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Technical Field The present invention relates to

sem conduct or manufacturing equi pnment, and, nore
particularly, to a nethod of setting a plasm chanber
havi ng an adaptive plasma sourge, a plasma etching

met hod using the sane, and a net hod of manufacturing

an adaptive plasma source. Background Art Technol ogy

for manuMETHODNgFORt r$ETHINGG PEASMANt EJAMBIR ( WIAVING AN

ci r,cuj [ S I f

Db ERG TS AT PEREE IR KICRHRERATIQD bSivG mue
POSANIE e AWDh MANURAGVTSRENG METHOIx oRORct ADAPTIVE PLASMA
manuf {:ﬁri ng equi pnents that are capabl e of

SUSM' g sem conduct or - manuf acturi ng processes

requiring ultimte technol ogy. A plasma chanber, which

IS one t eagg Eﬁﬁ%conductor manuf act uri ng equi pnment,

has been i |y used in a .deposition process in
addition to an etching process mhich is a min

process t he pl as cha The asna

used to fc‘j‘Fr?F‘iﬁeg oo s R Fpas Pﬁﬁobrr@egggﬁgmg equipment,
sughd afof! fatidilarBy) €o Qﬁfbﬂﬁid (bﬂb@ttl d plaéthe clpinitserhaving an adaptive
Pl a rra chanber s é[a aSSIf ‘g [ nto everal

baBLaFgn SRS A using) B A and"E method of
Pl agMfRaieASadapEve l@ﬁﬁhﬁdﬂﬁ‘de' nto an el ectron

cyclotron resonance (ECR) plasma source type plasna

chanber, a helicon-wave excited plasna (HWEP) source

type plagn@kghampgﬁ, a capacitively coupled plasm

(CCP) source type plasma chanber, and an inductively

coupl ed plasma (I CP) source type plasnma chanber.

Recent |y ,Teem&&%pfdr\&ﬁamgﬁﬁﬁtngs QUfLRrge ke intdgrated l(UQ,SI) circuit
is nodified t ave not. only the characterls I CcS

t haleviserbas Reen yeraarkighl @demlagqslafog therrast Bip degpdss- ¢ r?FEJS remarkable
CheRabpmbst Wﬁ§ peksiblBewRR Pcﬁ@ ' ﬂrbM@ioMs @I Ufdinfl6oridud®Bnanufacturing

source, has been pragposed. he | CP source or the
ad @aunpu@npﬂ thathere conatie of @mﬂqr%g pereicend m@qitmﬂwge{opp;ng processes

vifiRg aftidat Q&dhﬁﬂlo@?' | ROpRSmMAO cE&ﬂl%ratﬁhléh 1s one type of
rmg tlcfled captures electrons at th

, ente
of Semicondyalet BANRCHIRES PAERRERtChARRSER TS Eused in a deposition
el efbdes€ id h&diflon to an etching process, which is a main process of the plasma

chamber.

The plasma chamber is used to form plasma therein and perform processes,
such as etching and deposition, with the plasma. Plasma chambers may be
classified into several types based on plasma generating sources. For example,
plasma chambers are classified into an electron cyclotron resonance (ECR) plasma
source type plasma chamber, a helicon-wave excited plasma (HWEP) source type
plasma chamber, a capacitively coupled plasma (CCP) source type plasma chamber,
and an inductively coupled plasma (ICP) source type plasma chamber. Recently,
an adaptive plasma source, whose structure is modified to have not only the
characteristics of the inductively coupled plasma source but also the characteristics
of the capacitively coupled plasma source, has been proposed.

The ICP source or the adaptive plasma source supplies radio frequency



i nduced by the generated magnetic field so as to
generate high-density plasm even at | ow pressure. The

wo gBspeaisce or the adaptive plasma source has PCT/KR2004/003388
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advantages in that the I CP source or the adaptive
pl asma source is sinple in structure as conpared to
the ECR plasma source or the HWEP source, and
| ar ge-si zed plasma can be rel ati vely easily obtained.
When the | CP source or the adaptive plasma source is
nmount ed on the plasma chanber to perform an etching
pr @®sgowérne @i aldubgor 86ie sofas do \mﬁa'atenaynafgﬁetﬂh ﬁkht @nd captures

for each ition the wafe re.severa
Lo HeStona i ing e Gk dreioeoh e R fbREli§hE au eloctric field
C aj}¥asedBy tHeepehetak@itnhdicdt @bld élﬁ‘amegeﬁéraw ligk<i8nsity plasma even

technol ogy as t se ver differe

el Drcrtge.at Bl SoumaR oh Biaitbi bt sReBEs adVantages in
espREtR! IEZPf sfohf'tfél JTHR¢ afpavéd plabEs s@ircd hasig h&ﬁ&trﬁaufe% compared
is very diffjcult to overc sing t oc

t etchihsi BER plagma seprcs ke mﬁ%&@? ﬁ%gallaam can be
m}&g;@hegasgyogtah@age scal e and design rules have been

rapi dly reduced, on the ot nd hot or esi st has

been gr adVhan thet G fuce gh 19 poRptiE FEgpFoYes &y modnted on the

hagﬁsﬁh%ﬁaﬁﬁﬁ‘td}%&fo@ﬁeﬂl etéihg biicess, BRS&Bhingd Ratetofhi Walfer may be
cess for manufacturj ng sem co duct or devi ces,

exgﬁfﬂr@t fh caghopasiippridhe seferor Thererrn gevesal |5t b the ctching

re?d{f i€ SdiftEfeNt, héxﬂf‘ 11846 Naliges SRh e We §6lvédittﬁro itheiwse of process
mai nl y becausé, al thou% the t |ckness of toreS| st

apjsichiaelogy, as t{he cater H8Y & pHOFGNFL: i ?ra%fyo ptglung rate due to
thi 'e&lﬂgfngm felhtd BLAISesS EPeBiall HRIE AR isHLs bhhe plasma source, is very
senm c uctor devicés, the thickness of an insulation

| aylfficulivid ever¢osneby usieg tm@er@SSeﬁeem@éong or exanple, the

thi cknesg rrﬂ%okﬁﬁj ﬂt ofBsicels ﬁ){@é' b&%“rg};};{ﬁ By ihttgpdtad o a large scale and

Furt her nDre I ckness of dﬁ ot or esi st a er g
fuudcshgm ruﬂ@@ thasie beem sapidly deduaerc 0B dhe othes and, E\“P’f@@ﬂs‘v as been

g‘%ddrﬁgll 4B R IBRWRIMSYoPERNGE Sy AR6 bekA Siarrowed.  For this

ores ayer. Consequently, It is inportant to
r emasm i qnlnpgmr@creés oyt manfeqhuning swendwoarde@tceh.fﬁg example,

P 9 &&hi L%gérog%g %ﬁﬁhﬂﬁlg k413488 r&?ﬁlleg vER RGN @ttcﬁﬁﬁg select1on rate.

sem con devi ces. "However, known t hat

very di f flihguistmainlyrhegause.calthongh freghiskeess of Ph@lo@‘étSF 61??113(1 in the
I‘ at t r t S

g AR W0 050 oy of v
pomamcohdmct@xéwme@ theghickeesp ofuen lbwlamyr loxerahéghyisgolgyer to be
W 04380%We ﬁ(%é fe, Pfie 2RRUNLES 1o ?I %gﬂﬁg . hsieblk rn bBcomes thicker.

vertical profi of the netal tern a
deJurtheknareghe ihickiees efithe ehetorssist layegRs thréiecreased as an organic

bottom anti-reflective coating film is essentially provided under the photoresist

layer. Consequently, it is important to realize high photoresist selection rate in an
etching process for manufacturing large scale integrated semiconductor devices.
However, it is known that it is very difficult to realize high photoresist
selection rate with the conventional ICP source type plasma chamber apparatus.
This is because high plasma source power, for example, source power of
approximately 800 W to 1000 W, must be applied in order to obtain a vertical

profile of the metal line pattern at a desired level in the conventional ICP source

type plasma chamber.
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type plasma chanber.It is also known that application
of such high plasma source power |eads to reduction of

WQ@bws06236i st sel ection rate. Wen pl asma sour CEBCPERR(04/003388

of approximtely 1000 Wis applied in the conventiona

| CP source type plasma chanber, it is difficult to

realize even | ow photoresi st selection rate of

approximately 2.5 or |less. Alsg, when such high plasm

source power is applied, a waféer arcing problemis

severely caused due to the high plasma source power,

and a partd gk kh@@ﬁﬁ@ﬁhp}@cﬁﬁ@bbbﬂﬂchiugepﬂamﬁh youracip@eler leads to

due to, et cqu ng of Corrp nents i 1S d% rocess £

c higdBeion | Bresy s ?tf% Hih p “f’“or fig¢ source power o

Seﬁ}%ﬁﬁb)&lﬁﬁte{lﬁt ®oan aﬁﬁlie}demt fe ﬁ@’{vﬁnﬁd)ml i IOPr eqgtddype plasma

problem it is necessary to ap e sma _sou

ORI, [ibvisy ABRUE Dy aRve: SVathelopt AN eath SEebrtate of
MU rB&nmARIP D& di9eksat Add)Whee¥@th High p&sﬁn@ s@ﬁﬁ:alpﬁwar is applied, a

vertlcal profile of the nmetal ]in ter

C oo tR AT HEProplsm St UEY e At S H e R BB s gower, and a

appafiale Usereaing fobldnb @dscrBieiecausans@sitesithiig ofeempbRdts inside

plasma source power is |owered to solve the particle

duetesyChrem and to i ncrease the photoresi st

sel ecti opy 61? £1to Ifé&ﬁzé’ ﬁfgh' ﬁh%tor@sﬁsﬁfsbie@tl&{ rdt@ @ndif% 8blvt itheeparticle
pattern is damaged I's to say

phibiceaasise srolemes Weﬁ%tq PP rpéf%fm?t W%R?qui gt lower level.
Veqhivedlr, ﬁ{ecglhérﬁ‘a HurdSovi@ st bé BRiRainb® ahhigh lé\ha‘i? s as to obtain

convent i onal source type plasma apparatys. t hat
ac@cmmcal dEQfélleo?ﬁTﬁﬁt mgfel Aing GpEmpits diea cRvERTPRAL ril'v@?h%falrce type
%asf[n %’ﬂ@@ll gtcﬁlfngra%@h'aﬁisngs ﬁes%ﬁBé@faB&Jeor X?dﬁ@éddeﬁﬁ‘i' when the
a pattern with 1ow plasma source
uspl@gm@ rseurcngqurleplg@/w 48 aetvey ke ppasticlg 1 lgefsa%g ag problem and to
mag Rl ek Hﬁ%ffg&&@élﬁgefe@ﬁ&l Ale, MORErtiQy %&oﬁi@ o@ﬁmet fAetal line pattern is

i nCrease productivit and reaI|2|ng hi g otoreS|st

s edamwagedn Héaa@srtwa:oéb% htﬁécﬂhOt@@FISt'ﬁﬁ’@C%hfﬁtﬁ’ {recopfrgdigiery to the
%r‘ﬁg?lcﬁﬂgfe' (ﬁe(Pe fhe?eﬂ liine %?ﬁélh 138 1 SRQEREbrial I(tJIh @mﬁr&m}?é plasma

hereo urality unit colls helically woun
onamhmmnsll bushlng whi |l e one end of each of the unit

coils i SOEnhfh%ﬂ a&&uﬁpede%lbfé I@%t (gf ngovél Eﬁﬁa Q:'tc?:?r@method that is

source above- des struct he spaci ng
betamble bheealizing & citisfaciory vmcaﬂe@pﬁ% af aaP?éE?ﬂble@a&qw plasma
uni

ge rs](él%rg%) QJ)w&f Js?r}#ethg FIQ\%WC@ rr% S&gglggfmlﬂ;le aﬁlﬁ?ﬁ?%mg etching

r eaqaié rat chiglo 16yl reot #ﬂet(p lizpsenge SIEQ#L@@VWJ hnd‘rﬁ?aélzmg high photoresist
pregl acﬁﬂﬁ&ﬁks%@m?@ﬁh&&ﬁ however, that the pursuit of

The adaptive plasma source comprises a coil bushing disposed in the
center thereof and a plurality of unit coils helically wound on the coil bushing
while one end of each of the unit coils is fixed to the coil bushing. In the plasma
source with the above-described structure, the spacing between the unit coils and
the sectional area of each unit coil affect density and uniformity of plasma
generated in the plasma chamber. Consequently, it is required to form the plasma
source with more precision. It is obvious, however, that the pursuit of
excessively precise manufacture of the plasma source severely deteriorates the

practicality of the plasma source.



excessi vely precise manufacture of the plasma source
severely deteriorates the practicality of the plasna
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present invention has been made in view of the above
problens, and it is an object of the present invention

to provide a nmethod of setting a plasma chanber having

an adaptive plasna source to pgrform an etching

process at uniformetching rate irrespective of

positions of a wafer. It is another object of the

present Div¢RRUIeDT tholnpemtionde a pl asma et chi ng net hod

that is capable of realizing a satisfactory verti cal
profile of a pattern with |ow plasma source power,

mai nt ai n'l‘ﬁ&eﬁir@ htHégplfeaérﬁ 1ﬁ{7exﬁioghhdseb@ln sadadn tview of the above

i ncrease productiv d reali.,zin [ htore

S OPERAGTOn angtds ap pbiedt 9@5@ ar?é?lﬁém%*g} 68 PBC? 14q iethod of setting
Pr §$8Ral dhuBIbkt BAViAS al bdaptive p?asﬁiaaéi)ﬁﬁ:estﬁ yetform an etching process
manuf acturi ng net hod t hat kﬂsf sui.tabl e to.nass

pr éH‘EF&fqr@rPth{l& 3¢ g"ﬁeSPE‘Ft}V& Pogiiong pl? Voo cessi ng

tinme andprig %l@ﬁfér BbREESH HHRIpresmt $uvenfloRes @E@*&&@@ pilastnlih etching
one aspect of present. i nventj on, theag a}g
R pattern with

ot mhqsbshéu%ca@ahlebé rqRliing P STkl YHEC
a PR Tﬁnﬁhs%ﬁﬂ%r 0¥ mARhtAiEhE Qz@hhﬁﬁg rdké 8PREhNBvel o as to increase

adap t|ve g,asma source cail on asnma chanber and

ge ﬁé?délfi‘il‘ﬂ phchnstizing bigherhoforerist Sﬁlﬁﬁ%’e'iat% sing the

pl asma squg ?f@t fdkther o‘ﬁfé%f 6f fhe tph@seﬁ’ﬂ ASEmidhhe 'ﬁ’@\hdé ﬁtp‘ldsﬁﬂl source
met hod conp

Ising the steps 0O preparing .a pl.ur
of menztastrmgumethodothpt is ﬂataahﬁ fymass ipradquctipn SHigh i&ﬁh Eediability,

COishort BropeS&atimb a8 Pediotl FRcE&Ridg dodMi Ng an et ching
ratseoa rthe ceﬁter part th}gl(r%gof hi gher than that qf

the firsin grepsdencsowith é’néoﬂSPeCta‘?fdthﬁ PIRSSNY ipyenign, the above and
SOUHeF o%ﬁ:'c{s %V‘beﬂ Qcc%ﬂl fsﬁ&i B tl'iea?f’ov@éloﬂ e agslagnP Bhdmber setting

thereof higher than t at of Irst plasma source
comethqd §podiprginenan fadargtvemlm SQWGe @éuldm P Ripsmas, ghamber and

et Cﬁé@gﬂ@ﬁlaQthgtp% gclfélﬁb%ﬁtusﬂ’@ftﬁé plasnth Mé/ &biN9wherein

rate eacC 03|t|on of the test wafer
an dher plesma whgnbcrresettmgsmeﬁmémpwmgc@e Staps ofj prepariee a plurality

S e%? BgiSHll ﬁ%e% HE ﬁﬁ:llftﬂﬁ% a ﬁE'stg)ih%nfarHohﬂzemoﬁs g@e&ﬁﬁrp@e?sma source

coi ase ont e ana s results. Each of
so@pd dayingl an @tg}mpglrg'@sat the conter paid Hhﬁgoﬂhgb@s@@nﬁhatt Qfethe first

co it DRSOl 1, b Yl AL i o e

ea@ﬂg@f)art ﬁ@remfulmglmo ithag that cffutlst@aﬂrsfc @ asma sevice opilsfispeping the first

H{/ng%%ﬂc%,gcgﬁﬂﬁ} ﬁ’xt@ \k%asﬁ&' éhsa}lﬁ)%f glgd;@c E?cgﬁ@ﬁgsmhﬁr,aand analyzing

the etching rate for each position of the test wafer and replacing the first plasma

source coil with the second plasma source coil or the third plasma source coil
based on the analysis results.

Each of the plasma source coils comprises: a coil bushing disposed in the
center thereof; and a plurality of unit coils helically wound on the coil bushing
while one end of each of the unit coils is fixed to the coil bushing, the number of
the unit coils being m, where m is a positive number of two or more, each of the
unit coils having a predetermined number of turns (n) expressed by the following
equation: n = a x (b/m), where a and b are positive numbers, respectively.

The first plasma source coil has a coil bushing whose upper surface is flat,



unit coils having a predeterm ned nunber of turns (n)
expressed by the followng equation: n = a x (b/m,
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first plasma source coil has a coil bushing whose

upper surface is flat,the second plasma source coi

has a coil bushi ng whose upper surface is concave, and

the third plasma source coil hgs a coil bushing whose

upper surface is convex. The spacing between the unit

coils of the first plasma source coil is uniform

aI teaiegbnd plasthadb@te doit hamaeofl rhushingaviese tupperosurfabe is concave,

r | sour ce coi in sed, . the s
betabiR (Edplaph s6ger cotheth bOL BERRAE ot R fiefige is convex.
COI | is ghedyadihy Uehvéedatrdusis done ofathieafirstlipbdsamc source coil is

fromthe cent r. of the.seco asrm o)
| ngmg%@ the, gadial dist :mj:e&d q%ﬁﬁ ﬁEsgpiagmafsource coil

E E% ﬁl@igﬁé&ldpt ing ll’.')féﬁﬁ:eﬁQhé uhi$ c@ﬂﬁ@ﬂt&b |sﬁccdﬁqﬂm§blﬁﬁe coil is
e radl a 'S nce ro e cen er the t
pl &xadually, e,qc(g@lse&ap the rq r@‘é@ E?I}t?fn%ﬁ {hﬁr‘?ﬁml'ﬂ‘ plasma

eaghured chine Mel‘ehsego hx'lcﬁtlféfspb&iﬁ fblefvﬁéenﬁh@&ﬁﬁ c610¢16 £ the GRird plasma
is unlforn1althou t he radlg tance from.the

ceﬁwrf:e e9il § Sr@a‘i%llé't epleas s e distpnce drqm dhecSratsg of the third

glagﬁlgtsbglréglcoﬁqseﬁc@gse@ach of the unit coils of the
| asma source coil tgr adual |y i ncrgase

t he radi E{he aedgionnkared ph ﬁﬁ“t}h%f gpErcogp of e Hist g ma source coil
p! ?ssﬁﬁf&ﬁijﬁl%ugﬁ'the k1A StBAREHomARE cehRr o @ﬁd ﬁfS@blasma source

area of each he unit coils of the third p
soapidés insraaseds the sretianalyarercet eachieef the UPHeCOiﬂaéﬁf A second plasma

S'O?{nﬁgg &oll' 8 'Qrﬁ(h%ll?eiﬁ&%ﬁséaf ad BR Hﬂl‘ldlddﬁ’cbﬁé’en'ﬁ’oﬁpﬂfe(?@enter of the

I'S 1ncreased he coi l b shing conprises a
busédong pasma chajiplh poaereasedh ippd t]gﬁaﬁqctlopﬂearpq)@,g pach of the unit

bu%@ﬂ@?f ﬂﬁrﬁnrﬁ d'?cﬂﬁcé’éo@ 1§'§1‘a@ﬁéﬂﬂ‘ déﬂr&fs% QB8thd F4AMI distance
er bushing part- i't 1s determ ned

t héitom the cgn‘@hp tjlerth!t@pbsmﬁlseur@é ﬁt)lé is ipgreasesk t he t est

wafer is T'BS A budshE éd?x?ﬁns"ég at l%@ve?%@hlﬁé‘rﬂartoz{ncf ﬁ?ubﬁe“rt bushing

waf er based on anal ysi s resul he et chi ng
f omagatie lp(v)@r tbusinng)ﬁnartﬁeemgemadwfew mafﬁﬁ@l ﬁiff@f@ntpfra@rmat of the

%Pg ]ﬁg éénreplaced with the third plasm source

(o] an nﬁ a main etching process is perforned

u3| ng t héf iths defeyshinedrihas her etehivairpte at the eentey part of the test wafer
detlse{ugh%elﬂa{l bt a{ ‘JBE eﬁ%& Bhy gf f}f%ttﬁst‘%afﬁ 849K aRA ?’EIS sults of the

t he e cente
of etdhéng eage fwaf:@qh p@asw @ﬁ tben ﬁsyswfem ébmftrst nlﬁsmh éource coil is

et %Q%IQ&]dr if tBQ rtlu‘f'@%lﬂasﬁ%s é&dr@en c ﬁrgftﬁe‘ﬁsé tn%ﬁﬁ e<=)’tch1ﬁé‘ Brocess is

ource Isre W th second
pIqsﬂhnnmbuaegﬁmnhudahﬁnahewwacnﬂ4n et ching process is

If it is determined that the etching rate at the edge part of the test wafer is

higher than that at the center part of the test wafer based on analysis results of the
etching rate for each position of the test wafer, the first plasma source coil is
replaced with the second plasma source coil, and then a main etching process is
performed using the second plasma source coil.

According to the plasma chamber setting method including the adaptive
plasma source, a plurality of plasma source coils having different plasma density
distributions for positions are prepared, a test etching process is performed, and

one of the plasma source coils is disposed based on the test results so as to perform



performed using the second plasma source coil
According to the plasm chanber setting nethod
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pl asma source coils having different plasma density

di stributions for positions are prepared, a test

etching process is perforned, and one of the plasna

source coils is disposed basedon the test results so

as to performa main etching process. Consequently, the
present invention has the effect of acconplishing

unh fragim ablﬁhg r}ﬁoée%b e, Cotiseqlieritly, ni pﬁetsem ieentidy bag the effect of

t he con rocess arane ccor
angtals o S&Entticins poF oRGSRACRES g thé Sontrol of
prpﬁkggqx@mﬂbﬁﬁﬁa etchlng met hod conprising the steps

. nmounting a wafer .in a Iasrm chgn;%gr of a

Ch;'amber I paeardaace Ptk pnot %a&;aw pRgrent vensuon there is

Coﬁﬂfw&éd@pﬁsﬁhmgﬁ@fﬂbﬁrcdrﬂpﬂ&iﬂgdhe %te)fs@foﬁf mbfinting a wafer in a
nDunted a bias pomer Pfa§P é blas ower, to

¢ hElosma;hamPeR o8 2oPIaERE chigger apparatus

di pRp ﬁ@tngra P1RSEn® bRaAGer GharHIen afv@dfexci@nﬁsmﬂtedlga blazapbwelnpart for
gas introduced into the plasm chanbg%qlnto

t hepplyimgrhiassprverdo dh Teat Brfrce A ie Wats: ¢ Pigsan .swgrcg o fieil disposed

pl Hflathé tﬂas(ﬁ{a Rdrhb&Ofor %oh@éﬂhﬁ@'ﬂeé(ctiﬁﬁuﬁﬁ; Bitrodi€edC Ritd the plasma
bushi n e one end of each of the unit . coils.is

f| flambey tnﬁé plasmia, e IATEa SAWICE, CQib hoamPTisiRe GOl bushie and a

uxamg oT UGBl ﬁ&\l%antyq;v&hﬁ dH e ¥Bil HaLKiRLe wiflelonk@nd of each of
ge erat asrm gl ng reacti on gas into

t he
pl thenanig h‘aﬂm& ﬁm FQa ﬂteh%m‘s useRg. Fided SPUCe BOMCE @a%tfoa applying
! e¥§u.llrc950§191t meg Jsﬂﬁnsoﬁ% JHiL8 g%ﬁ!:lﬁfet ﬁl&ﬁhé/ ﬁtdcsh*)f)ll%ng reaction

sur he nunber  of unit coils’is

t heaeine the pkasmamhambér Wil the gpurce, mgvesﬂs appRlipdogt & lgael of not

' ' e power is
BT S U0V sp DRI Bf thobEce MBS 260 W The

rati o of Thh elumh@r o thsowt cails is Herep o sase\aand the number of turns of
ngﬂgg gm]t_tcgi}ﬂlstd?)?n{d’i‘@ﬂﬁn‘%ﬁreget ween approxi mately

e reaction gas I ncludes chlorine and
bor on t r ilkhisowicd @owerisapnliedyat slevelof gpproximatelni gV to 450 W.

method, §y5354i5h f“ﬁ]ie%&ﬁr&aﬁ)&\%rnto' the ' |¢o§7§‘é¥ 1¥“Pﬁa{nﬁaﬁl@§ w1thm the

source power is applied l'ow | eve or exanpl e,
a frangelofbetwesh approximmtely Oiihagbb: 1w Use of the pl asrra

source cqiyl, I‘F%Ylbﬂ g?g ?ﬁlu'dgp&ﬁ&%je eﬁ{drkﬁ)%ryfrﬁhﬂfrﬂ\é' des a

vertical "profi tern w thout occurrence of
under cut Amicotibagyto thheplasuw ohing engthabra satisfapiory peftern is realized

Al § i1 RoMB LBWRE iSpptieh 65 16WHevell fr ek@hpRX PRIy level of not

more than 500 W. Use of the plasma source coil having the improved structure
provides a vertical profile of the pattern without occurrence of undercut although
the low source power is applied.  Also, high photoresist selection rate, for example,
photoresist selection rate of approximately 2.5 or more is realized in the course of
etching. Furthermore, high etching rate of approximately 8000 A/min, up to 10000
A/min, is realized. In addition, high etching rate, high photoresist selection rate
and vertical profile are realized at low source power. Also, damage to components
inside the chamber due to plasma is effectively prevented. Consequently, the

present invention has the effect of reducing costs and solving the particle increasing

problem.
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nore is realized in the course of etching.
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Almn, up to 10000 A/mn, is realized, hi addition,

hi gh etching rate, high photoresist selection rate and
vertical profile are realized at | ow source power.

Al so, danmge to conponents insi-de the chanber due to

plasma is effectively prevented. Consequently, the

present invention has the effect of reducing costs and

sol ving tm accﬁﬁtﬂ&nc@helth et easthergaspecibdthel presene Gnvkakion, there is

W t h t anot S of . t he esent I nventj on,

{heroidi Sgherh af Bnoictuing RANGR SOLRe Ghl Ssprded,ap @ plasma
SOUh&RbeOtHe SlhsiRPSGHcOBoid c Pﬁ@mgcahaﬁbsmsmﬁgw@lspbs@anﬁ the center
source coil conmprising.a ¢o

cehesror e BRTRIY of 19Tt b et WRRM eBiihe ok bREAPEywherein

WO Ometholl R@nfifRisks BHeSHEADL: MGt thE RAit I Ato grooves formed at
conpri,ses the steps ti.ng the uynit coi

f
gr Shsasoumipiptialpartsral the Pl ﬁ?x‘é‘r“é&atrf’%ﬂe%‘é“rli’ sanéfvale% e unit coils
COid d?él%hﬂnsushirfgs RREpdril ¥, sh@ﬁﬁkgf ji |Hb91d§‘ﬁelbt6b§iorfsofdrﬁ1ed on a

to the COI u3|n pr.epari ng snhaping JI1g havi ng.
de,ghamg B8 §0f1}§rth§ dleblﬁs%"%%fbfﬁhﬁ gh'c}nngg BS éwngwéapes sithilar to those
j FsSbhf

£ oBF QAR piepinlaplibclnthsday 1 HWRE UEpRsflbhalormed on a

me@sesisergeITugnEdia hedsdhe égﬁli%ﬁﬁ%nsf of &’@dprsw%l nifaseing jig having

TeafAHek Mbnlticst t%ocﬁ&e $1htﬁe %ch%ﬁ§" iABStiRg ct)ﬁ%r RHigss! fé? the unit coils

measurln J1 g having shapes_identical .to those of the

uniinto dlas @re$sm§rqfut§@ shapingeiis Whileappliing heat o ithe feqnpleg wires for

i m'tlgl% ﬁlﬁ?ccﬁﬁm) 253k RE:aPEo sﬁﬂ%? W&@ Bhﬁﬁgkh&e%iﬁ&ar@@ Bhosk BYthe unit
heat e copper wire unrt coils to form

helcpidsi| inserpiper thei helicah aaAppey wmﬁemt@,uthm dgpressions oefe thyy precise

th I I

| ngtBptnd ik viile ARy Hial RORSHUNER odppEPRirehd T6om unit coils

whiahé fixjng the nyiticeds torthe chibbudiingal copper wires to

f or m uni 4 4 t,

bush ng. TFEevufs, Gife defiedtol ol ot 4 Siaphfy f1€%f°°§*‘=5““ than

shdlp digmpetegs aﬁtéegmé&pé& respaetivele di aneters of the unit

O IR 0 ST e 0 s
t h&ody Sechidpt e siepressions ofhfées‘»h@mnwa ayc Hembs demespending to the

cor of the unit coils,
resdE) eiq%g#%‘sﬁﬁtédg%bgé stons of the precise neasuring
jig are ghealepeessionsrefl thenprehise preasurieg jig ssegronyep ifgrmed on the

bO €C S%Clgeéstﬁﬁhﬁ Q{éeb(g@p {Lﬁﬁ %he?cncﬁe ag gkg flﬁllhé ﬁ)remse measurmg _]lg

surin S corr es
d| dnevedt écp;hsaéorrdspomrhng tcn‘dme Idgametersoé the umt goils, respectively.

The plasma source coil manufacturing method further comprises the step

of: after the helical copper wires are inserted into the depressions of the precise
measuring jig while heat is applied to the helical copper wires to form the unit
coils, pressing the precise measuring jig, in which the unit coils are inserted, for a
predetermined period of time.

The plasma source coil manufacturing method further comprises the step
of: plating the unit coils with silver.

The unit coils are fixed to the coil bushing by means of a fixing device.

The plasma source coil manufacturing method further comprises the step
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conprises the step of: after the helical copper wres
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measuring jig while heat is applied to the helica
copper wires to formthe unit coils, pressing the
preci se nmeasuring jig, in which the unit coils are
inserted, for a predeterm ned %erlod of tinme. The

pl asma source coil manufacturing nethod further
conprises the step of: plating the unit coils with
Si bf-abdllinglradsof ﬂlemitlcsnl@,r\ﬂnélh Aechot fixedeo ﬂﬂidoilthms]nhg.g

by neans,of .a fixi devi.c urce

AUt act PP RGeEEHBR SRIRGPUE B FiRa8 A aHepgBF hetcal copper
r ohyiteR gn@ﬂfé&nﬂﬁ‘cdims pétiférneediat ﬁ,temjiﬂré:ﬂilraﬁEZfﬂle 3‘50xébl to

t he Co"gﬁ Thecﬂ at tr.eatnent.carried

the st epd D5 PhaRIREigaIch e FiEs MEUiE Jigi6 ol o) feveen free
unb%% gl ls is perforned at a tenperature of 250 to 350
e

C. S apl ji t he preci ng ji re ..
made of S st soRieB ot pag Rt st i thickness
SOWF @@chcﬁhd cdﬂif&_tﬁcﬂ(éhdﬁgeﬂgitﬁﬁ hael mahbfacture ok Aesplagtha source coil,
each _unit coil is not ch during the. nanu actu

of apfdhespiozeyethe 509 vt gall g gpaintaiped at a “desired level.

t higknens sﬁépeeap BadW kit %611|he|11§a1[53w3)hﬁﬂ nadiRt call Bagiineds easily
| evel . Al's t he shape of each unijt il heltl cal Ify

vodRmdn Grosedientig s EESFRt aspiion g g, effect of reducing the
ConsRUBRAINg cokBnABRE BAd tHnN S¥ksilp Hcdb%ﬁplishﬁlgﬁﬁﬁsﬁ%o @ction.
reduci ng the manuf act uri ng costs and tine, and thus,

easi |y acconplishing mass production. Brief

Descri pt igpief PhsdriplioPof e NH% above and ot her

obj ects, features and ot her advantages of the present
invention will be nore clearly understood fromthe

fol | owi ngndehald &l %@PBI‘)JQ&E %aﬁ@éﬁ%d'dﬂh&%llvﬂﬂﬁ%és%‘f the present
wi th the acconpanyi ng draw whi ch: F] G

f | dnyeaHen Wikl banete Cd%rlwundersg@édr Homnige afowa%edeé%#tﬁ@ﬁcnptlon
Settameﬁgn tjti&&m%%feﬁ e csfipahyRh Sa@NIRES, ﬁmﬁ%went of

t he presen invention; FIG 2°is a view show ng

adapt i ve FHPak ipa Elowr eharicsshpmpieadlyj iHustrasing) aaB]#ﬂné I‘?h‘l‘fﬁb"‘ﬂ‘ setting
S etrﬁ%ﬁ]&ﬁ ARbRGS: RCEBlefirR én?oddﬂﬁelﬁro? iR prasert MRARALBRNT

of the pr esent | nventl on, is a sectional vi ew
shovw ng &HCeRapt ey showmas@m aémtmeplaﬁr@a WapEss ¢qieused in the

Z’ Shx edﬁﬂﬁ; dqgéﬁeﬁ%t RGHTRL RROr AR % Fhd PriRrrbd ©mbodiment of the

present invention;

FIG. 3 is a sectional view showing an example of a plasma chamber to
which the plasma chamber setting method according to the preferred embodiment
of the present invention is applied;

FIG. 4 is a sectional view showing another example of the plasma
chamber to which the plasma chamber setting method according to the preferred
embodiment of the present invention is applied;

FIG. 5 is a sectional view showing another example of the plasma
chamber to which the plasma chamber setting method according to the preferred
embodiment of the present invention is applied;

FIG. 6 is a sectional view showing still another example of the plasma

chamber to which the plasma chamber setting method according to the preferred
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sectional view showi ng anot her exanple of the plasna
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according to the preferred enbodi nent of the present
invention is applied; FIG 5 is a sectional view
showi ng anot her exanple of the plasnma chanber to which
the plasnma chanber setting nmetflod according to the
preferred enbodi nent of the présent invention is
applied; FIG 6 is a sectional view show ng stil

an g BedinfRABPINS peéseﬁhav@itmﬁaapmmper to which the

pl asma chanber settin t hod, accord

pr ef er r e HEROOH HERY ﬂfgﬂ(}lé%réﬂqaﬂﬁp:lﬁ,gﬁ{*ﬁ é’hasinéa source coil used
app t&dplafmﬁchaﬁnw s%ttiﬂgefﬂeﬁlbﬁ\lﬂc&ﬂ'dﬂigot&mé et entfodiment of
the plasma, source coil used in the plasm chanber

sef}tqmes%tQYéﬁltl%cor ding to the preferred enbodi nent
of the praseRis d gusiliveiatidg felatBnb detvegh ddradial distance from the

illustrating relations, between the ra dis

f r epRteandian el SRAGHE qféﬁ% Blasma squsics; gogﬁﬁ“f‘f?& lfb{’ﬁgﬁ’g

source caid;, §'i’soé(\’91e'vsﬁs1ﬁv@n Aill E\h@theff)ekz&n}@le\ﬂfﬁmé Ia@iﬂa%@urce coil

still another exanp % asma Cslource cmf %
grrpdigqepodiment

i nusekinghe plesma whmb?r %ﬂt& Iﬁ@tﬁﬁé@m ingdoths Mg
pr g%ﬁ{erlﬁgﬁﬁp‘ﬁggﬁﬁ@pt of the present invention; FIG 10

is a % ustrating rel ations, betvveentge r %idal
di st ance Fl@old ihe gtaé’htlgﬂs‘féﬁfﬁ@gtlﬁ@t@é%bif“é‘f?ﬁpt \ éf’é{a fdigtppee from
Pl 33 BenBLUhE ﬂlec#bi!l()lﬁdlp M8 JrtdPlEEmP sodrtCeoil dhown B FIGRRD

illustrating relations between the radial djstance

from t he Féent kis @Eﬁﬁp@lﬂgu&t&t}ngsrﬁ&)@pﬁ@ betveendhg ragigfistance from
Sec‘ﬂﬁé:@en? lahd $RO Qmﬁ?g‘fth% lgén%o&& @d’iljsh%rﬁi‘hq?l(} 9;

I onal vi evvs ust ating the plasm chanbe

setting ﬁé@ﬁodflaﬂ;@oi%llaﬁg SF@'UQH% VPVES é'ﬂ‘isé‘@tléﬁﬂb@lma chamber
of sgtl?i‘ﬁﬁ gﬁ%ﬁgﬁnac&ﬂ&ﬁgttbotﬁe Fl%ﬁ'@&te&ﬁ‘rﬁ)'dﬁneft' §F thl:“prb&n@ invention,

flow'c schematiCally i'llustrating a pl asma ‘et ching
rreirtﬂpdcface&y}rdl ng to anot her preferred enbodi nent of

the pres 4{‘}’5%{‘;{16\9 %P/ful% |s<%ma&§aﬁf ﬂltﬂs@a’gfé%%%ﬂa%mg method

Vi ews sc rralca stratlng etchin
me ahomidingdo rddther prgfennd eprboflimend @f &mm% mve@tlomh e

D Soen ARISPLS G 16 SRBREH T Lol Bsang o8 plasma
etching method according to the preferred embodiment of the present invention,
respectively;

FIG. 17 is a scanning electron micrograph (SEM) illustrating the effect of
the plasma etching method according to the preferred embodiment of the present
invention;

FIG. 18 is a flow chart schematically illustrating a plasma source coil
manufacturing method according to still another preferred embodiment of the
present invention;

FIGS. 19 to 21 are views respectively showing a jig used in the plasma
source coil manufacturing method according to the preferred embodiment of the
present invention;

FIG. 22 is a view illustrating attachment of unit coils to a coil bushing in
the plasma source coil manufacturing method according to the preferred

embodiment of the present invention; and
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enbodi nrent of the present invention; FIG 18 is a flow
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manuf act uri ng nethod according to still another
preferred enbodi nent of the present invention; FIGS.
19 to 21 are views respectively showng a jig used in
t he plasnma source coil nanufact%rlng nmet hod accor di ng
to the preferred embodi nent of the present invention;
FIG 22 is aviewillustrating attachnment of unit

coi | s t oFaGCos ks Dusdw Bigowingtdplagha sotrce Qudmigactwried by the plasma

manuf act url ng t hod acgordin h referred

enﬁ%‘&’Fﬁ@ﬁ’c A BEROG 5HiRe to Caehppefearegmpadispent of the
Vi gyesea&fion. Pl asma source manuf actured by the

pl asma source coil manufacturing nethod according to

the preferred enbodi mrent of the present invention.

Best Nbd%eémogé\fomaﬁ?u@@uﬁth@mveﬁﬁ@w on FIG 1is a
fl ow chart schemati ly illustrating a plasma chanber

setting nethod according to a preferred enbodi nent of

the preseng, | e %wehartﬁs%h&mmuymlﬁétﬁung glaéma ghamber setting
pl asma source coil is prepared first (Step

Sumsshpbacpiding toskprstrared) e&h?él@%@rq,féhweﬁentmeeﬂm as

an etchi srh%Wﬁ 1ﬁ“FIGhP LR srasﬁarsbuﬁc%bﬁ@é p&pgﬂaarﬁrsmﬁ-p 101).
that of the first (gpasma source_coj |

( Sts@bSGHGQI}ﬂY’AI sseondiplasing gOPFasHk whigh élés %ﬁtcﬁlrx&ﬁa&qﬁt the center
hﬁ%&ﬂgl@ﬂ?{r tﬁ%r?tlfé{ of ﬁl% 5995a 084 SodrBe E&Pfls Bighrd (Step 102).

rst p asma source coil, prepare

( StAépo,m)rd phisenaf jopzae, codle vbidh hascn gichiag pata@ﬁﬁlese@aﬁ cpért thereof
anéﬁ%‘}ﬁl r Q@oﬁﬁ@‘firﬁ éﬁ:ﬂ‘ﬂ%ﬁ)‘i’ﬁcé’wl s ?f&galfeﬁr(gjéep F(B‘;O”‘I*he first,

asna sour oi 1's have di rent sécti onal
shapesnd third; plgsma spyrce cpilsdwen the seme mlan shapeswhidpdhe first,

ang édﬂdfaglfghfg& gﬁggg YoEe sﬁué BaveiRtbde ?s%'c‘u?neﬂ Qhd es.

bush Ing I'n the center thereo
pl ur al i t Redérring |tQ FK&i 3, sactoaf thedirst, sgond gud iz Plasma source coils

heI cl [ém?)hsé(st W%Ll%u?ﬁlngﬁ?o ‘a&bbfgﬂlﬁ%@ gergiélﬁgeﬂlegf,gaggrsa plurality of unit

Howexler2011 RE2,noend 364 thekicallyi wound log the qedlt bushing 210. In this
ne%gﬁa%ﬁ ﬂrlr%ﬁ@ }ﬁsx%{nll&rr & thOu RUJoﬂs Eg FofX @ TRvRrvet, e rl;ggmber of the

unit coi positivé nu
gr emiteoils frmot mecassardy rq;s@mqted)to E@m h E@r expoplmithe sopber (m) of the

201 tzc%glf n‘?a%%e%s?@v% MiAoe? gpéa?&qﬁﬁ{ & &ﬁ% RUTRET Hikh of the unit
coﬂs 201, 202, 203 and 204 has a predetermined number of turns (n). The
number of turns (n) may be a positive number. For example, the number of turns
(n) is expressed by the following equation: n = a x (b/m), where a and b are
positive numbers, respectively. The coil bushing 210 is made of the same
material as the plurality of unit coils 201, 202, 203 and 204. For example, the
coil bushing 210 is made of a copper material in the case that the each of the unit
coils 201, 202, 203 and 204 is made of a copper material. Although, the coil
bushing 210 may be made of a material different from that of each of the unit coils
201, 202, 203 and 204 as the case may be. In this case, however, it should be
noted that the coil bushing 210 may be made of a conductive material. At the
center of the coil bushing 210 is disposed a supporting rod 211, which extends
vertically from the upper surface of the coil bushing 210. The supporting rod 211
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positive nunbers, respectively. The coil bushing 210
is made of the same material as the plurality of unit
coils 201, 202, 203 and 204. For exanple, the coi
bushing 210 is made of a copperlnaterlal in the case
that the each of the unit coilg 201, 202, 203 and 204
is made of a copper material. Al though, the coi

bu sl §0m3dO o FRYofRictiPEatikial) sueh & ¢dpedli fferent from

t hat of ach of the it c 01 202, 203 an 4 .
as the c eeFCﬁl S bﬁ st mﬁé@e%ourqet ceﬂaﬁﬁ%dhas a coil
bebﬁﬂﬁﬁgbli‘%oﬁ@ p 'shrf@ébib'ﬂ&ﬁ 184 Gedom nfé%ﬁr&fcoﬂ 200D has a
conductive materia At t e center Ofa%ﬂ(i@ l%é g%sh n%I
21008 §uﬂp§$>8éféav1@seubwsw is Gqueave, anghthethizd plaspa sotiree coil
Veabo& ﬁhé ¥ doliloBshite ym%owﬁﬁﬁ&%wﬂ‘acé iﬂ@c&wek bysBicdd bushing
2 he supporting rod 211js alé%%nade of

10
condth @f tméeﬁ@nfbplaana saures et 200k, hrgknessirs than thagef the col

3 blshing Qh}? of kﬁesﬁrspb@%ﬁ s§1§¥éé €6i12004. 2803 rBat, @hecﬂbéma density
bushi n whose upper surface is flat, the Sec

pI asshiﬁg@foﬁ} tbe censen parbohihs secendclpsma sREFH 0D zaowm@t the edge
PF& S? i %@@nd ﬁlanﬁF Qéﬁi‘@e c&D90064)8nd MdrétoRd, ﬂﬁr@clﬁﬁg ?aﬁ:@ is higher

00c has a coil bushing 216 whose upper surf

. s athawenter paig of thel sepenshplpgnapsopres cmh%O(&ws at ﬁ@lez;é&%part of the
SOy &gldgﬂééme?%gﬂ 1 8044 Wﬁ%sotlh%sﬁaﬁdh% &&PBus@ﬁr&@% of the
COI I'ng 212

the first asna source coil
As third plesa soutse cp:l 2R haehélmpgnqsg graaigidharpthat pethe coil bushing

ce Qtlg itirsP{C)llaEI}ﬂ S&cO 06 BbGs m%§ QYésuft, £ Cﬂlas%pcloéi’en"sﬂﬁl s higher

ge par the second pl asma sour co
20(aatheaad<ge tpattrafithe ¢hird plasma @nmrﬁg cpit200r shan gfiihe center part of the

Ceﬂﬁ ﬁcf pﬁgﬂxﬁ s%rc% I?:% $RpONhdhth ﬁﬁ-e S re?&u bdte ?S%Phérllﬁ‘%e edge

the secon [‘asma so ce co
200art ofthe ﬂnedqtlma smmr: caih20Qsghan puthkicagtepp@t of therihird plasma

t hi ou I
RSOOSR i o
s oaas;ae, fooiekaraplgain the casertbstdhc etching ngtesis nrfleppaed 1‘19t bysthe plasma

I%Fﬁé%ralg t lﬂpth%g&%eﬁgé E:)té ﬁ%uet%&ﬁ ihhhe ?1 nastﬂ'fql i gluﬁlﬁd;the results of

somluane cbhernical @¢xctionnd ItlHélSe¢aS¢,ethet reeond qlasmep sauree jooil 200b is
h d

o MRk FInE R Aalha Rurddorl Mdclal SRERSEUIES

sour ce cdaisl sid®@cin e htaoplesmemhamhedwﬂaapacﬂmﬁghe fgst plasma

b . )

o1 5 2By R0 e o EAOTBA i i,
pI aehieh thedefirted tyuan bytet Iaharpb@swmlé 803fandeutdomasS12n Aithough the
P ealiq%? 3%5&“?@4{ tlsng]l'(ljoM 8%&1 Olﬁgldé q& e 8&%% %r the oﬁ)\frpose of

'S 'Ccas pl'asma 'so
20@kurity, the inner space 304 is actually isolated from the outside so that a vacuum

L)

state is maintained in the inner space 304. In the inner space 304 is disposed a
wafer supporting table 306, which is placed at the lower part of the inner space 304
for supporting a wafer 308 to be processed. To the wafer supporting table 306 is
connected an RF power supply 316, which is a bias power part. The first plasma
source coil 200a is disposed at the outer surface of the dome 312 for generating
plasma 310 in the inner space 304. The first plasma source coil 200a has a plan

shape as shown in FIG. 2. To the supporting rod 211 of the first plasma source



substituted for the third plasm source coil 200c, and
vice versa. As shown in FIG 3, a plasnma chanber 300a,
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di sposed, has an inner space 304 having a
predeterm ned size, which is defined by an outer
chanber wall 302 and a done 312. Al though the inner
space 304 is shown open to the utside in the draw ng
for the purpose of clarity, é i nner space 304 is
actually isolated fromthe out3|de so that a vacuum

st @b# 208a B icHfchRidan RE Pewemnsupplys pid,ewBiRA. is lansdudés power part.

0B HARRL ot Sy eipecdraniie. PRGHp HE ot o0 e, 203 and

SP2gg 2384ohREctsd RO Yrbhriting t¥yadifdls 3f-b§péc@1v@@ pm@eé&ﬂz@ described
To the wafer supporting . ta IS c clted an

pomctgqu?,ﬁ gpegnlgsmmhgﬁlbprs gg(?%ﬁ%‘gn%ab\% flsmq-ﬁ@urce coil 200a

fi gaboRldanBR oA Q4 (deBtieslly apPlia tb shddt iF Qslﬁdsrﬁi chdifbe? B0Ob having
surface of the done 31 for(genengtlng pl asma, 310
Or

t héhq sasend §ba@e sqpese opH2 40P dispoged these Ploesin chimher 300c

haﬁaﬁngk PIRnBSsonRVdil 00k ldisposed tﬁ@rebﬁe supporting
rod 211 of the first, plasma sourcecqil Oa is

connect edlGn6 RFapﬁﬁEPnaéoﬁg\V)ﬁ awing siHl @ﬁO er gxampple of the plasma
‘C@@ é}rtto whlchh@e4adied cﬁﬁﬁw defid: ﬁle@i{dﬂ"\h&grdxﬁ@ Q0 the present

the unit coils 201, 202, 2 and 204 are
corlslitf@@ﬂ@@l ist appiedunEpmponisPTike P1 asm@scéembﬁm%wn inddG. 6, which

ab QYL IRRGH ;&Jﬁgs%f r%lﬁﬁn@fzhélﬁ&r Rh&%#H 8 FI@Meke 3RButed by the

havi ng t I rst source coil 200a di sposed
t hepme mefm@ncmwnpr@éﬁ 4S)Fh9?§|cﬂf|ﬂéqulﬁl@n@ planabesrshawp i EHG: 3.

chamber %Qﬁéﬁlﬁ Y4 PEGW% S5O uRlADIE (DAYS e%%&atlfm%@% first to

di sposed t n and [ asma chanber 300c aV|qg
t hithied plasmagowse ceid d@@qr;beéeb@veuwstb@gfwmﬁé@ EHS. Fio n@sthat the

g%sﬁﬁ%%h&@@oﬂ‘ﬁ@ﬁ’ =0 g‘ﬁoﬂﬁlesiﬁjréréc? @&Pbﬂﬁﬁnﬁ%mﬁcﬁ)éompnses a

ma chanb to whi asnma hber set

rretlcbmr twsbing dian? 186 anﬁ@npmegrelmshmﬁ\mﬁtzl&b i dhg é‘pwrelalsgmg part
%Fhfe ubtlg] Jmih%%gﬂ%ei 1851919%”?) el fadd ﬁf ngréa;tenal different

are | entlc the plasma chanb )
s h(fmm that pf the @perabeshmmaa’h%&b afythe Heuldenayerest eqibpushing 218 so

nu qgietaché Pa%mtah@ zltﬁep Iaf"ﬁﬁace‘ﬁt@ :ﬁ%gfeth%% hdd] CﬁtlF !Sh@ edge part

ferl I'ng to asma so co
d| ftlﬁeec@andvmwcnse first to third plasm source coi l

o) BeHELIME i) SOLBIERRG LR oPUb RO HhE ued n
busﬂm plgsiAd 8hambérciettingmpethod aceorfingde tlimgh:smj ipeantion. 18wl FIG. 8
g ng Lfy?lpﬁ[l%PaLf%g 18 gBﬁ‘é betb&P he-lija %ﬁ% licun ﬂ% defifel and the

ere COI bus
rraabeﬂcspacangmf the ipddsndi s‘oﬁlmemtl showmin ﬁw Y)f t he upper

ggg hlsgg R dhotvhBR Fbs! l?eang%lfglsﬁfgjléa‘xﬁ{ €841 961 ks f?éfﬁ:gﬂf %ound on a

coil bushing 710 disposed at the center of the plasma source coil while one end of
the unit coil 701 is fixed to the coil bushing 710. Especially, the unit coil 701 is
characterized in that the coil spacing (d) is gradually decreased as the radial
distance from the center thereof in the x direction is increased. In other words,
the coil spacing (d) is gradually increased toward the center thereof while the coil
spacing (d) is gradually decreased toward the edge thereof. As a result, the
spacing between current flowing through the unit coil 701 is decreased as the unit

coil 701 is far away from the center thereof in the radial direction, and therefore,



that the plasma density is higher at the center part
thereof than at the edge part thereof, and vice versa.
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source used in the plasma chanber setting nethod
according to the present invention, and FIG 8 is a

graph illustrating rel ati ons between the radi al
di stance fromthe center and t coil spacing of the
pl asma source coil shown in Fi 7. As shown in FIGS.

7 and 8, a single unit coil 701 is helically wound on

a qd | toblls hinbant7 1 Q@uEpats gdsdhg t theoupdnttes wiit téiea is increased.
pl asma source coil while one end of thg}uni. .cQi

| 701
s Gansesentyy e TRt HGSHIG ietrasedsFotieaptil IS fifoay from the

COickntéPhetddf ¢l Bieaadial dx&&ﬂlohnartdm&refdire me plasﬁﬂﬁén@ﬁy 4139 position
is gradual]y decrease%ialgq r.adi al g omthe

cefPEFSROREIIESP th edge i® hn‘ﬁr%aSF cr %ip 3sppa source coil

ot gy mey B, us%@%s%b'thﬁ@%ﬁééﬂﬂa §¢bircd Soilll afttBbhgh not shown in the
i ncreased toward the center th while the coil

e
sp&EIwiges.dhe pecogd piasma W%@c?%hé@dg? svsrpd el Specifically,
t hepe@hit c&ﬁ 781 'i@@ﬁ&r&oteﬂiib@ 1ﬁﬁﬁétltﬂf9 cé’iﬁlép’h%ﬁfg @fig SRkually increased

fl ow ng rou% the unit coil 701 js_ decreased . as the
niaé teoradiat gistingerlgom dhmgertetdheienbncBA edirgotigpdp fnarepsed.  The

t h%m&leg;rﬁhp@é fsqeéﬂt&'auy %ﬁﬁhémraeﬁquaﬁqt beukiPtétls, aﬁﬁwgh the single
of curren assi ng oug the unit "area is i ncrease
Corvairgdrhap geeft mcﬂbﬂ @qve@éﬁgpgg,mplg. i ncreased as the

coil is THEG, 9‘4@)& vflé\k? @h&@ﬁxgcﬁﬂ'lt ﬂotﬁéi‘%&@ﬁf)le‘ 6f b q)lzis%f’d #urce coil
di rectl on, and t her ef ore, | asma densi t

pogised &m tho plasmeohanhsr tsettmaem@tbgé aggording waﬂ)@r pliegent invention,

In
TOERT0 B B R AU G A U8 o o

t hend thewsastjenalianen gfé@@rrdaqmaaww devdon F1Gad, aRGFIC. 11 is a
r e\g‘?ﬁéﬁﬁ oSt LitHp! féfa%gn@ﬁ@t%e@h Ql?é ta¥ial Hﬁ@an@@ 'ﬁton? ﬁie' cehfet ahé the coil
terizeo col aci ng

gr agacing 9fth¢m1@armuw QohleShP&/éilla%@ Lt ance f r om t he

center t i i ner

same pri nci Sﬁ i QP? gnt ] ca?‘F&“ %Tlh%l utﬂgt cg)ﬁ rlgﬂgﬁglauy wound
of amrd poul.: e@uslgng 819 rslispgRed hfethguqqguee ofi et ples;ma spurse lsedrivhile one
desahi ek I&]F{FX&I 891 ik SPPhE - cog Ibﬁﬁhlﬁ% 18302 E'sﬁéﬁ’lallg the unit coil

show ng St anot er exanp | asma sourc
coi801s ebarpetetited ip|thatrthe mnb@lrar@ee@c)u afghereeih igradually decreased

accy rtﬁ 1élod1§t£&FCepfr§1ﬁetﬁ claﬁ’%xeﬂfei'%? in Cﬁ@z dirgcﬁoch R HERRRd while

illus at1 ons between era I st ance
f r dhe t:bué spzmmg(d)am dnifbemlyenaintaeed altheuglythet tadiabldigtanse from the

So% ﬁfEr ?}?érl:ofs' )ﬂ &r&ltlgh 1? dnc@%ﬁg | Gy C;ltilFll grl f sg 'il?eoghctlonal area

I ons radi a
f r c(m) tof ehe:ecnt srgraduallwhacmos:dd tepatsi thg cofitet ti@rcpﬂfaisht& the sectional

SOuL&S (&)01)1L 3 QMM 'Qi]acﬁllaﬁy dlereased toward the edge thereof. As a result,

the density of current flowing through the unit coil 801 is increased as the coil is

far away from the center thereof in the radial direction although the amount of
current is the same, and therefore, the plasma density at a position corresponding
to the edge of the wafer is increased. Such a plasma source coil 810 may be used
as the third plasma source coil. Although not shown in the drawings, the second
plasma source coil has the opposite structure. Specifically, the unit coil 801 is
characterized in that the sectional area (A) of the coil is gradually increased as the

radial distance from the center thereof in the x direction is increased. The same



Referring to FIGS. 9, 10 and 11, a single unit coi
801 is helically wound on a coil bushing 810 di sposed

wa@rooshe2dcent er of the plasma source coil whi| ePONER20V/003388
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of the unit coil 801 is fixed to the coil bushing 810.
Especially, the unit coil 801 is characterized in that

the sectional area (A) of the coil is gradually

decreased as the radial distanc 4fromthe center

thereof in the x direction is increased while the coi
spacing (d) is uniformy maintai ned although the

r agiricipd &t identécally applitdtoce phuzality o rumitf coils, alfteoush the single unit

di regti is;increased. In other, words, the sectional

ar égﬁé“ﬂgg%ﬁ“‘?‘ifr‘ér%‘&eo‘%a"}s"oivgaa%awl? “increased toward the
center t fetieodbowb) the stepe (Step 100 8tep 02 and BtepPf 03) preparing the
coifJ ti S ‘8{ dua(JnIéﬁ/.ngg eased toward.t he edlge thereofp.

As 5% Seeiinf anq, il plaspa gqures, cpils haye bgem gleperibgdghased on the
t hetructutesasfithe $st tb third plpatesbuase ¢diB. CW dhould behoR¥eMowever,
fromthe etertHereof in the radial direction .

| e SRS e PBema ik ool by Baranufgtured using other

t hetraétares différentfréaMBosd@iTshd Plagtha 8oleS tdilsidscribed abé)ve. In any
i S increase

correspondi ng,tp the edge of. the wafer .

SUETSH U e DERaSORtsH ooflhesHi Clsbingsiale sicihe Kenienpe thereof
pl aigher faurac theGdigt palthidiOeialy daglpafddavithe first PRisma source coil, and
dr aw , ,the second. pl asma source coil has the

op BPHE PLasHzOurce, o fias e etaltipg Fate Aiihg grge et Fhegenf higher than
chat tetcefite? patt ilRrdofak coMpare@ed tHRMRLt Sh8A fcOboil NE

coil is r&%al L{ i n&r eased as the radial distance )
fromthe 18g batkeloddf- ilna sie of ctehingct tegfwatsr is performed in the

| nplmaahambbEhSAnR Mid ffk PlBniaSsdul@YdiC dsh¥seARBEIEH (§Qp 104).
a pl uraglt of unif coils, although the single unit
coiglﬂeﬁé e S@ngd%% 1§ peapkeksovibe sichig wiaifen each) positina of the test

abeuter ishmahi80Stept €05)10Baset 8B th8ZnalRisSteRRlits 43)is Wstermined
pre arlga@the first, second and third plasma source

coMbsthenthe Gehing dus of tseeririsaat bareohis equalite thasst tie edge part
t henhekdoTSStdpO106)i T ThetEFEGRU* Gechif 'ﬁ1|'1a§ -Jhé tetcHARY g%ﬁ ﬁg within an

not ?d,%ﬁovvever, that the first to cE))I_ asnu
cofilavahls eper mngas akf it detarmingd dhatehe stohing rateet the center part

di {He@doNis Equamth & aPfthé NQIEP! hetOoK E?e Sﬁ:ﬁhl étchin%r%rgcess is

descri bed above. |n any case, the secon asma SO

coPstformediusingtherfingyplasma sawrce iroildStepet0ar If it ie detefmined that
hi i (s s 0
fHeestchingtafdl ail e QHGS RAY Ehefrtgﬁ dlgt o aet%lﬁlglr gP %Faggaﬁgﬂe edge part

the first plasma_source coil,

sothereoten the piher hard, dt is Hetegminedavhethar e efdlyiogpatetis higher at one
t hgsreof ahd .
LBl UG Rt SN I AIERL St drd DY g o
bakighetothen thatsat the edggopast tharedfi (Steral @®st Ifvifiedetesmined that the

pe i ' Ir

T T
t hﬁrSéﬁ)!ﬂﬁm_gsos‘tC@pmlslsa@pbp@t witht the tkird plasmar siuecef anil, and then a
eamBinPQehihl Podks tderbdtifed using the third plasma source coil (Step 109).

When the third plasma source coil is used, the etching rate at the edge part thereof

is more increased, and therefore, entirely uniform etching results are obtained. If
it is determined that the etching rate at the edge part thereof is higher than that at
the center part thereof, the first plasma source coil is replaced with the second
plasma source coil, and then a main etching process is performed using the second

plasma source coil (Step 110). When the second plasma source coil is used, the



wafer is analyzed (Step 105). Based on the anal ysis
results, it is determ ned whether the etching rate at

wo b@soeasser part thereof is equal to that at tPET/ERY®4/003388
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part thereof (Step 106). The term "equal " neans t hat

the etching rate is within an allowable error range.

If it is determned that the etching rate at the

center part thereof is equal tolﬁt hat at the edge part
thereof, a main etching process”is perforned using the
first plasna source coil (Step 107). If it is

detegthifigh e b dlie bc’ﬁﬁelepzﬁ"h itegedfalsemate irfeecasalytand tharefore, entirely

t hergof is._pot equal t hat at the edge part thereof,
on YoHep eirbing asits Eﬁrff‘)]ic’)tgmg terni ned whet her the

et chi ng FaGS. 13 aﬂd EBBI %Ee gdctiongl ews iltustrating der etchiag results based
exanp] e, whet her t % @{:l ng rate at the center part

t h@ndae q:tgmpllp@tp@}att at at the edge part thereof
(Step 10Qefertihg ité FIGSIEL eAid Bes préaaterﬁlhedthnn@ay atkeformed at

at the center part thereof I.gher than t at _th

edé]ée pater 3p$avitigh 1s IPﬁ‘gﬁdf&}“ldse[t S}Lﬂlaalgﬁl%f? Rlaime @ha@gl?qr j Eor example a
r eploRLfcot it Ikhetehh B0gh a{a@srs@ f&NEACEn @1@& kurfaRdoft IhNwafer 308.

mai_n “et chi ng process IS er Qr med

pl &eﬁ’ﬁe%ﬁl@@é‘f@é‘? of ths ¥p ezcr@;i thWP@rVS' iligon %?mop%r% AB8a may be
S Oliﬁt%ﬁooeai hn {Rul4f6H ﬁlﬁlr(ﬁotedh%WnB‘ do et Qh@ﬁol&%m&ﬁ%npﬁdtiem 308a

thereof Is nore increased, and therefore, entir e
unichB PUstdHi hepte sarducton filmg bﬁdreﬁ@alvelyr the;pqly-silicon film pattern

det3@whra§doetdiefcﬂ§ BRI Y sﬁﬁ&& Sttthé RALEU Foldd on another film
t her eof hi gher than that at the center part
t hepebet the noly pilien pfrl@snaéte% 3P8e camibe ysed rfgb otcs pupasgs-  The
t hg)cgeﬁﬁ%’n Bhﬁ?ﬂﬁeﬁ%{fs‘a‘%s ARpbsed?ist Jdcrf Bn 3h&BéMerShrNBOSC of the

SS IS per usi ng he secon Iasna source

c0|Waf€1§(h9pb1!EP@ﬁ)0 on/he gdgnpart 30 af dheawnisr 308 da qrder tojferm such
USehal RfRbA 1%t es@*a E@éﬁﬁﬁ&ﬁ{ ﬁHﬁ“ist foried 8Rfthd Surface of the

crease th ere entirel uni form
et O’Vﬁfﬁlg30&3§mi rlsenaar @asibﬁbn paderngnasshown) ahEprmegd snghe poly-silicon

Seqﬁﬁpni b¥éq%\éﬁtl§ 'ahbe&rle%r)r&egm p% ?x'n@@ ugrﬁg l{hé ﬁlaeram pattern

on 't term nat’i on at erring
12 agred ¢ighing maskdta efrmweeﬂlepmlr/érlwonat}lnb@xp@ﬁeﬁ}ew éhe mask film
er A0
g’s ﬁgﬁlc h é«:ﬁsbaz Fesﬁ,@ P@gﬁ Tlihﬁgkfix;t%éf F%O%H&M the drawings is

patqbtﬁinﬁ<1308a may be for rred on the surface of the wafer

308. Bet %f' @fb ?f e lﬁ'ﬁﬁa Q@%ﬂ% §é’ﬁf m@ﬁl@dtff&@ordglg to the present

poly-silic tern a nay I Nt er pose

i nSoveantiooni.d.i ﬂhms(epcuf dsteowmining whethgr therriching yate pt the ganter part is
f I g

: Hr%}%iltﬂ{l i naf&%ﬁ 8&‘@3 ﬁﬁt Ys Fﬂriglﬁloﬁ‘r(t: %2 frallgrgfﬁgucﬁé 'efcﬂed test wafer.
Soaxhamﬂletaécldng e aiythr: ccmterdpmm of the wafef wduglsr thanethat at the edge

v L ST ABRDESOL VR AP By v whi
purthosése. pafh308E of the wafer 308 is incompletely etched, as shown in FIG. 12.
When the etching rate at the center part of the wafer is lower than that at the edge
part of the wafer, on the other hand, the center part 308C of the wafer 308 is
incompletely etched while the edge part 308E of the wafer 308 is completely
etched, as shown in FIG. 13. Consequently, Step 109 is performed in the case of
FIG. 12, and Step 110 is performed in the case of FIG. 13.
In the above description, three plasma source coils are used, although

more than three plasma source coils, for example, a plurality of plasma source



poly-silicon filmpattern 308a is disposed not only on
the center part 308C of the wafer 308 but also on the

weogs/opast 308E of the wafer 308. In order to POI/KR3WE1003388
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a poly-silicon filmpattern 308a, a poly-silicon film
is formed on the surface of the wafer 308, and then a
mask filmpattern (not shown) is formed on the
poly-silicon film Subsequentlyl, an etching process is
performed using the mask fllmthtern as an etching
mask to renove the poly-silicon filmexposed by the

maglsil§ havihg atffe%ﬁt etoﬁﬁlgarﬁtesgbi positidis dmh%wafdr ) rg@}ﬂaér&d) beused.
pattern in the drawin s ohtain

105 of 't A kdlem et s it 1Ay dterainacdrir e method
t h@tc&frdﬁ%nfo 'tHéV Efgséxﬁnmvéntﬁ)n dnﬂeFK‘}SPIS’fatﬂel@faﬂé rshladiﬁbnal views
whet her the etching rate at the center part IS

t hapherpafically Hlpgratingcthsplasma etehipg j ragf e@tacsvdmg % the present

anghvehtiog, fefifecavahed test wafer. When the etching rate
at the center. part_of the wafer is _higher than that at

the edge Bsdertingfto Fa- Iihrthe plapma etching mefhad acspigingoto the present
t h%n\\’@lfn%h b3ERs 'vﬁtlpﬁﬁﬁﬁtﬁigeﬂh)é velreseR Wk IreGt in)emqﬂg BlaB@h ichamber

of the wafer 308 is inconp Iete%/etce shown
. n 3ﬁpG(Se£fIGV%WIF%h9ét3&WF‘% pexy desgri ?%Wltbé?f?’@ﬂciwﬁ’rmc} 3 (Step
of 1khgywafer is lower than that at the edge part of
the wafer, on the other hand, the center part 308C of
the waf erAt3b8 time, jthe watsr épgllsya Staderdnving 2 galmé layay £320, a metal
parlé%e% 01%50 O.afndt e{heaﬁ’fﬂe@fecﬁ&? laly%r qgﬁ‘@lfgﬁﬁédf 11?{191?%% a ﬁ?Wer material
. Consequently, fornmed
i n layes 1c3619e suffh Fﬁl @ silicon axide dpysy, EiGhPWnpl@rF rﬂéd On the anti-
' ntr@ﬁec‘ﬁ%ﬁGia%r 15'4@15 ¥ rmddna gﬁtoﬁ%@f Qatg Qtrtérﬁtl'390’sottﬁéte@1e metal
pl asma sourtce coils are us oug rmre than three
pl dayes léé@rsa@tt@merlswnh@)met@kanpmttera plurality of
| asma s [ .
SOSI o ong*%‘?e[ﬁﬁ '\)Ja?er%\ré’lg Qi o%dssgﬁ gltée g\éaﬁ% sﬂg}?(g‘ﬁhgﬁl;l@ B06 in the
f | plasoraghanshen SRfia.i eagtion gds Gyt example magicusgas @cl@lﬁmggchlonne
(&92 a‘% e gh MMc1Bridd %B@EZ%@% hﬂ&ﬁ%ﬂt fo? rkl'tclﬁﬁ]éj the fAetal layer, is

are sectl1 onal

| | Isuppliest inte) ther prqsiesss pleanaher 00 (see HAG. édcoP@ifengbIVothe ratio of
%h{l an%‘%p tbofdﬁvtﬁ@ﬁlﬁﬂﬁe id ﬁ %? g&dré’e' KE J3H S, Oltrrgﬁletl@ E&x‘@er supply

asm accordi'ng to
| n\Bdﬁt(SQmFIlﬁbQi) rvhig tsina mm pcmgertmet mﬁmﬂleéwﬂ(esé@snra @urce coil

3 Fl

) 058, BT 0 6,5, B R pove
16]sﬁp>ply,&t1 6t(keeFIGi. Ak, whitteisvaalfies p@0& past, as applied ththeireay sarface of
bar, flé arrafer 398 r(sells:ﬁg 3}asor%=stt8|perform an etching process (Step 1630).

At this time, the source power supplied from the RF power supply 314,

which is the source power part, is not more than approximately 500 W. Also, the
minimum RF source power is approximately 10 W to 100 W, which is necessary
for the reaction gas to be excited into plasma. Preferably, the source power is
approximately 300 W to 450 W. On the other hand, the RF bias power is
approximately 100 W to 200 W. At this time, the ratio of the source power to the
bias power is preferably maintained within the range of between approximately
0.2:1 and 5:1. The reason why low source power, i.e., source power of not more
than 500 W, is applied is that higher photoresist selection rate can be obtained.

The conventional IPC source type plasma apparatus provides high RF



| ayer 1330 and an anti-reflection |layer 1340 forned in
turn on a lower material |ayer 1310, such as a silicon

w@oode6isayer, as shown in FIG 15. On the PCT/KR2004/003388
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antireflection layer 1340 is forned a photoresi st

| ater pattern 1350 so that the nmetal |ayer 1330 is
patterned with a metal line pattern. After the wafer
308 is disposed on the wafer SLi@portl ng table 306 in
t he plasma chanber 300a, reaction gas, for exanple,
reaction gas including chlorine (Cl2) and boron

t 1 isgilitce hodler bB&ppibxinsatelf $00CWant1000rWet Ghitlig chses htght pHotoresist
| ayer, .is suppl i ed mt}gl hi@%%ﬁf eHfh:irrber 00a.(see

FI &eledfjon piigfyngplagcomplishpd; @t fipm @f1tBe ighhipg amount is
t 1 ipgdVleRfeddgnd ﬁle?ef&reo{l lefige B theaueal fak ot Bﬁpdﬂérrﬁﬂvhﬁ lthe anti-
suppl y 314 (see FIG

sour ce
i s TefsHpR daes it lst. pl ladtiderdg @P&s the Abovaopa mﬁw&ﬁ%’? plasma
SO cAgmbér LLHWR © ﬁale %&%Bnt Bl @sioRPIeVided RFlsbﬁﬁ:e%'t_)v@Qwﬁot more
supply 316 (see Fl G which is a bias power part,
i s BgRAPPEKimatelha0¢ %FO EUPTACRIagPAL he waf er 308 (see

FI G 3) TOréizht theP 8bSRLMRsBHbRE ehhil Prétess Sa (b%?rﬁé} layer pattern
1630). At this time, the source power suppli fro

t hé3 sometal daxsp ppiternal 330headk arnsaqﬂn@ﬂ@efmrb @Yﬁbm@m 1340 are
Btalﬁe%l L0hoVRY & lt‘ﬂ@rl6aPWtQKis"tﬁﬁ@|aYre§Qﬁa ho‘&)ﬁ:@l-st i’c%m 1350°
mnlrrumRF source power is_ap r oxi nat el Wto

vv sufﬁmthychweﬁ@aarw-lfeﬁpctt% Ay e PEHBA 1@&9 t ol g is S because high

Bﬂl ﬁﬁeéls@tseleeﬁ&?%e 1&&6&@%& batse@ 0RQHE %&hﬁ@/ﬁ@tuoa according
roximately 300 Wto 450 W he ot her
RF to ithesprsesné rm\regltlappr Bwathegmersy hagiowmgzew lwn%(t bft altﬁcgmphshed
t ' rHarnul e{ﬁ%ogﬁ WathOthe tab&) féhﬁfénP@f"ﬁiE high piRofdsREsdMNBH rate, and
era mal nt al ne vv|t hin the range of between

ap @farmd@wer@ maylbaygg wrtical predile.eason why | ow source

power, r& h

appl i ed | S t%b}t%hl gﬁ p%%?%rg;l{hgw fseg?gc?l?gﬁ%r}laﬂp{:ozﬁn by the

be SM&@GC“%@NI@WE%@%BMW@HQ dé. type pl asna

00 1S SRS BN (9 o et o
phdhoplesing etcbmgencuhod agegrding ¢o thetpressobinyentitied
al t hough gedugtignegef { qut %%ﬂ? %h rb%effi”mﬂlt’tntlfh >}§11‘ctgltli5‘‘f‘%‘ﬂ‘fe@dusmg the

and therefore, “upper e e neta

paqﬂaesmaedtchmgtmethadtacf:@ﬂir@ctq the prasesi ineenfigsthas|ajvertical profile

or Qﬁ% o 1§sglo\fghé H) ﬁgﬁﬁ prﬁfpé ro%ﬁgh 3¢3E 19 V\?c{ %}ed from
er accof € presen Nt on provi

souhe: patmm/structﬁrer@trmnd) aithe maaterigd Jatox stmedteteyorsiho me@ 308, which

geg%é%tegn Red3FRa b3LYdh f fi‘&o%/o Efzj(g§cf5 b&g l%t Qllng g[}rle etching

arrirer layer
patmahmd a&:&@dmgtxdﬂarprmm 1n1veﬁioact ion |ayer pat t ern
1340" ar More specifically, the lower material layer 1310, such as a silicon oxide
layer, is formed on the wafer 308 first, as shown in FIG. 15. The barrier layer
1320 having a thickness of approximately 300 A to 1500 A, such as a
titanium/titanium nitride layer (Ti/TiN layer), is formed on the lower material layer
1310. The metal layer 1330 having a thickness of approximately 8000 A, such as
an aluminum (Al) layer, is formed on the barrier layer 1320. The anti-reflection
layer 1340 having a thickness of approximately 500 A to 1000 A, such as a
titanium nitride layer, is formed on the metal layer 1330. Finally, the photoresist

layer pattern 1350 is formed on the anti-reflection layer 1340.



obtai ned as shown in FIG 16. At this tinme, a residua
phot oresi st pattern 1350" sufficiently covers the

w@eosA0661 ecti on | ayer pattern 1340'. This i s PEDERI@4/003388
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hi gh photoresist selection rate is acconplished based
on the etching nmethod according to the present

i nvention. Furthernore, high etching rate is nay be
acconpl i shed si rmul taneously wityp the acconpli shnent of
t he hi gh photoresist selectionrate, and the forned
pattern may have a vertical profile. The above

descri be Suesfefqaeﬁﬂyo fthd $egecpive stehing proesst ivperta@medomsle low source

17 PORPCE Bpp1pd o SSTRRAR AOp G B PO oohichrt Pgaifin the water

i | layisshbwhi iﬂgFI@eléf f Ridre Qpedificalp), aticmmdaptvd Ijb@hsffﬁt baidee coil as
accordmg} t he present nv t|o rl11@eferrl Ehg

17 shown ERFIG ivdipesdonth F At this
Pl a9 1R @lthH& dFRIHHOEhiRGS ﬂ&ée ry@dttﬁe WoRnd masfet of each unit coil is
i nvention has a verti cal proflle wi t hout | oss of the
t op"8houl der. The micrograph of FIG 17 was obtai ned

from t he Apmbhigl Bws tor Wedre ﬁﬁltf&ﬂgmbyame ti4¥d, BRd @d Wbund number of
| ater structure on the waf 308, which ﬁaﬁ been
&

d e-$6¢1 WHEMEB § GnyPotive ABmBRF, e dpope-describe pBstystion is adopted
usig %)1’5*1159 1B G dfeﬁﬂéogla%‘ﬁoét@hlﬂl ﬁl@ﬂf{OHea&.{O@@lﬁFt to the present
i nvention. Mre specifically, the lower material |ayer
13imvenyolh as a silicon oxide layer, is formed on the

waf er 308 dar BE was 509 plaBed bithd Wafeklé @ftfﬂgefable 306 in the
l ayer 1320 having a thi ckness of approxj mately 300 A

t o pissowe shambem vath dhe shovewiated (constiyations (eadionggas including
( Tig giﬁhﬁﬁ lagY %B}on t'n%h]co‘i’irde'?l‘ii tli%"kaﬁ@ ®f hOMBLInTREIG2: f‘lls $uppREd into the

e neta havi ng @ thicknéss of

ap mlasmammbyr godcﬁw etghl@a pa@,ceawsaqeuﬁwme%wme)thﬁ sgugee power of
81"0)(_3 dtgl 431° W ahbi tBE blla'%yﬁcfwér?’(?foa tp-{ mately 300 W are applied.

ant ion layer 1340 havi ng hi ckness
ap ﬂihcmaftam éh@/ restidnah photorgydy layer sqattnma@ ramow@rbyumwans of ashing

ni tafl{i o ﬂp%?é r Hesmfl&Bg%?h Ot thd'SefiihPlectiBy &F the §&ult1ngdstructure

Fi na otores yer pattern 1350 1s forne

on wiifieh urshownem FEGt Harwasé@l@n by3he s@upineplegitanymicgefgope.
sel ective glchy §E@n9’f ic?o %[;II gf; gﬁfj IWhE@tHeQi’l‘étal layer pattern

source power Is app above Wt
r efléB@’n te., the #w@inum; lay@r p@ttemerhas atvertigal profide sl%lmmrqms the fact

at 1c§ccu.ﬁ@ﬁcee of elﬁdtalcﬁgllé gprexteﬂ{%daglgﬂ)tu Hftﬁ)@l R)W%oﬁl‘wr}g’cﬁver for

as’'’s di spose | asma
chaaxarepleaﬂmemum naweE|of.approximatelyii 45 0t Werds almi@dnuﬁbéhls time, the

uni ?{ﬁlalt ftﬂ ?fnﬁuﬁth(aﬁg ve?}n q‘arEQe F\S}U&Qaﬁwbﬁ{e Qtfchﬁlgcﬁnount was
approx1mately 8000 A/min to 10000 A/min. This proves the fact that the plasma
etching method according to the present invention accomplishes very high process
efficiency.

Also, it is proved that the upper shoulder of the aluminum layer pattern,
substantially the titanium nitride layer pattern, which is the anti-reflection layer
pattern 1340, is not lost. No loss of the upper shoulder proves that the photoresist
layer pattern 1350’ is maintained until the etching process is completed. In other
words, it is proved that a very high photoresist selection rate can be accomplished.
Practically, a photoresist selection rate of approximately three or more can be

accomplished.



Al t hough two or nore unit coils may be used, and the
wound nunber of each unit nay be any positive nunber,

W0 b@satsye- descri bed construction is adopted tPCPKR2@®4/003388
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the effect of the plasm etching nethod according to

the present invention. After the wafer 308 is pl aced

on the wafer supporting table 306 in the plasma

chanmber with the above-stated qgnstruction, reaction

gas including chlorine and boron trichloride in the

ratio of approximately 2:1 is supplied into the plasma
chanber , Thodibbhemettichidngffestosesaryi diffiaif oo nedompliste using the

t he sour.ce r of roxi matel v 45 and t he. bi
S Tt B SR AT U tgt SC  Srb P Toc source
t h@p%%?ﬂh@ﬁhﬁﬂﬁ&rpé@ﬁb@bo%&ﬂ of ap;ﬁbk'mia‘nelySlOOGhﬂM fed niyyte must be
means, of ashing and stripping. T 1 crogr.aph. of the

Vo rpRisdto SRen B B HLet Lt fbel RE 20 e T EERPH of FIG- 17
shayrdd? fol Secotnplishedn ety bite tdfeagraxifiandy 8080t Adin and to
L7 S GRRPSHeR risTiRal B patc G cAstah 15 (digioult og acsomplish the

al pRbMHs AYREtidAkAte 10T, appeskimatedy Di 6rainops, adnid therelbies the upper
proves the fact thﬁt o%ﬁgrrence of . .und [

rcu | S. .
br Shedsds kst hoTheh 1oHeOY B vBRRT BEVER ey fipe Bjdthond resistance
t NGF SAT ARMAAWE" 1a9br FRREMXI NBbeYud®g, W isSdiEApklt &8. apply the
At this tine, the actual etchi ng anount S very
| apgventipnal EXG APHTEC PR PlasTR IO ARG O E BASS peadiiction.

appr oxi gt edey cA8ARat*Yhel soutc® PAHDGs AbWerdd tdhinSreRseOit®Sphotoresist
the fact that the plasma etchin mﬁﬁgod accaor

( ing to ,
t heelpetionapte sorfhearibe 85 Q& Ehsinpes A/ PRV EfHe }tb%gscgnventlonal
ef TbQiseitey typl pifmd ShaibeRi0KOry BEfichDR sHRIAIthS hericaleprofile of

of the alum_num | ayer pattern, substantially the )
t i thepaiermi (WhenslomasasCeRAWeE Of aPRIAKIEMIGLE 599.57" was actually applied

anf 'tﬁ@fcbtﬁxfehjci&ﬁhll PCELoRed bR pthSf chainbel)Gt WASbbseNed that the
| oss of the upper shoul der” proves that the photoresi st
| ayederpaitwasrexcassiely formedhatihapatiss.unt i | the et ching

process iy OIIE;th@(SlﬁQe pbﬂepbﬁ%prpﬁh%elyiﬁoiw Rr éﬂ%i@d to generate
e

that a very&lh phot oresi st sel ecti onh rate can

ac Obasplai anserdingPtonéha preseny inyensiqn: on dbe ithes dyaggs wgfer arcing and

ra lofofbits bHHHE PlaBRARbEARCRS plasma, which inevitabl
actgglrrrl% ??ﬁg{ﬁ. T@ﬁgﬁgbov%- men?i ongd ef f ect ei sI)vaes}Fl)r;1 WhICR Inevitably

di for¢usurhenthighngasserpaviss iviapnligds ae clestivelit prsvented. p&onsequently,
SoureeHdlY ?ob@%xﬁ,saﬁicﬁ*&ggﬁfvew SecuRed VAR daBRRL, {sREmedied, and
sourcce type plasma chanmper, “source power of

ap thessdorea cestynecesraromerfepn shangighing progpisiare epdueed bt ai n

:n'hir g g:rgp {)?8 F—l?tér ﬂg%ru&%rta&ﬂe%ﬁcélﬁﬁ NidsBafif a plasma source coil
manufacturing method according to the present invention, and FIG. 23 is a view
showing a plasma source coil manufactured by the plasma source coil
manufacturing method according to the present invention.

Referring first to FIG. 23, the plasma source coil 2900 manufactured by
the plasma source coil manufacturing method according to the present invention
comprises: a coil bushing 2910 disposed in the center thereof; and a plurality of
unit coils 2921, 2922 and 2923 helically wound on the coil bushing 2910 while
one end of each unit coil is fixed to the coil bushing 2910.

Referring now to FIG. 18, a shaping jig and a precise measuring jig are

prepared first so as to manufacture the plasma source coil 2900 with the above-



in order to acconplish an etching rate of
approxi mately 8000 AAmn and to acconplish a verti cal

w@e@biobse1 In this case, it is difficult to accPOpPKR30v4/003388
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t he photoresi st selection rate of approximately 2 or
nore, and therefore, the upper shoulder is |lost. Such
| oss of the upper shoul der affects line width and
resi stance of the al um num | ay pattern.
Consequently, it is difficult to apply the
conventional |PC source type plasnma chanber to nass

Pr atited combtruttion (Be 2361 TahatStéﬂW 246DUr T8e rsﬁaqﬁﬁg lji and the precise
| owered . to.,i cre se t he eS|st seﬂ ﬁ@pon rat B
¢ hdpeasng 1 Syt g, 5?&6 Aseedaiely. 4 D B‘ﬁtlbﬂjw?]n € described
t hesef¥n V@ WetafiN @hd HiRe SRWiterehyd Beticds MHe Ghaiiielig drd he precise
very difficult to obtg%(gthe vertical profile of the

patiReasHring/ e Will BodesstiPebnsHGRSSSIBR- appr oxi matel y 500 W

was act ugiiGg. apPld 8¢ dcRethRcallgNARN RN abovd hehRbic@eshaping jig,
type plasma chanber, it _was o served t hat the under cu

wadewesheayy eF 155 hand 21 armeecignaleyiaws (eken along §BePeEXV’ of

DO\NG b, s@:@ﬁ;’i@éﬁﬁhﬁé%ﬁﬁ@s%ﬁ Agpplied to generate
pl asma according t resent |nvent|on on the

ot her har shgindp FAG& % ok thrsheging jie Fomptises: a shapmgjlg body
ConpBRDERAS aoglufah‘e’y Bf aé%@sﬁmn@ﬁro 3481t 950 MSzi’/\ﬁ%&Kbd on the

i nevi tably occur sourceé power is ap

ar shaping jigi bedy 2 5pp ein*ﬁeétﬁHY@%@elfd timresswnﬁ@ﬁﬂ Ocii@l 2522 and
pr ohe rérx‘re Mﬂnﬁﬂ n?éﬁ s‘i’rﬁth BRRAIOT i Flabfa b&EcE @5@9?@0 gnee FIG.

is renedl ed r ef ore, costs ne essaryto per or
t h@3é=t bhiwhjcl rtbft é&@l@g digr isdistinpuished; frarg the pre¢iemeasuring jig.

cr‘fféQﬂyH{HeCﬁl h}ﬁg guﬁsf e Ha)r@ssﬁJnésfﬁoS%&qe 2699 land 2523

facturing net ording to t present
i n\fenmd)m shapes fimdar pgthose af theoynit peild eigtha plasaanspurce coil 2900

SOYIGR fRI émé‘i?é‘ﬁfeﬁ&gﬂ{ggﬁ%%é Eﬁl@dﬁéx@%ﬁ%ssﬁi‘b‘??sﬁ?' 3522 and 2523

manuf acturi ng net reseh
i nviermédbin thedrnag shapgs 49 these elgthepait cods Of the plasmgurce coil 2900.

COILJ:F ﬁ%&lg?@?%ﬂﬁﬂ&fﬁt@% ldl(e@% b(fjnsrfﬁlp '2@%.’5‘%& %§§ %f the shaping
| nv@meogre@tomﬁmns&lg :diametets Ofaﬂ@humg coids @91 s%ﬁi@e@nd R923 of the
g)igsﬂ%géurkg 3:%@0%93002295&0 éﬁ] al Ohythgfotﬂﬁ"ehar?cp' {hS widths of the

I'ca dont
bushpregsmm@ﬁ\hm@zoa@ 3B of theaprecisnimeasviihgijig ftexehal to the

to dtlﬁﬁet‘e‘x%' ef llﬂggllﬂitn&)ﬂg%gl Bﬁfﬁﬁd BEH RO %lgérga si'n?rce Roil 2900,

shaping jig and a preciSe’ neasuring jrg a
fi mespestively. t Bxoephldrabe abevermenipdredriffersoee; eth@ slnapn@ﬁ@ and the

25 g RO e P i ing 16
have t he Bendembspa 2AtQ aodiesppingds tohthes baibi tughjnigg2M 0,1 and the
€ ASRELLREYS21, 2522 and 2523 correspond to the unit coils 2921, 2922 and
2923, respectively. As shown in FIG. 20, the depressions 2521, 2522 and 2523
may be grooves formed on the shaping jig body 2500 such that the depressions
2521, 2522 and 2523 have depths corresponding to the diameters of the unit coils

2921, 2922 and 2923, respectively.

Referring back to FIG. 18, a copper wire for the unit coil is prepared (Step
2403). The copper wire for the unit coil is made of oxygen free copper having an
almost 100 % degree of purity, although the copper wire for the unit coil may be

made of another material in some cases. The copper wire for the unit coil is a



below in detail, and then the difference between the
shaping jig and the precise neasuring jig will be

wa@e®snedsed i n succession. FIGS. 19 to 21 schenetT/ERR00y/003388
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show t he above-nenti oned shaping jig, respectively.

FIGS. 20 and 21 are sectional views taken along line

XV-XV of FIG 19, showi ng exanples of the shaping jig.

As shown in FIGS. 19 to 21, th haping jig conpri ses:

a shaping jig body 2500; and a%%furality of

depressions 2510, 2521, 2522 and 2523 formed on the
shagigtty kteflg peéaiide. Eﬁlﬁ@%@ef WireSRE theQinit ¢l is 1nserted into the
depr essi.ons 251 2521 ﬁﬁ and 2523 are forped.i.n

s hé‘ﬁére§$1fﬁll 287 L1 2221052588+ t hBe SPRRGTAVED iTbe Jgit coigp gormed in a

( S@RafshiSshdpd) whil¥ Wb deprebdion 9BaPi D8p1 P 2533 is formed in a helical
di stingui shed fromthe preci se msasurl ng. jig

Spsbana, @afl therefore the SPPREG Wirg forgihe fupit g)ébm@g J0b ke easily inserted

251&0 the ?d%ﬁre%éa?f 2304, 2§22ﬁof 059 d Inth$NBRRS a laBitBhall Gevice, for

t hose of e unit coils of the plasma source coil 290

\m iexamplee ap pwkiliawy hebisaljia may pe gserhs theecopppr wigs ferrike umt coil is
:hQsert%? 2idto tﬁéa%)r@s@ﬁ)nz’ﬁj%q QS’ZZT&dZSZB White B&HEs aﬁﬁi@ﬁsto @ copper

those o uni't coils of plasma source caoi l

2900re é@mé.l@w@m ¢ajl tq Hermpj @&ﬁbcaifcqmér depr é8iepoft04). The heat
25 j
hékpltyﬁ%zgr@éggs éég%%eﬁ&%nédﬂ ap 'an&rdgeg%%‘feoig%%nginﬁn&tely 250 to

, | amet of “the unit col : o
2933001C .t hEhgteasnmewknthedweat isi dppliod i theewoppestwive for. thepnit coil is

h glieﬁttﬁg E%&%g Qm?et ﬁ)ﬁ ¥ @D SoiPbedtNf tﬂ@ﬂélfc%? lsl?e[i)% elg égs}lg arranged in

€ preci se neasuri ng

t o thhbelicad rabape. s Aot the sizd of gy d@przm 28@222@%012@2@ of the
Of sh%ﬂﬁng A%zi\ggmﬁ%% tHaf 'og Itlfeg&:i}'gef %%efﬁf tRESnt odiikC E(@(Snsequently,

I oned nce shaping ji
an Steth 340 ecperformed suithavg diffiguliy.e Ebbdbelonl icappey Wlh@ obtained by

58938 98y SMLEOASTOR B 5 St or
comnmgspdrt2( 029220r@9R8. coi |l s 2921, 2922 and 2923

respecti h | e
STy e A Ch He gl 90%55 Wifl® IGORSERR IS the precise
S hamasgrlpg gebddle 1%03 Whhd t(hﬂ'te hdhlea]dmppelswug ne f@BPthe unit coil

S ' ) .
G SRRT P RoRR (e oRasy, SRhisTRERBRL0 dobite 5df s a heical hape
r espmiam toghat. oth?eff guit coiy 292G R 92D oF2623,1B¢ haliead pgjeper wiireeis easily
for. the pr . (S 3) .
Wi rnésepgg “{‘}ﬁ the e resg%;l fﬁgeaﬁ;%glgg ge%g&@ngﬁg.f r\-é@%rcl gfgeglgeﬁircal copper
hawving 1sa]|maaaddmnsa tehﬁﬁraﬂtmée@i' approdinmptely 2§0 tal3600Ugin thie state, the
Co%etrco\“f fﬁlf 952.’} 0F204Y §s c%?ﬁﬂletn&y Ji;ﬁereafter, the precise measuring jig

is pressed by an additional pressing device, such as a surface plate, until the unit

coil 2921, 2922 or 2923 is cooled in order to prevent thermal deformation of the
unit coil 2921, 2922 or 2923 (Step 2406). Subsequently, the unit coil 2921, 2922
or 2923 is separated from the precise measuring jig, and then the end of the unit
coil 2921, 2922 or 2923 is rolled (Step 2407). After that, the unit coil 2921, 2922
or 2923 is plated with silver (Step 2408). The silver plating is carried out using
an electric plating method. The thickness of the silver plating part is decided in
consideration of skin depth.

Finally, the unit coil 2921, 2922 or 2923 is fixed to the coil bushing 2910
by means of a fixing device (Step 2409). Specifically, one end of the unit coil



made of another material in sone cases. The copper
wre for the unit coil is alengthy strai ght copper

WOWRWe/063Bhe copper wire for the unit coil is i NBEF/K&A04/003388
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into the depression 2521, 2522 or 2523. The copper

wire for the unit coil is formed in a straight shape

whil e the depression 2521, 2522 or 2523 is forned in a
hel i cal shape, and therefore, bﬁe copper wire for the

unit coil may not be easily insérted into the

depression 2521, 2522 or 2523. In this case, an

addpzi,qoab diezg'zgeis ihRiteéX@toIne, ofagroavis for@ed ahélel disdumferential

| Bt o 4b¢ o] Toing 291 BEE oWl P58 o e G} Boit 2021,

heap22 or apps iiedixkd té H& @&pb@hxﬂg 2@10 BSI rhdifs Wiian dditional fixing

PP b goed or ASSY D chstidcytyie b ool P03, cio0e oF 20%%, which s

appdsertbdrah ehy g%é&ret of 35& céil wsmxfgeam Whott fdBedeaNcédiding to
applied to th @mgr wire for the unlé oi |l is, that

t hEreypyances; gipReeesHnEY bsineriguned aier the uﬁgwr)ﬁ%%l 2922

S h@PQ92§1$Qﬁ§:‘deﬂ @tbra@aqmci wtﬁef&lmﬁishﬁ@ 29&bapmteﬁiaﬁeely, the step
the size of I2éress

shapfingg the un§ cpa et %ﬂ%ﬁ)r@ﬂ%& ok etq%l l@éﬁlﬁéﬂ 9P .b§ nﬁ%ns of the

t heixiHy deve@ may @erbaﬁ%aeautlmst St phid 404k, iiSis RR&red MR the shaping
wi t hout dlfflculty The helical copper. wire obtained

by Jigeandgihgipiecisy aisasurng i areaprexided avith iggepyepoito which the coil

|dgﬁghﬁgbgpy§nﬁbghkgﬁmio that of the unit coil 2921
2922 or~ 2923. Subsequently, the helical copper w

| nsert ed Ili thecabore desceiption thenwnberef the gnikee @%a?%i’sand 2923

P% g P e}u}l;%lg eahﬂfbﬁ h FARRE Motk LRt kaild Atk Iﬂl‘é‘e&'ﬂlitﬁou’t limits.
oi | 2921, or 3 (Step 2405). Since the helica

copper wire has a hel|cal shape simlar to that of the

uni t coi Babty 2923, the helical copper wire

is easil?uﬁﬁéééﬁég %%tgythe depression of the precise

measuring jig. Wien the helical copper wire is heated

to ate O Y 1 e tRmifdfctb thituBacturi

st at e, ?ﬁgéﬁﬁﬁé%&égﬁlraﬁﬁh f g@‘szlgédoﬁgzg‘is I's conpl et e%i: cHting

Theqeiament fieldeadopting s ndantivei nlpsiag seucprasdséhe [sgmigenductor

r Loe, such as a surface plate,
untl%nhpdﬁ |@%{é§|1]ggg§§%?£'2922 or 2923 is cool gd in
order to prevent thermal deformation of the unit coi
2921, 2922 or 2923 (Step 2406). Subsequently, the unit
coil 2921, 2922 or 2923 is separated fromthe precise
measuring jig, and then the end of the unit coil 2921,
2922 or 2923 is rolled (Step 2407). After that, the
unit coil 2921, 2922 or 2923 is plated with silver
(Step 2408). The silver plating is carried out using
an electric plating nethod. The thickness of the
silver plating part is decided in




consi deration of skin depth. Finally, the unit coi
2921, 2922 or 2923 is fixed to the coil bushing 2910

whgoosmwenssl of a fixing device (Step 2409). SpecPET/ERRI0Y/003388
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one end of the unit coil 2921, 2922 or 2923 is inserted

into one of grooves forned at the circunferential part

of the coil bushing 2910, as shown in FIG 22, and

then the unit coil 2921, 2922 32923 is fixed to the

coil bushing 2910 by neans of & additional fixing

devi ce 2931, 2932 or 2933. The end of the unit coi

2921, 292Aaimis: 2923, which is inserted in the groove of

the coil bushing 2910, is not rolled. According to

ci rcunstances, the rolling process nmay be perforned

after the, udigla®d bhalBek seRfhig2method92 dispdsihgesd adaptive plasma
into and fixed to the_coil bushing 2910. )

Al tOPHFSGoePY 2 RIAUNS CBAMBST aq%xgmr%twg Riasma dpjthe plgsma chamber

292y O Rasdnthr 1d08BrcOLbil, O imbiend tRO 1PlaliMa NBRRTHPT setthiy method
fixing device may be carried out first. In this case,

i t GognEisesthesteapa AL t he shaping jig and the precise

neasur i NGgrepadindlLplRFadivy Qﬁ}lﬂas%é &&E@&ﬁ%ﬁnolhﬂfnﬁ a¥stRasma source
the coil "bushing 2910 wil] be inserted. In the above
de<@tl prspennd plagma sousee coil haviag gn;aiching raje abthe ceptey part thereof

anthi k2 3nkid thad! Fethk KirsEHBSRA Sourtet BN IS 9 Wird bld¥RiaCsource coil
unit coils nay be used Without limts. Industrial

Applavingan etehing yatept dae pdaei nayiethereoh highep ghani that elothe Hiast plasma
sendogRRGYAL or manufacturing equi pment field adopting

an adaptive plasma source and the sem conductor )
manuf act isnegingthe dirsidlangna joarestail @ terplasma chambessid etching

chapagry et bhyg nethod for disposing an adaptive

pl asnma source coil on a plasma chanmber and generatin )
pl asma i ranglyging) the gighingaaisder eachmypsition ofithe fest waler @@g replacing
COi [ r [ 0 :

corte, BASHE Bl FRAPNE ORI piAghL DEreP Rl N, the third plasma
pl dorree ol bescdowt the anplybigd¢salis.a first pl asma source

coil, a second plasnma source coil having an etching

rate at the center part thereof higher than that of
t he first2. glhagnethedas set foghlin claid la wherein eptlngfithe plasma source

oA (Sl 00 BB ARELoh S Lhe RO B puiy o
coiunit ehilsgwdically weand jonsthe god dmshisguwhide ont kndof eheh of the unit
3] iR iscﬁ%ﬁl!%rthg%gil %hgﬂhE,thnﬁﬁ%r X‘Ptfhg ru;nitacr(]ﬂs being m, where m is
a positive number of two or more, each of the unit coils having a predetermined
number of turns (n) expressed by the following equation: n = a x (b/m), where a

and b are positive numbers, respectively.

3. The method as set forth in claim 2, wherein the first plasma source coil
has a coil bushing whose upper surface is flat, the second plasma source coil has a
coil bushing whose upper surface is concave, and the third plasma source coil has

a coil bushing whose upper surface is convex.

4. The method as set forth in claim 2, wherein
the spacing between the unit coils of the first plasma source coil is

uniform although the radial distance from the center of the first plasma source coil



anal yzing the etching rate for each position of the
test wafer and replacing first plasma source coil wth
wao b®ssexsond pl asma source coil or the third plBSHER2004/003388
source coil based on the analysis results. 2. The
method as set forth in claim1, wherein each of the
pl asma source coils conprises: a coil bushing disposed
in the center thereof; and a pﬁﬁrality of unit coils
helically wound on the coil bushing while one end of
each of the unit coils is fixed to the coil bushing,
t hie imuredsed, of the unit coils being m where mis a

ositive,nunber qof t [ e of th nit coils ...
Pavi ng ' ab ABabe et B BB St Phecteehil® affibla, Qi€ coit is
bygrhdealfyoinceasetyase heatadinh .distarceafrom (thé rgententodribe decomd plasma
b are posj.tive nu ers, respectively. 3. The nethod as
sescouf‘i?rctoﬁllﬁwcé?aﬁ? 439 \wherein the first plasma source
5 Cgi | hastha @lad':ihg Ui%\hédilgthﬂ‘m_ﬁiie dl?ﬂpaff thidr fmfglepthSmfalaﬁJrce coil is
t he secon as spQurc i as. a Ccoi shi ose
vl ReerEd e JRE r6dal itpndhcr in B 5L o B E8 plasma
C Gdolurdeailds teirdasédishi ng whose upper surface is convex.

4. The method as set forth in claim2, wherein the
spaci ng between the unit coils of the first plasma

fsour CehCSJi’ITheirﬁethcbﬂf ﬁsﬁsf,heﬂf(?m ﬂnaﬂegfn 2 heheradi al di _slt ance
romthe,center 0 t rst asny, souy Cc cO | S .
| nor easdB seqyonales o eash of ettt eotls ftithe. Brst elasmasgurce coil is
10 sagifEmpllesish SRUGERI 8i6iahcd FrofT e Wahiel of tHerfaesSlEsAS source coil

the.radi al distance fromthe center of the second
plALHECSEYr ce coil is increased, and the spacing

bet wee ) thf" l@e&ginm Q&h'og th toEQhé Ia'gi_t d:lonh ¥ fiHo S @%l@éﬂ%& source
is gradua ecreas s the radial distance fromthe
ciflels gnavdlly %anaefgﬁ%\iwar@&!r apes fropy thengsniersefythe second
5.plddiea §REEOEHIES ifRbask@dnd 1 N claim 2, wherein the
sectional area of each of thtﬁ?unit coils of .the first

15 plasma dbeisestiong) areq of ganhy ofrthe aniticsily 9t threthird plagma source coil

diis taRAILY rdRerckiRl seicandil distmct ifforh thE 3ekTBr 8O eCRird plasma
coil is increased, the sectional area of each of the
urfopreegioflds grreased-second pl asma source coil is

gradual Iy increased as the radial distance fromthe

center of the second plasma source coil is increased, .
and 6. The method as set forth in claim 2, wherein the coil bushing comprises

a lower bushing part and an upper bushing part, the lower bushing part being made
20 of a material different from that of the upper bushing part.

7. The method as set forth in claim 1, wherein, if it is determined that the
etching rate at the center part of the test wafer is higher than that at the edge part of
the test wafer based on analysis results of the etching rate for each position of the
test wafer, the first plasma source coil is replaced with the third plasma source coil,

25 and then a main etching process is performed using the third plasma source coil.

8. The method as set forth in claim 1, wherein, if it is determined that the
etching rate at the edge part of the test wafer is higher than that at the center part of
the test wafer based on analysis results of the etching rate for each position of the

test wafer, the first plasma source coil is replaced with the second plasma source
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the sectional area of each of the unit coils of the
third plasma source coil is gradually decreased as the

w0 awsmb236i st ance fromthe center of the third pPCEER2004/003388

source coil is increased. 6. The nethod as set forth

in claim2, wherein the coil bushing conprises a | ower

bushi ng part and an upper bushing part, the | ower

bushing part being nmade of a mpgerial different from

that of the upper bushing part. 7. The nmethod as set

forth in claiml, wherein, if it is determ ned that

t h@ﬂe waodithap a main ciching pravesst ie perfarmedising thet sesondrplaema source
i gher than that at the edge part of the test wafer

based on analysis results of the etching rate for each

position of the test wafer, the first plasma source

coil is gepl t third source coil,

and thengé&) ﬁ%‘ﬁ‘gef&w a@?%&%@gn §‘g§fga~‘ft d using the

t h| r d pl Mool madercini 4 plaSma'Bcijua?ihet bﬁddlﬁ?sﬁ&futlimmdrmpparams’
is determ ne a e

etc f‘as a‘%hgwg? %quiagggcgn?%}s{ng)f the test wafer is
hi gher than t heaplasyha d:Hamheenierhlqhaf‘tvaﬁf isheurtedt waf er

oSt Li on of -t HEORREONRLPEH Tor sRltyife Ha Tt Gid dh e Suttace of

cdahe wafert epl aced with the second pl asma sourcecoil,

and then a main chln [ 0CEsS,.| S rfor usi ng

second pl asma asé’?ﬂs ¢ &1 /Qliﬂoég‘fré’nettg‘s' @S%t%@%er for
Cmmwemnggrehbtﬁ)rstgwfintﬁfducaﬂ) unfoi ©@ @la‘ﬁﬂlﬁeéhdn[be@ lﬁ{oa@@ma the
ch nber of a (gl asne. chanber ,appar at

R0 sSisededl SRR P oot £ORRAE Budt3 ruvfile il cailsciptically

a walil ot shendnihb@lingawhil@sn eie of RacH of e W@RPENIsNE fixed to the
b| as1 ogarg to, the rear surface of the wafer, a plasm
rallﬂ sposed on the plasma chanber fo

convert ing r eac&om gaweﬂ Phiit ofdt GpPlyiind Qokrde poAs B the plasma
chanmber into | asma source coil conprising

a SOBF tldhie rgtﬁn?aémﬁl’ﬁ? lity of unit coils helically
vvound onsubPlgingQichctionsdak igtoWhé ﬁsﬁﬁ%h@rﬂgelo‘fvhi%lﬂﬁ s@ﬁrc‘e%wer is

uni t ils.is. fixed to the bush , .and _a source
paREHCRaf f 1P¥RL oL F oG t%ﬁ@@%aw FRVYIR N erirtace of the
sawdfee coil to generate plasma; and supplying reaction

gas into the plasma chanber while the source power is

10. The method as set forth in claim 9, wherein the number of the unit
coils is three or more, and the number of turns of each of the unit coils is not more
than three.

11. The method as set forth in claim 9, wherein the source power is

applied at a level of approximately 300 W to 450 W.

12. The method as set forth in claim 9, wherein the ratio of the source

power to the bias power is maintained within the range of between approximately
0.2:1 and 5:1.

13. The method as set forth in claim 9, wherein the reaction gas includes

chlorine and boron trichloride.
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applied at a level of not nore than 500 Wto
sel ectively etch the surface of the wafer. 10. The

woredolkoek3as set forth in claim9, wherein the nECHER2#/003388

the unit coils is three or nore, and the nunber of
turns of each of the unit coils is not npore than
three. 11. The nethod as set forth in claim9, wherein
the source power is applied atpg | evel of
approximately 300 Wto 450 W 12. The nethod as set
forth in claim9, wherein the ratio of the source
power to the bias power is nmaintained within the range

of betwegpn aﬂl@{h%ﬁ'omaﬁgfac&ﬁ&rg]a ﬁg%iﬁg saurcé'? oil Jggoézﬁ Shey plasma

as set for in claim e reaction
i rrblamdbes thh pasinaesoared cbdrc@mnrrsmgwa opil desting Aispesdiboh the center

r poS
T T R ——
c ¢hé misthytd c@npilsspﬂsetbps ofit he center thereof and a

glug[] Ia|n|g t. 1}(8\,/3%{111 éoﬂ§ ,E[g Cgrgglé, Iﬁ@@&%@@l irgﬁrg%ea?ntlal parts of

i tbe pﬂlfil hyshimg rfspmu?du lagd ifixing t@emmxge:mlﬁ or thee dod thuthing;

circu ar us

respect i gé‘a&n% aP i Jr%gh%ﬂgg URTe Ssé%fshflgﬂg%d PR & sbapipg jig body,

?llh‘h dgmpssymmpﬁrthmglapmgb@mavglg slgpb?;mnnlgr dﬁ}hbﬁ@ﬂftﬁﬂ 8init coils;
ormed qQ in e .depressi.ons. 0 e .

shapi ngj*l %‘%ﬁ%@l eﬁ%re%ﬁé B%gsglﬁjf%ﬁa\pgg AYSEIYTS ff)ﬁé‘e(& A precise

gand:asurmg gxgaifmdyg the depresstomsnafathier progis¢ nghabaritig %g OIhavmg shapes
) or preci se measuring jig body,

t hg&glcsirté) g?se Ostqg‘? uxpﬂgoﬂgr eci se measuring jig having

shapes |1d®mthmg:aippbﬂwtrb9ﬁ& tiof utibeoilininto heidepresditgesfithe ghaping
cQ unit coi.lsdnto the ss ons

o it i ing HentOlipt Fetosh By e abibeotls e R Biical copper

wiwiess Hawingt sfhapcsrmmllmdblthok(bfftm vaibedilsgal c Opper W res

havi ng shapes r.to those of It caql

heer Ui HOeriE M belial SpRST SySeisty i depeSonsof the precise

demasmng)jlg whild hsplping diesetontheshulicAldcdpper Witek @0 form unit coils;
a%]g y| ng heat to the helical copper wires to formunit

and fixing the unit coils to the coil bushing.
15. The fixbidube vak coits tof the tbil basighgi m 14, wherein the

wi dt hs of the
15. The method as set forth in claim 14, wherein the widths of the
depressions formed at the shaping jig are greater than the diameters of the unit

coils, respectively.

16. The method as set forth in claim 14, wherein the depressions of the
shaping jig are grooves formed on the shaping jig body such that the depressions
of the shaping jig have depths corresponding to the diameters of the unit coils,
respectively.

17. The method as set forth in claim 14, wherein the depressions of the
precise measuring jig are grooves formed on the precise measuring jig body such
that the depressions of the precise measuring jig have depths corresponding to the

diameters of the unit coils, respectively.
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depressions fornmed at the shaping jig are greater than

the dianmeters of the unit coils, respectively. 16. The
woreiokoekzas set forth in claim 14, wherein the PCT/KR2004/003388

depressions of the shaping jig are grooves formed on

the shaping jig body such that the depressions of the

shaping jig have depths corresponding to the dianeters

of the unit coils, respectively; 17. The nethod as set

forth in claim 14, wherein the depressions of the

preci se nmeasuring jig are grooves formed on the

preci se nmeasuring jig body such that the depressions

o (1S BT RRAH R B SRS or

The et hufidr ase heticdlocdpper wirdsaarm ihdertekduintdnehe depressions of the

conpr.i sing the .step.,of: after..the helical copper. wre
B PR | e i B 1BF hefid PO ire? o Form the
maAsilcdiRY presdngMiid prebidatmdasurdgp]ig.cid wioich hike Bigik coild are inserted,
cqgger %%%Fs.ta fora1%pe unit coils, pressing the

pri8t f SEUTEETHEARFTPE §F UMY whi ch the unit coils are
inserted, for a predeterm ned period of tine. 19. The
met hod t farth in clai.m 14, further conpr.isi.ng

Che st e Softe piediadhs Phioriif it 14 Nt cGPPYERE tigstep of
The et hgtimgshe ahitcoild WithRiledrai m 14, wherein the unit

coils are fixed to the coil bushing by nmeans of a
fixing device. 21. The nethod as set forth in claim

14, fur tjoeThe afepiddsdsngt fdith intc@fimof4, wikkdih fige @ifloikfare fixed to

tt&g un {) sgl%ljls, whi ch. are not fixed to the coil

b TﬁF?fé;.“ 12 BhmeARs ugdeyicorth in clai m 14,

}Nher ein %mehﬁﬁ%_thdd{@@wmm ifi @lihed, dﬂuffhﬁaboﬁlb]tﬁsiﬁg _qlresst_éﬁ of:
or m ng e helic copper, W res an e unit cQils is

perf or méaﬂ% egds Dgihepus. grhishs preot Sised g the goil pghing.

nmet hod as set forth in claim 14, wherein the shaping

jig and the precise nmeasuring. jig are made of oxygen
{c r ge. c o&&e?bg method as set forth in %la{im 4, wherein the heat tré/a ment carried

out at the steps of forming the helical copper wires and the unit coils is performed
at a temperature of 250 to 350 C.

23. The method as set forth in claim 14, wherein the shaping jig and the

precise measuring jig are made of oxygen free copper.



