1 DESCRI PTI ON ELECTROLYTI C PROCESSI NG DEVI CE AND SUBSTRATE PROCESSI NG
APPARATUS 20 FEB 2006 5 Technical Field This invention relates to an

el ectrolytic processing device and a substrate processing apﬂypghq@06
provided with the electrolytic processilng device, and nore particularly to
an electrolytic processing device useful for processing a 10 conductive
material present in the surface of a substrate, especially a sem conductor
wafer, or for renoving inpurities padiogIPmgoNo the surface of a substrate,

and a substrate processin qgﬁaratus $rovided with the electrolytic
processing devi ce. 15E§§H%8? e Ar FRPGES 2ERGRt PR AWRst ead of usi ng

al um num or al um num al | Psa P Bt 1@ A PARARGs | Nt er connecti on
circuits on a substrate such as a sem conductor wafer, there is an en nent

20 novenent towards using copper (Cu) which has a low electric resistance

and high electrom gration resi st . pei; Jinterconnects are generally
fornedgby filling copper into fi§g£§¥%%§@s§ée?gﬁned in the surface of a

substrate. Ther ghare kfesitiyar irels tedC it quas e fryliyig spebceoppay
interconnects, 25 including CVD, sputtering, and plating. According to any
such tecKifvgiRe 3% GpFePsinahe $HOGEPed Nioh *PRETaHst RAPVAARY Waidr Ehe

surf ace ofe & SUbSLEaIE. oL oLLOUEACDU LERRYAlas0l MANPGSSSAId, LOPDPT £oDin

chem cal mechani cal pol1 shing FI'GS. "85A t hrough 8561illustrate, in
sequence ofl grogeEssti30 Btepsss ang exaepl ee of usefwi ngfguchpacsabsingt eaw

ha, "8 SoSTaq AL FRISELR, D5 N I FLE s838ncE" d%) LbRR (L 2,
lowk nat erdpedcidslyepasitbcbouatepndatet yeot ager temonimbi thpdrities
| adhering' to the surface of a substrate, and a substrate
processing apparatus provided with the electrolytic processing
device. |
15
Background Art
In recent years, instead of using aluminum or aluminum
alloys as a material for forming interconnection circuits on
a substrate such as a semiconductor wafer, there is an eminent
20 movement towards using copper (Cu} which has a low electric
resistance and high electrqmigration resistance. Copper
interconnects are generally formed by filling copper into fine
recesses formed in the surface of a substrate. There are known
various techniqueé for forming such copper interconnects,
25 including CVD, sputtering, and plating. According to any such
technique, a copper film is formed in the substantially entire
surface of a substrate, followed by removal of unnecessary copper
by chemical mechanical polishing (CMP).
FIGS. 85A through 85C illustrate, in sequence of process
30 steps, an example cf forming such a substrate W having copper
interconnects. As shown in FIG. 852, an insulating film 2, such

as a silicon oxide film/a film of silicon oxide (Si0,) or a film

of low-k material, is deposited on a conductive layver la in which



20 FEB 2006 el ectronic devices are forned, which is fornmed on a

sem conductor base 1. A contact hole 3 and a trench 4 for interconnects are
formed in the insulating film2 by the |ithography and etchiqg)Fﬁﬁéﬁgﬁque.
Thereafter, a barrier-layer 5 of TaN2r the like is 5 fornmed On tire
surface, and a seed layer 7 as an electric supply layer for electroplating
is formed on the barrier layer 5. Then, as shown in FIG 85B, copper plating

is perforaedroAnt Qdviesdibtace ied Nen S Erad andl ba 4 Ebhitbadeerbact hol e
10 3 and the trench 4 with copper and, at the same tine, deposit a copper

film6 basehd. i ds@oatiafy fidle 3. aTHer dafamedh 4 KO IcdPPBECOPNEMTG 8/ °t he
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to nakekgggééug%égg§dflt éﬁggg%gﬁqﬁyFﬁ$y6 |pﬁgg&%kafﬁnggﬁtggFgggﬁe 3 and
t he trenebhdifjoe.i ntiesconneet s dlhaandetrheagar faed OANtbe ihsulisdd ng film 2
lie substantially on the sane glane. An interconnection conposed. of the

copper PPFRPAPRSIGSRTLLE BREE2g5C 3_d th§& ol ABBY CHHEReRLESTER 2Fari ous

types of,gaul,PIEPLs Aav @ IRGENM] VAt iRRCOBRrELNEs &Nd AR r8QY nadhi gher
accuracy. As sub-mcro 20 manufacturing technol ogy has commonly been used,

the properties of materials are largely influenced by the processing method.

Under these chishiTstancesy. | such 90n(BRLLona) IBGH ingc pBiiad that a

desired portion i h a workpiece i's physi'c ro *&nd°Fermoved from the
surfaceohherenté byrdateobf ahkasges2bananbetoofidefenéscoayabe ppdduced to

deteriorate the properties ,of the workpjece. Therefore, it hecones
(el oneana Do PEPRRCE £l (PR GUE Gete e SeMRy CiRE pRGBORTes of the

nat eri al SopPUE £RNACESHI Nide MTRNAES i ngUEN RS .Chepteakrpaki tHdgopp3Q _
el ectrolytic processing, and el ectrol'ytic polishing, have been devel oped in

order tH1iplventthe ipsydidmnd hlEvrt Fasenaivied Preheadmadnreshanighlsi cal
Brocesshg:chOFSE EBHIOLS RS LB oy gTEYg, uPEASESSE e ok el .1 ouon
6 filled in the contact hole 3 and the trench 4 for interconnects
15 and the surface of the insulating film 2 lie substantially on
the same plane. An interconnection composed of the copper film
6 as shown in FIG. 85C is thus formed.
Components in various types of equipments have recently
become finer and have required higher accuracy. As sub-micro
20 manufacturing technology has commonly been used, the properties
of materials are largely influenced by the processing method.
Under these circumstances, in such a conventional machining
method that a desired portion in a workpiece is physically
destroyed and removed from the surface therecf by a tool, a large
25 number of defects may be produced to detericrate the properties
of the workpiece. Therefore, it becomes important to perform
processing without deteriorating the properties of the
materials.
Some processing methods, such as chemical polishing,
30 electrolytic processing, and eleétrolytic polishing, have been
developed in order to solve this problem. In contrast with the

conventional physical processing, these methods perform removal

processing or the like through chemical dissolution reaction.



3 Therefore, these nethods do not suffer fromdefects, such as formation of
an altered | ayer and dislocation, due to plastic defornmation, so that
processing can be performed without deteriorating the propertﬂpﬁ ﬁf Qge
materials. 5 Chem cal mechanical polishing (Cw), for exanple, % ézp |y
necessitates a conplicated operation and control, and needs a considerably
| ong processing tine. In addition, a sufficient cleaning of a substrate
nmust be conducted after the polishing treatnment. This al so i nposes a

consi der alTketof@ron nbesﬁemgthﬁﬁy dp Gbéaﬁuﬁéeri énpm Aaseetdi sposal as
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t hough a Icwfdxrmtﬂsnal ,smtﬁhthqsf@cémmelcemt rlb@ eRiand  wdtexpect ed
to be predomnantly used in the future 15 as a material for the insulating
filmof a QRMFELIERELRY TBEDLBEPREELIEAOfolR RALEFIELShas a | ow mechani cal

strengkh and thef&for '%Qéﬁ&l@afndﬁéﬁléﬂ%%tr?éﬁpﬁpm kgd d\é&la&glgVP

processi ng. Thus, also fromthis standpol nt ere is a demand
t echni que qd:taer@hhjalr@:amtfams erwrgabiczat@@bs:tewtteonz@ndmdmmga wnnig any

stress theret% Fur t her. t hod has 9832 LeRor %gnev\hi paerfogéngn
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is carried out to the growing surface 25 of a plating film causing the
pr obl em of P@fehl iR g At PERE . r JhilS PAGOf APRPSEA 3 KO GIP I 0ad on
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process pr oceeds t roug el ectrochem cal interaction between a V\DI’ kpl ece
and an 30 ‘elh@ce chﬂ yat ISGZISJ@lguﬂEmﬁn(iaﬁQEO@IBl’SDiMIC@fP @rnﬂ\ﬂa;@Ly NaNe8dudE ngHCL,

HNG3, NaO-l an. el ectrolytic_solution cont alnln such
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cannot be avpitieght #dhough a low-k material, which has a low dielectric
constant, is expected to be predominantly used in the future
15 as a material for the insulating film of a semiconductor
substrate, the low-k material has a low mechanical strength and
therefore is hard to endure the stress applied during CMP
processing. Thus, also from this standpoint, there is a demand
for a technique that enables the flattering of a substrate

20 without giving any stress thereto.

Further, a method has been reported which performs CMP
processing simultaneously with plating, viz. chemical
mechanical electrolytic polishing. According to this method,
the mechanical processing is carried out to the growing surface

25 of a plating film, causing the problem of denaturing of the
resulting film. '

In the case of the above-mentioned electrolytic processing
or electrolytic polishing, the process proceeds through an
electrochemical interaction between a workpiece and an

30 electrolytic solution (aqueous solution of NaCl, NaNO,, HF, HC1,
HNO,, NaOH, etc.}). Since an electrolytic solution containing
such an electrolyte must be used, contamination of a workpiece

with the electrolyte cannot be avoided.



20 FEB 2006 Di scl osure of Invention The present invention has been made in
view of the above situation in the related art. It is therefore an object
of the 5 present invention to provide an electrolytic procegﬁiﬁ@ Qﬁgkce
which, while omtting a CMP treatnents entirely or reducing a g upon a
CWP treatnent to the | east possible extent, can process a conductive
material fornmed in the surface of a substrate to flatten the material, or
can renmove (clean) 10 extraneous matter adhering to the surface of a

wor kpi ece such as a substrate, and also to provide a substrate processing
apparatus in which the el édtadlogure pfodaesentgadevice is incorporated. In
order to achigve the anme ob}gct t he gresen invqp%go% %ﬁ prgvides an

el ectrol ytic ProdSTHY daViEE1ohMgri BFRY: Ta%C prddesd 8§ SPEcPP8EE brought
into costagdtivi i eseatedaarvr K egerharéeedengn elieicigiode tae
supplying electricity to the workpiece; an ion exchanger disposed in at

| easSt opee RN E HOYGRe YePREEAIEMY BraGHiedd ifd PERECSS488sIEHGCRI ect r ode,

and betyeedy 20,4 e ORKRLERE andbhe-LeedLip enestiegeo a, aouetngoyrce for

appl yi ng a vol tage between e processing electrode and t i ng

el ect r aesd ampdon bi GiPd tsepiimertedid dine aresuppdysnigpla ¢xtgemtd, t oahhe space
bet ween t he workpi ece. and, at Ieast.oHe of the qu%essinggelectr de and the
r

f eedi nPEPERET ode, SPRINRFERE I8 HATd Alonf ¥X8FANg = pre8seAf® Mies? 1 and 2

i1l ustragesthecdrideci pletebnelard robybtcal pr @aessang ehfret edciBahhe above
el ectrolytic processing device, FIG 1 shows the ionic state in the

el &t r oPHETEDPPOR VAT RYT ALK BRI e S ideifander 128¥RBAAEEVER a
pr Ocess%%gaels%fsrt%ece%o 2 30ds@ kN LeXCharger {0Ld gy 98 ésiﬁgg' ng

el ectro 16 are brought 1nto contact with or close to a surtace
wor kpi ezepad®tushiilre ahicht agee i elappkivéytuica prposwesisoudey it bésween the
processiggb§%§§£{8g§ 14 and the feeding electrode 16, and 20 FEB 2006 5
In order to achieve the above object, the present invention
15 provides an electrolytic processing device, comprising: a
processing electrode brought into contact with or close to a
workpiece; a feeding electrode for supplying electricity to the i
workpiece; an ion exchanger disposed in at least one of the spaces
between the workpiece and the processing electrode, and between
20 the workpiece and the feeding electrode; a power source for
applying a voltage between the processing electrode and the i
feeding electrode; and a liquid supply section for supplying
a liquid to the space between the workpiece and at least one
of the processing electrode and the feeding electrode, in which
25 the ion exchanger is present.
FIGS. 1 and 2 illustrate the principle of electrolytic
processing effected in the above electrolytic processingdevice.
FIG. 1 shows the ilonic state in the electrolytic processing
device when a ion exchanger 12a mounted on a processing electrode
30 14 and a ion ekchanger 12b mounted on a feeding electrode 16
are brought into contact with or close to a surface of a workpiece

10, while a voltage is applied via a power source 17 between

the processing electrode 14 and the feeding electrode 16, and




aliquid 18, e.g. ultrapure water, is supplied froma liquid supply section
19 between the processing electrode 14, the feeding electrode 16 and the
wor kpi ece 10. FIG 2 shows the ionic state in the electrolytys Ehgﬁ@gsing
devi ce when the ion 5 exchanger 12a nnugted on the processing eFectro e 14
is brought into contact with or close to the surface of the workpiece 10
and the feeding electrode 16 is directly contacted with the workpiece 10,
while a voltage is _applied via the power source 17 between the processing

el ectr odealﬂllgﬁ‘é}d_t A& f @e&i-n@lléclré‘(?turr(?dé’afﬁrlﬁ,lsaﬁdlptpr}equ cﬁﬁcﬂn 78,1191 as
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processing electrode 14 and the workpiece 10. Wien a liquid Iike ultrapure
wat er thateedingseldctasdalotlangsheexsiziidbdaglis USEE; 2ithdws pheflamnied to

bring the _ion 15 exchanger l12a ipnto caontact .with.the surface t he
vor ki ecesTarerrin ERR hke thRL B & BRI AR DAkl e R S ey ¢
vol tage asdcheddee 1he nmaveted @RSURRip e ddiend QicAGicodd 04t he biynegent

el ectrolytic processing does not inply "press" for giving a physical energy
(stress) &Bt8 GEPKBFECHLZE PR EhPSe DD Wk etURDreR WP ost®d Warkmeets gl d 18

such as u apure . I i af ed. by Fon IS, , b into
hydroxidegkﬁoﬁgezz an Iﬁag%gag%ﬁ?%%sﬁg4gsT%éyﬁggggxFgé%?%2g£53”%%ﬁ§U%;
produced, wokdpiexenple, waiéecarvoétagbyis herrel ped rvia filet ddbetmeanitde

wor kpi ece and t he.processing_el ectrode, 14 ,and the flow 25 aof the
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el ectrodel$4 ahereaby ltibhgidensi tyudf akhel t fyohi oxivderd ONS s22upplibe fdam nity
of the workpiece 10 is enhanced, and the hydroxide ions 22 are reacted with
t he atonstPGaléﬁuﬂHesuﬁBﬂHpF%EEITB.13?R9?¥%ﬁﬁi?ﬂ?rﬂ?ﬁﬁﬁﬁs%ﬂgrﬁ%ﬁﬁﬁﬁﬂpqn/tiﬂ s

reaction 3Q hgqdicpeokwedgikddhadiquid 18, and removed from the workpiece
10 by the flow of the liquid 18 along the surface of the workpiece 10.

Renoval processhhgnoé ithausdriake oitrépunerkpiecetidtisn iteslifiastaed. 6
20 FEB Zoggrge resistivity is used, it is preferred to bring the ion

15 exchanger 12a into contact with the surface of the workpiece
10. This can lower the electric resistance, lower the requisite
voltage and reduce the power consumption. The “contact” in the
present electrolytic processing does not imply “press” for
giving a physical energy (stress} to a wo:kpiece as in CMP.

20 Water molecules 20 in the liquid 18 such as ultrapure water
are dissociated by the ion exchangers 12a, 12b into hydroxide
ions 22 and hydrogen ions 24. The hydroxide ions 22 thus produced,
for example, are carried, by the electric field between the
workpiecé 10 and the processing electrode 14 and by the flow

25 of the liquid 18, to the surface of the workpiece 10 opposite
to the processing electrode 14 whereby the density oflthe
hydroxide ions 22 in the vicinity of the workpiece 10 is enhanced,
and the hydroxide ions 22 are reacted with the atoms 10a of the
workpiece 10. The reaction product 26 produced by this reaction

30 is dissolved in the liquid 18, and removed from the workpiece
10 by the flow of the 1liquid 18 along the surface of the workpiece
10. Removal processing of the surface of the workpiece 10 is

thus effected.



As will be appreciated fromthe above, the renoval processing according to
the present invention is effected purely by the electrochem cal interaction
bet ween the reactant ions and the workpiece. The present el eﬁﬁﬁh%
processing thus 5 clearly differs in g¢he processing principle from
according to which processing is effected by the conbination of the

physi cal interaction between an abrasive and a workpi ece, and the chem cal

interaction b a chenj peciesc-i.p_a..pol Lshi.ng |.i,qui the
wor kpi ece. 10E1i2§’§;1d1 n%gtorg eeczp%‘?c/ée(fdggglpi bte n‘étﬁﬁgg t%%lpgsﬁ%gﬁlof t he
wor kpi epeot8skangng-ddel pigeessiagreksectriodenttd ors ipratessestd putkéref ore, by

nmovi ng the processing el e¢ctrode 14, the workpi ece 0 can be processed into
a des?r@ﬂ §E?f8 @cEG%Fpﬁﬁﬁgﬁﬁoﬁptﬁ§aﬁééepigggwﬁﬁngﬁetﬁ@aFgﬁBgaPOBFocessing :
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effected solely by the dissolution reaction due to the electrochem cal
i nt & accilearlandifSers ddr Iyradbgspicess ing phanc pp be eS8 M pREOFIdE nBr om CVP

i n which ing | .ed Lpat i on of hysi cal
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i nt eracphgBibatlweaneracchen batwepecaresabre s yoldrshiengrddkguietegndnidhe
wor kpi ece. Accordingly, the el ect rolv}/ti C gro ess] nﬁqjadevi ce of the present
of t

i nvent i GRec M TbMRct LPERBRST IO 0 eeET TR Yrf-ac@PEFLES WP kfi ece

wi t hout HbTRahhihRY15RA18r aper tthes wfrkpheceat erial of 25 the workpi ece. Even
when the material of a workpiece is of a |ow nechanical strength, such as
t helGbove- desBEFpedingwtk thatarees;dexnpead pregdeadi g oPatd Quriface of

Lhe MO KRESRS AN DeoSd Aol Pt Mo AN DINSLEBLe 4R Lo e or kpi ece.

Further, as cornpared to con el ect™r IC processin evi ces, the
el ectr olfyikire fprrecesyimy idey itbe pfotdes preserttrioneeht] orhe doekipdeidee use of

a procegﬁl ng Ibgu%)g: havis\%gt antoel ecteri,c ondu %i Vi ;tLy aof, not errng t han 500
pS/ cm preféfabFfyPIpGFE &P oGy 951 &FEr B 3Gt 1°4) Y& can
remar kably 20pEER 2006ifed above, the removal processing in the
15 electrolytic processing device of the present invention is
effected solely by the dissclution reaction due to the
electrochemical interaction, and is clearly distinct in the
processing principle from CMP in which processing is effected
by the combination of the physical interaction between an
20 abrasive and a workpiece, and the chemical interaction between
a chemical species in a polishing liquid and the workpiece.
Accordingly, the electrolytic processing device of the present
invention can conduct removal processing of the surface of a
workpiece without impairing the properties of the material of
25 the workpiece. Even when the material of a workpiece is of a
low mechanical strength, such as the above-described low-k
material, removal processing of the surface of the workpiece
can be effected without any physical damage to the workpiece.
Further, as compared to conventional electrolytic processing
30 devices, the electrolytic processing device of the present
invention, due to the use of a processing liquid having an
electric conductivity of not more than 500 pS/cm, preferably

pure water, more preferably ultrapure water, can remarkably



reduce contam nation of the surface of a workpiece with inpurities and can
facilitate disposal of waste liquid after the processing. The liquid may be
pure water, a liquid having an electric 5 conductivity (refejqipgJpggein to
that at 25C, 1 atm) of not nore than 500 pS/cm or an electrolytic
solution. Pure water may be a water having an electric conductivity of not
nore than 10 pS/cm The use of pure water in electrolytic processing

enabl es a cl ean processig\% wi t hout | eavin O inpuriti esonrg(n t he praqcessed
surface oFedUGBr kKGR 1NHet @by o ElBariHigt 2t %ep Paf t 2r THERA TR r SVt ¢

processi ngnsan; PeesShAR! khhedacopgehkicaklkyosane oor whwR=stages dof rdegani ng
may suffice after the electrolytic processing. It is also possible to use a
| i qui d obth&#npdobgsaddiong an 15 additive, such as a surfactant, to pure

wat er or ultrapyre water and havin n .electric.canduct i vit f_.naqt_ nore
t han 500 pS/cmHh%r]e*%lfJa%lmfyngfe lf%q‘f%aenr’Sg péggﬁ]a%rr%?leﬁ%rae érl%l():ltfqr?ot nor e

than 0. dopShemi¢ies Ste¥ekyial Retelgssot figdr 19 M3 "Ml athuch @ ddtqui d
can forma layer, which functions to inhibit ion m'grat_i on evenly, 20 at the
i nt er f aceMPERWEBANA SRBr KSV EFe P&, gD §IBSTFRL¥T18nEG0dHT1o8n exchanger,
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enhance the fl atness t he ‘processed surfaCe. The additive plays a'role to
prevent | ofalottowcenthanildnpSZ2emof Tlomsiseeo§ punadvekredeln edsct@alyt)ic It is

noted in this regard _that, "an equal processin [ emova rate.at _varijous
poi nts ovBr °“FRE8™ et i reéla%rlc?gessaf ngcalseurl} acpefg?esgsé%\n rrpg%{céﬁ %f a(:lt%c?‘rw?lgr
provild ngiaptikratipsocassrd sSbstaseed et scsiole woalkediawschemexadbyr @noval
reaction is in progress, a_local 30 difference in the processing renoval

rate may BeSpPofdced™By AfFBtaltROnCHRTHI T FAFERGHRI 1D ThéS ocal
concent  at g 19 oHeackasti F9BSL IRY beeCaUSedomstaLysbY cacdeubationyn t he

electric field intensity between processi ng el ectrode and 20 "FEB“2006 8
suffice after the electrolytic processing.
It is also possible to use a liguid obtained by adding an
15 additive, such as a surfactant, to pure water or ultrapure water,
and having an electric conductivity of not more than 500 pS/cm,
preferably not more than 50 pS/cm, more preferably not more than
0.1 pS/cm (resistivity of not less than 10 M&Q -cm) . Such a liguid
can forma layer, which functions to inhibit ionmigration evenly,
20 at the inteiface between a workpiece (e.g. substrate) and an
ion exchanger, thereby mederating concentration of ion exchange
(metal dissolution) to enhance the flatness of the processed
surface.
The additive plays a role to prevent local concentration
25 of ions (e.g. hydroxide ions (OH)). It is noted in this regard
that “an equal processing (removal) rate at various poiﬁts over
the entire processing-surface” is an important factor for
providing a flat processed surface. When a single
electrochemical removal reaction 1is in progress, a local
30 difference in the processing removal rate may be produced by
a local concentration of reactant ions. The local concentration

of reactant ions may be caused mainly by a deviation in the

electric field intensity between the processing electrode and



the feeding electrode, and a deviation in the distribution of reactant ions
inthe vicinity of the surface of a workpiece. The |ocal concentration of
reactant ions can be prevented by allow ng the additive, “hiﬁfFEP%MQGa rol e
to prevent local 5 concentration of igns (e.g. hydroxide ions) |, T0 exist :
between a workpiece and an ion excharnger. An aqueous sol ution of a neutral
salt such as NaC or Na2SO4, an acid such as HC1 or H2SO4, or an al kal
such as ammonia nay be used as the electrolytic solution, and may be

pr oper | yhED fgsidedrce ¢ lecdadieng 206t ehdepiaperhi 83 Bre Atk eeron Wen usi ng
el ectrol yt.i it i.on, . tey { e t j
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wor Kpi eG&n it ddt 118 3Pace PekwRenniheckeadi Dgngl ecté agder #ndhe@yddy kpi ece.
This prevents the occurrence of "the so-called short circuit" between the
pr ocessiang o it dNh . then fexehangeR0 el ectrode, and ensures a high

processing ef fpjncécﬁ{f%us é%g%‘lio@lgo%% | npf%tsﬁﬂgﬂﬁ%wédleok% gxchanger is

di sposed, as an i rated structure, spaces betweéh the
pr ocessiarg aeliettstade aandCa wor Kpi@ceprand detakensutheas esdnowgizlect rode and

a workpiece. This facilitates the 25 prqducti on of  the ocessi ng el ectrode
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surface, to be processed, of a workpiece, and is i sposed in both of the

spaces [Fdiamdare iel prodesirng bt dét polke BEoante tthe Wov kpirnean t zafdl Pt ween
;23 fe?‘%’&t‘%{]ﬁ 0 o%ctito*}lewthhkEilé%%ri?ihi:éngﬁé%§vktcgp9§Sﬁé”{ ernc§roe easily
qui ckl'y change the 10on exchanger covering € processing Ssurtace of a
wor kpi edgharwi(, fDfcrexanplayoidennon exclemngerticon st ai ned. 9 20 FEB 2006
In one embodiment of the electrolytic processing device
15 of the present invention, the ion exchanger 1is disposed
separately in the space between the processing electrode and
a workpiece, and in the space between the feeding electrode and
a workpiece. This prevents the occurrence of “the so-called
short circuit” between the processing.electrode and the feeding
20 electrode, and ensures a high processing efficiency.

According to another embodiment, the ion exchanger is
disposed, as an integrated structure, in both of the spaces
between the processing electrode and a workpilece, and between
the feeding electrode and a workpiece. This facilitates the

25 production of the processing electrode and the feeding electrode,
and can furthef lower the electric resistance.

According to still another embodiment, the ion exchanger
covers the surface, to be processed, of a workpiece, and is
disposed in both of the spaces between the processing electrode

30 and the workpiece, and between the feeding electrode and the
workpiece. This makes it possible to easily and quickly change

the ion exchanger covering the processing surface of a workpiece

when, for example, the ion exchanger is stained.



In the above enbodi nents, the ion exchanger may be stretched between a
supply shaft and a rewi nd shaft, and taken up sequentially. This makes it

possi ble to change the ion exchanger by taking it up by a Oﬂﬁrﬁtﬁﬁﬁgée
length when, for 5 exanple, the ion exchanger is stained, whereby t change

operation can be conducted in a successive manner. In the case of the ion
exchanger of this enbodi nent, the processing electrode and the feeding

el ectrode may be mounted alternately on the ion exchanger at a given pitch
al ong the |ength 1676 #RRVE oFTHA .+ ThI'® €19 REFE_NERE H@%ﬂ ?@

provide of ectrRdg SechtOnS fpRUPREIRTaBHESIFdidy SRFA aleld tadidh thus
can sinplify the device. The ion éxchanger may have water-absor bi ng

properti esp s&huenalikdly .a IThd desiesh at pbssapdee twat@range f Ebw iarhi n t he

15 ion exchanger. The 'og.exchgn?er naé have one or both of an__

ani on- exchAnyR"94bi Vt%a #9atEalPoRYeRcRANGEAGI PEFy T8RA Tol "ékchafder

havi ng a&xahh 08 extlangen abikkhbyigard @ 508ig¥8haRgRrobagVi fige achange
cation-exchange ability can be used selectively according to 20 a workpi ece.
The use o?PP@R2TdAReRBRaR§eFORAVFERGISTh20FUCERISEAYENAAEREFON- exchange

abi l'ities can bfgaden e %%”Q?xeoionpéQ&f?éﬁ&Qfeofméh%ré Alnd citherdth a4 tion,

can prevent the formation of Inpurities duée to the polarity. The ion |,
exchangerrragebeingveledtwodd angotive st duting Eliect 2Bl aryp ey mdanded

wor kpiece_with a flatte rocessed surface. l.n_ this case, the iaon changer
Cselt eyt beeRBkpoLa b d Rt R HB AT ACS PR M S 2O eer oy At T
enbodiomenst the ealgctéotlyinger procrssi By ifevinéesf WHafecdNPbi peSvd de
regeneration section for 30 regenerating the ion exchanger. By .regenerating
the ion ®ekeRhEREER ABFLAGTPr 58E8sSPRELIBEANENCARCIREEF Y SBPAFAGEYsi md'd o

remove exiyapeeys FRLLekfySWRR aseeeper, fromthe ion exchanger,
contam nation of a new workpiece with the matter comng from 10 20 FEB 2006
The ion exchanger may have water-absorbing properties.

This allows a ligquid such as ultrapure water to flow within the
15 ion exchanger.
The ion exchanger may have one or both of an anion-exchange
ability and a cation-exchange ability. BAn ion exchanger having
an anion-exchange ability and an ion exchanger having a
cation-exchange ability can be used selectively according to
20 a workpilece. The use of an ion-exchanger having both of
anion—-and cation-exchange abilities can broaden the range of
processible materials and, in addition, can prevent the
formation of impurities due to the polarity.
The ion exchanger may be covered with a porous body. This
25 can provide a workplece with a flatter processed surface. 1In
this case, the ion exchanger itself may be composed of a porous
body.
According to a preferred embodiment, the electrolytic
processing device further comprises a regeneration section for
30 regenerating the ion exchanger. By regenerating the ion
exchanger during processing or in an interval of processing to
remove extraneous matter, such as copper, from the ion exchanger,

contamination of a new workpiece with the matter coming from



the i on exchanger can be prevented, and furthernore, |lowering of the
processing efficiency and accuracy can be avoi ded. The present invention

al so provides an electrolytic processing device conpri sing: %1Egﬁgﬁﬁging
el ectrode brought 5 into contact wi fify or close to a workpi ece€; f i ng

el ectrode for supplying electricity to the workpi ece; a power source for
applying a voltage between the processing electrode and the feeding

el ectrode; and a_ljquid supply section for su i ure ter .or_a liquid
havi g Stieerat FrEhebRARCE o v ol At Batan the  ©
wor kpi egg ané bhe RseaessidrFicdlecdy adel dddarary Idaistiatas idwd princi pl e of

electrolytic Erocessing effected in this electrolytic processing device.
FIG 3 shows TRE iRFAICRE aflBVERTERE et be® r BRPNIESS R s TG M ddviTe when a,

pfocessip@gc%'s%%r ﬁ%v%iegf&% _r}‘igqgligng I RIed8 ngl & 10 & U GHofipse to a

surface of a worKpiece , i voltage is applied via a power supply
sourte Intbetwetactheithrocesisisy tel ecvpobpiddeand fdwd frapdilrytelcatt r ode 16,

and the_liquid 18, such as.ultrapure water, .is supplied froma Iiquid 20
SUppl y. £83t FORP LY BEL REERCE hE™ BY oRboti Ty Cer AT Sde 1o e he S e e

el ectr odepl§iagd & Re MaIdeieeerddn Woé eprovbeeihgse2@cicrobige druirtk 18 such
as ultrapure water are dissociated into hydroxide ions 22 and hydrogen ions:

24.  Théergdrexirdeatanser2 arug Prichiced@rd Yc&a9edn BPr HaRiletnd ¢ 25
field belween e wor Kpiege; dOnandnt N PEGESS NG A RE L A4 £ ANt DY the

fl ow of rqurd 18, to'the sur e of the workpiece 10 opposite to the

pr ot@ssinegeeltbatr 60 14 /\uire belty eeine tdensionkp igfca Badhydreoximedonisid2 in the
vicinity.of the workpiece 10 is enhanced, and the hydroxide ions 22 are
react ed efﬁrﬁﬁg'atons 30 10a of the workpiece 10. The reaction product 26

i s dissolved rFig.the | igandti8teand thenoyed nfcrigmet he fvordpicane 1k&-thy t he
flow of the liquid 18 along the surface of the workpiece 10. Renoval !

processPRGCEEStRY SHFSLE DT he Wdr RPFEEECIBTFS PRASCSFROG SEVILE 20 FEB ﬁ

2006 FIG. 3 shows the icnic state in the electrolytic processing

15 device when a processing electrode 14 and a feeding electrode

16 are brought close to a surface of a workpiece 10, while a

voltage is applied via a power supply source 17 between the

processing electrode 14 and the feeding electrode 16, and the

liguid 18, such as ultrapure water, is supplied from a liquid

20 supply section 19 between the processing electrode 14, the
feeding electrode 16 and the workpiece 10.

Water molecules 20 in the liquid 18 such as ultrapure water

are dissociated into hydroxide ions 22 and hydrogen ions 24.

The hydroxide ions 22 thus produced are carried, by‘the electric

25 field between the workpiece 10 and the processing electrode 14

and by the flow of the liquid 18, to the surface of the workpiece

10 opposite to the processing electrode 14 whereby the density

of the hydroxide ions 22 in the vicinity of the workpiece 10

is enhanced, and the hydroxide icns 22 are reacted with the atoms

30 10a of the workpiece 10. The reaction product 26 is dissolved

in the liguid 18, and removed from the workpiece 10 by the flow !

of the liquid 18 along the surface of the workpiece 10. Removal

processing of the surface of the workpiece 10 is thus effected.




Utrapure water is preferably used as the liquid. By "ultrapure water" is
herein nmeant a water having an electric conductivity of not nore than 0.1
pS/cm The use of ultrapure water enables a cleaner processiﬂ@ fﬁf%ﬁggt
leaving inpurities 5 on the processed surface of a workpiece. F
above-descri bed el ectrol ytic processing devices, according to one

enbodi nent of the present invention, at |east one of the processing

el ectrode and the feeding electrode is_in the shape of a flat rectangul ar
plate. 10 Accor ¥ilfFarirshdinet” ehboBF ReREALAY PESEt aGnd T %%ﬁplgro si ng

el ectrode wand ,Lhe feeding el ectyode 4 Srddhd he «ehape haqfiﬁgg COoA W@ i s

di sposed such that the central axis thereof is parallel 1o the surface, to
be processenduaftiaivior kifi @ece. moThi shah| dws t3aim .at TheasseonE witidpure

processin | ectro and 15 the feeding_ el ectrode | inearly. contact or get

Cl ose to 3255 BREOET PnEreB)CEnRaHEr g PHe T ParReohoty - el Mo Ere

surface ofpnt he eV ki BCfed AGCOTLiN G £ Qa SkdHitp Bdwd her enbodi ment, at | east

one of the processing electrode and the feeding_electrode.is in a spherical
}

20 or oval spherFciheshBp¥c-#AFSIERERI B5REBREESI AP ERCRS poRAtIHfCeS
processi ng d for%i%!;{)\e%d ondl éﬁss?irﬁgﬁefgf %cfi ?ﬁé@%n%nﬁ?ﬁb‘éﬁtggﬂOd%ge{%as@t

| east one of the rocessi ng el ectrode an eedi ng electro as a
depr essed ongortfi atheorprao ced siody porddtroderdrot niheg feediey coddctgurde | on of 25

a wor kpi ece, .and processing of the rkpiece is conducted by allow ng the
wor kpi ece o t?‘fc G 0%%”325 dr® V%i"ré %rlff%ihe.' For exanple, the
procesgi ng el eclaceda-dmyy hey eado dRRFeSHedd ipehit, OMtCoNd 2581 Bet @ ff hehe
configuration of a peripheral portion of a substrate. Processing of the

subst r at e PERT S FEhQIQEFosE Bhdarhewt rite Paqtpmdalispdit toh Drapde
mater Al O3 BR ek PaP R B oy oty (g (o" he perl Sheral parti on
(bevel porisi mnalplaﬂgetqad:r’rie an)rfackhusto ire tHﬁcsze?fam, (e 4 2RO FEE©006
This allows that at least one of the processing electrode and
15 the feeding electrode to linearly contact or get close to a
workpiece, thereby enhancing the flatness of the processed
surface of the workpiece.

According to still another embodiment, at least one of the
processing electrode and the feeding electrode is in a spherical

20 or oval spherical shape. This enables processing at a point and
processing of a curved surface.

According to yet another embodiment, at least one of the
processing electrode and the feeding electrode has a depressed
portion or a raised portion conforming to the configuration of

25 a workpiece, and processing of the workpiece is conducted by
allowing the workpiece to face the depressed or raised portioecn.
For example, the processing electrode may have a depressed
portion conforming to the configuration of a peripheral portion
cf a substrate. Processing of the substrate can be conducted
300 by allowing the peripheral portion of the substrate to be
positioned in the depressed portion, thereby removing amaterial,
to be processed, formed on or adhering to the peripheral portion

{(bevel portion or edge pocrtion). Thus, in this case, the



el ectrolytic processing device is utilized as a bevel-etching device for

the substrate. The above-described electrolytic processing devices of the
present invention nay be constructed so that at |east one 5 ﬁﬁ# t he
processi ng el ectrodes and the workpi ecg, and between the feeding el é&ctrodes
and the workpi ece can make a relative novenent. This can produce a flow of
the liquid, such as ultrapure water, between a workpi ece and at | east one

of the ocessing. and i el ect es, .t.her ffectivel . expel I'i ng
unnecess% §°€¥§%ﬁg g}pﬁéééégéﬁ@rééy*%.gﬁiénﬁ'%t%%yagr%c%%g%g %E%gégé of the
wor kpi ecge€adie beoenbhacedbsTheteel ati ve novenent may be rotation,

reci procation, eccentri¢c rotation or scroll novenent,  or conbi nati on
he pf

thereof. Furtt® 2RCEFRFCIPTRPPeEER Y FhGRTPORSSE Btessi Ay 15

el ectrodg,and. 4 hen £ eﬁ%&%f&@%aﬁ% h 26 HsRPed t3ugh akhakasengnef the

el ectrodes surrounds the other. This allows all of the electric currents to
f1 owSf r onf t het¥eedi hfeebaorcesdd ngo atlee tymdssesyithgtled eeerkideetdr oagdd t he
shortest, routes,  therehy. enhancing the electric current efficiency_ and
Feduci ngP T30 bR o CEPP A BoRa CEG NS A, s BT M XD GHoURerS @

enbodi nept) abivé erstemdier Of THE cphoseSGhEg £lfeoir oderond ithe df eedtRg
electrode is in the shape of a fan. This allows the processing el ectrode to
face a ﬁbﬂkkﬁ%ﬁﬁ???ﬂw@iaébngﬁéﬁﬁePi?EFQ?FR%ﬁFQV%ﬂdaPtdf?%%FiQﬂﬁ OfhERBby 25

the e|eC§£8é¥££En§r0§%§Si&Qeﬁ%%%'C%ﬂé%%fﬁﬁk%fx”E%é¥%byACQPEQ£99vE9 yet
anot her enmbodi nent, at |east one of the processing electrode and tﬁe

f eeding ekpelibde bondrepescH riicdagitisy ehaneby dilre| lathes preSehbe
et LEYY S auial 181 £ BGERRL R, SnoRRSEReRRTEY S S 2
substrate; an Tiedeectlatytvecmprecessi ngydédw cestainiom, t Faaspootatdewnce for
' ransporé(i:g n*:[:{)fc Sr%t%:sa;[tri%[neog%tc%%ﬂ }nQSer%gR%t, roE%;[ae cco?t{’briyﬂaitr}.o%nghégegg. FEB 2006
Further according to the present invention, the processing
15 electrode and the feeding electrode may be disposed such that
one of the electrodes surrounds the other. This allows all of
the electric currents to flow from the feeding electrode to the
processing electrode through the shortest routes, thereby
enhancing the electric current efficiency and reducing the
20 electric power consumption.
According to another embocdiment, at least one of the
processing electrode and the feeding electrode is in the shape
of a fan. This allows the processing electrode to face a
workpiece for a constant time in the radial direction, whereby
25 the electrolytic processing rate can be made constant.
According to yet another embodiment, at least one of the
processing electrode and the feeding electrode is disposed
linearly or in a circle.
The present invention provides a substrate processing
30 apparatus, comprising: a substrate carry-in and carry-out
section for carrying in and carrying out a substrate; an

electrolytic processing device; and a transport device for

transporting the substrate between the substrate carry-in and



carry-out section and the electrolytic processing device; wherein the

el ectrolytic processing device conprises a processing electrode brought
into contact with or close to a workpiece, a feeding el ectrodg fRB 2006
supplying electricity to the 5 workpi eceg,3 an i on exchanger disposed in at
| east one of a spaces between the workpiece and the processing el ectrode,
and between the workpiece and the feeding el ectrode, a power source for

appl ying a_voltage.be h o] Si G n he; nkeefdiNg- o .
el ectrode, “an E’agl%itqu%%I\/&gg(|%lt|cl)I %ngirec l?%n e;lgarcqgsr%pl I%tﬁgﬁlgc% ﬁlaél dto t?fe
space bet weBarehie wahkpi ede carred 1att ilceagtir aaress s iofg t hievpraxe essimyr st et rapde

and the feeding electrqde, in which .the ion exchanger, i.s present. The
present i nPERCESH 1819 & LHFiofss B Udist rdtt® grBtess ﬁ‘b"tkhpcg%rca]t e to a

conpri si Ngy,oa kYRS, ah & LA Iy ieN 2GRS FY ¥ Qlipp 1kpi 18P Gl i1 tGARBYEHY 1N
and carrying out a substrate;” an electrolytic processing device; and a
transpdit dewkpeéefcer, anriaspgochengearndispbsedate dfel apen ehe cfubsinages

carry-in and, carry:out ciio ec i r SSi| ]ggy' X
wherei n t hES&EE rép?/t"focrﬁ%rloéc%é;?%@gt%ga?%ec%%%%%el%C% r%i%ﬁr %ggs& n%&&
el ectrode hheughirkpiterec aidicthav fhedingl esectaocde, war kpiwvece, s cu feedf ag

el ectrode for supplying electricity to the workpiece, aC[powe souq[]cehfor
appl yi ng aPade Betweditdhe e ProtesEitig PEICSES a8 STETHE T ethihg-e

el ectrode, rad iRy QWG r PP S QLI QR P BN} Y SUH er Rt QipTy 2nd i qui d
having an 25 electric conductivity of not nore than 500 pS/cm between the
wor kpikte andigwedprtocdds pagicedatotken |then wrafmraas] arbodt e st tdwe

b ' h j . I i deyj
cloan ng t BE ChF suntin PRt RS R BRIV BRI R ap

| n anot her tarbadnnendichariye s ubstymtsserpr ocessi ng apparatus further conpri ses
a CWP device for _chem cal nechani cal EEJSSU shi n t he sgrface of a substrate.

In this case, th&PEWETREIPFFGLLES %Bﬁ&?’gfiﬁ§‘ haPPPGreAEP I ST a
cl eani ng deyiGeafls ,14c8ApFEBiR806 & substrate carry-in and carry-out

15 section for carryving in and carrying out a substrate; an
electrolytic processing device; and a transport device for
transporting the substrate between the substrate carry-in and
carry-out section and the electrolytic processing device;
wherein the electrolytic processing device comprises a

20 processing electrode brought into contact with or close to a
workpiece, a feeding electrode for supplying electricity to the
workpiece, a power source for applying a volta@e between the
processing electrode and the feeding electrode, and a liquid
supply section for supplying pure water or a liquid having an

25 electric conductivity of not more than 500 pS/cm between the
workpiece and the processing electrode. |

In a preferred embodiment, the subétrate processing
apparatus further comprises a cleaning device for cleaning the
processed substrate by the electrolytic processing device.

30 In another embodiment, the substrate processing apparatus
further comprises a CMP device for chemical mechanical polishing
the surface of a substrate. In this case, the substrate

processing apparatus may further comprise a cleaning device for



cl eaning the polished substrate by the CMP device. In still another

enbodi nent, the substrate processing apparatus further conprises a
filmformng device for formng a filmas a portion to be pr g g %n t he
surface of a substrate. 5 In this cagg, the substrate process:ﬁﬁgE 3 g atus
may further conprise at |east one of a cleaning device for cleaning the
portion to be processed having been fornmed in the filmformng device and

an anneal i ng, devjce for.anneali the portipn b rocessed. 10 Also in
this<ué§fa$ﬁﬁgst%%t?%;%gg?gcggggﬁﬁagﬁp Va%ﬁ% ﬁ@? S?ﬁEFﬁer conprise a
bevel - et chi ngrleyt celf ahothehi RgCEE oIt i athe t Subet PiOsess68ekenngd in or

adhering to a peripheral portion of the substrate. In the bevel -etching
devi ce,aRPrRrateh| Fgroher tHROMFI$D R tfd 1He forgdess 8¢vieg berefpediag by

el ectrol %ﬁg&k #% P%?ggéﬁiﬂgbegﬁ?éé@ééé ahe L QRRFSIJAY, P!%D%B%‘g:?ﬁ%l@)rfh further

conpri se ness- ne Ing section for neasuring t
t hi éknebs fiis heaporttba sobberptecessedsdungngpparatterméhefupthieshing in

t he CVP_devi ce. reover, the bstrate ,processin 0 appar at us further
Conpri ST o BhI CRASES OHEaOE i SRUHID AT ot et § haFE hSt PP :
t hi cknessrofoh hey py bir@l&efs@e@ehaﬁ?iﬁ?%é@ﬂ fHymdg ier tabt ex1hbeotkkpgf or mati on
inthe filmformng device. The filmformation in the filmform ng device

may be A5 e@ridittady AP eRlafiongeVEReyEP T afrn Prek LYotk memtiorh&oshBstrate
processg{gh Q@g@(atus further conprises a nonitor for nonitoring at | east
one of ‘&l @¢tT O ytic current and electrolytic voltage when the voltage is
apploi ed bet weels¢ e £hédiamse] ddter edesandte e o s pirog egpang telseebyode.

Accor di to yet anot her .enbodi nent, thge substrate rocessin ppar at us
further EHEeT CoT s Poo ey BECP S SRS Joar ST Tha T BosLBd
substrate.bd Mo cadsd@atdited hith 20 BEB 200G 1% a peripheral portion -
of the substrate. In the bevel-eftching device, the etching of
the portion to be processed may be effected by electrolypic

15 processing.

The substrate processing apparatus may further comprise
a film thickness-measuring section for measuring the film
thickness of the portion to be processed during or after the
polishing in the CMP device. Moreover, the substrate processing

20 apparatus may further comprise a film thickness-measuring
section for measuring the film thickness of the portion %to be
processed during or after the film formation in the film-forming
device.

The film formation in the film-forming device may be

25 conducted by plating.

In yet another embodiment, the substrate processing
apparatus further comprises a monitor for monitoring at least
one of electrolytic current and electrolytic voltage when the
voltage is applied between the feeding electrode and the

30 processing electrode.

According to yet another embodiment, the substrate

processing apparatus further comprises a drying device for

finally drying the prccessed substrate. This can realize the



so-called "dry-in, dry-out”. According to yet another enbodi nent, the
substrate processing apparatus nonitors a change in the state of the
substrate bei ng processed and detects the end point of process%ng ? ﬁg t he
"end point of processing” is herein neag% a point at which a ESIP 8
processing amount is attained for a specified region in a surface to be
processed, or a point at which an anmount corresponding to a desired
processing anount is attained in terns of a parameter correlated with a
processi ngsansaat efor dgyronsp&Eviicdd rregion in a surface to be processed. By

thus arbitrari|y sgrhing and deheckhognbhe st ahdhe Of HOCeRHNAGaAVeN TN

the m ddl e of processing cones possible to conduct a nulti-step
el ectrol yt peopeeeéag rppaActardimonitoyet aanhbhge dmbodigrestatéhefsubdst rat e

15 processing apparatus further conprises a filmthickness _detectian
section foFUHSEEGLRRE CIEPERESSEPRERS CRFBEES SHRENSRE Lifovt PEAE S5eHaS -

obj ects; f B?t‘éﬁés‘erﬁ{'ﬁoﬁﬁi{%ﬁ agse cafs i niyhe; PreseNth hoYLRtd 88wl 4+ e jappar ent
fromthe foll owing description when taken in conjunctionwith the
acconpanyi agleoidedvib rese i eh dndwst st edtpiafdr fed @i emd nefg itdre

present inyenti_on %§gﬂp rief L ptiLon_of i LG 1
is a di agrg}r% gl Isglé:tf%tey\ﬁ%) the pri n%:%?g, of %ag#éf’:)t %gl Vgﬁ'g%%\ggce%g%‘%&
ef fected i Boabesbeatiahytd a gyicessphgcedevhganicuractsrdancaed i h tidrens
present invention when an ion exchapger |s nmounted on bot rocessi ng

h of a
el ectrode 8hd & p?é@ﬂ?ﬁﬁraqgﬂ%%kﬁﬁe%nﬂlﬁmi%nﬁﬁo?§5§ﬁBﬁHQQ?%ﬁﬁmgﬁﬁ tthe

procesgj ngsgheskrede, rddeok eadi ng el gatdRdergngea ?HQ&EE@E@. 30g{ Waikpi ece)
. FIG 2 is a diagramillustrating the principle o el ectrolytic processing
ef fect ed i arhatesbediivobgtiéngr andsgehgct deyi tee ianddroirtarde pricde stsHeng

present 1 nygph an uhen; am Lalk 18,20 553 2000 xeanoph s LinTRunl e alok on @

a multi—st,ep electrolytic processing.

According to yet another embodiment, the substrate

15 processing apparatus further comprises a film-thickness

detection section for detecting the end point of preocessing.

The above and other objects, features, and advantages of

the present invention will be apparent from the following

description when taken in conjunction with the accompanying

20 drawings which illustrates preferred embodiments of the present

invention by way of example.

Brief Description of Drawings

) FIG. 1 1is a diagram illustrating the principle of
25 electrolytic processing effected in an electrolytic processing
device 1in accordance with the present invention when an ion
exchanger is mounted on both of a processing electrode and a
feeding electrode, and a 1liguid is supplied between the
processing electrode, the feeding electrode and a substrate

30 {workpiece) ;
FIG. 2 1is a diagram illustrating the principle of
electrolytic processing effected in an electrolytic processing

device in accordance with the present invention when an ion



is supplied between the processing el ectrode and a substrate (workpiece);
FIG 3 is a diagramillustrating the principle of 5 electrolytic processing
effected in an electrolytic processing device in accordancev%ftl,tkrl%gﬁ6
present invention when a processing etectrode and a feeding €elec % are
brought close to a substrate, and pure water or a liquid having an electric
conductivity of not nDre t han 500 pS/cn1is supplied between the 10

processin t ; t S pi ece) ;
FI GS. 4A\%%%$§% are aﬁ%gﬁems s% ﬁgé%§g§f§€%hég§f§§%’ stréééeégoce33|ng
appar at uss ascepp Ui g }b@t'aefahr sheepbodesenhg eletheopeesedtal sueatirane 15 FI G
5is a vertical sectional front view of an electrolytic processing device
accordin@w?Eth%C%hﬁodinent of the present invention, which is provided in
the substrate ppf 0C&5SiBg APRATRIAH 0ilfh§trétlEthrﬁe | $ranlign evi gw of the
el ectrolytic processing device 20 of FIG 5; is a plan view of an

el ectr odel ptarel pt byinker¢ s inte tdlestedol ytare eéle@@é%mg%m%@sgﬁngl G 4;
FIG 8 i [ r. and 9B
re pl artoroe Lor Srpe BP e e PR A B R e e B 6 T

Vi ews ofeséa:tiro@éhemdelactfre@@ﬂc—ingplﬁ@@trﬁ&arélmmﬁhrﬂﬂ&abeeplm "i ews of
yet other electrode plates; FIG 12 is a plan view of yet another el ectrode

plate; SePrtertas pad EP’éﬁ Vied® ofoyef dndithist BRELRPodd pPABETTiRI GS. 14A

and 14B 2540k apustynomifig: hB@erahaﬂﬁI%@sbspcmew%ﬁﬂee@b%%we% gHerent and
time, and the relationship between the voltage appli time

resri@ct i vedges§hnQOe FEBC20AS . 1t7h€e|fe&,etqu/tal@q@rr@@@sgnnlgtb@n@mbﬁédatg t he
surface of, @ sypstyate
FIGS. 4A and 4B are plan views showing the layout of a
substrate processing apparatus according to a first embodiment
of the present invention; )

15 FIG. 5 is a vertical sectional front view of an
electrolytic processing device according to one embodiment of
the present invention, which is provided in the substrate
processing apparatus of FIG. 4;

FIG. 6 1is a plan view of the electrolytic processing device

20 of FIG. 5;

FIG. 7 is a plan view of an electrode plate provided in
the electrolytic processing device of FIG. 4;

FIG. 8 is a cross-sectional view of another ion exchanger;

FIGS. 9A and 9B are plan views of other electrode plates;

25 FIGS. 10A and 10B are plan views of still other electrode
plates;

FIGS. 11A and 11B are plan views of yet other electrode
plates;
FIG. 12 is a plan view of yet another electrode plate;

30 FIG. 13 is a plan view of yet another electrode plate;

FIGS. 14A and 14B are graphs showing the relationship
between the electric current and time, and the relationship

between the voltage applied and time, respectively, in




in which a lamnated filmof tw different materials is fornmed; FIG 15 is a
pl an view showing a variation of the electrolytic processing device of FIG
5, 5 FIG 16 is a plan view show ng the | ayout of a substrat S0 PFEBSEH i ng
apparatus according to another enbodi rrgln;t of the present invention; FIG 17
is a cross-sectional view of an electrolytic processing device according to
anot her enbodi nent of the present 10 invention, which is provided in the
substrate processing apparatus of FIG 16; FIG 18 is a plan view of the

el ectrol yeilecpredessicngrogegpéagtoritad tortlye st ace & fHpp kAR showi ng

the relatl,anshi pyDeussn, di the substiata Al dei; Agdethe 8l selipdppection

of the el8ciro yti ¢ processing vice o Bis a
cross-sectional rucew 1aker ahomdatrheviewme shoiioly F& Gvalk@&tiknG o020 tilse a pl an
view of an_el ectrode plate used in a . B variation the electrolytic

processi nGLE&V 0 V3R CFPECOLASINgD d9GECR LY S P vettical sectional front view

of thegel ectrodergpl aei 8fa FliGan 2BiedlsBowdAg Ehad CEPSSLSEELA A sikieme of an
electrolytic processing device according to yet another enbodi ment of the

present i presEisSINRRIFIAEaS zcee plipg viewenpthhes embedisiepti © fprideessi ng
devi ce of _FI Cand?is Bt 124 I's a cross-sectional view of an electrolytic

proceSS|n8r§eV|ce accor&ing to yet another enbodi nent of the present
invention; 30 FFGG.257 sia pl arossewenft itdne lel~etdw obyt e prlesstasingcidevi ce
of FIG 24; FIG 26 is a cross-sectional view of an.electrolytic rocessi ng
devi ce ac®EPEERG G YR L SRAMHE EHEP RERt I ?Wgogémﬁﬁtlﬁiifgt\éﬁ%r Fent

invenfhONiinvention, which is provided in the substrate processing
apparatus of FIG. 16;

FIG. 18 is a plan view cof the eleétrolytic processing
device of FIG. 17;

FIG. 19A is a plan view showing the relationship between

15 the substrate holder and the electrode section of the
electrolytic processing device of FIG. 17, and FIG. 19B is a
cross—sectional Qiew taken along the line A-~A of FIG. 19A;

FIG. 20 is a plan view of an electrode plate used in a
variation of the electrolytic processing device of FIG. 17;

20 FIG. 21 is a vertical sectional front view of the electrode
plate of FIG. 20;

FIG. 22 is a cross-sectional view of an electroclytic
processing device according to yet another embodiment of the
present invention;

25 FIG. 23 is a plan view 0of the electrolytic processing
device of FIG. 22;

FIG. 24 is a cross-sectional view of an electrolytic
processing device according to yet another embodiment of the
present invention;

30 FIG. 25 is a plan view of the electrolytic processing
device of FIG. 24;
FIG. 26 1is a cross-sectional view of an electrolytic

processing device according to yet another embodiment of the



FIG 27 is a plan view of the electrolytic processing device of FIG 26;
FIG 28 is a cross-sectional view of an electrolytic 5 processing device
according to yet another enbodi ment of the present invention;‘£§é§ 6? is
pl an view of the electrolytic processHﬂg device of FIG 28; ﬁ 8 % a
cross-sectional view of an electrolyti'c 10 processing device according to
yet anot her enbodi nent of the present invention; FIG 31 is a plan view
showi ng the | ayout of a substrate processing apparatus according to yet,
anot her e¥esENeANVENTUPE; present invention; 15 FIG 32 is a schematic
sectional viewqh 2 0MRdeylgesn Filh 82 iche2eRlaR oM ShaWig ddied ayout
of a substrate “processing paratus according to yet “anot Her enbodinent of
t he presenti denventiilan; 28,6 34 is a plan view showi ng the |ayout of a
substrate 20 praocessjng apparatus accarding t.o yet _another enbadi nent of
the present i%\;gntizc?n;l?—'lg %%’%Ss_sfcﬁllfr?aai & Shof ng™ qcaﬁfdﬁtytdfc a
subst 5 at ¢ RIRGETT R ARRAIA WS AGEPMY Nt Arneh SN ARI4 gadigerihof the
.present invention; 25 FIG 36 is a schematic sectional view of a plating
devi ce; PRIeGend7 iinyemtj@mtii cal sectional view of an annealing device; FIG
38 is a horizophdl sectional yiew,ol,!he agneahing ewiceip . HGn P9 is 2
pl an vi ew show ng 't hé l'ayout™ of a Substrate  processirng apparatus accordi ng
to yet aneitfiere ertbadidrer#ts ,of the present invention in which a bevel -etching

device is incorporated; 19 20 FEB 2006 FI 40 i s g schematic view of an
el ectrol ytic pF& esquﬁs a cross—sectional view of an electrolytic

10 processing device according to yet another embodiment of the

Q

present invention;

FIG. 31 is a plan view showing the layout of a substrate
processing apparatus according to yet another embodiment of the
present invention;

15 FIG. 32 is a schematic sectional view of a CMP device;

FIG. 33 is a plan view showing the laycut of a substrate
processing apparatus according to yet another embodiment of the
present invention;

FIG. 34 is a plan view showing the layout of a substrate

20 processing apparatus according to yet another embodiment of the
present invention;

FIG. 35 is a plan view showing the layout of a substrate
processing apparatus according to yet another embodiment of the

_present invehtion;
25 FIG. 36 is a schematic sectional view of a plating device;

FIG. 37 is a vertical secticnal view of an annealing
device;

FIG. 38 is a horizontal sectional view of the annealing
device; |

30 FIG. 39 is a plan view showing the layout of a substrate
processing apparatus according to yet another embodiment of the
present invention in which a bevel-etching device 1is

incorporated;



device according to yet another enbodi nent of the present invention, which
is utilized as a bevel-etching device; FIG 41 is an enl arged sectional view
of the main portion 5 of an electrolytic processing device agf ﬂbBHGtO yet
anot her enbodi ment of the present invegtion, which is utilized as a

bevel -etching device; FIG 42 is a cross-sectional view of an electrolytic
processi ng device according to yet another enbodi nent of the 10 present
invention, which is utilized as a bevel - %hlng device; FIG 43 is a plan

view of the bevBIGet3hilfyddethara btC I’—"’léw 25 ARG e A4 G 1 H DPER SFSEW Showi ng

the | ayoug.0f -2 %H@§§f&ﬁﬁb Eéogﬁﬁﬁ'éwbﬁﬂﬁﬁr@ﬁH@d@ﬁ@ﬁ%dkﬂg £Re Y ¢ir caRefther
enbodi nent of the 15 present invention; FIG 45 is a schematic plan view of

an eIectrohyEHCLOpnow@sshngSd@&ﬂdeZ&dc@Edﬁn@ew@lyeﬁC@n@@h@ﬁVémmndlnent of

the present in FIG. 4 tlc ers ctlve Vi ew s omnng t he
20 processing e%(gg %Qel and ‘tﬂﬁg %@lsnegc el dde "o Fﬁhe 6t olr{y
processi n@fd§M|@Be@f:rﬁlﬁ:lé%r&&sﬂﬂgldu‘e\ﬁJ.(SémefE&iﬂcClﬁqGd'tt yete\&nsmrwmg t he

processing electrode and the feeding el ectrode of the electrolytic
proceSS|n@mﬁéﬁﬂﬁénéfOﬁlGh%MPr%E?ﬂﬂ(}§VQH§¥%ﬂmiWﬁ&?%résré§bééﬁﬁgeﬁ¢ a

perspectiyg, and.traRt o Ye§¥Wse.l lustrating a case of nmounting an ion
exchanger oﬁ a erectar? ular glectrode FI GS. 49A and 49B are respectively

per spective andFiﬁonHZ Vi WS Crbastsactmgnalcaﬁewbﬂoﬁn@ntEhgcamdhmtic
exchanger on a_ 30 d el ec rode | G, .50

- f
o os o pRBr s e Bl e A 2R P LT hEs thr UBE, Bhgnel EheRat e T
frontiovi epreteyet it &et i e peesisimg s At 201 FB a200 G sarel feeash itgy eleddiigeodes;

FIG. 43 is a plan view of the bevel-etching device of FIG.
42 ;

FIG. 44 is a plan view showing the layout of a substrate
processing apparatus according to yet another embodiment of the

15 present invention;

FIG. 45 is a schematic plan view of an electrolytic
processing device according to yet another embodiment of the
present invention;

FIG. 46 is a schematic perspective view showing the

20 processing electrode and the feeding electrode of the
electrolytic processing device of FIG. 45;

FIG. 47 is a schematic front view showing the processing
electrode and the feeding electrode of the electrolytic
processing device of FIG._45;

25 FIGS. 48A and 48B are respectively perspective and front
views illustrating a case of mounting an ion exchanger on a
rectangular electrode;

FIGS. 49A and 49B are respectively perspective and front
views 1llustrating a case of mounting an ion exchanger on a

30 column-shaped electrode;

FIG. 50 is a schematic front view of other processing and
feeding electrodes;

FIG. 51 is a schematic front view of yet other processing



FIG 52 is a schematic front view of yet other processing and feeding

el ectrodes; FIG 53 is a schematic front view of yet other processing 5 and
feeding el ectrodes; FIGS. 54A and 54B are diagrans illustrati %ﬁ:ﬁgg ent
arrangenents of processing and feedinggel ectrodes relative to a Substrate;
FIG 55 is a schematic front view of other processing 10 electrode, feeding
el ectrode and ion exchanger; FIG 56 is a schematic front view of yet other
processin 4 Ge8¢ .rnodee, fcece%iéjlré% el ectrode and ion exchanger; FIG 57 is a
cross- seffron&c W& G Ar 8%t rol ytic processing device according to yet
anot her enbodi peat. 82 ihe sthepaesenfromyeriidwobf {26 ottt pradplsaing ew of
the electrolytic processing device of FIG 57; FIG 59 is a perspective
view of pad & i er; FIG 60 is a front view of the ion

|
exchanger of Fb%aﬁg'a 129 ELGSna81p mmﬁﬁefrfé?%ﬂé@gio@e%@i d

perspective views show ng yet anot her arrangenent” of proce ng an eedi ng
el ect¥ odesd Hle@dibky ieslesctplogiesyi ew showi ng yet anot her arrangenent of

processi ng and_f eedi el ectrodes; 25 FIG 63 is.a plan.view.show ng yet
anot her arr angétént: g’fqm p?ﬂﬁ%e%g‘? n%r%nﬂlf‘gﬁa‘iﬂﬁglszBEEFS&é?P \Igllépe@?qg% a
schenmat i @ RANIRSFHUE ol BWoREsaAng 8EH! b¥digy U NCESSISY 0B, A6eOr di Ng

to yet another enbodi mnent of the present invention; 30 FIG 65 is a
schemat i @ $PSHHERof the el ectrolytic processing device of FIG 64; FIG

66 s @ cross seeli onal; ofieu Alomle eECELERL YELE, BEOBRRSING A Ga Arcording |
to yet another enbo

iment of the 21 20 FEB 2006 present 1 nvention;
10 electrode, feeding electrode and ion exchanger;

FIG. 56 is a schematic front view of yet other processing
electrode, feeding electrode and ion exchanger;

FIG. 57 1is a cross-sectional view of an electrolytic
processing device according to yet another embodiment of the

15 present inventioﬁ;

FIG. 58 is a plan view of the electrolytic processing
device of FIG. 57;

FIG. 59 isa perspective view of yet another ion exchanger;

FIG. 60 1is a front view of the ion exchanger of FIG. 59;

20 FIGS. 61A and 61B are respectively front and perspective
views showing yet another arrangement of processing and feeding
electrodes;

FIG. 62 is a plan view showing yet another arrangement of
processing and feeding electrodes;

25 FIG. 63 is a plan view showing yet another arrangement of
processing and feeding electrodes;

FIG. 64 is a schematic perspeétive view of an electrolyfic
processing device according to yet another embodiment of the
present invention;

30 FIG. 65 is a schematic side wview of the electrolytic
processing device of FIG. 64;
FIG. 66 1s a cross-sectional view of an electrolytic

processing device according to yet another embodiment of the



FIG 67 is a plan view of the electrolytic processing device of FIG 66;
FIG 68 is a schematic front view of an electrolytic 5 processing devi ce
according to yet another embodi ment of the present inventionj dﬁb &@;IS a
schematic front view of an el ectrol yticgiprocessing device accor ng to yet
anot her enbodi nent of the present invention; 10 FIG 70 is a verti cal
sectional view of an electrolytic processing devi ce according to yet

anot her Q t present invention; FIG 71 is a plan view of the
electrolyt Ségggeggbﬁ%Qﬁ &Vice of FIG 70; 15 FIG 72 is a schematic
perspective viewdf.an7eliects gdydi cvigw ocesshagedevieelattor girog esos yrag
anot her embodi nent of the present invention, which is utilized as a

bevel - et chiRyiaevPEéeFIE1-G6673 is a schematic perspective view of an

el ectrolytic prpegssigng devi cgcReE LG 9 tY &fi ANOS AChn erRBRAINTRNL,0f - t he
20 present invention, which is utilized as a bevel -etching device; FIG. 74

is a dﬁhgrpnvcésasngaﬁewgCEhecswaﬁen@ft@ s@bsamatéeratmépdundeﬂganhqhe

el ectrol yti eSS|n n_the electrolytic processing device

(bevel - etcHFﬁg vitQEF MG 72 or of FIG 73; 25 FIG 75is a
cross-sectional vrew @b as eheethehytie Froaessiitg: defi ef ateartdidig tio: yet
anot her enbodi nent of the present invention, which is utilized as_a

bevel - et chPRECEEVIRE; deFiES ?§CP§dén€l§ﬁ VREWASP thRE EFCALaIaNE ©Hhridtessi ng
device of ElGseA3: i3%eRtGon/7 is a plan view showing a variation of the

el ectrolytic processing device of FIG 75; FIG 78 is a schematic front view
of an 1l ectrol théG pr Bcessa e deigale m@ma@ tiewet! amoeherc terrblodi inent of

the 20 FEB %gggs n%r%%%QEé %%%%%ﬁggg to yet another embodiment of the

present invention;
FIG. 71 is a plan view of the electrolytic processing
device of FIG. 70; '

15 FIG. 72 is a schematic perspective view of an electrolytic
processing device according to yet another embodiment of the
present invention, which is utilized as a bevel-etching device;

FIG. 73 is a schematic perspective view of an electrolytic
processing device according to yet another embodiment of the

20 present invention, which is utilized as a bevel-etching device;

FIG. 74 is a diagram illustrating the state of a substrate
after undergoing electrolytic processing in the electrolytic
processing device (bevel-etching device) of FIG. 72 or of FIG.
73;

25 FIG. 75 is a cross—-sectional view of an eléctrolytic
processing device according to yet another embodiment of the
present invention, which is utilized as a bevel-etching device;

FIG. 76 is a plan view of the electrolytic processing
device of FIG. 75;

30 FIG. 77 1is a plan view showing a wvariation of the
electrolytic processing device of FIG. 75;

FIG. 78 is a schematic front view of an electrolytic

processing device according to yet ancther embodiment of the



FIG 79 is a schematic perspective view of an electrolytic processing

devi ce according to yet another enbodi nent of the present invention; 5 FIG
80 is a schematic front view of the electrolytic processing %%Whﬁ@z&i FI G
79; FIG 81 is a schematic front ViEM/%f an electrolytic processing device
according to yet another enbodi nment of“ he present invention; 10 FIG 82 is
a schematic front view of the electrolytic processing device of FIG 81;
FIG 83 is a schematic front view of an electrolytic processing device
accor di ngresepsdt laveriéonenbodi nent of the present invention; 15 FIG 84 is

a schematic fr V4 of t I LG 2SSl i > El 83;
and FI GS. 85A ?E?odﬁﬁ@§§%%§%§@%éﬁﬁé%%géF?E%?%ggﬁﬁg?@%ﬁgggggﬁéﬁé t& process
steps, fekotessing devdeppearccoriddmneonnegies. a2 tBest eMbde ifremn tCarfr yiheg Qut
the Invention Preferred enbodi nents of the present invention will now be
descri be@TREERYr P¥FEFdE™0 the drawings. FIG 4A shows a plan view of a

substgate procesgi Ngp aRPAH AdfebCd df Pnt Oy Befii B8 +8ED QIR 194 slche
present 25 invention. FIGS. 5 through 7 show an el ectrolytic processing
devi ce abeordisngngodgvilicestofedd&di M@t of the present invention which is

used in the su ra processi r i ough -this i . _uses a
substrate as aP;%fk%ﬁeéggt% %éﬂgpggggsgg% tytgﬁgge %c%&oF@g?%QEgggegsing

devi ce, areeekpiece detvlier thanrditga teulysty ate chan, eaboddmese, oF shebe

enpl oyed. As shown in FIG 4A the substrate processing apparatus conprises
a pair oPTrES&8{tndAYRPdd® ™ g units 30 as a carry-in and carry-out section

for carrying iparandgoaniyiNs Himb CASEEILE ¢3e@ 00 FEBN20QE hRusiing 1@
substrate W e.g. a substrate Was shown in FIG 85B, which has’inits
surface areeppennti deve ces of ddikdudtlor film

FIG. 83 is a schematic front view of an electroeolytic
processing device according to yet another embodiment of the
present invention;

15 FIG. 84 is a schematic front view of the electrolytic
processing device of FIG. 83; and

FIGS. 85A through 85C are diagrams illustrating, in

sequence of process steps, for forming of copper interconnects.

20 Best Mode for Carrying Out the Invention
Preferred embodiments of the present invention will now
be described with reference to the drawings.
FIG. 4A shows a plan view of a substrate processing
apparatus according to a first embodiment of the present
25 invention. FIGS. 5 through 7 show an electrolytic processing
device according to a first embodiment of the present invention
which is used in the substrate processing apparatus. Though
this embodiment uses a substrate as a workpiece to be processed
by the electrolytic processing device, a workpilece other tﬁan
30 a substrate can, of course, also be employed.
As shown in FIG. 4A, the substrate processing apparatus
comprises a pair of loading/unloading units 30 as a carry-in

and carry-out section for carrying in and carrying out a cassette



(portion to be processed) , a reversing nmachine 32 for reversing the
substrate W a pusher 34 for transferring the substrate W 5 and an

el ectrolytic processing device 36. A fixed-type transport roRprE2008

provi ded in between the | oading/unloadipg units 30, the reversing nachine
32 and the pusher 34 as a transport device for transporting the substrate W
t herebetween. The substrate processing apparatus is also provided wwth a 10

nonitor 42 . i t.OnRi val t ag j t l,o esgeiLbed
pr ocessi ngh%€%%§r$%§§{ lE:O aa?icc‘i:" ?]léegl‘ﬁgaéejpged(ﬁes&o%gésem%ggsu%g%wi)ﬁe%??gl'ytglg%’
processi ngwhixchhrael eat tobysuefpeocessbpgerdévine636s ar candeteokr i£dlour r ent

fl owi ng therebetween. As shown ig FIG 5, the elect[olzgéc processin% devi ce
36 15 i nclRRESIEN st BFRREFEE! - 46 I VSFSordelidat 1hRe’ 4 F8& ERUSHF 1Y

swi ngabl e ghan dd, s ha4t&an, sWonEnhRer 8zond Ald Yand i ratdd agld BUpbsaRd tholdi ng
the substrate Wwith its front surface downward (so-called "face down"

manner P, aded posi LileséadoBeiést hrrheessipgt réeel el ddr- 462 afdksd-shaped

el ectrode Lon. 48 nggg 0. of i .at. i a . Ln.FlLG 7,
t he eIectr%ﬁ%ﬁggggﬁf%n 4 3ﬁa%?FE%%E&§%§£?H%$%W%?$$%ﬁigﬁ%@éﬁag§§@8§§%§é
el ect r odesuddtandof, eedingretecs ingesabBinbat32arandli shesedshealt nasel g with

their surfaces (upger faces) exposed. A filmlike ion exchanger 56 is

mount ed ont¥MRSHPPErdSIFRERToF - FESR PR 1B Aot P BERFBY 4BSEEPEEWEE cover

the surfacege 0kl r aROGRSI WL 18] LCLp08ESL R0 a8d hhe fieeding £l getrodes 52.
Thi s enbodi nent uses, nerely as an exanple of the electrode section 48
havi ng 0t henphbEessi4ry dhactPodbtosdnand t Heltegdi ngppreledt Aedess3P, tdech one

that has a,di gehel Topethandol G Lhak: 30900 dg-quislgal e Yise Lhat the

entire surface o e sug trate y ‘undergo el ectroly processing. The
i on exchang2ruhd rdye diercd yrrdrwprerekahngei mhitoh ellas t ravi yaricoprexebange

ability or_ a catign-exchange_ ability. A 24 20 _FEB 2006 cati on exchanger
preferablyd%%}??egea gfr8H9F§885F6FcCuEéFPBngéQHﬁaﬁgégﬁFS § &G f-oni ¢ acid

group) ; howeverasaH®#d QR FIG. 5, the electrolytic processing device 36

15 includes a substrate holder 46, supported at the free end of

a swingable arm 44 that can swing horizontally, for attracting

and holding the substrate W with its front surface downward

(so-called “face down” manner), and, positioned beneath the

substrate heolder 46, a disc-shaped electrode section 48 made

20 of an insulating material. As shown in FIG. 7, the electrode

section 48 has, embedded therein, fan-shaped processing

electrodes 50 and feeding electrodes 52 that are disposed

alternately with their surfaces (upper faces) exposed. A

film-like ion exchanger 56 is mounted on the upper surface of

25 the electrode section 48 so as to cover the surfaces of the
processing electrodes 50 and the feeding electrodes 52.

This embodiment uses, merely as an example of the electrode
section 48 having the processing electrodes 50 and the feeding
electrodes 52, such one that has a diameter more than twice that

30 of the substrate W so that the entire surface of the substrate
W may underge electrolytic processing.
The ion exchanger 56 may be a nonwoven fabric which has

an anion-exchange ability or a cation-exchange ability. A



exchange

r carrying a weakly acidic cation-exchange group (carboxyl g

roup)

may al so be used. Though an ani on exchanger 5 preferably carries a strongly
i on- exchange group (quaternary anmoni um group) , an j anger
U FER Sﬁ@?

basi ¢ an
carrying

a weakly basic anion-exchange group (tertiary or |ower

group) may al so be used. The nonwoven fabric carrying a strongly basic

anion- 1

0 exchange group can be prepared by, for exanple, the foll ow

net hod: A _pol yol efin nonwoven fabri.c, having a fiber diameter aof_ .20-5
and a poF@gﬁﬁé oﬁﬁéhﬁﬁg%ﬁ)9%?%f%ﬁﬁ%%%teﬁa?5l?ﬁe 450°CARE yraﬁ%a%%ﬁl
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irradiation onto the nonwoven fabric and the subsequent graft
polymerization, thereby introducing graft chains; and the graft
chains thus introduced are then aminated to introduce quaternary
ammonium groups thereinto. The capacity of the ion-exchange
groups introduced can be determined by the amount of the graft
chains introduced. The graft polymerization may be conducted
by the use of a monomer such as acrylic acid, styrene, glicidyl
methacrylate, sodium styrenesulfonate or chloromethylstyrene.
The amount of the graft chains can be contrcolled by adjusting
the monomer concentration, the reaction temperature and the
reaction time. Thus, the degree of grafting, i.e. the ratio of
the weight of the nonwoven fabric after graft polymerization
to the weight of the nonwoven fabric before graft polymerization,
can be made 500 % at its maximum. Consequently, the capacity
of the ion-exchange groups introduced after graft
polymerization can be made 5 meqg/g at its maximum.

The nonwoven fabric carrying a strongly acidic cation-

- exchange group can be prepared by the following method: As in

the case of the nonwoven fabric carrying a strongly basic

anion-exchange group, a polyolefin nonwoven fabric having a




conprising y -ray irradiation onto the nonwoven fabric and the subsequent
graft polynerization, thereby introducing graft 5 chains; and the graft
chains thus introduced are then treated wth a heated sulfurlzgmgmj(p
introduce sulfonic acid groups thereinto; If the graft chains are treated
with a heated phosphoric acid, phosphatée groups can be introduced. The
degree of grafting can reach 500 %at its maxi num and the capacity 10 of

“the ion- exchange c?roups t hus |ntroduced after graft polynerization can
reach 5 med ane&¥ ndin @ﬁéobé@bar?é?eﬁfl%?f%?l’?}ﬁeofoﬁbé’%c?hag@ge‘r 5% may

be a polyaqlg f'erbtgephtes ARl yethylene0r,- Nl Y oy Leae %ofﬁa{epwgflo%

or gani ¢ pol y ther, besides the formof a noAwoven fabric, 15 th
i on- exchang:@mptmyslbﬂg m-—rhg immmtaom\m/re’m ftater nopwaveneéepria godotse

ial, fiber t.hyl I
The base PSS o7 4FEE poRy et ariaon i BACETPLct Bl by rrrg ot3fe o

i rradi agi nghaadi Lackid/eveaysaky chamsorchalse@ht@@db@am a8t bhéher 29abage
material (pre-irradiation) to thereby %enerate a radical, and then reacting
the radi caikilt @ &eddecherl Lwgd ceBy 16ni Po#ﬁ?r@@‘aﬁﬁ SHATPB1Gi 2 BLd eRFOUDS

impurities @%’}eﬁiastg@ al f‘?dth\é\hed} eBB?E‘HEC ahql yﬂ‘ieéa@écﬁ‘%ﬂcpa% PRLYoLEf i N

is used as t mat erial, ©on hand, radical polynerization can
be 25 effe@ﬁmmnmaegdatpmpﬂaeté)gseupatc&m =13 mttﬂmcmcrmhonﬁ"meamlgree

irradiatin adl ctive rays ( el ectron beam or ra onto the
base mat er P41 AR B AT Gl bt OGRS ARhoHT S FRS by
provi dﬁounlofformh@r afi bnchaidhsinglet lg&o@(l%@s' i gabke iheradwkda vartety @fabase
materials. 30 By using as the ion exchanger 56 a nonwoven fabric havi ng an

ani on- exchANGaMERI7aYiHh R AT e‘%c‘h%ﬁlé% abhi 11§ ynaximuBecones possibl e
that pure water afuliLzapurepatien, QF ayd aubg o suchy a%@'rﬁ&#rr@eytéc

solution can freely nove within the 26 20 FEB 2006 nonWwoven fabric and
easi |l y arr ippd yatl ¢they setclhvespedhystivlehe ongoigrewpvdlmrie, kaveny ather

catal ytic aCt Iaﬂfé’pé?&m‘é@t erFurther, besides the formof a nonwoven fabric,

15 the ion-exchanger may be in the form of a woven fabric, a sheet,
a porous material, short fibers, etc.

When polyethylene or polypropylene is used as the base
material, graft polymerization can be effected by first
irradiating radicactive rays (y-rays or electron beam) onto the

20 base material (pre-irradiation) to thereby generate a radical,
and then reacting the radical with a monomer, whereby uniform
graft chains with few impurities can be obtained. When an
organic polymer other than polyoclefin is used as the base
material, on the other hand, radical polymerization can be

25 effected by impregnating the base material with a monomer and
irradiating radiocactive rays (v -rays, electron beamor UV-rays)
onto the base material (simultaneous irradiation). Though this
method fails to provide uniform graft chains, it is applicable
to a wide variety of base materials.

30 By using as the ion exchanger 56 a nonwoven fabric having
an anion-exchange ability or a cation-exchange ability, it
becomes possible that pure water or ultrapure water, or a liquid

such as an electrolytic solution can freely move within the



di ssoci ation, so that many water nol ecules are dissociated into hydrogen
i ons and hydroxide ions. Further, by the novenent of 5 pure water or
ultrapure water, or a liquid such as an electrolytic sol utiofgFgs2006
hydr oxi de ions produced by the water digssociation can be efficiently
carried to the surface of the processing electrode 50, whereby a high
electric current can be obtained even with a | ow voltage applied. 10 Wen

t he i on exchanger of ani on-exchan . abili.ty and
3, g

56 h | s
cati on- eXERYAY naSFgFﬁ%?aogl¥ﬁ$?§¥i%ﬁrf%ei%50 TGS ECHPS ATy

processi bbawawtear i &@aprard, hHavviaddi i oratailfpuc t kesighieyl i kely watfker m due
to the polarity. In order to solve this problem the ion exchanger 56 may
have sucHi&ssciaciore 18 R SAEM YHCEr GCLEWiEteR A &hi TR RMGE S 56a

having agys30Len- exaRange Apildd daandRatl el eneRange! &SGR mdhid ot
cation-exchange ability are concentrically disposed to constitute an
i nt edr al pstreuc e e orfinet wawre gxtkanger 8 lanph ittheuclk atsi aneérchandarts aray be

superinposed _on the suyrface,, to.be 20 ocessed,  of substrate. It may al so
e poss| BPG it aRaKENE HY TS HE SRBRaney S SR E T hBS i N IBRCAaIAer e each i n
t he shapeanohea S c it 10} sQose dders ather satehye Akt enBabirvelwsitle above
probl em can be sol ved bg using, as the ion exchanger 56, an ion-exchanger

B

whi ch i nelesérpdgapri-e¥nBEERYOR BRIAN IC D5 XA HfyE Gredupcan®tained

cati on- exghange «gr QUR,SYeh ad Ap18%ghanger may include an anphoteric ion
exchanger in which anion-exchangé groups and cati on-exchange groups are

di st¥® but ed r alWden yheai b picraniasr &vchangenly mwhiodhanannerxehehgege
groups and.cation-exchange groups are,present 30.in layers, and a nosaic ion
OxohangeP oL BRo SAt s SRR AR SN G nac e B S ae LARA 8o £ 1 ons
cont ai ni Bg eQaldtarlgRCRade; gqfopss Sitel Presesatid s pasdl | eh badtike oithi ckness
direction. Incidentally, it _is of course possible to 20 FEB 2006 27
se!eptivéW?uﬁéé}eésaFﬁei+%ﬁ}%%ﬁh§ﬁ§5‘@B?'%ﬁépﬁaPPﬁ@réﬁY-aﬁPbﬁﬂg%Ehéﬁge
ability Qb1986{AYLRGLA RAL1IN1 8RNI A bETay have such a structure

15 as shown in FIG. 8 wherein anion-exchangers 56a having an
anion-exchange ability and cation-exchangers 56b having a
cation-exchange ability are concentrically disposed to
constitute an integral structure. The anion exchangers and the
cation exchangers may be superimposed on the surface, to be

20 processed, of a substrate. It may also be possible to make the
anion-exchangers and the cation-exchangers each in the shape
of a fan, and dispose them alternately. Alternatively, the
above problem can be solved by using, as the ion exchanger 56,
an lon-exchanger which in itself carries both ¢f an anion-

25 exchange group and a cation-exchange group. Such an ion
exchanger may include an amphoteric lon exchanger in which
anion-exchange groups and cation-exchange groups are
distributed randomly, a bipolar 4ion exchanger in which
anion-exchange groups and cation-exchange groups are present

30 in layers, and a mosaic ion exchanger in which portions
containing anion-exchange groups and portions containing
cation-exchange groups are present in parallel in the thickness

direction. Incidentally, it is of c¢ourse possible to



according to the material to be processed. As shown in FIG 5, the sw ngable
arm 44, which noves up 5 and down via a ball screw 62 by the actuation of a
motor 60 for vertical novenment, is connected to the upper endgofpp266@ft 66
that rotates by the actuation of a notor,64 for swi nging. The substrate

hol der 46 is connected to a notor 68 for rotation that 1is nmounted on the
free end of the swngable arm44, and is allowed 10 to rotate by the

actuation of the notor 68 for rotation. The el ectrode section 48 is
connect ed cﬁerl&ﬂtllyeclé’ aufigll o rotr 1P SXENRRIEI | Yhed OO r BENEBIbYAR he

actuation qf, ithe Nl Qe BRLAT + orﬁbﬁ OBl €2 488nas8xanRHEE, é{@ff:{tﬁul)p' y

section for supp‘)alh(@l ng pure vvat , pre‘?erably ultrapure water, is fornmed in
15 the centarcajorphntg dro afh« hmmemloue lseecplrcnmeﬂﬁedThe through hole 48a is

connected to a p ter.su y pip vertlc 1y nds_inside the
hol | ow not or F'ga\%ﬁt &f Pgé u?t réb lei §r8uppIi Eﬁ ﬁr’Bﬁ‘éﬁstlﬁ%

t hroughs h0|a31d4&@wn angd yiwalhesddw @chngﬂé S6tud ISR iaeflotort e eatire
processing 20 surface of the substrate W A plurality of through-hol es 48a,

each commuriegdtliaag WCMEMERE: pdse CRADEFTSAPHP yLIF JPIEE avs) OBed pRBGERY to
facilitate 1.1hh‘?: Roecgss B?V&hguégtﬁgi“f@hncgf W &6 18 6 48 RbkT gw%g‘iﬁas' Nehe

surface of e substrate ure water nozzle pure wat er
supply 25 sséxcttiratd bpldeppt §iim cpu:nlnecm/atietow moltbra@&urfenwmbtatwmt‘elmﬂt ng

in the radial dir ctlon heeect esectio 48 an Vi lurality
of ool 90 pEuhEEl R BE L S o 3T SRThORR S G Fan Shd Ya ALlet S, o
ultrapugse wat efota:d s SppdBtht Don tde mf@@@o@fsg hﬁoﬁu_b@téawnwf rom
above and beneath the 30 substrate W Pure water herein refers to a water

having an el ect A€ ebRAHEPHS 1 BIOMAEE %%F@Wefbdias%ﬁiyma@ﬂh?)‘ﬂre

wat er refens,df aonalfd 1hayi 1g.a8 *@d ‘?:Bft'é‘t% W%@x‘écébt’hé{l@ﬁ JY0kn M £ Lpan
0.1 pS/cm Instead of. pure water, 't quid having an 28 20 FEB 2006 electric

conduct i vi tﬂ}Dt@fr M8t r@rtélnthﬂaolq);@,ﬁ@na@ra anye wieer rsoipplivesseltavnoforay be
used. By s%%%ﬁ@ﬁ%%g'%%re water, preferably ultrapure water, is formed in
15 the central portion of the electrode section 48. The
through-hole 48a is connected to a pure water supply pipe 72
that vertically extends inside the hollow motor 70. Pure water
or ultrapure water is supplied through the through-hole 48a,
and via the ion exchanger 56, is supplied to the entire processing
20 surface of the substrate W. A plurality of through-holes 48a,
each communicating with the pure water supply pipe 72, may be
provided to facilitate the processing liquid reaching cver the
entire processing surface of the substrate W.
Further, a pure water nozzle 74 as a pure water supply
25  section for supplying pure water or ultrapure water, extending
in the radial direction of the electrode section 48 and having
a plurality of supply ports, is disposed above the electrode
section 48. Pure water or ultrapure water is thus supplied to
the surface cf the substrate W from above and beneath the
30 substrate W. Pure water herein refers to a water having an
electric conductivity of not more than 10 pS/cm, and ultrapure
water refers to a water having an electric conductivity of not

more than 0.1 pS/cm. Instead of pure water, a ligquid having an



processing liquid during processing, the instability factors of processing,
such as process products and di ssol ved gases, 5 can be renoved, and
processing can be effected uniformy with good reproducibiIitnfiﬁg?@&ping
to this enbodiment, as shown in FIG %Sgand FIG 7, fan-shape& el ectrode
pl ates 76 are disposed in the electrode section 48, and the cathode and
anode of a power source 80 are 10 alternately connected, via a slip ring 78,

o oot dnde, BLANES.T0: cJNc P! BELM Sfi6- 01 Abes, T80 OMOEEPLlO P 1 e

cat hode of é‘pomer Sourcé rocessi ng el"ectrodes
el ect r ode: Jd@&iwsl yii cosnBeatadnt ande banogdecsbecorey t kaphaedinyg suehed r odes
52. This applies to processing of e.g. copper, 15 because electrolytic

processi f Bt Soperl bk U O tHE Cesitiishe e =

material 40 ﬁ%c@s%cﬁmb?f,edsu&heas tdids ddencan ed Jeedingeelgeddode and

t he anode side can e a processing electrode. Mre specifically, when t he

mat er Pal carp Hee rprmovesisednids psoppes Lngotgbdeauad f¢eoed omifermlkedi 20

el ectrol ytic, processin pr o eeds on the cathode side, and therefore the
respnfgsuca. I

el ectrodegopcidate connected to the cathode of the power source 80 shoul d

be the processiyigceldeiy adeshbd aitbd inlentel et shdenpiraras .76 sodrrEenied to
t he anode shoul d be the feeding electraodes 52. In the case of alum num

silicon of tRE552PPReclBRtEREC RIS HARRTRIFIRVISA iR PrEERT P oceeds

on the anodg i 48, AGOtHENGhYnodbea Rt @I PhabeRe fORREELEDs( 104 he
anode of the power source should be the processing electrodes and the

el eclPoder PWlemtrest lohrewnieeictedt heizat hoter shogl d8be tohdheeediamtmidet r odes.
30 Though this odipent WS e i ich n-shaped _e|lectrode plates
: é)la etseg%? '&‘Hg elesgé)xt'%deapg.)a;'ﬁstes I;'?Y%énn %%ed sco ﬁﬁee?%@fl?% F

76 are separa rom oné anot her t he of "t he de’sect i on
48 whi ch tils pompesedudteadl ittt theg pirdessahg el vridideA80 sy @so be

formed as a separate bhody 29 20 FEB 2006 of another insulating material so '
t hat 'puréejv%‘&tetfc’dc?r pclﬁ@q%/g@ cORReGESuppl FRE FRPOBIRCTIMer Yadeedidtdeen the

insulati i ectrodes 52. This applies to processing of e.g. copper,

15 because electrolytic processing of copper proceeds on the

cathode side. Depending upon a material to be processed, the

cathode side can be a feeding electrode and the ancde side can

]uaaprocessingeiectrode. More specifically, when thematerial

to be processed is copper, molybdenum, iron or the like,

20 electrolytic processing proceeds on the cathode side, and

therefore the electrode plates 76 connected to the cathode of

the power source 80 should be the processing electrodes 50 and

the electrode plates 76 connected to the ancde should be the

feeding electrodes 52. In the case of aluminum, silicon or the

25 like, on the other hand, electrolytic processing proceeds on

the ancde side. Accordingly, the electrode plates connected

to the anode of the power source should be the preocessing

electrodes and the electrode plates connected to the cathode
should be the feeding electrodes. _

30 Though this embodiment shows a case in which fan-shaped

electrode plates 76 are separated from cne another by the ribs

48b of the electrode secticn 48 which is composed of an insulating

material. The ribs 48b may also be formed as a separate body



materials. By thus disposing the processing electrodes 50 and the 5 feeding
el ectrodes 52 separately and alternately in the circunferential direction
of the electrode section 48, fixed feeding portions to supplyategbobsity
to a conductive film (portion to be progessed) of the substrate is not
needed, and processing can be effected to the entire surface of the
substrate 10 Further, be changing the positive and negative in a puIse

manner, an _el ectrolysis duct ¢ e d| d_an fl t he
processed Qér988%B85nlBéugﬁ%§R@e§a%ergﬁe ﬁulﬁ#%ﬁ u?% %%E?fdﬁé ¢ 12lke
processi ngcaW tde rQ@p@meaoth&eu@hocmﬁeﬁ@aai@:t}beﬁeeéﬂ and t:hﬁsdleeﬂiirng 15

el ectrode 52, oxidation or dissolution thereof due to an electrolytic
reaction |§a§€ﬁé@éﬁly a problem In viewof this, it is preferred to use,

as a base materi ggt fehutshelse%e'ﬁ% t@Jee%tﬂoe@esfi%g AR NHY adet@le t hat

is relatively inaCtive, a conductive Oxide or a conductive ceramcs, rather
t han a et dke20ngr ﬁéEatrodﬁf}south va&imrg,am’sled tod ehéterodsslyA hoblthe

net al - based , elect ode na f.or e bta ned I ng. or
coati ng pléﬁlﬁ%% lﬂ%ﬁﬁ?) 5%ﬂ$ﬁh1gi Seéﬁ%?#ﬂéﬁ] K%t i ng
t he coated f@'e@ﬁhrgo%r&.tlo&lsmi%‘ éeﬁpeyaéyéetﬂ@leyal@bl lazeoamﬂ;cailr@gﬁlmem t he

el ectrode. Ceram cs products 25 are generally obtained by heat-treatin
i nor gani ¢ r@RTROSr T8l Be PERGESEFEN €5 BRedueRItRAVEny® ViRt diRePRBpeitd es

are produc ers% \é;aédérﬁ’ié% éf‘f\%é@é&%'oaéﬁe Reky 'é’&@&%é%%thce%@bgﬁ?aé@q

nitrides of wetals nonmet Anong t en1t ere are ceramcs aving an
el ectri€ cd@mdatdteiryilby chM@lrmtEEemsriddera sndxiediazed;e 30 & helsalmmnroir t he

el ectric resistance genera ease use n . ipgreas appl i gd
vol t age. nge\?é CC By “Brot e@tlyOduct% e st éj g’as(?f Vaer(liae rle':{(;t rhodeﬁvm rhesoso of

non- oxi dat ithe };Bmcb@é$§éd suetfaa& cph dlel gnaratedby it e natduplexerapadtdesisatch as
an iridiumoxide, 30 20 FEB 2006 the decrease of electric conductivity due

to oxidati Of SFYKESEEse material of an el ectrode can be prevent ed.
With respect to the processing electrode 50 and the feeding

15 electrode 52, oxidation or dissolution thereof due to an
electrolytic reaction is generally a problem. In view of this,
it 1is préferred to use, as a base material of the feeding
electrode 52, carbon, a noblemetal that is relatively inactive,
a conductive oxide or a conductive ceramics, rather than a metal

© 20 or metal compound widely used. for electrodes. A noble
metal-based electrode may, for example, be one obtained by
platingor coatingplatinumor iridiumonto a titaniumelectrode,
and then sintering the coated electrode at a high temperature
to stabilize and strengthen the electrode. Ceramics products

25 aregenerallyobtainedby heat-treating inorganic rawmaterials,
and ceramics products having various properties are produced
from wvarious raw materials including oxides, carbides and
nitrides of metals and nonmetals. Among them there are ceramics
having an electric conductivity. When anelectrode is oxidized;

30 thevalueof theelectric resistancegenerally increases to cause
an increase of applied voltage. However, by protecting the
surface of an electrode with a non-oxidative material such as

platinum or with a conductive oxide such as an iridium oxide,



The processing el ectrodes 50 and the feeding el ectrodes 52 may be di sposed
as showmn in FIG 9A: Pairs of the processing 5 electrodes 50 and the
feeding el ectrodes 52, each pair sandw ching an insul ator 82a,q43 g@ﬁyosed,
within the el ectrode section 48, in ggfan-shaped region ranging fromthe
center to the periphery of the el ectrode section 48 so that the nunber of
the pairs gradually increases fromthe center to the periphery 10 of the

T he St L aEpEraLERa gl oW L LY pe Al Wt&gﬁ% 8] B&lhads ek e 28 and

t he substrate are rotated, an rent unit
current Hensiihytebeéadnes amealbetwede cancbatpabvpntédon of the electrode

section 48 where the relative eed.to e su te Wis om/a

peri pheral por fR®PHPCERHRIAS %4% Y?%%%Sééﬁ rﬁhgi aﬁggénghg ?EFﬁ?g9§ speed
to the Sgbsrﬁa[ftbee dY\éFésauews ey the. elect pl ybigr pHRCESSEBgsEAge can be

made constant over the entire surface of the substrate W™ This arrangenent

i s adapt eaenbtodﬁsy 0 tand damsodifsedingn skectrades SDbst Lacd Ppasr
position pe si de.acros ce r of t 20. t.r.od n 48, but
gangxgéc ﬁnﬁharbﬁnFHg %P&rﬁ‘? Q g d s@% Wl\/\h%i the gl? ﬁ?ﬁ |

also to Fode’ Hon 28 ich™1s°s y | arger
t han t hessubsbnate, is a&fimlﬁ@drﬁ@'{(ﬁ’l atouti igh € reent-eke afenttbe sgbstrate
W(see FIG 17 and FIG_18). As a nodification of the above el ectrode

ar r angensig, p§§lp§§r§h8ﬁntpﬁ rrectggde; sersipBséfpfe tB2hakBet RBMBRECt r ode

section o4& of gﬁ@%dé’ﬁlﬁ&h@&b@seéoﬁéﬁkhéQf‘erﬁdéc%qgf‘e peetHABrg8

itself can functlon as the feeding el ectrode 52 (or the processing
el ectd odefshe ahdcenbdd tIRcpraredi ng Witdet Ebaes arB(ﬁT(Qﬁmetrﬁ'e f &Bei ng

el ect 1 00g3. 3} o WL Gy & 8 gSgpRLALe by NS, 3G Isulaton 82be L Lhg insi de

of the el&ec € section can reduce e  Runber ' of
Al t er nat eMebgntaseshnma dredl G e 1A r e fFrociess) ngcoﬁbeoé\reﬁdbeﬁﬁeand one
feeding el ectrode 52, adjacgent tg each other 31 20 FEB 2006 and each in the

shape of afqrhWael;(Pé’ﬁdﬁlﬁG P+ e ReSCERPER Trds 4Bt MRe BRI PhER Y26 VEhe
el ect rodgpseqt+ OB s bR R& diSPISESl iadhd a peripheral portion of the

15 electrode section 48 where the relative speed to the substrate
W is high, whereby the electrolytic processing rate can be made
constant over the entire surface of the substrate W. This
arrangement is adapted not only to this embodiment in which the
substrate W is positioned on one side across the center of the

20 electrode section 48, but also to a case in which the electrode
portion 48, which 1is slightly larger than the substrate, is
allowed to rotate about the center of the substrate W (see FIG.
17 and FIG. 1é).

As a modification of the above electrode arrangement, as

25 shown in FIG. 9B, it is possible to make the electrode section
48 of a conductive material so that the electrode section 48
itself can function as the feeding electrode 52 (or the
processing electrode 50), and embed the processing electrodes
50 (or the feeding electrodes 52}, which are separated by the

30 insulator 82b, in the inside of the electrode section 48. This
can reduce the number of wires.

Alternatively, as shown in FIG. 10A, one processing

electrode 50 and one feeding electrode 52, adjacent tc each other



the inside of the electrode section 48. Also in this case, as shown in FIG
10B, it is possible to make the el ectrode section 5 48 of a conductive
material so that the el ectrode section 48 itself can functi o EEB!12006
feeding electrode 52 (or the processing electrode 50), and enbed the
processing electrode 50 (or the feeding electrode 52) , which is separated
by the insulator 82b, in the inside of the electrode section 48. 10

Al ternatively, .as sho in FlG 11 airs_aof _th rL.QCessi el ectredes 50
ot ha t i g%y BTV s og A ard Bk 2pdiabl BroR WORCEBLIG SR ERES OO
be di sposeathd pddigptdasy der wfe e ety céetient 4en A8ysuehdispbséheihength

of the processing _electrode_50 and that of the feeding. electrode 52 in the
15 ci r cunfidrentisidiofedticoR L§FAIAIRI §oFhePRates Ao tRetBaft 6R5Cr 02 he

periphery §io4de ekeetr o ,SP@tiist)po%ibg\gSeoinm&it%ece%cuaaes@@wiw FI G
118, it is possible to nmake the electrode section 48 of a conductive
mat eri &l S48 tdfata tdrnd@hetivedeatectabnsd8that sethé ebecturde i dpchsonhésd

feeding electrode 52 (or_the 20 processi | ectrode_50). , d enbed the

bt ocessi ng ULt 1 638 TRREEOPRLHE L8R, iR KA r GABETEINe i dftar Ent
separ at ed g dds indisell atro82b50j N 4he émsederod pheces echdg osleeseeblion 48.
Alternatively, as shown in FIG 12, it is possible to make the el ectrode

section 49%f (er cBhtuéePderFatericalrods tRat e clob elRaF e S deY | Bhe4s
i tsel f . ' t he, f eedi 5 i | ectrod
ltse Car&rfr%g%t%cﬁ}; #5,  hen T eRdi Dﬂsféig%fog% %&ggrws PLOEESA! @gye ectrode

50) , and e processing el ectrode I'S separated t he
i nsul @aPor 82b arid teatreridisve ki r @lsl ysbowti nuousiE,. | hldhe naisisdeodf the

el ectrode section. _48.. Further sh i n_Fl 13, ,the processin

Gl oot rodeP L0 SO THeSFERar oS LI 0T Do T e g R R T PRes & SCPEW £ rom
the centgjaiosthawhehiphetie dhsile telregl4 peaysiesdiepos®d MtHeeindigposed
in the inside of the el ectrode section 48 alternate %, with the insulators

I
82b bei ng Yahbfi et r3e 56 CFEBNYDBVEN T FBRH SNHSLYR HSIPFPERPeENTit i s

?l;eg_oﬁr se Jossil e 60 dmdrihyte o dol tReaphecessig-sdectpodes apd the
i
1% circumferential direction gradually increases from the center

to the periphery of the electrode section 48. Also in this case,

as shown in FIG. 11B, it is possible to make the electrode section

48 of a conductive material so that the electrode section 48

itself can function as the feeding electrode 52 (or the

20 processing electrode 50), and embed the processing electrodes

50 (or the feeding electrodes 52), which are separated by the
insulator 82b, in the inside of the electrode section 48.

Alternatively, as shown in FIG. 12, it is possible to make

the electrode section 48 of a conductive material so that the

25 electrode section 48 itself can function as the feeding electrode

52 {(or the processing electrode 50), and embed the processing

electrode 50, which is separated by the insulator 82b and extends

spirally continuocusly, in the inside of the electrode section

48. Further, as shown in FIG. 13, the processing electrodes 50

30 and the feeding electrodes 52, extending like a screw from the

center to the periphery of the electrode section 48, may be

disposed in the inside of the electrode section 48 alternately,

with the insulators 82b being sandwiched.



el ectrodes uniformy in the inside of the el ectrode section 48. Next,
substrate processing (electrolytic processing) by 5 the substrate

processi ng apparatus will be described by referring to FIG %'F]ﬁ%ﬁ?ﬂﬁ a
substrate W e.g. a substrate Was shgawn in FIG 85B which has inits
surface a copper film6 as a conductor film (portion to be processed) , is
taken by the transport robot 38 10 out of the cassette housing substrates

and set in the i nl|9ggl'! ik f . ssar e rate Wis
transported toF?#ggggleg%lgfng e Plrzl% %ﬁé‘gge?évlgfcs% ?ﬁecydsuu stpgggﬂjs% t hat
t he frontosdifecebofetde ubshrapeo¥ébhavhggeldet cotdesiciror thisl Feetiaaegs

downward. . The substrate W_.its fgont surface faces 15 dgwnward, is _then

t ranspor EeBCHYOPRE YR LHRTBIY Ibhoe 8BS He FRFLRHeFTRA9% £ SAHEE e
substrate Wonythe pushefrdde Jhecsibsid atea Vo the Pyshes3 gy altracted

and held by the substrate holder 46 of the el ectrol ytic processing device
36, dand the sibsttmdeehdlsre46ins ApPedadyst helswi regRblde s@mbzdl 4byto a
processin osi.tion _ri.ght ove the electrode section 48. The substrate
hol der 4§g|f§rf:ﬁ¥3ﬁ IQSWIEFngegd %}?"the actuation of the notor 60 for verti cal
novenent, so thatsthes sulisdtaitee WV aedd Hysubs ratesr ag eshodrdem #6Gcont act s

or gets close to the surface of the ion exc{_anr‘?g 56 nounted on the upper
surface 598 Wilthdad &8t +bAcSEEATDA 98PPRE §it BE HARFUHYE AR when a

liquid likerdhbhapyrge MR&EEsHBEEN |4 selfehas, ardandnpo st vk 3§ used,
the electric resistance can be | owered by bringing the'ion exchanger 56

i nt &0 coAvact o tthe heaasssiat 8oWs nker ebpsthatrequindt esatol tiage tdan 30
al so be th@&ﬁE}/ﬁpﬁF%g“ﬁg@" %H%tp%er %%“%‘@H&és%p’}rfa% e spdycede wThe

"cont act €s “ho ress”™ for giving a sical 'energy (stréss) to a
wor kpi ecerasspnrEhB. tAdher dengt ying hachelnecB? aloyrecepracessEnh sdewitee of

Lo erbodent cempLovs. Lhe 20.7E 2006, 33 vet )l Upuelent ot 0 for
section 48 mapdcd9e$ow®bard. The substrate W, its front surface faces
15 downward, is then transported by the transport robot 38 to the
pusher 34 to place the substrate W on the pusher 34.
.~ The substrate W on the pusher 34 is attracted and held by
the substrate holder 46 of the electrolytic processing device
36, and the substrate holder 46 is moved by the swingable arm
20 44 to a processing position right above the electrode section
48. The substrate holder 46 is then lowered by the actuation
of the motor 60 for vertical movement, so that the substrate
W held by the substrate holder 46 contacts or gets close to the
surface of the ion exchanger 36 mounted on the upper surface
25 of the electrode section 48.

It is to be noted here that when a liquid like ultrapure
water which itself has a large resistivity is used, the electric
resistance can be lowered by bringing the ion exchanger 56 into
contact with the substrate W, whereby the requisite voltage can

30 alsoc be lowered and hence the power consumption can be reduced.
The “contact” does not imply “press” for giving a physical energy
(stress} to a workpiece as in CMP. Accordingly, the

electreolytic processing device of this embediment employs the




have such a press nechanismas usually enployed in a CMP device that
presses a substrate against a polishing nenber. This holds 5 also for the
bel ow descri bed enbodi nents. In this regard, according to a ChrFe®vigng, a
substrate is pressed against a polishingssurface generally at a pressure of
about 20-50 kPa, whereas in the electrolytrc processing device of this
enbodi nent, the substrate Wnay be contacted with the 10 ion exchanger 56 at
a pressure of Iess t han 20 kPa. Eve ressureéess t han

af a K@
suf fi ci ent oot L PROCREER hg'RFPhctO %%5 LT By ?tr%tﬁ eﬁnggltage

is applied dd&0mdhe Rayer sPUEESEnd seeckkGaeSiebeivgers [ haPHBeasSRbEY
el ectrodes 50 and the feeding 15 electrodes 52, while the substrate hol der

46 and t he helwrtsuode asprebormashar esm disatsdalAy empleped in @eCMﬁudevmeer or
ul trapure ter |s supplied,, through.the thr | e 48 m_ben h
the el ectro %85 g,re 45 stu si rah{:e g%alnsg ngglng mem% gf % S E fgg

e upper rfage ere an sifu taneously,

pure wager sl tsaptie pMalew— ﬁ@s@ﬁﬂ@édeﬁnbaﬁlﬁ@ﬁﬂugh the pure water nozzle
74, from above the electrode. R section 48 to the u surface t her eof ,

thereby filling ﬂﬁré-lﬁhFegaSP U € TR RT Vet ér CiIRt Y*&?sﬁhéé PB&EREEN T Fhe
pr ocessi g palth et ol orpEadaniig. s 52:a00 Ghite subey A 8 W Tagebye

eIectrontrc processing of the conducCtor fil copper ilme6) 25 fornmed on
t he subst r atteoW i2) &G écé’taede?rhyarugérha eriecmrolmtdrc*omrdeeiseﬁrmpdedmced in

the ion exch er 56., A cordrn ove el ec roI Yt qcessin

devi ce, é¢ ot *me%gdrgbeﬁu aQ‘ ﬁ&&?gk% o%%cga %h gaﬁced
by all mw nglcnureeccmai@ér @6 Wi raapuéesméeoftpeééouhmtzm xHahe E@ene&changer
56, 30 and the |arge anmount of such ions can be supplied to the surface of
the substr S IFUTREPSHYERHR 18118 r 8IS PreddesSTRY2 L &Y OFE S S Efeat
efficientl yaadMse specifbgally, by allowng pure water or ultrapure 34 20
FEB 2006 water to flow within the ion exchanger 56, a sufficient amount of
wat er can be suppldxd. ﬁbgaVﬁan%@lem@¢Jgreepleedlfeﬁmcuatm@wer source 80

(see FIG. 5) between the processing electrodes 50 and the feeding
15 electrodes 52, while the substrate holder 46 and the electrode
section 48 are rotated. At the same time, purewater orultrapure
water is supplied, through the through~hole 48a, from beneath
the electrode section 48 to the upper surface thereof, and
simultaneously, pure water or ultrapure water is supplied,
20 through the pure water nozzle 74, from above the electrode.
secticn 48 to the upper surface therecf, thereby filling pure
water or ultrapure water into the space between the processing
and feeding electrodes 50, 52 and the substrate W. Thereby,
electrolytic processing of the conductor film (copper film 6)
25 formed on the substrate W is effected by hydrogen ions or
hydroxide ions produced in the ion exchanger 56. According to
the above electrolytic processing device, a large amcunt of
hydrogen ions or hydroxide ions can be produced by allowing pure
water or ultrapure water to flow within the ion exchanger 56,
30 and the large amount of such ions can be supplied to the surface
of the substrate W, whereby the electrolytic processing can be
conducted efficiently.

More specifically, by alleowing pure water or ultrapure



group in the case of an ion exchanger carrying a strongly acidic

cati on-exchange group) thereby to increase the anmount of 5 dissociated water
nmol ecul es, and the process product (including a gas) forned hyrkRgegpgaction
bet ween the conductor film (copper fizglsam 6) and hydroxi de ions (or '
radi cal s) can be renoved by the flow of water, whereby the processing
efficiency can be enhanced. The fIOM/of pure water or ultrapure water is

thus 10 Dgeessapye1dpd, iied Loy nw@&8§aﬁ§89' desiuahl L be canatant - and
uni form "Thé cons ancy ‘an ornlt ol of eads to
constancyfaﬁdtumltannbéysmpplhedsumgiWUﬁtummﬁﬂa@dom@e (snémovdlc ek ithe

process product, which in %urn | eads to constanc and uniformty in the

processi BEOUPH R 685 ReNt A IABtEXCANIe T SaLy éngc%rﬁHroé‘(?]\M BRLERE soak

type appéé%&%ﬁ,—e&*&%a%%te S@Akub Y PeheRPAF at¥S iin:rHGd ethl ahAidanggment
because there isn't the necessity to control contam nation of the liquid in

t he TontlasmeriaTkd woner 610l£Z e t ang thitepyoreagengshidted ibetlwdémat he 20
processing_ el e rode . tr or..t-he tric
%%FHE Bgﬁjﬁg %g%&eﬁ %Qg% A?ﬁl 89§§¥é%?r film (C%Pp%

current fI ng ween e end poi n ermna

processi fg)lm. 6} t ahd hptiedxidet hoss conneTH imidils) icanebec trenloytdd by

processigg an _electric current (applied voltage) varies, dep endlngﬁypon t he
6 ‘

mat eri al 5é°Hr66%§§€HHTQQ”EVéWWM?¢Ptﬁﬁp%%ﬁ%l%%l?%BéC{%PEEtFPB rrent)

For examph@andeq.shemp enokl Gr JdAe WheBraprelieethbGreULESRL 1§ RRRItored in
el ectrolytic processing of the surface of a substrate Wto which a f|In1of

mat er@ al nBcgrdaayf.i badothaaf bev ab £ Araker |sHaumat e@siiraitllyi $eocdastaatconst ant

electric rr e r|n 0 f terial A but it
changes u%gn It(% EOhﬁl f:)lsrfo %%s c%;slgl nlgl%?ﬁ?ﬁg?% grenrgen{@rracfferl 51 B.
L|kemnseleaassh@wfbmgmadﬁyaanranlﬁbemghyalnaﬂﬂianppuglbagﬂam§ afplthed
bet ween t he proceSS|ngéeIectrode 50 and t he feedlfg el ectrodes 52 during

20 FEB 266B°¥51t Pt ProBE8SPAG RifoHiftler MAFCA, 11 ¥ ™ot Tage pFrredadianges
upon thgnahidirdPmihg iR eReSHNLHfidde dnfiketRMaimeeF il nBr £Gax

15 type. Compared with the soak type apparatus, the not-soak type
apparatus is simple in an arrangement because there isn't the
necessity to control contamination of the ligquid in the
container. ‘

The monitor 42 monitors the voltage applied between the

20 processing electrodes 50 and the feeding electrodes 52 or the
electric current flowing therebetween to detect the end point
{terminal of processing). It is noted in this ceonnection that
in electrolytic processing an electric current (applied
voltage) varies, depending upon the material to be processed,

25 even with the same voltage {electric current}. For example, as
shown in FIG. 14A, when an electric current is monitored in
electrolytic processing of the surface of a substrate W to which
a film of material B and a film of material A are laminated in
this order, a constant electric current is observed during the

30 processing of material A, but it changes upon the shift to the
processing of the different material B. Likewise, as shown in
FIG. 14B, though a constant voltage is applied between the

processing electrodes 50 and the feeding electrodes 52 during



14A il lustrates, by way of exanple, a case in which an electric current is
harder to flowin electrolytic processing of material 5 B conpared to

el ectrolytic processing of material A and FIG 14B illustr3¢Efpf %86 i N
whi ch the applied voltage beconmes higher in electrolytic processing of
material B conpared to electrolytic pr%@essi ng of material A As wll be
appreciated fromthe above-descri bed exanple, the nonitoring of changes in
10 electric current or in voltage can surely detect the end point. Though
t hi s enbodilrentr steswinde taseenhiedet hehaomttrge 4ppdorid chengies upbtiage

appl i ed between the processin el,ectrodes 50 and the feedi.n | ec des 52,
or the el etéi‘?isgll{thrt[r)oe %Pﬁﬁgﬁasﬁﬂgrggeﬁ%eﬁﬁe% W%el{elagnﬁ'poﬁg'of 15
processi ngy 44 ti 1115 A S0 D5 Pl yt Of ad oMy e ameAkE0In 44 ilch BBNEY 8Etrdcchange

in the state of the substrate being processed to detect an arbitrarily set

end poi nt @irrepedsshagderita Ailevchselechaolend cpprte o ipy 6deBatRgiréf ers

to a peint i i i a i iLreqd f a ecified

r egi ongi n Baaéol%%;d %gﬁs)l%ﬁ&pﬁlﬁggéﬁ&%} a gjoitorﬂ ﬁ]gtig\%%:aghgénggrcrlogﬁtg

correspondi4® ilbuatdesesed preeessi ndhiariputtie isp@l ial nedl tage ebasonksa

par amet er rrel ated vvigch 3 Erocessi ng anmount. for_a .s ecgfied re%i onin a
BY ¥

sur f ace tc}"'c OF otBsE&GC 4§ BFATEY) et TRF et BRETRY tRe end

poi nt of pNCessh NGt e¥efrdded ftndgidh@teh-id3 BroGessiing, pkt apgeenestpassi bl e
to conduct a nmulti-step el ect|roc¥t| c processing. This holds also for the
bel ow desiFebdd e pbodiarelasser ihed RrgI@dAnethp gt Mo BHEVS i FhRPGES4BR it is

; ; ‘ ; ; ‘ ¢
0t B0 1R o L R A o S v v Easeet P S Sl BB T o
section 48 a fi|Thdiglckitess esdshimdrit |ghdwWwd dbeesssedehecki bhesmohiony S

having @ | S ENALLIG SEULON. L0l SO SOLLAN, apdee bighistesel ving
can measurelddierdde s sohaginens péed@ingrélebtrb@ebespr oseserd, ebethgic
processed égkégéél flowing therebetween to detect the end point of
15 processing, itisalsopossible toallow themonitor 42 tomonitor
a change in the state of the substrate being processed to detect
an arbitrarily set end point of processing. In this case, the
end point of processing refers to a point at which a desired
processing amount is attained for a specified region in a surface
20 to be processed, or a point at which an amount corresponding
to adesired processing amount is attained in terms of a parameter
correlated with a processing amount for a specified region in
a surface to be processed. By thus arbitrarily setting and
detecting the end point of processing even in the middle of
25 processing, it becomes possible to conduct a multi-step
electrolytic processing. This holds also for the below-

described embodiments.

In this connection, as shown in FIG. 4B, it is possible
to form a window extending through the electrode section 48 for
30 transmitting a light therethrough and provide beneath the
electrode section 48 a film-thickness sensor (film-thickness
detection section) S having a light-emitting section for

emitting a light and a light-receiving section for receiving



based on the detected change in the intensity of the reflected I|ight. The
end point of processing can be detected based on the 5 results of the
filmthi ckness neasurenment. After conpletion of the electrolybbqqﬂ§9&$§sing,
the power source 80 is disconnected, s;gnd the rotation of the substrate ?
hol der 46 and of the el ectrode section 48 is stopped. Thereafter, the
substrate holder 46 is raised, and is carried to the pusher 10 34 by the
swi ngabl e arm 44 to place the substrate Won the pusher 34. The transport

robot 382t ak@88tthe Wifbst+HFetMIFERAE T nEePESher O34 &HRPSY%E nkliesSarp,

transporig;thRe sHhSE LALEr EQoh N d BYEE 5b s s SRC i@ 38r SQE s E8Y B 5Agi T, and
then returns the substrate W to the cassette in the | oadi ng/unl oadi ng unit

30. 15 Wenee| ettt ydd e prat edsingg ofr dheoikipprtety o cdhducseédectethout

i nterposin n iQn exchanger. between the processi.n |.ectrode and. the
morkpiecé}g?ﬁe éﬁ@%f?icpngfs? hEE 578 S pY Sggﬁf% g%eg%e%ﬁ%%s &é?h%gg bet ween

t he wpor kpeegetandft ke Frogesdiingnekecincade realaet.r ode-to-el ectrode
distance)". 20 This is hecause as_the_ distance of ion m._gration becones
smal ler, the }EERT SWIRAPEON @t $oF PNt HF §FACPSS 100N tHRPBFESence of

ul trapur gox‘fx"f‘&Q][ 80f 9 9&?%%%&@8,%%@ khe E:%%B%Egﬂcéf! $h&852BstM260- 54 pA

at a voltage of 10 V) at the electrode-to-electrode distance of 1 cm and
1. 825 Khobddr g anda vbheajecdirotie 34ct o 48 isheteppedr odtheeafeet r ode
distance_pf 1 .pm _1lnp th ase where_ an ion _exchanger.is interposed between
Lhe pr ockUSi T or BEET gt SRt Ane v kBT RC e EnCTRELPAEC SHEhERGERT! <
brought ghasethe $henyabkpiene44btd pleicd fhe st raed wbh tHd pukherel ectric |
resistance is _basically 30 propaortional to the "di stance between the

wor kpi ecé?and R rangosderoPot id Fakeaxdimngererateihit B Hovusigse. Wen

the ionzgxghanger ngéeggatr?qt@gar\f\é;;&wrweary@r‘s_lsgis%gtehwecw rebBesighectric
resi stance decreases to a further degree. This is 20 FEB 2006 37 ascri babl e

to a | argechinee? éneri REYORS tBACERt rafd dh HetiRderrnst k&< asbgErane Butsi de
of the ipp e¥EhaNgettte in the loading/unloading unit 30.

15 When electrolytic processing of a workpiece is conducted
without interposing an ion exchanger between the processing
electrode and the workpiece, the electric resistance 1is
proportional to “the distance between the workpiece and the
processing electrode (electrode~to-electrode distance)”.

20 This is because as the distance of ionmigration becomes smaller,
the less energy is required for ion migration. In the presence
of ultrapure water, for example, the electric resistance is18.25
MQ (0.54 pA at a voltage of 10 V) at the electrode-to-electrode
distance of 1 em, and 1.825 KQ (5.4 mA at a voltage of 10 V)

25 at the electrode~to-electrode distance of 1 pm.

In the case where an ion exchanger is interposed between
the processing electrode and the workpiece, when the ion
exchanger 1s brought close to the workpiece, but not into
contract with it, the electric resistance 1is basically

30 proportional to the “distance between the workpiece and the
surface of the ion exchanger” as in the akove case. When the
ion exchanger is contacted with the workpiece, however, the

electric resistance decreases to a further degree. This is



More especially, in the inside of the ion exchanger, electrolytic

di ssociation of ultrapure water is pronoted by the 5 catalytic action
whereby the concentration of ions (H and OH) increases. Thusgg dggg20asi de
of the ion exchanger, due to the presence of an ion-exchange group, becones
a special field in which a high concent¥/ation of ions is (or can be)

accunul ated. In the outside of the ion exchanger, on the other hand, due to
10 the absence of an ion-exchange group, the ions tend to return to the
ori gi nal stateibE2Qe teher ébygeheifbarenneeht riain apricen rebrdaiiat enmer .

Accor di ngl by bringing the i.on e nger_into.contact wth the workpiece,
the el ect ri&’er é?isé‘tdz?n@é‘%cgﬂﬁecﬁé(%eﬁyg%eg 1015 e@‘eql{aé}%eﬁ_‘ow | evel irrespective
of the distance pgtweangddre aankpi egerpad jhike der agesshad isheeddagdien the

ion exchanger is in contact with the workpiece. This enbodi nent shows the
case of suppkyitaglytie dasepciapienerabilyraptirgpus beviatePropetreeny tte
eIeCtrqge %%%%h%%i%@ac%Qo%”QhéP§b§L%H§réﬁﬁ%éﬁ%fﬁ %Lﬂf%fog?ﬂgrgﬁmgkﬁroﬁr

ul trapure wat'ér“containing no electrol yte upon electrol yfi ¢ processing can
prevent i nueirekeessuclihas,anhel eosidtéyde thomadhetchugnhder antlie renredhie ng on

the surface of the sybstrate W Further, copper ions or the Igge dj ssol ved
during el eBfFEFPESe O&r 8ResSPRG*Gra"g8 PRABET X eF Y CARMPHY A he i L0

exchanger & ithr aueghh€oh &dnt exeNENaer riead 1N (o Fhésn 0fd) RIRNAII e
di ssol ved copper ions or the like fromre-precipitating on the other
portions ofnt hee gubsipgt ef Wherlan emdbeingsox P 2B8 ebhpecyRd f e to

particigs i ani-ngt.e.: the e s re
wat er Lgs gwgiéﬁS%gg%é?Fv?by?5§n§§ghé§§§oggogﬁ' %#%c%é?%e%%$%§%%g%%ﬁﬁ§$d to
fl ow t her etthr abgh.orAdiowdr istptef (K¢ eheckbiyc thesiisharmeadesn traedd doy ki ng
t he di stance be%ggﬁp the el ectrode and a workpi ece as small as possible, or
by 20 FEB 36B8T58Pt %6 ng the i on exchanger between the el ectrode and a

wor kpi ece. Furthgecozdifheet,r pyybrengohyt t 08, iohedkdisatyd M into contact
with the workpiece, the electric resistance can be kept at a
15 certain low level irrespective of the distance between the
workpiece and the processing electrode when the ion exchanger
is in contact with the workpiece.

This embodiment shows the case of supplying pure water,
preferably ultrapure water, between the electrode section 48
20 and the substrate W. The use of pure water or ultrapuré water
containing no electrolyte upon electrolytic processing can
prevent impurities such as an electrolyte from adhering to and
remaining on the surface of the substrate W. Further, copper
ions or the like dissolved during electrolytic processing are
25 immediately caught by the ion exchanger 56 through the ion-
exchange reaction. This can prevent the dissolved copper ions
or the like from re-precipitating on the other portions of the
substrate W, or from being oxidized to become fine particles

which contaminate the surface of the substrate W.
30 Ultrapure water has a high resistivity, and therefore an
electric current is hard to flow therethrough. A lowering of
the electric resistance is made by making the distance between

the electrode and a workpiece as small as possible, or by



conbination with ultrapure water, can further lower the electric resistance
and reduce the power consunption. Wen electrolytic 5 processing is
conducted by using an electrolytic solution, the portion of %OWQHFEhﬁ?e

t hat under goes processing ranges over £ slightly wider area than e area
of the processing electrode. 1In the case of the conbined use of ultrapure
wat er and the ion exchanger, on the other hand, since alnbst no electric
current 10 flows through ultrapure water, electric processing is effected
only wi t RYFSIRS Arleéh Bﬁea%ﬁﬁﬂﬁﬁ%%%PQ%%tb?§w%ﬁUaWQ%)?%%CEF e andt e
processi %ﬁéﬁéé&de A HdIe 1o0 exehapgeyridt sbsuR8f, PhRcho sk ipstead
of pure water or ultrapure water, an electrolytic solution obtained by
addi ng arontf relteici el yherlttorguree water , ararufurapere ot ethe Bleatsei of such

an electrolytic solution can further |ower the . electyjc_ resistance and
reduce t ﬁ@%ﬁ@%ﬁ?&nﬁﬁ#%%@ tﬁes%?‘fﬁ}f SHnﬁfmﬁ’%lﬁ’&Jt r‘rﬁbegaeiltecsttfc Y5 Nad  or
Na2SQ) roididiofy afs aBnackde8UEH udindich BLeERBIFLOE SoBot Ubhontrpd an

al kali such as ammoni a, may 20 be used as the electrolytic solution, and
t hese solPRLWOTN Ay 2 e Patieats Va3t UNE TRSsT RERFIT HHE TGRS t3Er of t he

wor kpi ece, sﬁygﬁel&h@i&éfwe%{jxagﬁ S LR E nSElocbLsh g RNRIAN L | O
provi de a slight Tnterspace between the substrat Wand the ion exchanger
56 so thdmn ttheycase néttha contacedwdd ofachtobpere 86t¢o0 avdiitthe ion

contam natign of the er | nhduced an el ectrolytic ,solution, it is
bottor 1 e e 1 bR LatPer it nd e A TR RO cr bETH t SRR vi ty i s
not pore fikans 2B cRYMCL trdparefwiter | Ra Jtead ppress sefinghes i orassad

wor kpi ece can be increased. 30 Further, it is also possible to use, instead
of pure Watlet widghig thhepareangifed varkP4ara Bbehi hedeBya hdek ngie SMRF act ant

ot mor e ehar S08 Y S e o Nt rere 30 FER U063 1 han 50 pY om
nmore preferabl ftnos poseibhant®ubepSinateddes] sghing wptelr ootulwsputmn 10
M) . D#%éé%}h%npr%a%%%%olytic solution obtained by adding an
15 electrolyte to pure water or ultrapure water. The use of such
an electrolytic solution can further lower the electric
resistance and reduce the power consumption. A solution of a
neutral salt such as NaCl or Na,S0,, a solution of an acid such
as HC1 or H,50,, or a solution of an alkali such as ammonia, may
20 be used as the electrolytic solution, and these solutions may
be selectively used according to the properties of the workpiece.
When the electrolytic solution 1is used, it is preferred to
provide a slight interspace between the substrate W and the ion
exchanger 56 so that they are not in contact with each other.
25 To avoid contamination of the wafer induced by an electrolytic
solution, it is better to use a dilute electrolytic solution
which electric conductivity is not more than 500 ups/cm.
Therefore, the cleanliness of the processed workpiece can be
increased.
30 Further, it is alsoc possible to use, instead of pure water
or ultrapure water, a liquid obtained by adding a surfactant
tc pure water or ultrapure water, and having an electric

conductivity of not more than 500 pS/cm, preferably not more



of a surfactant, the liquid can forma |ayer, which functions to inhibit
ion mgration evenly, at the interface between the 5 substrate Wand the ion
exchanger 56, thereby noderating concentration of ion exchangg grgbabe

di ssolution) to enhance the flatness of,{he processed surface. The
surfactant concentration is desirably 76t more than 100 ppm Wen the val ue
of the electric conductivity is too high, the current efficiency 10 is

| ower ed and the Erocessing rate i s decreased. The use of the |iquid having
an el ectri &haande@t ing4Sm of meste nBrefeRaR1IBONYS Eapre praper abl § not dbre

than 50 pS/e. aaneaeber Ay DL fibLe 19340 Ond PSHGH AL AlDL Ao

desired processing ra According to the present invention, the processing
rate 15 cafi besusfiscdenabl yhenhagoéd byni fiven posiayet hevhiiorh exwohangers 56

bet ween the substrate Wand the, processing and feedin el ectrodes 50, 52.
Cr Thre T odar ARhePat: LHENBIPEATLEPOREeat R ShatE MHELEArS Hettsen de

effect esl byudsgherieCall iaRieragti Qn bek¥eeRgly drsexi denk paByI MdddFARWE
water and a material to be 20 processed. However, the anount of the
hydr oxi de iconseagiiartgos ofr dadt &nchangd tmgiarde digtselutsiogy difmlqnhencr-
mol / L “F‘de&hgofﬁétnleﬁgpeégt U e ag&kﬁeﬁéﬁes%%’%%'c%.ons’%ﬁeo thate I femoval
processing efficiéency can decreas ue to reactions (such as  an oxide
filmform rgneeatttiaarionot b efe stiha livheo t et Omaf A0 025pm entitedn phecesdsiang. |t
IS therefor% ece s%%%?to ingre se. hydrgxi e,ion% in order to_conduct
removal pr 8&eSiT fg S BT FRREFG A it Ho dOP o Tthe FE&sTREE AT HIShG U 16 i s
to propgmot est Newei 88 BkheNpFEaEEE PAgHfatill tikaidiid Lo XBEQ! DIhAISISRIGf & he
catalytic material, and an ion exchanger can be effectlvelﬁ 30 used as such
2]

a catal yti éimmidmayingpre s3eer ¢ carPyctiné tyadft nohmcie hergP def4ehng to
o oL SRRSO e AR Sl UL e i R L g veer
dissociati@nl4QSZQmEEBaZO@&uﬁinMﬁ(§E$rrqﬂ@pnMGa$qﬂngkmw@b& enhance t he
nggﬁjs' ng rate. , LL MBNgPeoPoRE! Bl &80t Ol S edtfod O NANGSL POy AN
15 can be considerably enhanced by interposing the ion exchanger
56 between the substrate W and the processing and feeding
electrodes 50, 52. 1In this regard, electrochemical processing
using ultrapure water is effected by a chemical interaction
between hydroxide ions in ultrapure water and a material to be
20 processed. However, the amount of the hydroxide ions acting as
reactant in ultrapure water is as small as 107 mol/L under normal
temperature and pressure conditions, so that the removal
processing efficiency can decrease due to reactions (such as
an oxide film-forming reaction) other than the reaction for
25 removal processing. It is therefore necessary to increase
hydroxide ions in order to conduct removal processing
efficiently. A method for increasing hydroxide ions is to
promote the dissociation reaction of ultrapure water by using
a catalytic material, and an ion exchanger can be effectively
30 used as such a catalytic material. More specifically, the
activation energy relating to water-molecule dissociation

reaction is lowered by the interaction between functional groups

in an ion exchanger and watermolecules, whereby thedissociation



pure water or ultrapure water between the substrate Wand the processing
and feeding el ectrodes 50, 52. Though the processing 5 rate is |owered by
the om ssion of the ion exchanger 56, the electrolytic procegﬁjﬁﬁ | 20
effective especially for renoving an A extremely thin film Nbreover ?hls
excludes the possibility that extra |npur|t|es such as an electrolyte\MII
adhere to and remain on the surface of the substrate W 10 Further,
according to this enbodi ment, the ion exchanger 56 is brought into contact
I

with or ©&l gg&eto ltsh@r§ﬂl9§tetdatté’ WG ERY @I”é”‘@ﬁ‘tc@l Jiec PFRGESSINy T Fen the ion
exchanger 56 g mRPHlel bOOEE £o ARLohor i SURSL AN, BOUMN: depgng ng on

the distance there ectric resistance | ar ge
degree ande WBEEefomeularapneahuatéargetweémemhﬁ|&ﬂb&ﬁ}ﬁ$ﬁu@1aﬂd)ﬁ@@OVlde a

requisite electric c rren t den g.?gb ﬁ? %pe tg hand, hecause of
t he nonPESFESSETReARE F6FAE § e 59%d f’o? f ITEREGD bls @ oSS 109

ul trapurgreatiar 1akenad e s a8 ssAfbort ke SHRSHGAL @ X\Ahaheelys t hed eaction
product produced on 20 the substrate surface can be eff|C|entIy renoved. In

t he case&legiigrd vithe ra1P c®aiasyers @éﬁeffth@ugﬁpeucntaélcforftoa%tre\mqmque

Subst rabg WLl £ G5 £, 1651 Hanes diecoes denyumliand. thareore only

a smal | age n be app OWer ~consu can be

reducedchE éktaavnmﬁagetlesnnnﬂedstmniGMHanrﬁdgﬁhewduﬂredhedenﬁm&yxin or der

to enhance the pr eSS| g rate 31 elﬁg}rl harge can occur when the

el ectri ¢F8I s8N

&5‘5&& %fhe substrate (workpiece) is

|l argg. The OC@L!E:E:&@QQ QEC@EQQE@'@O tHiSCBALBA i HAHEEStRE L Ldh RG: Qarideg- surface

of the workpiece, thus 30 failing to forman even and flat processed

sur f ace 26TdS thou@datimdioy CoBFAEE Wheh elrecipre kedhet ﬁﬁ@étré‘t?eﬂ? yfal | when

the ion 6 tact (i th S o rence of-
an eIectrlcQg%qg%éfgepggﬁe%ggg didegwh%b EE% Zgg %§ en e?ec??oﬁﬁglc
processipeg idfiooepgherl dsse dondinet ettt rarsi Wy, tasughe dle@rer@aah;amgertl"% an i on

xchan havi ng
excha g%lst%nce tﬁerebetween the electric resistance is large to some

15 degree and, therefore, a somewhat large voltage i1s necessary
to provide a requisite electric current density. However on the
other hand, because of the non-contact relation, it is easy to
form flow of pure water or ultrapure water along the surface
of the substrate W, whereby the reaction product produced on

20 the substrate surface can be efficiently removed. In the case
where the ion exchanger 56 is brought into contact with the
substrate W, the electric resistance becomes very small and
therefore only a small voltage needs to be applied, whereby the
power consumption can be reduced.

25 If a voltage is raised to increase the current density in
order to enhance the processing rate, an electric discharge can
occur when the electric resistance between the electrode and
the substrate {(workpiece) is large. The occurrence of electric
discharge causes pitching on the surface of the workpiece, thus

30 failing to form an even and flat processed surface. To the
contrary, since the electric resistance is very small when the
ion exchanger 56 is in contact with the substrate W, the

occurrence of an electric discharge can be avoided.




cation-exchange group, the ion-exchange group of the ion exchanger (cation
exchanger) 56 is saturated with copper after 5 the processing, whereby the
processing efficiency of the next processing is |owered. WensogiEsigey Ytic
processi ng of copper is conducted by using, as the ion exchanger 56, an ion
exchanger having an ani on-exchange grodp, fine particles of a copper oxide
can be produced and adhere to the surface of the ion exchanger 10 (anion
exchanger) 56, which particles can contam nate the surface of a next

substrate to be yHocessedrblyfideprboeobYhat 8f SHEPpEranbasksduaseghewn in
FIG 15, a regeneration section 84 for regenerating the ion exchanger 56
i s providedsingd £le ¥hyeheR afik6h s he § o exéRBNFHKCIBSEIET iV bed eff ect ed

during ele ti Ssi Th regene i ecti 84scanui sgs a
sw ngabl e gﬁn%% %%Sﬁéggg %%{l%l ct u?gesi %&Faér}?ét%&%% %Oﬁl ab‘#g arm 4Z%t hat
hol ds t he eschatgate(dwt den ebblamdygrosisti dpesk abrd hed oppdsicoprsirde fttert he

swi ngahl e arm 44 across the el ectrode section 48, d.a 20 refge eration head
88 hel d by PREIEIFHERERE" AT DRt LRRE TGS S I HAr GO Y R IopBERDEST { he

reverse el gféééﬁs Pﬁ%eﬁé dwdrea t NghehOs 1 BE P65 NE dioHySihd @ £ Bepher
exchanger 56 fromthe power source 80, thereby pronoting dissolution of

ext r aneousis mandrctrE PyassebPpers &diek PRERCH ANELY A exeH@lgeKCcBBNgERe 25
y he i ; . _
regenera 'ﬁ%%9$%aﬂFah98n§é§QﬁQ9 %Hgﬁagyfgggﬁgﬁgf€§§iggcﬁ@gcﬂﬂﬂﬁ% gSlgF

ef fect ed. generated 1 on exc rinsed by pure
ul trapur e wabdse suppluecet tand helheppetosthé aner fdcd hef téleedbnodecheaatyean 48.

FI G shows,the | ayout of a_substrate processi ng 30 apparatus according
to anﬁher?@%‘a’ai _ atf’fgetrl’?e_ Bgesé’ﬁ{‘tlcthﬁ rﬁ%ﬂi}r%fﬁs FFes. cfgpﬁaﬁ‘?‘%%e 1§%§how an
el ectrol ytigrpsocessi AdnedevsapsagaeediBgbkOpaBethgeqenbodi ment of the
present invention provided with the substrateﬁgroce55|ng apparatus. In the

42 20 FEB 2006 dE&3c1idrd dip gitvdr iseSonn €RavRafts meddetho's im Filke aBove-
described gnpodiAEpL2bf P¥ERohNE4SEBE LELEREPSE1NYBRE! $on@BYchanger

56 is provided, and the regeneration of the ion exchanger 56
15 can be effected during electrolytic processing.  The
regeneration section 84 comprises a swingable arm 86 having a
structure similar to the swingable arm 44 that holds the
substrate holder 46 and positioned at the opposite side to the
swingable arm 44 across the electrode section 48, and a
20 regeneration head 88 held by the swingable arm 86 at the free
end thereof. In operation, the reverse electric potential to
that for processing is glven to the ion exchanger 56 from the
power source 80, thereby promoting dissolution of extraneous
matter such as copper adhering to the ion exchanger 56. The
25 regeneration of the ion exchanger 56 during processing can thus
be effected. The regenerated ion exchanger 56 is rinsed by pure
water or ultrapure water supplied to the upper surface of the
electrode section 48.
FIG. 16 shows the layout of a substrate processing
30 apparatus accerding to another embodiment of the present
invention. FIGS. 17 through 19 show an electrolytic processing
device according to another embodiment of the present invention

provided with the substrate processing apparatus. In the



the description thereof is partly omtted. This holds for all of the

bel ow descri bed enbodi nents. 5 As shown in FIG 16, the substrate processing
apparatus conprises a pair of the |oading/unloading units 302?% 5 y-in
and carry-out section for carrying in,and carrying out a subStrate t he
reversing machine 32 for reversing the substrate W and an electrolytic
processi ng device 36a, which are disposed 10 in series. A transport robot

38a as a trans,%or,t device is {))rovi ged whi ch can nove par al jPeI 0_t hese
devi ces PEECHEPIASHorII R ALY ansPEr PRRG (MRS tF5t E W Re PEBEEeen.

The subsigbal-e iPRCESBHAIMARRH AL WS vieh BhS & aRicO¥b ded bbb midera®Niaher 42 for
nmonitoring a voltage applied between the 15 processing el ectrode 50 and the

f eedi ng éhecdeodeip2iogpobhhesteétivipantd yprodessidng Thishe kedtanitli c

processin vi ce . 36a, or .an electrj.c current flow ng therebetween. In the
el ectrol )9% %%Sr %@%&‘f’i rggesd:g\/li%ceélef%g),mftlﬁlgnéséct rode section 48, in which the
processi ng el egkr gHesn50nandct hes f egdd b sA3 arlee giricadess iy appaeahedded, is
designed to have a slightly larger dianeter than that of the substrate Wto
be hel d ByP™Pre S€FH thaat’e © ThbhedP 286 nIgy e ddeouar i bf 3¢ 261 CREYowW ot or

70, the ghectipde, Sect @R A8nakes Babeyohyt i;QNaLyd MR M dht e

[
di stance between the central axis of the hollow notor 70 and the central 25
axi s of whésélrecerbdéhecceVors U8y Aschadrus, tor tisodr siaathesubaboate ts own

Ceoard, N WS PEERH L SSOR e dPNGE el AT WRSER P By Phed o "o

rot at § on-ipr exeritdson rechanhspsrd08ob30 aBa prsod dedanspbhe aercusf asenti al
direction between the el ectrode section 48 and the hollow notor 70. In

parti cul 8FOViZeR yrBLCRy SRNeBPESsi R WPl arf 404 %% C&VEEsat fGual

i nterval g daf e Gt WHET eih St SHIRETE1080 3t PLacOr hETPRAALRE 2R HFEB 2006
43 positions in the upper surface of the hollow notor 70 and in the |ower
surface dhet Fabsta@itSo & o4 S BaEGr i9PFs r406Sané 30§capgovided with the

monitor 42 for monitoring a voltage applied between the
15 processing electrode 50 and the feeding electrode 52 upon
electrolytic processing in the electrolytic processing device
36a, or an electric current flowing therebetween.
In the electrolytic precessing device 36a, the electrode
section 48, in which the processing electrodes 50 and the feeding
20 electrodes 52 are embedded, is designed to havea slightly larger
diameter than that of the substrate W to be held by the substrate
holder 46. By the actuationof the hollowmotor 70, the electrode
section 48 makes a revolutionary tnox}ement with the distance
between the central axis of the hollow motor 70 and the central
25 axis of the electrode secticon 48 as radius, without rotation
about its own axis, 1i.e. the so-called scroll movement
(translational rotation}.
In this regard, as shown in FIGS. 192 and 19B, three or
more {four in FIG. 192) of rotation-prevention mechanisms 400
30 are provided in the circumferential direction between the
electrode section 48 and the hollow motor 70. In particular,
a plurality of depressions 402 and 404 are formed at equal

intervals in the circumferential direction at the corresponding



fixed in each depression 402 and depression 404, respectively. As shown in
FIG 19B, a connecting nenber 412, which has two 5 shafts 409, 410 that are

eccentric to each other by eccentricity "e", is coupled to eaglFgmagosof the

beari ngs 406, 408 by inserting the respective ends of the shafts 409, 410
into the bearings 406, 408. Further, a #ive end 416, forned at the upper
end portion of the main shaft 414 of the hollow notor 70 and arranged 10
eccentrically position to the center of the main shaft, is rotatably

connect ed, pasa d drearimgt{aaipsdown)rfate® af | oherhoteow rabteor1d oandf ithe

el ectrode section 48. The eccentricjt i§ aso "e". Accordingly, the

el ectrode é%%%#SHGESSPEf%F?dwgﬁkep%iﬁékéoéft4 nsﬁﬁfF&HQﬁ ﬁgééﬁﬁﬁﬁoglﬁﬁﬁia
circle w th;radi 4$ e8ch ééﬁ:!;"@%{gh“mé %rwu%p%%qldmm,l tedScpPlyPOpSi bl e
to supply pure water or ultrapure water to the upper surface of the

el ectrode gectilmvwm8id rbiG abi®, theceirettbue mewiteéon4 B, dukinly has two

el ectrolyti oc in Thu as shown in EIG _17, pure. water r.ultrapure
water 18 sufaaIg « a0 UpiY 288 Sacdler T e sothiaditoat st R SbtEATy
through a tyougb-dwlEldd 4a docnedir ¢ tthe wed nishafaocdldoang iheerting

t hrough-hole 48a fornmed in the electrode section 48. Further, since the
el ectrode & iEREBCTHOREROT Fhotte HpdbEsi 8% owhl GxiBtot HeePepringy 78

is omtted.godurddier mng s showr iy ffa 4, afwraé@pyﬁetﬂ@t@%pépréxd
nozzle 25 90 as a regeneration section is retreatably provided beside the

el ectrode gecttiiom 48, thbimatitsphafs 414 odpthe hedtlew vrtort he andnarexuogadger
56 aft the electrolytic_pro si ng, .t.hereb regenecating the ion .
. B iially CoRRPERAR, O (A o8 R P o e

exchan ruction is e sane”as iITst™ e
30 Accor di ngt#axddiey ebesheotytli cvipoceIsdaginteVvicet36aownel, eaiad o ylower
processing of the surface of the substrate Wis carried out by rotating,

via the sub&Yatdel PArdeP™BL thfe eleisadis aeqrmRPcH i s iITRecRREaREr WihY or

close to the arexehangge-e0dEEE1 $006nd4: Bbrt AWe fAlctiftth 388 std MBowed
allowing the el ectrode section 48 to nake a scroll novenent by the

act uati on dfc PR&ehd YRR SHGttgronal movement along a circle with radius “e”.
15 According to this embodiment, it is not possible to supply

pure water or ultrapure water to the upper surface of the
electrode section 48 from above the electrode section 48 during
electrolytic processing. Thus, as shown in FIG. 17, pure water
or ultrapure water is supplied to the upper surface of the

20 electrode section 48 only through a through-hole 414a formed
in the main shaft 414 and the through-hole 48a formed in the
electrode section 48. Further, since the electrode section 48
does not rotate about 1ts own axis, the slip ring 78 is omitted.
Furthermore, as shown in FIG. 18, a ultrapure water-spray nozzle

25 90 as a regeneration section is retreatably provided beside the
electrode section 48, which sprays ultrapure water onto the ion
exchanger 56 after the electrolytic processing, thereby
regenerating the ion exchanger 56. The other construction is
the same as the first embodiment.

30 According to the electrolytic processing device 36a,
electrolytic processing of the surface of the substrate W is
carried out by rotating, via the substrate holder 46, the

substrate Wwhich is in contact with or close to the ion exchanger



70, while supplying pure water or ultrapure water to the upper surface of
the el ectrode section 48 and applying a given voltage 5 between the
processing el ectrodes 50 and the feeding electrodes 52. The hjeyiodche
substrate Win handling thereof in th substrate processing apparatus of
this enbodinment is the same as in the above-described enbodi nent shown in
FIG 4, except 10 that the substrate Wis transferred directly between the

transport robot 38a and the el ectrol ytic processing device 36a. (i.e. not
via the péshefy, atdtiresefér &iffe dEdOMIPE Shet BePESE Odes SERITLEPEd 4Rer e.

FI GS. 20t%nﬁlaﬁ% é@%‘%@li’%&@érﬁ@rﬂt ofy, tthe ehecliobytéf +HO HY19eks Ry device

36a. In this electrolytic processing device 36a, the electrode section 48,
whi ch nmakés whsteosppbyengnpyre ool sesudtdapurshapedr prodéssupgeel ect rode

50 and a ring- sh d feeding .el ectrode 52 that surrounds. the. ayter

er | pher § T Of CEREE 5t BLGT G CEPetTT b 43 b AR B Bt S b Sy 2420

ri ng-shapedweasutiaé @rdod s FiHd Bekcdriddedpp@ansut haceadiideleproeassi ng

el ectrode 50 is covered with an ion exchanger 56e and the upper surface of
the feediPAg el ectrode 52 is covered wth an ion-exchanger 56f, the

respective ionpgxchapgers 36, s\x/lv%@thr??ﬁ”ﬁ $RPALAKE] nRY t}m@%eb@s%attﬂ'é 53.

When rotating the 25 substrate iIs in contact with or close to the

i on exchahgérst®6probéssiagdapatbrefiessafetitisresmiadd ovemy ishéheelseoker ode
section 48 ta ke _a scral |l movenent .as,.descri bed above, . part of the
Subst r at &SWH's SRR WAYS BoSErGEE RBTE LR FeBloNg 81 E&frode 8255 that

t he substhate Weasubeeeate ekedls i ehdys Borider afiremclThevothesn c@Rst ruction
is the sane as in the electrolytic processing device shown in FIGS. 16

t hr ough IQ?“SR@66rHPH@tt%B%Pﬁ%ﬁ«§ﬁﬁb6#ﬁ€ﬁF?l¥ﬁéCd%ﬁ?%ﬁﬁs%ﬁgiQﬁVéﬁEy3ﬁ§

enhanced (;by sys£ Qunding éﬂlﬁlé&r)qcsgai 1k &l &AL ofle PO W b ihiecheedirg 20 FEB

2006 45 el ectrode 52, and a uniform processing can be conducted over the
subst ant L&l bpigtedr &eggr.f ace of the substrate W

FIGS. 20 and 21 show a variation of the electrolytic

15 processing device 36a. In this electrolytic processing device
36a, the electrode secticn 48, which makes a scroll movement,
comprises a disc-shaped processing electrode 50 and a ring-
shaped feeding electrode 52 that surrounds the outer periphery

of the processing electrode 50, which are separated by a

20 ring-shaped insulator 53. Further, the upper surface of the
processing electrode 50 is covered with an ion exchanger S6e

and the upper surface of the feeding electrede 52 is covered
with an ion-exchanger 56f, the respective ion exchangers 56e,

56f being separated by the insulator 53. When rotating the

25 substrate W, which is in contact with or close to the ion
exchangers 56e, 56f, and, at the same time, allowing the
electrode section 48 tomake a scroll movement as described above,
part of the substrate W is always positioned above the feeding
electrode 52, so that the substrate W can receive electricity

30 therefrom. The other construction is the same as in the
electrolytic processing device shown in FIGS. 16 through 19.
According to this embodiment, the current efficiency is enhanced

by surrounding the processing electrode 50 with the feeding



FIGS. 22 and 23 show an el ectrolytic processing device 36b according to
anot her enbodi nent of the present invention. In 5 this electrolytic
processi ng device 36b, the rotational center OL of the electrﬁﬂﬁEﬁﬁ@bgon 48
is distant fromthe rotational center gé of the substrate holder

di stance d; and the electrode section rotates about the rotational
center 01 and the substrate hol der 46 rotates about the rotational center
02. 10 Further, the processing el ectrodes 50 and the feedlng el ectrodes 52
are connech%pttp@ﬁe5%om@ﬂds@uvﬁéfeemvpaoﬁﬁéSéﬂgpcﬁﬂn§e780n TRESE REPT

construction i g.f Eantfly gokﬂtws Ep’??gc@a% %H%WQ b's‘Erglt@’Sw 18 and 19, and

hence t he escrlp I on I's om here ccording to the
el ectrolytic pr®essi ng dﬁdiZﬁBsBGb an ell@@itlmllyfttucc processing ddvidwe 3sbr f ace

of the substrate Wis carried o%% %ﬁnrota the substrate Wyvia the
substrat e Hot e indetamNobret HIMEHE e bt FHFE 3@ e tHYFE St i 0f™48 by

the aetuaty P8 Ofedthieo NPE1 OWHNYs 1Y d\éf*ﬂ"l'c% §€'19F|‘6Hé1&olﬁt‘_lért%o‘f@le'€:e%@e9r

ultrapure water to the ‘upper surface 'of the el ectrode section 48 and
appl yi ng &.gioferrheoletlggd pstansers tilloa ﬁﬁo@@sslllﬁ@a@lteémmdéhe 50tafdonkd

feedi ng el ggirofes 9% FH.CGu24and 25.5ham,an sl eckiabhtie Brogessig

devi ce 36¢” accordi ng {5 Y&t anot resent i nvention.

25 Thi s eI@réaﬁtyaecS¢wtm@5sﬂmgodemeeeaBﬁﬁtaﬂpiQw&aaleQUaaguta& bi xed-t ype
el ectrode sectigon 48 and a substrate holder 46 that can nove up and down,

does not sWihGURT ek &9 &SP pF BEAEFAF LIV &ENEOFAT AORBL | %%m:ar O,

di rectigon. p Mt ge 8 PaGId he8ELY s i n§ledd10d8IPd %%J@m%@d&c{wglb&t&%e\éﬂ dth
direction of the 30 rectangul ar "el ectrode 48 over the entire |ength thereof,

are di spo%%dam panae¢eed| Bo tHee e T strdzre & vilke thleestlipde ingedBi-on 48,
R
pl ates 76 nmﬂﬁEELedBtmndhEBpahhdmenbedﬂnedeshelppnonesmen@oéh&nbmﬂd&&dSO or,
adversely,hépg.electrode pl at es

15 According to the electrolytic processing device 36b,
eléctrolytic processing of the surface of the substrate W is
carried out by rotating the substrate W via the substrate holder
46 and, at the same, rotating the electrode section 48 by the
actuation of the hollow motor 70, while supplying pure water

20 or ultrapure water to the upper surface of the electrode section
48 and applying a given voltage between the processingelectrodes
50 and the feeding electrodes 52.

FIGS. 24 and 25 show an electrolytic processing device 36¢C
according to yet another embodiment of the present invention.

25 This electrolytic processing device 36¢c employs a rectangular
fixed-type electrode section 48 and a substrate holder 46 that
can move up and down, does not swing, and makes a reciprocating
movement in a horizontal direction. More specifically,
electrode plates 76, extending in the width direction of the

30 rectangular electrode 48 over the entire length thereof, are
disposed in parallel in the upper surface of the electrode
section 48, and the cathode and the anode of the power source

80 are alternately connected to the electrode plates 76, so that



76 connected to the anode becones the feeding el ectrodes 52. The substrate
hol der 46, on the other hand, is secured to the 5 free end of a lifting arm
44a that noves vertically via the ball screw 62 by the act ua?b%é)ioéﬁhe
notor 60 for vertical novenent, is aljlowed to rotate about if{s own axis by
the actuation of the notor 68 for rotation, and is also allowed to

reci procate together with the lifting arm44a, via a ball screw 62a by the
10 actuation of a notor 60a fqr reciprocation, in the ort o%onal %i rection

rel ative ¢ eReEreds #dé t5%at/ds CPENeALESt diondheo Bh8CEfe OEFOMRS the

processi R 4eWsae B8ect8lRES PV JL RREESHINY ehet B csunface mafadlhe
substrate Wis carried out by rotating, via fhe substrate hol der 46, the 15

subst r at € 6Woainele tissl ite ddret dcredal Hecomes dee feedhasgi edeptehvaleger2 .56 and,
A e SR SuPEe a3 BOOGAL! 19, B BHRSULALE ialdler. 4b byddieaiatt on of

the noto reci procati on, ying pure water or ultrapure

wat erst o firke gppesf ULfdcengod rr el ek Ret rmskes s eelitara48 vantla agipd YWand a gi ven
vol t age between 20 the processing el ectrodes 50 and the feeding el ectrodes

52. Fl GSCr2w é%dowh%g%aﬁté%m SRtTRLRF SOESF ritp el 2k M98EMAEeor di ng
to yet anqtheq gEROML BN AR tPEESEHn IWENHOBhe ddidiE Sofl SEHHQ YTicC

processi ng device 36d, the positional relationship between the substrate
hol der 4&cdrd th® Ebectnoddd izB ,sextd ohs4&lise tdlel grast et ngeenpodiomtst s i s

reversed, and.the .substrate i s hel ith.its front_ surf rd
(so-call &§9s aeéfe-wd'ptfIl %ﬁn%%f‘y\é%gt%rar{l OI1’1e et ol f}t P%?gr%%%%‘%%a i%m%&?duct ed
to the uppshasurdmed af mbhersabst fat erediwsocdtieorsulist rradee o rit®lod@nad6 i1 s
di sposed heneath the el ectrode section 48, holds 30 _the substrate Wwith its

front suff&CEdfRar®laiy s daree HGRETI% Pdirteaxi’S -by the actuation of

the notor 68 fakchel@hiono Ofnet e Rithen yhard pAdre et r Qe sectigen 48,
whi ch has the processing electrodes 50 and the feeding el ectrodes 52 that

are 47 2G1REBrP00E icoREEE AW e then sediagsged 3¢ isybgitspésed dsove the
substrate olidey &8 by LM 135a AR SWLTAGRLAMMALL 46, the

15 substrate Wwhich is in contact with or close to the ion exchanger
56 and, at the same time, reciprocating the substrate helder
46 by the actuation of the motor 60a for reciprocation, while
supplying pure water or ultrapure water to the upper surface
of the electrode section 48 and applying a given voltage between

20 the processing electrodes 50 and the feeding electrodes 52,
FPIGS. 26 and 27 show an electrolytic processing device 36d

according to vet another embodiment of the present invention.

In this electrolytic processing device 36d, the positional
relationship between the substrate holder 46 and the electrode
25 section 48 in the preceding embodiments is reversed, and the
substrate W is held with its front surface upward (so-called
“face-up” manner) so that electrolytic processing is conducted
to the upper surface of the substrate. Thus, the substrate
holder 46 is disposed beneath the electrode section 48, holds
30 the substrate Wwith its front surface upward, and rotates about
its own axis by the actuation of the motor 68 for rotation. On

the other hand, the electrode section 48, which has the

processing electrodes 50 and the feeding electrodes 52 that are



by the swingable arm44 at the free end thereof, and rotates about its own
axis by the actuation of the hollow notor 70. 5 Further, wres extending
fromthe power source 80 pass through a hollow portion forned ﬁﬂfhaft
66 for swinging and reach the slip ring 8, and further pass throug

hol | ow portion of the hollow notor 70 and reach the processing el ectrodes
50 and the feeding electrodes 52 to apply a voltage therebetween. 10 Pure

wat er or ultrapure wa i.S supplied fromthe pure ter p pe 72,
R e Moy WL s i) e S, (s S PRhR Phpd 2
section 48guiy e d tdstrd@ace s (WORENHw St fiace) £ fntt NB1Stsd rddenyd r b
regeneration section 92 for regeneratlng the ion 15 exchanger 56 nounted on

t he el ect r bde Wectiwmardlis alisgosatt Prsibeeq RS udmreal rderoysteThe
regeneratlg% (“'éH] éﬁféugfstﬁerﬁg%ﬂg%ﬁbhog Rk %%fﬂ%ﬂ;ﬁ%%ﬁfrb§ g. a

di lute aci ition. tn operati on e electro e section I's noved by
t he smﬁﬁgaﬁh&t&m&a4mlm@saeamendung frognttlad @uerdheouegen8fapass 20rdamk 94,

and is then o red so that _at ast the ion_exch 56.0f the el ectrode
Sect ] on 465 SOLRe BRARAT RETRER LR OHIR ITIRZS WOt REL: BHSRGH P SRSt ETAC A

Thereafter ,thteh%lrl@;ve:rls@ glgechhicrupehent pakst @hwa@_mf@ﬁe PEOCESS | fidr £ Soli ven
to the el ectrode plates 76, i.e. by connecting the processing el ectrodes 50

to the anodd Z$eoﬁ0ﬂﬁ@wpwwéprsaﬂré@d8©eaﬁﬁ Ebareeetags ime ¢bedingdes ez rodes
52 to the %guhcf]%% f%gﬁéﬁgyeféﬁ){r% og < ?)g;lgzn of f%%(?@nﬁ?é’fek%é@%% 4, such

as copper adherin Ion exc anger hér éb egenerate e ion
exchanger 56. Th@umeg@mﬁmated uGMrepuhangemerSBSlsupphsed byore. ghe updirapure

wat er. 30 Furt her, accordln o thi s enbodi ment ectrode _sectjon 48
i onetf At e e Ty XA S e e h -t T P F e o el vy

hel d by thecsuhstr gbethehdes tﬂa elﬁmc[@lsét:lt@oar@e:eﬁglﬂge etohhesspriace of
the substrate wis 20 FEB 2006 48 conduct ed by Iomerlng t he el ectrode

section 48 WPRSFatSHHe N ClexdangdisBere®M acts or gets close to the

substrate VVheldApyregeneratlon section 92 for regenerating the ion

15 exchanger 56 mounted on the electrode section 48 is disposed
beside the substrate holder 46. The regeneration section 92
includes a regeneration tank 94 filled with e.g. a dilute acid
solution. In operation, the electrode section 48 is moved by
the swingable arm 44 to a position right above the regeneration

20 tank 94, and is then lowered so that at least the ion exchanger
56 of the electrode section 48 1s immersed in the acid sclution
in the regeneration tank 94. Thereafter, the reverse electric
potential to that for processing is given to the electrode plates
76, 1.e. by connecting the processing electrodes 50 to the anode

25 of the power source 80 and connecting the feeding electrodes
52 to the cathode, thereby promoting dissolution of extraneous
matter such as copper adhering to the ion exchanger 56 to thereby
regenerate the ion exchanger 56. The regenerated ion exchanger
56 is rinsed by e.g. ultrapure water.

30 Further, according to this embodiment, the electrode
section 48 is designed to have a sufficiently larger diameter
than the substrate W held by the substrate holder 48.

Electrolytic processing of the surface of the substrate W 1is



the substrate holder 46, then rotating the substrate holder 46 and the

el ectrode section 48 and, at the sane time, swinging 5 the sw ngable arm 44
to nove the el ectrode section 48 along the upper surface of bj ?@&gate
W whi-l e supplying pure water or ultrapure water to the upper surtace of
the substrate and applying a given vd& age between the processing el ectrode
50 and the feeding electrode 52. 10 FIGS. 28 and 29 show an el ectrolytic
processi ng device 36e according to yet another enbodi ment of the present

i nvent i orondliitedelbgclvekyting pheceksd tgodke \deset i36e 48npboysat ashd hen

el ectrode s ctlon ne that has a sufficient nmet er

t han that® é%sFPQEQC h%ng%Es ‘§55§%Fg?eSﬂggﬁﬁggfgﬁiﬁig%%ﬁhat t he
surface af et Babgwéttreah@lau Dot deeeHotRling earessls Wb be thel ®d eate ode
section 48. The other construction is the same as in the enmbodi nent shown

in FIGS. 226l &h¢ ZElLecthodamRat loonstd witd ok tc dh ansleaet ams ,e@wm-:mgectu on
| d 20
ey Ao BRAELE18 | £ BATREL RN, CON DUSYRIE 309RRY 85501 989 i

adher? ows an e I'C process ng “devi ce

36f acceipgiety s figrte aOither wmadiamntv ofwiile pegAitingtritd aated n this
el ectrol ytic _processing device 36f, the electrode section 48 is di sposed

above t h@Ts MHRRE holataT 46 t1ha Wisk 28 fare Qfbdhearsebrimats | front
surface upwakdnglhe £lwat r&ﬁecagquiémeé}ﬁ GRS A ndl Yorharel Base 100

conposed o |nsulat|ng mat er i a di sc- shaped processing el ectrode 50
havi ng t eudhehdiessdiBon Eﬂcﬁc'fsrtﬁﬂﬂ yidg pure wat er or uItrapure wat er, and a

ri ngy shaped Tegdldag shegld odeag, Jphl £l SRSl agy Lo haped

insu ator 102 he processi ng ectrode 52 are
nount ed @mcbhﬁldQDWErysmrhaoehet embobamentOQflthétpreaﬁnx[ﬂnmmatlEmrther on

the | ower_ surface rocessi ng, el ectrode 5Q and th feedi ng 2 FEB 2006
PR Begionet B I T R e Kt R Rt L A8l |

fibers cantaittidid aesitiQnghy ,asheh Grratinai- 8Xshangerficiently smaller
diameter than that of the substrate Wheld by the substrate holder
15 46 so that the surface of the substrate may not be entirely
covered with the electrode section 48. The other construction
is the same as in the embodiment shown in FIGS. 26 and 27. The
above construction can make the electrode section small and
compact, and, in addition, can prevent a generated gas from

20 adhering to the substrate.
FIG. 30 shows an electrolytic processing device 36f
according to yet another embodiment of the present invention.
In this electrolytic processing device 36f, the electrode
section 48 is disposed above the substrate holder 46 that holds
25 the substrate W with its front surface upward. The electrode
section 48 comprises a disk—s_haped base 100 composed of
insulating material, a disc-shaped processing electrode 50
having through~holes 50a for supplying pure water or ultrapure
water, and a ring-shaped feeding electrode 52, which are
30 separated by a ring-shaped insulator 102. The processing
electrode 50 and the feeding electrcde 52 are mounted on the
lower surface of the base 100 in the same plane. Furthef, on

the lower surface of the processing electrode 50 and the feeding



group and pronotes the dissociation reaction of pure water or ultrapure

wat er. The base 100 is rotatable, and is connected 5 to the |lower end of a
hol low rotating shaft 104. Pure water or ultrapure water is %MQ§Q§§5Q6

t hrough the hollow portion of the rotating shaft 104 to the inside of the
base 100. Further in this embodi nent, &7 ion exchanger having a two-Iayer
structure of a soft exchanger 56c¢ and a hard exchanger 56d, both having 10
the sane level of resistivity, is enployed as the ion exchanger 56. By thus
maki ng t he eiler texclrafgend schoanmeldt enl agaresthaggar eS6 conststingafpd sad nat ed
| ayers of iaqn-exchapnge materials,.such _as_a nonwoven fabri.c, a wyven fabric
and a poroﬁgﬁﬁ%ﬁbTéﬂ ey i%n?%lB62§i8|é%F8“9% rgéé?% ef%%ﬁ%ﬂ ?%ﬁb%&%%ange
capaci ty whekeRy anfop¥aiicte softhandaxisdeiatabnexaapteohnof epdyal wd pot ishi ng)
processi ng of copper, can be restrained to thereby avoid the oxide

adver sel y affte@HWHE HEPr-ocd8si RgsratBl 15 ¥rratalebar 2nd vheFame Al i on

exchange capachLy, gheard@n @xchangsl b 20; sall e it B, BmpupL of

copper ions taken in the 1on exchanger during renoval processing, the oxide
shoul d i newlttatalpu fee wagrered s eapplie esuthacegbrtha hbelonspdet obntde tlon

exchanger, which adversely affects the . processjng rate hus, the formation
o e it neh A T i g TR Ge EABgRRES 0P an Hufitiser T

exchanger, t3N¢ eRBRERmedRS EXCEEHI MR LAPAGinY showbdl hpspner ridwenaxi de.
The formation of an oxide can thus be effectively restrained by using, as

the ion ex®faRgérite exghROEr- PaFeP oA hake HafeRingoRposed RALH dhdt®d
| f iqn: i.als whi ; | |
ayers; @ 'tg.% gXHmRange ]L;E}:af GlalaalsS MYGh Rasg £ d ek fbrgflebe SLELL A

capacity. 30 Incidenta the formation of an ide can als
by regenera&@tbi.ng an i on exchanger so as to suppress accunul ati on of copper

ions within the ion_exchanger., Further, when ap.intecrconnect pattern, for
exanpl e an 50 20 BR300 Kl B hTEcT PHTETh JE hPBSEd  ORY E5 e T 115 6 as
shown in FliGns & ird offOL aRdnbY cBeI®YEts POk bsheRahapHRCRSEENYa 1t hesapper

film as a nonwoven fabric, a woven fabric and a porous membrane, it
15 is possible to increase the total ion exchange capacity whereby
formation of an oxide, for example in removal (polishing)
processing cof copper, can be restrained to thereby avoid the
oxide adversely'affecting'Uuaprocessing rate. In this regard,
when the total ion exchange capacity of an ion exchanger is

20 smaller than the amount of copper ions taken in the ion exchanger
during removal processing, the oxide should inevitably be formed

on the surface or in the inside of the ion exchanger, which
adversely affects the processing rate. Thus, the formation of

the oxide is governed by the ion exchange capacity of an ion

25 exchanger, and copper ions exceeding the capacity should become
the oxide. The formation of an oxide can thus be effectively
restrained by using, as the lon exchanger 56, a multi-layer ion
exchanger composed of laminated layers of ion-exchange
materials which has enhanced total ion exchange capacity.

30 Incidentally, the formation of an oxide can also be restrained
by regenerating an ion exchanger so as to suppress accumulation

of copper ions within the ion exchanger.

Further, when an interconnect pattern, for example an



6 filled into the trench is likely to be hollowed out or peeled off after
the processing. This maybe influenced by the hardness 5 and form of an

out ernost ion exchanger (ion-exchange naterial) to be cont actzﬁcb%ﬁ&@% .
copper film®6. It is then considered hat t he above defects e viated
by maki ng the ion exchanger 56 a multfi-layer structure, as in thls

enbodi nent, and using the ion exchanger (ion-exchange material) which neets
the 10 requirenments of ( %ood surface_ snpot hness, 0 hard material and 3

wat er - pe#ﬁéﬁBF@nn§&$hpé§ §TDOT IR FRIMaREPBRT af ibY én2FabrPE 11a& Lohe
out er nbsksi O %’é(flﬂ%@ﬁ% AR BE1E OnE HES el BN, tREM Eoied £1F 19k

ultrapure water fed through a feed line"into the ro atlng shaft 104 is 15
al | oned bofflbegd um’d@rtlf(ﬁerttrlemmgab Idﬁeby debeohebdlavedrowf arhpesdss 100,

t hrough t hol es 50a for in_the essin ec e 50 and
Suppl T6d 08 THEH O eaRETEnge %, THE oY &onit o S A Uit P Riear

suppld edaeltisw@maéﬁ&arbbuttfée:n@&ttawhl@x@e;am@@r @ford-hedHamexehargen 196 to :
produce hydroxide ions. Since the 20 processing el ectrode 50 and the feeding

el ectr odéOSIQea‘F@nt@@Eaﬁa‘f@éih b5 REHRMUIEALSY 61020 T i Yrtdeno R OBF 1ke Ry dr oxi de
ions i SthQrteﬁlFfP%%@ebd ded R 'k?é 85v19@ed'ﬂ¥$£‘)‘é‘£mg %”15111‘%??31%21%{%}& e Wis .

in an el ectrica |nsu at ed st the portion e sub facing
t he procés$senguéléctimyee (serglct@aﬁho@@) 125 thQ sf ambpdonwnas andamedeg and the -
portion t he substrate acin the feedl anqde) 52 ‘
functi ong"g Fa c%f‘ﬁ%aggeﬁcc{)lodq gt o clf‘?g%ﬁéﬁ? oT%?T‘%n%g‘@z:urs in

t he lémOdQeQQIiﬁ:Ie@ll&ans bBEDsybst ratrer Ad &QbﬁgthESPI’.CBSSﬁﬁ@at@}ﬁCI mede 50. 30
In the case where an ion_exchanger is contacted with the substrate W the
i on exch g’é?t%rij%’é‘f‘%‘?li’%? atsé)‘ﬁhést%ppﬁé?@lT%f??l@an?rﬁfeﬁéfﬁve”séé‘ﬁrlc

det eri or ki @R <CaNLMMRME oD@ @YRERd by nmaking the ion exchanger a
two-l ayer structure in which the out'er |ayer 20 FEB 2006 51 to be contacted

with the substhaterding conpdsied afbadignent wanere vabef coor ud tpepous
menbr aneWa%grd%S%rl l’})1rou %O\ée’fe%r ?.%n S'J.nQo the rotating shaft 104 is

15 allowed to flow, under centrifugal force due to rotation of the
base 100, through the through-holes 50a formed in the processing
electrode 50 and supplied to the ion exchanger 56. The pure water
or ultrapure water supplied dissociates by the catalytic action
of the ion exchanger 56 to produce hydroxide ions. 8Since the

20 processing electrode 50 and the feeding electrode 52 are
separated by the insulator 102, migration of the hydrexide ions
is intercepted by the insulator 102. Further, when the
substrate W i1s in an electrically insulated state, the portion
of the substrate W facing the processingelectrode (e.g. cathode)

25 50 functions as an anode, and the portion of the substrate W
facing the feeding electrode (e.g. anode) 52 functions as a
cathode. Accordingly, electrochemical dissolution occurs in .
the anode portion of the substrate W facing the processing
electrode 50.

30 In the case where an ion exchanger is contacted with the
substrate W, the ion exchanger can deteriocrate due to the sliding
movement. Such detericration can, however, be avoided by making

the ion exchanger a two-layer structure in which the outer layer




such material as a pad having an ion-exchange ability to enhance the
mechani cal strength. 5 FIG 31 shows a substrate processing apparatus
according to yet another enbodi nent of the present invention2prey sRd W th
the electrolytic processing device 36. is substrate processing apparatus
conprises a pair of the |oading/unloading units 30 as a carry-in and
carry-out section for carrying in 10 and carrying out a cassette housing a

substrate W the reversing . machine 32 Jégusher,s 34a, 34b for transferring
the substr APPCORIREEE R FPRcS P oERRSE Ay laekAe vl ol -9 - R UERA ce

112.  The fixedt ¥oe ot FRISRA Indn@RAine38 dsS dU=\i0RM bR Wesn Y& sing
| oadi ng/ unl oadi ng units 30, the reversing nmachine 32 and the 15 “pushers 34a,

34b as a t cacypmoatedeslos hopad rensipy ennigorarmkcharas Gl liny theshvbstg ate W
therebetme%g. The substratqleg{qiessing apparatus is also provided with the
moni tor 42 F&r "SEFESAING F VS T hge appl i ed bet ween the processing

electrogle 50 angrthesfeathwy £lsesihedeSBrdpess ehgtipsd yites IsOssimg 20
in the electrolytic processing device 36, or an electric current flow ng

t her ebet weéf. YEF @nodheghsRBodameramf ED6fPEfeeivbrgenitdennpov Fgedavth

device 112 npeLi l:is hi B 2 Lnhg pol i-shi g ALE.
conposed oftﬁg p%ll?gﬁir%g@‘(::&llgtshbi(}%g}ei%%ﬁ% g égg?g\%\hi %ﬁl s 2 aétqt asc edgto t he

upper surf acecefsstimg ppbeshitng tabbeisl?,a padr af tpe rliorgl i1’y Urdrodvbirdy ng a
substrate VVm%;h3bts surface ta be polished Qgciggp:hefpolishin. tabl e 122.
Pol i shi ng 8F1te = “s @ §c &G HHE SUFstFPE e WASs “E5rri%8d T8dt BY 7ot i1y t he
pol i shigg tabl €a222iAgthithe t0Psét g hbddk irgspentd Metate ANCLIBE rwupd yimy an
abrasive liquid froman abrasive liquid nozzle 126  disposed above the

pol i shi ng FasRane232  WRPFReHP 38t ng thé OrstibaRphtEr W dghh Ast R Fer B8 i%hi ng

cloth 120 ehet kg RRIHSHNG é]:%@é%s]i% Ao W BN RERESUICRIEPYLNEd 0P FiNg
124. As the abrasive 52 20 FEB 2006 |1 quid supplied fromthe abrasive liquid

nozzl e 126The £dgedndivine tofarspoasi veohsdr 38 liss prowdideds iffi ipe tpeardri diles of

silica, inl%gding/unloading units 30, the reversing machine 32 and the

15 pushers 34a, 34b as a transport device for transporting and
transferring the substrate W therebetween. The substrate
processing apparatus is also provided with the monitor 42 for
monitoring a voltage applied between the processing electrode
50 and the feeding electrode 52 upon electrolytic processing

20 in the electrolytic processingdevice 36, or an electric current
flowing therebetween.

FIG. 32 shows an example of the CMP device 112. The CMP
device 112 comprises a polishing table 122 having a polishing
surface composed of a polishing cloth (polishing pad) which is

25 attached to the upper surface of the polishing table 122, and
a top ring 124 for holding a substrate W with its surface to
be polished facing the polishing table 122. Polishing of the
surface of the substrate W is carried out by rotating the
polishing table 122 and the top ring 124 respectively, and

30 supplying an abrasive liquid from an abrasive liquid nozzle 126
disposed above the pclishing table 122, while pressing the
substrate W against the polishing cloth 120 of the polishing

table 122 at a given pressure by the tep ring 124. As the abrasive



al kali solution may be used. By the conbination of chem cal polishing by an
al kali and nechani cal polishing by abrasive 5 particles, i.e. chem cal :
nmechani cal polishing, the substrate Wcan be polished into ajpl@gig 8ge OF
surface. The polishing power of the pghishing surface of the polishing

cloth 120 decreases with a continuous polishing operation. In order to
restore the polishing power, a dresser 10 128 is provided to conduct

dressing._of the pol.ishij clqoth 120,. faqr. ex | e at e time_of changing
e subotfape i Sib T aRad AGECS a1 L% b Ar ih G EREP e Btear 128
and the opokihshi 0getbt€id22s I espactisvel e pherdeessiag ssuriface in( dhessi ng

menber) of the dresser 128 is pressed agai nst the 15 polishing cloth 120 of
t he pol i shkagit apletien malepéebysednovPrigthehecabiastien| purdcahgadhi ps

St k0, NS BOL L9 U 26 sl SATPALRE, o] 1850108 and

regerter apedtiAteer, ding .t ehbhisadubsthahécpilopeiskengngppahat uahsara2@

substrate Wis taken,b% the transport robot 38 ogt of the cassette set in
the | oadFngPPuRPoRALAGEH €736, 2Thé2SuBSEFaFe SWHEE8 % ransported to the 5

reversing machrpe 31i3¢GHdi HOwéP BECasH tYoliERiREVELITalRe stibsheate W
and is then transported by the transport robot 38 to the pusher 34a beside
t he el ecPpdighirg25IntdresdP nglafeifiases3671he as it rnwowy | Botighsnerred

fromthe 2r 34a-1 0 I h 6_-0f ctr i :
processiﬁggggggégﬂértl dﬁgﬁ:gﬁfg%ﬁg%?gtgh?ﬁ%af%ﬁﬁﬁﬁigﬁ?g%it%Cak%%ggéssing of .
the urf aeeé oé prerisidabtivateniics dosshictedfi thetiel edletig alytttc 1poocessi ng

device 36. After conpletion of the 3 rocessing, the substrate Wis

returnengB ?ﬁ@mﬁggggF %%5.tl?ﬁePzéfgégglpﬁé%b&b§P%§F€aﬁFoW'thi?pﬁbﬁer 34a

i s transpeek8dngby rdienidranspaiil s obetaB8ndothbe qpesherr 3d4is bgghdenthe CWP

device 112, and is then transferred to the top rlna 124 of the CWVP device
&

20 FEB 20061581292 tEPAPshilAg byeERPCHérPSKingthe t HECSEREEr afErRRrLS
conductedy LBstRE fRdey ¢ ke NdHeCOMPS il 09, L sLheaGP,pe! kel ng,

15 polishing cloth 120 of the polishing table 122, thereby removing
the abrasive liquid and chips adhering to the polishing surface
and, at the same time, flattening and dressing the polishing
surface, whereby the polishing surface is regenerated.

According to this substrate processing apparatus, a

20 substrate W is taken by the transport robet 38 out of the cassette
set in the loading/unloading unit 30. The substrate W is
transportedtx>thereversingnméhine32, accordingtx:neéessity,
to reverse the substrate W, and is then transported by the
transport robot 3B to the pusher 34a beside the electreclytic

25 processing device 36. The substrate W is transferred from the
pusher 34a to the substrate holder 46 of the electrelytic
processing device 36. Rough cutting (etching) by electrolytic
processing of the surface of the substrate W is conducted in
the electrolytic processing device 36. After completion of the

30 processing, the substrate W is returned to the pusher 34a.
Thereafter, the substrate W on the pusher 34a is transported
by the transport robot 38 to the pusher 34b beside the CMP device
112, and is then transferred to the top ring 124 of the CMP device



the substrate Wis returned to the pusher 34b. Thereafter, the transport
robot 38 takes the substrate Wfromthe pusher 34b 5 and, after transporting
the substrate Wto the reversing machine 32, according to neegysig ¥god O
reverse the substrate, returns the substrate Wto the cassette in the

| oadi ng/ unl oadi ng unit 30. Though in t hi®® enbodi ment rough cutting of the
substrate 10 Wis conducted by electrolytic processing in the electrolytic
processi ng device 36 and finishing of the substrate Wis conducted by CW
pol i shi ng ild2t.heFChvRstéwigcley CMP, ppiiskipossi the sylostomtedt 16 ougidwatted ng of

he sub b lishing ,in the QW devi duct,
Fimi shing of FhE EURStPALe® 16t o7 by BidcePObyera ot Seesar ng T Hane ing.

el ectrol ytiteePDE0BESTERG WAEYirea 13G.edAtboaite WROMGVBAPY. OCES6T gL €an, tins be
reduced. FIG 33 shows a substrate processing apparatus according to yet

anot her enf@@NFRAT off AARE presettes ientS it thahg dbd 1@t Hhe e Eiectidl ytic
processg ng 4 %g,' 591-.@?&“@3;53?&9@%? he s@@s@f%ﬁﬁw&r@pg@whgmﬂ%. a

pai r of the | dading ng units 30 as a carry-in and carry-out section
for carryi 3@ . accandlicgr ropi ngcest idvcasseteechoasting sulsitost teat ecaNutrie

reversing chine 32, t pusher 34 f transferying. th ubstrate W_the
el ectrol yti% eprs’é)lgj AT gﬁ&?c§g§6?agﬁagéecjr%a§? gi%aecg}ré%/eﬁrg](f’ 192t ani ng
and dryi ngatphe processed substrate W A novable transport robot 38a is
provided in a re%i on between the | oadi ng/unl oading units 30, the reversing
machi ne 32 and t R&CUSs A8r tBAS 300 R G e Fiee 16 Of r Bk p s Wep tehd
Lransieg i Ros sl BEnBuRtLIALG WiLRELBRGHUECHrodbEsSHESLE Al RINRASSI NG £0

apparatus is al so provi the nonitor 42 nonitoring a voltage
appl i ed betweerestienrdewssend el evdr ddeisbimed ¢he theeesligt et FWodes 52

upon eLect LS N BTSRRIy 8\ PRLCIBLG, BLOPES 100, JSlem ity o

substrate processiuwg: appayiatasttime of the substrate W by CMP polishing

in the CMP device 112 and conduct finishing of the substrate

15 W by electrolytic processing in the electrolytic processing
device 36. A load upon CMP processing can thus be reduced.

FIG. 33 shows a substrate processing apparatus according

to yet another embodiment of the present invention provided with

the electrolytic processing device 36. This substrate

20 processing apparatus comprises a pair of the loading/unloading

units 30 as a carry-in and carry-out section for carrying in

and carrying out a cassette housing a substrate W, the reversing

machine 32, the pusher 34 for transferring the substrate W, the

electrolytic processing device 36, and a cleaning device 130

25 for cleaning and drying the processed substrate W. A movable

transport robot 38a 1is provided in a region between the

loading/unloading units 30, the reversing machine 32 and the

pusher 34 as a transport device for transporting and transferring

the substrate W therebetween. The substrate processing

30 apparatus is also provided with the monitor 42 for monitoring

a voltage applied between' the processing electrode 50 and the

feeding electrode 52 upon electrolytic processing in the

electrolytic processing device 36, or an electric current



substrate Whaving been carried in a dry state and undergone electrolytic
processing in the electrolytic processing device 5 36 is reversed, according
to necessity, and transported to the cleaning device 130 whehg fdif2006
substrate is cleaned and dried, and % e substrate can then be returned, in
a dry state, to the cassette in the Toading/unloading unit 30
(dry-in/dry-out). FIG 34 shows a substrate processing apparatus according
10 to yet_anot her enbodi nent of the present invention provided with the

el ect rol {1PEIPY obREEFHGTHBG R ce 36. This substrate processing apparat us

conpri ses, as Aé@oﬁfﬁgi Bot BE 18DQVSs 1d@SEr idiedt SIHaH NBRta sHeul, | prEl G 31,

a pair of the |oading/unloading units 30 as a carry-in and carry-out
secti on $BhébratarWyhaging hadncapryiad botaasdrassbete abdsingdeagenbstrate

W the pushers. 34a.and 34b he . tralyti [ sSsin vice nd the
O dovh SE0GESoTRR B Gies LIE B SBd 8l R S B D e U b a8 0 L
130a sand3a o ehve afedseaantd ralieantogne deys ey, 30 t rlurdpwerted theper ar y
storage table 132 that has 2Q a function of traversingpg substrate, is

provi ded®hBabes FRELCE| 13 WIethithy FAstestE308 ShE2PRe &BEofd1igfeani ng

devices 13Qbehe Avfddttadd aN3PYHen BROLeB886ntE, PIOV 484, alcad LekbakRepl ace
between the | oadi ng/unioading units 30, the first cleaning devices 130a

and the cespetheyintbhagecedbne/wB20adingt rahtpoPt (devrée/Hoy-28t) .
transporting trgn ring rate W.ther t ; _and__.a_second
(P ST RSO ST e ML BRSLIRER. 000

transport robo rovi rtainp orary
st onage tablex A83rhthergevbinkerct ednting preéeencesnd30bian e quishers 34a,

34b as a transport device for tranggor i ng and transferring t he substrate W
t her ebet WB8n. @3- TR BbbSt rRIRCHT oL siéﬁf%ﬁﬁmn%ﬁtw i $04PsoSPPEYFALR with

the monNLtREe42ih8" RRIAMINGnyPl §0e aBpldned betueen the. pregessing
el ectrodes 50 and the feeding el ectrodes 52 upon electrolytic processing in:
t he el ecdedfyipedprerecdingnieviee R0 FEB FAT06 53 362 Apedrdi rg t Bhehis

SUbStratfoQ&?ﬁS?&ﬁfgaéggarﬁﬁfésZﬁﬁ%s a carry-in and carry-out section

15 for carrying in and carrying out a cassette housing a substrate
W, the pushers 34a and 34b, the electrelytic processing device
36 and the CMP device 112, and further comprises a couple of
first cleaning devices 130a and a couple of second cleaning
devices 130b. Further, a temporary storage table 132 that has
20 a function of traversing a substrate is pfovided between the
first cleaningdevices 130a and the second cleaning devices 130b.
A first transport robot 38c isprovided at a certainplace between
the loading/unloading units 30, the first cleaning devices 130a
and the temporary storage table 132 as a transport device for
25 transporting and transferring the substrate W therebetween; and
a second transport robot 38d is provided at a certain place
between the temporary storage table 132, the second cleaning
devices 130b and the pushers 34a, 34b as a transport device for
transporting and transferring the substrate W therebetween.
30 The substrate processing apparatus is also provided with the
monitor 42 for meonitoring a voltage applied between the
processing electrodes 50 and the feeding electrodes 52 upon

electrolytic processing in the electrclytic processing device



substrate Wwhi ch has undergone rough cutting, for exanple, by electrolytic
processing in the electrolytic processing device 5 36 and finishing by CW
polishing in the CVMP device 112, as in the above-described engGdigsgis Shown
in FIG 31, is transported to the second cleaning device 130b for rough
cleaning and is then tenporarily stored®dn the tenporary storage table 132
where the substrate is reversed, if necessary. Thereafter, the 10 substrate
Wis transported to the first cleaning device 130a for finish cleaning and
drying, andid¢.hen can be returned, in a dry state, to the cassette in the

| oadi ng/ unl oadi ng sectj.on 30. G 35.shows a _substrate processing apparatus
according 15 to%ﬁﬁoﬁﬁ&ﬂ%e?ogggbaiﬁﬁﬁ?t5g%?h8ﬁﬂ%§§§ﬁnqrﬂﬁﬁﬁﬁ%ﬁP Tp@ﬁﬁed
with the el8gid1obyté G MhACESHRBILHBYFEENS6rouldh SuiiSld alrer PRORESSI NGy
apparatus conprises a pair of the |oadi ng/unl oadin units 30 as a carry-in

and carry- GieEeea okl ¢ T eRETANG I thenglearroligieupPraceasseat@enbesi ng a
substrate Vﬁ{e & YNGR 120 3% cARd Bﬂﬁsﬁhﬁgt{ﬁ’!%ﬁé o %%%i%'e”@é‘é‘?%ﬁs‘e' 136-
The subStrate ~ praocessi ng -appara u8°ar867¢ nprises a cleaning device 130d
for cl eanitiyp aheve-deesddbeslibsbpdti @enthehdwyansFDG. MeEchiser B32nsporpédt i ng

devi ce 136 for plating the surface_of, the bsirate W cl eanin evi ce
1506 for oliEaniiy TR ot P Rtne: SGYECS ahilB ol Gh ERAEAI £ HEA LU (9 4b® f or

anneal i ng thfePhat@d Sty 8t 8re WL Rne i @ngh SN8s8doirl geefdiete 142t fiRE8POr t
robot 38a as a transport “device is provided which can nove parallel to
t hese devi ddwe f pbstrangpord i hgvandetr arst erecagsaneg. sufdergad bgr, the

t her ebfb‘gg%ﬁaasfngbeté UpstL ?Efax?é@%féé& NGy a&?@ﬂ%@g i éléér?ﬁmﬁ”@é/{'rf'@&'. 1562

noni t or nonitoring a tage applied ween the” processi ng
el ect rodes f&5ix afichidie ¢ besh gy ebedt dogesg S2angovheh ecam dbgtretummedessnng in
the electroly ic§%&ices i ng.device .~

I 36, shows an_exanpl e of the
bl at ng. devi GV, S84 e ) HEERC 3606 88 pPatlRo! CRULEE 135 FAbRgdRechien
t op- opened 3xyl i ndrical plating tank 232 for containing a plating liquid
230, and a substrate , )

FIG. 35 shows a substrate processing apparatus according

15 to yet another embodiment of the present invention provided with
the electreolytic processing device 36. This substrate
processing apparatus comprises a pair of the loading/unloading
units 30 as a carry-in and carry-out section for carrying in

and carrying out a cassette housing a subsprate W, the pusher

20 34, and the electrolytic processing device 36. The substrate
processing apparatus also comprises a cleaning device 130d for
cleaning the processed substrate, the reversing machine 32, a
plating device 136 for plating the surface of the substrate W,

a cleaning device 130e for cleaning the plated substrate, and

25 anannealingdévicel40forannealingtheplatedsubstrate,which
are disposed in series. A transport robot 38a as a transport
device is provided which can move parallel to these devices for
transporting and transferring the substrate W therebetween.

The substrate processing apparatus is also provided the monitor

30 42 for monitoring a voltage applied between the processing
electrodes 50 and the feeding electrodes 52 upon electrolytic

processing in the electrolytic processing device 36.

FIG. 36 shows an example of the plating device 136. The



hol der 234 for detachably holding the substrate Wwith its front surface
downward in such a position that the substrate Wcovers 5 the top opening of
the plating tank 232. In the inside of the plating tank 232, ;aprgamg Pl ate
236 in a flat plate shape, which bec&ges an anode el ectrode when inmersed
inthe plating liquid 230 with the substrate as a cathode, is disposed

hori zontally. The center portion of the bottomof the plating tank 232 10
communi cates with a‘plating‘li%uid ejecting pipe 238 for formng an

ej ect i ngPR&WNEF deNd csl ABitngricilgdied gphaPdryenpdr chéindy icglapPilagiPrPqui d
receiver I i Ut er i atin

Lank 230521 B33 B0 on  FAL T Rt ror A el e o P o, SURPRsEe5 "
downwar d hby delre2 34ty deeahbhiéy RSUdisg hei $hlosreda abdveithe tplfabnug t ank

232 and i | t i i ed_bet h d t 6 d d
Che oubsEHACEC FaUNROTE) TRATE BB BEsRG A BiPBabt Fate e ePka T apuar ol y
fromg hetpbatbpdobbAithd &f egid M atiime 23% 292t hain tiee efrefildd@ f kaw of the

plating liquid 230 20 hits against the |ower surface (surface to be plated)
of the ©dbsingteanyt ddfer ebyanPqs Blpte ¢3f ienm flataplekedshard ) olWikbt ween

t he anod I 6 t ﬁﬂg A pl at fildp.i . f or med
on the | %\?/Ee%?ﬁ‘tsegr %gc%ﬁ% et{lge su Oz&teﬁ g‘{h%r\\;\\}n@fggg@déﬂaﬁ% é%las 10 %%Gg;[grrpl e of
the anneaBitngidbvilte st tirite Heaanaehbdayg dedicpobéd torproseslaychamber

1002 havi a gate 1000,for carrying in and caryying out the substrate W
a hot plggg 1 U7 sBBEEYCTN ThetBRhamBd°To fB& hégﬁqﬁ?QFﬁPn§u§§?rate W

to e1@. 40Rfunakdt2sCPOth Rl plecifgh idiﬁﬂpé?@cﬁﬂﬂg%ﬂbe bhe ot rphatiegl004 in
t he chanmber 1002 for cooling the substrate 30 Wby, for exanple, flowing a

cool i ng W&t & eicirsinge filke 1Wét tHicatd 2 tigw. L iTvd daieai Ny deVieéhezo al so has
Pl Bt e 108G SR0 e M At e (VT A A GoRRRar T Her 2T o Tor s el 2606 &7
pl aci ng aedipbedivngft hbes plstiiamce tAhdn 28316 upper ends thereof. The : ?
anneal i ng devi Erel c}égrglyié#?rtﬂenghgg%%a%egﬁsneilrg %ggﬂciégnfront surface :

15 downward by the substrate holder 234 is positioned above the

plating tank 232 and a given voltage is applied between the anode

plate 236 (anode) and the substrate W {cathode) while the plating

liquid 230 is ejected upwardly from the plating liguid ejecting

pipe 238 so that the ejecting flow of the plating liquid 230

20 hits against the lower surface (surface to be plated) of the

substrate W, whereby a plating current is allowed to flow between

the anode plate 236 and the substrate W, and a plated film is

thus formed on the lower surface of the substrate W.

FIGS. 37 and 38 show an example of the annealing device

25 140. The annealing device 140 comprises a chamber 1002 having

a gate 1000 for carrying in and carrying out the substrate W,

a hot plate 1004 disposed in the chamber 1002 for heating the

substrate Wto e.g. 400°C, and a cool plate 1006 disposed beneath

the hot plate 1004 in the chamber 1002 for cooling the substrate

30 Wby, for example, flowing a cooling water inside the hot plate

1004. The annealing device 140 also has a plurality of

vertically movable elevating pins 1008 penetrating the cool

plate 1006 and extending upward and downward therefrom for



pi pe 101D for introducing an anti oxi dant gas between the substrate Wand
the hot plate 1004 during annealing, and a gas 5 discharge pipe 1012 for

di scharging the gas that has been introduced fromthe gas intzrm?tm@@ pi pe
1010 and fl owed between the substrate Wand the hot plate 1004 e pl pes
1010 and 1012 are disposed on the oppoSi‘t e sides across the hot plate 1004.
The gas introduction pipe 1010 is connected to a mxed gas 10 introduction
line 1022 which in turn is connected to a m xer 1020 where a N2 gas

i nt roducedpl htonghaadN2o gasng ntlreodutistoatd Weonltié mmaienidw taefriddfer
1014a, and a H2 gas |ntroduced rough,  a H2 i ntroducti,on |line 1018

cont ai ni ngTa%f APEERL1AP4REVACE t"'pho ggrttgefrorlﬁ‘n éldﬁlsxédgﬁés% @Iﬁi

t hr ough thﬁlﬁebxqmms £5% I pheeshied i@ bhneadP22x 1840t t BR s0ase tpbeRdudtd on
pi pe 1010 n operation, the substrate W which has been carried in the

chanber loé)Qbﬁhr@tlghWt@l@dg’%h% hgo@laite REI04 nrineg Mlﬁ@@hgngpm@dlﬂ)wsand

thellftln Q08_.are e p o] th i ce

bet ween thg gugsf atéjj\ﬁ%e?gign%f’%e C% |S’fct%£l£g)gliﬁ)é p?%% $608 %tt ag eaer}]I ate
1004 becongsteocguced flrdm tBergas Ihe::oﬂubs_h.bﬁtpﬁ.;i&’ L1510 heri heated Hectv&egl
4000C through the hot plate 1004 and, at the sane tine, the_antioxi dant gas

i s introdutB8 SYRohrehe Haod hbe Jﬁﬂ:cplléﬁepﬂ'%‘l 101@%5’&36%1659 33 di%1swed t o
fllow bet mﬁ?et@ﬁsﬁ&!@éhr aﬁetﬂ\é%@pw&@%l@é@t&cé&@é M ot ha 2% 4 45

di scharged fromthe gas discharge pipe 1012, thereby annealing the
substrate W whi I’éhﬁrmmnfﬁgﬁdu@?l@ﬂ gape ok 10The cempreel¢hda peBLARATATRY be

conpl gfed &Ht??@ﬁ&t&%\é‘”ﬂ' %’&g\lzoﬁml%%c‘l%dscuﬁsﬁx Q_% 28hh 'é%sce Thc% [éh‘?nt &

tenperaturé o € Subsfrate arbitrari ecte e fange of
100- 6000C. 1800 Ailiet e GONplgets mmtncbdnhedaﬂns:aigmg, Nt beslirfﬁxrcn:g.lcpttm]]ﬁﬁ& are

| ower ed do osition . which e di stance between he stra W
hold on LB e Be ot n8 e 3t 1R 18 ShRATREE SSpo thadiiad dhsoury. |6
nm By i ntéol‘ﬂu%a%g 12 t6RRUG oMt @hel Db 0820 FEBIRORS S& e £aq)1 4y ataere1006

t he substrate is cooled by the cool plate 1006 to a te erature of 100C
or |ower imigeg. t@oi@gmg@tgmmﬁd gas which flows through the mixed gas

15 introduction line 1022 intc the gas introduction pipe 1010.
In operation, the substrate W, which has been carried in
the chamber 1002 through the gate 1000, is held on the lifting
pins 1008 and the lifting pins 1008 are raised up to a position
at which the distance between the substrate W held on the lifting
20 pins 1008 and the hot plate 1004 becomes e.g. 0.1-1.0 mm. The
substréte W is then heated to e.g. 400°C through the hot plate
1004 and, at the same time, the antioxidant gas is introduced
from the gas introduction pipe 1010 and the gas is allowed to
flow between the substrate W and the hot plate 1004 while the
25 gas 1is discharged from the gas discharge pipe 1012, thereby
annealing the substrate W while preventing its oxidation. The
annealing treatment may be completed in about several tens of
seconds to 60 seconds. The heating temperature of the substrate
W may arbitrarily be selected in the range of 100-600°C.
30 After completion of the annealing, the lifting pins 1008
are lowered down to a position at which the distance between
the substrate W held on the lifting pins 1008 and the cocl plate

1006 becomes e.g. 0-0.5mm. By introducing a cooling water into



The cool ed substrate Wis sent to the next step. Though in this enbodi nent a
m xed gas of N2 gas with 5 several % of H2 gas is used as the above

antioxi dant gas, N2 gas may be used singly. According to theyspppt209se
processi ng apparatus of this enbodi , a substrate W for exanple, having -
a seed layer 7 forned in the surface ?stsee FIG 85A) is taken, one at a

time, 10 by the transport robot 38a out of a cassette set in the

| oadi ng/ unl oadi ng section 30 and, after reversing the substrate Wby the

rever si nGRatRP heP B3t adld i ﬁBet%ulﬂ%EE%E‘? t"‘ﬂ/lsl%o%Jaerq' PEENE Yt R3St i ng

devi ce 136.¢cEkeckr obybéfatOPPeSr PI@ 1@ f8kereXaAn®! I_jf - ARerfoimed in the
plating device 136 to forma copper 15 film&6 (see G 85B) as a conductor

fil m ( pofthicorrod ege Slmﬁm igh g4t sy ftdce refxtt lsdegubst rate W The
substrate W a er he %:FI ng f‘gﬁ ?t msn% (at hexsu strate_hav a c%nduct or
filmsuch as t % Frihy  PECPHARSESr Ped ¥ P €1 8anTag9e feviidd 130e
for c4eanrjer@rands ddsflm,,ggaanﬂs lLﬁsédD%% thansperd %t&%ﬂl@éﬂlﬁg&%neﬁ igag devi ce
140, where the substrate Wis annealed by heat treatnent, and the anneal ed

subst r at &aiYs e AFHebriE@in-o the el ectrol ytic processing devi ce 36.
El ectrolytic RE%B%%I%'n’&gth th@esﬁﬂéwﬁﬁﬁ‘é‘e(ﬁ@é@@s?hﬁf rHud e systrate W

is conducted in the el éctrolytic processing device to renove 25
unnecessampocippart f ial subsftarked Wi, nfoheesarphee lméﬁViIh@ 3 UHRsa altaa/er ther eby

form ng er, i;nterconnects conpos of PPPEL filjm 6 850) . The

substrat 08‘\?" #t & t%h SPEEF‘F&;? E:g%‘oc an |Ea}?ever%rge%l e%/ %él Mever si ng

nmachime 32, @is€ortanGpor® NECHSSI ts;ea 8d$1dtl 8ft raangpestedet Gdtheial e ng

devi ce 130d 30 for cleaning and dr%(!i 3 The cl eaned substrate Wis reversed
AgCtr

by the ré@@ﬂ@wwwgegecaéear AHeressiveys iafdthe sifdd 2t t he
cassettey Pyt LeIdi-Rghynhoaring wbkcégdl g% %%C\%@e%ya syhsinatesy

processi ng apparat us according 20 FEB 2006 59 to yet ano her embodi ment of
t he presémto frenpiahipg ol dece idth ERecéredvitobyetrrdravessing dor ce 36.

Accor di n%xta%ptl@i,sis performed in the plating device 136 to form a copper
15 film 6 (see FIG. 85B) as a conductor film (portion to be
processed) on the surface of the substrate W. The substrate W
after the plating treatment (the substrate having a conductor
film such as the copper film) is transported to the cleaning
device 130e for cleaning and drying, and is then transported
20 to the annealing device 140, where the substrate W is annealed
by heat treatment, and the annealed substrate is transported
to the electrolytic processing device 36. Electrolytic
processing of the surface (plated surface) of the substrate W
is conducted in the electrolytic processing device 36 to remove
25 unnecessary copper £ilm 6 formed in the surface of the substrate,
thereby forming copper interconnects composed of copper film
6 (see FIG. 853C). The substrate W after the electrolytic
processing is reversed by the reversing machine 32, according
to necessity, and 1s transported to the cleaning device 130d
30 for cleaning and drying. The cleaned substrate W is reversed
by the reversingmachine 32, according to necessity, and returned

to the cassette in the loading/unloading unit 30.

FIG. 39 shows a substrate processing apparatus according



enbodi nent, between the cl eaning device 130e and the annealing device 140,
both used also in the above-described enbodi nent 5 shown in FIG 35, is
provi ded a bevel -etching device 144 for renoving a material, 20 BEB2006
processed, forned in or adhering to a peripheral portion (bevel portion and
edge portion) of the substrate. The ot er construction is the same as in
the enbodinent shown in FIG 35. 10 FIGS. 40 and 41 show an exanple of the
bevel -etching device 144. The bevel -etching device 144 conprises a

substrat e hol det antBheshpohodineattst 4he hiod T8t Hoveanisonapeo W e g v itths

front surface rd and. rotates by _the,actuati,on of, a noi.qor_ 150, .

feedi ng el &6 oe&gg%%og%?%% Pgoggr?r‘%gfgead 0" &N gﬁ(')de Ao Coar&pléj\/ger‘?%S tgholusrce
154, and cefbaeclimen tcopduaten thém (aaiin@mdvd dee 13peogrs s asheda lasd he
copper film6 formed in the surface of, the substrate Wto pass electricity

thereto, af@VdCColldbn- HedFedsest Gdessily 1% dbryde SE6F tathcch SFPEEMfdtt ed to

a_cathogle qhLhe ; PRy SeUrqg g-}%vi%% O4aLRS M 18 AHMAELN Of @410t or
158. 20 The processing electrodée 160 iIs (?I sposed beside the substrate W
hel d by t heesubsiigatemhbbdérl 1520 g roarscad.adbrand detachhdhdmisubstrat e

W Further, a _gr.oove 160a generally i.n_the .shape , of, a half .circle in cross
secti on, conFSrm néarta(])l lpt?é:%plé)rnl S(r?eér(ré?ll F&on Jﬁoéluraéltq oer?goef ptoﬁé:lsol%stor attglew i's
formed in thespreaessi Nnghd5 cdlhedt rodes60ct bl dl iHe exahangsy 1A2,tmas
descri bed above, is nmopunted on the surface of the groove 160a so that the
surface ofMPREIMGR texéIRayd™ FFE coltracts or gets close to a peripheral

portiofyof the suhglral@ W FUEHRES Qfg'é€(1an%l%uc5? R SEvEPZEE &n i 48K d S ce

di sposed near the processing electrode 160 as a pure water 30 sUpply section
for suppl yilddg -pufbevet el ortahinapiavd ogal é4 chmtmissss sheulpsocesging der

o sctrove 190 3 e i loler alo pRCihon 8 LS BRLEALS o ST Zemyal oy

as copper, sharfeesd upwardadher rngatest he theraphtesaiopost i Dndtevealspord i on

and edge p%%%%%%g‘gﬁegggode 156 which is connected to an anode of a power

15 source 154, and contacts a conductor film (portion to be
processed} such as the copper film 6 formed in the surface of
the substrate W to pass electricity thereto, and a column—~shaped
processing electrode 160 which is connected to a cathode of the
power source 154, and rotates by the actuation of a motor 158§.

20 The processing electrode 160 is disposed beside the substrate
W held by the substrate holder 152, and can contact and detach
the substrate W. .Further, a groove 160a generally in the shape
of a half circle in cross section, conforming to the peripheral
configuration of the substrate W, is formed in the processing

25 electrode 160, and an ion exchanger 162, as described above,
is mounted on the surface of the groove 160a so that the surface
of the ion exchanger 162 contacts or gets close to a peripheral
portion of the substrate W. Furthermore, a pure water nozzle
164 is disposed near the processing electrode 160 as a pure water

30 supply section for supplying pure water or ultrapure water
between the processing electrode 160 and the peripheral portion

of the substrate W.

The removal by electrolytic processing of a material to



substrate Wis effected by bringing the ion exchanger 162 nounted on the
processing el ectrode 160 into contact with or close to 5 the peri pheral
portion of the substrate Wheld by the substrate holder 152, ,ap§g ting
the substrate holder 152 to thereby rg{ate the substrate Wand, at e sanme
time, rotating the processing electrode 160, while supplying pure water or
ultrapure water fromthe pure water nozzle 164 between the 10 processing

el ectrode 160 and the peripheral portion_of the, substrate W and lying a
gi ven volSager et et t ﬁ\éCBr Séeﬁﬁ%ber'el%%r??fgelﬂ%raﬁa Ehe Pedd H%Pep

el ect r 0dg,cbSh ACCOr G PE1 R tBESeIURTMAlR RIREES8HATpBRPRRGAY UDFE the
inmediately after the plating treatnent is conducted onto the 15 surface of
t he substmdistawtigWikmeeplacitad kiebiréagise, thehéopmxghaigen o Benpiucsbsed,

such as cgQ r faorned i.n or i : i r ortion. evel
portion ésnrgpcglc?g rﬁ&retc%s&n J &l%t%&goﬁg’?@r gggoﬁgﬁkg\e\/ﬁi‘%ﬁtg c%:%n u%?éolrjcqfi | m
(portson ke berppeeessegprrivaho ascideubeppatefwlialal pyeenh&lGb8oB)thas been

formed, can 20 be renoved in the bevel -etching device 144, and the

bevel - et ARIFCLE Uodt r A HREAE YHEATHR THRSSIRTE P Y48 % He 2l & tThazAaY:

processi ng, eyl Cen 865,55 EPatd2wanth#3 shovhanghher +exanple+aft ithe the
bevel -etching device 144, which can renove by electrolytic processing a 25

mat eri al pracdss procedsad.rosischl89 . coppeke f Gruped Vimoor padkervater o &
peri pheral, .porti.on I [ti nd. edge rfion) .o h substrate W and,
ulé%§é%£e &g@g? fgg?cﬁ%%i%%ﬁﬁg St L 5%% i%agﬁh %etwé%n éh%he

at the sarne can rrnse ean) T On surfaces o
-subsioat @AW d i rpyr el dat ecde TR0 kevel tlet chénppdevatepd44icanpfi et a

bot t oned, | indrical 30 waterproof cover i?O having a drain 170a and,

provi ded 4P 112t Hsi R 2pPIIHAS 21 VRS 481199 B9v9fd BRRPRIE M rate W

by spin Lhusksde 21 odhi £4 engade=daen§ubsiéatgadVpdg certain points in the
peri pheral region of the substrate and rotating the 20 FEB 2006 61 substrate

W hori zont al | y AGQFding f rignt ST ac W' PTIRRSLNGr faRRas#d28 ¢ 176
which is ﬁ“ﬂéﬁ§§¥kf§mﬁ¥fg&'%%ﬁpﬁﬁaEH%gF%QESEment is conducted onto the

15 surface of the substrateW in theplatingdevice 136, thematerial,
to be processed, such as copper formed in or adhering to the
peripheral portion. (bevel portion and edge portion) of the
substrate W, in which a conductor film (portion to be processed)
such as the copper film 6 (see FIG. 85B) has been formed, can

20 be removed in the bevel-etching device 144, and the bevel-etched
substrate W can then be transported to the electrolytic
processing device 36.

FIGS. 42 and 43 show another example of the bevel-etching
device 144, which can remove by electrolytic processing a

25 material, to be processed, such as copper formed in or adhering
to a peripheral portion (bevel portion and edge portion) of the
substrate W and, at the same time, can rinse (clean) the front
and back surfaces of the substrate W with pure water. The
bevel-etching device 144 comprises a bottomed, cylindrical

30 waterproof cover 170 having a drain 170a and, provided in its
inside, a substrate holder 174 for holding the substrate W by
spin chucks 172 which engage the substrate W at certain points

in the peripheral region of the substrate and rotating the




of the front surface of the substrate Wheld by the substrate holder 174,
and a back surface nozzle 178 which is oriented 5 towards al nost the center
of the back surface of the substrate W According to this enbgpg¢rpenios t he
substrate holder 174 is connected directly to the notor 150, and the
processing electrode 160 is connected dilrectly to the notor 158. Further,
the substrate Wis | oaded and unl oaded by a substrate transport arm 10 180.
The other construction is the sane as in the above- described enbodi nent

shown in Fk@Est4@tand vz i AGCOL 01 P ittd t RissEsbodivrerlce hpRakanoy ed-dit
electrolytic processing of a material, to be Erocessed, such as copper
forned i nsorfageerpPagleol 46 pEripharalorgertiednteveydr pbrResbritmEasdgr 15
portion) of .t S a i f e t] t r der
178 10 nePBby Pof A8 T ROTLaBE: Ph oty ey EPt e Herd b B (i
processi nghelldetr adet , 160d vhibeclsupptyaag puogelewar Br whd cl tirsapuiriervwatder
fromthe pure water nozzle 164 betwee i el ectrode 160 and the

th ocessin
peri phet al *RYALESN 287 °Het®d SEDEET &t t@f*gﬁg aﬁb?g?ﬁ A il P W EgE
between thg proeesshngg ebechi 9demBQimedtt hend eading £l eatdrder 156 sand

simul taneously therewith, rinsing (cleaning) of the front and back surfaces
of the substhacet@ccdhrdettyheueh eaolprshiphl §nAFhsurEeo @as8ing comctuess r ont

surface nozzl.e 176 r face. o h strad e, fr he
back surfaéﬁondégl%B§9%Q?8&tE@Hﬁégﬁdédg?aggé ﬁfﬁé? 4%%%hom§§5@§g5étﬁg%%
pr ocessi ng sapparattes wates drodidegl ahd yeloadet her aesbiost nene of art dyeo pt esent

inventjon provided with the electrolytic, processing device 36. In this
substrite 1§ oce@%goﬁlﬁﬁﬁr 500S FrASHPS: %pl Wt hFeRReSS mAstPeEnGReY& T on 30

168a for npaskrined Rendddimdit Games i6f mraronducterg f4lm (portion to be

processed) after the processing is provided between the reversing nmachine

32 and the pl ati Agcaadiag n@&hi%@mgoclé@anab sdrq HemRE e GilifsHir SHOWIE i n

For e PASEeaSiAnof, FESe2008 S50 o BeLbbeknasy sy Loghseck ap A0t

processed) isuch adhering to a peripheral portion (bevel portion and edge

15 portion) of the substrateW is effected by rotating the substrate
holder 174 teo thereby rotate the substrate W and, at the same,
rotating the processing electrode 160, while supplying pure
water or ultrapure water from the pure water nozzle 164 between
the processing electrode 160 and the peripheral portion of the

20 substrate W, and applying a given voltage between the processing
electrode 160 and the feeding electrode 156; and simultaneously
therewith, rinsing {(cleaning)} of the front and back surfaces
of the substrate W can be conducted by supplying pure water from
the front surfacenozzle 176 to the front surface of the substrate,

25 and from the back surface nozzle 178 to the back surface.

FIG. 44 shows a substrate processing apparatus according
to yet another embodiment of the present invention provided with
the electrolytic processing device 36. In this substrate
processing apparatus, a first film thickness-measuring section

30 168a for measuring the film thickness of a conductor film
(portion to be processed) after the processing is provided
between the reversing machine 32 and the plating device 136,

both used also in the embodiment shown in FIG. 39, and a second



as copper filme6 (see FIG 85B) after the plating is provided between the
cl eani ng device 130e and the bevel -etching device 5 144. The ot her
construction is the same as shown in FIG 39. According to ths prguapk’ate
processi ng apparatus, the film thickﬁgss of a conductor film such as the
copper filme6 (see FIG 85B), which S been deposited on the surface of
the substrate Wby the plating treatnent in the plating device 136, 10 is
measured with the second filmthickness-neasuring section 168b, and the
filmthi ﬁkh@s’@hmktlﬁéscmﬂéﬁéﬁféﬂgf saﬁiaﬁﬂeifvﬁhefom @@@ﬁ@rymctbﬁoééé@u ng in

the ol colf oLYIL¢o DL PIGRe . ARG £ 3 | 3MPASHr el i LEIE LI SLuER! m

thlckness neasur|ng section I Ag resu ts o
nmeasur enefitcoppe becdmss 18 posEih] 8 3IM a(ﬁue&t thl@epmbat:.n@g iki proandetihe
proceSS|ng tinme, ~or conduct an additjonal or electrolétic

pr ocessi gt We%ﬁé?%%yc%?@P%?@Tﬁ??ﬁ%%ﬁ%gga@Pdtﬁ cB%HB&fSFCPFpﬁl G¥hC8s copper

films6 capybe rdemEe dohdormt F65 s 4 d hawol A en3hawianreecgol ytic
processing device 20 according to yet another enbodi nent of the present

i nvention. | rﬁct¢msden@d:t0rblnys |S@b|§rt6@é:§s@r@:@l%mm@apaﬁrerte§t rmfsémtl on
302 i h t I I bl
o PhELABLYSNELd,t 8bhe end B6.R SULROBD! £,87 I3 VBLEN of o801 NOabl e

and vertica nova C pr OCGSSI ng e surtace

substrateI®V %th iveh T dhas ualé@nupmjosswe‘cm@n%hef s rHesd raf ethel der
308, is effected roceSS|n$%electrode 304 and a feeding el ectrode 306,

bot h di s%‘b}%%'ﬁlr?’?n%l%é’& fEe RIREL NG der M9 13080e A 13- 19 deivd céenbdfi nent, a

wor Kpi ecgstr@eaé)@raaocag%eqhbss@t:oﬁe%&@mn%lbkﬁbé§dmregsar§H skeatgon! N this
electrolytlc processin evice, a pair o 30 el ectrodes 31 both in the

shape of §8bec@@ﬁgﬁhar%ﬂﬂ@ttbﬂgkéessl§fftk@dcpﬁdﬂﬁ§0éléeﬂmoéétgécth@n 302 so

that the,electspdes 310otace; nbnpanal lalecithe substiate Mgl deby

substrate rode plate conn cte e cafhode 20
FEB 20063 &3L sofmes spovest widilr tee3flr b coines tﬁuhekplecstsesmarsglralr@cseod30804 and

the ot he{GE' eCtB(fdfeeé)é:?rEge b3a1c %nner%ts% ttsO otfhrenegrs]%%%m%fnt :eLtpgecomes
15 possible to adjust the plating time and the processing time,
or conduct an additional plating or electrolytic processing,
whereby the film thickness of the conductor film such as copper
film 6 can be made more uniform.

FIGS. 45 through 47 show an electrolytic processing device
20 according to yet another embodiment of the present invention.
In this electrolytic processing device, an electrode section
302 is rotatably held to the end of a swingable arm 300 which
is swingable and vertically movable. Electrolytic processing
of the surface of a substrate W, which is held on the upper surface
25 of a substrate holder 308, is effected by a processing electrode
304 and a feeding electrode 306, both disposed inside the
electrode section 302. Also in this embodiment, a workpiece to

be processed is of course not limited toc a substrate.
In this electrolytic processing device, a pair of
30 electrodes 310, both in the shape of a rectangular flat plate,
is fixed in the elec£rode secticon 302 so that the electrodes
310 face, in parallel, the substrate W held by the substrate
holder 308. One electrode plate 310 connected to the cathode



source becones the feeding electrode 306. This applies to processing of
e.g. copper, because electrolytic processing of 5 copper proceeds on the
cat hode side. As descri bed above, depending upon a nmateri al 2006
processed, the cathode side can be a feeding electrode and the anode si de
can be a processing electrode. The surf@tes of the processi ng el ectrode
(cathode) 304 and the feeding electrode (anode) 306 are respectively 10
covered with an ion exchanger 314a, 314b both as descri bed above. Further,
a pure wat erf nogewer3dd:tse @GV beedmnas ahé ook supw glesecbiden306r and

suppl yi ng pyre ter or ultrap bet wee subst r at hel d by the
subetrate Mserisse ettt Blota tl fgottnr Fae b i P BOtF G ISP oL, 15
According t@nidis wabediFerhe tfedioly exchangade 3368, onThike fPGRsSi g

el ectrode side and the ion exchanger 314b on the feeding electrode side are

spaced, anPRRIRTCING L Sulsht CAPPSIW PESBEELI GLrYTIBYYERESPEPSPBEIRG 2he i on
exchang 3 arat e p et n S

electro é%%ﬁﬂﬁf ég@ éagugg%rg¥% ?aEHES%eC %k%b “%?bg%%ggﬁ&%ﬁg ?%edlhg
eIectrode d¥iferahichg hpsubsha ateid borkpeepeycdy sadd wsd g thicdeapide b er

as a processing id, th rocessi efficiency can be best enhanced. In
Thi e Connedid G LBt o E0Gt SRR nE GFaran 80 13 REOTeSE 1hg
processing @L&%fdw@ 3%@@@&%&@@%?9&@ e%t:@@em%O@leeerHaent@Aitﬁ&d@ﬁe ion
exchanger, is used in electrolytic processing, the so-called short

(V|rtualIy3?4I%mﬂoﬁhﬁoﬁ§ﬁd4ﬁﬁvﬁ%ﬁF%F?ﬁ%cé§@®®g)eB@ét@mﬁaEﬁﬁp%ﬁﬁﬂ%ﬁ1%edlng
el ect rgge %Qre%’%}ci Lo 1 QRCHL ’:Lo'heézk’éﬁéﬂlgef A13,d e%er e%%t;nnast. B%s%%%@d ot Ons

that 30 act on e surface of I ece, owerin processi ng
ef fici ency.Fumthest ng puck aﬂtentragzzale t331pﬁelefpr@vn1deddmagemqutﬂeﬂdpmbyt "

may be reduce e.distance __between the proce S|n Iectr de and
the feeding< éﬁ@é&f%@é §ngE§l§@dg1§a 21FgePt Hovi R ¢ Hﬁ Bfg?%e i on
exchanger naibst@aitd G paldngy ithdkeeetshne heTOSE3JALGEr théﬂﬁf@@é’s@u@l@l form
and feeding electrodes 304, 306.
15 Accoeording to this.embodiment, the ion exchanger 314a on
the processing electrode side and the ion exchanger 314b on the
feeding electrode side are spaced, and contact the substrate
W respectively. By thus disposing the ion exchangers 314a, 314b
separately in the space between the processing electrode 304
20 and the substrate (workpiece) Wand between the feeding electrode
306 and the substrate (workpiece) W, and using ultrapure water
as a processing liquid, the processing efficiency can be best
enhanced.
In this connection, when an ion exchanger of an integral
25 type, i.e. a processing electrode 304 and a feeding electrode
306 are mounted to one ion exchanger, 1s used in electrolytic
processing, the so-called short (virtually a flow of ions)
between a processing electrode 304 and a feeding electrode 306
will occur, resulting in a decrease in the amount of ions that
30. act on tﬁe ‘'surface of a workpiece, thereby lowering the
processing efficiency. 1In using such an integral type of ion
exchanger, the “short” may be reduced by making the distance

between the processing electrode and the feeding electrode



processing rate over the entire processing surface area is obtained with
difficulty. 5 The base material of the ion exchangers 314a, 314b nmay be a
nonwoven fabric, a woven fabric, a sheet or a porous nateri aI20 ﬁﬁﬁﬁgm in
FIG 48, the ion exchanger 314a or the ion exchanger 314b may be nounted on:
the rectangul ar processing el ectrode 84 or feeding el ectrode 306 by

wr appi ng the ion exchanger around 10 the | ower portion of the el ectrode.
Also in a case where the processing el ectrode 304 and feedi ng el ectrode 306

are in aacEdumMm shapsveds shawnporthbe 48, dihe iiom exghangees 3da, 314b,
whi ch are conposed of e.g. a nonwoven fabric, a woven fabric, a sheet or a
porous rRAEiGIDaWEYT b QT SBUME PSR ERe L25TPESpEELFFRY e et ¥ ies by

W appi NG, e, d Oy X EheRIRtcdr ol Lles - &1 BELLOdR1 nbl d3 ALel alid 1o supply
ul t rapure water om the pure water nozzfe rather than pure water.
Furt her ,olatsa tlest rw beld dabbienltuge may be nmade of an el ectrolytic solution

obt ai ned by 20 adding an el ectrolyte to pure water or. ultrapure water, or a
|'i quPd havi ng Bif glaégt ’F‘F‘EeEéﬁ&uﬁ%imeﬁ yOBf SOt nBreS t Haif 586 4PpBR ¥ bt ai ned

by addi ng ,am,addint EXSr$HUCh R SeEEacE AN sheetPYE S WBLELsMatdifapure
water. According to this enbodinment, a substrate W e.g. a 25 substrate

havi ng as ishowauihatEs a dfondhet oen faxahanestt PbAat or the procesdef)gsuch as

t he copper,film in Fl 8 i e ith dts f r f upwar d
by the St Favebraraare B Sttt B Bl i fO L Ge 762 -
respect iovelfieabiver igigdimwds BIA ey etabbénpr anessbngeetiestgoten 30dndand t he

surface qof the 30 feeding electrode 306 of the el ectrode section 302, are
r obhnt T AT 1ot GOP ST ke ShIPRcenof £RSS SUBRET ats W

Wil e rolafdagside syostrsde Woui anihecsubabr alie foldRr 3B and.in 8l the

sane tine, rotating the electrode section 302, pure water 20 FEB 2006 65 or
ul t r apur@® Mgitre shiapes upplsherbenviten the Hithéonaaechingrirs Ré4aprdkdssi ng and

feeding ﬁf& raordeesco:?%%sescp%f aen.q;*{ a ag.hgﬁao¥8ht @QBric, a woven fabric,

a sheet or a porcocus material, mdy be each mounted on the
15 respective electrodes by wrapping the ion exchanger around the
electrode.

It is preferred to supply ultrapure water from the pure
water nozzle 316 rather than pure water. Further, as described
above, use may be made of an electrolytic solution obtained by

20 adding an electrolyte to pure water or ultrapure water, or a
ligquid having an electric conductivity of not more than 500
uS/cm obtained by adding an additive such as a surfactant to
pure water or ultrapure water.

According to this embodiment, a substrate W, e.g. a

25 substrate having an its surface a conductor film (portion to
be processed) such as the copper film 6 shown in FIG. 85B, is
held with its front surface upward by the substrate holder 308,
and the ion exchangers 314a, 314b, respectively covering the
surface of the processing electrode 304 and the surface of the

30 feeding electrode 306 of the electrode section 302, are brought
into contact with or close to the surface of the substrate W.
While rotating the substrate W via the substrate holder 308 and,

at the same time, rotating the electrode section 302, pure water



is applied between the processing el ectrode 304 and the feeding electrode
306, thereby conducting electrolytic processing of 5 the conductor film such
as copper film#6 just under the processing electrode (cathodg) ggQf0ds" the
el ectrolytic processing device of this enbodinent, as in the
above-descri bed enbodi mrent shown in FIG85 28 and 29, a regeneration section
320 is provided beside the substrate 10 hol der 30, which includes a
regeneration tank 318 filled with e.g. a dilute acid solution, and

regener at esrthet@puexchanger ss siphel, i <3l dle theent edeosubberkovew & ftage of
the el ectrode section 302 such that the rgégectively cover the surface of

the proceBEPRESELBET #od e St & LErE TG Pac B of t he 3k 8 Ty &t et 6®E 15
306. As sh i 5 i 2 olaa
Qw%%gabfé%ez%eéﬂ thd ?%gé?gkﬁnglﬁél@‘@f@d@wt; ghAalte RYAYY

bodi es 322a, are in ormof e.g. afilm and excellent” in

fl at ness, tbetheodespdét,i vieswbiyacesdilchier edeacftavdy)ticf privedssnngxafanger s
314a, 4b. . A woven fabri,¢c _may 20 be used.instead of the porous bodi.es 322a,
322 he FAR SR OR D STOTIGN RaCGHER® CANTL DRCHTERTaECE His BB Hess of
the processedtsurbaqeehdde swastrate W The porous bodies 322a, 322b and
the woven fabric may be ion exchangers. As shown in FIG 51, it is possible

to conduct el ect EBIER§ €lepnolyddSsPRYCHYS bR K HgE e RE P bt ed¥iafdmeEndet r ode
304 dth i 1 i ch i thgt i
an & ige‘%é{%bﬁ‘% &Qg&ﬂgﬁ% égt’(l}!bé‘cﬁn?errﬁ: %‘thom&g‘.{ﬁrﬁgisg“. g they ion

exchangers 51 ose to t strate W and supplying pure water
or ultrapureregkeaeradrica |dapiibrha¥2hglianpetetdedcbesdodduchievistypsdfratet nore

than 500 pS/ be en th rocessin 30 and feeding electr s 304, 306
and tﬁé)suggﬁgéfegﬁf EU?FﬁeE?C S gﬁogmr??F$§Eft%ﬁﬁ ¥ stﬁ%§§ﬁ§ﬁ§§ﬁﬁjﬁbe an
AC power soyrce dhdasadiabotheipai rard reenelrecldsodBepl @ & hbdgeaan
alternate between the processing el ectrode 304 and the 20 FEB 2006 66

feeding el 8¢fRoddl BDFOWBRDPEr th&d CaREWALT FaFE G f 58e glestrogpssiaiiion o
conduct el ggbralydy C+RLRCESSEPIrREpRE2PEYCt Woddd Mue surface of the

processing electrode 304 and the surface of the feedingelectrode
15 306.

As shown in FIG. 50, it is possible to adhere or laminate
porous bodies 322a, 322b, which are in the form of e.g. a £ilm
and excellent in flatness, to the respective surfaces (lower
surfaces) of the ion exchangers 314a, 314b. A woven fabric may

20 be used instead of the porous bodies 322a, 322b. The lamination
of such a material can further enhance the flatness of the
processed surface of the substrate W. The porous bodies 322a,
322b and the woven fabric may be ion exchangers.

As shown in FIG. 51, it is possible to conduct electrolytic

25 processing by bringing the processing electrode 304 and the
feeding electrode 306, which are not covered with the ion
exchangers 314a, 314b, close to the substrate W, and supplying
pure water or ultrapure water, or a liquid having an electric
conductivity of not more than 500 pS/cm between the processing

30 and feeding electrodes 304, 306 and the substrate W.

Further, as shown in FIG. 52, it is possible to use an AC
power source 31Za so that the pair of the electrode plates 31¢C

can alternate between the processing electrode 304 and the



by filling a water tank 182 with a liquid 18 such as pure water or
ultrapure water, imersing a substrate W e.g. a substrate 5 having in its
surface a conductor filmsuch as the copper film 6 shown in b EpBifhe W th
its front surface upward, in the liquid 18, and bringing the processing

el ectrode 304 and the feeding el ectré@e 306 close to the substrate W As
descri bed above, in the electrolytic processing of 10 copper, for exanple,
t he processing proceeds on the surface (|lower surface) of the processing
eIectrodée@ﬁ4n@seaecathmmeEHH%ccwpdEngbyﬂ aheahphe Qnoféﬁsiﬁ@,eﬁécﬂﬁode

t hode) 304 di d d d th
Chor d - GPPGEEQR b9 TE CubETPALEORY 46 BHOWR T IPEIG S5 At e B

substrat g, Wis1iagad athtdt daninesessaty 4 q ileGat eat B@cﬁesgl;ﬁg:e elaeely ode
(anode) 386 on the upstreamside in the rotating direction of the

substrat €r Wﬁt§ap§r§eﬁaﬁ§é:|#mﬁﬁésaégtﬁoﬁpQﬁtIQ%%‘%uﬁ%ﬁ?aﬁes§@ﬁ¢é@éefa0|ng

t he ocC Is e o] 0 e I dto
renoeé tﬁé%ég duht%ﬁgfgﬁ égg%hiQ§%é%%%é§l?ﬁggsgﬁéﬁe Jﬁg%ﬁ%rquf§§§§}0|ty
fromtheéf glecvmgn BLectdi®le w3@6G. it fuonit b@rﬂmdenaivmﬂﬂ t Ijlatt}tdnen.eluusi no such

restrictiqQn in_t case of . disposing,the proces | ec athode) 304
ind the fHedPiy BFEOTE8e pANRHRT =087 rE LT Tang a0 L AFbCRo SSEarH |
substr at e1astybawn 308 kliesed4Bk, t&@slulbsttfi%t@aﬂe 25 of using an AC povver :
source as shown in FIG, 52. As shown in FIG 55, it is possible to

integrally cov@p dteﬁ@rwreida@év%fre t high pﬁ?%e%%?%r@lééwoaéoseasaﬁa e

surface f chan his can |
facfﬁ?ta?epphe progﬂctl 'ﬂ9§h$g§%%%%gﬁf rb %é §g4qand%§%%Fﬁ§ f eedi ng
el-ectrodd 13@&rx andfaaa fufthhe pnmeesstmgeékﬁntrmﬁeriﬁﬂstBCEathode ;
Al ternati ctro oce55|n may .be carried o i SPOSj ng an
o oxahAfeerod Sad Vangvers Ll SE eaes Sy e SC e 00 EaRhoges” 614 BoRbyar o

the enti rtaeSLfrefe@q_elgofelté&ﬁiwt(ﬁ&iéN E6 SHena i Bpo E&&. 186 thand heirdgher
SRy g 10 O The SR e ad "HBun in FIG. 54A, and the
15 substrate W is rotated, it is necessary to locate the feéding
electrode (anode)} 306 on the upstream side in the rotating
direction of the substrate. This is because if the portion of
the substrate surface facing the processing electrode {cathode)
304 is electrolytically processed to remove the conducteor £ilm,
20 it becomes impossible to supply electricity from the feeding
electrode 306. It will be understcod that there is no such
restriction in the case of disposing the processing electrode
{cathode)} 304 and the feeding electrode (anode) 306 in the radial
direction of the substrate as shown in FIG. 54B, and in the case
25 of using an AC power source as shown in FIG. 52.

As shown in FIG. 55, it is pessible to integrally cover
the surface of the processing electrode 304 and the surface of
the feeding electrode 306 with one ion exchanger 314c. This can
facilitate the production of the processing electrode 304 and

30 the feeding electrode 306, and can further lower the electric
resistance.

Alternatively, electrolytic processing may be carried out

by disposing an ion exchanger 314d above a substrate W such that



the pure water nozzle 316 to the ion exchanger 314d so as to inpregnate the
i on exchanger 314d with pure water or ultrapure 5 water, or continuously
immerse the ion exchanger 314d in pure water or ultrapure WaiErrBaade

pl aci ng the processing el ectrode 304 and the feeding el ectrode 306 on the,
upper surface of the ion exchanger 31487 This makes it possi bl e to change
with ease the ion exchanger 314d when it is stained after the electrolytic
10 processing. Though not figured, it is also possible to dispose an ion
exchange siottdmters tbzeestpaet soffthe sfir theesobsthetsulist eat ehoandipl ace

t he processing el ectrode 304 and the feedin el ectrode 306 on the er
sur f gce ofFiqﬁg 3Pon28LcHanyRT SRR IHing Bﬁglg,“%atsers ﬁGv%l?ﬁaW%%.waotf%ﬁggE‘S it

i s possiblene 15,18 shtekChoazhengishest ther mAf caBnhAYeexshanger 3i4eo
between a supply shaft 324 and a rewi nd shaft 326, both di sposed on the

opposi t e sinesear? b sthtd FulsschangsroPddd BOBL Ribe matiard orheltirgpure

exchanger de sequent | r ot at i t.he, r.ew f 0 a
rew ndgnotvg%t 7&,3_#%&%1{1%%9%@3; p%ﬁ%%%% 0 cl%\gqng%%c%g%[#?er i%égdtegélhéﬁggr in a
successi vewareemnerr ultrsmmeodiarent, shdwslaaicasthd prokiech ian ellectrobyti c

processin Vi C avi ._Simlar cons ction to that of FIG 5, but the
substrat e%[gfoaé? . {1}65 aﬂ%e‘?hlég eefn}e%‘:ﬁ%c?fge s%i iBh THE FRPER Sélﬁ!g?tczfnf)gafc?‘? t he
sane di anﬁz;erexdrfami@ﬂ_aqmdi.a PHAE MakEs NOPalse iFAa, 18X AGviith £Rge25

wi dth direction of the ion exchanger 314e, over the entire Tength thereof,

i s di sposethaipsiy expnengehel bfdothesdétsersiteangd aftex Hdref pbaclicpértiion of

the i e . 314e. IS .e L.apnt. 0 i nd . he ion
excha%ger%%gg%]f% e tTa é;%&llﬂ&%tl g?gg%l t’ean% Ia% %Sgr}?%/vscsﬁbﬁeg&% glggbs‘é
Al ternativaehyiontekxshpogsi bbetBOtt otf cxvehe pantexthangesudtdeect oft hae

Gi ven Lengt P HERCS AP BarR e RRareT it FLPCE “ROEINA 408 I FECUtRer aby
provi di ng e Bedt£5He PEOGESH] RBeSUppaEEsu28aEEBo2008680RUEKRBENGRS .Shown in
FIGS. 59 and 60,_it is possible. to nount_rectangul ar_el ectrode portions 328
on the ion exch%éhls case, as shown in FIGS. 57 and 58, it is possible
15 +to stretch a long sheet form of an ion exchanger 3l4e between
a supply shaft 324 and a rewind shaft 326, both disposed on the
opposite sides across the substrate holder 308, and rewind the
ion exchanger 31l4e sequentially by rotating the rewind shaft
326 through a rewind motor 327. This makes it possible to change
20 the ion exchanger in a successive manner. This embodiment shows
a case in which an electrolytic processing device having a
similar construction to that of FIG. 5, but the substrate holder
46 and the electrode section 48 having substantially the same
diameter, is used and a pure water nozzle 74a, extending in the
25 width direction of the ion exchanger 314e, over the entire length
thereof, is disposed upstream of the electrode section 48 in
the flow direction of the ion exchanger 314e. In this embodiment
shown in FIGS 57 and 58, the ion exchanger 314e may be taken
up intermittently at a low speed. Alternatively, it is possible
30 to fix the ion exchanger 314e to the electrode section 48 during
processing, and rewind the ion exchanger by a given length when

it is worn or when impurities accumulate on it, thereby providing

a fresh processing surface.



314e of a long sheet formby printing or |amnation at a given pitch in,
the long direction of the ion exchanger so that when 5 the ion exchanger
3l4e is taken up by one-tine use |length, one of two adjacent »glp&qj s@Re
portions 328 may be connected to the §f1hode of the power source 312 (see
FIG 55) to becone the processing electrode 304, and the other one may be
connected to the anode to becone the feeding el ectrode 306. This 10
elimnates the need to provide el ectrode sections separately, and thus can
sinmplify the d&WrERerFuBSheNOWaEs 18h&RASI >k @dea0 . tHe bt REssihe di®ect r ode
304 may i f y r
ring-shagggn?gé%gﬁﬁﬁgﬁgg?$g£§éﬁﬁéﬁ$ﬁo?%goggsgggfg%d%%%pgﬁ?§%&ﬁ?n %ﬁple,

t he el ect¥ldleytoifc apiongsshagtt herredy pracadesy puslamimdel ohhet catdiocen
Accordingly, it . is_preferred to dispose _ihe, processing el ectrode 304 and
Uhe f eedHE .l &t e L958 SGZERSEON AE. ERBotPT CXhTRATE cafh 115w Biftheon ¢ he
el ect podag3Q4n 3Q6haheeughsthes shkdesip HYUbRe-BYmdi $pOSI &rythe glect rodes
such 20 that the feeding el ectrode 306 surrounds the processing el ectrode
304, all athéve adfprensuptBAEECLENPPTBYWPET olRd RéY Peecdphpeetedt Fodd806 to
the processhneel@etrpde,g0d. ( boauah sibe sharbest Bayles, puhereby dde
current efficlency can enhanced and the power consunmption can be
reduced. frauddering® e tdmugidaciO4 | qandkedihe totiteralae passidd edmmestradund a

col um-shaped. feedi ng el ectrode with a ring-shaped processj el ectrode. ‘
Thi's hol aEES fad"roc?enetf)’el%‘?/\?%%c i'Hed"© i ﬁgﬁtcg?"o‘f%? i%(pgl so ﬁUs%i ble to

surrognd «a ipdirfdEdd G HY eeeeSikRIprdfiakest 0ot e IRGIANGW 1B,
frame- shaped feeding electrode 306 as shown in FIG 62. Further, as shown

in FIG 63dtHas mas iRl broces’i Ry e&fect rode 304 nay be surrounded with a -

plurality of prismald.c feedifg ehestt odes %Qéprm%s@%\gfeEQCEF@da%Qﬁq 69

descri bed exanpl € of t'he shape and the di'sposition of €l ectrodes ‘shown in
FI GS. 46 may 36 aind Fh<Sshapet 0£68 aréuappl rodbingyt be surrounded by a

ring-shaped feeding electrode 306. In the case of copper, for

15 example, the electrolytic processing therecf proceeds just

under the cathode. Accordingly, it iS'preférred to dispose the

processing electrode 304 and the feeding electrode 306 so that

the electric current can flow between the electrodes 304, 306

through the shortest route. By dispesing the electrodes such

20 that the feeding electrode 306 surrounds the processing

electrode 304, all the electric currents can flow from the

feeding electrode 306 to the processing electrode 304 through

the shortest routes, whereby the current efficiency can be

enhanced and the power consumption can be reduced. Further,

25 though not figured, it is also possible *to 'surround a

column-shaped feeding electrode with a ring-shaped processing

electrode. This holds also for the below-described
empodiments.

It is also possible to surround a prismatic processing

30 electrode 304 with a rectangular frame-shaped feeding electrode

306 as shown in FIG. 62. Further, as shown in FIG. 63, the

prismatic processing electrode 304 may be surrounded with a

plurality .of prismatic feeding electrodes 306. The above-



the electrolytic processing device in FIG 45. FIGS. 64 and 65 show an

el ectrolytic processing device 5 according to yet another enbodi nent of the
present invention. In this electrolytic processing device, thF@ﬁpg?ﬁﬁing
el ectrode 304 and the feeding el ectrode 306 are both in the shape of a
colum, and ion exchangers 314f, 314g af€ nounted on the peripheral surface
of the processing el ectrode 304 and on the 10 peripheral surface of the
feeding el ectrode 306, respectively. The processing el ectrode 304 and the

feedi ng el @et£0dB3086x @Bl e AiFSPRSathdpe pasatlel iabod 1@iiveno fiedteana®duich
that their central _axes are parallel to the substrate W |In operation, pure

water or &RevEphRreFWaber 4fs tOupfl Ped FAGR t R P& & Wit WEAAIE BT U5
bet ween th@hQr8?%E%Eeggghggk&g%%s%Q%ga%% iRe H?p%hﬂﬂ_&h@CtYOde 306, while

the processing electro the feeding el ectrode 306 are allowed to
rotate in such opp@Sit é4dandcbborbowhan electrotiattiing peloestssddes dewiiawd t he
pure ter_or ultrapure ter _suppli.ed.fromth ure water nozzle 316. 20
Accor dithg £6CPRISPENEEaY Rt "o BREEt TBPYR TATPF st h T e S art ed it by
rotating argubshiat eelecthiothtiis | ProeRisathgM Wevidle Cl agR t @ridtedfmg
exchangers 314f, 3149, and, at the sane_tinme, rotating the processing

el ectrode 8bachradenzl$ aadi ke deadimstelegtsodr ot atrﬁglwtlbm Eeatsh@Peaxes,

whi | e suppl ¥i ng re. wa o) e er i
el ectrode é§49a%§9%ﬁ3, %ggdgﬁa %T%%%é@%gg3%%?fanﬁpgégfﬁ?ﬁﬁﬂgﬁg%ggﬁ§j% t age
bet ween t hperppheesdi ngrékeet n6deh80draness hegfebdthgodd el 4 aded 3G6.tHen t he

el ectral ytic processin reactiqn pr.oducts of the ele ode reactiaqn or
el ect A cKeﬁ?Egp ?gﬁitF%Ef%ﬁﬁ‘5égﬁﬁﬂfgﬁglﬁﬁiﬁ ?ﬂgrggehﬁgéréffpﬁf%Pé' ¥-on and
i rpede thetHsehubcee8thlyonl e AEEONEI WY @ tthieSreabodiynenéct honevers s | ow

of pure water or ultrapure water on the surface of the substrate can be
produced b§:SBPBEF Hy Pagdrld Slatbrd Vet fApERrRCRatETh hbeleckhir i neentral

col um- shaped 20, EFER, 2006 17Q £t ret @986 304 w 306 o ghathRIohN pﬁyfiﬁ ite
directions that the electrodes enwind the supplied water, and the flow of
pur e or ultrapure water is supplied from the pure water nozzle 316 :

15 Dbetween the processing electrode 304 and the feeding electrode
306, while the processingelectrode 304 and the feeding electrode
306 are allowed to rotate in such opposite directions that the
rotating electrodes enwind the pure water or ultrapure water
supplied from the pure water nozzle 316.

20 According to this embodiment, electrolytic processing is
carried out by rotating a substrate W, which is in contact with
or close to the ion exchangers 314f, 314g, and, at the same time,
rotating the processing electrode 304 and the feeding electrode
306 around their own central axes, while supplying pure water

25 or ultrapure water between the processing electrode 304 and the
feeding electrode 306, and applying a given voltage between the
processing electrode 304 and the feeding electrode 306. In the
electrolytic processing, reaction products of the electrode
reaction or electrochemical reaction can accumulate with the

30 progress of reaction and impede the useful reaction. According
to this embodiment, however, a flow of pure water or ultrapure
water on the surface of the substrate can be produced by supplying

pure water or ultrapure water bhetween the column-shaped



water or ultrapure water can effectively discharge the unnecessary
products. Further, the use of the columm-shaped 5 el ectrodes 304, 306

di sposed in the above manner allows a |inear contact or proxbﬂ@%¥3?@$yeen
the el ectrodes 304, 306 and the substrate W which can enhance the at ness :
of the processed surface. FIGS. 66 an’d 67 show a variation of the above
electrolytic 10 processing device shown in FIGS. 64 and 65. In this

el ectrolytic processing device, electrodes with a I ength substantially
equal t elichd mhideret3drd 0808 sobstiageilV aweh ugnmb aist¢ kbl ool imm s Hdysad

processi el ectrode, 304_and .feedi ng el ectrode 306, and t processi ng
Bl ot T ode 08 IARGICRE o SRATRG B et TRE: &1 ¢ A one 5ot FoY A ET T ne
0pposi t e wditkact oans ulkrayghea water 208nanstrectpiisl el Eipuhageps s t22a, 202b

t hat engage each other. Further, this electrolytic processing device
i ncl udes VANESITEY, PEIAYGdT 1 caAM th&eer prl&sr U6V et 308 IRAHYTT SdRach 204a

and, 5previded-Jdrd B4l Ned fe sposRE LA Al ABbJeMmANR £ Qn 1Rakdi ng e 20
substrate Wby spin chucks 206 whi ch engage the substrate Wat certain

poi nts i ot qierdphyerox imediyobadfwadre tgigh stleattea offean B 0 4 ,0t38t6 mga Hene

substrate ori,zontally with its.front .surfac upward, .and a back surface
nozzl e 2F0 i% tel 'orwl'énﬁkbd:at%ﬁa 2C estﬂta%é]ecsgntoé“? %Pﬁ@cﬁfﬂ?iurface
of the suyhstaaalee W The 25 substrate holder 208 is connected directly to the
nmotor 212. The substrate W.is | oaded and unl oaded by a substrate transport

arm 214. The ofH&S -cBAATUEY| POV S YREIAARD £&F SHEWRPIVE FILESTrBH taifd 65.
Accof gl ng, 1@ i LHROHL BRIHow ) ARG .yag%nei[sﬁ%%%neh% e 13208 jUId ace of

the substfrate Wis conducted while rotating substrate hol der 208 to
t Her eby potoates ting debsteratel aWretleawithhe leageht swipstant el hy adve 1

orocess! 19, Sheckya0loanf J U e 8 SELORE 0P U LR, O
(cl eani ng)roefe ddimpackectarsdacko Hf attiefsabishy abbe¥t eateb806onduet atheby
SUpplyln%r%%g%sing-electrode 304 and the feeding electrode are allowed
15 to rotate in the opposite directions through a motor 200 and
a pair of spur gears 202a, 202b that engage each other. Further,
this electrolytic preocessing device includes a bottomed,
cylindrical waterproof cover 204 having a drain 204a and,
provided in its inside, a substrate holder 208 for holding the
20 substrate W by spin chucks 206 which eﬁgage the substrate W at
certain points in the periphery region of the substrate W and
rotating the substrate W horizontally with its front surface
upward, and a back surface nozzle 210 which is oriented towards
almost the center of the back surface of the substrate W. The
25 substrate holder 208 is connected directly to the motor 212.
The substrate W is loaded and unlocaded by a substrate transport
arm 214. The other construction is the same as shown in FIGS.
64 and 65.
According to this embodiment, electrolytic processing of
30 the surface of the substrate W is conducted while rotating the
substrate holder 208 to thereby rotate the substrate W and, at
the same time, rotating the processing electrode 304 and the

feeding electrode 306 around their own central axes; and




water fromthe back surface nozzle 210 to the back surface of the substrate
W 5 FIG 68 shows an el ectrol ytic processing device according to yet

anot her enbodi nent of the present invention. In this el ectrobhytfEB 2006
processi ng device, a colum-shaped el ectyode that can rotate about Its
central axis, the axis being parall el td!the substrate W is used as the
processi ng el ectrode 304. An 10 ion exchanger 314f is nounted on the outer
peri pheral surface of the processing electrode 304. Pure water or ultrapure
water is sdpplitedefoueht hehpuewitht errhoyzhe 16 dsetiwesn tlie precessilng

el ectrode 304 .and t bst e ur.t her edi ng .chuck 330. _far
suppl yi ng %PégaffiF?iF%%hgghg%ngétchégn %c %géé%%%g&)(ﬁp9é§¥%?9n3%ﬁ%md in
t he surfaceatkrt Heoguhdkr Bhekt pusppkeyneketer2tityo therneidk dwerised &S the
feeding el ectrode 306. The feeding chuck 330 connects a feeding el ectrode

ppsitionedtﬁénéépﬁtﬁﬁéfbﬁkk surface of the substrate Wto the conductor
filmofsthe SUbSE‘rI,ét.eG?%o@@ﬁn%%ﬁ@l@@%p%%ﬁ%%%@n@fdé@ cété]&b%dhﬁi%afvl S

conposed 20 of an insulator filmsuch as a Si02 film “supply of the
el ectricityo fyreemarivazaclerhodiavnsiae ter gress pussintenbionsi rig tirel s

feeding chuyck,33Q. FIG 69 shows an electrolytic ocessi evi.c

nocor ding. SHETER Lo hRF CoROa et Er S B BEBrREPRRGE F SREEVIE (AL 25
el ectrol yticanpirotass Apodeviiee, canteheChkode the tdei shepenPfpardlvdl to
rectangul ar plate is used as the processing el ectrode _304. The_ion
exchanger 31%8asp®siddited -on st HESEuPFatReOPrPRRSSENECE+BARIPARI Alfia AT

substrpge WonPukenwalRr an a4l tEapdhatuat 8h ths Suppt ik fhmdhe pu L yat er
nozzl e 316 between the processing 30 el ectrode 304 and the substrate W

Further a ednthetbppersskey edlesdtuaste30hhi chuek madtdry ogont brauae ctridict or
film(porti.,Qn e u t 0 L film6 e FI G_.85B)
i% su}é{%}?gd%rr%?n ?ﬁg%ﬁlurzesﬁggég I\R%ezlce PPEN, il tﬁgﬁryoci%ssﬁyg 20

formed in'the ace o 0 supply electric ere
FEB 2006 72liestused ag4tdred fraedsnigs etecé moder306heThen ffeediing eheekrixie 306
shoul d preferably have such a contact area that does not |eave
for sugplylng electricity, which directly contacts a conductor
15 film formed in the surface of the substrate to supply electricity
thereto, is used as the feeding electrode 306. The feeding chuck
330 connects a feeding electrode positioned beneath the back
surface of the substrate W to the conductor film of the substrate
W. Even when the back surface of the substrate W is composed
20 of aninsulator filmsuchas a SiQ, film, supply of the electricity
from the back surface side becomes possible by using the feeding
chuck 330.
FIG. 69 shows an electrolytic processing device according
to yvet another embodiment of the present invention. In this
25 electrolytic processing device, an electrode in the shape of
a flat rectangular plate is used as the processing electrode
304. The icn exchanger 314a is mounted on the surface of the
electrode facing a substrate W. Pure water or ultrapure water
is supplied from the pure water nozzle 316 between the processing
30 electrode 304 and the substrate W. Further a contact pin-like
electrode, which directly contacts a conductor film (portion

to be processed) such as the copper film 6 (see FIG. 85B) formed
in the surface of the substrate W to supply electricity thereto,



its trace on the conductor filmafter the direct contact between the
feeding el ectrode 306 and the conductor film It is possible 5 to bring t he
feeding electrode 306 into contact with a conductor filnrsuc% copper
film6 fornmed in the bevel portion of the substrate W thereby rennvrng t he .
conductor filmfornmed in the bevel pdition of the substrate Win the later
bevel -etching step. 10 FIGS. 70 and 71 show anot her enbodi nent of an

el ectrolytic processing device according to the present invention in which
el ectri ciiyus&d sigpphieetbdd nny the cfurone 306 f acmmesfdedbﬁgtémed)ay@cﬂe 3;0(6rti on.

This electrolytic Eroce srng device differs fromthl1 ectrol
processi i§o4edi BESLRORR YBESUNR & c¢PIgCthatRe © %ﬁf $OW ﬁSWﬁts The

substrat ¢ thot dete 46, tHeSROSahet QW1khEe s eL PAUHOHere SECLdAMh HBpeitiedasi gned
to hold a substrate Wwith its front surface upward and rotate by the

act uat i omh@ffamlmteduec@god@nﬂ% a@dp‘rzlmncdeduwtph fidewi nd tel ®prsedés €306,

whi h h h b | aced h
Sbst ot 60 RoHURr Ao SO AT BT PERGAT OBt h Gy CRS A1 FBURRETEREIar

di recti omioh shensubsthat eoppkderiif. 6 Thermepdimae) eekicQdes rtidm are
connected to an anode extending fromthe power source 80. 25 On the other

hand, théh\?eﬁPPE’&FWen%vaW%re%rr?&&’dﬂlé@aﬁBer%?%@%‘Eﬁ%r ef eldt fganeskdni on 48

i's provided %wlap@f@f&é%mheeé%éfpg@e?mpin(éoé 1\mﬂecrhbb_%e§0@r&%%tﬁ to a
cat hode extending  fromthe power source 80 through the hollow portion

formed i®wtephe drive shaft 66 to the slip ring 78, and further ext endi ng 30

fromghe ol 1P £hag 1 Laossiuiheshathow AL qn o Yo Rter 70 An

i on ‘'exchanger mount ed ace ?%omer sar ) "of the
processi pgoekestingdde3@4e( 808rordThg abhehe monsimtidhivemtion He &&ﬁ&has shown -
in FIGS. 28 and 29. 20 FEB 2006 73 Accordrn% to this enbodi nent i

el ect r od&LRGIEASCIAY {8 SURRISSH TE8™EN §1pPY nguE HRCe ér’rdc-,e)@ﬁamb%rgeé’ a (56)

into conpaGtion. This electrolytic processing device differs from the
electrolytic processing device shown in FIGS. 28 and 29 in the

15 following points:

The substréte holder 46, disposed below the electrode
section 48, is designed to hold a substrate W with its front
surface upward and rotate by the actuation of the motor 68, and
is provided with feeding electrodes 306, which contact the

20 peripheral portion of the substrate W placed on the substrate
holder 46, in certain positions along the circumferential
direction of the substrate holder 46. The feeding electrodes
306 are connected fto an anode extending from the power source
80.

25 On the other hand, the vertically movable, swingable and
rotatable electrode section 48 is provided with a processing
electrode 304 (50) which is connected to a cathode extending
from the power source 80 through the hollow portion formed in
the drive shaft 66 to the slip ring 78, and further extending

30 from the slip ring 78 through the hollow portion of the hcllow
motor 70. An ion exchanger 314a (56) is mounted on the surface
(lower surface) of the processing electrode 304 {(50). The other

construction is the same as shown in FIGS. 28 and 29.



with or close to the surface of the substrate Wheld by the substrate

hol der 46. Wil e supplying pure water or ultrapure 5 water to the upper
surface of the substrate, a given voltage is applied throughphg@PeyR
source 80 between the processing electggpe 304 (50) and the feedl ng

el ectrode 306, the substrate holder 46 ‘and the el ectrode section are
rotated and at the sane tine, the swingable arm44 is swng to nove the

el ectrode section 10 along the upper surface of the substrate W thereby
effecting el ect PeFPErHéngr be et pEdtod e sur tacecdpcthedsubsidaretivis FI GS.

72 and 73 is i j [
embodi ment 10F SFRS SPetert ERiad Fan op i aed 3123 $5BY Ly Ry e
devi ce. Theicanstrr udidsen tof tHd $hrSaetecfr thyt sabptoeessiin@pedelilge tiltse

basically the sane a e ahave-described el ectrol ytic processing device
chown i n” FEEBSTEg e ROUARE dPect HBELEI Soh SEOSh M Ca TR et o Bkdehanger

3l4a moynt gd+@R the (R0 EMG & acdd ofe 34 KYUEE S Ola Yflvden JOSE GO the
bevel portion of the substrate W and the feedlng 20 el ectrode 306 ditectly

contacts alsomnpéied fhrAughofhROROVET BRUPFDCES Wi il nivecopiges film
6 formed '@%etcttﬁ‘:o ‘érﬁg‘&e(sc?)f a tﬁ%bﬁééﬁ%\g}fm%ﬁeoﬁﬁgs'%e%%églr%d@e 304
e athec a own I n

may either ohe as shown Tn , or ' oné as s
FIG 73. Tbédeevéb-athdhihng eiratessiengecathonbd mé nrd e ebrdidcbor thaysrm@5

such as the . copper 6 wth sharp, profile (ste 6a, as.shown.  in FIG 74.
FIGS, 75 and"™?6 CHoWdRIALA Pl &Sp%{é%ééao YRS L SEEBP AP P T o et
anot herg en‘_aq%geaheohp{?e? pLegaRk bAVERE SibsWhh €8 WS USRS S fecting
bevel -etching device. This electrolytic 30 processing device differs from

the el ect r BhYICite QBivddes FURFE TEIT & SHovh Sur s cuxXmde W trthadl: | n
ol ect rode,  havi 30Ph The Tondr Surrads SR ved art Por T60h b o g 74
20 FEB 2006cte rtieige anf iygur atricdrheyf dnfiodippert kdl ftihof pdriesdevelnyortion of
a substrate, W I $sU58da38s (N R AC N £1eshede 160, At &uction of
15 this electrolytic processing device is basically the same as
the above-described electrolytic processingdevice shown in FIG.
69. In this electrolytic processing device, the ion exchanger
314a mounted on the processing electrode 304 contacts or gets
close to the bevel portion of the substrate W, and the feeding
20 electrcode 306 directly contacts a conductor film (pertion to
be processed) such as the copper film 6 formed in the surface
of the substrate W. The processing electrode 304 may either be
a thick one as shown in FIG. 72, or a thin one as shown in FIG.
73. The bevel-etching processing can obtain the conductor layer
25 such as the copper 6 with a sharp profile (step) 6a, as shown
in FIG. 74.

FIGS. 75 and 76 show an electrolytic processing device
according to yet another embodiment of the present invention
which is used as a bevel-etching device. This electrolytic

30 érocessing device differs from the electrolytic processing
device shown in FIGS. 42 and 43 in that: In this electrolytic

processing device, annon-rotatable flat plate-shaped electrode,

having in the lower surface a curved portion 160b conforming



contact pin-like electrode is used as the feeding el ectrode 156. The ion
exchanger 162 is nounted on the | ower surface of the 5 processing el ectrode
160. The ion exchanger 162 is brought into contact with or Cbﬁiﬁﬂﬁf@&fe
bevel portion of the substrate W thereby electrolytically processing the
upper half of the bevel portion of the substrate W The other construction
is the sanme as shown in FIGS. 42 and 43. According to this enbodi nent, 10

simul taneously with the electrolytic polishing of the upper half of the
bevel poffi®Bre FomEiggreEleamhPhoPRRE PROAL CANER DRI ELBOrEded 6F t he

substrate cansPea¢ar iyl edsOibeq PG rid Shovss & Mardiadldan gl 1ide abave

el ectrolytic processing device. This electrolytic processing device differs
15 from thetabtveietktke @dlgdteopicotessigthadavicéeshong ¢ e G8le 756and 76 in

t he use a.thi cke rocessi.ng el ectrode 16 The other .construction is
the oor e The® L hBue T haPias 138" S moah e 2Re clndiie DaverastraSoh: Eetheol or red
to monit growkkhinegl d 1Bt eF6a832a. 38RE tdicexehhagerbedeenidieyt eaessi ng 20
el ectrode 304 and the ion exchanger 314a and the voltage between the ion

exchangePoBEAgtandthher cokrRrt'st Whia REVSSrPPBR1ED Bk thn Sedsdadtestich as the -
copper f 'gbg}égﬁgrsc?feﬂ%lggg%a%ﬁgcbxf&eéjssil}?gc lﬁh%h?pﬁ@?'h%‘%gegfvﬁl&%%v%‘i a

controll so as to vol t ages” constant, SO0 to nonitor
with an pomeien @86 HdeudE talaget Wi.c The radiiterf comshgubetimeens tihee promeessi ng

el ectrode 304 andt eding_electrode 306,.and, feed,back.the nonitored
values B8 e Bodtt A Tas - Sh aBiaEt o Briotr it ores S S SFPELTER o
bet wveen thRupraeessisng ©l €k ithedel 3Odrangr i bpohesdiing of eakrasieer Babs This

makes it possible to restrain side reactions on the 30 surface of the
el ect r odefofndrPe¥Rl REFERN off e b AiFICRELNE) | Af SR ZEdpseP2FkI mto

thereby pLe¥gPbst Be fQLMRLLAR Qfte IAPUHE Ic@Srikly bipuUrities are formed on
the surface of the electrode, a decrease in the processing rate can be

avoi ded by 20 FEB.2006 7Bokeepi ripaiaoimt anf dhectabeveurlentrollignc
el.ectrol yiLe REORESSINGOf FrSWPSILA Eo W+ 0h 8%AMi% g device aiffers

15 from the above electrolytic processing device shown in FIGS.
75 and 76 in the use of a thicker processing electrode 160. The
cther construction is the same as shown in FIGS. 75 and 76.

As shown in FIG. 78, 1t is preferred to monitor with
voltmeters 332a, 332b the wvoltage between the processing

20 electrode 304 and the ion exchanger 314a and the voltage between
the ion exchanger 314a and the conductor film (portion to be
processed) such as the copper film 6 (see FIG. 85B), and feed
back the monitored values to a controller 334 so as to keep the
voltages constant, and also to monitor with an ammeter 336 the

25 electric current flowing between the processing electrode 304
and the feeding electrode 306, and feed back themonitored values
to the controller 334 so as to allow a constant current to flow
between the processing electrode 304 and the feeding electrode
306. This makes it possible to restrain side reaqtions on the

30 surface of the electrode or on the surface of the conductor film
such as copper film to thereby prevent the formation of
impurities. If impurities are formed on the surface of the

electrode, a decrease in the processing rate can be avoided by



the substrate Wof FIG 85B having the copper film6 formed in the surface,
is conducted at a controlled constant current value, 5 the current density
(current value per unit area) increases upon the decrease injpf 5@6@
area at the tine of exposure of the interconnect pattern conposed of copper
| ayer 6 (as shown in FIG 85C, copper i's present only in the trench),
whereby the renoval processing rate inevitably increases. Wth the 10

el ectrolytic processing of the substrate at a controlled constant current,
t he renovakeppécgssi mprsdteantt Misdariesuwafagrte and after the exposure of

[ nter connect pat Lern, o MBI DG Dec I0GSSint, £ONLLAL L L YLEId by such

exposure difficu ,~ Upon "procéssi’ng of e copper

i nt er conneg¢helsupatirare, WtHe PDET agsB applingd thecteppes $ilh 6 oaeod @ase in
film thickness. Too high an_applied voltage_ can cause electric discharge.
Al so from th& SHehpo? nt SoFoRdnetee SistiRpREBAL L 83 R St |t SYBET PR prREf& 7+ ed.

Wen the preeessipgnt HHNAULL e 2bnd CONI Bhl-ath CORSLANT 1 ndPe¥OLL 8GR ON

t he other hand, the current “val ue decreases with the exposure of
i nt er conne¢hepdetaensewharebycessbagomesa iosdiebité meoo§ upppessr ¢ het rilse of

current densitx,. Further, ..because of cpnstancy of volta%e,( t here is .no fear
al u

of electri éntgi scgﬁlélre{fe. pléutrtt%renr rﬁ)orméa,ossel e (IEFSH rleaf’}zteli/ €0 édsed with

25 the decrease safc,f idopddt dlkhessesderanliyvs imo thRCreaseof, powsfeby the
consunpti on. However, since the current value charges, the processing rate
changes wi ER™OVRd. PKERSFRENGur FERE vEIEE LRSI ER %W, t HE dd &

processp Ng GaRk+GRARAS £ r8ELERERY AL  §F 0€88SI \hd Or &X& de f | 4 mdQrdrafiiqny 30
When the processing is conducted at a controlled constant current density,

t he processiong teattecdoesnhotthshaagevhéfimooeessdnaafate thves exposs e fofire
| nt erCo.r‘”e%hdpaééqeér”’tlé@”égg)%%;‘g”gaof remevalo Lo @%%E%%% amgféﬁ‘.%tﬁa%e .
processing rate.” Th order I make rs cohtrol;” Rowever, it
i S necessapyoice sgriagp cbetapehandthe vicinity of such exposure difficult.
Further, upon processing of the copper £ilm 6 on the interconnect
15 pattern, the voltage applied increases with the decrease in film
thickness. Too high an applied voltage can cause electric
discharge. Also from the viewpoint of power consumption, a low
voltage is preferred.
When the processing is conducted at a controlled constant
20 voltage, on the other hand, the current value decreases with
the exposure of interconnect pattern, whereby it becomes
possible to suppress the rise of current density. Further,
because of constancy of voltage, there is no fear of electric
discharge. Furthermore, since the current value decreases with
25 the decrease of film thickness, there is no increase of power
consumption. However, since the current value charges, the
processing rate changes with time. When the current wvalue
becomes too low, the mode of processing can change from removal
processing to oxide film formation.
30 When the processing is conducted at a controlled constant
current density, the processing rate does not change before and

after the exposure of interconnect pattern, thus enabling

removal processing at a constant processing rate. In order to



the area of the exposed interconnect pattern, and nmake a control of
changing (virtually decreasing) the current value at a particular nonment.

It would therefore be difficult to respond 5 to the variety ﬂ,fﬂi:#tzﬁ{’ﬁonnecp
patterns. In view of the above and maki ng use of the advantages 0 e ’
above controlling nmethods, it may be consider to first make the
constant-current control until the vicinity of the exposure of interconnect
pattern

Lph_ vi.ew of the ea rocessin ral. 10, bec e, af: t nst ant
pr ocessﬁ“ﬁgerta}fles, céjﬁlc}:]i%le’n%ér‘fgeﬁ%é:’i ?{:E%' %tgﬁtgsggﬁ t BAtIVO gégoggﬁtar 6l whi ch
is freetheomdde ff ene afp@sed iine araonalkbages abdrnhiait nakesdipphes® it he ri se
of current _density. FIGS. 79 and 80 show an el ectrol ytic processing device

15 accoPli fPAFYEE  AKSERBRL &b SRHTRERS 1607t hehPr ERERERTNVEN%N2T Fhich i s

adapt ed, £ or ; electr ghyEhe . ProcSai g Bk ra rovlshEal £F WY b De WY ¢ s3genduct or
film(portion to be processed) such as a copper filmis formed over the

entire peritpheval isgyf ade interaohinecd] getitelytsi.c processi ng device, a
processi ng elictrode 394}g0alg%é%;%F%ng elegtroge 306, bo%p in t&g shape
of a flat rettahtilar® pi'st 6~ Are 24 sPas&89 Wt Het opPosiTE eSS &fs across |
t he subgheaileo¥é dnisrol Niddpingeteraedi rentay thecehedteedeo o itsx nlageated on
t he upper surface side of the substrate Wand connected to the cathode of a
power s&BRCEPBIPARENERT BR-TALT R hupEed iRy VAL 18)idet PEJE S GXPOSHT & he

el ectrode phalecbprabedo2bebhs 10WBlew %@réﬁéeeééyd%ﬁcé%n%g%hﬁ:ﬁégﬁ_ W and

connected to the anode " functions as the feedi ng el ectrode
excdifangbesagssapt B4 hcen st abu e f itrge rafef, agadothehechnoresisi rigp

el ectrode 304 cing t u L he surface of. the feedi hg
ol ot 1 BB 300N ) e SuBEePR E R B8 bt VTG R P ko noszl e
316a forisupphyividl e sad ewhachuldahapwpd saisertibet neea bhecupireeassi ng
el ectrode 304 and the substrate Wis provided on the upper surface side of

the subSEPStEYW and a pure water nozzle 20 FEB 2006 77 316a for supplying
pure water orpgkhrapyr ganwaiger shet\aenetiBetrolytic processing device

15 according to yet another embodiment of the present invention,
which i1s adapted for electrolytic processing of a substrate W
in which a conductor film (portion to be processed) such as a
copper film is formed over the entire peripheral surface. 1In
this electrolytic processing device, a processing electrode 304
20 and a feeding electrode 306, both in the shape of a flat
rectangular plate, are disposed in the opposite positions across
the substrate W. Thus, in this embodiment, the electrode plate
located on the upper surface side of the substrate Wand connected
to the cathode of a power source 312 functions as the processing
25 electrode 304, and the electrode plate located on the lower
surface side of the substrate W and connected to the anode
functions as the feeding electrode 306. Ion exchangers 31l4a,
314b are mounted on the surface of the processing electrode 304
facing the substrate Wand on the surface of the feeding electrode
30 306 facing the substrate W, respectively. A pure water nozzle
316a for supplying pure water or ultrapure water between the

processing electrode 304 and the substrate W is provided on the

upper surface side of the substrate W, and a pure water nczzle



feeding el ectrode 306 and the substrate Wis provided on the |ower surface
side of the substrate W In operation, the ion exchangers 314a, 314b,
respectively 5 nmounted on the processing el ectrode 304 and o0 FPB 200edi ng
el ectrode 306, are brought into contact with or close to the substrate W
and pure water or ultrapure water is suﬂﬂlled from the pure water nozzle
316a between the processing electrode 304 and the substrate W and fromthe
pure water nozzle 316b between 10 the feeding el ectrode 306 and the
substrat e W éehépebypupsladiolpprie iteoe s n:gttrr@@u;m twagfen hetsgssn rtdie W
facing the [ SSi tr e an f. the
substrate ﬁ?%ﬁggﬁh%l%%(;t?e?% r?gc;b%gla thh dsélgi? are a owefqt%ylr%%\?e OrIllsc;Chaas to
ef fect el e({;bwelryt;luﬁrfprmesﬁm@mftﬁdﬁeslﬂfﬁuﬁaa:esLwface 15 of the substrate W

on the side of the processing el ectrode 304. egln el ectrode 306 nmay
be connected dir&BtIREEBTLRR: %%PPa‘?’éanq—eLﬁstﬁ t FeSRE Frid&di ng

enmbodi nent 5,8k egllREL £104 YEkecé%Hh 'él‘érct%o'd'eql{!(fh had ngnanhel Gf(‘eterdl‘hg
conductively of not nore t 500 p cm nmay be used instead of 20 pure

wat er or uEtleara@rpdem@tOér, ame(%rosml”ahdr@ siroawwemt eliddt ol yalios epriseddsi ng

devi ce acgg d g.Lo,ve her ment of the present |nv nt Thi s
el ectrol yt| E éas?qngé%g\? ce gré%pl oygr 1f‘—’f*})eurper 0cess ﬁa SEkct rCli %%4 a

col um- shapad p@ﬁev\-&mser mrzjzpmsalsasm{xa@@ ithe?2proovesedgneldctiod®rB 04
exchanger 314f and which can rotate about its central axis, the central

axi s bei ng2pgr & e AR EHE WoupBE gt Wem‘ér%t%e%éfiﬁ%tzllﬁc%}r@ﬁ hewasd sane

as shown i gpEl Gﬁeedzagan&@&raa@ us@s ofargliCRna coliwEPsshaped, r atalalkle
processing electrode 304 allows the processing el ectrode 304 to |inearly 30

cont act or edectebdydittorrheessihsor she Wrwwh ébp shbstiratrelsfawing Hde

b 00eSs SuBGERESSIANEPONRRSRD. 0SS B2l BN 2B\ igh oL e

i nvention. s2BsEEBt20NG#B thki sretess ind tlier tpodee 38 4 rap dlelilo@edses mcage t he

proceSS|ngSO as to effect electrolytic praoecessing of the entire surface

15 of the substrate W on the side of the processing electrode 304.
The feeding electrode 306 may be connected directly to the
substrate W. Further, as with the preceding embodiments, an
electrolytic solution or a liquid having an electric
conductively of not more than 500 pS/cm may be used instead of

20 pure water or ultrapure water.

FIGS. 81 and 82 show an electrolytic processing device
according to yet another embodiment of the present invention.
This electrolytic processing device employs, as the processing
electrode 304, a column-shaped one whose peripheral surface is

25 covered with an ion exchanger 314f and which can rotate about
its central axis, the central axis being parallel to the
substrate W. The other construction is the same as shown in FIGS.
79 and 80. The use of such a column-shaped rotatable processing
electrode 304 allows the processing electrode 304 to linearly

30 contact or get close to the substrate W, whereby the flatness
of the process surface can be enhanced.

FIGS. 83 and 84 show an electrolytic processing device

according to yet another embodiment of the present invention.



el ectrode 304, an electrode in a spherical or oval spherical shape that can
rotate about its central axis, the central axis being perpendicular to the
substrate W The lower half of the 5 processing el ectrode 30425§Hﬁ@¥ﬁﬁﬁd

wi th an ion exchanger 314h. The other, construction is the sanme as shown in
FIGS. 79 and 80. The use of such a sﬁﬁ%rical or oval spherical processing
el ectrode 304, which allows the ion exchanger 314h to contact or get close
to the substrate Wat a point, enables processing 10 at a point or of a
curved sdhfigcelauimdartiq RIS t§eoicet heehr 088s$E§ FNICRES dgh be
enhanced By Lkl NG 4 e SRR Gl REOGCSING (@190 h0dea 10 B 8%, Such a
spheri cal "processi ng ‘el ectrode may be used also in the precg I ng

enbodi nreghapandhati caadtbtaon,albdut St senpesdi bkeést otlusecentapherd:ciad or

over 15 spherical form of feeding electrode. According to t esent
Chvent | ofe 160 BESEEBATUIREr EPNEBIVEISHALS Byt T8ent GREEhhbt dFf A1e

wor kpi ece~o3lGh a3 eResbsbibat®s iGARoherehfectiedd heauah-gdeed ¥ ophapi cal
action, "in the pllace of CWP treatnent, for exanple, w thout™ causing any 20

physi cal Tdef ethsri ponperwotkpnebe theataneudd st rint REGSpr dpeand ) of t he
wor kpi ec T resen ecgtr | C..Pracessing ' n_effectively
renove (?Pgaﬁsgat%?ergu%hgri%g}yé[fol?%le ggr?)?geq o%%%gfﬁggkﬁﬁggeestssulc as a
substr at elecAccoalredi39dl,y whitkd piésent thaveot i excleanyaim 311 4h GP dargataent 25
entirely or at ast reduce a Ioadttf% n CMP. Furthermgre, the electrolytic

processi § SFta!: 0BSt Fat B AR 8% 2RIy LHRASS PLOTESUE wat er
or ulgrapyre wBLRE. oFhd 6 HRMIrALRS shit€acRBOSSFRIthEY, thad Dt ddi 8§ Such as
an electrolyte will adhere to or remain on the surface of the substrate,
can si nplthyPEOges ErEatitifR §F Gds Beattlean ¢9 byenptar ipgotes S r iand can '
e Kok slisn s s uny st soliay L b A e |
i n det ai leleictt rshieu inch y2 GeFBB 2008, s£9 ibe tied @retcead nich @mbatiinems: < hagjes and
nndificag%pg%&?¥ﬁg§%r¥¥kas also possible to use a spherical or over
15 spherical form of feeding electrode.
According to the present invention, as described
hereinabove, electrolytic processing of a workpiece, such as
a substrate, can be effected through electrochemical action,
in the place of CMP treatment, for example, without causing any
20 physical defects in the workpiece that would impair the
properties of the workpiece. The present electrolytic
processing device can effectively remove (clean) matter
adhering to the surface of the workpiece such as a substrate.
Accordingly, the present invention can omit a CMP treatment
25 entirely or at least reduce a lcad upon CMP. Furthermore, the
electrolytic processing of a substrate can be effected even by
solely using pure water or ultrapure water. This obviates the
possibility that impurities such as an electrolyte will adhere
to or remain on the surface of the substrate, can simplify a
30 cleaning process after the removal processing, and can
remarkably reduce a load upon waste liquid disposal.
Although certain preferred embodiments of the present

invention have been shown and described in detail, it shouwld




therein without departing fromthe scope of the appended clains. Industrial
Applicability 5 This invention relates to an electrolytic processing device
useful for processing a conductive material present in the s20 FBB006 a
substrate, especially a sem conductor mgger, or for renmoving inpurities’
adhering to the surface of a substrate, '“and a substrate processing
apparatus provided with the 10 electrolytic processing device. 80 CLAIMS 20
FEB 2006 1. An electrolytic Processing device, conprising: a processing

el ect rode be ougRr It ed EhRitacar Wpeh changessandmp igremay peddidey

el ectrode YA I ri.Gi i : i er

i sposed sebaF St B FeREsE I st e b iR SObEMEREe Ab P I (he
wor kpi ece, and in the space 10'. between said feeding el ectrode and the
wor kpi ece; a- power source for, a gL 'ng a_vol tage between said processing
- el ectrode and said feedingIQPBEE 6%@; Bﬁ&l&aPﬁgaFa supply section for

suppl yisng |1 qui drh 05t N SRAGRS, bl Weeds the wef ki scer@igh S@1 @ rBiREaSHNg

el ectrode, and between - --- - 15 the workpiece and said feeding

el ectrode. dgvigenpeefihgior Apretess ol ya i eophuotiesst mp thaviiade praFeodessi na

el ectrode PﬂSUQQéféBEOO§°§t§ﬁ%s€!é€%f"eéﬂéé¥%fﬁ téjé%ﬁ@%%%%ﬁ%%ﬁr wafer,
or for removing impurities adhering to the surface of a substrate,
and a substrate processing apparatus provided with the

10 electrolytic processing device.



a feeding electrode for supplying electricity to the workpiece; an ion
exchanger disposed, as an integrated structure, in both of the spaces

bet ween sai d processing el ectrode and the 25 workpiece, and t id
feedi ng el ectrode and the workpi ece; ggpower source for applyins a“voltage
bet ween said processing electrode and said reeding electrode; and a |iquid
supply seclLion for supplying iicuia to the spaces 30 81 20 FEB 2006 between
the wor}: piece and said processing el ectrode, and between the workpi ece and
said feeding el ectrode. 3. The el ectr&L§EME processing device according 5 to
claim2, wherein said ion exchanger covers a surface, to be processed, of
the workpiece. 4., The electrolytic p I .devi L ng laim 3,
wherein said ionlexchanger is sﬁ%gtc%gg%gg?aggg%a gﬁ%%%§9%%%§t E%ﬁﬁéﬁa a
rewi nd shafomp minging: t aken up sequentially. 5. The electrolytic processing
devi ce according to claim 4, wherei,n said processing el ectrode and said
feedi ng el ect r ofePT&FESTOMT @&eﬁFFBFﬁa]?E?‘y}gzgﬁ QY SR 26k cHARG R T &L OF i ven
pitch “15al engsdhe{ epgth of said ion exchanger. 6. The el ectrolytic
processi ng device according to claiml or 2 wherein said ion exchanger has
wat er - absor bi ng @ pfop@iRffelZF rpceThéck| eeppalyyrigc phrasdesist Hyy déei dee
accordingw%gk%hg% lor2, wherein said ion exchanger has one or both of an
ani on- exchange abilYity and a cation-exchange ability. 25 8. The

el ectrol yti cprocessbngedenttgeactiosmd agd ste® 20d BidD Ah2t h ey Bd 6 bediwe einon

exchanger is covered with a |, _ . \
g seld processing electrode and the workpiece, and in the space

10 between said feeding electrode and the workpiece;
a power source Ior applying a voltage Dbetween said
processing electrode and said teeding electreds; znd
2 liguid supply section for su_gplyl:.n_g liquid to the spaces
between the workpiece and saidprocessing electrodge, ana petween
15 the workpiece and said‘feeding electrode.
2. .2n electrolytic _procéssing device,
comprising:
a processing electrode brought into contact with or close
20_ to a workpiece;
a feeding electrode fo_:r supplyving electricity to the
“workpiece;
an ion exchanger disposed, as zn integrated structure, in
toth of the spaces petween said processing electrode and the
25

workpiece, and between said feeding electrode and the workpiece:
a power source for applying a voltage between said
processing electrode and szid resding electroae; and

a2 liguid supply section for supplying licuid to the spaces

30



porous body. 9. Theelectrolytic processing device according 30 to claim
lor2, further conprising a regenerating said ion exchanger. regeneration
section for 10. Ln electrolytic processing device 82 20 FEB 2ﬂ9§%§ ﬁising:
a processing el ectrode brought into cgjtact with or close to"a gﬁ@ ece;

a feeding electrode for supplying electricity to the 5 wor}:piece; a power
source for applying a voltage between said processing electrode and said
feeding electrode; and a liquid supply section for supplying a |iquid

bet ween tiwetwavon kpiceger Bptle sai shPradessi dige € o eQde;: rbd hen bk takeheast
one of said processing el ectrode and said feeding electrode is in the shape
of a col UM t¥af XRhACE ofAf e S 2aBod € S8 9c EAECAIO8E-s, and is di sposed such
that said central axis thereof is parallel to a surface, to be processed,
of the workpiece, 15 11. The el ectrol yticprocessing device according to
claim 10, wherein3said |iquideiesl quurm Watier pobcaskiicdl dehbye rgcoadiebectric
condugtivity of no re than Suu vs/cm_ 20 12. The electrolyticprocessing
devi cgacd'-oor Flifg M to EPETRID 67223 £REr BEARAEIREaSPVBRE BFSERT - Dr 5CeB8i ng

el ectrodercnds sah d & eeghpowekgeteede is in a spherical or oval spherica

5n ape. 25 13. ?n electrolytic processing device conprib5ina;, a processing
el ectrode brought into contact wdth or close

4, The electrolytic processing device according to claim
3, wherein said ion exchanger is stretched between a supply shaft

10 and a rewind shaft, and is taken up sequentially.

5. The electrolytic processing device zccording to claim
4, wherein said processing electrode and sald feeding electrode
zre mounted alternztely on szid ion exchanger at a given pitch

15 along the length ¢f szid ion exchanger.

6. The electrolytic processing device according

to claim ]or2, wherein szid ion exchanger has water-absorbing

properties.
20
7. The electrolytic processing device according
to claim lor2, wherein said ion exchanger has one or both of
2l znion-exchange ability and a cation-exchange ability.
25 8. Theelectrolyticprocessingcdevice according

to claim lor2, wherein szid ion exchanger is covered with a

porous body.

9. Theelectrolyticprocessing device according

h

30 to claim 1lor2, further comprising & regeneration section for

regenerzting said icn exchanger.

10. En electrolytic processing device



to a workpiece; 30 83 20 FEB 2006 a feedl nc, el ectrode for supplvina
electricity to the workpiece; a .power source for abplving a voltage

bet ween said Processing el ectrode ana said teedino el ectrode; @gﬂgg a
liquid supply section tor sup lyrna a I%ﬁuld bet ween the worki & 409%; d
processi ng el ectrode; wherein at |east e of said processing el ectrode and
said feeding electrode has a depressed portion conformng to the

peri pheral configuration of the workpiece, and processing of 10 the

wor kpi ece i§m§%ng %;ed by allow ng the workpiece to face said depressed.
portion. T2 e e ectrol ytic processing device according to claiml or2
wherein at | east preceksbatweracsabds anefsi 1g ttScehegtrodet and these
wor kpi ece, and between said feeding el ectrode and the workpi ece make a

rel ative bvéENEIRE XP5.8 e el ectrolytic processing device according to claim
14, wherein said r i s tatiLon, ;s LEeCI-Ar i , 20 e ntric
rotation or scrolfﬁ%%%gﬁgn??%gggghgoﬁ%%ﬁaﬁé%%—%ﬁé eg??%%%%{%ﬁ@ e?%c?gglytic
processi ngodépiieeeaccording to cl aiml or 2, wherein saidprocessing

el ectrode and sai d feedin el ectrode are disposed. such &ggt one of ' t

he
el ectrodes surr&ufd’¢55 Gt hePL #FP L1 EctV ol JRFE prsteteShgagifce

accor di Ngprb@ eGlsAing le 109 r WhET S 214 eAstaone of cs8kdaRroggssi ng el ectrode
and sai d Seeding el'ectrode is disposed linearly or in a circle, 20 FEB 2006

84 18. A substr at&l @b ssuimlgy gsFaianusor semrpniiging; l hirsubeiateerchhey-in
and Carry\hgl):ltkpi%(‘ttei C}:@wc{ Osraicc?rﬂyé)é]@ssing electrode;
10 ‘ wherein at least one of said processing electrode and said
feeding electrode is in the shape of a column that can rotate
about its centzral azis, and is disposed such that said centralt

gX1s thereof is paraliel to z surface, to be processed, of the

workpiece,
15
11, The electrolytic processingdevice according
to claim 10, wherein said liguidis pure water or 2 Jiguid having
an electric conductivity of not more tham 50u pg/cm.
20
12. Theelectrolyticprocessingdevice according
to clzim Jor2, whereinat least onecl szidprocessing gelectrode
and szid feeding electrode is in a sphericzl cr oval spherical
shape
25

13. EZn  electrolytic processing device
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5 in and carrying out a substrate; an electrolytic processing device; a CW
device for chem cal. nechanical polishing the surface of the substrate with
abrasive particles; and a transport device for transporting thg“iﬁﬁiiraie
between 10 said substrate carry-in anqﬁﬁarry-out section, sai '“@Iytic
processi ng device and said CVP device: erein said electrolytic processing
devi ce conprises a processing electrode brought into contact with or close
to a workpiece, a feeding electrode for supplying electricity to the 15
wor kpi ece, a power:sSok f.ar dn v ~pet) Sai:d ., proc i ng

el ectrode and sgfd; %%IrﬁgE&F@%@?%%é,ﬂ%ﬁd"gbk?ggFg %gﬁggfé%233%i%§ ?@?

suppl yi ngwpukewateer or a liquid having an electric conductivity of not
nmore than 500 p5/cm between the workpiece and said processing el ectrode. 20
25 30 19. The sBbsPTYEE prtessi nG appRRBYtRTadcol el hg2et U &5H 1821 fur t her

Compr i Si g8 el:ean e davi £6aL oLyl eanhnge - hiBoPLoEEPEALSUbAL at e by said

el ectrol yti ¢ processi ng devi ce. e su

pr ocessi ngappenatdisacopt gi regctierCl abm 48ppivrther donpridimet@eeth ebning
devi ce fo& c%ganing_‘gﬁe polished substrate p¥ said CWP device. 21. A
subst r at e"BF 5EeSSiNG HppHr bt vR T O E o FI5htho-T8%Edbstrate carry:-in and

carry-out Secti QRef@nrCarrydng: 20,FEB 200688kl sand €REE Yidge GlHld 8aid
substrate, an electrol ytic processing device; a plating device for formng a
filmas a‘BBPEFRSn l5chee Bf obassad derresesudadde 9f THef ebsed ate; thd a

transport deybee zor dANsSporit onthe sHbsisALs: Dl Wern Sabdesubsirate
carry-in and Tarry-out section
10 the workpisce is conducted by allowing the workpiece to face

said depressed portiocn.

14. The electrolvtic processingdevice according
to claim | oo Wherein at least cne of between sazld processing
15 electrode angd the workpiece, and between said feeding electrode

and the workpisce make a relative movement.

15. The electrolytic processingdevice according to clazim
14, wherein said relztive movement is rotation, reciprocation,

20 eccentric rotation or scxoll movement, or a combination thereof.

16. Theelectrolyticprocessingdevice according
Teclaim 1or2>whereinsaidprocessingelectrodeandsaidfeeding

electrode zre disposed such that one of the electrodes surrounds

N
i

the other.

17. " Theelectrolviicprecessingdevice according

t cne of szid processing electrode
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said electrolytic processing device and said plating device; wherein said
el ectrolytic processing device conprises a processing electrode brought
into contact wth or close to a workpiece, a feeding electrod r
supplying electricity to the workpi ece, a power source for ap??&?ﬁﬁuyﬁ

vol tage between said processing el ectréfle and said feeding el ectrode, and a
|l iquid supply section for supplying pure water or a |liquid having an

el ectric conductivity of not nore than 500 sS/cm between the workpiece and
sai d processing el ectrode. 22. The substrate processing apparatus accordi ng
to claim2l1l, further conprising at |east one of a cleaning device for
cleaning the portign to be pfOce%§edsﬂ%%&%%t@eeﬂaf&EQ?Qiﬁy salfd nle glng
devi ce and an anneal i ng device for annealing sai'd portioh to“be processed.
23. The swostrratsinpy ocessi ng apparatus according to claim 22, further
conprising a bevel -etching device for etching the portion to be processed
formed in or adReri¥rgWF & p&5pherhldPPEasE ol Bt 515€ Sus tht &2 ¥ 1 he
substrat e pr gees Y NG-FPPAr 8hs; agGREMLRgt0 claim 23, wherein said etching
of the portion to be processed in the bevel-etching device is conducted by
el ectrol ytic preécessiang.r@byt Theosubstf angpreressing apparatus according to

claim13; further_. rising a filmthickngss-neasuring,20 FEB 2006 86
section for maaé:'u(t;li(&g{]&)@"avJf‘ﬁﬁ %qf hcf]&%le%'éio ec:?}.ﬁgﬂ Gt P8rl%lt%818§ e GUEEESS
during orodf tere thepotdéshi ngihnzsakdi CYPrdeviieees26znthe substrate
processi ng apparatus accordin to clai m21, further conprising a film
t hi ckness- measufi hGEREBEFIToRe T bF © nePds BF PRGPORE 19 R € Hi WGTest o sti&Sor t i on
to bag progessethdurbpg ArAf1H] shhe AL Hgr isRcthenp! 8t { a2 1devwicayta¢ The
substrate processing apparatus according to claim 18, further conprising a
dryi ng dewreeepssring mgvyce and said CMP device:
wherein said electrolytic processing device comprises a
processing electrode brought inte contact with or closg to =
workpiece, a feeding electrode for supplying electricity to the
15  workpiece, z power source for epplying 2 voltage between said
processing electrode znd said feeding electrode, and a liguid
supply section for supplylng pure water cor & liguid having an
electric conductivity of net more than 500 pS/cm between the

workpiece and said processing slectrode.

20
19. The substrate processing apparatus according
to claim 1y, further comprising a cleaning device for cleaning
the processed substrate by said electrolytic processing device.
2> 20. The substrate processing epparatus zccording
to claim 18, further comprising & cleaning device for cleaning
the polished subsirate by said CMP device.
21, 2 substrate processing apparatus,
30 Comprising
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drying the processed substrate. 28. The substrate processing apparatus
according to claim18, further conprising a fil mthickness detection
section for detecting an end point of processing. 29. The pro ﬁﬁhQQOOG
apparatus according to claiml1, 2, 1 13, 18 or 21, further conprising a
nonitor for nonitoring at |east one el ectrolytic current and

el ectrolytic voltage when the voltage is applied between said feeding

el ect r ode"apBs GRATPEEGe g et Bttt tfe’ t hereby control ling said

o lier L oS GSTERIG 0 AL agspom Aus according (o o
substrat e bei agppadessi dgvtoedébectfoamiend a pbilt af pr goadsiarg.to
be processed in the surface of the substrate; and

a transport device for transporting the substrate
between said substrate carry-in and carry-out section,
said electreclytic processing device and said plating
device;

wherein said electrolytic processing device
comprises a pxocessing electrode brought into contact
with or close to a workpiece, a feeding electrode for
supplying electricity to the workpiece, & power source
for applying a voltage between said processing electrode
and said feeding electrode, and a liquid supply section
for supplying pure water or a liquid having'an electric

conductivity of not more than 500 upS/cm between the

workpiece. and said processing electrode.

22. The substrateprocassing epparatus according
to craim 2], further comprising at least one ¢f a cleaning device
for cleaning the portion to be processed having been formed by
said plating device and an annealing:device fcor annealing said

portion to be preocessed.

23, The substrate processing apparatus eaccording toclaim
22, further comprising 'a bevel-etching device for etching the
portion to be processed formed in or adhering to a periphersal
rortion of the substrate.

24, Thesubstrateprocessingapparatusaccordingtoclaﬂﬂ
23, wherein said etching of the portion to ke processed in the

bevel-etching device is conducted by electrolytic processing.
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section for measuring a film thickness of the portion to be

processed during or after the polishing in said CMP device.

26. The substrate processing apparatus according
to claim 21, further comprising a film thickness-measuring
section for measuring the film thickness of the portion to be

processed during or after the plating in the plating device.

27. The substrate processing apparatus according
to claim 18, further comprising a drying device for finally

drying the processed substrate.

28. The substrate processing apparatus according
to claim 18, further comprising a film-thickness detection

section for detecting an end point of processing.

29. The processing apparatus according to c¢laim 1,
2, 10, 13, 18 or 21, further comprising a monitor for
monitoring at least one of electrolytic current and
electrolytic voltage when the voltage is applied between said
feeding electrode and said processing electrode, thereby

controlling said electrolytic processing.

30. The processing apparatus according to claim
29, wherein said monitor further monitors a change in the
state of the substrate being processing to detect an end

point of processing.



