accordi to cl I a thickness
gr adual In@dinﬁis %I{ﬁh’ 1 %H&tﬁ%l{%g@% 8@‘%%@2 th@% &ioﬁgﬁ?g%gtl on chamber. 30.
The pl asma source accordlng to claim 25, mhereln each of the conductors has

a thickness gradually decreasing fromthe bushing to edge of the reaction

chanber . . . .
24. The plasma source according to claim 20, wherein each of the conductors has a

thickness gradually decreasing from the bushing to edge of the reaction chamber.

25. A plasma source for producing plasma within a reaction chamber for processing a
semiconductor wafer, comprising:
a bushing located at a center of the reaction chamber; and

a plurality of conductors radially extending in a curved-stripe shape from the bushing.

26. The plasma source according to claim 25, wherein the conductors are disposed

symmetrically.

27. The plasma source according to claim 25, wherein the bushing comprises a

conductive material.

28. The plasma source according to claim 25, wherein each of the conductors has an

S-shape or a W shape.

29. The plasma source according to claim 25, wherein each of the conductors has a

thickness gradually increasing from the bushing to edge of the reaction chamber.

30. The plasma source according to claim 25, wherein each of the conductors has a

thickness gradually decreasing from the bushing to edge of the reaction chamber.
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