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[ DESCRI PTION] [invention Title] ADAPTTVELY COUPLED
PLASMA SOURCE HAVI NG UNI FORM MAGNETI C FI ELD
WORETRIBE ON AND PLASMA CHAMBER HAVI NG THE SAMEI/KR2006/004276
[ Technical Field] The present invention relates to
sem conductor fabrication facilities, and nore
particularly, to an adaptively coupled plasm (ACP)
source having a uniform magnetic field distribution
and a nmethod for processing a sem conductor wafer
' CP source. [Background Art] In general, an
etchi ng process, nore particularly, a dry etching
[Tpventi@sKitld]ls a process for renoving a filmforned on a
sem conduct or wafer by use of plasna on the basis of
the pattern of a photoresist filmor hard mask that is

al so t 0 f
o b Y O A R RCED I SVING, UNIFORM

h&k@@%ﬁﬁ@]ﬁEbEbEHSTRH§§RﬁHﬁ&&NDthASNLkiﬂiﬁNﬁHﬂ&dﬂAkﬁﬂﬁ'THE
SA@ﬁgction chanber. A plasma produci ng source may be
ssified into an inductively coupled plasnma (I CP)
source and a capacitively coupled plasnma (CCP) source.
The use of the CCP source has advantages of high
[TeclodebBeldbpl i cabi ity and high etching selectivity
agai nst a photoresist film but suffers fromthe
production of |ow density plasma and consequently,

enor TR &M Sivatibe Nelaiks % eééhﬁdoﬁdldcibr febricafiéh @cllies, and more
hand, al'though the use of the ICP source is

partichlealps ?@b@cbpttvclyawnpled/ elabmg KAGBNsourop heving meunifpien magnetic field
t t
R e ERRDRTR: s re SrElhb Sonirt ua=E gy,

it has disadvantages of |ow selectivity against to a
E?auktoreSI st - filmand | ow process replicability.

growsd Arlhe | CP sour ce may cause al um num
contam nation when it uses an al um na done.
Consequently, the CCP source and the |ICP source have

conf In gehériiGantdohaipt jRELRSs, MioFE i aleyA Aldageshing process is a process for

removing a film formed on a semiconductor wafer by use of plasma on the basis of the pattern of
a photoresist film or hard mask that is also formed on the semiconductor wafer above the film to
be removed. To perform the above described dry etching process, plasma has to be first
produced in a reaction chamber. A plasma producing source may be classified into an
inductively coupled plasma (ICP) source and a capacitively coupled plasma (CCP) source.

The use of the CCP source has advantages of high process replicability and high etching
selecﬁvity against a photoresist film, but suffers from the production of low density plasma and
consequently, enormous consumption of electricity. On the other hand, although the use of the
ICP source is advantageous to achieve high density plasma and reduced consumption of
electricity while enabling independent control of plasma density and ion energy, it has
disadvantages of low selectivity against to a photoresist film and low process replicability.
Further, the ICP source may cause aluminum contamination when it uses an alumina dome.
Consequently, the CCP source and the ICP source have conflicting advantages and disadvantages,
so there is a problem in that an etching rate should be sacrificed to obtain a desired selectivity and

conversely, the selectivity should be sacrificed to obtain a desired etching rate. For this reason,
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so there is a problemin that an etching rate should

be sacrificed to obtain a desired selectivity and
weowweiesl y, the selectivity shoul d be sacrifiPEOKR006/004276

obtain a desired etching rate. For this reason,there

has been recently proposed an adaptively coupl ed
- plasma (ACP) source capable of providing only

advant ages of both the CCP source and the | CP source.

FIG 1 is a sectional view illustrating an ACP source

o1 el SRR T s s Sl e o
provitliagon§ adviartagdCBf isththe ECB bawve andthE IR solirceFI G 3 is a

7 oPBIG hisaecraidfhy e tCHhacarte fhd RS b pe the
AC%\ firb&Rcordlin '?9 arf emBﬁlglg%t%? HHe ﬁ@ﬁ?e 718 08) ;"M Giely T the ACP

source OO i ncl a chanber shell 210" defining
sourca shovireiniFiG. 1s p&@ 3o agraph dhustrabieg the dBtributionmf @ duaghetiy field in the

| a 40 herein. A wafer support 220 is disposed in
Pla*"ti)"??é’%w% fo%lb pace of the chanber 200 in a | ower
r egl R&Frpihe fiREoTRGS e 2D, 8 cﬁ&l&pmabmg ek ep S&Q& 100

&8
t her eon. %‘e ACP source 103&% di sposed on an upper
incledesfaabanlsf sheh 81 dedining an itesior spagetot therebanaleP 28 for produdd@ plasma

aod it of whet HBpub s SRR 8 giof Seestnsiia e P n a ower
regfoﬂ %fhhés jabt0 ankil Yz Et@d P sippblt Y whterr S0 thefebie S MAOD sdukd 100 is

The fl at plate s wat er support 220 i s connected
disposedeon| ap wprer $1afiacemfme@hmb¢c§hetlﬁ Ab8CPsowee WOdmddesnidpt plate

shag%‘j}uggﬁggliggoc%lﬁcgat gﬁg%otgr eé%o%d n @C]ils;igl? T%n% g ol ebushmg 110
to SPRAKSIBRAd BRMuLIEM BI0I OTheHD PRteaRMRA WaGesuppdrt 21Veis Edaected to a

source by the |ower side flat plate shaped wafer
lowsuppgio ftequeacy @i pevwrs sopese?3Osinddheshing &1 0113 onmectegtp jan geper RF
advant?ﬁgs of the I CP source by the unit coils 120.
POVRREVE” ™t he above described conventional ACP source

100 mesA@P fpufdel100dvingttiedbotd dsdibed donBigifration shlfws@dvantages of the
magnetic field in the plasnma chanmber 200 may

CCPspwephyahe lawersigislat plae shapsd veafersppport22@ and the ugpﬁreSlde bushing 110
as ?&h&ﬁ%%ﬁ jdﬁ&ﬁ@eghﬁg@augmgﬁger 200 has a
relatil ve |

treng center region of the
waf eHowér, thMabb\&ﬂ&sdi?ﬁsd eonvertiatal WEIPysolrosvl Gt iae agidbleat inalat the

border region of the wafer 300. The irregul ar Silren gth
distabusion obg Rgstipield ethprlgsnaa shamperelUd maype dErgRlar 3sishafdIC. 3.

Spddfifdsily! e RhedeliEridld AHWplasma chamber 200 has a relatively high strength at a center

region of the wafer 300, whereas has a relatively low strength at an border region of the wafer 300.

The irregular strength distribution of the magnetic field may cause irregular density of the plasma

400, thus resulting in irregular process results.

[Disclosure]
[Technical Problem]

Therefore, the present invention has been made in view of the above problems, and it is
an object of the present invention to provide an adaptively coupled plasma (ACP) source capable

of achieving a uniform strength distribution of a magnetic field in a chamber.
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400, thus resulting in irregular process results.

[Di scl osure] [Technical Problen Therefore, the
w@e@3menes4 nventi on has been made in view of thRPCHERI®6/004276

problens, and it is an object of the present invention

to provide an adaptively coupled plasm (ACP) source

capabl e of achieving a uniformstrength distribution

of a magnetic field in a chanber.It is another object

of the present invention to provide a plasnma chanber

havi B ﬁﬂﬁ&l

uni f (T)tgsm&gt r en&;e%ﬁdf(@iﬁ‘e ?tr %}@%?tvfﬂglr?ﬁof a 1%3 naestﬁl:'étcéh%YBeeP%av? agACP
sourezethat iisooapablecnfhehieving BewntorimcsrengBodisttibwioh of magretir Giddine reaction

with an aspect of the present invention, the above and
m%r obj ects can be acconplished by the provi sion of

an adaptively coupl ed plasm source conprising: a flat

pl at e shaped bushi ng di sposed above a reacti on chanber

[Techmicat 8ottten] r egi on of the reaction chanmber, a

plurality of upper coils extended fromthe bushing to

be di sposed above the reaction chanber, so as to

SPi 1 @ d¥ordict QNG dsp&t m@é’ﬂr&gnt uﬁ)@l%oﬁ B At érfd)bt}féf obffdciRan be

coils arranged around a sid ortion of the
acqogplishied by direaprbdsion of guadaptively cau;pj@f plpsimar spureé carppising: a ﬂat plate

shipFC6ish B8 aRRRR i # Bt R & Sreobr fagn a op FERE cofoer o

phﬁz{ﬁ%mf @ppet &R E:)kt&id&gfrorﬁ‘t}ﬁ 'Bﬁsﬂ‘ﬁ?@rto B @iposed @f)dve kHeGeation chamber so as
reaction space for prod u0|ng plasma therein; a fla

to mraltyesummgél@e tyysifig alsiﬂorpimlnty of sidscroivhrianged arosuda Sld@@?iﬂ@ﬁmon of

the,r i on space. upport a waf er
el A s R S eR Y o R SO ce
conngchekdirRe Wil ahbthdr affledt F i ReeAt iMethedn, ﬁiéféﬂ@?ﬂbwdéma plasma
adaptively coupl ed pl asma_source includin | at

chapnber eorgmmgda d@mbmr@elb ﬁ@“wg@ore%@w gpagehior ewdmm plasma) therein; a

ﬂatoé]ata Blbag?c} \é%fq §u%gcg(rp %IF‘P&%%i 11;1 ra \9 I e fﬁh& tea oR b}garcg lafl& Xdapted to

suoft RREE tRRoN.S bRe redid FeREnS |1>©{>vbr soﬁl@e aéhnédﬂedﬁt@ itHedflat pate shaped
surround the bushlng and a plurality of side coils

wakir senpgRn afaptivRly eouplpdiplosaisowes inglerings p letiplateshiangsh Byshing disposed
ab&gﬁe och%r?téef‘ Wefi %Qgen{epl%ngF SFRELham B s e{llégﬂlg%aﬁt?h 68@%1; %Qlﬂ% %gtended

Uency power~source connec
from the bushing to be dlsposed above the chamber shell, so as to spirally surround the bushing; and

a plurality of side coils arranged around a sidewall portion of the chamber shell to surround the

chamber shell; and an upper radio frequency power source connected to the bushing.
[Advantageous Effects]

In an adaptively coupled plasma (ACP) source and a plasma chamber having the ACP
source according to the present invention, side coils are arranged around a sidewall portion of a
reaction chamber, so as to achieve a uniform distribution of a magnetic field in the reaction
chamber. This has the effect of achieving a uniform density distribution of plasma.
Furthermore, by appropriately selecting a power source to be connected to the ACP source and
regulating a density of electric current applied to the side coils, the overall density of plasma in the

reaction chamber can be further increased.



[ Advant ageous Effects] In an adaptively coupled plasma
(ACP) source and a plasma chanber having the ACP
waomrosesccordi ng to the present invention, siPEI/BRR008/004276
are arranged around a sidewall portion of a reaction
chanber, so as to achieve a uniformdistribution of a
magnetic field in the reaction chanber. This has the
effect of achieving a uniformdensity distribution of
pl asma. Furthernore, by appropriately selecting a
power source to be connected to the ACP source and
regulating a density of electric current applied to
[Deseriptioroe Drowibgs] t he overal | density of plasma in the
reaction chanber can be frjrther
i ncreased. [ Description of Draw ngs] The above and

ot heTh O RCdna othbestjdétseRatddslardtolRf advaitaRt aaBspredent iRGention will

present invention will be nore clearly underst ood from
be mhie cleatly wndersigodGomithesfallereing détgilet! descripiior fakpmin conjunction with the
conjunction w.th t e acconmpanyi ng drawi ngs, in which:
ace éﬂ gidmwings L phish ) “view i Il ustrating an adaptively
5 coupfrd 1 aas%&ﬁ)nm/k@% ﬂlﬁsﬁuﬁrfgean@aq)uaelptcﬁ@ REAARETP) source and a
havi ng the ACP source according to an enbodi nent of
plasnneechpmb@ﬂlawamg the ACBsourcq ascaadipg f@ﬁn ombediment pfhe pEpagour ce

sho ustrating the
di s}/\ﬁdbgf gﬁnv% a@rtrhggf}]&t) jofire S}&%@HHF@ rlm pl asma chamnber
of FF1G. 3% a frbfh 1Hﬂstrht%1g8th§©§lhb1mhﬁtbf yinaretid field irf thé plagnBchamber

ACP source and a plasma chanber having the ACP source
of Hgebrding to the present inventi on; FIG 5 is a view

illu t. t f :
10 oo T BRSPS GALLLRS 18 S v
A@%B@bé&éccﬂdlﬁgfoltﬂmﬁresemnﬁi%nta)nﬂagnetI c flux that is
produced in the plasma chanber hy the side coils, of

FI G FI§. 5maalemllu@a@g@rdﬁﬁwlsww&}@f%m ﬁ&Ptswcecﬁéﬁw IFIG. 4;

di st
YL ] BB 0 of B o
intEdlﬁEasn& chamtser by thpbidé dolilsisifi@ti;ng a met hod for regul ating
the d t f
15 © FIeC?S7lls 231/ grgph ﬁusg%t?n%%ge (?engl'lyucﬁ(smbunct)nhof a magnetic flux that is produced
in the plasma chamber by the ACP source of FIG. 4; and

FIG. 8 is a graph illustrating a method for regulating the density of a magnetic flux in the

plasma chamber having the ACP plasma source according to the present invention.

[Best Mode]

20 An adaptively coupled plasma source according to the present invention has a feature in
that it comprises: a flat plate shaped bushing disposed above a reaction chamber in a center region of
the reaction chamber; a plurality of upper coils extended from the bushing to be disposed above the
reaction chamber, so as to spirally surround the bushing; and a plurality of side coils arranged around
a sidewall portion of the reaction chamber to surround a periphery of the reaction chamber.

25 Preferably, the plarality of side coils are arranged so that they are vertically spaced apart
from one another by a predetermined distance.

The side coils may be made of silver, copper, aluminum, gold, or platinum.
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pl asma chanber having the ACP pl asma source accordi ng

to the present invention. [Best Mde] An adaptively
w@eouphedspl asma source according to the presentCT/KR2006/004276

invention has a feature in that it conprises: a flat

pl at e shaped bushi ng di sposed above a reacti on chanber

in a center region of the reaction chanber; a

plurality of upper coils extended fromthe bushing to

be di sposed above the reaction chanber, so as to

spir t: - Si X

oP! 1 RO AP B0y i BB g b

chahbRe tHeld efirtigd feaction spade ferypRatiueing plaamehﬁemmpﬁ flbthydate shaped wafer
reaction chanber. Preferably, the plurality of side

suppeit Fispasedsin Arovegs graipneh the ﬁ%@thnwwear dgited fosEpROyt agr?&éltrreon a

3t (AT BoRUOLRE e 516 S AEIAS S g
ad@ﬁsl'e@/ coopledlainia I@Iﬁﬁe/quhid&gtﬁlacﬁaaﬁﬁped&m}mgﬂlspgseﬂ d)dvh’ehe chamber
resent invention has a feature in that '

“bh%ﬁ‘r%reg’% o1 1 amprish: Al of Besiitepdd fom B bishing to
be &E&go £ Ahar % o %mfal BirRlR > YpIfELity of side

osed in & region of t reaction
coils raaﬂgecaatrdmﬂdtamlbwaﬂ posticawp the chanibershtlbto summnédla chambleshell; and an

radi o frequency power source connected to the fl at

uppst 3¢lig fegeR Y POWaT savrCe pppsSted o tively coupled -
pl as é&gr ﬁﬂ@g@g, j
di spggeg bgl\?gl‘ﬁﬂwsgg‘g%@a?h%%n#lhﬁ&gacent er e?tggiilvo%gcggapm

fromrope efwthrebby a prhdetdrmined diktencal i ty of upper coi | s extended
fro he bushing to osed ove th
Shel The Si G e or S &L BB A AT Eh R
I ur &b §ide s ﬁh}dl?e BftdcRd ﬁ‘)rtﬁé\ﬁ)?&qacﬁé Rtiehcd pevElaBatd,
portion of the nber shell "to surround he chanber
s hel llry the ppeksenh nwptp@n thaglasnd chambenmyy puthercogptiseceseparate power
ecte& tg (P $ush|ng Preferably, the plurality of
““ﬁ%%@%% OGP Sanged so that they are vertically
spaced apart from one another by a predeterm ned
di stance. The side coils naybe nade of silver, copper,
Debdaforlovantiedl d, or pl ati num The side coils my be
connected to the upper radi o frequency power source.
In the present invention, the plasma chamber may
furt IFRE. 4GORBCHGR] es ARBAheaP AR S0 Hnd @ plema ekdntdr having the

the side coils.
ACP source according to the present invention. FIG. 5 is a view illustrating side coils

constituting the ACP source shown in FIG. 4.

Referring to FIGS. 4 and 5, the ACP source 500 according to the present invention
includes a flat plate shaped bushing 510 that is disposed above a reaction chamber 600 in a center
region of the chamber 600, a plurality of upper coils 520 spirally disposed above the reaction
chamber 600 to surround the bushing 510, and a plurality of side coils 530 disposed around a
sidewall portion of the reaction chamber 600 to surround the reaction chamber 600. The
configuration of the upper coils 520 is the same as that described with reference to FIG. 2a and
thus, explanation thereof will be omitted herein. The side coils 530 include a plurality of unit
coils that are vertically spaced apart from one another by a predetermined distance to surround an
outer periphery of the reaction chamber 600.

The plasma chamber according to the present invention includes the ACP source 500,
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[ Mode for Invention] FIG 4 is a sectional view
illustrating an ACP source and a plasma chanber havi ng
W b@78EB560ur ce according to the present i nvenPCDRR2006/004276
FIG 5is aviewillustrating side coils constituting
the ACP source shown in FIG 4. Referring to FIGS. 4
and 5, the ACP source 500 according to the present
invention includes a flat plate shaped bushing 510
that is disposed above a reaction chanber 600 in a
the ?e%&fo?x haﬁﬁﬁi‘m &sz BQ@r oRLERBH aR0. TR rtdcAdd ctthQér 6@@9}@15desa
col I's 520 spirtal 'y di sposed above the reaction chanbe
chaGber ghell §m defining a ﬂaartlbllu strico fpr Hicdincian ;jlasmqo41(lﬂ)r aidi a fat pfate shaped

wath PP B KRS BT SIS TETTaR U E Aen BB fogRpport @ var
30¢eh qﬁ@ Rt haﬁﬂ@va‘fé?@ﬁ o620 hsod%m%fctea BSthe W@ef R?q:iolvv%r %Qse 630,

is the sane as that escrlbe wth reference to
andbe tasbing hifsis camgpitcliatheappar RErmepkr seiuick 64k Mhﬂm@onﬁguranon if

her ei The sid 0|I ncl ude. a ral.ity of unit
the 50 B0 e bt e Ay 5 56 HBip o S st e
upRP&SINST0. DY Itfouzh REEhERAIMBE It B2 ReQide QoikBB0 atéRto @bhnected to a
outer periphery of the reaction chanber 600. The

povdr aeumee. ¢ rathis erse sbe gidaléaily Sibmennbe ponaentadtto thewpprriRdhpower source

ol e B0 R B cmBertr i BB B SO R AE POV
600 FrEk l#jeﬁg'alﬂl imneabhethadality Blbudaf dMingndicRR Gzﬁat R I’;broduced

space for producing plasma 400 and a fl at gl ate shaped

in theyplesma d}?ptbﬁlt bysthe sife spibss€dF1OnS.a Flowérs ¢ eegple dlugrating éhe density
t
T e

4. the | ower RF power source 630, and the bushing 510 is
connected to the upper RF power source 640. Wth this

conf Rgfemag fogGS i érang Hein thseP yarep audthe plasiachamlag having the ACP
%‘ﬁé(’?ﬁ? gﬂmggre%e%t h@gntlefri' S%'Oln su?cé% @n%%%lghﬂlgiﬁié %01 S 53'(1) around a

sxdéWhlltﬂ@ﬁloﬂ bfitht ?@Stlontohﬁnlﬁdr @60 Eursund3k: raﬁoaomb}&mbemumgemb @fdction
to a power source. In this case, the side coils 530

chapber G0 shoykvewiiorm sieengthalisriyton o pegnetic fisk thereing 4Bpecifically, as
t , t
shop B FICH! Witk BEwniiEsh o AR o oTH0 R RRGR FE VS P 500 the
densilt;l of gt maphetivgfluix e th esastidnychalinlsdr 1600 istrélmtwelyﬂom mgamedr ragion of the
| ux that is pro edln | as cha y the, )
walgr, Jehegegs jis T Vw% @rﬁef Peion g2 ) Jﬁ‘f’rrﬁi‘-‘ﬁﬁ‘é density
disthiBRio P I¥gnetic flux is opp051te to the density distribution of a magnetic flux produced

by the upper coils 520 of the ACP source 500. Accordingly, as shown in FIG. 7, the reaction

chamber 600 has a uniform overall density distribution of a magnetic flux therein. More
particularly, the density of the magnetic flux produced in the reaction chamber 600 by the upper
coils 520 is lower at the border region of the wafer than the center region of the wafer, as shown
by the solid line “810” in the drawings. Conversely, the density of the magnetic flux produced in
the reaction chamber 600 by the side coils 530 is lower at the center region of the wafer than the
border region of the wafer, as shown by the dotted line “820” in the drawings. In conclusion, the
overall density of the magnetic flux in the reaction chamber 600 shows a uniform distribution in
both the center region and the border region of the wafer, as shown by the dashed line “830” in the
drawings. If'the density distribution of the magnetic flux in the reaction chamber 600 is uniform,
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di stribution of a magnetic flux that is produced in
the plasma chanber by the ACP source of FIG 4.
waRedogedonyg to FIGS. 6 and 7, in the ACP sour cePGIHERR2V6/004276
pl asma chanber having the ACP source according to the
present invention, as a result of arranging the side
coils 530 around a sidewall portion of the reaction
chanmber 600 to surround the reaction chanmber 600, the
reaction chanber 600 shows a uniform strength

sh@sug%i | caﬁ%g & a}élésgﬁg%?&&cb& i i ?ea&tﬂ)ﬁr &iaﬂlber 600 shows a uniform

FIG 6, wth the arrangenent
dlsﬁﬁ)uﬂldmebesmdetlﬁ(dehﬁty?nﬁ@lasmmstprbpm'tlangj o Hige dbﬁﬁtysmfun@e@oﬂux In

iy, 5 SRR |S§Jeqn%@v%tm'¥gra£°%% b 0% GgRbblo TeKyarae and
re%gﬁgtﬂé g}% & eftlotritl Blirk pth&’cr?s %}JB é@ﬁo BRI koils &30, Qﬁe &ferall Rignsity of

resulting enS|t i stribution of
plmgm&hereacﬁbruohamber@ﬁ@mnbbénﬁlermhwsdieny ty dist r| but| on

o BLE e Uea Dl MRl a5l &Rt o

rddlied’ RAGE ipPEmE Qﬁﬁﬁ@e‘i Hahfy %A@Pu}?lmr §Buféedcadrliingl @6 Shel Present

dlstrlbutlon of a magnetic flux therein. Mre
investrani cul arly, the density of the magnetic fl ux

Coi | XeBive i iCh R ol BRATDET R PLJebin b SeBRHa e showing
thel dRAbutEHEr a8 étlc 180 bBEn@S in tH3RadaIRfe.a BfveRiMNAOY sduh% has only

solid line in the drawi ngs. Conversely, the
thedmslsmg 510@fd thh @mugﬂ@ﬂ%mﬁlbmhamgﬁm@ﬁom&@h ehwt@&@as% érpbtain a

00. side.c 30. |
R gty At o P i i e i sl Al e e region
of B va@ @y be @mcémvsﬁomby theaftit tech the &awmg 28¢¢ thersolidhighe “910” in
drawi ngs. In conclusion, the overall density of the

Flgrefrenthedenpityofi |arm%n@twrfblaem the orderpgien obtbe welshgy he increased as

uni.f or mdi st.r & I.
sl b o BBl g uhOEE T FERBE RN WhSic of
thd huding SRY ﬁelmktdlh’tﬁb&ﬁe%ﬂﬂﬂ{égéspedufve hﬂip%r &QB$B® $h the border region of the
di strl bution of the magnetic flux in the reaction
wafdncartierlike 0myibs rqmlaffeér rﬁgrsﬂﬂﬁpﬂlsrrhayd it fhe capeydiereythggide coils 530 are

T DT Pt T Rt BT R B ity ofa

mdgh@iedluk hgnahifdrm disributieris bt the tento gigivhiand the blorder kegion of the wafer
add|t| on % z,a,pprlﬁgrl ately selecting power sources to
cclgthed e @3¢ dn ¥ ACP source and regul ating the

S 4 SO et 8 it

side'C densi t | asma I'n
man@as ini considelatiorbefitheGo@ionz Shapce afrangérhent stmmuree&amcter thlckness number

of turns, distance, or constituent material of the side coils 530 as well as the kind of the power source

connected to the side coils 530. For example, the side coils 530 may have a circular or polygonal
cross sectional shape, may have a flat plate shape, or may have a symmetrical or asymmetrical shape
about a center axis thereof. When the side coils 530 are symmetrically formed about the center
axis thereof, the side coils 530 have a constant diameter through the overall height thereof. On the
other hand, when the side coils 530 are asymmetrically formed about the center axis thereof, the
respective side coils 530 have different diameters from one another according to their heights.
Also, the side coils 530 may have a polygonal shape or wavy shape, may be arranged to partially or

completely cover the reaction chamber 600, or may be connected to a DC or AC power source, or
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FIG 8 is a graph illustrating a nethod for regul ating

the density of the magnetic flux produced in the
w@bk@gnweshanber having the ACP pl asnma source aPCDK®R00G/004276

to the present invention. Referring to FIG 8, the

solid line 810 as shown by "(a)" in the drawing is a

line showi ng the distribution of a magnetic fl ux

obtained in the case where a conventional ACP source

has only the bushing 510 and the upper coils 520
otht P§ouj%@sv1h uide Generdir! SARR Ghe side cbilN 530525 %e ntdle of silver,

ai n un| ensity distribution of the fragnetic

coﬁpbruxlumtrm,gmhplaﬁryarmbrﬂaehkagnetl c flux in the center

region of the wafer may be reduced as shown by t he

arrow "x" in the drawing (See the solid [ine "910" in

&ggl I%ﬂe density of a magnetic flux in the

$%g|o of the wafer may be increased as shown

by the arrows "y" in the dramﬁng (See the dotted line

"920" in FIG .8 For, t hi e of t.he bushi :

510, ASHEPPEF: B o it HescHRitRe B BrRp TERER. Goficable o
er@%&xdh&oé Bs%gkhoméiﬁfa ch@&heP Bhdthet SifiilerbBiatused arldprockdsésn MR Yelated

e regul at ed the other hand, in the case where the
fields.de coils 530 are arranged to surround the reaction

cha b ! th Wi

Gensiaoh b HeBet Feotimgpspf et A e bicigiesed or
ﬂldsii’atlb@ bﬁ]’g&ﬁ@ 1B §i8iled i@ f:HeQzﬂ vl @g rbcatd Hatkiolis@bdificabns| &ditions

waf er ee the dashed line " in FIG 8). In
ancp atbsmtumdna faye pofiblel evithiontydegirgng fromitheprops anchapinifeng dle ingention as
d11 é“ﬁﬁn be reglln a%ed in various manners in

SRS ITHEY §EP B e A s ect i onal shape, arrangenent

structure, dianmeter, thickness, nunber of turns,

di stance, or constituent material of the side coils

530 as well as the kind of the power source connected

to the side coils 530. For exanple, the side coils 530

may have a circular or polygonal cross sectiona

shape, may have a flat plate shape, or may have a

symretrical or asymmetrical shape about a center axis

t hereof. When the side coils 530 are symmetrically

formed about the center axis thereof, the side coils

530 have a constant dianeter through the overal

hei ght thereof. On the other hand, when the side coils

530 are asymmetrically formed about the center axis

thereof, the respective side coils 530 have different

di aneters from one anot her according to their heights.



Al so, the side coils 530 may have a pol ygonal shape or
wavy shape, may be arranged to partially or conpletely
W@ owenidehe reacti on chanber 600, or may be conPEDKRA06004276

a DC or AC power source, orother power sources
including a pul se generator. Al so, the side coils 530
may be made of silver, copper, alum num gold,
platinum or the like. [Industrial Applicability] As
apparent fromthe above description, the present
(@*ﬂﬁqu on is applicable to sem conductors using a
pl asma chanber and other sim | ar apparatuses and
processes in the related fields. Al though the
(ﬁref rred nb d| nts %g%the resent .invention have
48R I scl B ERPRGD PRIGHEDE P COPpBLSs. t hose
S Ki | %%Qt gﬂd?e §h|a d%gmrvg didpoRBRb&E IadtRribT@amYaih 8 Wsnter region of the
tions, additl ons and substitutions are
nm@mmsMhﬂﬁr mnthout departlng fromthe scope and spirit

of the |on di sclosed . in the a :
S clalﬁfmﬁ@ﬂﬂﬁl éVﬁWq iépgﬁéﬁ??§%P3£ggﬁﬁﬁgémg?gg&%mxm
chaR Dk, &fas ly%ﬁrﬁﬂmdﬁef)&sﬁﬁx Rhat e shaped bushi ng
dlsposed above a reaction chanber in a center region

of t helumétamf sisle coftnartanged asoupdl @rsigeivall pastion @fiibe reaggion ghamber to
cgnde o&ﬂ%&t hagtlbu h'b% to be di sposed above the
R°BR & %{% ‘o spirally surround the
bushlng, and a plurallty of side coils arranged around

a si dewal | ortion of the reaction chanber to surround
[Gaipe?)i pher 9‘5 adaph‘@ly eipled driesoi ewiee acqording o dgimThewherein the

0 PR ) B GRS B e

pmﬁa@ﬁn&ﬁgm@ﬁ&ﬁ vertlcally spaced apart from one another
by a predeterm ned distance. [Claim 3] The adaptively
coupl ed plasma source according to claim1, wherein

[%181111639]' gre gff’lg‘% 2?'da§tr rﬁ%l}f[%g@ec?élﬁ{a As\%ﬁf:e a&@rﬁﬁ’&g “c%%l@i}rf"fnv@lgﬁln the side

coib@fghade ohglver, copper, aluminum, gold, or platmum

[Claim 4] A plasma chamber comprising;
15 a chamber shell defining a reaction space for producing plasma therein,
a flat plate shaped wafer support disposed in a lower region of the reaction space and
adapted to support a wafer thereon,
a lower radio frequency power source connected to the flat plate shaped wafer support;
an adaptively coupled plasma source including: a flat plate shaped bushing disposed above
20  the chamber shell in a center region of the chamber shell; a plurality of upper coils extended from the
bushing to be disposed above the chamber shell, so as to spirally surround the bushing; and a
plurality of side coils arranged around a sidewall portion of the chamber shell to surround the
chamber shell; and
an upper radio frequency power source connected to the bushing.

25 [Claim 5] The plasma chamber according to claim 4, wherein the plurality of side coils

are arranged so that they are vertically spaced apart from one another by a predetermined distance.
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a chanber shell defining a reaction space for
produci ng plasma therein; a flat plate shaped wafer
W@ apposdesdi sposed in a | ower region of the reaPtT/BR2006/004276
space and adapted to support a wafer thereon; a |ower
radi o frequency power source connected to the flat
pl at e shaped waf er support; an adaptively coupl ed
pl asma source including: a flat plate shaped bushing
di sposed above the chanber shell in a center region of
the chanber shell; a plurality of upper coils extended
fromthe bushing to be di sposed above the chanber
[Gheié] so ake plasnmphambdr yecordingdo nldint Hevisreatthegjde ailsiara made of
_plurality of Si@ﬁ coi|s arranged around a si dewal
silysh CERPSTH APt SFREYShe| | to surround the chanber
shell; and an upper radi o frequency power source
connected to the bushing. [Claimb5] The plasnma chanber
[@e@oTi ng The plastan chambxdneacedrding e qiimr 41 whereinftheisifle coils are
coi | re arranged so that they are vertically spaced
Cmgﬁﬁﬁfm OWPD RSO FFIEFEY PHYFL 9% det er ni ned
di stance.[ O aim 6] The plasna chanber according to
claim4, wherein the side coils are made of silver,
[Chippe) , al Ohe plasma chohbkr aordpigae ¢laiom, fiflirgpmp§ingThe
pl asma ch?nber according to.cl.aim4, wherein the side
coi | &S e@gwﬁlggwggc%ec?eﬁéotgﬁag?cqﬂadi o frequency power
source. [Claim8] The plasma chanber according to
claim4, further conprising: a separate power source
connected to the side coils.
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