;e3e{; x../T45n; 6B; T, WO 02/1 03771 1 DESCRI PTI ON ELECTRCOLYTI C PROCESSI NG
DEVI CE AND  SUBSTRATE PROCESSI NG APPARATUS PCT/ JP02/015=45 5 Techni cal

Field Thigd fyRpi#on relates to an el ectrol ytic processi ngpdeNpiaidfad a
substrate processing apparatus provided with the electrolytic processing

device, and nore particularly to an el ect¥olytic processin ul
for proces ductive material present in the suram@ mhmmmm ‘
substrate, mmmwmmmmwmm sem conductor wafer, or for renoving ropurities
adhering to th Q& gﬁ ace of a substrammscmﬂHTaoNubstrate process

e

apparatus provi with the electr r Si vice. 15 Background
Art In recent years, i ns &G TEPLId ﬁy (%#%ﬁﬁﬁﬁandgiﬁﬁﬁ ﬁ&ﬁ‘alloys as a
,material for formng |nterg@@@@@@mgnpgocmggmmgpmgyxnwmmyaIe such as a
sem conductor wafer, there is an em nent 20 novenent towards using copper

(Cu) which has a low electric resistance and high electrom gration

sresistance. Copper interconnects apg Hﬁﬂ@é?'eri rmed by filling copper
into fine recesses forned in the sur ace a substrate. There are known

various techn|que?hﬁexﬂhyanﬁxpmuchl@bppemqrﬁmﬂebﬁnécosyt25 PrrologdisrigraCVD,
sputtering, .and plat ¢ rdin suc opper,.filmis
formed in tﬁgvsﬁﬁsF tlany entrv ?Ogu?¥ %f%ﬁ %gﬁéﬁéaéé&uﬁlth(¥qf

renoval of gneeeessaity Copeiedyimhaigcite nea:hanmcab palritskungr( CVR. aﬁi GS.

85A through 85C illustrate, in sequence of process 30 steps, an exanple of
forning sucRIESEHNMEe RICKRSTY Ehp S ‘Eﬁﬂi@b §§ TEPHQE

85A, am ¢ NS kolchg ihid rﬁazterﬁéztphp@ésénﬁ' |J.hC(Hhé3X$1§1§f£d:é rrb@ fal |t :&idd con
oxide (Si02) or a film low-k material, is deposited on a conductive

| ayer |a |naﬂmagialbmoaoggqmgqqngptor wafer, or for removing impurities

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 electromigration resistance. Copper
interconnects are generally formed by filling copper into fine
recesses formed in the surface of a substrate. There are known
various techniques for forming such copper intérconnects,
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 of forming such a substrate W having copper
interconnects. As shown in FIG. 85A, an insulating film 2, such
as a silicon oxide film/a £ilm of silicon oxide (Si0,) or a film

of low~k material, is deposited on a conductive layer la in which



PCT/ JP02/ 01545 el ectronic devices are fornmed, which is forned on a
sem conductor base 1. A contact hole 3 and a trench 4 for interconnects are

fornmed i nywideydeBeMl ating film2 by the lithography and etcpipgpifRbai que.
Thereafter, a barrier layer 5 of TaN or the like is 5 forrreg on tﬁﬁ“e‘entire

surface, and a seed layer 7 as an electri¢ supply layer for electroplating
is formed on the barrier layer 5. Then, as shown in FIG 85B, copper
plating is performed onto the surface of the substrate Wto fill the
contact hol elg0t3oand déeitcernck fomed, wbpperiafdrmat] dihe sanedridme;tor

d it filme the | ti i | hereafter, th
(T m 6 on t RBSEndal o I TRPTHT MBS TR B6h B EBFPCHeh T8 SECHARTERCFo 4 ng
,(CWP) so asrbemeakent Biee Sikdaret Ohg thel e epper thiel M 6hégLhglyidnd hec@omqct

hole 3 and the trench 4 for interconnects 15 and the surface of the
i nsul ati ng FRCRPZCe sTRSFEALLEE) y2 dpihee SRy 95 anef RN jogt Eheohiketion

vconposed; of shhec0BRC NS Id MR - 2% 13 | Anfl Qséé&ia%,lémsaé%mectric

Conmponents I n various types of equipnents have recently becone finer and
have requir edphilghépyatciiencsd ersrepba winy o 2 onmmedf aot thenptecdmadlagypr has
comonly begn used, the properties of materials are largely influenced by

t he processing nethod. Under these circunstances, in such a conventional
machi ni ng net hod Thah,aadeshoed porfiGn 5B a aopier qekatsnghysipatfiormed

destroyed and_renpoved fromthe surface thereof b tool, a |large 25 nunber
of defects REYCbENSr GHFEEES &5 isdﬁ]a?ttéfattt‘?e %r%pgltﬁestktﬁ Ry K ee.
Theref are, Bt aBeceresti-BREht ankitR BEPHOFMREOCLESERE Mhdoumdetgadyat i ng
the properties of the materials. Sonme processing nethods, such as chem cal
pol i shing, B80CYPRRE IR b EHEBE elgstWep Ll Fallact r ol Hrsneqfdiashthg, carner
been deyel OF?@‘LH\'@_O‘N S itr%ﬁcé!tvi%c_:} t@"impﬁ 9.%' Jﬁ&)&oéfgd% Eﬁ@ﬁ&cgﬁﬂééﬁ%ical
conventi onal physical processing,” these nethods performrenoval processi ng
or the |ikepphisbgmngcHEMPIalsadiassdlautmiakre reactsworface WH 02H€l 06k S £11lm
PCT/ JP02/ 01%4?. . s
illed 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 f£ilm
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 thereof by a tool, a large
25 number of defects may be produced to deteriorate 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 electrolytic 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.



Therefore, these nethods do not suffer fromdetects, such asformation of an

altered | ayer and dislocation, due to plasticdeformation, so that

processi ngF@hopeper formed withoutdeteriorating the propef,f:'t/gﬁozgflsgshe

material s.” 5Chem cal mechanical polishi ng (CwP), for exanple,generally

necessitates a conplicated operation and €ontrol, andneeds a consi derably

| ong processing tine. In addition, asufficient cleaning of a substrate nust

be conducted after thepolishing treatnment. This al so i nposes a consi derabl e

| oad on10t h&helrefoyreor thiesenimeghddauidd west eufifseposaton Asfadinglsuathee is

a strong denmand for _om ttin ntirely e i oa Al so
RBETRGRoT T €M 858" a1 AEaE e A ST REhOECh | OuF e

in this con a a’' | ow k terial,

.Whi ch has adk@wrdiaaliest ri seongizant priogeexpect echt o dee peefomnadntwiythused in

-

the futurelbas a naterjial for the insul ati a

film of
seni conduct GEEEFLOTAE NS HdS REWPHRL RS aﬁfn%gée '3 TRchani cal strength

andtherefore is hahdnli@andefHapa Slir ego1amiiRd dunig CMRYF 0cassii:
Thus, also fromthis standpoint, there is a demandfor a techni que that
enabl es t he gengreddivhgeeesaisabstrarerOuichéed ePerablanpit Feggrol, and
t heret o. Fur I en 4 4 ' enkor ng CMERIiQeessi ny
si mul taneous%%dvﬁ %%%gg?%g§§$?g ﬂgﬁéﬁ‘%aﬁ%ﬁaﬁcgl el ect Pol yt ilc '

pol i shi ng. Aafdidiirg it alidkins ngeblioa, $iies exbamicatl begr oorduichgdi sftar rilesl

out to the grow ng surface25of a plating fil causing_th robl em of
denat uri ng g’ioqtlﬁé’ﬁ%éﬁjlttri &G | ﬂ{lllﬁeagso\%el“gaoﬁ%se aaﬁg\r}g-lﬁ'g%?lggﬁeggad on
el ectrolyti ey apassinger eleahtabyiieuael iwelEteg,didyo sucesscqsatasgby ,

t hrough anel ectrochem cal interaction between a wor kgi ece ?nd .
an30el ect r olYA9%E 461 At FEATEURBRR sSAUABT I NEEF, SRERES! YHEE TRIVHNS,
NaQH, etc.) ., SlReeuRRnebPBlr OAyEd Cidolild Qb ¥@IdH NAgUch 80 sbasdiotade
must be used, contam nation of a workpiecewith the electrolyte cannot be

avoi ded. = WOWXNEIB7AIOUPIPCT/ P02 Ousaesr B 5ol 'dsigle kAs |avEen i Glelpetric
present inventi s peen rmade. | i -@%@y L t] i

rel ated art.crﬁtr\sqﬁl%sf{?’helrsgféc}?e ane%g?%ctggvﬁ?%%& p:r&{e:%%@i inr\?g%ljtlc?ofn@t@%re
provi del&n elscar alatdmigir ofessithg dénsaekawhngh,filn | ef om t sémipcendMPtor
treatnment entirely or reducing. a |oad, upon a treatnment_ to the |east
posa bl o extEHHS CRAE priEh Lo Nk L b B AraRel T A ST 4 n SERE GUTT 68 of
a substrate dipfdatenist R rmtesi ahduee aae reppyes (abpankdlGexidanaers

matter adhering to the surface of a workpi ece such as a substrate, and al so

to provide PEARRATERS pridtdssPhgoaphal dius SRaRAPER thetePER tiDPyEFEAND
processing deyl ce +8chiqehRONAHR] eddbésletnt o raghice¥engh® @ROVEL95t e5te
the present 1 nvention 15 provides an electrolytic processing device,

conpri s2fg: va thaoressingnel 2wy rotieeds otighretat o contact with or close to a

wor kpi ece; a feedi | ectrode f.0 l.yi eIty piGse;
an i on oxchanger diCpONEy 19 e Tk B SR FfSiied ol pafe Rt rLAE
wor kpi ece anskddes piogessiinglebaeonedy, andcibbet weenidq,t heriwor kpckeriaall
the feeding el ectrode; a power_ source for ,al‘%l yi.ng a vol ta%e get ween tge
processi ng E1eRaBHAL RIS Rer P Lt h Pt et e ring, gt pP§ R8Ct i on

for supplyi ngh@ ddgisird 40 bheceRasaghes wesh- tde ol kpiaee griddialy keashcene
of the processing electrode and the feeding electrode, in which 25 the ion

exchangeb | ©HresphetiFgGEILN, af@uBLng (e A%PRIRM BT riePreuping of the
el ectrol yti ing;effected in the above electrolytic processing

devi ce. FlI Gcr%@ﬁgfv\iétﬁ%%oni c state in the electrolytic processing device
when a ion exchanger th2acasrintatheoabavproensspngdea laatinsdey 30 Rgoaadsangon

W ih or cl 0str | BLACEIPRREE o WIS ocb L0P UREPE Soosh T SRat el

‘via a power sndltteodehetueenihherpredceasi ngtekent radewddkandceheahdedang

el ectrode 16, and WO U2/ 103771 5 PCT/JP02/01545 a liqujd._1 e. q.
ul trapuP8 wetkPCtrQletpplIYF iU aarrqursStpptR S&ctitoh: f@%@et \kg?e'nHFI]Ie
FIG 2 shows the ionic state in the electrolytic processi ng device when the
ion ° 5 exchawngerar &l emurnled; o muste bgr veedsi e edetta bien 1A Bswprbspédree
into contact._w.th e ce O h rkpi ece 10 and the

f eedi ng eleév¥%%et§é §28§?Fé§¥%§ g%#%&?tgg %ﬁ%ﬁgfﬁg wor kpi ece 10, while a
voltage is applied via the power source 17 between the processing el ectrode
14 and the feeding el ectrode

" processing eﬂu@%t g4 .eddg feadinpg aheetcedeoifrardsbhatwonkpbaeaiddng



10 16, and the liquid 18, such as ultrapure water, is supplied fromthe

| iquid supply section 19 between the processing electrode 14 and the

wor kpi ecewl@g B9 @ liquid like ultrapure water that in ipgghbodasss2 | arge
resistivity 1s used, it is preferred to bring the ion 15 exchanger 12a into
contact with the surface of the workpiece410 . This can lower the electric
resi stance, |lower the requisite voltage and reduce the power consunption .
The "contact” in the present electrolytic processing does not inply "press”
for giving a physical energy (stress) to a workpiece as in CVWP. 20 \Water

nol ecules 20 in the liquid 18 ﬁuch as uItr%pgre mgter are dissoci ated by
the ion exchangers 12a, 12b i nPoSfivaPB%Pd8%| 5A¥SB%18Rd hydrogen i ons 24 .

.The hydroxi de i ongng2ptBdenpr oate8diohOha €X5EHN Gradd EnCahiEedt Hiye tdidve
electric field between the workpi ece 10 and the processing el ectrode 14 and

by the flowsi3ugitiche ini e akrted alfe sditf at AR WSTkpPeEET10E the
»oppositesto gfr%%ewtociﬁ%%w&qpﬁ! @Stﬁf)éj\]?icﬁél a%%ﬁ.%@_%r%hl?}g%ﬂﬁi‘éd‘eQéiﬁ%%evice

hydroxi de ions 22 in the vicinity of the workpiece i's enhanced, and the

hydr oxi de i ofslc22 awhd reeaatidb Mg e tOMP dixpastmat cindee Mordkpirestiding arhe
reacti on prqduc 6..pro d LS.reactiqn i,.s  di l.ved J.n.t.he ljquid
18, and re éﬁ%ﬁﬁﬁﬁft gﬂggr&%¥%%@g§6 g§ %h% #%%ﬁka%F%zﬁ%%ﬁ%%ﬁé ’af%%g

t he surface pafoddss war kjpinehie-tlidze Raabgalapr deessidngiof thiee swriace of tde
wor kpi ece 10 i s thus effected. WD 02/103771 6 PCT/JP02/01545 As will be
appr eci at ed SYBTHIHE abBv el dHe D efrBfalMPrIcksi n§Tactdt dFREOVE t Het Fesent
inventipf i e@ffLERL R adiedifRy eleeheoslierheal ok N er@elp Docdedyaen
the reactant ions and the workpiece. The present electrolytic processing
thus 5 cl eadsy a&li $tlessrahet hangr coledsi by PFPHEFpl @ FHUHRICALQERBRIY-RD

whi ch processi ' ftect.ad. o ' b on. of JysiealelNLES ion
bet ween an :‘% aS|é{th’1§z;nfcliga Vaglr%l 't;atrcl:l%, gggb?ﬁéigﬁé% réa Q’i nt elr%agcct ?83955 \;\aj/g%an a
chem cal speaicesrpgaratgadl i shing |iquid and the workpi ece. 10 According to

t he above-described nethod, the, portion of the workpji.ece 10 facing the
processi ng el ect r%&eoﬁ‘iefgcop?cglaégg‘é&heﬁ@?‘é? 8?’ ey #Fb‘?/?ﬁ&steﬁ‘ Jﬁ?\gecré?s‘?rhg
el ectroge 14 rdviRia®r Kpi eceedd-capche processedqg Mevicdesicopgrsdihace a

configuration. As described above, the repoval processinq%in the 15
el ectrol yt i PHHREENDPIRGIR/ADIOFPEIDT o5RH FIREMNETF IRt F FekITR ol 2l y

by the di ssQjdiion JLa6t EOBsIHE d1bdhiS & %trr%wﬂgé'fﬁé,_énwmﬁm@ﬂﬁntoa&@ei S

clearly distinct 1n the procesSing principle from i i ch processing
i s effectedvnrkiieoonbiniai encbingks pivpdsed ihmttet aest omebef WhenspiC oY

oo Ve, AR o B LI SRl B SRS Beieea, sl A
el ectrobgti cchpy ocmsisp Igcelezndetbt fleedpnes edteatirvelet;i @n prare alucte réomva
processing of the surface of a yotkpiece,w thout iipajring the propert]es
feeding electrode; and a liquid supply section for supplying
a liguid 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
processingeffected in the above electrolytic processingdevice.
FIG. 1 shows the ionic state in the electrolytic processing
device when a ion exchanger 12a mounted on a processing electrode
30 14 and a ion exchanger 1l2b 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



25 the workpi ece. Even when the material of a workpiece is of a | ow
mechani cal strength, such as the above-described |lowk material, renova
processingwpgyﬂﬁgnsurface of the workpiece can be effectedppiplpRitsfNY
physi cal damage to the workpiece. Further, as conpared to conventi onal

el ectrolytic processing 30 devices, the ePectrolytic processing device of
the present invention, due to the use of a processing liquid having an

el ectric conductivity of not nore than 500 ~S/cm preferably pure water,
nor e prefer abllyqulith d@ur & At erl txepurevaertiab) yis M@Ridd |30 & 1iquid
PCT/ JP02/ 01545 r.educe conta 'nggion oft%?e surface, of a morkgiec§4Mtgh
impurities &MEPdAn 5519 a CSYSER TS ST ST T 4P dSAPEEFOPRe 14 the
.processi ng. fERRLiigidchBydba Pane thatwsrk@iédtduod hRYGNQ Sifows eskricn i
conductivity (referring herein to_that at 25C, 1 atn) of not nore than 500
uS/cm ar aftéltéct+Bl ﬁ%% SOLPEEFBAYEPGr PRRATTSIHY HEVACRatBieThalfRg P
-el ectri C5 coRqUGTnyeyy 195 i 06 ot hae JOoUS5EMg G USRS 1RULE MRS EEhd N
el ectrolytic processing enables a clean processihg wthout |eaving 10

i npurities dmtcheoprtecdssdédhswrf adesef ta wbekpietacewhérehy workrpbetcadgl &t ep
after the electrql ytic processi Lmpl.ifi ed, ifically,, .one or
t wo- st ages ngkﬁggﬁi#ﬁf#%@ﬁsﬁf%ggggﬁgtgg ?ﬁg%éfggggglégﬁgaﬁgﬁg%géﬂﬁb.t T is
al so possi bwertkpivse ad, giideoht gonedgby iaddppian tbaatiétpmesr sawlrds a
surfactant, .to pure water or ultrapure water, .and having an.electric
conduct i vi i § ToPCHBECROrE PRAFCSE6 0T LRT PSS dabRy TR T REPLNTIRRe grode
~xS/ cm 1 over @ gdr gharemd Y ikRli deee $han & ultrHpher kdest stisvkhyp i eAOtrdigss
than 10 M5S ~ cm . Such a liquid can forma |ayer, whi ch functions to

i nhi bit ionthigrlaguds euemwly, seotien: A8 bateppacthedryreds alymredreeecde. g.
substrate) d i %%ﬁhﬁ% ereby noderating concentration of ion
exchange (nggm&ﬂgfgﬁﬁLﬂlo g%%aéﬁﬂance the flatness of the processed
surface. The addi Wihnes pl dysuddr di&et alprepent Wwatak tbatebhratsehf Zbasfa
ions (e.g. hydroxide jons (O+) ) . Lt is noted in this reqard that "an
equal proce Hﬁf(WﬁﬁﬁﬁEﬂWlF%ILsaPs9gri6§5180P5F595€§F t e%gﬁﬁqlgke ion
processi g EXdAGRerd SLAD iMROrdditadact Ofh fohe HOvidha oo thatueriesessed
surface. Wen a single el ectrochem cal renoval reaction is in progress, a
| ocal 30 di fifler eABé Si PRR ROWSHTOERS S IRF eV aF L paRB CRumy! P P LBGUERE DL Ee

I ocal concenfy,atd QN 0h %Q&BEé%hé ?:%arTQSnEBE\g'tiSHUCGf‘Eé ald Qft Q¢ €3CE D1
ions may be caused nmainly by a deviation in the electric flelé'lnten3|ty
bet ween t he gurecosssi aeeteclybile padcesWONOR/dd¥3y 7ho8 BPEPLIPOR:EEAS fhe

f eedi ng el ect.rode nd a devjation in, the di ;t{r(ihbuti on of reactant %ﬁgs in
: of

the vi ci ni tfl&l’i%aa ¥ of SRURY kT BERSS) The? | BRAFPEBRERT r &b
react angoi ons canweegy aygestadeb)2@ihoma g itihe dadklisbicves s whitehpplraysaBer ol e
Lo P event |l 3 e 3y M P08 chings™ 95198 120 ny 800 SEaS"
bet ween are disso y XC g , \Y
ions 22 and hydrogen ions 24. The hydroxide ions 22 thus produced,
for example, are carried, by the electric field between the
workpiece 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 of the
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 liquid 18 along the surface of the workpiece
10. Removal processing of the surface of the workpiece 10 is

thus effected.



a wor kpi ece and an ion exchanger. An aqueous solution of a neutral salt
such as NaC or Na2S09, an acid such as HO or HzS09, or an alkali such as
anmoni a Np PeyeRd as the electrolytic solution, and may Bergp@RALkdsy 10
sel ected aCCOI‘C?I ng to the properties of a workpiece. Wen using
electrolytic solution, it is better to use the |ow concentration

el ectrolytic solution which electric conductivity is not nore than 500
uS/cm to avoid nuch contam nation. In one enbodi nent of the electrolytic
processi ng devi ceA&5 will hbepraseneéciavedt iforom t hkei @baschahher rdamoval

di sposed separately in_the ace between th rocessing el ectrode and

wor kpi ece, %r’f& CEF Sgllﬁ’@ %ﬁﬁ@ﬁagﬁg\?ﬁeﬁkfe e efseeé% EBVSPE&P P%dseegﬁgcgeakﬁ%?&e.
.This preventy ke eqewdeendical hhtsaroalilad shorderci fitali #dadeineervide
processi ng gp&ctﬁrh%g&parnd t heeaf ege?%iteQ%;O el ectrode,q@%dice%qe%ﬁajég:gh
processi ng i TRRIRSRY n e SRS -t h"alﬁb%r
s di sposedeas,an bakeqral e Si¢ Yeldtdhs fifl PRl bilhe SRAGES RAYRRILhe
processi ng el ectrode and a workpi ece, and between the feeding el ectrode and
a wor kpi ece toThilsidlacplirpraised nohel 95epfedbedi by dfhe heopbdrasspng odl ethe ode
and the feeding.electr c rth .t he ectr] ISt :
Accor di ng t%&lé’%ﬁ%laﬁatﬁo%%g}acgtggogd%%écﬁﬁ%,eﬁ (F:‘?(rra1 %g\'r%g%%% aﬁgérgc%é\)/%]?éf$¢]%’ g
surface, tothe ptloeessed, iofterawriqi ebefwand is chdmipadedspaciest hiaf 4 he
spaces between the pr c,essjcﬂg %e trode 30, and the workpi ece, and between

t he feedi ngP& tthe? 'rt&b‘? KBRS nakes it possible to easily
and quigckly changeclthedion; exchasgaphosevaekbeibbe RERBESI ﬁEe\S/%Bi‘:@Q@noéfa
wor kpi ece when, for exanple, the ion exchanger is stained. 02/ 103771 9
PCT/ JP02/ 01534% vorkpéegpdifel efbbdithmpEoce peing e loctiodset 4 ey recatsed ched
between a s I ft : i .and q t.l . IS
makes it possi r?éef%{}ge 'c g%%é%ﬁgwq%ﬁpggg%tgﬁégg %%é‘?gﬁ?%g llsf' Egeb@@%i%%%%]i e
use | engt h Wlemarf dre roexesgd einthe i dos exehasigeface sorfbgdratheneby the
change operation gan g conduy tegbgnea s,l_yhcecesrseimvoeva nnero.celsré.tnhe case 1?;.

t he i on exchanger 5t PRESTerdodi iRt T t he pr ocessi ng EFESEF5d8 %and™t he

f eedi ng1 Bl etleRda-dB)t e PBUBEediabt derndlcel WwiHNthdepireBeaxchangartiain ais
given pitch along the length 10 of the jon exchanger. This elimnates the

need to pr O\Fifdc_@ egéjct (0 ecPVonEh?oré%wlﬂ/?Welr@&crﬁ“ﬁrtydélépaFat ebye
and thus cansidglddnerd 16 Hevh £6radPoh ONagiChangaaY, R inct in the
wat er - absor bi ng properties. This allows a liquid such as ultrapure water to
flow wi t hi n Ruteeelss fingh rexohakyes .Lrive GMh laxwhargePraapsRane ohecbicobed of
an ani on- exghangg, abi | sy, ac’]{’o A Satlan Nge a?h‘cé&%et%n' UL §ARRANGET
havi ng an ani“on-exchangé Sbi |nty and ‘an 71 on ‘exchanger having a

rati on- 28chaige sibid iainyl @eanobkpiised, ssh@dilies ehgmdeadr dhhgrhot20nabetween
wor kpi ece. The .use, of . an_ion- exchanger .hayi.n at h .of ani on- and .

ati on- exchangd GBI | BR°CARS bf BaBeR tie Taga o 15 GUEb T BT o HaFRI PGP s
and, in addizdsdaail ) ekl roafat phoek sk MRYrdéy BSe dfethe phesent
polarity. The ion exchanger may be covered with a porous body. This 25 can

provi de’ a WORKIRTEEOM 31! LT AR Eor TPPIERE SRECSRF Fhke. Of nthAi 3UEBRES Phe?i on
exchanger i tself, i@ye Qﬁ[ﬂ%ﬂ)@si%ﬁrﬁq@%wiﬁwu%ce&dwg hot@8-pref sk ed
enbodi nent, the eJT ectrolytic processing device further conprises a

r egener abi ortlseotdmhp fare 30 Bvegyewdreat ithg madeirda lexéhanyerkpBpceegenefasi ng
the ion exchanger durin rQcessi or_in ap_i rv of proc i hg,to_
remove extr::inoe"gu@ec ‘—f‘?%g‘?gsﬁc eélg]%’dppsel%&fg(s)mi%%%e ‘Elleiloonvgexcg%sacngieﬁ:)fé‘%gI 168-x
cont am nat i ametodriBa New avekpl eseombthihfeofiather sapfaag b6£fobhe 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 ligquid having an
electric conductivity of not more than 500 pS/cm, preferably

pure water, more preferably ultrapure water, can remarkably



WO 02/103771 10 PCT/JP02/ 01545 the ion exchanger can be prevented, and
furthernore, lowering of the processing efficiency and accuracy can be

avoi ded. WReePf§pgnt i nvention also provides an el ectrol yt berBpRGASE NY
device conprising: a processing electrode brought 5 into contact with or

close to a workpiece; a feeding el ectrode’for supplying electricity to the
wor kpi ece; a power source for applying a voltage between the processing

el ectrode and the feeding electrode; and a |iquid supply section for
suppl yi ng purduwat econtamihatjiiod haWi npeanserfetei ofoaducdripiycof wiath 10

nmore than 500 ~S/cm between the warkpi ece and the processing el ecirode.
e 5T oeTPREE TERe S WD e OISR i des i MR G haF
.this electrehyt beopeeeassj.ng device. FIG 3 shows the ionic state in the

el ectrolytic processing 15 device when a Erocessyng.elect(ode 14 and a
feedi ng el ectrodeT?8 hi@UubRJiRfhPCPYEE YRTAr 517 fldc ik havibekah edect;ic
whi l e a ol tadguks 13RRL €4 M3 I PRlLY r cbet t
processi ng eIecPFO e 1XI§n§&;héﬂf§g |ﬁ§ e E%thgg %E,égﬁg’t e |h3ﬁa?ﬁ§
such as ul t maper shaet &00 i1 /suppldedy rdmetitalguiit 20 lsupipbry. section 19

bet ween the processi t 14, the feeding_electrode 16 d_.t.he
wor kpi ece 10. Wat g?ﬁ:%,o glé(g%eng&%g%elﬁ ?{gelf ih(:?mlélgggns Jg st G FPET e et
are di ssoci afetbt ntoxrehydaaxi @@si/ens 2Phantdpdroges wadrs 24.e TBredydroxd de

ions 22 thus produced are rried, by the electric 25 field between the
war kpi ece 18r8ﬁ83FH&9pr63¥§§#H§ e?ec%%%ﬁ@ 1BTRRGSEY MEhe "HEERUSE  thR& VARSI d

18, to thhe smphageielk bhetwer kpbeeasia QﬁeegbéeoioatM@p&@é,smgeféffté ode
14 whereby the density of the hydroxide ions 22 in the vicinity of the
wor kpi ece 161leandpgancéégp andtele hifroxiedetrohste dpxocessiny wiarmh the

atons 30 10a. : r kgl e reactio I 26 4 s .dissalved in
the liquid %§Qgéggqf%§0vggggggégﬁﬁggﬁoP&%iégéQT% %$%%%€-ﬂﬁmﬁ%)fﬁﬁﬂ9lﬁ%ﬁnd
18 al ong t heuddiitace fdfert Hehanverllgu eoel yitQ.c Remmesd s jprgpcessi ng of the surface

of the workpi ece ig is thus effect.ed. e Oéﬁsoazélb%é,PCT JP02/01S4S
Utrapure water iS5 ptefarabIRP IS 2d0 B8l qUir+BYPTEIRETpY 2Rt eY 21 s
her ei n TRankdaivaker, avhne 8l Reitart: Copdittd ¥ht¥r fr N0t raPhSebiatd, 1
~ZS/cm The use of ultrapure water enables a cleaner processing w thout

| eavi ng i np@PFt PREIBIRN tHE Privceso8dUsHIVAdYy BFf BOWSIOGS s8an 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 MQ -cm). Sucha liquid

can forma layer, which functions to inhibit ionmigration evenly,

20 at the interface between a workpiece (e.g. substrate) and an

ion exchanger, thereby moderating 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 points 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



In the above-described el ectrolytic processing devices, according to one
enbodi nent of the present invention, at |east one of the processing

el ect r odewangh/igae/1f eeding el ectrode is in the shape of a fbat,peGdiapoul ar
pl ate. 10 According to another enbodi msnt8 at | east one of the processing
el ectrode and the feeding electrode is in"the shape of a colum, and is

di sposed such that the central axis thereof is parallel to the surface, to
be processed, of a workpiece. This allows that at |east one of the
processi ng thecfeedénanglestrhndef cediing @etrtbee i theahrdtyridomian o
get close tg L kpi. , «thereby . J f S th ed
surface of Fﬁgc%rnﬁpilg)g’g. v c%g%d?(’ﬁgq?%%g?% @%%otiugﬂg%bgg ﬁer@,rwﬁq%%}zst
.one of the phecéssiaig cenesintoce izmd otfhe dagddinty ierectcagddd praventsgphdry cal

20 or oval spheri,cal shape. .This enable .ocessin t poi_nt _and
processing & lﬁwdfhgvet}esu?@‘ycg?v%\cdg ﬁiFﬁg%tlgyfeta a %f%e?oe%(?aﬁ%ntl,ocaﬁl

-l east ome otohbenpreeass RF ebast redg. anddtbrifieetbng) glestdOder Maswieen
depressed portion or a raised portion conformng to the configuration of 25
a wor kpi ece? HRI KPLEEEs $inth 38¥ J{Or’i’ee\mg@d% i's conducted by allowing the
wor kpi ece to faceAhfh%%r\g@&&geéaqgt%nr@f g6 Pordl 983 + RAIceX 8l ok i@, s0,,
processi ng el ectrode y have a depressed portion conformng to the
configurati en etid pechpher HClportigi9,of oa substkate. sihces simgprofa tiey
substrate can he conducted 30 b | .owi ng e ripheral portion of the
Substrate t%ebeuspeo i??or@"f i%l?%%]?%iébif‘lé%sgétﬂ Sgg%n,m}(ﬂenr‘e%yEFerPDrvcipnegrmay
mat er i alo t o sleg cprteckeasedrdingnedths mro@siheld 19 £t ® woltkppeciephewhenporingn
(bevel portion or edge portion). Thus, .in this case, thf WO 02/ 103771 13
PCT/ JP02/ 01545 “EHAL it SSARFHBR  arfd LS BF oL £POR T 'O Spf SE SSASR i
wher ei n t he ¢8leRaticalMiicC JI1RRA%S HE188YEEECcERNBr E688uSL PV OEPSSE b €lnestd ode
brought into contact with or close to a workpiece, a feeding electrode for
suppl yi ng eltefy iS00 P/EMhedES st i tami Bdekdihger di sposed in at

| east one of a spageg,he 1 BE+WOEKPL £CS ad- & L OCESSA I\ J008,
and between the mg?lk%flgc%}@ﬁglﬁ‘ﬁetf egd?llrllg %J[ectroj(}g?f)a pomersr%lou (;ec‘;eé;fl(c))‘“gée
appl yi nip a wvdl t Aje hetewsnt t Heavenddessi nghel elin odxchadoehe fgediigposed

el ectrode, and a liquid.s | y _secti.on for lying 10 a liquid to the
Space. bet weBTEPRE Yorkpibod b [EaCBha B RIS DHRL T SIS 1t
and t he feedi Rgrebeeteqdendiin WhicCBphbe hotwext argEeedsnpr €€t rodBeand
present invention also provides asubstrate processing apparatus,

conpri si ng: 2a VSUHRIRA% cdifrly- PF AR fartif QRCHT & iYn T6t® cet TSR MY n
and carryi ngroyl: 8;seskraberyadn ARCHLELYEELEnRr OLESSH e GOV €Re AIKH fng
transport device for transporting the substraté between the substrate
carry-i20 an¢leartispdst avetteniieefl a fuel@l e s ing potkekemey devi ce;
wherein the el ectr,gl yti ess] V] jise 2Q._pr i :

el ect rode brought Al%rﬁétgjcgéﬁg% %%%ﬁ %@ggggﬁgﬁg’%P%pﬁgge,eg{?}sag{eﬁfngls

el ectrode faisyumdd/,) s ehecintegtyteéd sheumbnkpl ede, bathowsr tdourgeades
appl ying a vol tage t ween the ,processing el ectrode d,the feedin

ot rode. SRPEN daie ERint Do CLr O BRI 51 TG DR Bt 0 Ao TSRl d
havi ng an 2%l exddd ¢ et Fodd Yaid £0ko ARp eddan B0 U em beliveencide
wor kpi ece and the processing electrode. In a preferred enbodi nent, the

substrat® prRFCSHStHPmpHde BECFEFthee deriricsesand dhearfedinefilestrade .
cl eani ng the Sﬁ&%@ﬁti & byhd her eLect & obyli s progessi ng device) 30
e s

I n anot her enbodi nent, ubstrate processing apparatus further conprises
a CWP device for &wswinhingnsohahitalapothshienpadieenty f dbe bénexscbzryele.

In this Casecoéehzfs SUPSt L QL e, BLOCESSLRY,3BRALALYS TBY of W AGT: SUPTLSE &
cl eani ng device for

) 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.



WO 02/1(13771 14 PCT/ JP02/ 01545 cl eaning the polished substrate by the CW
device. In still another enbodi nent, the substrate processing apparatus

further coupiiagsna filmformng device for formng a fil mpag BofRLld on to
be processed In the surface of a substrate. 5 In this case, the substrate

processing apparatus may further conprise?at |east one of a cleaning device
for cleaning the portion to be processed having been forned in the
filmform ng device and an anneal ing device for annealing the portion to be
processed. 10 Al sd@ni nthéi sboase, enbedsuestsat £l otessiaxrrapumat nsyngaye

further conpris bevel - et ching device far etching th rejon_to b

pr ocessed fSF-,JfS%G?’r?dg SLYRER; ﬁgg?%pﬁa/typszrﬁ%%e Cfap5gf"i18ﬁ gﬁa%he %ﬁgs’i%?ré_
.I'n the bevehpetgdthghttieyvi oe, thieiet pbkag aft tgwsQsld oot ehhagpr atessiash my
be effected by _electrolytic 15 processing. The substrate processing

appar at us m&FCRE GRS BOoMARIRY &% iYRnhit IREE IR URS nifnEdt it orfor

-measuring tRgahid1® t hikkness OfxdlihoF than $1Q R Pr ogessesy dyhien1indd t er
the polishing in the CWP device. Mreover, the substrate processing 20

appar at us napefrattiiesr oo swrelidien thi cknesscabake imRnBRet i on for
measuring the filmt lahgkgsga QF 4die sRor %'x%%a%%é%eow9§E§S‘Sﬁ£9¢§'{w&°rpﬁéter
g ice.” The fi e

the filmformation in the frimformn evi c mformation I'h
filmform nprdeessd mpyelket3odeortddctthe eephiatyi agjectnoyet mapdbdanounted

embodi ment, the substrate processing apparatus further conpris noni t or
for moni t of Fid SFAEIR OB AP0 SR ECT YOI BF CFHERR PAG el BAY bR 1 L1 th
vol t age; jwhew t hene/ Ol bAgexchadpRl. ed hatesn e f££dtRg akeat redepaneh dde
30 processing electrode. According to yet another enbodi nent, the substrate

processi ng SFATRARE FRIHAN T IRT | SEP Y MY i PP YR LY oTeRITRES LY dr3fdg
the pr ocessecqlussu%%%%%%ﬁg% i‘%@%ér%e t he WO 021103771 15 so-called:

"dry-in, dry-out ing to yet another enbodi nent, the
substrate processiThg dpmparctamngsy teys ave hatgertabsdmb istatrafetthies .

substrate bein cessed, and, detects the, end point, of pracessing, .5 t he
Tend poi nt ok BAEEERE L PN ERLRE RenT et PR SR R 1 ey e
processing ampurxdramid@i ned for a specified region in a surface to be
processed, or a paqint at which an amount corresponding to a desired

processi ng ampunt 1§ LPP HHERNIFT BRI DI AP ahetercToPrEl R IFR IS
processing amunitcf 8hdd cation-exchange ability. An ion exchanger having

an anion-exchange ability and an ion exchanger having a
cation—exchange ability can be used selectively according to
20 a workpiece. 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 workpiece with a flatter processed surface. In
this case, the ion exchanger itself may be composed of a porous
body.
According to a preferred embodiment, the electrolytié
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



10 specified region in a surface to be processed. By thus arbitrarily
setting and detecting the end point of processing even in the mddle of

processi ngyo hd/1088G0MES possi bl e to conduct a nufti-step el el iPhyilisss
processi ng. According to yet another enbodi nment, the substrate 15

processi ng apparatus further conprises a %4 mthickness detection section
for detecting the end point of processing. The above and ot her objects ,

features , and advantages of the present invention will be apparent from
t he foll ow npedéseor epthengelrenahakenpravenhgdncandnt wirthe triver @c donpamnag

20 dr awi ngs ich illustrates ferred enbodi nents of th resen

Covent ] on og tud SoP HECRAA 0 o IR (AT AT TP SO - 4
.diagramillustratirpg theepehdciiphendtfiord gleet attiider afiessidwr 6 feeied
in an electrolytic processing device jn accordance with the gr esent

i nventi on WRERCESSIEH SEchdify oMy odit e &F PRIV £17Y fyrought
electrods andes Lendang §healsodeioanttad Ui iLecsunpti ad; helaan the

processi ng el ectrode, the feeding electrode and a substrate (wor kpi ece) .
. FIG 2 isfardeagpraming edecsringtyheo priaciqukpisfcasl ecppybyt $@UpPEocEsSi ng
effected in_an.el.ecirol vty [ ' [ [ rdanc ith t

present i nv &P ilgﬁ‘ Rfhén %%if%(ﬁe %gﬁggglgg%ﬁ%ﬁf&% P ?’ ﬁ-’gl%/ %%fg_‘ r‘%ﬁ' eexacr{fhgn%%? i's
nount ed onl ¥eedikhglredersstadr elact reode, quaindl sudp lgui shetsisuppdd edhiiet yeed

t he processing el ectrode ang,a sHbstrate . (\Aﬁrkgi ece% . FIG 3 is a

di agram i | | R¥ECaterG T RE Br i-hEPpPel 8V 189. 28| 8LErbF JEi COPTRTEESH hY @F ikt ed
in an el@ct pRlrd ithald GRAPSINGEHPEGRLN Bs Gstanses v tahd henPrPseidssin

i nventi on when a processing el ectrode and a feeding el ectrode are brought
close to a &Hesttr®de. and pure water or a liquid having an electric

conductivity of ngt.nore t §gocq:~ cmy L et ween. 4 .
processi ng el ectrg g,' t%e ]tlg_;l I ng aﬁt ;Eoﬂe m%%lgﬁs%bs%aﬁal%ﬁlﬁ%%%);
FI GS. 4A an¢r4Besrsdng aef feewsd showthdst led elcayolty tdfc prdestaiate gewressi ng
apparatus a ding .to a first enpbodi nment ,of the present. invention; 15 FIG
S e 5 ver (Al st Oral thP oHPR I o R 2ari Tl WA roISA R PrOr G T W Ce
according tQeRneLRdRY FERicekskiageeserlirodryent kAR, aWbENihg HTOYEESEei N
t he substrate processing apparatus of FIG 4; FIG 6 is a plan view of the
el ectrol yti é fprdEediTihletteso0ofa R face G a merkpliefan Vi e bie an
el ectrode play vi e n; Lhe, ehegt baluti ¢ REAcesiG eV 68 Qfedid Gnd:
FIG 8 is al\%rlgcsag?gelcti 0 1!z)illv{je\\fv %)f anhot her iu%) gichanger; FI GSQ'].;e 9A and 9B
are plan vi ews s gitrigere led dotadsle plaatdeshe Z8ePEiG8 e1¢0Aradd 16B ané phan
views of stil,l_ather, el ectrode plates; FIGS. 11A_and 11B ar | an Vi ews . of
'Lsh; i 5T }é?gsgrgﬁ“cﬁ g

yet other eld@Vud Sy &L 55 B IS ETSR vi-8w® 8PPy 5y,
pl an vizw ofsugeil Fl é&5cti1dA and ckARere giappsobetsseny khectlredl ilcd cuthent

and t: between {he vl d205.30P] 4 o, 3nE, 2N Y, a0Qt g showing Mre , and

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 ions 22 are reacted with the atoms

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

in the liquid 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.



time, electrode plate; electrode plate; the relationship the relationship
respectively, in WO 02/103771 17 PCT/JP02/ 01545 el ectrol ytic processing
conduct edwiPydifag7auUr face of a substrate in which a |an nat gdrfipdg1Qfs t Wo
different materials is fornmed; FIG 15 is_a plan view showm ng a variation
of the electrolytic processing device of ¥ G 5 5FIG 16 is a pl an vi ew
showi ng the | ayout of a substrate processing apparatus accordi ng to anot her
enbodi ment of the present invention; FIG 17 is a cross-sectional view of
an el ectrol yti c pPotespimg deriese ot qorelf enplvly andetep sebedilmamidof Bie

present 10 inyention, which, s _praovided | te . Ssi :
appar at us of ull%éapfg;e =(x er185‘L|S’s h%\éﬁqgln m\ﬁggvtg] %f tQZe%?ug&:.?%f >C7lt%| %l%?: &crelscsi ng
.devi ce of FkendlétiMiGy 2$Anbs mopéatrhan @w Ishevicng t fkeresatd Ondhinahetereen

15 the substrate hol d;r and ihe el ectrode section of the el ectrolyt.ic

t.I.C
processi ng YBVEECBPLERE 2191 aRar APELCIPBING W HALE L&A h MR tSfken

.along the | pRetAeArebdesGedl Mirfild@ 20 4 Sykupiattei ew of an el ectrode
plate used in a variation of the elect rolﬁl c processing device of FIG 17,

20 FIG 21 is a v_é?lttbal a@@é?T@‘ﬁﬁ?rib@ﬁf{e ewotvihe @%@SW [ﬂeé’tlé:Qﬁr
FI G 20; Fi .c%%d'i% tgrgﬁé'%gr?&ﬂ Qzlltvdf“ﬂh%f p@@s@h%ciﬁ{?!eﬂ&k&npr@@%%%zsgcg

devi ce according to-yet anot enbodl nent of “"the present invention;
FIG 23 is angl af whewpsfoddss igleatlragitytdde mrot 63si fipadbvia e lefctRc@e 223

FIG 24 is a_cross-sectional_ view of an el ectralytic processing device
accordi ng t oty eaﬁgltaﬁ’ r ogﬁﬁoﬁlr%\%htreo?atatrf%u r?as,pe%p:ei'nvention; 30 FIG 25 is
a plan M ew of thacebeetihel Wd Capderesskenpodemicae Ofathl lead; ofbGof26ls a
cross-sectional view of _an electrolytic Proc_essi ng device according to yet
anot her enb®&CFEsSIGY ehectradeo2rdoslyy if et rsr ipstersuss 1in the shape

of a column, and is disposed such that the central axis thereof
is parallel to the surface, to be processed, of a workpiece.
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 portion.
For example, the processing electrode may have a depressed
portion conforming to the configuration of a peripheral portion
of a substrate. Processing of the substrate can be conducted
30 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 portion). Thus, in this case, the



present invention;FIG 27 is a plan view of theelectrolytic

processi ngdevice of FIG 26;FTG 28 is a cross-sectional view of an

el ectrol y\($epie¢gassi ng device according to yet another enpeg)peiisaf

t hepresent i1nvention;FIG 29 is a plan view of theelectrolytic

processi ngdevice of FIG 28;FIG 30 is al@& oss-sectionalview of an

el ectrol yti cl10processi ng device according to yet another enbodi nent of

t hepresent invention;FIG 31 is a plan view show ngthe |ayout of a

subst r at epr etessivod vapimapaiee sadagr dendceoiyetahbi hed @srzodiaverit-edfching

t hepresent inventi %n; 15FIG 32 is a schematic sectional view of a CW

devi ce; FI G 9€¥3Ges T VR 570w 'ngt he | ayout of a substrat eprocessi ng
-appar atus accordi pget be@@@‘éﬂs@&ﬁb%@b@(iiel&&bl@fti@%ﬂ*’o@’e@ﬁidd“t@iﬁﬂd@ﬁ RG.
34 is a plan view show ngthe | ayout of a substrate20processing apparatus
accor di ng t #hgeParsendr l8VEodleEnPayf PEhepresEREteavent tat ARG LSSt one
-pl an vi shew t t Si ar, : or dj to
et anot o SEbGaTToRT. ot HBar Sasht T nvone B Sorres 360 SoatRaten (e
sectional viewwsfena Gileatferfdteyi ebefFt3d8y andather wockbiseet icemalmakeeva of
an anneal in device; FIG 38 is.a_horizontal sectjonal.view of the

anneal i ng dg\ﬁlée;lvﬁomﬁ‘f&“ e?% i s'ﬁlalsp’)l%ann ﬁrgvcxi/uscﬁaoﬁi éhigo‘f ﬁ)ef ?égﬁ\(l)\%%q%%da such
substrate paecaisraguappasatus Beoossh rgwbakpekcanghdeit ardaadi oret o oftHde
present invention in which a bevel-etchingedevice i sS_incorporated;

. WD
02/ 103771 1PTPEFSFREY 01325 FFeedulddi se4eELRhaHESi c WIERSHY arfidiesctiratidic

processj Mg @eye09 '%@C%rﬁiéweéé)a:yft%ﬁé‘@&@@;&,, eghedeppninel iR nRRS)YHY the
invention, which is utilized as ‘a bevel -etching device; FIG 41 is an
enl ar ged sedriogesised ewmnfiagheoheie prakwre® ofamrbelethantsgdi c processi ng

devi ce accordi ng a};ﬂﬁ't =Ty oToTel of _t I nt Jnvent | . whi ch
is utilized as a tt%lie)l\%ﬁ%ee C |Jrleg evi C%I;IPEFIP%‘;Y &S ??t%tgr%glés-%%ﬁﬁyodncg%l\/%w of
an el ect rol ydocermindeesstagidewicecaotbmbivegdro: yetr aanomhénatibodimentdo Df

the 10 present i n\ﬁentt';h%n, whi CCPIL is utilized as, a beve%,—et ch%n% device;, FIG
43 is a plan vi ew Sf & BECRF RN UBYPEE SRR T YD/ EPEPAFLITHPI an
vi ew shpgi ng1lehe: doaoindfchd Fekelingt 8 1BEEE68SI MEy PR BEHEs 88 COREH Nehd©
yet anot her enbodi nent of the 15 present invention; FIG 45 is a schematic

pl an vi ew oPTénod| EBer 8l §ELECPRBCERET AR VIR ofdstdi AGicoayebvwandt hett
gt ot . o E . . .
enbodi ment g, 4 gﬁggft%%_%”&u!c%ﬁ%'@& flolé»gfg?]hg %}E% 3ff R ?{3‘%'1%0'@%%1%2955}’3’1?%9

view showi ng th processing el ectro ng electro
el ectrol yti eryoassesigicngedecitcedef Hx@uolh; tReGsMrissta soh&mat i ctligwey

vi ew showi n h rocessin I rode and .t he-feedi ng elegtr f th
el ectrol yti %n raglccps?gn%ﬁ%e\%ilgg%%%'%lc&rrfgft Z%f%%Se.n%%Aagﬁd r%%acglrngt the
respect2vel elperepectpaee ancbdsumbt Mdrews il lustrating a case of nounting an

i on exchanger on a rectgnqul ar el ectrode; FI.GS. 49A and_49B are
respectively per sﬁ@é’ﬂ%r%]dt?rﬁﬁf’t{)%ﬁmiblofj&g‘te%'i R ateask sPemafnt ¥y an

i on exchang@yrdie i3y @lddfi-ciaped ehectéoditng RliecHbds ia sehenatékapd ont
vi ew of other processing and feeding electrodes; FIG 51 is a schematic

front view &ff yet fapher igceaklogs 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



WO 02/103771 20 PCT/JP02/ 01545 and feeding electrodes; FIG 52 is a
schematic front view of yet other processing _ and feeding el ectrodes; FIG

53 is a s¢hwpidseif ront view of yet other processing 5 and {r-gg,gj,mms
el ectrodes; FIGS. 54A and 54B are diagrans illustrating di]P er ent

arrangenments of processing and feedi ng ellettrodes relative to a substrate;
FIG 55 is a schematic front view of other processing 10 el ectrode, feeding
el ectrode and ion exchanger; FIG 56 is a schematic front view of yet other
processi ng chacyrotd, $eetioy &nsttrbee At tinmlwhdchapyeresELEy 3eviscey

cross-sectional uiew. of an.electrolytic processing device according to yet
anot her embddrrent: oft%[%e £§ Cgcrreoslg'rﬁlc‘] n ern%cleosns;lr]'—c-fgec%grsl 7% acog?parnls%sew %f
the el ectr opybice sprioee stict eid ¢erafgl Gntsy ;cdrlactbWwith aopatlspestiven

vi ew of yet another ion exchanger; FhG.6Q is a front view of the ion
o changer  oHORRELass  Bof S Amid GLR i s ok 2k ALY BPi e

-per spects Ve bir@ps ctROWEAG Ve le RN akEpBgeret af 18ra¢essd _g andh{&edi ng
el ectrodes; FIG 62 is a plan view showi ng yet another arrangenent of
processi ng BFFVEEEILhE W PRiR SNDOEhETE 0G3E § NG glegri nAdey 8RSy g

anot her arr angenrit Ofe 44 %&?S{ﬂg i‘diiﬁﬁdEﬂQc%‘é%ﬁog‘ag&o diGs i dS for

schemati c perspective view of an electrofytic processing device according
to yet anot laeplonediarentliige e presenthe nyemdess 130 RldatBiid ssrad the

56 15 o or oL SCSHRY GHAC AT o I AT VAR D ALSH oy i SIPIBEHTd ng

to yet mnot hen ieieritenirofsgdiee hMdri 1y fo dp FI JHOR/ ) 5da P eseat

| nvent i on; of the processing electrode and the feeding electrode, in which
the ion exchanger 1s present.

The present invention also provides a substrate processing
apparatus, comprising: a substrate carry-in and carry-out

15 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 electrolytic processing device comprises a

20 processing electrode brought into contact with or close to a
workpilece, a feeding electrode for supplying electricity to the
workpiece, a power source for applying a voltage 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 substrate 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 subsirate

processing apparatus may further comprise a cleaning device for



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 device
accor di ngw@oedfRk7ANot her enbodi ment of the present inventi 9@?/&(&}%15.@9 is a
schematic front view of an electrolytic processing device according to yet
anot her embodi ment of the present inventildh; 10 FIG 70 is a vertical
sectional view of an electrolytic processing device according to yet

anot her enbodi nent of the present invention; FIG 71 is a plan view of the
el ectrol yti clpeadessithe dadiichad RUIGtHGe Iy File GMP idewisehematic

perspective view f an .el.ectrolytic_processing vi ce.according to yet
anot her enbodi men([]mo qt é" p‘?%%%ll{n?ri ﬁ@%ﬂﬁﬁ%ﬁ?gmggﬁ isglbusfcl aitzeed%a%ceaglsmg

‘bevel - et chi agpdewiters fMFGhet3 dompa iseleanfitmpeospenti devicewof #orming

el ectrolytic E,rocessi ng devi ce accordi n% to Xet anot her enbodi nent. of the
20 present PnvehPidchd R PR $oRe Frrsdssehindha SBFEAPRP BTSRRI : 74
s a di agramn kst lRtddg e siliderte Hrohsdd e AdFatidlergpi Adrther

el ectrolytic processing in the electrolytic processing device

(bevel - et chicogrddwiec @t ofedsG 072 of af CRrening; deyipeGios ¢leaning the
Cross-secti Vi_ew_ o |yt TGS § I.C ceor di et
anot her enb ?J%\rétn \gfj %ﬁgﬂﬁgégg%t&gilﬁ/\éﬁ?gon, mk?iocr%%‘e:agxtlt?%éz%ghgsﬂgrrhfné{
bevel - et chi dgvded ead BEhGan#éaldng ¢géaicei Bur ahride iglgedtreobytricdopr bodssi ng
device of FIG 75;59%0 FIG 77 is a plan view showing a variation of the

el ectrol yti @PFEESS ng device of FIG 75; FIG 78 is a schematic front
view of1@n el ectrahwd enpPtRLesRisty da¥i S@ fEEOf4lipIdded Jiely apphlkakus may
enbodi ment of the WO (12/103771 22 PCT/JP02/ 01545 present Invention; FIG
79 is a schévgtthepepspedeticved Rave titdhing Sevi6rytPE Fhdtidxsithg RRYFERD
according t s Mo s 0F At N1 AV, | .On. [ IS
a schemati cqﬁ‘c%/g)%t g\I%i%té:\%%gfe the e ec:lrnolgfiﬁt ?ghg'rrfgé sg?ng lgg%/lhglge% ll#%tggn
FIG 81 is afschematbetikatet vievild mvel-ediqhoing idevircecesbiengtdbingeof
according t et_ anot her_enbodi nent. _of .the_ prese i nvent.ion;. 10 FI 82
2 sehemnti ¢ FOROUASH oFS RS BROCEFaFS: FEvh PR St VLM R Y 5he
FIG 8315s pracdeyminie. front view of an el ectrolytic processing device
according to yet another enbaodi nent of the present invention; 15 FIG 84 is

a schematic front WS HUEHS (RS PECCESIS % 2pPEEaS PR detHERDBE EPEPT 532

and a film thickness-measuring section for measuring the film

is

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 elecfrolytic 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 processed substrate. This can realize the



FI GS. 85A through 85C are diagrans illustrating, in sequence of process
steps, for formng of copper interconnects . 20 Best Mde for Carrying Qut
the | nvenyipey/fseherred enbodi nents of the present inventigpripdlioiRw be
described wth reference to the draw ngs FIG 4A shows a plan view of a
substrate processing apparatus accordi ng 1% a first embodi nent of the
present 25 invention. FIGS. 5 through 7 show an el ectrol ytic processing
device according to a first enbodi nent of the present invention which is
used in thesstbsiiate “ghyedssi Ty yapper“at us. Though this enbodi nent uses a

substrate as a work e processe t he, el.ectrol yt pr.o e 5|
devi ce, a workpi eé‘gg ﬁé‘?gth R 3% (%lhr t eSRRALTPD %C)urjgkée

enpl oyed. Aprshewsing Rpparsfiud hxﬁoﬁﬂbéfs ake cmra@@@ssnmgtﬁ@patatus o(forﬂlfé ses
a pair of |oading/unloading units 30 as a. carry-in and carrééout sect.ion

for carryi ngUPStaRESRF+YY iﬁ’&o&?tssﬁdc%QQFFéchs\i@%?P?Wﬂt processing.
-PCT/ JP02{ 01845 housdigpd 15405t Al dWs i91g¥- 18 rethsid akan'Y 2 oahevat ivh -G

85B, which has in its surface a copper film6 as a conductor film (portion
to be processéepired proersEhgInamdine B atdeainedeforng spectibed readEiay a

pusher 34 f tran r t 5,2 eckr. tic
processi ng gg’w C%u?g.eac% nigoelgc;gtléj’:’g))8 %%%gborf ggtlﬁgsglt %hrl%l\g%l 3 amount
bet ween t he coaadispg/mdilraads rgdeal ted 3@ o celaa imevanshmy 1mhtmé3:2 :.andaﬁrﬂnze

usher 34 as a transport device f r.transporting the sybstrate W
her ebet weoRE ThePEABBEEaT SrBERLRFRY Hipdr ot uBTPEeaPIB dpr A #PEh 3 10

noni t orpe2 fs?f edTEidDOr HBgianvoll age apptded, tbetyeen bhe shelow degerihesd
processing electrodes 50 and feedi n% el ectrodes 52 upon el ectrolytic
processi ng |aﬁbtlﬁéaé11édt SSIhEing prscdssrsiingvicbe 8B BPiRh of &RIGS ThHT ent

fl th t t
owi ng_t her %‘% udes T S%L}%""Bf'ﬂ}d:de% thg t B ﬁé@&%é&(?&és&b‘lr PEES Mot

devi ce 36 1 i nc strat'e hol er 46, supported at the free end of a
sw ngabl e arammulhﬁtelarﬁlwwngMHZ(ImméSﬁlﬁg)r attracti ng and hol di ng
the substrate Ww,th |t front sur%ace vvnwardﬁ)% Q-called_'face .down"

manner), and, positiG ri?enggt Y $he BTG at EREFaBF 4e, 581 sSCIRKHRE

el ectroge S@&tddyss&&gméqopalaﬁusan funstiead | ngonigt B¥d @l .a At SheoWwhidkiddss 7,
the el ectrode section 48 has, enbedded therein, fan- shapeqégrocessing

el ectrodes S tAFHEe AT AR CEI DRI AMATRE E7F AT PN th

their surfaces (upper ai:@%%sind%ﬂ‘?éﬁ%bj%éﬂé mfle'a"t%x’e%n gﬁgh%%t§$eésof
mount ed on the upper surface of 25 the el ecttode section so as To cover

t he surfaceghsf lvltl@sgm‘oce@snemg:l@lrecvvlbheb%@mame feedi rgeel ot ¥odsg 52.
This embodi mail. uses, o epely 83,80 exaRl ok Lhe glios! rade Section 8

havi ng the procers§3ng elec ro ing ee

one thazo ha&ir&nvdjr@mWBﬁ.chDiElthm peretfieatresDembotihmentbsift ahe Wesethat
the entire surface of the subs%rate ray undergo el ectrol ytic processing.
The ion excHIVFEEEE h WY ££hd ©fabric which has an ani on- exchange
ability or a cation-exchange ability. A WD 02/10377] PCT/JP02/0154s

Brief Description of Drawings

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

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

device in accordance with the present invention when an ion



24 ration exchanger preferably carries a strongly acidic ration-exchange
group (sulfonic acid group); however, a ration exchanger carrying a weakly
aci di ¢ raly@eysenange group (carboxyl group) may al so be pgegpoafi9ioh an
ani on exchanger 5 preferably carries a strongly basic ani on-exchange group
(quat ernary ammoni um group), an ani on exd anger carrying a weakly basic
ani on- exchange group (tertiary or |ower amno group) may al so be used. The
nonwoven fabric carrying a strongly basic ani onl0 exchange group can be
prepar ed byextbengrznpt aouried ol nwinng Predessing pbégbreden a@éﬁwﬁéﬂlid
fabric havin fiber .di fer 20- - it ahout IS
subj ect ed t%gt %5‘3?(@?8&] '[b%??xr re%glll ghleo rgj(r%zflf}js [g lglglld fﬁee%%%ﬁeoénﬁ:gn%?#sﬁ%%
.-ray irradi dwbehpdaee)t;he nonwoven fabric and the subsequent graft 15

pol ymeri zation, thereby_introducin raft, .chains; .and e graft chains thus
i ntroduced are th&fCani hat'ed Po_$h¥9%ﬂﬁcé‘ t&?ﬁﬁf&’a&ﬁﬁnﬂ%ﬁ+%?5%€% of
-thereinto. Iheceapagiti ptobBEeshAl-ExchaNge 197 aHPSL ot FOTpeRd gyt s ing
determ ned by the anount of the graft chains introduced. The graft

pol yneri zat A6 iggyl baceordasced’ Teh Bt IRt 6RVEN kb ABIEICTSadFoELSmA i ¢
acid, styre i Gidy. h , [ tyrenegy te £
chloronethyggﬁfggﬁgé fﬁgﬁgﬁbﬁﬁéé%?ﬁ§hgi%?%%?ﬁ%hé§ﬁ§ ca%hgg%contr%ﬁleg 6?
adj usti ng t bebstwrermer, camdepurat ioater herr eacllignitedparimtar enamd adizric
reaction time_.. Thus .. the degree of.arafthn io..a_.. L r,at | f t he
e ght Cof 1 REPRBAT B8 RECTS HPar 0O pORS/AD iraehBR L e e PR b

t he norvwveprbaksisd neekdeetiicald, pbkyfeetdzati ebectandbeantdehSMhétatatd S
maxi rum Consequently, the capacity of the ion-exchange groups introduced
after graft(ﬁém%ﬂ%QQfaﬁion can be made 5 neqg/g at its maxi mum 30 The
nonvwoven fabric Carpy NGl o3y U0l AP IHL AR LRANIPE HY AHy RAN P a
prepared by the follow ng method: As in the case of the nonwoven fabric
carrying a subsiglafebpsioceasiog- erphnates@erprdingdioysl irst mymasdgrent
fabric havin 0377 PCT/ JP02/ 01545 fi ber dianeter of 20-50 um
and a porosfgy%%?eVﬁ%%%éébqgaégggﬁg}bcted to the so-called radiation graft
pol yneriZzati on cofpG.si Bg ys- ray ventadiad! | Greaditomatlihe fmonwovenetwabsf c and

t he subsequent graft npolynerizat.ion,, thereby introducin raf.t 5. .chajns;
and the o afL oGty TP TR o TCe H e, RERCEPARTe oW ER ShRALERE oF
sul furic acitthe OpidteRtducaventfion C wigich gLeupsrdvieteRi niw. the thepiadite
chains are treated with a heated pho;&?oric aci d, phosphate groups can be

i ntroduced. PRRCSREGTse AP Hs Mf darf r dbich 500 %at its maximum and the
capaci ty 10 of thgriong %cgig% g5 QMR thus idudeduped albetsgiabldeyice
pol yneri zation can reach 5 neq/g at its maxi num THe base material of the

i on- exch@ngerf FaGmyb be a pol yol efin such as pol yet hyl ene or pol ypropyl ene,
or any other organi.c, pal yner. . .Further, beside e formof a no ven,
Pabr 12, C185 he Lo IBkeranger RAS DG EH PRehof b Or R SaVERCT dB T 04 ohker
a porous natrd alesthorlyiidessoced cindVdaw pod yef yt@ned pr pol ypropyl ene is
used as the base material, graft polynerization 'can be effected Qéﬁgirst
irradiating radi odcd-v8 FRFCHOTS IS ALV B ehPB $HP PP phse

material (pre-irradigy.| oR)ah@ dMRLRLY]IGANGI&LE ¥ bABkegablcaBboli8gM A €861 1 NY
the radical with a nononer, whereby uniformgraft chains with few

i npurit2®s can beFdkiSai A8A. eI Badrsr BARPCY poVy A SGiRér othah Porgereden
is used as ?ﬂ%ﬂ%§§£ material, on the other hand, radical polynerization can
be 25 effected by ‘i npregnating the base material with a nononer and

irradi ating radi o&dtdsv.e Irldysand Y 18r ays pleheviewn bEayebrother sagybedtorde
the base material (simultaneous irradiation). Though this nmethod fails to
provi de uni & Ytaft chains, it is applicable to a wide variety of base
‘materials. 30 By usidg 185 fde ighaexeiangerl bt aamorvey el éabrdde havabg; an
ani on-exchange ability or a cation-exchange abiI%%%, it beconmes gossible

that pu?@ water of 1t rlapur® Hedt'éh Brea ¢4 Gl o SPeteRdT PR TR/
solution can freelpgrdvei Mthhd 188 are graphs showing the relationship

between the electric current and time, and the relationship

between the voltage applied and time, respectively, in



WO 02/1U3771 26 PCT/JP02/ 01545 nonwoven fabric and easily arrive at the
active points in the nonwoven fabric having a catalytic activity for water
di ssoci at waneyf@74hat many water nol ecul es are di ssoci at edpcipfypoindisogen
ions and hydroxide ions . , Further, by the novenment of 5 pure water or
ultrapure water, or a liquid such as an éi%ectrol ytic solution, the

hydr oxi de 1 ons produced by the water dissociation can be effrcrently
carried to the surface of the processing el ectrode 50, whereby a high
electric cuerlenttroarytbe: pbbaéasdngvre:mdulmheci Hoowhe of uatpca il aailbstcore\/tr@n

t he i on exchanger as .onl e, of an abi lit
ration- exchéﬁg nig IE? m%‘ﬁ‘%/er?fgétlfnoﬂ Egchedfegﬁ: %‘F‘&?ﬂ%ﬂ?t gaqymreds
_processi bl e materraks apsl, iisn @dgﬂtarrpnvwﬁpwhdwm ame vdkeltyid bar nigtkie

to the polarity. In order to solve this pro the ion exchanger 56 may
have such a®3ECfeCdVE it PEOETH AT 1 qyﬂgei?ﬁMéE ™ ani on- exchangers 56a
-having ap ani on-exg@angg §Q'é'ﬁﬁéﬁ“ﬁié&ﬂ%%&ﬁnﬁ%ﬁQ§@9§é§o§§bobay'§Eb§krate
ration-exchange ability are concentrically disposed to constitute an .

i ntegral st process.inthearyE itk chedeed snantot Raotheirosnbesiaegdr £ frathde
superrnposegxgg %&?iﬁﬁé enlto be 20 processed, of a substrate. It may

al so be pos 51°& nake e 'ani on- exchangers and the rati on-exchangers
each in the shaperafs. aﬂ7ﬂusaaddrdﬁxxﬂedﬁuﬂn&ﬂtvi@mtefyanNekHcEMoLyiyc

t he above probl em can he sol ved usin as_the ion _exchanger . 56

i on- exchangé’rro\ﬂ’ﬁsérm%g?i’%%?fa%gq Bgtaﬁ“?ﬁh%egﬁpgﬁmfgl e ﬁ&ﬁg%r%?%%
and a rgdi onn@XERANGE JHAUBh SUEChpabvierdexehangRy BapstRekdde@cessing
anphoteric ion exchanger i n whi ch ani on-exchange groups and ration-exchange
groups are @PPEmasnsedd &dondBi a bipolar ion exchanger in which

ani on- exchange or guyps and satiogr exchange (& Qs A& RIARANLe Y ddedaysys.
and a nosai c i on exchanger ich portions containing ni On-"exc ange
groups and penicenfcdtii@Gi ni‘hy rati on- exchange groups are present in

parallel in the t kn di rect.on. Incr ental urse possible
P * W 021103771 155 P ybhof GHiats A eerevery foe tabdtRensBib ettt
56, onelhavidhg aRudFHAHARXC halge rabiahidt ythé OéﬂehaYbﬁg aséath.ﬁﬁ ex¢habge
ability according to the material to be processed. As shown in FIG 5, the

swi ngabl e afhSAET AT RARZS BT ARV HowrPyi Bl & bhf | %I&‘ilquIZ Bt he 2
actuation Ofq. @ S {0 VELH | CaterTOy. f@@?tthéSlEQQUECAegftPI@helyﬂper
end of a shaft 66 that rotates by the actuation of a nmotor 64 for sw nging.
The substrate hol &G .-4&0 siconm@red sy hoiore bactrede gplatonisedt insa

nmount ed on e.e he, d;Ls;aLl 0
rotate by ttﬁ’g%:a tei I}o%gf %h%h 3‘%%??32%&;% ro?a%rloﬁ.dél‘“ilegél gg’tegoée gZétr on
48 i s cbbhnected drm&tﬂy itnaarchldaal setoiona]l fmohit viskl ofwdet ol ectadéeby
t he actuatio of th # motor 70. A through-hole 48a as a pure water
suppl y sect i® ﬁ%ﬂ ﬁd%ﬁ "pure water, preferably ultrapure water, is
formed in 15 the ged. raivz p@ét iaormc&séi@@&mﬁapdeleecbiforarﬂ%1érdaerolytic
t hrough-hol e 48a is connected to a pure water supp pi pe 72 that
vertically éﬁﬂﬁﬁﬁﬁ%ﬁ%l@@y%¢ﬁe?ﬁﬁ?%é@%%t%@ 7ot Egﬁﬁt%mb%?lﬁ??FaﬁﬁrEhe
mater is su L&? t hrough- hol e 48a, and via the ion exchanger

, 1S sup |e to the entire processing 20 surface of the substrate W A
pIuraIrE? of thro&@hihdlelﬂSa péachviewmadfi ddtd reledtiolyelpupronaseing
supply pipe ed to facilitate the processing |iquid
reachi ng ové%y{% $e¢§£ %geSsing surface of the substrate W Further, a
pure water nozzle F7I43 as24 pyre vetess-ssppt Yool sedkivon I ain suped:ymgypmce
water or ultrapure water, extending_ in the radial djrection
el ectrode séﬁﬁ?ﬁﬁﬁﬁﬁQﬂﬁﬁﬁeﬁ?n@c%Pﬁﬁh?%IF?yY%F %ﬂ%ﬁpﬁrpﬁW?gdl?gnal8505@8
"above the elpcdsqde s06Lh00-A8. Pure water or ultrapure water is thus
supplied to the surface of the substrate Wfrom above and beneath the 30
substraB® W Pure Eider2heidi a pébar yicy £Mndihs @betheOENtEF eprpressing
“conductivity 551 to ggthap.10 uS/cm and ultrapure water refers to a
wat er havrng an el ectric condlctivity of not nore than 0.1 uS/cm | nstead
of pure water, a |BHDui d26avisn@g arross—sectional view of an electrolytic

processing device according to yet another embodiment of the



WO 02/103771 28 PCT/JP02/ 01545 el ectric conductivity of not nore than 500
uS/cmor any electrolytic solution may be used. By supplying such a
processi ng,d dSgh-h;during processing, the instability fact oi,éT@f,ozgﬁgﬁessi ng,
such as process products and di ssol ved gases, 5 can be renoved, and
processing can be effected uniformy w tR8ood reproducibility. According
to this enbodinent, as shown in FIG 5 and FIG 7, fan-shaped el ectrode

pl ates 76 are disposed in the el ectrode section 48, and the cat hode and
anode of a peoesensounvend(oar;e 10 alternately connected, via a slip ring
78, to the electrg pl.ates 76. The e|ectrqd | ates 76 connected to the
cat hode of the poﬁgg'sg rce Q)Fb]e%’bn‘él?‘ﬁeogrgegs? FG LEPEdT G &F BFE ST he
el ectrode phatese7®rcanrected to the anode becone the feeding el ectrodes
52. This applies to processing of e.g. copper, 15 because el ectrolytic
processi ng of copPéFf - prldcekiisdofrOBe eGP adi deleDepéndirngifsdradytic

.materialg to RELQG ek itdie cifiede Sidde tq.lé‘reeeqq]m- r d
t he anode s gccgﬁ(ig@sa prlocesasi ng e gztroc}e. l@g’%e specl |ca§+e§’{,¥ vﬂcﬁ)fejﬁc't e
mat eri al topbespndceésvedtiiorgopper, nol ybdenum iron or the like, 20

el ectrolytic proc i ng pr.oceeds, on fhe cath si.de,__and _.t.herefore the

el ectrode pl ates gzaCo%ﬁecﬁseaa t%l?lﬁev%%‘f’hg%e%gg te%gcﬁcg\fglytslgurpfeo%sssjﬁ}%l d
be the proceassipg elfe¢tindes ;50 and the el ectrode plates 76 connected to

t he anode should be the feeding el ectrodes 52. In the case of al um _num

silicon or the 25FFFke 3%ntt he GRS BETFIRdct WL PE BRoBSG TP Flockeds
on the modgrsb@%si@@cweﬁziiw YeddiRiBlEd Qs RIS C UMIRSd8iti© dhe@node

of the power source should be the processing el ectrodes and the el ectrode
pl at es connegesgntto imverddtdiode shoul d be the feeding el ectrodes. 30 Though

this enbodi ment s case. i [ - | ec e _plat 7 re
separated from ongegrsio?%eggb?/ th%wri g%@ﬁw%%%fgggeﬁggéggd%gs%&l on- 48
whi ch i s copposedsiihcaappasealati agecord ang ao. yéheana tise v &mboa)y nantoo bethe
formed as a_separate body . WO 02/1U3771 29 PCT/ JP02/ 01545 of anot her

i nsul ati ng R&ECEFT l§’8"el’%'§t°rbure water or the Iike can be supplied through

interspaces betweenet he2i Asulaatsichgma Ui efdionaBy vilws o P idiee ;
processing el ectrodes 50 and the 5 feeding el ectrodes 52 separately and
alternately in thEX&i-rédntéramiah Widestiowdnst thRelayeit rofe® Bt oinus,

fixed feedi pgoRRLiRSabPasRBLYaCESFEIASIHYvER £h Sl ifdelP 6Pard on

to be processed) of the substrate is not needed, and processing can be
ef fect ed t optleseanit iimyendrifeace of the substrate . 10 Further, be changing

t he positive and at bye,in pul se manner .. an.el ectrol ysi roduct_can be
di ssol ved and the%? at g\éséso?a}?]haen ;S)vrloecwes?gléj SF fcglgeiégﬂu eogn asnlgoesdt%%/t% he
mul ti pl2ax r epecietsisimbppaeaessi ageo Wil ihg rtespettanotide embocdssintgof the

el ectrode 50 and the feeding 15 el ectrode 52, oxidation or dissolution

thereof duePF&SER %8 ot A c reaction is generally a problem In view of

this , it is prefered3E0idSe, pBsn & RASSHHLISY heoflaiBatl sedi na el ecd fode
52, carbon, a noble netal that is relatively inactive, a conductive oxide
or a conducPirPESESidE epPprPARe? CEPBALI AT gt ¥Pt another embodiment of the

present invention;
25 FIG. 36 is a schematic sectional view of a plating device;
FIG. 37 is a vertical sectional view of an annealing
device;
FIG. 38 1s 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;



20 or netal conpound wi dely used for electrodes. A noble netal-based
el ectrode may, for exanple, be one obtained by plating or coating platinum
or iridi upes@sititaniumel ectrode , and then sintering ppg peahed
el ectrode at a high tenperature to stabilize and strengthen the el ectrode.
Ceramics products 25 are general |y obtai #€d by heat-treatinginorganic raw
materials, and ceram cs products having various properties are produced
fromvarious raw material s including oxides, carbides and nitrides of
met al s and nonmet BLS..4®nong $beeméhec evisave ofeanns osctravl yigl @ p melcestsriingg
conductivity. \Wen an el ectrode ncreases, to_cause .an increase, of applied
vol t age. HoWEV&FE tﬁf‘b?’f)‘fler&?i ga RIS s‘ﬁ??g&%roﬁmg)ﬁd&fng@ttr o%€ ﬁp?hpzfpebsenec
.non- oxi dat i yaveatebngl which as plItEkiiHgs ofs W Hevee lcatiiny eleoxi ¢te; such as
an iridium oxi de, WO 02/103771_30 PCT/ JP02/ 01545 t he decrease of electric
conductivity due FéCoxfHat G® 6F1ERECHa3R HuPRFT AI1V C4nTBPIER Ho ke ‘e be
-prevented. The,processi-Bgyekechiodessplganddvt Be 4688t atng! estyHdamahdmy
be di sposed as shown in FIG 9A Pairs of the processing 5 . ‘el ectrodes 50
and t he feeéhbgdémesttr sfestIs? peestnpalrvenhddn chvhychnlsnsifidicedszs are
di sposed, W thin_ | ect section 48, in a fan-shaped regi on ranging
fromthe c\(,avﬁr?teé’reﬂt qu’%ﬁlgnggréegﬂg:rey of the electrode section 48 so that the
nunber of the pai F3GQr aduals yai mereaseedtiomalhervent ef ta tdieqierdlpheiry 10
of the electrode section 48. Wth this arrangenent, the Ieé:,troci__e S céﬂon
48 and the BUBSEFRLBMAREGORATRECLY dibatTs CTRTN CTRATHTIT Aoatns
a . curr@ent pdeREnityinbesenBs , evielcibalsngen azead al bepel+etcRingevice;
el ectrode section 48 where the relative speed to the substrate Wis | ow and
a peripheral portFéf-of3thea1Blanretisv@d See VIt U iiemy areics af iBAS -
speed to thg,substrate Wis high, whereby the electrolytic processing rate
can be made cdnstant over the entire surface of the substrate W This
arrangenment i s adapGed4doisonlylaw stidvs séxhudigrnshe lLayehitchfthesvhdistatee W
is positioned on one side_across ct:he (gent ry of tape t0 ele\?,\[ﬁ)tor odee ec%i n 48
. but al so PEOSELSEY RPRAT ERUCHECEPELHPIdE ¥BF13Hh i}f‘st, CETE P F gt s y
| ar ger thanpireesdbsimait:idrs; al l owed to rotate about the center of the
substrate W( see FIG. 17 and FIG 18), As_a nodification of the above
el ectrode arrangefEft:, 43 25 ShoWPFPATI@G PIBD iH19% Pbssfbl 1T TRikE the
el ectrode seGlJdn A% Plad AN M ARUES | At Sthdhalr &I BdA©0Aer Saed | on
48 itself can function as the feeding el ectrode 52 (or the processing
el ectrode 5@resgid eI t¥E processing el ectrodes 50 (or the feeding
el ectrodes 52) , i~h , @ Sepa t he 30 jasylat 2R3 | €
i nside of the el eg}regde@ésegtsi gdg %gﬂgﬁlﬁ?%ccg}n r%ﬁtﬁ%’é teﬁe‘p%%‘rgmgr °of Wi rekée.3
Al t er na20 velpyrocass ssimpwn ellred@in@ded 0gndnettpr ocessiiny el eltcodsls0 @and One
feeding electrode 52 ,. adj_acent, to C<Pach ot her V\O§)2/ 103771
electrolytic ﬂrocess1ng evice 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 illustrating 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



31 PCT/JP02/ 01545 and each in the shape of a fan extending fromthe center
towards the periphery of the electrode section 48, may be disposed in the
i nsi de of wWheypikegtrode section 48. Also in this case, as speWpodidisfs G
10B, it is possible to make the el ectrode section 5 48 of a conductive
material so that the el ectrode section 48%tself can function as the
feeding electrode 52 (or the processing el ectrode 50), and enbed the
processi ng el ectrode 50 (or the feeding el ectrode 52), which is separated
by the insukatdofeggiing eligrtrdaosisde of the el ectrode section 48. 10
Alternatively, as (o] in, El A, .pakLr f_ it 0cess) o 50
and the feeding eﬁzgt’\rﬂg%elss &%cgég:ﬁﬁtfigi "]f:réréﬁ vﬁ%ﬁi%ygﬁeg#ﬁgﬂﬁ%ﬁ%o%é’%%?g may
_be di sposedand ttheding dd eaftridikes] ectrode section 48 such that the length
of the processing_electrode 50 End hat _of the, fe%&igg el ectrode 52 in the
15 circunferenti af tfi-redttof §FRGIAHE FRCPEAEEY o thetRehido 1% I HE

.periphery obnheRlBely desadd«syy 48. Also in this case, as shown in FIG
11B, it is possible to make the el ectrode section 48 of a conductive

material so that FRESel & G set®i dre481ipgEars dddUsirathinw £l fffrent
feeding ele 9GES§hArELEEhE08Ee 50) 01880, ETDEL L
processi ng gﬁ%%?@(ﬁ%g(t%{) o?fgrﬁrt%%ggfseggfﬁgaefgétgrogeg e52) ,mvxlmgch are "
separat ed by tswbsitnsdlegt or 82b, in the inside of the el ectrode section 48.
Alternatively, as 0 in FIG 12 it.is_possible to_nmake the electrode
section 48 of a cgig‘.’u\é\%igvé'srm? e?%%?milél?hg o evigwelogctolr%}fg RO 4
itsel f tan kurcdrotieas fdwlifreednget@id raue foh (@fchdeger pcessi ng

el ectrode 50), and enbed the processing el ectrode 50, which is separated by

the insul ator 82bFdfd ektehds SEHEMAtLE EBARENURISIAL, YPh PRRSF RIUL DI %e
el ectrode seqld o, ngécﬁ.erfdg S SNQME | dhd™l Bn 13« chdVegdF ocessi ng

el ectrodes 50 30 and the feeding el ectrodes 52 , extending like a screw
fromthe center t&IGhe peripher russairediianalodeleecpfonmMElepiirpytic

22028 0 R M L0 AU S S

Fur t her b®r e prdsaugh inoterfiigured, it i1s of course possible to distribute or

dot the processin e odes and_t he,feedi_ng, el ectrqde niformy in,the
i nside of the el e%llﬂodgée]ﬁi%np & KERY, °Lubdfr & C%fooi‘éé{?&i%gpro essing

(el ectrol ytigewrecessimg). ky7 5 the substrate processing apparatus wll be
described by referring tog FIG 4A. First, a substrate W e.g. a substrate W
as shown in FIG &536 whPdif ARSETPETE RV g e LYESFAteY APB axchpnaer;
conductor film (pgrld 0Bot 9sbg PEORESFEM of SHAKSR BY-hBaERaREPRIE. rodot

38 10 out of the cassette housing substrates and set in the

| oadi ng2@nl oadi ng A%, 80A shdnetlssed yespes Hyiedor Srenw asdtpanspertedet o

of "t he. Subst AT SREHT R Ehe koIt RO R EPRCT 2cs TSR e TRE SRSt ar o

W its frontelagtfreied aces 15 downward, is then transported by the
transport robot 38 to the,gush r 34 .to gl ace the substrate Won the pusher
34. The substrat e Wfon %€nes ¥4epsSheVInRR R 2R THRETI2 B2 PHEMERHST T at e
hol der 46 ofptdie £l eed ralytiLepiOsesSBiPerseytce 36, and the substrate

hol der 46 is noved by the swingable arm 20 44 to a processing position

ri ght aBdve the elfFd&@r &deligextr I8 eWTHeOE LG el @rRdinger 235apgsmeRéEnCt

| ower ed byv\%{%%ﬁi%&ff%gﬁiﬁ@hﬂe@ragésVerti cal novenent, so that the

substrate e substrate” hol der contacts or gets close to the
surface of the ioFkkchadnger S6hapahieparsgdivppelesuwrf anceRé&cofoipbic
el ectrode section 48. I% is to be nﬁ?ted ,@ere t hat en a Ii%urind Jgi kf

ul trapure Wl TH i PEEE TS RS T get? 2T 5t TUPTIST sSTRRGERE 2f efbFi ¢
‘resi stance Gareddnt ower&gltdyn pringi ng the i on exchanger 56 i.nto contact

W th thgosubstrat %’IV(\;I V\IGnE()areby the requisite, voltage can

1s” a schematic side view 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



30 also be I owered and hence the power consunption can be reduced. The
"contact" does not inply "press" for giving a physical energy (stress) to a
wor Kpi ecepwasod/fysYP. Accordingly, the electrolytic processippg aeviisg of
this enbodi ment enploys the WD 02/103771 33 PCT/JP02/ 01545

vertical -movenent motor 60 for bringing tHe substrate Winto contact with
or close to the electrode section 48 ( and does not have such a press
mechani sm as usually enployed in a CWP device that presses a substrate
agai nst a p@lreslEntg Imerergriohi s hol ds 5 al so for the bel ow descri bed
enbodi nents. In this r rd, according to device, .a substrate is
pressed agai nst a%5§rigﬁ?ﬁﬁgsﬁr?g%% 62%@r8?|§¥§te ﬁﬁiﬁﬁﬁ%&%?ﬁpﬁﬁﬁﬁﬁSEEQSO
.kPa, whereasisviiddhefelrmdrdgiic processing device of this enbodi ment, the
substrate Wnay be _contacted with the 10 ion exchanger 56 at a pressure of

| ess than 20 kPa. FEfen &t 35 pPeSSHERAtdSs TURMME 19 RPaCfa AUf5 &Rl ¥ehoval
-processing @ffRedsGaly R et rdig .+ (Y &h KO d A& Sa SR £ 8k fEpm

the power source 80 (see FIG 5) between the processing el ectrodes 50 and
t he feedi ngP¥es@ndctimostiBEm; while the substrate hol der 46 and the

el ectrode section arg, r ot ateq. S i pur.e t [ trapure
wat er is suppli ed,ﬂt 'robﬁgghg% hé %ﬁr}‘%‘g&‘#ﬁ%m%%, ?V(%mg eﬁ\ggt?ﬁ?(ﬁ%r%jf}é%%‘?ode
section 48 tpacides sipperdesuirdea e ddetiaaf , tandtsiand tioere cersibydimer€ dt€te Or
ultrapure water is supplied, 20 through the pure water nozzle 74, from
above the ePF&HVde WEEIGIPYU8 to the upper surface thereof, thereby

fillingpure waterrrer, vlot napur eevatenli BEetlibRasPRcewbEE W 1dier R DEESSI NY
and feeding el ectrodes 50, 52 and the substrate W Thereby, electrolytic

processi ng OGRS CEKHHAGHCT i 3GREGPPErtT iVes enothenreardinene etibtheat e
Wis effect ?}e@érﬁygﬁﬂﬂﬁﬁi&{‘s or hydroxide ions produced in the ion
: |

exchanger According to the above el ectrol ytic processing device, a

| ar ge anmpbunt of hy¥diGogetl i omsaoplagdvorivdefi dhe cdreda qinodiuc golrdyye 8¢ 1 oM ng
pure water % ul ter?jpf;r Cyvat%, to floww thin the ion exchanger 56, 30 and
the large a unt“%o ch 1 ons’ can be supplied to the surface of the

substrat® W wher ¢ing.t he & acclodd t Lo PeaceesitigLaneh £andiCé@trolytic
efficiently. Mire specifically, by allowi ng pure water or ultrapure

02/ 103771 3PIPCHSFHFIE PRS- HATTOEID Y ovf W thidrneHeey o?fﬂ%&féﬁ&%‘ém%es?l\{g

i R A e L e O

cati on-exchange gFé@p) 78 Her ebychemsvie pasepeird iarouhewoff Bndé bsotratgdic

o ol W dihd N PLOSSR SN L WA SRRSO Lhe

OH radi 2@l spresrente ingmnrddnhywhhehfilowtal ivetiess awbevebyetbhipyogesstag

ef ficiency can be gnhanged, The flow qf) pure vatet or uliiapure waer |s
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 electrolytic
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 is 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 another embodiment of the



10 necessary, and the flow of water should desirably be constant and

uni form The constancy and uniformty of the flow of water |eads to

const ancywigh/i4g4formty in the supply of ions and the renmpyg)ipedfoikise
process product., which in turn |eads to constancy and uniformty 1n the
processing. This enbodinent is not a soakl?5 type . Conpared with the soak
type apparatus , the not-soak type apparatus is sinple in an arrangenent
because there isn't the necessity to control contam nation of the liquid in
t he cont ai npt-esEne nonidraricd?, nonitors the vol tage applied between the 20

processing el ectr S and the feeding el ectrodes, 52 aor the electric,
current flowing pﬁgﬁebzgvﬁeﬁ 9 ot et Pgﬁgpgﬁ&lf}{& Yﬂ'e‘(’toef: ﬁPr%e.%?mlyth.
.processi ng) prbledss iR @b itd hdGaMeL iy dthaind that eatsed do FOCEsS| ng
an electric current (applied voltage) varies,.depending upon the nmateri al
to be procePFESSNI5 EVENEH t he same voltage (electric current) . For
-exanpl e,5 as showngirg FlgG {14A ¥0EONAD: ! BELRLC VLS O dre NONdOr e { 1o

el ectrolytic proceggi ng oflthe sur?rgcelof a subgtrate Wto \I;%c(% a(?%ilfm of
mat eri al B amdcasfsing adeneterd@lF¥ ar® | anminated in this order, a constant
el ectric current is.observed during t 30. processing of material A but it
changes upon the gﬁle't Sgﬁo %ﬁegprsoc@%gsai@%é: o%lp?rh% ‘éfs'%‘f’epgntannaefeleer&a cﬁé{tlc

Li kew se, aprahewsiny MdriddBoddolighy aceonst amodod t agrboSimapt i ®fl the
between the processing el ectrodes 50 and the feeding el ectrodes 52 during
VO 02/ 10377 P85 SPET/ 1YY5 the processing of material A the vol tage
appl i ed ghanges upag the shdf4 senbRgtProgessitng i@l Ure WHd ferent -omferd al
B. FIG 1l4A illustrates, by way of exanple, a case in which an electric
current is Paog@sxing |dRVise Q@=E¥®! Vit processing of material 5 B
conpared to el ectralytig, processi f_.mater | nd -FI I tes
a case in which t eGépp |eégvgl tsggg%n%é:clo@ne% %h@%e?nggl &c r%ﬁ%%%i&%{g
processi ng @irovetseriirad dBevciorg aranb tdired end rodytamophec esshodimnénad £rila¢ A
As wi |l be a(r%preci ated fromthe above-descri bed exanple, the nonitoring of
changes in P68%EG AT C ¥t or in voltage can surely detect the end

poi nt .15hough thirg@Enmedi /eni sbR¥Rathe €asetWhalke e 1R éDEco IPPLEOr S
t he vol tage applied between the processing el ectrodes 50 and the feeding

el ectrodes BXOESHY d¥et7e CEUFtent831 Wf%g therebetween to detect the
end point of 15 prGeassiggn ithdchdH SE5E0SHD! &14QrAht OW1hhe LraRi o 42nto
nonitor a change in the state of t'he substrate being processed to detect an
arbitrarily sssfuearat pdi prooésprovEssi Agr formhng caseppehel melr poimecos .
processing refers to a point at which a desired processing anount is
attained for a specified region in a surface 20 to be processed, or a point
at whi choan anount correSmEstiMmlde of ar dstrethg raresshagiaventions attai ned
internms of a paraneter correlated with ocessi ng,anpount for a,specified
region in a surfa@ée_t %’eec[)reﬁﬂ%’?éé‘t?ntﬁ/ O%h@ eaPEfetsfa_g‘fti FPVEBLEPRGY A now
detecting thr eukd0imdd Ofi K OEEBSHBEcEVED tRethBaWidghe of 25 processing,
it becones possible to conduct a nufti-step electrolytic processing. This
hol ds, also for tHdGDel tdedOrisherl BhBBAIViIHEW Of | A kS tg@iife BT OPSs Ny
shown in FI 1 o i;bl.e f.or i endi r.o

el ectrode s%@tpfg%naﬂigsf%rcgggatlr gns%)t tai ngllgsﬁ% ?’Wtdﬁg%et rgggﬁlt%gn p?%%‘? e
beneat h2¥% he ielvesttioge. SELES ond 48hwotgh n? t dihoknessebensoolytit prdcekniesg

detection segcti,on) S havj.n Iigﬁt- mitgi sect i for emtting a |ight
and o | | ght SSHETY ARG BT o1 b TeRuPUPR me0b 05 UsPTE g Livéntish
PCT/ JP02/ 01584bi ¢h lighisedhenf thet Ehbekpese peBseksingaappaasang .t hehdiym

t hi ckness of a portion, to be processed, being processed in situ
this embodiment uses a substrate as a workpiece to be processed
by the electrolytic processing device, a workpiece other than

30 a substrate can, of course, alsc 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



based on the detected change in the intensity of the reflected light. The
end point of processing can be detected based on the 5 results of the
filmthicigregsiosasurenent. After conpletion of the el ectrpbylbro1545
processi ng, the power source 80 is disconnected, and the rotation of the
substrate hol der 46 and of the el ectrode2Section 48 is stopped. Thereafter,
the substrate holder 46 is raised, and is carried to the pusher 10 34 by
the swingable arm 44 to place the substrate Won the pusher 34. The
transport rbbusisg eakdsstirtefbseratea\Wibabrahe Hhashehosn amd IGf 858,
necessary, | parts.th u I o] I eersi hi fQr .
rever si ng iY%ggﬁdﬂﬁﬁeﬁhrgFﬁr%gEE%%%s%b§%B§F§ gg{gﬁggggsggﬁgé%ﬁﬁgiﬁ&lm
I oadi ng/ unl epdirngountd O prdochbed)el aatawdyding pratdss By fir aewerisdinece
i s conducted w thout interposing,an i%n exchanger betwee e pr.ocessing

t

th
el ectrode ahB®t AEPREFRPpPl e, @ P OTe St £RT BEFRSAREEITRY oo toifste o

“the di gf angggbeinean dhaJOFkR epeoRR@ stikg paeGessi Nk el eclr ¢dged-type
(el ectrode-to-el ectrode distance)”. 20 This is because as the distance of
i on nigrati 6HabspemEsrehel |13 Lstireotided diebgywpsnritrpiiloadingr undwading

m gration. .t.he e e L rap terq,f e I ectri.c
resi stance #gl%g 3(%{5' :@38(68%2955&5% lr}g‘isl%\;l\(l)}?1teag:‘]ez o?ﬁﬁo%&@fﬁl%}{%ﬁ $heGLTla

el ect r ode- t brehepordddedi s¢ dirortoingpontingdtle 825sK8ateoi £hekeitetavaanl .t age
of 10 V) 25 at thz) Ieaterode-to-el ectrode_di stance Olfcsol um _In %he.%gse
where an i oR"8x r%‘gr 1% FIOETposed BRPRESH Phé SorbetsPhyV &1 82t Fodé &nd

t he worlkpi epeniween the fn exehabgehg Sa breldhkige! appliedt Neetwedkpi atry

but not into contract with it, the electric resistance is _basically 30

pr opor t i onaPetevrRHesSCHibeIREC BRs bk Slfe thodes et &nshieefing glesda ostest he

i on exchangep" [ CASR: theyy fé(&é’haé‘}_‘g% :

with the worg p}lg;é:ré,é]lh%?vg\f/%??y?%e el gcst\érl?g; r:LgsJidgtgg?F]ce decreals%z)r%g!gas%ﬁ?r her
degree. Thi devdce BAO,02/rl @37l BT rRCT/CIRGEHT] AP v iahiebatyeerd ar ge
difference in ion,go ntr.at i bet ween t.he,. i nsi and o I f_the jon
exchanger. More eé‘%e%ﬁgy{lyl%’ ?(ril%t'hg'}%é“sel géggftr{aﬁé’dcﬁc?npg%ﬁégégs,&Vlce 3¢

el ectrayyti dndilssies at isapsafratet hapdea W, ersuppaarieDtzad dhe tthed «at afytic

action vvherebg t he ﬁgncent rﬁ&%g‘ of ions,ng+ and C]—I~% 'incr ases. Thus, the
inside of tRe VoRIBRIRaRGBA? dhet G2 nEYHPESRICEZ OF LahLY oW EfGE 'grdlp,
becomes a spaei doifdi®lg iHe Wit @t g FoBReNtEakkeR 0l ur@RS el Hdi@waaaN
be) accunul ated. In the outside of the ion exchanger, on the other hand,

due to 10 tHéECaissdded offafe | ek drripiger hr odpd, t ResisAeneendengatdt dhe to
the origina H r,eby _t i.-Q farafd j ﬁ_r{qu | gwer .
Accor di ngl y%ug;%%tﬁ%t(ﬁg%%d\t%}g 4i%dn ae%fﬁ%&%%ﬁfo%lc%lt{%é v%ﬁe[ t r?eaq\?%hap#ece,
the el efiri ofr esi $nandetday hetkepblat As lsShowntin FlGw 1 evdle ielreedpectd ve
of the distance .bet n the workpi ece.and the, processi el ectrode when the
i on exchang&ecl% O|nnV\§§nt é%ﬁ'vﬁ?rﬁg?(ﬁée%r et r?’ T 'asn”es#gaéﬁqe‘rel%roscﬁoﬁ%lQ%e
case of suppllpicigoagse 5@t ahd HfEmpl ylattrapese Saateiat betrveeli ddtsed

el ectrode section 48 20 and the substrate W The use of pure water or

ul trapur e wWatERTEGHEANI Hytho tEreet rotTAEDoNBPEEL rfAGRT)c B¥FBEESY) ng *ean

prevent inpyhithias &GRS 3k aekest 56 YiembiRrLadbeT LG b and A mididy on
the surface of the substrate W "Further, copper ions or the |like dissolved

duri ng 44 ectthel wliaciraste s el er £ 2559 npgdiat ebyecadigist sy felsesi @f the
exchanger 5 r i Qne a re | O This can V. e
di ssol ved ¢ 5%%@%%%591 %ﬁet%({&f%e%?oaﬁfgﬂper gkc%ep%rfaq iefllgec(%leqcﬁ% o‘:tf%'er
portions of the sabdtsratisodYment Lisem,hedngl pristir etatnplbechiikefd IRectrode

particles which contanj nate the surface of the substra W 30 U trapure
hater has A G TodBsPRUHY, Can PRI ST 01 S CHIRHES & 0cBRe arite | SRS ¢ o
“flow theret Rneughodtd gperisngh @nd BRael s &l 61 &RELELaNGR: khalBER: BY tHHY NO
the di stance between the el ectrode and a workpiece as small as possible, or
by 30 of the substrate W so that the entire surface of the substrate
‘ W may undergo electrolytic processing.

The ion exchanger 56 may be a nonwoven fabric which has

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



WO 021103771 38 PCT/JP02/ 01545 interposing the ion exchanger between the

el ectrode and a workpiece. Further, an electrolytic solution, when used in
conbi nat i o ¥ fobr4! trapure water, can further |ower the el petfibez18s St ance
and reduce the power consunption. \Wen electrolytic 5 processing is v
conducted by using an electrolytic solutdn, the portion of a workpiece

t hat under goes processing ranges over a slightly wider area than the area
of the processing electrode . In the case of the conbined use of ultrapure
wat er and thetion eecivdhegersr omprdiemtiler haadrissnce abrmshghy elagdidiiac
current 10 flﬁws t hrough ultra urg V\f}heri el eciric processi ng IS efftected
only wi t hi nCER&CHT X BF BT RPP e LB T HANL T £ FGUIF V) v hBORPERT 07 (Fid 107
-processing ekeabhgde apdrifentom exeldrNgeraciiits @OsSdblexdanige, Jdrsiead
of pure water or ultrapure water, an electrolytic solution obtained by

addi ng an ~.528Pe&VLoPyOER) oMplr 815at BE BFCHt t rEpRHE Rt @Ricthexg@nsiesuch
-an el ectd ol yt.i io urth | t e | &n LS e

reduce tELe %?):&gre?t%lgl%?ung??gg.egAio%lr}triog\r%qé]f ggﬁght‘%lfiﬁgl %%%%:Iﬁ@%s gf\rlra%por
Na2SQg, a sdhusitemnefrvarammeiniwuchraspHO aor a#2%04, exchanget uteomydhoam

al kali such ni a, . 20 be a he el.ectrolytic solution, .and .
t hese sol ut f"%%]sﬁ%y S@%Q%%:?ﬁ/%ﬁ‘?ﬁ%@%ﬁ (J::tgg di #ge’{tol%# %Jr:ogg‘r”feiresa,mojfnot he
wor kpi ece . gWbep)t hayeladetor @eytisedsol ution is used, it is preferred to
provide a slight |nterspace between the substrate Wand the ion exchanger
56 so that they afB8en@CHHPVEThtERRTHF t AREA¥ATEL Ker STHRNGHY abgpdc anion=
cont amjngat i gk cBhnbRe gWeler chAdYEelrBYa pBAEhECt £ OF Yd ik fmSOd Ut £ d1t1 duflng
better to use a dilufe electrolytic solution which electric conductivity is
not nore t h@ATtBOG pshchPlypbedinreonvyoece| it adsav big thef frasc sbigapter

wor kpi ece ¢ _izRC . 30 _Fur.t. I I ° [ t st ead
of pure wat g? ?)? Sl%t ﬁlgﬁl%?% W é)rrfésgbclg{ C?L:F: &Hggltt:igzjgcfo%?a%c?ﬁﬁg&ae@ﬁcﬁ act ant
to pure wat ep—orlikdr apdieawairergrafid haliyngramachieont, r icongonduaty v t-raof
not nore than 500 uS/cm_ preferably not re . WO U2/.103771 39

BT TP02) 018453 AT 168 RaEem- R e BPEP R RS ot o es (P GRE RIS A
(resistivit podkmeeti zla@3srt,hene 28 VB trdBucidy gradtt biga D5 eReetBE grarft
surfactant, the liquid can forma |ayer, which functions to inhibit ion
nigration efBALES BRUE HEtHACRICRECRr H e ideRm PR8ISR ERPAUPP S &4 1Bh
exchanger 5 Irg:g&%r | Ganeen ti 4l x&;@ (J_h;gg

di ssol uti on)gm{n%%gﬁﬁlg)r?ce theaéﬂlég%nless ‘of tI'lth%e C%%g%ggfég%ur acrigﬁ1 ek?alrlge
surfact ant goougst Latiroduiceddesiriadldetmimined hdhel @doppm o Were tdm ffal ue
of the electric_conductivity is.ioo_high, e frre effici.ency 10 i.s

| ower ed andcg'l ﬁén%r 58&5&%& e\réait eTlﬁg %’é%’rgga%éegym%lez%g%o%fm?%eb? i':yqour}dglchtaevcl1 ng
an el ec20 i chyotHechs&idfy aofonoterosech e at@§ 1US eoidpr eterabd y glaicidrle
than 50 uS/cm __nore preferahly not nmore than 0,1 uS/ can attain a

st od pr oTBEEPIG VAt - AOCOLE A6V T o AL PBSbRtoT MLIRAH ChHE Brdissi ng
rate 15 canThe @ﬁ\@&h@eb@buieeﬁbaﬁﬁeéhbymsn&@m@éimtf@li@@ IOX GBNGEE i P
between the substrate Wand the processing and feeding el ectrodes 50, 52.
In this regd&h@ MOANRMIHOCHEIT U Priessthg HSRAGLANt teppesakarer angd the

effected b L cal_i.nte i ! i 0 in t e
wat er and )altr%t% gﬁ‘l%g)l %%L Bnlebe g%g%olf 8&216483?% .%%o%\%]?%(fgﬁ%éé%'uéﬁt tg% %%g% ot
hydr oxi2fe | ¢hse actighf asf ridec tremwdveru| fakapuy e fteerg st tapaiyald rias 1o

|/ d | & d it hat_.the_ | I
o ocessi ng. &1 FUF HRCPTRaE BLERUNo TS Eh T At A OLRRE A GhA e

filmform ngamhedet made Ghber hhantkhfakeachl ONCdseqlet€IPY ath raxaRssi 1ig.
It is therefore necessary to | ncrease h§droxide ions in_order to conduct

renoval profdssi ﬁ&eeffilé’_ éﬁf‘FP?nﬂ_enet B5dYPor ihEF’é%gpﬁﬁdhyd‘?‘%?‘?’ae i Bt s

‘to promote tha /3806 @ldiPdiead iniiOfs %écfﬁe%%(‘@ 184 GhaPY¥mitpi Ng a

catalytic material, and an ion exchanger can be effectively

30 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



30 used as such a catalytic material. Mre specifically, the activation
energy relating to water-nol ecul e dissociation reaction is |owered by the
interactiqn)eiﬁ@@@n functional groups in an ion exchanger PPl Ess

nol ecul es ereby the dissociation WD 07/ 103771 40 PCT/ JP02/ 01545 of
water is pronoted to thereby enhance thezpr’rocessi ng rate. It may be
possible to omt the ion exchanger 56, and supply pure water or ultrapure
wat er between the substrate Wand the processing and feedi ng el ectrodes 50
, 52 . Thoughbehe dirowdsst ot 520abe m komerred P ey obf sabontof Ot ke don
exchanger 5G . the. el.ectrolytic_pr ng. i fect] spegial |y .

r enovi ng ang§99F§§§Py-%il$ |I%§ ﬁ%gggée%? %ggégcéﬁggg &ﬁé%ﬁ%ﬁg{é¥%Q®
.that extra coppilitsies suctapsi mradlacismwigite whiel nadherent Salantlcram@itheon
the surface of the substrate W _10 Fuyrther, according to, this enbodi nent,
the ion excRERGEASET <TTA bhgRPLYRES "CoTEaR VAT Gy clBEEORECERE ST at e

-Wupon ¢ eCt:haliyltsi;caﬂHO%ﬁésE@gftV\hﬁaihBethﬁg EXERSAG8EA Shré SLIROS I 1 el
close to the substrate W though depending on the distance therebetween,
the el ectri Witdspshapted sullipgéct aCsdnbo 15N HegHeee atiel Lomee F k@, gzPups

somewhat | atge ugllage | NEGESSALH O oS 08:8 HaQISld &y eLRCH iUl ent

density. However on the other h because of the non-contact relation, it
is easy to Pboosphioovwcodcpdr ehespda ter gudtpamarebesndrr calugreg .t hEhsuddgioee of

t he substrat ereby the reactd JHraduct produced on t he substrate
surface cano%e\C{’nga\f%ioccﬁ'n@ntclagfl rreer?oci%’edé.ocq] n° taﬁé lg':as"s e ¢ e CT?gt XA 56

i s brought bt othent ach-ekthahhe sybstpat etMist heneteghcéd r&stst angeart
becones very small and therefore only a sn}all vo] t age needs to be applied,
wher eby t hePPOWBR TGRSR i G P Be T SRl . 28518 BeX¥Bge is raised to

increase the currefl 4ensdt ya %r&%@ﬁrofFtﬁ@hﬁi&?—éﬁ&i&{@&ﬁs%”%éﬁ %e &

b
el ectric discharge can occur when the electric resistance between e
el ectrode ap@lyiedefiilyssughea fvipd ks tlep) ene 1 Pode PPy lensur peneey gfther
el ectric discharge pi t.chi n rf.ac t rkpi_ec s 30
failing to ] %ng‘r? é@%}zﬁ{%ﬁd fric%%ﬁger%’cgégggggdér}?eagg.gﬁfo?%ﬁl\é%glé&lte%a%l}?ggghce
t he el er3ri eheesbatarchangevrenyy Wamlin vwhentdime ofoa wxwdrarfgdrisq BSsheet,
contact with the substrat e,% tge occurrence of an electric discharge can

be avoi ded. @ PREWE TFLAAE ?JTPO%kEﬁ%%‘S §¥en el ectrol ytic processing

of copper is condygied pey WSilQ.erdS dhed 10 S IEIgeri SQis @ d Hneipxchagger
havi ng a - cation-exchange grou t he i on-exchange group of the ion

exchanger ( B@ttiedr-adxchgngé) BBEi’%‘e§éFQF_§1?€d' 9% h Ropséfeafedr Byt heirst
processing, i@i‘%{cﬂ.@‘ci rBE968SL 08 £ifd ]f('xenfé{ rgfo_xt Q%eg%n%é}%%h% tRe

| ower ed. When el ectrolytic processing o coppg I's conducted by using, as
t he i or2@xchasgenaseriad ipneekchadyeribavi by Hrerslhvgenesidsge pdupalfine

particles of pper_oxj.de ¢ be_produced. and adhere to the surfacge of
the i on excREREToT0 TEA Mo tERaRGEr fog6" 20 EHOPATTTEr BT OR AHT HAt o
the surface g@faft nexdissbatitat €0 hpyrriocsssedan | beottesa imedabvimien sagh
drawbacks , as shown in FIG. 15 , a regeneration section 84 for

r egener at i N@UIREHONPRXEASRgOTISE i3 oRPdBaLCAAR e FYenaFatitth B#SEhe

ion exchangefz12&-ia1, 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



15 can be effected during electrolytic processing. The regeneration section
84 conprises a swingable arm 86 having a structure simlar to the sw ngabl e
arm 44 t hglo fPlose t he substrate hol der 46 and positioned a;.cf,bpoz%gpgm te
side to the sw ngable arm 44 across the el ectrode section 48, and
regeneration head 88 held by the sw ngabl2® arm 86 at the free end ther eof .
In operation, the reverse electric potential to that for processing is
given to the ion exchanger 56 fromthe power source 80, thereby pronoting
di ssol uti onnohwewémarﬁabmicrrahtleeasmap asrtoppet td@escnygvé @pdirets adm the
exchanger 56. The 25 regeneration of the iaon .exchanger .56 duri proce55|ng
can thus be&fF8YFEd. T‘%Elrceg rat%ed § oﬁ%ﬁgﬁtﬁa 95‘56“1 RS g:

water or ul Biapues awaler, sYpidiechaing meegnﬂaﬂremé@%eoal&Q@cﬁé@é&trﬁd@:
section 48. FIG 16 shows the | ayout of a substrate processing 30 apgar at us

accor di ng t BYS56EKEr 1ersoanfehirdbPxifde MsentUGii&it i 1. the @ varerhrdfugh
19 showan gleehyolyl bt PIOCESS! & gader!, Gor 30NN 09uba ANghRale ATROY (ERA!
of the present invention provided with the subStrate processing apparatus.
In the W0Os02u1@8771tHe IRCHPROR (1@514‘ﬁ5pdeduc&¢tbzor¢h@| wahebealimsodilet igame
menbers as in tt%e edesncrl bedaenbogll éh ? same roef erence
nuneral s , and . St he deste Ji)]t Thefeor® %al’c’f‘l FPerR 56 TS or

all of the bele@w::de&crslobedheﬁf‘ebg}l BEntgh 5léGtSh]OV\ﬁurﬁeﬂ1:tQ:arlaoe tdrtained
substrate processi n%l apparatus conprises a pair of the |oading/unloading
units 30 as®¥RaMlyh R Y ERISUERRIGSDNn for carrying in and carrying

out a supstrate WynkhetheVessi de-riedé A& BAfO0bnl9VEehsl &Y I sUbstH MG W
and an el ectrol ytic processing device 36a, which axe disposed 10 in series.

A transport ab@@éttm@alda§aé;ﬂ{qrmes‘matane\ﬁk@eut§f pravoviideldaihiaoh dganimanaeed
parallel to hh%ﬁ%cgﬁ %féntéaof CBP&&&&éiﬂﬂeaﬁgt&i‘ﬁﬁe%wg 1tnh§=1d3ﬂl§:tc£]r?te W

t her ebet ween at e processing apparatus is al so provi t he
noni tor 42 fiepurdrtiitesr emeg hikelyaye fappl dee betvieepdllze ity .pr Gnessdag to

el ectrode 50 gnd the fee |n9“del ect,rode 52 upon Iectﬁ,l Ivytlc rocessing in
the el ectroPFftivé 95%359?%5 eV R & CFRX CRINART SI0RRY PEVELTHRhE FHIOHF HEFe
ther ebetyweens Idhde ehedirl y4i %hl@&c@@ﬁs%{rﬁgarﬂ%&&% tb@aeh%tlh €n
section 48, in which the processing el ectrodes 50 an he feeding 2

el ectrodes SPigneexmbedes], 2Pl iy Giel t:@tha%eécbangﬁmy j& gBRVANGTEL er
than t hat W | te.hol th
an tha O% :th %@ﬁr{ﬁ%}r%iet Oré%f’&fe Qr?y the %HQ%U at gy Odﬂl%r Ala B the

actuation o ectro € section 48 es a
revol ut i onacynsidme™ ani :trhtecmeahlss:tramrelrtmt V\Eha ameom;@nqmlnmssanﬁ thee
hol | ow notor._7Q and the central 5b is_of .the d ctrgégl sect a

r adi us, wtﬁé‘&twfloteéﬁ Tvout™i¥ s %mﬁuaﬁrémwss PRe =6- csé’i’ﬁ s’cr 1

novenerto (t paioslediseanabfr ataibOate N tid mayegdsd bapodyaWld RoFhée HIRA
and 19B, three or nore (four in FI.G 19A) of rotation-prevention mechani sms

400 30 are @nd\ﬂna%qwqwsc.ar%rﬁ@ SREANBIRATHE DARI-ENL H 2 HaPDde
section 48 a2d 4 heahol Lou @pLE6SZ0hich RANd: Gy 2 Rl Alidot Wly, the

depressions 402 and 404 are forned at equal |nterval s in the
ci r cunf er engibgivediprobtlieoncan bhesebye@dponvtiimg ., an0otde/ 10879dchsnger 56,

PCT/JPOZ/Ol%%Sion—exchanger which in itself carries both of an anion-

25 exchange group and a cation-exchange group. Such an ion
exchanger may include an amphoteric ion exchanger in which
anion—-exchange groups and cation-exchange groups are
distributed randomly, a bipolar ion 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 1s of course possible to



positions in the upper surface of the hollow notor 70 and in the | ower
surface of the electrode 48. Bearings 406 and 408 are fixed in each
depressi oA o3d depression 404, respectively. As shown pprhbfz01d2B, a
connecting nmenber 412, which has two 5 shafts 409 , 410 that are eccentric
to each other by eccentricity "e", is codfled to each pair of the bearings
406, 408 by inserting the respective ends of the shafts 409, 410 into the
beari ngs 406, 408. Further, a drive end 416, formed at the upper end

porti on of théepmhimedyaftsdll af tthe hobhovexatargd05&nd anearlgedidd an
eccentrical Ly.position to the . center of the.main shaft, is rotatably,
connect ed OT4BE BESPARGS HBEERBV o AT BRer RS Gn 20 ey
el ectrode saetbedidd. ttheheceaerlricilt d aalidce®'sedAccordingly, the

el ectrode section_48 js al]owed to make a transl ational novenent al ong a
circle with radi u§S"&RoWn15 Adddr di o SVAPG3ERBoaF et | ¥REFR TRjtes up
-possi bl & t 08HPR6YN PHL L IBAN QLridht BADKY 6 VBRI a2 sl o¥PRSo B4 fédrF & Af
the el ectrode section 48 from above the el ectrode section 48 during

el ectrol yti ¥epitdécasdsinpyemehtis, 1asCempomted 1 Ghel rppeur endae&ra grhafit refpur e
water is su i.e e e of e | ggt e ' 48.only
t hrough a tﬁgél&gﬂs)tgltégﬂgg@?%rfrrééédjﬁl?rgeo%% Ir?%gﬁgf ?gﬁ%gasn"gﬁﬁ]ier%' 8fhe

t hr ough- hol eu8arhaenedldartde iel echnedeedeari panod8r dRUEbRErotst hewe dHae:

el ectrode section 48 does not rotate ut its axis, the slip.ring 78
s om tied LRI sbes. th RdmRp P EERS SHAar i AP REet s Bayrd
nozzl e 12p 9QoagodategeRelrdld QrtsRALIN IS tiRl MeAlablas Favidadidasi de the
el ectrode section 48 , which sprays ultrapure water onto the ion exchanger

56 after the el ectPBISASELRR ESSHER LBrebynregerardirertihac amollow
exchanger 5 t - Ly § IS I LS i ent .
30 Accordi ngo'.t%gmée)' %Fgctgrgor?lylféibgé%?%ctég?%%%g’eglﬁgga%%a%&g?rg&%r%ﬁl%%gqow
processi ng wbtohe’@ur fPatbroighirdiodeh48a ate a\Puse carrareduppl. ybye oot et ifieg;
via the subs%ra e.plol ger 4V§atthe substr tle W.which is in contac% witc? or
close to th&FenYex&nkhgere wo ¢ YAIPERPYBGr 61843 58, FUEC 4 t he
same tire, ghkowcegtihe epectiofde sEctilon 48 dxrvriee 3ezerionl zvvenmemhdy

the actuatiopn of th ollow nmotor - 70 , while supplying pure water or
ul trapure w&gép}lg 6%10:1@ Ffer- S GRPREE TS (e 2o PV 0@ e SUPRH YA® i0f) 72

appl ying a gh¥enyy¥ptiage1d detared ithe Jo 0Aessd N hRHld:068s 58 A s
feeding el ectrodes 52. The flow of the substrate Win handling thereof In

t he substraP& PrEEePingg vakhsar dtsus e ltilfds tdmsodimdhte ithnovwehsdred eadtGan t he
above-descri [ [ I ce t . substrate W
IS transfer%gg%&%ggliﬁgégaggﬁ%teﬁsﬁ gﬁsséifrgf reocg%f)]tgheaggﬁéggﬁé:ocessmg

el ectrd@/ti supfacessitnghdesulcet36be (Wi A pluradttyi af ttterqusheidles a8k,

t herefore the description_ thereof i% omtted here. FI C? 20 an_g2 21 sh%w a
vari ation of2FReCEMBELFGAMTE Y5 thr 5BESBPRG HRUPELSWRRLY IV R% &, may be

el ectrol yti grpkacessitByrdevi ceaBachd heRIAaimmAe iseeh 88248inyhbedy rakes a
scrol |l novenent, conprises a disc-shaped processing electrode 50 and a

ri ngshaped FBEFRgPECEETIAY saubene Qf ridihdssieahft & peri phery of the

processing el ectregde i@y Wai oh 1 & 3eRanRLEd DY 42 220 o iprﬁg:'es%&%q“ ié‘u?glgéor

53. Further, the upper surface of the processing electrode 50 is co
wi t h argd onsegtiangéprsserphyllngowpp e teyr pacel bfapuee fuithng eeltestdiode 52

is covered wit n_i Qn- excha 6 e _respect.ive ion_exchangers 56e
56t bet ng senaraEore e EIAT e o e L B Bk T SR BT Hi e W
whi ch i s inaceauaeatl iwyt b forsugipdse dortishe iisonliespehany el vEbehb &fle b dat
the same tinme, allowing the electrode section 48 to nake a scroll_novenent

g -

as descri be§S5EAVE, “far t POFE tWRECSTIIST Mt aRyse &’P\E&?sl_ﬁo?f”tl? oﬂ&PJafo‘%ﬁé:q he
feeding el e¢hkodf; Sacs0okhdhe NASIDSI AR Weoan 1RGAL VEnE! BehehEht Y30
therefrom The other construction is the same as in the electrolytic
processithg g&bisteadieoh | FURGY 2t thprigh 19fepgcbpdinyatert Maying an
enbodi ment, t r is Gl [ u di
processi ng ell%%ttr%g eggéd\%fcztﬁgtlﬁcgc%geﬁ?ﬁg 62?%33@%%819’ £&9dt1ﬁetrapure

water refers to a water having an electric conductivity of not

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



45 PCT/ JP02/ 01545 el ectrode 52, and a uniform processing can be conducted
over the substantially entire surface of the substrate W FIGS . 22 and 23
show an elRpél@byyi ¢ processing device 36b according to anptgpgfirbrdi ment
of the present invention. In 5 this electrolytic processing device 36b, the
rotati onal center O- of the el ectrode seé8on 48 is distant fromthe
rotational center OZ of the substrate holder 46 by a distance d; and/the

el ectrode section 48 rotates about the rotational center OL and the
substrate helldertrd® rotadestabbuy tdfe notatiarml themt eb0QZ nSYErFuptheany t he
processi ng electrodes .50 an he feeding _ele ode 2 ec to the
power sourc&-85 ngﬁﬁg sf?gu%%ﬁﬁ fgﬁfT%S o) %%é’coﬁB rﬁb%ﬁ%&gﬁg'tégggaﬁ% as
in -the enbpdiaerts iaROWI gul dFldET ingl ®raned skl ng arthehancset dhhidl ides cifd @i 09
thereof is omtted here. 15 According to the e|ectrolyti¢ pracessing device
365, el ect r Oy PFECHRSiESs] Rg S ARG SIS AT TATP A 9T oo
out by rot ak'aﬁgb'éhﬁeﬁki@%ﬁr,ahﬁd%i‘béeégﬁn%l@éﬁr@éeef'PéQ@éd‘lﬁqﬁftdrm witen

sanme, rotating the electrode section 48 by the actuation of the hollow
mot or 70, wiitld s@prlofusgipdriynat er 20 or ultrapure water to the upper

surface of the electr ection. 4 : yi jve age, hgtyveen

t he processing el g%’f:rogggg%ggaﬁgl? ﬁeéﬁbgiel I n&’eggcgpggés%ﬁ%l %Sal.qgm and
25 show an 6l,ecanekibpedpebeessodg metiee 786eracticneh syl o yee almttwerde
enbodi ment of the present invention. 25 This electrolytic processi devi ce
36¢ enpl oys Se?cl;téﬂnaﬁgul gprds Iﬁkad??glb%d%@& r ed%éjé Poﬁoﬂgraﬁauﬁcguggﬁﬁ?e
hol der #4® t hatCad HEIME dihrad Wk SOW14108SsDop $WhBY,78aNdITBKES @lectrode
reci procating novenent in a horizontal direction. Mre specifically

el ectrode pPaEEes7ES - exTRARIRFHTPINSEIATASH fi FRRRPSREDIR FE302EBREGREI ar
el ectrode 4§,qv e.en.} %%ggopn 1 G shased-d na | 4

t he upper sﬁtrh%a EW%P %ﬁ%£%%28cdtro e sezaggiég‘%%%%éiﬁdbtséﬁe catdh%%ﬁggnéh?h%ﬁ@
anode of thelpowerodsomledaed) 74r eocaneertrdt &by tbenarctdedbeconbetiat eteediimg

| at es 76, t hat 2/ 103771 46 .RPCT/ JP02/ 01545 t he el.ectrode plates 76
connect ed’ t & 4 Sod ?bec ﬁé§ ERBLFSC o RECEFeR P abs §Ugdr,cgpper's

adversely, the=RlRCctenderpbayesc?prauacirg b6 JuppRiodsrbeceass drhethe
feeding el ectrodes 52. The substrate hol der 46, on_the other hand, is

secured to DGR d6dhd Qlepén!diiflﬂi HECRr i BALSTRaL RBVRS 195???%%?‘113/ he
the ball screm fizydy the -aet Hat hofeOfiide M OFo B0 £l 1@ bheak BRMENBgh.
is allowed to rotate about its own axis by the actuation of the notor 68
for rotatiofe amtdcesdigw alkokedder rerproestid iceddvherhon fthetmateriaing
arm 44a, via a Il .sc a.hy i f or...6 f or .

reci procati %r?, L?% rg%efﬁv%egoggoﬁgl Ct(ﬂrbspeecjzrtqi %&yg@ggﬁeg,t g#ﬁ‘; Eéfe%t%reodiel]f)?ét es
76. Accpodi rg datddiey el @cprobybisingr quesstatis deni dthe36cathbdet rsalde,i cand

processi ng of the surface aof the substrate is carried out,by rotatin

via the substy&h& Hot d%l’e @gl,ecttﬁé’c%s & dPe CRPNACETRS £ %ht“?oﬁ?g%?dﬁ/i 8ﬁ or
close to theropRuaharngeice560astondtl bdesapr dddmsingeilrtesaiisrgs5bhend
substrate hol der 46 by the actuation of the notor 60a for reciprocation,

whi | e suppl ity preetirderrbrtest faptorneated o the ppee sherhdelsf thee

el ectrode s i.on 4 ik3g argi |t Ween ts I i ng
el ectrodes %ééacgl}q %él%e I ngélg)?éct:r[gdeggg %eF?%P% and’ gs%lsl%v{/pgﬁcgﬁé

el ectrobk§ti clikocessi e dether B380d acebedinglybigepranes héngepbodeaent oof
the present jinvention. In thig electrolyti rocessing deyi 36 th

posi ti onal rféTeatai’b‘?fg%isﬁ'cgeetme ﬁ%’ﬁélggbj t’rgfl ﬁgFaiFogﬁ gxaggﬁecg %3??8%
25 section 4& i ghéhenpdrceasit nghenpedisrerdsutse r eMetsed beanché hprsubssiage W
is held with its front surface ugward so-called "face-up" manner) so

t hat
el ectrol yti clroeerden@nd EBRJGEEEHT POt Rt2tppeFORDPFLee 5P thE EﬁBEPF{ﬁ?e.

"Thus, the suga&g%féebgai:}qlgrfégdiﬁgdgw@gggdggneath the el ectrode section 48,
hol ds 30 the substrate Ww th its front surface upward, and rotates about
its own38xis by tHHRheughadttiion abadiengntt ha® focaset N whiconfanesbaped
“hand, the el ' i e cessi t nd
TP cent e EFALLAGa2SSLLLD. o M CUp033cLACrREACERS AL AEL P50 2903
48b of the electrode section 48 which is composed of an insulating

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



WD 02/ 103771 47 PCT/ JP02/ 01545 covered with the ion exchanger 56, is

di sposed above the substrate holder 46, is held wwth its front surface
downwar d 4 é@sz s ngabl e arm 44 at the free end thereof, pafgpRiies about
its own axis by the actuation of the holl ow notor 70. 5 Further, wres
extending fromthe power source 80 pass t3% ough a holl ow portion forned in
the shaft 66 for swi nging and reach the slip ring 78, and further pass

t hrough the holl ow portion of the hollow notor 70 and reach the processing
el ectrodes 6@ andthke fieedilrgiegembtedésl52ot bhappbyra wateager tther dhidtereen
. 10 Pure water or ultrapure ter is supplied fromthe pure water, supply
bipe 72, vi G2Pn& KT BRI STAGEO ORI TPAGRE CEREVER™ poTE| on Gl ate
.el ectrode sgetk®nad®,. to the front surface (upper surface) of the substrate
W A regeneration_section 92 for regenerating the ion 25 exchanger 56

nount ed on the el B¥t £bUé %éﬂoéﬁn%%h§ AEESEd e S 1RC trrdlasu it itk 1t der
46, The § c0gAgrANLEONC $EELEBRLI2 §AC!dulas A d RPCRAIA LoRetABK DG F1h! G th
e.g. adlute acid solution. In operation, thHe electrode sectidon 48 is
moved by theiswiumgelres tdemh 44 nastad Qosif itdre rdlgntstsy esadisl aregeherfitsiesh 20

tank 94 , a i h o] aL ¢ i.Qn _e r. 5G of. t he
el ectrode sggtelc%rﬁlb4§)%lrl§%:@n§%?%gedsélﬁs%%eg%%?g%Sﬁ'gﬁ lgﬁ ian)&t%:]}lgﬂlr gt&é'r?ertgjtlir%n
tank 94. Thepeaftieh, tbheer preceeseld¢cbri ehposebstabteois hadt frisedsdcessd ng
is given to the electrode plates 76 , i .. a , by conpecting.the processing
el ectrodes BEOFSSFHan?I%’a?eZ%%’g?CWI% ESovies GES&FSeS"B‘bf_aa‘??dO_‘é%rﬂ‘?eﬁ?_ Agrehe-
feedi ng @l egti-eHURS ,SRe I ANE it HOGR s dthBF LAY a1 1 i Spah Ybinh R ¢

extraneous matter such as copper adhering to the 1on exchanger 56 to

t her eby reg@Rerdeetivd visgid adthiffercads berihl ssqjerrd sand o fehatmarerose
is rinsed b . I e i . ' -
enbodi nent )6%1 %e‘g%?%%%ér%gg us‘%éf‘(%{fblteoéaag% é;%d‘gelg?%%ggcﬁgé ﬂg@glgﬁg umeﬁocelteln chi/n

| ar ger di anmetfe prolearsstimg .substrate Whel d by the substrate hol der 48.

El ectrol ytic procgssing of t surface of the substrate i S 02/.103771
28 PCT] 302 01545 EoRRTRE Do) b PERGrRe 101 SHTT BT S ab 1 h th8 A
the i onuexchaegeircdie COPY ach:ai it igat soel assddldthieosubsbrabg Wihel dobyan

t he substrate hol der 46, then rotating the substrate holder 46 and the

el ectrode s&EICHKOAY T SACHRE LARFIGTRL L% @ REPAGS™ - 5 1The 1M AGaBHeS ar m
44 to move the @l eclreders@cticon A8 akeng thedinpgtesui{ 268 Yhe Needing
substrate W whil e supplying pure water or ultrapure water to the upper
surface of rhHecdwioster ate cambeapplynrigla rgiteenthattiageebstirwenytimctive,
processing ¢l ectiode: 0 apdiihe feeding ol perrodeae 10.F10S, 28.and 29
show an el eCtro yltll c processing devi ce e according‘to ye? anot hér

enbodi nEht ofr t hetplesethpobaudntwidel Thiseal e€brol gleéctpo@esssi ny deabh o€

36e enpl oys, as.the el ectrode section 48, such one that has a sufficjently
smal Ler di aEtElthRaed HatSorrofie Babst e SHHEILE byDEna sy e drter

15 46 so thah dtheper icaes i0fg phet sHstoral 1 d8im Bk DL teRkin: ShYe COVEFSEL W t h
the el ectrode section 48. The other construction is the sane as in the

enbodi nent  $AcWwithieR PraSeriggierzoatre ghereredhsptudth brh PRkt LR
el ectrode secti I Y e i i.tiyan,
gener at ed 'QS% 1’s?&%rkr)1i ZIaed%le(réil %;&I}Fgl%g sgggt r@%tggglrléP% 3%%%‘2\{/\‘5% n oducts
el ectr 2yt i exrer oeessa hfjy ddtiaxie 36Dy deadr-dineg tiogy&ho agat he ragrrhade neat s of
the present nvecnetri onl.csl n 1j;oh S. el ekgg_vr_ oII1 t,\iragzr rltl)cess(i) n% devi ce 36f éhe
el ectrode s&& SEAEIE R HOLEE BBV N ETHLT RIPFortet 76 (T hotds
25 the substirahe Y¥wnibhisi e reatesiafsadedlpeand; dhedes eclcaeta deectiawd 48
conpri ses a di sk-shaped base 100 con‘rﬁosed of insulating material, a .
di sc- shaped TPrdce&s R et et s 53¢ B %&??‘@' t mthﬁf“e'%h%’é%af:&c%% ng
‘ \%r ehwat er @awidgd ARWIR et £ cofRdcRikHRY- ShaRed sheetd perSheel 988 Deq,
ich are
30 thevalueof theelectricresistance generally 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,




30 separated by a ring-shaped insulator 102. The processing el ectrode 50
and the feeding el ectrode 52 are nmounted on the |ower surface of the base
100 in th ane. Further, on the |ower surface of thg gishg

el ectrode%%%épilhe f eedi ng WO 02/ 103771 49 PCT/JPOZ/OlSEE[e trode 52
is nounted an ion exchanger 56 which is céhposed of e.g. fibers containing
a strongly acidic cation-exchange group and pronotes the dissociation
reaction of pure water or ultrapure water. The base 100 is rotatable, and
i s connect eth® tlecrheskondr edadtoficachnihorivdtut 'dng shadxidouioPwle e er

or ultrapur ppRl t oIIow tlon of the rotating
shaft 104 t%aﬁﬁe%ﬁ&ﬁr gHbfzéﬁ%15%Seq%35{ ﬁh?}her %%Ft enmbodi nent, an ion

.exchanger havi ng ahewprbagesisr umbuteodfesaseoéﬁdem@af@aﬂlﬁgcem:@dwd
exchanger SEgnﬁbOth havi n 10 t he sane | evel %; resistivi tg i s enpl oyed as
c

the ion exc 2R e FE6n heérfger® 86 BEREmARACSS{Ed

-Sstructurs C%'l%b%tr'o@@spf 5loanaﬁ§t 6théd ayiiiQfg | @I=RXchaRGe BB eréabs, [Hch as
a nonwoven fabric, a woven fabric and a porous nenbrane, it 15 is possible

to i ncr ease SEREWLShAING Bh ioHatge 8apacinyIWARPERY foirHekn Shedfleat updade,
for exanpleg e%lt&%ﬁkﬁ\l;%' GROL %Qhﬂggﬁgé ?é@haﬁ PLﬂg%gefroﬁ%Qecérﬁéé{ aﬂ&ec'

to thereby avo e oxi de adver ting t processing rats. In thi
regard, mhemheh@ettoipéden}orpfexm‘aar@ee@a;m tseadfian 4HreexdimEngdre irmnimer
smal | er thant amunt o i ons tak

i he i h
removal pro®&s %Ea%ﬁ’?egfi?ijagggﬁdlﬂ%qa}?ﬁﬁ ?58%3‘%%?:?53?%53%%53?&{ “ 4 or

in the imsi d¢ ofthé helictrexhasgetiowhiash adw@t§e|%13§fQ(ﬁﬁ:éntgaﬁeﬁltoce(ﬁﬁé ng
rate. Thus, the formation of the oxide is governed by the ion exchange

capacity of SAfCitEiPdEsseRthaRdtt 2nandia spRerrpsAY é%@é’éﬁ?%‘be‘%héncealﬁcﬁ%
shoul d beCO%ﬂﬂ&%togéﬁeanJ&gréQr et Oéhf)éeﬁed%'sq fycqs\aé&wés Q@eﬁfﬁ@ﬁséaﬁl y

restrained by using, as the ion’ exchanger 56, | ayer ion exchanger
conposed of & eghhaeéddelyeen off thereleairatre semtl@ru 48 srhegiechhhase lenhiare ed

total fon eXhange,ceRaclie: 30cLFdental Ly J e fosmation ot a0 gxide, can

al so be restrained by regenerating an ion axcha ger*soas press
accunmul B3 i om@fcmmeerselomsmvmehwneréethe)rree)aﬂwwepeeﬁutbhem SMIeIt Bt e

| nterconnect, ALt AL Rl B T et Dy 280 000 lds 2P el 2283 e
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 is slightly larger than the substrate, is
allowed to rotate about the center of the substrate W (see FIG.
17 and FIG. 18).

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 to each other



i nt erconnect pattern conposed of copper film6 as shown in FIG. 85, is
formed by renoval (polishing) processing, the copper filme6 filled into the
trench isyld §o¥7#40 be hollowed out or peeled off after thecpipRANgisNg-
This may be 1 nfluenced by the hardness 5 and form of an outernost 1|on
exchanger (ion-exchange material) to be &dntacted with the copper filmé6.

It is then considered that the above defects may be obvi ated by making the
i on exchanger 56 a nufti-layer structure, as in this enbodi ment, and using
t he i on exchadgeschiintexchhage slberanl 9xvdndingreatosn the déhtenwowan®iy s
of ~I good surface, spoot hness, U2 hard nmaterial and 3~ water-perneable,

such as a pGPSuEeﬁé%Pﬁﬂeo_ rthe\lxﬁ%%ﬁtF%ﬂ?i BECHLORNE8 o IRY i3 tddishpsed in
.exchanger. pgeordihdet 8rtfhs ETNOE d@Ntse PUTSH WL T AQKoUL LM apLE G-t ery £ ed
through a feed line into the rotating shaft 104 is 15 allowed to flow,
under centr Fhagal inofEe. dudB + 6 tr sE R DRLREC thifembksetho(el e iresig P adtaion

thr ough-d1ol g5 39 57 QIR il G aRAGTSIR0 60 tade 90 dnti S warld e, Ly Lhe
i on exchanger . The pure water or ultrapure water supplied dissoclates .
by the cat aligsed factaon fomdthen oasexdlmngeedifot oe peoducde hpdr oxode titons.
Since the 20Q_processing.el ectrod 0 and, the f ing el ectrode {32 are
separ at ed b?rgﬁgsisﬁ?ﬁ’l %tl&p%f@fi%, %r%§gr gﬂ%oﬁng}ecf%g‘%%&cﬁﬁscfelqgoﬁgq%mde

i ntercept edshy (bhe s ueddind 0Ll eftrdéder 52)\ephi B sebskpatatVdl By 1N
electrically insulated state, the portion of the substrate Wfacing the

processing ePEBLRASEE BED g incdhfoddsize 0f fifircislartredarremiddn Hhd the
portionpf the su@;ggghgt%%qg!,ng?éhes KRl ng ep et rof %,(epgirén%if) e

functions as a cat Accordingly, electrochem cal dissolution occurs in
t he anode pbrpressdina led estirodest & OWaingkitig tisedimgt eslsigtyraslesctodessth 30
Tn the case_wher i on. n ' ct ith.the syhstrate W. the

i on exchanggwga%a%%%%ﬁéﬁ%dgggltl%gwclg%ts%%l ’dnlg %ﬁ%&géﬁ%ﬂfggﬂcﬁﬁe inside

deteri orati off idexeleowevele sdet bvwiddesiidly thakitige Lhagithn £XEBPIGIe s ing
two-| ayer structure in_which the outer | ayer WO 02/ 103771 51 )
PCT/ JP02/ 015456CtE 90 coht §8Ced Rt hOf hdrSubSEFARIWALECESRESs et ol they. a

woven fabri ¢ ;@tummRIRHS STl oA gdg8aa1 R ABPYE 50T £ PYn Ulﬁié'gzeﬁ%@&
material as a pad having an ion-exchange ability to enhance the nechani cal

strength. 5to FepeFipitsscl Kithel pateogrorastion 48ppakhsasnatbediarp t o

yet anot her i t t p LV i,on vi.ded.with the .
el ectrol yti 8%@%%%’2;%%9%%}1% i[igies%? sgjéﬁgéttroalf\gf{%rtglceeg%?ﬁ{jr%%%asreaqttjjson
conpri ses a4pabf of comelucadienglatdrdadi g whiats 3 a8l actardey/ ddetandh 48

carry-out secti for carrying in 10 and carrying out a cassette housing a
substrate V\f‘%Fﬁgr}‘r eV si qﬁgrm n8532t3’epu§ﬁ39§n§4a?f%‘%r?€? Srzané?ﬁr riy
t he submsdr apeocBesisieelaeiilodd 6opr, 0688 Séngedenh & rfze Sith@ MR LS

112. The fixed-type transport robot 38 is EriraOVi ded in between the

| oadi ng/ unl 64di‘RG GRPt §°881nPhe!l PEVEPSPAGS A Y RECB 28R ¢pRr AP ihdilte
34a, 34b as;ashnaRRONh e & HOr: AJ5RS RAF UMY anch{f anst &L g the.
substrate Wtherebetween. The substrate processing apparatus 1s al so
provi ded with theAdteirnertid2 livar asmliavor LngFBGvdlt,age bppisedbhet e ermitdhe
processi ng C d an he feeding_ el ectrode 52 upon, el ectraglyti
processi ng %b%i %&%ﬁgréggctsggb:ﬁtoincﬁgr 8£e%s?%% lécégll‘é% BB-eotiar el tritgqe
current23 | owileg tirherebet veen 4 8FL €5 e B2 cahofvn @i @x agpiies gketihag@R dexide

112. The CMP_device 112 conpri ses ol i shi tabl e 122 having a polishing
surface comdsd@¥ofns BPPERFHEICPOERLEROFI SHI nP PG aRE CHig Prodessing

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



25 attached to the upper surface of the polishing table 122, and a top ring
| 24 for holding a substrate Wwith its surface to be polished facing the
pol i shi ng 2. Polishing of the surface of the subst gqcarried
out by rot“;et ?gng t;%he polishing table 122 and the top ring 1%&?&@&% vely,
and 30 supplying an abrasive liquid from¥h abrasive liquid nozzle 126

di sposed above the polishing table 122, while pressing the substrate W
agai nst the polishing cloth 120 of the polishing table 122 at a given
pressure by the t@pothegnbd4,. tAsutthenabrfdsiweed, W—)ﬁlojfoaaﬁiséa:ossible

PCT/ JP02/ 01545 i d fromthe abr.asi v |d noz e 126, a.
suspensi on &P b §|lg’él§t§pgf:|§ h%@éﬁ%%ﬁ%eg Pld&s gf F]i‘?dgee(?lW%n
.al kal'i sol utell@&trmaézaeuu&e@rm@y {thecrorhisnalel 80 ﬂ‘fe ehededaaPokbehbAxk Hy an
al kali and mechani cal polishing by abrasive (9gart| cles, i.e. chem cal

nmechani cal pol i shNe&E .t BabsssteaPEcPEEahnBe EPERRUYEAEOPEOSEBS1RT} rlay
.surface. s Thepol Ll [EQaFE%W%rBEeEQ@nBC"é?ﬁ%é:ﬂagtuéurvjﬂcle A t{i@s@?%béﬁ'

cloth 120 decreases wth a continuousS poli ng operation. In order to
rest or e the redlershingg fpowrG. &dAdresser 10 128 is provided to conduct

dressing of the paql.ishing cloth |20, faor exa h time,of changing
the substrate W %r"i'rrsh %r%%lgfﬂﬁa%?e%‘t e, ﬁ?ﬁ%‘%@%’? 5 CREVar egglg#(ngS
and the pol igSE ngicabhes 132 irespaefhvel ¥, cdmﬁeldrfes_ﬁr s taaaucdpessing

menber) of the dresser I28 is pressed against the 15 polishing cloth 120 of
the pol i shi @FBIE 122 be PRSP S BnovEn§akRE BEr 58PvErRRERPEL aRRPRRi P&

adheringgtodifte pel i %an9c§§§&€€§ ahs Bl gt NRuSAE. {ddT.arld akkeni D apge
dressing the polishing surface, whereby the polishing surface is

r egener at ed 1oAstayati urg ead g SInsith st -at elfroeesspagyappheatubstaare W is

The | oad ngl GATCRI e et b~ g R S arg AL te el T B g P et "

reversi ng mechthat3he &crmrtdsrmgfaoe ReECEs i fuh s e TeeWet el ridn & heudst dwd €o W
sport robot 38 to the pusher 34a_beside

and is thentran orte
the el ectrolf;?‘rlr“b g‘é’éé%’iaﬁ ‘Ees’él%s 5he° Arpditaf&ONs SuFFaner&27ed
fromthes pU%ian%Qi tad r&@e&ubﬁahabarlaehdsy ﬂﬁeoératﬁhqace&@%mky@le%o the

processi ng device 36, Rough cutting (etching) by electrolytic_ processing of
t he surfaceP3fShsfe JUPs? rRt&CqVERE cHHeRiET2EE i i Phetle cREPBEYt B2 processing

device 36. After %@E%ﬁa‘s‘%@a%% W"k?n I PLRGRSS 89, 14 *&%&(}ﬁééaﬂ%ﬁd\% d Ry

returned to the pusher 34a. Thereafter, the substrate e pus
i s transpor tég bwahsrte:athreaﬂr@ridetr “6bof BBet elenbrplyhéc Brhbchesidg cﬁebrei@/P

device 112, d_is,then tra d.t tap_rin 24 of the devi ce
WO 02/ 10377253 aﬁér/tﬁ’rfof/"ﬂ?f% 2t 5o ldﬁrnpgéh g™y %\éypBﬁ‘FsﬁY’hﬁ%gl?h%rm
substrage Wi4s uborad@ebexésrsantgh@o@yeldmvu:@ghi:laborexfat €hecoDpteto@a o&cthen CWP
polishing, the substrate Wis returned to pusher 34b Thereafter t he

transport rdot 38 ék‘?§ttrﬁ‘é'—esﬁﬂ9§f’re§té6\/\?~rsr Bﬁreflhe"]ﬂ%ﬁ@r $4508 anEuahieRy

transporting# heysuhstsateo We o \Fé"@ti@é’ﬁrﬁé@&né@f@h' §& @@ataﬁﬁé’rgulﬂgt{n@te
necessity, to reverse the substrate, returns the substrate Wto the

cassette i nW heldokdli BYe uFHOBEYT aee tsilde3n A6TRERGACER @higetarisddisrelip Fhagh
fﬁtet:alngcf‘; Of%%&@étéﬁt&é s W S« GORNAYES esls B Gh EEL TG YIRS RERSESSLPEaLD
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 also be lowered and hence the power consumption can be reduced.
The “contact” does not imply “press” for giving a physical enexrgy
(stress) to a workpiece as in CMP. Accordingly, the

electrolytic processing device of this embodiment employs the



processi ng device 36 and finishing of the substrate Wis conducted by CWP
polishing in the CVMP device 112 , it is possible to conduct rough cutting
of the su by CMP polishing in the CVP device 112 [ols
finishi ng@bﬁgg%s%bst rate 15 Wby electrolytic processi nga?ﬁ/"rf%ﬂy&

el ectrol ytic processing device 36. A |oaddlipon CVP processing can thus be
reduced. FIG 33 shows a substrate processing apparatus according to yet
anot her enbodi nent of the present invention provided with the electrolytic
processi ng devitdeald6mokenseersiubstttat 66 @ 0Eqyr doeissy gy aipar satlsst =00 i siest@
pair of the | oadi ng/ unl oadi units 30 as a _carry-in and carry-out section
for carryi n(joinrfraé;ﬁdwc‘rﬁﬁ“r OF Mg ot & (?g?s%?‘?‘étﬁfiﬁ?i?@c%l%%b@r 3%481 %ef‘l‘fl-:pt
reversing magRieNgudl a pies Puridiandsdf o tsa8slgremployde SubstmateWc4 he
el ectrol ytic_ processing device 36, and a cleanjng device 130 25 for

cl eani ng’ andP@yPRYSERE Hrobessedesadrinat & NP L AShovamMERGanspbie hokds
-38a is provided if .2 fiRdi hetyeen e | gadiaghdpt oadi ng units 30, the
reversing machine 32 and the pusher 34 as a transport device for
transporting and frahbferréorrdheaudsiing doiat Gl esstieena Thiestobterat e

processi ng 30 ar at i I rovide ! th itor .42 for_ponitogring
a vol tage aBﬁF%%%‘%%@%é&ﬁsﬁ %egg%g?:géggn%u%\#éeg Ot ee%i%éltt ﬁepg%sé%ﬁlﬁﬁ ot

el ectrode 53bepanzel-ect kphytwite peosessithg eletheotledr prytess PrYcRsSsi g
device 36, or_an .electrig currer{i’& WO 021103771 54 PCT/JP02/ 01545 fl ow ng
t her ebet weeRE ABLSr GMRGEGY s LG SLPEE 3hPoleBaY nhapparathed vheh the
substrate WihavieRghReer Cakl hedal Prasdhyessat e ahd-nidergqire el eGEhohytac
processing in the electrolytic processing device 5 36 is reversed,

accordi ng t @neEEasE L §Ssdien takdisor 2 ¢ fifd alis@ ter empy af Peoriess 1nge Tfee e
the substrate |scleaned,apd dried, and the substrate can then be returned,
in adry state, to the cassette in the | oadi ng/unloading unit 30
(dry-in/dry-out). NER®, 34gshemsval tadssticatpppiedeSsomngieppawatrusoaccergid ng

10 t t t h dj t of th 1t | i id ith th
ol ectr ol yt | QRRREEe P HEDPEE Hie RS e he T e OR Bt He AP SR
conpri ses, adddie-se 520 whe laberedessst bete aidngd MBYE aglklovheidl dd€xodd, a

pai r of the | oading/unloading units 30 as a carry-in and carry-out section
15 for carr WATFi AR@ &FPYRREoutPa tRESENR EIRBuAHE BoEabSErat e ap U fe

pushers 34a.,20G% 340, st 16lRe! klbligh RhEC %ﬁ%]gl%hd?%il‘éezz 88 , apdoh Nee LA 1

device 112, and further conprises a couple of first cleaning devices 130a
and a coupl &hsf skeeohdods eanrhgodedibee 1809, uPRerhenr facee MimrEof st rdge

table 132 t 0 funcyj f avers str .S P i de
bet ween the@?' h%%crfeeoa%l ' d%{;/?gegrafgr Oa%n%fgﬁ%péggoha%%ﬁeé% n£g eg}%%s
130b. A0 r sthdoeyisponié pobet wadern saquzole ded, af ramc eldosien feaacel et meda

t he | oadi ng/ unl oadi n nits 30 , the first eani ng vi ces 130a,and the

enporary SCOEIGET i oL EPe PR SHESORE GECTORL of RI5CEY ahbbbtoP iR ERd

transferringdtha: s4battabpubet Retebei MESNEh @b ateS BetMd el ARENSF&cE HHOhg38d

is provided at a certain place between the terrgorary storage table 132, the
3

second cl earinty TR e aboptaedes hel pusherBdanhe subshsaket FansPorrelevi ce
for transpordidg H@;ﬁ&%éé é‘ﬁx%rbef Sd‘htéstc:ro%[d?cWotﬂq%ﬁﬁget(%?perBQ'iIQeG)
ratus 1s e or or

substrate processing app |'so provi w th the non
noni t or2hg adowmbdchgen applel exhibet vaeesn WThe spratissien kel ebydodgenS0icared ¢he

fleedi ng. el eqlrndss: 52 JiBon el eet ol bl €nRr P5eSsl i ded U ©f RRLEQLYEL e
the above electrolytic processing device, a large amount 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 allowing pure water or ultrapure



PCT/ JP02/ 01545 According to this substrate processing apparatus, the
substrate Wwhi ch has undergone rough cutting, for exanple ( by

el ectrol yiwgoRioagRsssing in the electrolytic processing devipgg porniafs arid
finishing by CWP polishing in the CW device 112, as in the above-described
enbodi mrent shown in FIG 31, is transport3é’d to the second cl eani ng device
130b for rough cleaning and is then tenporarily stored on the tenporary
storage table 132 where the substrate is reversed, if necessary.

Ther eaf t er, whlterl@osfibswrat ehiMithe riams pachedgea the &iswsffiodvant rgnalevi ce
130a for finish _cleaning, and drying,, and then can pbe returped,_in a dr;
state. o tRE DACEE PER RE AEEPEABRNGR Uh PAMF o RE B0l S fer 5 ibhe
.Substrate ppeeepSiAGEPRAR US ACENdeREhARgES SBtrRied Res+ eohed) Rtg of

t he present invention provided with the electrolytic processing device 36.
Thi s subst r §8&iPcEESIARFApPEPHPYUs EWEHI%e§Ca paFFedset ide amount of

.1 oadi ng/anl i s W rYs | Ut Lon, .f rrying
| and carryrng et e g A e PR Y and
the el ectrokygag) ghasursss bygtde viegs t3@n Prswsabsthaconductesst him ajsrarnee s

| [ | i iy f ' h d sub ,
The r over i 1d Wheli S0e59agBLGE, TaRY 8L 6hCBM % LNE M HR e TR e ©
t he substrat&eWrlawledniagetdevivherdBpether pebearisnggt ke mldkedys uhkst nsd e,

and 25 an annealin dev'hce IJ_’L4O for annealing the plated substrate, which
are di spose&h ”§§%'es.T & £LeNs Pdr PUESh I tFa Ofs Wl remsforta thevide thus
provi deth Whingl G2 DV rReRalkl eholiookhfatedeyheesalf @EsFaRsPasd i dish Seh «
transferring the substrate Wtherebetween. The substrate processing

appar at us i §ngl ¥8ippsli-deBhe Ronfiney a0 Ypifermibri @ briheyfaovwodf atpter
appl i ed bet t ' t.r -an i Ng. o s 52
Gbon ol ot r STREG br SedsEHAED b LR A s L B I s BhE e e G
36 shows anrexavplleobfthd@rplcasismordévcte witiich TheturMDe@s108 EonHtancy
PCT/ JP02/ 01545 ﬁl ati nﬂ.gevj ce. 136 includes a % o,p-og;ned cylinpdrical plating
tank 232 foPPCORRAFRFAGTY Pt AT PFEET 4"230 ThtmEMRoddBshtat @ N5 8670384
for deteshaklyechol dofgat-ba wubstiid 8 oWkWeibe idgpd FoNls s¥hkagsr dovapaddhd n
such a position that the substrate Wcovers 5 the top opening of the

pl ati ng tanRPP3ZatUs tiife SiAPilGe 18f 2Rhar pRATPRENEIARCIBSS Bl Bm obRN [t atlee 236
inaflat p , [ eqter I ed. |

the bl ati ng Traird D30 w15 T he Suber A e et gt o6, e 1ol gecild
hori zont al | gonTladneent er portion of the bottomof the plating tank 232 10
conmuni cates with plating_li,quid ejecti pi 238 for. form an

ej ecting flow of {’Dﬁg f)“PQtlitgﬁ fllaqrﬂfjallﬁ%/ﬁrgﬁ?.v@ﬁ??ﬂ%r?p%lb? {g‘?r}%“’??r&]ﬁ}be
recei vez0 24pricxepisdvigled carwaid < 5@ wpgertheuteedpryi hecyrofies hes phatdny
tank 232. In_operagtion, the substrate Wheld with its front surface 15
downwar d by StHFE TEss GHFEE Mo Fder 1894 the rFBstiEsRe O aBBYRCENEND| 2T P Ihk

232 and a giemMQlhage ?%oéEBEEﬁ ) et peerl g anederph 8t Eo o { £0A8 2 @nd
the substrate W (cathode) while the plating liquid 230 is e]ected upwardly

fromthe pl &0 n§lecguicd vdjisct Phgcpispéng3gaso ehactrhe efuerémy flamplofed he
plating |iqui 2 ;LS agail - . e t ed)
of the substwfgtté% \%ﬁ?rltee% g@ :éghlh%eghgﬁrﬁ@r&égg%?%égg%gg?ell%r\?\? eﬁ%eéel’n
t he anctfe pleats R36hante tdrnesubitrgee (M eahdia qlatestt)f.i | Moirsekdmsléprared

on the Iovv_er surf_ace th 42§ubsl;t1rate W .FIGS., 37 and 8.shpw aq_é)exa | e of
the anneal i g d&ide 1402 THEPGRNBRI PAGCEETFc SUEA6 Eorksr MO8 S0 & r

1002 havi ng ea e@air® 1120Q pebceakhiyigngrs itheaBdreaceydna SubsthersubsbraiecV a
hot plate 1004 di sposed In the chanber 1002 for heating the substrate Wto

e.g. 400C, &ndidmcedl mprgréaioBrrd shdsidd wdndatrrind Rorrpl aringoadiint he

"chamber 1002fiqr aling the.s td I € f i

cool i ng water 4 n(sjlggert'he %otsp#lgtée %%%EP%\%%ﬁr{l;tgllisnéng\%?gg Jﬁ%\ilg(?s%%as

a pl urail t y pafooesstingniolfy mateabid 2| ebatiiy qiiarge0@®opender abifiy thetkool

plate 1006 %@%é@géyHa'g% %Béa&gfﬁggeQQWﬁa éfﬁéfﬁi?fER%E%%%e, as shown in
FIG. 14B, though a constant voltage is applied between the

processing electrodes 50 and the feeding electrodes 52 during



WO 02/103771 57 PCT/JP02/ 01545 pl acing and hol ding the substrate Won the
upper ends thereof . The annealing device 140 further includes a gas

i ntroduct \w@oRiop11010 for introducing an antioxi dant gas perMpeniksxe
substrate Wand the hot plate 1004 duringg@nnealing, and a gas 5 discharge

pi pe 1012 for discharging the gas that h been introduced fromthe gas

i ntroduction pipe 2010 and fl owed between the substrate Wand the hot plate
1004. The pipes 1010 and 1012 are di sposed on the opposite sides across the
hot pl ate 18084 pThecgadnonef geRicet bl gi pEhROY0licggeonpetied ¢harges xarPyas

10 introductiaon_|Li ' in. i j onn o] ' 02 ere
a Nz gas in%b%dﬁ%%g%tﬁ?gﬁgﬁqgg{éégéﬁ&§2%%35%%??%%%?gﬁg T%Egkéggt%ingﬁgpa
filter 1014a4nahililastiZagas,ibyrveducEdekhmplgh a ddbgds whticbdamtdlertsime

1018 containing a filter 1014b,_are.m xed to form a _m xed .gas ich flows
Lhr ough t he CHETER kS TAFIh FRGALT 6 FERGESBmBE hes A 290 R otRA T hn
-pi pe 1019. BncepprakidoRo thecsubsitatepWocebBsthghas heearcalra ptand tie.

chanber 1002 through the gate 1000, is held on the Lifting pins 1008 and

the Iiftingl@BndlIOCEIRET A sedFBpiRoWhiFBstRPoRPRL 1R o HTeiRe eaTRes
b o 0ra 0 o
etween t ehﬁ.gjl.?%g gﬁ_égé?&m%%%@gﬂﬁbéééggnév oP! B8 4998 1ard écﬁ%aﬂcgdgp&dzgg

1004 becones strate Is then heated to a .
C t hrough t lkeécadtroilydtiec p@OLemsdnoabfthateahal tA neAst Helanbe domeatigesdi s

i ntroduced from the s_Lntroductiqgn_pipe, 10 and _t.he gas_ i | lowed toO
ow bot voert <ol tB8, 263 ubC b SaREbLAT RURS) 2D Ih SBDR IR 3% kE BubBued, 48
di scharped feiemdtie gasrénicharige voilpagk0tan $idnesepiarmeathegehiepoint.

substrate Wwhile preventing its oxidation. The, anneal i treat nent pay be
conpl eted in aboulReBsEr 4hiteREPGALEERIALOS BBCoEEaRdLTIeTTHhaBRT P

tenperature40f HBeisuhstrahe WaRyagebi bpplibd bEctRbegt ethd N fhe-d a006y of
100- 600C. 30 After conpletion of the annealing, the lifting pins 1008 are

Ihongred d(ﬁvmﬁ?lleftafqﬁﬁﬁ t3lormrg e cﬂﬁadﬁélqji%lt%m'e@qﬁﬁ ween ehethatectel gv
if1i hns. 100 6 .. 0-0
mm By nt r ST« EABR A AR 06 S8R B ShRERE TS T P oPBials w5

the coolspl atrecE3¥G ng hetsisbsl satpe sWiiksl ecooladd dwythdemonddlorpd 2tte dbtdo a
tenperature of 100C or lower in e.g., 10-60 seconds, The cool ed, substrate W
o Bent to EhERABRE Ot dRC THOUGH AP EDEhEOGr ™ HAOA S5 LT SR G
with 5 - sewgrakp¥cehriiaygasti enuspding ¢éhe s iaty i oXind@Al sgasse, \ghgas
may be used singly. According to the substrate processing apparatus of this
embodi nent , e it WIS SRmpiieravih @ PR dhyEr- P (DRI FAt he

surface (segfddasB83Y ahduhtkedat®A8ndl fot hNByedOr V4 G 1 HANS ROS L+ £ ODOL

38a out of a cassette set in the |oading/unloading section 30 and, after
reversi g tHe Qdhgmaneswdy athe revidrisialy ekt ran Fnewtbr e mee sponding

1ESES Y, S 0BG IE M R e B AL o BORE e
copper 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, 1t becomes possible to conduct a multi-step
electrolytic processing. This holds K 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




15 film6 (see FIG 85B) as a conductor film (portion to be processed) on
the surface of the substrate W The substrate Wafter the plating treatnent
(the substiy@bsi3ami ng a conductor filmsuch as the copper bichifbod/disas
transported to the cleaning device 130e for cleaning and drying, and is
then transported 20 to the annealing devit® 140 , where the substrate Wis
anneal ed by heat treatnent, and the anneal ed substrate is transported to
the electrolytic processing device 36. Electrolytic processing of the
surface (pl a edightf acBheoff itlive thilbdineatse shnsorcohduahedchaasuldee the film

el ectrol yti r qcessi ng device 36 to .renove 25 necessary copper filme6
formed i n t AETAUPTSRS 0812 BRE bt FACRS FERGESRY oPRIRG RARfRTSed in it
(i nt er connectsa fRes @l eoliceeppet Ehhiyé (SethdliGrIRQty Brethubstr aberdd
after the electrolytic processing is reversed by the reversing machi ne 32,

. y
according t d¥fBtlessitty, SRAPI Pt C4nBPBFEERL TS F3Te PEl dakPRgeAdLATR 230880
for cl eagi ng-ant «f YN Gknd Nei GhOANESHOSLHGL SuMbhenf eversed by the
reversing machine 32 , according to necessity, and returned to the cassette
i n the | oadi ng/ uni’Adaditngomni-et30on df the 34d estiowd vid isupsocaseipg pddsspoger
apparatus acgc i.n A ] 0 1 59 PCI/JP02/ 01545 to yet. anot.he
enbodi nent o%oq'{’%%ee g‘?oeslev%qté%%é%}}]%%%%eg‘r o%r%e%h%\,i ‘{%%?E%O%I %ﬁt{ﬂ[‘ﬁ y?lil%s{rate
processi ng delideer 86.ankCebridiengl &ottbils secaithadi rentstheba@en Thhe- &l mat ng
devi ce 130e and the annealing@device 140, both used also in the
above- descr ¥ SEESEEHEN PO 96T AbWE 54558 389 18 GriiARedoathe pusher
bevel - ef ghi ng g?vu@@ shfihd0514 @FRVL DG ApTREBM1% sl the T RGGS S phiohgRd
in or adhering to a peripheral portion (bevel portion and edge, por}tjl on) of
t he substrat¥®. TR&ectheRrSRORStHARAL 3R takahhsabsisra te therenitdd presber
shown in FT 10-ET 40 a e h evel -et ching
devi ce 144. %Iangﬁgévgf-neet C “T'Sr% é\%q'ggljsf}}q%gogg’ﬁ %Zlg?ggasg%séor §P§ hot ger 182
whi ch att r astesctainee B do 1t hevsadssitroatiee , Wanidt hiehs rétarhssthkasebepward wmnd
rotates by the actuation of a notor_ 150, a,feeding electrode 156 which is
connect ed totoanta}%o‘baes%?tﬁe poer14 5123 ?%‘é/‘i%i?aﬂg’agc‘dﬂf‘ﬁcgg'a conduct or

film (postion to heef eaessed)] U pasckBeiaePPLa fdiih dr ABdcbRatiBeed
surface of the substrate Wto pass electricity thereto, and a col um-shaped
processi ng &t belRBOFRRF AT 3RcdRRe CEERTTeFr RRAMRRN oth¢ Herpeaesing

source 154, and.roi@t esRy the aﬁ&k‘ﬁ'ﬁi@ggﬁ hd0IA 8. 20, Ihe pracessing

el ectrode 1) is disposed beside the substrate Wheld by the substrate

hol der 152 prambr@irmoht et “dhd désdehcehdetutestr dthe Workpidderand gheove
160a generally in the sh f hal f .circle in craoss section,, conforpnj,ng
to the peri pheral com i g%rggf ?gﬁggf t(ﬁéles?d:ﬁs?tdrea?té’ \R?Lﬁcstl?ooi%adjrﬂt?%‘éem :
processkng 2Hhied éstbaceudéas e ddn tatreeXt Hangel g 1621 onbtewels Hrdl absye,

i s nmount ed %g_letc e surface of the groove 16Qa so that the surface of the ion

exchanger 2cFBeEPY g £ T ¢ §oF peRipHEFAFLRr t idhthE PResence

substrate Wofyl £RapiREaate PUES rVBtRip NOZEhE k1,5 dieposednheals t heos
processing el ectrode 160 as a pure water 30 supgly section for supplying
Si@

pure wat er MQU!(pr-éﬁuhi% afaeyobbegrarf ReVhrage s feeteedeotie-¢bechnddehe
peri pheral L Q0704 e Shbsifate s Thg remvah By gl 664 EoL¥tLe 10 vy

processing of a nmaterial to
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 is brought close to the workpilece, but not into
contract with it, the electric resistance is basically

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

electric resistance decreases to a further degree. This is



WO 02/103771 60 PCT/JP02/ 01545 be processed, such as copper, fornmed in or
adhering to the peripheral portion (bevel portion and edge portion) of the
substr at ey d2p108f7h ect ed by bringing the ion exchanger 162 pppppR@i9R the
processing el ectrode 160 into contact with or close to ' 5 the peripheral
portion of the substrate Wheld by the substrate hol der 152, and rotating
the substrate holder 152 to thereby rotate the substrate Wand at the sane
time, rotating the processing electrode 160, while supplying pure water or
ul trapure waseiribebhet e puiaraet @iffierenee 164 ben wwemrcaerier 410l qr doeseiay

el ectrode 1 a r o of the substrate W and applying a
gi ven vol taggebg \ﬁ/té@% t‘?léi %:hgéesgis%eiongé e%e%ct roorﬁee}icét? aétdrthe f eedi ng

.el ectrode 156. AcHordi regsptecmtatﬂtlsy,subﬁtltBEae iprders st Hgtappabat Wkchanger,

i medi ately fter EL(Y%& tin treatrrenf:tL i.s conducted onto the 15 surface of
t he substra aFF 18V PBCH 38 Ly s bRF a} 8 PregotehPydessed,

.such as 530plé§"caf19'rtfi%dab@1@h aﬂegébggut@ da}ec&%faotw@ofp%h'sonﬂ la%\aeb
portion and edge portion) of the substrate W in which a con uctor Fm

(portion tolbergesesssednusuchhasinpedeoppethei iom excange G @m)tma@éaeen
fornmed, can ey t s ng

bevel - et cheg%gu%gltcr ate agc?i%nt Egﬁﬂg}aﬁt rgkgﬂgt’tgggiﬁlg?h gﬁ) Jt?ld in
processi ng #édicheal3Bigkl @ﬁlceﬂﬁra‘ndoﬁ:aoﬁhmmtari@t het eaar’mé)e ao:fcdrditaated
bevel - et chi vice, Z4 h can re e b el ec ¢ Proce ssin a 25
mat eri al , g%bgg r%’égg%éﬁ Wgu e 2651 535 ’?ﬂed’rt &r% g&hﬁér?"ﬁﬁ t

peri pher@l paet 'abl@ebb@valf par tbﬁneaaﬂaﬁggegaeﬁbl othe Of ohber Shdpstd ate- Wand,
at the same tine, can rinse (clean he front and back surfaces of the

substrate Wi thep@reIidiadr St bl - whiewehy dod dery apresnfitiasdsmn is
bot t oned, C){-IQ}QQQ-IkIa B_LQW@@ erproof cover 170 having a drain 170a and,
provided in its insi a substrate hol der 174 for hol ding the substrate W
by spin chucks 17acwhlr@1hne!rlg’agbw heisghbsyur 8he vatexerdmjer poitd scdmrcddie

i pher al t bst rate tat WO 02/.103771 6
el D021 01498 S ahe: PREERIAATT S0k A 16 it T T RIS St dtt ARkard %

front slffacernazzl etoWGlmheﬂ:hm:smpe@ﬁt@té tcm/vaittde ak peshcth®ctericer thé)f
the front surf ace of th%%ﬁﬁstrate W hel d gXtt he substrate hol der 174, and

a back surffﬁge orodu-ta PROFESSLPENELACLY8ARRPASTRE Rt St andRier

of the backigurhaeen®fadhe isubpstHatg MpRecording to this enbodi nent, the
substrate holder Z74 is connected di rectly to the notor 150 , and the

processi ng el ect r 88é&s1680bpdimghiteshersdthecesyet of t$uprmby bhg B8 e Matder

the substrape s phoadad and nl,oaded e, SSLIALe Jransport_arm 10, 480

The ot her constructi sanme as in ovedescrl ment
shown 40 Fl 68d #4BeandbdtrafecEr di Tige tusd Mfspenrhodanentortthbtfmm@dvabtyer
eIectrontlc r.ocessin roces suc coppe

f i al, be
farmed in of CR4REFTRG ?rbé) egs&%ﬁ@&iﬁ r}%(r)cﬂ o?‘l E@%fyﬁb?tp5ﬁ°§ﬁ&l€@gecaf5

portion) of preeentbsinpaté ti\bisssathess eth lémercthaﬂlm themsHBEErahg DOl Ly
174 to thereby rotate the substrate Wand, at the sane, rotating the

processi ng EFBEERIAS P8O EPENPPETEGHOPYI hESpaRRShERER Br TUFEIRN ¢ GRRRAT
fromthe purtenwabertﬂezztﬁeléfsQeweandtben@r@f@ééwgy@t@%f&é*eeséﬁ{)g angd the
peripheral portion of
25 :meed:l.ately 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



20 substrate W and applying a given voltage between the processing

el ectrode 160 and the feeding el ectrode 156; and sinultaneously therewth,
rinsing (§@¢apiodgh of the front and back surfaces of the sypgipat@siy can be
conducted by supplying pure water fromthe front surface nozzle 176 to the
front surface of the substrate, 25 and fri¥finthe back surface nozzle 178 to
the back surface. FIG 44 shows a substrate processing apparatus accordi ng
to yet anot her enbodi nent of the present invention provided with the

el ectrol yti dpeapessiing thei deon3textmnrdes bebweeat echw oeéestngdepp@ﬁatws,
a first filmthi ckness- ing sect for neasuri the |

t hi ckness of"°4 “Eordirct or qﬁﬁhﬁfpo??lsk Brﬁeyg%8c8§%83f°5ft % e's¢ 1
.processi ng iconyigdtdech hetwaen: fdeurevaretnrameirrie32 ewnsk the @ieacttz_ngc
devi ce 136, both used also in the_enbodi nrent shown in FIG 39, and a second

VO 02/ 10377 F %62 SBERSAPERA0ESASCF ithd PAYEK FeSS RIS - ‘ng Waea ¢ 1R ieBhy o
-measuri ng t e Jddduitdy QlénééﬁdQEtTe@lebﬁ}QE‘éji&j @ Eub@t(rquﬁelenswuegon the
processed) such . as copper film6 (see FIG 85B) after the plating is .
provi ded betRgedriathe | af TP IRGS ceraBomdgdese Wsexwuwmweer 5
144. The ot he t h

this subst rgﬂtélgggggégg‘lg%%ggép%raagﬁgﬁaﬁﬁ %?Ie% 81\’:&& ggagngﬁng d%éc?% | I m
such as the Inommher chiskeno6 theecdhiGin88B)se Wi cuIltIxaspdx@ewadtemoande’dhemeﬂne
surface of the substrate by pl ating treatment in th ating device
136, 110 s (O T O T8 SEESRAMTIE i IR A0 S BOuP LREE EbE L T B8,
and theifi | mitdicknesugdf ulheapordusierfidinaaiinl prdectlsasly okydffected
processing in the electrolytic processi ng@dew ce 36 is nmeasured with the
first film Hokresdiifedd\f idfpas &t Poorépaccey thaddiAgesaek taethesares of
measur enent , 4 t S S h I and the
processing tqfnetl@& conﬁtrp%né%%%ﬁ%%%:%&lm%}tl% ngogré% lg%tl ¢ ol ytic

processi ng, wherelfyt tiserbbabihitkness, ethChedc@fld:umte)Maftielrrmsu@,htafsplcx)@per
film®6 can be rrade re Fl t 47 ow an el ectrol tlc
processing dqew ce Zé%accéojir]dé tJyée? %%o‘?%e& tllrrreé?\ \cl)Yf thecl{(gr ent”

i nvent i Dg. Iﬂédﬂmj@mtﬂmlgdnecwam@esm ot deyiee, water) edtieodeesect $19sh 302
is rotatably held to the end of _.a sw ngable arm 300 which is_sw nﬂ%ble and

vertically 7Y alf& C tEcd A S ytsio&uﬁrlé’@esg?’ﬂg IHTHHF sdrsde Ghea el@ctrite
W whi ch is heldohddenPpesask face & RradhiivRie hal deiu898n b?i a
effected by a processing el ectrode 304 and a feeding el ectrode 306, both

di sposed i ngieletnale s leetausde asedeCédno8092,5A s A igp X iprefodpnentd such
wor kpi ece t rgce i §,.0 I, m S IS
el ectrol yti e.a%(rﬁggesgl %%ﬁg“év?geé sgé)ﬂg?lforg S%hg%ie]g?%%gse Yg%% td{gl%ﬁl hnT%g
shape of0a rlex tureyllear tfﬂeatelrelmr@ly’tsd iseedtilont,hend| Ebesedeoswettona B82 so
that the el ectrodes, 310.face ardal I eId %}he soubstrate %\/hel d the
substrate hlSigr 5051 Gt redpfsas PERLE 516 RIS SE © ¥Rigee

02/ 1(1 3771 Gh&ACTLHE020@E34D 19ft iz poyvBItISHIr L€ B&édbemms tmmm@ﬁswg
el ectrode 304, and the _other electrode plate 310 connected to the anode of
t he power sd%ﬁ%‘él%@oﬁéégpﬁelﬁégaﬁﬁacél%J%W%e té%su*Pﬁ%a&EpW@ébd the ion

processing Cé a%%%p@@rso beLAUSE &) GGld AoH 16 BBQ‘E@%%' P98l e 2cHOPLRE Y

proceeds on t e cC de side. As described above, depending upon a nateri al
t o be pEbceskedvaikk coattradamagiigm odnthe ‘aafeemnrga@ecew edechadtrbéyhnode

side can be a processi n %eﬁ%{:eg Jhe surfac tgfeiggtgggggfgl B9y ution

el ectrode (cacf o%llecjnfs & ng- el ec € (ano
respectivel ywH:Dclcoeereed:md hcandu@mlemtlyanger rﬁ>1t4amosé4btrtmt hsa® desg¢embed

ect i on or SURIIRG pHhE GhPBRLoRoBRt PAPLPE BEPERSBeTvBRRKPRECEuBShr ife W
“hel d by the spybsisad@. hol der 308 and the processing and feedi ng el ectrodes

304, 30§b Further, it is also possible to use, instead of pure water
or ultrapure water, a liquid obtained by adding a surfactant
to pure water or ultrapure water, and having an electric

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



15 According to this enbodi nent, the ion exchanger 314a on the processing
el ectrode side and the ion exchanger 314b on the feeding el ectrode side are
spaced, aigh eosaGt the substrate Wrespectively. By thus @c§apsidigst he ion
exchangers 31.4a, 314b separately in the %Pace bet ween the processing

el ectrode 304 20 and the substrate (workpi%ece) Wand between the feeding

el ectrode 306 and the substrate (workpiece) W and using ultrapure water as
a processing liquid, the processing efficiency can be best enhanced. In

t hi s connectthem, &hemcmon mexshapgefeotbdy imeegmadre25thepe, 0ilenWcm

processi ng el ect.rode .304 d eedi el de_306 are unted to qne ion
exchanger, §§e&§-§’ ]1Vr‘1r3cé’l gg]PSI%yﬁ‘FéspE}g%%s@?%jﬁ tcﬁlz ‘so- ¢4l Fé)dﬂ'é%@r]iesence
(virtual ly aff howueFaiceaa) beheegnqgaiprearssbng £ eefsndandl<h anth@ f®edi ng
el ectrode 306 will occur, resulting in a_decrease in the anount of ions
that 30 act tOniPRéPd{ir £92eMIET2L1Q0r REFPREY, BheteByl bRl FY R4 RCERI ng

-efficiengy. SlBsyslan@ s|chrRD thkegrdl E¥BRaRbelO@EXChaRgRby MiRieSOIdg
may be reduced by maki ng the di stance between the processing el ectrode and

the feedi ngcengentagd ionng 0 2/or0 3xrhaw PANIR0R/DusHsL Hiakqrer . tHRmvarce t he
portion of tt%% 'g’ﬂa%f%%”%% ”%ep%fér%%é’%d ”%\{#a‘}!eo.ces%ﬂg DECOMES ant

| ar ger, whereby uni form processi e over € entire processing
surface ar eaonsemitraitnech Wb tde sdidfalldlguhdy mdreThbahddd ppher iermnthehen iwn

exchangers 314a, 314b may be nonwoven, fabric, a woven fabric, sheet or
= borous. maPe PP S UAE CHRASPRUBRGVL 15LS TP Loh GREREERTS B T THeY | on
exchanges 314b18R¥rbe sRarreRdpeBckheihgCtandulsaliePFEEE8E] NOTES G gder 304
or feeding el ectrode 306 by wappi ng the i on exchanger around 10 the | ower

portion of tH&ddeleaybag ansgbecthiq coasaakiaridn nenptdeess thgnd Mrugogw, 304
and feeding i Im h i,n _El e
i on exchang ?g%%%f%q®3§§g%vﬁ? é:ﬁla%r g@ orrpérZ’eglgglsa %ﬁ%té&ggyn% \%&?\Feﬁofég%%# a
woven fabri @,. lapshest, arara gioradius aratesicdd pmeycdssaaghraoeint ed on the 15
respective el ectrqdes by vvr%{opi % t he io;rg exchagﬁer around t he el ectrode. .
It is preferred t cfﬁﬁa%@%l Cr &ﬁ rBTRECRF PBRPEART puFRS AT RS HBLY &F 313
rather than puw eeWwabealsideHabler en@an@@abebeﬂtabFMgingsehaayo@eem@ér an
el ectrolytic solution obtained by 20 add:ag%{an electrolyte to pure water or

ul trapure watterPebyean| ithgi FUHRAGTRERNT e rie cBRAGREFUNOY 284 ntredbhe

than 500 uS/GRQUR bycaddi b LMe . pur e
wat er or ul te(ria@pure V\e/(ahfgro.' ,%\%éorf(}?r%qtsgggg%g&éﬁgggiﬁgﬁgﬁegyéégg%%%rpg. g.

a 25 substr atsengawilngrapure swatef ate effentiedt by fa lahgqnporali omterdetion

processed) sugh he, copper .film6 shown in Fl 85B, . is_held.with its

front surfac%eegct‘jqp?\%% ylﬁjyrotxﬁéﬁesﬁﬁgtsr é?eugg %I%Lrlrﬁd'@ ea]ﬁcflr{%@ for=éxe aﬁaehr’%

31l4a, 33db, prespeciddel Hosewer nghéeemeunt afethé Hihdrqu odesisinigaekeatrase
304 and the surface of tfe 30 feeding gl ectrodﬁlrSOG f, the, el ectrode

section 302 F¥SFEBrodgitl FrARPTONBEEE ¥F AF TPl 6Selt o BHY LUPHRESN VM he
substrate WeMidtipiat bRa thes sabsd r alodddvich s, hesgubgid@t @nRol fgfo 398

and, at the sane tine, rotating the el ectrode section 302, pure water VO
02/ 103771 6PYRCHSFROW AFIERNGY t¢aih HCIRAT? d1e sippreadt batsebugheas

substrate Wand,tf pf?frﬁ§fé>ﬁrgi drESEQEBH)eb%ﬁ%ﬁ:"%%%g“&e @%c?l% acgiven
voltage is applie etween the processing el ectrode 4 and the feeding
el ectrode 30Gmcver ebyoceadinyi ng I¢l et rohgrefope ovessisngryf 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 ilon 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 water molecules, whereby the dissociation



5 the conductor filmsuch as copper film®6 just under the processing
el ectrode (cathode) 304. Tn the electrolytic processing device of this
enbodi mentyo @g1d3fyit he above-descri bed enbodi ment shown in Brggpedfisand 29,
a regeneration section 320 is provided beside the substrate 10 hol der 30,
whi ch includes a regeneration tank 318 fi49ed with e.g. a dilute acid
sol ution, and regenerates the ion exchangers 314a, 314b nounted on the
| ower surface of the el ectrode section 302 such that they respectively
cover the s@ff avedad ihempruresdity BhiectbypdeniZdcanthe hersoed acegofatée

feeding el ectrode_15 306. As_sh in Fl. 0,, 1t is, possible to adhere or
| ani nate porous bggﬁ ’é‘%yg)fzg?sﬁ%g %I\%iOEH'%aFgeiJT?nt ﬁéchPﬁFng’é’. GRS ¥PPHY and
.excel l ent i pudeatasss; o0 Wl apeepeetites Serhaees theowapssubtacrsinaf thbe

i on exchangers 314a, 314bh._A woven_fabric may 20 be used instead of the

porous bodi &FOSEES I 3Rd FRRAINGPASCTESRIEE Wich2a mBRRrYRAthear Peps RERT

-enhance § he Jfdwal ness Qe tde 1B 00Rs St 44 52C8F Ofnd o s UDSLR A G W sdherpe
porous bodi es 322a, 322b and the woven fabric may be ion exchangers. As

shown in Fl @leFErqlyiic poseedising ivmeiitectl eetespgecizl B processdngndy
bringing the.p L . ode 4 he,f.eed] ectrode 306 i ch
are ot “coveraa Tt e A e e b R O L R RS
W and supplthatgepire waperitiesl suchpur= anatbectoolatbkivild demenigtanand

el ectric conduct,ivit ql\;%not re %Paﬁ%SOO uS/ cm bet ween the processing 30
and f eedi ng TEIECET Skt fu’é%ceom t He® sTPREFEREC W Further, as shown in
FIG 5210it is pogsidHifert0aeee ralnfCtooNe] s SMBSBmddd st hah dhenpabs - of
the el ectrode plates 310 can alternate between the processing el ectrode 304

and the  WO®02FIRBYIINBE HCT LOPGRH1 BALNT @ RLRF e lectho dalaUsa b Heaner,
as shown indle@e Ryt fc | HRAMHEDIG L0 WPtth}?é €G0! gwfgagl&ig%esélsngié’f a

conductor filmby fi'lling a water tank 1 a liqui as pure
wat er or ul PosEdriened exlosener sty subsibsitat®, Wheugh depemdimatenSthe

having in i rfac tor film.such as the copper,film6 shown in
FIG 85B, wth Hns&f ?8%5%%%&#'%@%'u;{)i\lﬁreal,ecf%mt%gelsil& 'ag‘cf8fsaﬁﬂfqﬁ ?‘f?g??fﬁethe
processlig elegttaedmdB04 etk fdite f eedargeh L€t 1 DEfe 306l €d@seid nébEssary
substrate W_ As dezgri bed ahove, in the electrolytic processing of 10

copper, for ExBRPVadeihEHMISELS e phote &I omt ARNSLEY ac HqUVRY csuEhace)
of the processididnahect bedeud@4oastRe CASA0MS + HCC AU NGl o, When gt §§y36%

processi ng el ectrode (cathode) 304 and the feeding el ectrode (anode
are di sposed o tHow fof PWie etatieomn of wherapiss reaeeVakbenghown $nrfaG

54A, and thegl i$ r i e | ac th

feedi ng el e%tfr %é%u%;}n}%%el‘)%%%ﬁ’onﬁ%%s%é%a%%?ge&?35%( ée&cr%t%ﬁ%ﬂfeg-on
directidh oftheheuvbsiisertat enrthice canbeeafsE ¢fentiey pmndverd of Thhehsubsss at e
surface faci alo} th rocessi ng el ect rgﬁ}e %c%t hode). ﬁg& is elect rolilti cally
processed t 8 & fovd’s PR oRHTREBFCFi Phy 150 PrPUFitotdsq MBEa%h &1 stpdl y
el ectricity shiryadies fieeding eleetrode rd@fsthhcd Iedmeindanst agshiNatng
there is no such restriction in the case of disposing the processing

el ectrode (CRHEFOrBORLYNE TRl sditigeneetsote Farepd)igoGharehy thei al
direction of,dae LMIEALELAS SHPWe | Refil&Eq>4B, and in the case 25 of

using an AC power source as shown in FIG 52. As shown in FIG 55, it is
possi bl&5t o i nt egidl pyvebbegetir radsfest §ooineheape odes siung ealtedenedey304

and the surf t i l.ectr i th ane i.on _exchanger 314c.
This can fa(??"%f\etrg{tg 1Lelgg(rggduc i (J):%%gfs %lg%éqs %rggénés% negrleeclter&tcr é&iscggﬁggnﬁa%o
t he feedi ngoslcant miden 3y alsttoaic fred hetahondsetiieere! €cd ré e €60 && oMeE .

Fon' exchangdriesEe4EaTE bvabbaTrart W SaEHs hafhe cccurtente of L E"
' 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.



WO 02/ 103771 67 PCT/JP02/01545 it covers the entire surface of the
substrate W as shown in FIG 56, and either supplying pure water or

ul trapur ey Hle3f40m the pure water nozzlie 316 to the ion gé?ﬂﬁ&ﬁﬁg¥§14d SO
as to inpregnate the ion exchanger 314d with pure water or ultrapure 5

wat er, or continuously inmrerse the ion exdhanger 314d in pure water or

ul trapure water, and placing the processing el ectrode 304 and the feeding
el ectrode 306 on the upper surface of the ion exchanger 314d. This nakes it
possi bl e t 0 chang@heint lelease dllye iicopmexadaniger fl4cbpden id ¢condiateddoy
after the electrolytic %O processiqg. Thoggh not figured, it is. also

possi bl e t o "FiS5ose®inthEn R HEFGRIRIET haP /i BTk V¥ sSPSPERERTt AR VSN aRe

of the subsigpatien-anitmfe theuprocessi Noreles@nedR 3§4oapd dhetheedi hg
el ectrode 306 on the upper surface of the ion exchanger. In this case, as
shown in Fl €3ChERda (58,tion PEChaRIRE) €595 % Sadtaite yiftdngorREt2 FRH of

.an ion ch e : ewi.nd
Dot h_di Sp05 et o T e ey, (s e Be e e e S dnst £ Ao hordSr 308 "Thad
rewi nd the powaashangers 3dédersdqueménld yediyralottbtd pgocks siew of eheber 326
t hrough a rew nd gptgrdaég . .This_ma eg.iglgo%éible to.change_20 t.he ion
exchanger i 2 8UCEESS! neEnnet’. 2Th odi TBRT9Shond’ 7388 ?*F%@ﬁ%%ran
el ectrol yti Gapriegeafiaigi sievécehdayd @ oapsSi FihapLalisdTdCbifan chpphad x Dde
FIG 5, but the_substrate hol der 46 and the el ectrode section 48 having

subst ant i al 6P R BaREVGEEneRer 2AReTEsky HHY SHEHFSe Rét EPend2n | exchnger

extending 1 i@ r?Se¥bAbAgEY €Hd 0MwRl chhalral 6EaRgeT 3t4amidkee (18
entire length thereof, is disposed upstreamof the electrode section 48 in
the flow di mectiiage off thanexh sdeditrrjee Bladee proedsse@nbodi ment shown in

FIGS 57 and 58, t i a 4 y. up, interm.tt ly, at a
| ow speed. Alterngﬁﬁegﬁvﬁx%? ?gs%%géi%?gﬁéagﬁg&ﬁﬁégtﬁ%gF@ﬁ ggéhaﬁgéf %@ﬂe
to the el ectar adeyesentd oo Ssatuiticrg §4 ofes Stagen @t e tide t hen | @pclexedanger
by a given | ength when jt_ is rn or when inpurities accumulate on it,
Chereby  pr owitd iy BFGT HiFf! prifids i hor SR SEaL 10 \if (314 059 1S ghange s’ 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 given 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 according 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



PCT/ JP02/ 01545 Further, as shown in FIGS. 59 and 60, it is possible to
nount rectangular el ectrode portions 328 on the ion exchanger 31l4e of a

| ong sheeiy ﬁk Py printing or lamnation at a given pitchpj &%)igpg
direction of the ion exchanger so that when 5 the ion exchanger 138 i's
taken up by one-tinme use length, one of t4# adjacent el ectrode portions 328
may be connected to the cathode of the power source 312 (see FIG 55) to
becone t he processing el ectrode 304, and the other one may be connected to
the anode t dekesamprildie §oesh ngetbrct thde 30k nldiisedd gki mhnatrs dhe,seed
to provide electrode sectigns separately, and thus can sinplify the device.
Further, as98SGkAST EPMBOAGPENt RS/ HIEESFRE AR LE3EE 304 RUYehelrn ang

shape of a &0leUiBs caRPLTRY) BReSUbEOURASL-bYy okl s shaned of aedlggssLegt ode
306. In the case of copper, for 15 exanple,” the electrolytic processing

t her eof pro@éé@@ﬁr?ﬁlQHﬂﬁﬁSQka%%I lmﬁﬁ%ﬁdrngly, it is preferred to

.di spose & he processi ect.r 3 06.so0, that

t he el ec%rl c curr%‘%t gga)ﬁhf ?’B gggt vvgénaﬁﬁe %an f@%@%g%ﬁ&é%brggt %%%t‘f%e

shortest roubeprBsedi apusingft hbe dl cadimaglm i RPubiat 30ed gashngy~in

el ectrode 306 surrounds %he rqcessrng el ectrode 304, all the electric
%ééﬁﬁ c

currents caff™f1 oW fFHnPt Gy PRIy 366 1B eRd rateskrfgout a

el ectrode 3@4dsreuahyt h_elesberéeﬁn@Q@mnew@@&etiyrér@wmc]@%ﬁte ﬁiﬁé@fae@&y
can be enhanced and the power consunption can be reduced urt her,

t hough not fi-gBREA" Ptlep§raﬁyélﬁoe§%%smgmma6a c«mmﬁqagna@e@pcﬁmr ng
el ectrofe Wihh gdidW- Shapedafcpeeesiag ot otd ofe- o Thi-anlplods A dorsdhe

bel ow descri bed enbodi nents. I's al so possi a prismatic
processi ng @GQMuﬁﬁiod@usﬂﬂ wpmh movect pagalldelf r hoe- shapedf@ediogs for
el ectrode SQ@a% 62, -Further,. as s

prismatic pr 06ess) er}rgec?il rod r%%ifﬁﬁﬁllﬁ% EH‘Fr 83]‘%&\3%&5&% E‘J a%rbﬁfsl?ﬁ}?i%{]‘%ﬁ%f

prismatic faedi m@b@ltﬁﬁ‘d&)dﬁ:&:c&ﬁﬁsln@%mﬁn&us QR QSO fifed with the
PCT/ JP02/ 01545 descrr?ed exanpl e of the shape and the disposition of

el ectrodes SRt ErcSEo%e MR e HW FRGYOF129% 6PPidechppriraBre teet he
el ectrof 5t i ¢RI Je e¥E 6684k N 50l GndS+nEl @%ed%ganﬁléétf 8% 82 upon

el ectrol ytic processing device 5 according to yet ariother enbodi ment o
pr esent |nv@ﬁﬁQ&¥Ohﬁ¥%QNR§QﬂQ§§Fﬂﬁl}Pl@hﬁreeQGEIQgY§evlmeoceh@l@gobecsmmg

el ectrode 33¢and.! he, feading el eetiade S08,Ate ALlLLg, (D, shape of 2

col um, and |on exchangers € noun perlpheral surface
of the processinglIel EhErehecBMlmhﬂcmddeQ)erevﬁh@r dbasuthacel @f t tdide

feeding el ectrode 3 res i,vely. The roc ssrn | ectrode 304 and the

f eedi ng el el %&@%gg otéb gFﬁcﬁﬁf’ %ﬁ/gh P ERRdE e
that thegr @&@dt&*oc@@SZﬁlﬁa éﬁbéﬂﬂéﬁ t:LCB HQQL@HE&tﬁ@hQVWa E@l@ﬁ%lgtlﬁ%elpur e
water or ultrapure water is supplied fromthe pure water nozzle

bet ween t he dgrFEdEs haBI Eeat @éetl’s@@%rtaff@ Ferlipgghel @1y sHe BUStrake | e
the processiiad iyt odsy 88 ANthd it SediinG £6H R4S 5P 25e &l daeghlo

rotate in such opposrte directions that the rotating electfodes enwn
pure water @EQﬂMQMagU}emeQ%rasappbﬂeulbnenytmemeeetmameﬂlnﬂzzldaéﬁihcéo

Accordi ng te Em @R%?E el ec # essing i-s carrjed out. b
rotating a sub sf%% §ﬁ9£ﬁl.%§r% Ton ?8£9§ﬁ]§9t§%ose 8’%%3 FYRET ral
exchanges s akdfs, o¥lddhe aridgctatoddhessaiod 146 ,ad ataadiuy, twietHoc esst A on
eIectrode 304 aqg the feeding el ectrode
its own X1s, 1.e. the so-called scroll movement
(translational rotation).
In this regard, as shown in FIGS. 192 and 19B, three or
more (four in FIG. 19A) of rotation-prevention mechanisms 400
30 are provided in the circumferential direction between the
electrode section 48 and the hollow motor 70. 1In particular,
a plurality of depressions 402 and 404 are formed at equal

intervals in the circumferential direction at the corresponding



306 around their own central axes, while supplying pure water 25 or
ul trapure water between the processing el ectrode 304 and the feeding

el ectr odenw3dP®0309d appl ying a given vol tage between the pr???ﬁ?ézﬂﬂms
el ectrode 304 and the feeding electrode 306. In the electrolytic

processi ng, reaction products of the el ed¥ode reaction or el ectrocheni cal
reaction can accunulate with the 30 progress of reaction and inpede the
useful reaction. According to this enbodi nent, however, a flow of pure

wat er or ul pospdriensatier tire tippeurdfadeaad dhelsubiriIlaive atobe? pradiiced by

suppl yi ng pure ter or_ultrapure ter be n the col um:-shaped WO
02/ 103771 70TBCIPIPE S HiBALE Slte EOP ok C"?’cﬁée\,\%e rE?aﬁ-ﬂasi@Q&m 8Pt e
directions tfhaled he ehertdgsiess £iwn b2 hadsappkbedivat £04 , angkgder f4ow; of
pure water or ultrapure water can effectively discharge the unnecessary

products. Fést FECYR H& JS'E ofl Yhhe & AUMRIHd R BRI T dh%ded By hagpetwo
-di sposeds i n Hh&abeye n@f@%&xa@ 4 O¥% & dd 118 £604U tot‘i’xrexp%g@éﬁérﬁcépﬁaﬁgss

t he el ectrodes 304, 306 and the substrate W which can enhance t

of the procésdediswdutled tFle@3h pélamt He dremw imamrDat i 408 by irees mhove

el ectrol yti 0 .processi devi c own .i n..Fl 64, and. 65. I.n this ,

el ectrol yti %hg)er %ggjsﬁcﬁcglv evi ce, o:ﬁ }g}er os&’easnfRASn f@gd I%lﬂdg;twts%btsqearﬁ‘?aaﬂrﬁlgs

equal to theodiamiser GLrahewhstr aird vd/ anel Used Frikel eol WhE shaped end

processi ng el ect,rode _304 and feedin elggtrode 306, and the processing
ri}&fe

el ectrode 3&FTAPN AL tbedg et r&PPowed M8teH Therte rargrd

0pposi tey di RYIHHS ddIIaHGHo 21 PDERT +80@naNdehtRA 1o Of tHRURaGRAISH 222, § 202D
that engage each other. Further, this electrolytic processing device
i ncl udes a BettEdmEdY connRIRtedl Waeepphsel iy efn@D4shavinthg &odreai Towdda

and, provid N dits baside u 0, . for | di ng t.he. 20
SUbst ot e W e PR RE b hr ok chodge Tret SO at BT ST B Ty
points in the pésophery rkgeondoigine tSubstleatteoileard crrdbat UBQi$ hel lowed

substrate Whorizontal | ith its front surface upward, and.a back surface
noz2l e 210 Wi BAKPE Grratlad Loy BeVARRBS LTS Bent Er-B M (HerBALkSIF T ace
of the saibstrate Wecbheli2ly sybsirabanbakaent?208t iis o0RRELGIH EBC iyl

the notor 212. The substrate Wis | oaded and unl oaded by a substrate
transport aPMIELAataReot Rt EEStS A TR 19 (he SirrehAsSYKeMe P IFIHs: .

64 and 65. AQGRdiddE keckhbs @m%ﬂgveef}ﬁétél%c}‘t{fcﬁié)rs%%ecﬁ%inn@8Ociur?‘agrg#he

surface of the substrate Wis conducted while rotating the substrate der
208 to t her edeatardtwtitchprogestsiage Whnd, at shioensame 16 md,7 ,r ptiaeiwegtdhe

Process 9 Seqlians R0 A0fetnes’ RRld o 4 TOKE 3PBe2" QUL x W
20 electrode section 48 only through a through-hole 4l4a 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 its 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



WO 02/ 103771 71 PCT/ JP02/ 01545 sinultaneously therewth, rinsing (cleaning)
of the back surface of the substrate Wcan be conducted by supplying pure
water froggd gi3pgk surface nozzle 210 to the back surfaceppl bhifysiPstrate
W 5 FIG 68 shows an electrolytic processing device according to yet

anot her enbodi ment of the present inventi%h. In this electrolytic

processi ng device, a columm-shaped el ectrode that can rotate about its
central axis, the axis being parallel to the substrate W is used as the
processi ng élegctarmte é304thAnsanie | timex cdhbhgein@ldie | sleptind@d ©acthen ows er

eri pheral rface of the_processing el ectrode 304. Pure ter_or ultrapure
vater s supfl FBES PORFERL IPESREE BV I & OHE Hiotedn RN BT OENEPHGE

el ectrode 334 ,a%itlfées&%é\%iﬁ/ﬁ@l epibeRiatBeIor 1T @RHINEGE GG 330therupper
C

supplying electricity, h directly contacts a conductor 15 film forned
in the surfd&sefgica Ré Shpslefteads sappiynet 2end ePpPyyingragdvensvebbdoas

-the feedingy m %‘gg: 3 G .a f I

el ectrodSe pogtsﬁ%rggﬁggée%%%gtgﬁ%&bac é\grur aclégoo%qghe s%%rgtarlgllgegggéfgg?%%s
conductor fid2m of the substrate W Even when the back surface of the
substrate Wis coppos 20 o n insulator filmsuch.as a Si02 f|l upply
of the electrici t%r %%Q[vheoénat & sﬁ]‘ﬁ?saE%atspT %?B%%f%%s%?ﬁe?%y%s&ﬁg

t he feedi ng saibsaka330 pddde s Giche pmrart el eat roliyt erbpHesest g €BYI €€me
according to yet another enbodi ment of the present invention. In this 25

electrolyti & rlébé@sﬁ %%T%%S,C%W%ql RPN UGEPRE t HeOWhape BFCa #1agxcept
rectangupar dMaat eths téiﬁs’sﬁsaﬁ@ewprp@e%%ﬂfgf@r%hlr chfr§9€l¥T%%ﬂw%%n the

exchanger 314a is nmounted on the surface of the electrode tTacing a
substrat e WtrRmspaRtt @chet GBer apdrichavatl@clin lsipst ped dessrhinchdepice dbder

nozzl e 316 batwee : ess] 0 ¢l [ 304 .and the.substrate W
Fur thor a contat terncrd EEeOPLeRes Ry S EhRe R B i B R R Bt b
film (portidms tomibe-qat domsssed) such as the copper film6 (see FIG 85B)

formed in the surface of_the substrate Wto supply electricity thereto,
WO 02/ 1U3771 72 P@’%/Gfpoﬁé)l%ﬂé :33 Lﬁgwa% Yﬂﬁlggégpnﬁfw‘@%ﬁr CBpBlYFhe

feedi ng1 gl eglrudsas Sy shaulcd peaf er 8l oh Nava 246 18 19eNbask 8588 g hat 1 dees

not |eave its trace on the conductor filmafter thé direct contact between
t he feedi ng 3&fectthede 1306 mase 8 tdomdddt-omhilichninakesi 8 poseiblmoBementbri ng

the feedin g 06 Lot a i .a_C rofi .t he
copper 111 mE et 15 thel benePenCprrlssss Aoy BIRtEas ST G Shphoe
renovi ng t hehegredlceedifnd mleotredes A2t tieabewetrqpords aheobutbe sebspratre W
in the | ater_ beyvel-etching step. .10, Fl o0 d 71 show anot her

enbodi nent &Ibaﬁhgl @&Orcoef%ﬁrbg 8%8815359% i cgﬁé%o@dﬁ%gs?a‘afﬁgegr &ent
inventipn i kiMy-chadeattineilytss Supplhacidomine dgoat surface s densf

t he bevel portion. This electrolytic, processing device differs fromthe
el ectrol yt i PEHESTENDEHRIFERA hohn § iCeyeed 28l BheRolen exehanges| PO ng

poi nts: The ssPpstHAt g0t A8k r Ao db £ p%@df@@ém\?t@fe@w&aé Otle section 48

is designed to hold a substrate Wwith its fron
with an ion-exchanger 56f, the respective ion exchangers 56e,

56f being separated by the insulator 53. When rotating the
25 substrate W, which 1is 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



surface upward and rotate by the actuation of the notor 68 , and is
provided with feeding el ectrodes 306, which contact the 20 peripheral

portion ofyd hg3ystrate Wplaced on the substrate hol der 461/ bdb/@glst @i n
positions a(? ong the circunferential direction of the substrate (ﬂzo(ﬁder 46.

The feeding el ectrodes 306 are connected 4®» an anode extending fromthe
power source 80. 25 On the other hand, the vertically novable, sw ngable
and rotatable electrode section 48 is provided with a processing el ectrode

304 (50) whielfedtsr@n B} eshd ca auct hatlepexé eaeing E40Nbé NeoRAVRE GO &L 80
t hrough the hollow portion formed in the drive shaft 66 to the slip ring

78, and fur th& SRR R BEY feok fReSerfacei af et prbshatachol | ow
.portion of the hold mboLJ 9. ' ' d

the surface (Il ower I?grfage)n%f 3t %3""5%&%2%?%882?85%% eé%%sai]?%g)@&ritc%%@ﬁ'
ot her const AFRGEHLIG thasmhenemitsimant BILGShe28rasen29inve®ioa/. 108771

.73 PCT/ JP02/.Q1.545 A i i od] = d.he. el ectrode holder 48 is
| ower ed go écggﬁ%o%%rei%%gcrot He Ff)ﬁrré’g% gﬁg rgéﬁgé(%%’ it%‘teor8 ﬁgé?,?a i TRRBET
close to th®,suff abe eletheosubstratenWMbeld dysthetsobshrehe hotaeroddl

Whi | e supplyin ure wat or_ul trapur water to the, upper surface of the
substrate, &% Qeof agéei Euiéﬁsﬁlrf“gﬁ gﬂiﬂﬁﬁh PhBY pd Fsggﬁ?%egBOa%‘%t%%n
the processigiealridd e@eti%h €80 oaadet hrdipedinRorek a6t bAEE 3l RE and
substrate hol der 46 and the el ectrode section are rotated and at the sane

tihrre, t he sﬁhﬂg&@b@féﬁrﬁ%hoﬂ§e§m&lﬁgm@m@bph@f §h@c¥¢b®'@?@@@liaﬁﬁm &, ong
br ocener g SR thebREtE HIE e d IBLER E @ thE Rt B dii fhnes

el ectrol yti & precessinmgeadmd d® dbeopdweg touyee &dother thRebsilipeningf78 he

present i nve_[r}ltei QL v;éhlg ccr(lmisst used as .a &%vel -et chi ngaﬁgvi ce.. The copstruction

of 15 this electrolytic processiny ‘devi Ce SPEHES; Yo frPedipment fhevn

above- descriived@Iglect 8 and 10 ,pand éssidy tlevieec shevhon itdeo69s i thes
el ectrol yti E’I processi ng device, the ion exchanger 314a nounted on the
processing e%¥& rode 304 contacts or gets close to the bevel portion of the

cubstvaig W and bhedRatidgeg0 e iaderJih 1 1 gebLYEONEACIS 13 ODEHCL OF
film(portion to be processed) such as the copper filmb6 rmed in the '’
surface of tHeXMSIYEIe WodeesinaceSsiing steticedef 304e neybeitdee Weia

bevel - ot ohi ek ebene Ear g kB A SRS By g e sluhtRase Hindes

bevel - et chi ng processi ng can he conduc
copper 6 wi t46 arshapg mhef isheme(strepprtbag ahesbdwntirodEl Sectd4onFl &y 78hand

76 show an el ectroal ytic_processjng devijce cor.dj to yet, K anot her

enbodi ment &Cect‘ﬁ?et soe%ttkl‘%\e/l?e%jtlr‘%"ﬁ W eh ﬂg' J%l?ede sSSP I R g ter
devi ce.20hi reheeraphytl fate3dPrBCOFSHEY sthgaer dkfdir s1bk@FbEBEsection
el ectrol ytlcggrocesm ng device shown in FIGS . 42 and 43 in that : In this

el ectrol yti ¢ HPBESRRN NG b Tt eranc hbad e Sediaismet ¢ Rroglessd nghelret rodes
el ectrode, hayvifigy ivhd hecd@Wey SHEERLS3&s Cyp ved portion 160b conform ng

FIGS. 24 and 25 show an electrolytic processing device 36c¢

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



WO 02/ 103771 74 PCT/JP02101545 to the configuration of the upper half of

the bevel portion of a substrate W is used as the processing el ectrode

160, and g Fenogeh Pin-like electrode is used as the feedi pgrgbRahik@de 156
The ion excﬁanger 162 is nounted on the | ower surface of the 5 processing

el ectrode 160 . The ion exchanger 162 is 4o6rought into contact with or cl ose

to the bevel portion of the substrate W thereby electrolytically

processi ng the upper half of the bevel portion of the substrate W The

ot her const rudet ied:ed‘@:Ctdrfe mmesas7€5mm€iqtaﬁ G U arilidie feeernlhgthe

t hi s enbodi nent, 10 Si osly tht troI C e
upper hal f & tch Bevel© |oan'“='S rsfdrllmscfpng a(thieSJasﬁl %’1»$é t%f ¢%ﬂ£g‘?1i;g%%%k
.surfaces of 7eheosihsitread etcca:rhebear&aier it o s ﬂi@fe?e?dﬂ‘f@wsleacmam@élm. of
t he above el ectrol tict_tp g}c ssm devi ce, Thlﬁ el ectrol ytic processin
devi ce di ff € FESFRATSH Oiﬁ’&fe &1 Oy 5Pt PERBFoBRREY é S JBGTLESS hbwn
FI'GS. 755 anq:’r%@ ERdtbe d3e refing ébmq@ tB"aQCIQ§§é§9v&@£ééPﬂ§?v @Othlhﬁapi her
construction is the sane as shown in FIGS. 75 and 75. As shown in FIG 78

it is prefecE®W 6 2nfemi thet aﬁFPﬁWQPt%t%‘“SBQéﬁ@?% VAstiepL QRRveedmeen
the prOCESSIl%ga?LQ.o%Je%CttBOPL%&%Qé éxﬂﬂ:éﬁ%‘ 8 neéﬁé‘rk%‘frth@é%t%@‘élbﬁe%%%ﬁé‘ge
a and t fi

bet ween the 1 on exchanger e conduct or ortion to
processed) swdlvrasé8hé&ocopperafidm 6a(1@eésFIaG,sc858)J.oaad free drdoaigkr d det e
noni tored val ues.to a. ntrol Ler.,334 so as,to kee vo t ages.const ant,
Toa aret bt G il 1 kR0 38 Rl D i ol BB B 26 B T
bet weeny p he aF@:rthaﬁ.SlsdrﬂgDiebBﬁfol‘t@(ie 68@4rapdrébepteedtngnel et £ e B30 gams
f eed back the nonitored values to the controller 334 so as to allow a

constant curiERCHiPT | 5% Het VR erP tHee BIRELSTHY »126e$ 0b@- 304 and the
feeding el ectr OdeA\%‘&rdﬂm? pBKes ol toRRSSIDI B {0 HESEERL NS (gl%vrl%(:t3@@s on

the 30 surface of the electrode or on the surface of the conductor fil
such as coppdredtitqayipie W@@Swwm the $wrhece onf ofhé npubrstrate Wfls

f, he f f i h
o1 0oessi ng RS BN BECARY G Iy v b Iy AL BT JP3P 6154 Kebbng

a constapt elwpitdtLteurdieindh is in contact with or close to the ion exchanger

56 and, at the same time, reciprocating the substrate holder
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.
FIGS. 26 and 27 show an electrolytic processing device 36d

according to yet 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 i1s 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



When el ectrol ytic processing of a substrate W for exanple the substrate W
of FIG 85B having the copper film®6 forned in the surface, is conducted at
a control {\RfgRsyant current value, 5 the current densitypipgpdaRikssval ue
per unit area |ncreases upon the decrease in processing area at the tine
of exposure of the interconnect pattern donposed of copper |ayer 6 (as
shown in FIG 85C, copper is present only in the trench), whereby the
renoval processing rate inevitably increases. Wth the 10 electrolytic
processi ng ebvkiedsubstl attheat ien Certhahbed CHASt aBt TiHpesdd bBeveentval
processing rate thus varies before and after the exposure of interconnect

pattern, nmaRPREEREDIGIESS P cdrit FG1d witHe WMitifhant o

difficult. By ther swWHMRRRHINGESSINg Af the BopPaind idHBA PN thR rotates

i nterconnect “15 pattern, the voltage applied increases wt h the decrease in
filmthi cknebeutm&%cgm aAxapphY etheohEhgetéan eausdcehedtlave mitsthal Ge.
Also fr t o] f n t La r

Whon the pr ezEbElNCla el SREREn: En e Mok PO PP A

t he ot her hantiplttbw purlténh Yalrweddiecrees eshafitt 66t ierexpbsgiegaind reach

i nt erconnec ern, ec S possiple to s ress, the rise of
current den PteyS =8 Fﬁ&ﬂ g QBQeQBFggEﬁsgﬁﬁﬁy RFoueh( ‘Ee)h‘t]h]e‘?"e R P% ear
of electricog saangelokufbRerMDEandl ﬁé@chh@hé%f@@ésyﬁﬁ?eef@@ﬁﬁ@é@§ soth
25 the decrease of filmthickness, there is no increase ower
consunpt i onaolBeefeedingecl ARt EQRPRM2 Al BOPiNaR geal tagie fﬂrﬁitéé%%ﬁ"f@em ate
changes i th tinmep,Wae Pzattle‘?c Eyr ﬁ%tapﬁt@ewgeemé L tg&@ tg O}Stﬁr%

e m formation. 30

processi ng can Change rom renoval p ocessli ng to oxi
Wien the proedssi sgrpsl ke aridieted, atlaa Wentttotduerh donlst adfia cliormeed xtentslney,

t he proce55| ng.rate e aft Rosure of

i nt er connect %gt taé}rlﬁggte‘;us enagfgl ng rem)ci/eafeﬁgéeesm né eEh EoRSt R Face
processing r@pper murfiare)t @f MR GBI BAle #6. PCT/ JP02/ 01545 make this
control, however, it is necessary to grasp _heforehand the area of the
exposed i nt er connéct “PALPEFATIGRD FRIKE D c8At rbPT off SRR FII i Fhal $97
decr easj N19) @aGiydeHe YRR ¢h Rald I CWHA rdm Bt ddn Wil & theg el org be
difficult to respond 5 to the variety of interconnect patterns. In view of
t he above ak@sisle fdausvlftrafe ngEs. ofThehe etimnaradorny dadigen 92
met hods, it n oS the tcurren r

unti | the Vi g?:ﬁ‘lu'lt&%sg% §E§gé§%§supé % H?E?%r%olnlrctéed;t%}lg&t lréj;t ?n&v?ggvéo%)&f%
easy processioigitdent r oinlOpkeeaiise, ofcheheleonsbdetspctad:eesﬂagls ateyedndy
then change to,the. constanj-voltage control, ee fromthe, fear
of 5 rioe i ARPoFPABETRIE SHRCH din=diipt oLeh ety SBouR LhFresdstRrRT 19
FIGS. 780 anda8k 9BQWana £t egid0 et 66eE8a D tla\Wea theal6Rrdldlah@ey et
anot her enbaodi ment. of the present invention, which is adapted for

el ectrol yti éGppch]é@l?rbe%?r%d%uﬂﬁctmétre AW ia Wrersed dohdhét 8ELHi A EBEPERI on
to be pr ocesi%e@hesyeaeaératgeapeant'étn ' %hfeefermeqvethtehee@etgé eep@étpber al
surface. In this elecCtrolytic processing device, a processing el ectrode 304
20 and a feoditegtaladctpdder366r ondedFinhé sshipen &b th¢ kdecteotanylabes

pl ate, are pesgd i 0, S r Thus
, in this e?tilb%dlgrrgnt Obl% cg:(%t%ogge%fa%ééElp%lcs:rg%&%%ﬁcrto%suggﬁo gbr%f%%%del de
of the zﬁlbstolfattele\/\/;mvcémmmeockecml arndeaatdwodngftiae pmmlrs@teb@cﬁﬂades
functions a he ocessi ng 25 el ectrode 304, and th l.ectr | at e

| ocated on f o‘%? SR g% STRRERY B8 grgtl \ﬂi&%&"@oﬂ et eP et he
anode funct inrRs.3sstibe 4€ reh @t F 08 Ehelitth exchangerssBidarhSddbyare
nmounted on the surface of the processi ng el ectrode 304 facing the substrate
W and on théfegﬂrteenﬁet%fchtehéom@étﬁh@e% fr odBh 8- SB aRAG G 1PRLXEPBRIGE
"W respecti \: 02&1 f ppl yi ng pure water or

ul trapure M/a\steéerlsb'cglt%értldt e pr cess?r e ec‘?grl%ée 304 and the substrate Wis
provi ded0on t he ummertlm;r,f agecsrdengf tohetlsihsembhodimMgnand thepue ke oiat ede
nozzl e VI%Q?Q%Q%ZE% 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 is



PCT/ JP02/ 01545 316a for supplying pure water or ultrapure water between the
feeding el ectrode 306 and the substrate Wis provided on the | ower surface
side of t %p,grﬁlate W In operation, the ion exchangers 3&48peidly
respectively nount ed on the processing el ectrode 304 and on t%e f eedi ng
el ectrode 306, are brought into contact wi8h or close to the substrate W
and pure water or ultrapure water is supplied 'fromthe pure water nozzle
316a between the processing el ectrode 304 and the substrate W and fromthe
pu[)e wat er mﬁ@iﬁécﬁb:}batdmril nlgOthI@eefLeeﬁirageﬁkectmﬂeéﬁQﬁo ledlg:t Ree ion
substrate W_there ctraolytic processing the part of the substrate W
facing the ﬁ’m%@%eqe%t&f&%ﬁﬁ; 9§58 %%8ﬁ%rt%n@%rsuﬁ%ﬁtﬁaﬁfe fiheeld by
.substrate Wiyl stibes 1000 531 @ rebect £Rdg %@iﬁ?%ﬂ@%st&amyﬁoiae%%w
effect electrolytic processing of the entire surface 15 of the substrate W
on the side Y9 tHe RREELPHY 2eeiondes 30dd, The thedsaneetLbner odeiB0oéngny
.be conneete i . I r F S \M recedi
enbodi me%t s,ddggn SglI('}Lténc(%érk;()l1%yttalg‘lg1 gglbl?f% ingbrﬁzeeo\réﬁg ?%g?%oﬁ%vsl%\%{g%ﬁ relﬁ%e(%tllping thd

conduct i vel ywpfemaiumiaee t RNt 5O Os wisé cra tayW bewhisbd suspeaingf pRPe puseer

t | t ter. FIGS. 81 and 82 sh lectrol yti i
devi ce_accordh HiF Ut AFOTFbr “Rnoti WeReE of LERECPr 8Seht! AUSREFBhe FRRS

el ectrol yti aylocessi @10y teat o BIPGOYSe twSeh hen§r 96665 89ng! 8CLEDEE13049 a
col um- shaped one whose peripheral surface is 25 covered wth an ion

exchanger 3R I ifeM 2Anctettfedabsat its central axis, the central

axi s beipg parall &l ] t ; | IS, .t he me
e how Tn H1 5 s e B e e S SR oA AR e S e LA dsv i 88
processi ng élatsirdidey 302 el ewe thes emboddsiemy elfetheodee864tt onvéneaohy 30

contact or t. cl t.he .substrate wher eby t flat ness of the
process sur%glcles c%rsﬁL ctétq:éj anced PrPLESS aﬁavéﬁes%@? ar’?”lﬂ%éjé'tsr'ol g6 cthe
processi ng da\d e i€ Balitighrt @ 8y ebuahobhertigbodimentugkithenpnossefbliler

i nvention. MO 02/ 103771 78 PCT/ JP02/ 01545 This_el ectrolytic processing
devi ce uses AIENYHRY SPEESRG MGt ERBaE 308 W AR e Ehedhst e tsphet feal
or oval1spherg cad shapethBakueahceobat %h@@ﬁbéﬁ%@%éﬁ%%'ﬁ@e{x??r 1
central axis being perpendicular to the substrate W The |ower ha o? Yhe
5 processi NFAHRT sddIBGhei slestepdd sfthian 4bn Svchahher SadsntrTheionher
constructiond h as,, show | | n The. use su a
spheri cal opéoégfe ESﬁ%pgga?nproceédg%r%me écctsr%g) e 38?191% o o aaﬁdo%fg "t hgﬁ?on
exchanger 3EBHvie contbrtcbiogetan| ma&et dhiche lsadistadst esdiaiod @vdnl, and
enabl es processing 10 a a.goi at ,gr. of a curved syrface. Further, the

uni formity SFOHHRS br S setisafficdOBan B8 BT, Py TR TG I from
spheri cab praattessimg ©b eché oslebs€Fatourse, such a spherical processing

el ectrode may be used also in the preceding enbodi nents and, in addition,
it is also possibfdGo dfe SDUPherRcHlasGtrOertiss BppepFeanaf slawiste f 368i ng

el ectrode. AGCs gy 1 LR RISISRy ieﬁ‘b%'&tiin%'?);cs@% @ﬁéC{)LQSQn@e{ﬁézg@e%ﬁa

el ectrolytic processing of a workpiece, suc a substrate, can
ef f ect ed t hrldughhébedrathemictilc aprporssingt eyplere36f , O e reheaknddef or

le, wt . (A 2 hysi cal _.defects _in th i th
ARSI Lt e R R St ST LR S R 2 SRR
processkhg die calestreefd attwi] Y remont chedalcampivardadherengl &t tbee

surface of the workpiece such ,as a substrate. Accordingl t he present
i nvention cfi’?cd:rﬁcina‘l%NPcP?‘B’éFﬁ@ﬁt 5 ddpfkiSEapest Beseeadst0 r 6gH0esed oaf

upon CMP. Ftirdshﬁrm:g;r yha%_eglig@_t,r@ Y&i§c-p§19§}§i§§i Bgo@fes%iﬁ'éb%lflégtﬂ:&?@_ g

effected even by sol using pure water or ultrapure water. This obviates
t he possi bi HaXinhihnausiritdles Sfehfas swpepletnyayre waitldr gadhel erapuoe

remin on e Sl agaqol, t BeA3HRRLEALE, cCaN 35 ML A0 £ eanNg. Pr oggss
after the renoval processing, “an an renmarka | y reduce a Toad upon waste
liquid dPspesataratedobyh xertagnshapédr riedswidiogi nk0fs ofTieheppoesesing
I nvention h%\ﬁeecqereondeshgdmar?gdthgsféégfggInggwt.géclié é£ &?Pgullngunted on the
lower surface of the base 100 in the same plane. Further, on

the lower surface of the processing electrode 50 and the feeding



WO 02/103771 79 PCT/JP02/ 01545 be understood that various changes and
nodi fi cati ons may be nade therein w thout departing fromthe scope of the

appended @l@hFsy! ndustrial Applicability 5 This inventiopchfp@lfisst 0 an
el ectrolytic processing device useful for processing a conductive nateri al

present in the surface of a substrate, especially a semiconductor wafer, or
for renmoving inpurities adhering to the surface of a substrate, and a
substrate processing apparatus provided with the 10 el ectrol ytic processing
devi ce. We 1@/ tindriey 15 28 (. <Clmahulvis ACENI P02/ 8kbABnlerABGewREthol yteanposed

processi ng device, c ri sing:,a,processi el ectrode brought into contact
With or clodd 1% ot TP BOBE4PFEEARG DR TOdE THhe KPS Tgronanas

el ectricity droddhantiddnRaess ahd gl sevenarden ¢espesed bh phirkeastepngr of
spaces between the workpi ece and said roceSS|ngéelectrode, and between the

10 wor kpi ecalldHPRIEIRI Wadeli ng T8ireORE60e 00, 18 peharabsar canflols ppryerked
-vol tage et %ef&h%awwe;cogﬁa%f\% ﬁ'oﬁ%!’wOQSgQEgngaéﬁa%%Ag.g ehgt %%@Sf gpd a
| iquid supply section for supplying liquird to the space between the

wor kpi ece and tatapesstweorer dfs saipg et edgiomghl Shel bofliodepantisai df f€kdi ng

e ccirote, RSl A RGN P Sl SN BaelTSoR CHLALILSy
li qui d havi rghied ealkicindhcoadutdh vétyhadigadthatbimey Ehano508yes/ ettucture
of a soft exchanger 56c and a hard exchanger 56d, both having
10 the same level of resistivity, is employed as the ion exchanger
56.

By thus making the ion exchanger 56 amulti-layer structure
consisting of laminated layers of ion-exchange materials, such
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 of copper, can be restrained to thereby avoid the
oxide adversely affecting the processing 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 lon 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 ion 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



3. The electrolytic processing device according to claim1 ( wherein said
i on exchanger is disposed separately in the space between said processing

el ect r odeyaggh/io3eWor kpi ece, and in the 25 space between saig,,p686kN0
el ectrode and the workpiece. 4. The electrolytic processing device

according to claim1, wherein said ion exzxhanger is disposed, as an

integrated structure, in both of the spaces between said processing 30

el ectrode and the workpi ece, and between said feeding el ectrode and the

wor kpi ece.  indefBEYNSAT bail 2GTrEINP2sed5dE doppkie faliact rod WHorprLacesai ng

devi ce accorssg ngst claim11, wherein saidion exchanger covers the surface,
ed

to be proce ORpRA HYLEEPAYR! Givd 4shifiBpBEeaeEA1BE: Htle cORPegphetn

between sai ¢ grogesskAgoetgetsieeind LR MYr aiﬁ&%olai_%&ﬁo\&‘%eerﬁﬁééléd
feeding el ectrode and the workpiece. 6. The el ectrolytic processing device

accordi ng t ®fdl affes thewpepepasiabd | Binl exelydngdnfilsiesioest lohédhebies meas a
SupPLY SBalty gt odnl B A SAllnod0d S LRkeRUR SEGHENLLRLLY, 40 Ly s TP

el ectrol ytic procéssing devicé according to cFa
processi ng dlcetter cdetandeshivd thetdengogbect fiode ér e Inphpt €lenl ¢ Hadetya 0N

said ion exgha at_a gi,ven pitch along . the | ength of said ion exchanger.
15 8. The e&g’catqzrggfkfe/ta}tbcovpﬁggsggggﬁéﬂaé’e}s?@?%&égﬁ%%g‘%n@l Hhenipn FHereracEai d
ion exchangese hasnuiediefrahsordiNg-PiaPerds esn thidhemsd @Ghédt Ytdkd using
processi ng device according to claim20 1, wherein said ion exchanger has

one or bot h ¥ ahCRNSHFRSEGRIngéLaBT EXEYaRaE Pateriiad)exehane Malsits tyhe 10.
The el eggr ol pdd £ RURGESS IFATAGVLEE i | , { ikd_lQn
exchangle:([r? isﬂggé%enﬁged W tlﬁ a pg’\rﬁ'gglss%fﬁégy%f;ﬁl%% ‘e ecr%a\r%)kfgln?iltcg:rg'%&c%{égi ng
devi ce accol@i wgtes—peamerblef, usttier scomrici ngeabragener a woneaefiboncf or

as the outermost ion exchanger.
According to this embodiment, pure water or ultrapure
water fed through a feed line into 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. Since the
20 processing electrode 50 and the feeding electrode 52 are
separated by the insulator 102, migration of the hydroxide ions
is intercepted by the insulator 102. Further, when the
substrate W is in an electrically insulated state, the portion
of the substrate W facing the processing electrode (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 1s contacted with the
substrate W, the ion exchanger can deteriorate due to the sliding
movement. Such deterioration can, however, be avoided by making

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



regenerating said ion exchanger. 30 12. An electrolytic processing device
conprising: a processing electrode brought into contact with or close to a
wor kpi ecewg oMa394/ 1(13771 82 PCT/ JP02/ 01545 a feeding el epbiQey 1935
supplying electricity to the workpiece; a power source for applying a
vol tage between said processing el ectrodedand said feeding el ectrode; and 5
a liquid supply section for supplying pure water or a liquid having an
electric conductivity of not nore than 500 uS/cm between the workpi ece and
sai d processionpeetentaotled Width The eshibstrakygtWw d sprompssetgoflevicg.eaawsoedi ng
to 10 claim2.or, 12, wherein said pure water is ultr%lpure water. 14. The

r

el ectrol yti ¢ PFocesd fy RRFALS WINOTH Ay 3D LPSFHTaCEraaove nwnef by 3firgast

.one of sai d JUACRsSSeRdatl 6ty pda AN SRiae {68dbRENEhEEINOTE: 445 tiNehhgn shape
of a flat rectangular 15 plate. 15. The electrolytic processi'ng device
accor di ng t &ha FRMAHCHL StEPRGEI n at | east one of said processing

.el ectrode and sai @Ifegegilnghﬁé\,g% rs‘?ﬂa%ﬂx%%é“&:'&%g%%ﬁﬁgl Qéggfﬁghg@?cg@gi%ﬁ ﬁg

di sposed such that a central axis thereo the surface,
processed, d¢fc yht angidpeesbotidmenitec £l pokyent promessimgprdeidesl with

cecor 00 Sl S S B SIS B R B
shape. 17. Thecsseginglaypiaeauecesmphd sdeva G ac o dhad d@achg/ thlofiidd |
wherein at Iuena:'LS"tts 03noe aos‘]c asaci,adrrp§-ofnesasri1c5]gcaerlnglcglggesection for carrying in
10 and carrying out a cassette housing a substrate W, the reversing
machine 32, pushers 34a, 34b for transferring the substrate W,
the electrolytic processing device 36, and a CMP device 112.
The fixed-type transport robot 38 is provided in between the
loading/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 i1s 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 processing device 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 polishing table 122, while pressing the
substrate W against the polishing cloth 120 of the polishing
table 122 at a given pressure by the top ring 124. As the abrasive



30 and said feeding el ectrode has a depressed portion or a raised portion
conform ng to the configuration of the workpiece, and processing of the

wor kpi ecewgogagyct ed by all owi ng the workpi ece to face sardpepiessed
portion or said raised portion. WO 02/103771 83 PCT/JP02/ 01545 18. The

el ectrolytic processing device accordi ng 9 claim1 or z2 , wherein at

| east one of between said processing el ectrode and the workpiece, and

bet ween said feeding electrode 5 and the workpi ece nake a rel ative
movenent . 19didihiel ehppidelyfiam phecdssigigabigvedaceold hgét @ shapengB8en
wherein said relative nove n(LjL is rotation,. reciaproca];i on, - ¢ entric
rotation or %cPOFPSieRENt>9r%a $3CCoRbi Tt G tereot o5 Hrg . 10 an
.el ectrol yti aIJyIcessd Ng: evimey assotisedg tBy cilgd nedmoind2iomhef ecRemat gl
processi ng el ectrode and said_feeding electrode are disposed such that one
of the el ectRUdHH rPUnd8 #5kehe F?e?“.e‘%lf‘.nlﬂ?a AL A i kY prBERE SV Ag

-devi ce agcorgingideslainl &Eer&-ﬂcaﬂhﬁé@rﬁé‘n@éai‘ﬁ@li@l@@n@t SREAsRK9ERSEENT
el ectrode and said feeding el ectrode is in the shape of a fan. 20 22. The -
el ectrol yti &' rage &5yl beved el niee op df byt tierar nfurbace?, wherein at | east

one of said process| : de i di € 0 L i S
linearly or in a E%reggggiggﬁégg R%rs]"%b%?égt tetﬁ%r ceslsélrﬁgﬁc%pggfgtgﬁg, o Eﬁe
conpri si ng: polsidisitiraat eloahr ydh dadreasey- outtlsest icomifiorucoey ryohfshinand
carrying out a substrate; an el egtrolgti C _pr.ocessi,ng devi ce;

d
transport dSATEFR 1 r dfs S6FEFNGOt FRsEebst i & ?@Wﬁﬁgasgﬁgf‘ﬁﬁ’fe

carry-ipoand xmrlsyp st igeet tonedl sttided <alsasly ekythé Jy10easSia 16ew ceo,
wherein said el ect roljééi C processing device conprises a processing
el ectrode brifigM*amiRte cdvht Bt Wrh of ehdveipg hhe Ppbebraygr7Wi 8in the

PCT/ JP02/ 01342 MOT Pl £€atRcheCdlRd 18] 6d¢Aded %hé“&%&is%f& QlgCtLd £l Eyet O

t he workpi ece, an ion exchanger disposed in at” | east one of a spaces
bet ween t he prkPiieve areblai dlp? ocesspagtevely r odeheandrbesiveegn sheface

wor kpi ece and; sald [ eediide ) eSE" QS B RUE" 15U [ Xssed against the

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 robot 38 out of the cassette

set in the loading/unloading unit 30. The substrate W is

transported to the reversing machine 32, according to necessity,

to reverse the substrate W, and is then transported by the

transport robot 38 to the pusher 34a beside the electrolytic

25 processing device 36. The substrate W is transferred from the

pusher 34a to the substrate holder 46 of the electrolytic

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 1is 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



5 applying a voltage between said processing electrode and said feeding
el ectrode, and a liquid supply section for supplying a liquid to the space

bet ween t rkpniece and at | east one of said processing gand
sai d feedpﬁb eogg?rode, in which said ion exchanger is preggﬁgﬁhgg"g4. A

substrate processing apparatus, conprisirfh@ a substrate carry-in and
carry-out section for carrying in and carrying out a substrate; an
el ectrolytic processing device; and 15 a transport device for transporting

t he substratigzhet weanssand 5ulsir pbei SRLAY-d M +tABNs €8S ¥a 08t 58 Rl
said electralytic Erocessing devi ce; wherein _said eIectroI%%ic processi ng
devi ce conpis&E8eatYPote¥srRgl Bt ecthidde FrERGRCLiont 6 LcbRE AP Walhi Gring ose

.to a 20 wor kpieechinsd rheedings Eijeec%gn%‘&etgoﬁhié%ryébf‘@%l.eC'&'ﬁé%ééftéP,t’tﬂ'?e

wor kpi ece, a power source for applying a voltage between said processing
el ectrode afidagsindfteetibnf el fediakste thendwdtipia W% uppy Sertpushdor34b

supplying p | QLA i.n I onductivity -of .nat
more Lhan SO0y ERep ot P s Sl R B BT LS PSRN Bt
25. . The substr,atecpradessitognappasatys accoedengetohel Qs 2 ©s, 2t fad her
conprising a cleanin%‘device for cleaning the processed sybstrate by said

el ectrol yti CH5r SEBSITRT L& it Th80Cco85eFhE LRLSR? at LR BIRT AL} SRAHD It s

according tgeclaim?23 or 24, further conprising a CVMP device for chem cal
mechani cal polishing the surface of the substrate. WD 02/103771 85
PCT/ JP02/ 01545 27 Thpwehs dbsthis cemppodinen g agdacaitis- ngc 6r the ¢ ules ot atien

26, fur{her LS cl.eapi i f i N0. al.s .
subst &t o by 231 §oCRD R e L s BT E R BEolLEEmt S P
accordi ng t prolcaEsniz® odeRdcef (B hand c diprdisdiimgy aof i ttimef oswib atgratewi We for

[orm 19,2 TGRAT SRN H0 LA RS Botesaed A Lis s fpre oy Lhe s ourc o
, further cempdoridigcttrdi@pstooneif & dipaniustex car iy @it NsHHey
portion to ?.?1 F‘)crh(zsceCSlVISPedderlfaivc,len lbzeear;m}‘ Ocrorgsc?ucbg 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 carryihg 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



said filmform ng device and an anneal ing device for annealing 15 said
portion to be processed. 30. The substrate processing apparatus accordi ng

to clai m 3% of/jisbfier conprising a bevel -etching device for petgbigsidhe
portion to be processed forned in or adhering to a peripheral 20 portion of

the substrate. 31. The substrate processi¥y apparatus according to claim
30, wherein said etching of the portion to be processed in the

bevel -etching device is conducted by electrolytic 25 processing. 32. The
substrat e pridecesisingteppavetwsemccording to claim 26, further conprising a

filmthi ckness-negsuring sectiop for asuring_a film.,thickness of the
Ty SHPEEFoE |

portion to be protesser dt? i hWytor fe PEQSESRG PR Ewe the

.devi ce. 33. sisistdisd natleaping ssémMocR/PPRERtUS ACEOY dé BPt & Oatd ahfd@8gone
further conprising a fjlmthickness-nmeasuring section WO 02/ 103771 86
PCT/ JP02/ o@zﬂsﬁ@b%%*aﬂs%ﬁw%srﬁemq R thecRMESETBLYEAE PEPEPSALIRE Grvice

-processed dyd ng eevakkey ,taecBEhﬁh%OEMééHbé}ﬁq} herfd kPhpB-Redeyi £Re -
34. The substrate processing apparafus according to 5 claim28, wherelin the

film formatiGeaminhelevies flgrinwhentekhee substoadectiedcbgapkdt ang. d8bed The
bstrat i t i ' 24, furth
o o) g SRR S PR B LR B8 LA S B Lo 58 e

conprising a no noni torin t east ohe o
and el ect rologs st tiagetindeloddieny Ohh hoed 1isg appl £ e8l0 bedwpenn garg-beedi ng

el ectrode and sai ocessjng el ectrode. 36. The substrate processin

appar at us acpordiga%£o§fSSbP§FH?2%5%ﬁt%2£e'PEPFﬁéF1€GhﬁPP§Fﬁgu§.%ﬁ?@ﬁ 1ng
device for fdgkkyartsihas it RMRERSEEEHUBSEERNR. i Ben di®n PR RKEW 1 th
processi ng apparatus according to claim35 ( wherein said nonitor further

monitors a cHhgeliartirl Yolat ARCFSIING sdestiag e Iei ng Phrogesswdstoate
accor ding & A 28 of DOA L e Lol R 51 b &P ST Cincee RPAKE on

25 section fdgsasthexd | rpiydbineant pahowof jpr ofdssi ngl, a pair of the
e, w5, AP AnTodag el a8 < e Tl caRer i S SR Al
- Al's. Al s5A £ADSaAryiIMRL 1A ald cryMlg ofht a Adds SSEHO ho¥siry afSbbN Fh+AL. A
| hL. Al " . AL. Al's. AL. Ay5L. Al ' L. A5s. Al . A5. A5_. A A5. AF5. Al . Al . A5s. AH. Al . A5. AH*. A

H_A!_A!.A[.RH.K@ﬁAﬂuShers 34a and 34b, the electrolytic 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 provided between the

first cleaning devices 130a and the second cleaning devices 130b.

A first transport robot 38c is provided at a certain place 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 monitoring a voltage applied between the

processing electrodes 50 and the feeding electrodes 52 upon

electrolytic processing in the electrolytic processing device
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I‘lO@&&f()-%ég%ﬁg% an anode electrode when immersed in the plating liquid
230 with the substrate as a cathode, is disposed horizontally.
The center portion of the bottom of the plating tank 232
10 communicates with a plating liquid ejecting pipe 238 for forming
an ejecting flow of the plating liquid upwardly. Further, a
plating liquid receiver 240 is provided around the upper outer
periphery of the plating tank 232.
In operation, the substrate W held with its front 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 liquid 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 platéd 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
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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 1lifting pins 1008 and the cool plate

1006 becomes e.g. 0-0.5mm. By introducing a cooling water into
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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 film 6 formed in the surface of the substrate,
thereby forming copper interconnects composed of copper film
6 (see FIG. 85C). The substrate W after the electrolytic
processing is reversed by the reversing machine 32, according
to necessity, and is 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
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to yet another embodiment of the present invention provided with
the electrolytic processing device 36. According to this
embodiment, between the cleaning device 130e and the annealing
device 140, both used also in the above-described embodiment

5 shown in FIG. 35, is provided a bevel-etching device 144 for
removing a material, to be processed, formed in or adhering té
a peripheral portion (bevel portion and edge portion) of the
substrate. The other construction is the same as in the
embodiment shown in FIG. 35.

10 FIGS. 40 and 41 show an example of the bevel-etching device
144. The bevel-etching device 144 comprises a substrate holder
152 which attracts and holds the substrate W with its front
surface upward and rotates by the actuation of a motor 150, a
feeding electrode 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
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10 processing electrode 160 and the peripheral portion of the
substrate W, and applying a given voltage between the processing
electrode 160 and the feeding electrode 156.

According to this substrate processing apparatus,
immediately after the plating treatment is conducted onto the

15 surface of the substrate Win the platingdevice 136, the material,
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
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substrate W horizontally with its front surface upward, a front
surface nozzle 176 which is oriented towards almost the center
of the front surface of the substrate W held by the substrate
holder 174, and a back surface nozzle 178 which is oriented
towards almost the center of the back surface of the substrate
W. According to this embodiment, the substrate holder 174 is
connected directly to themotor 150, and the processing electrode
160 is connected directly to the motor 158. Further, the
substrate W is loaded and unloaded by a substrate transport arm
180. The other construction is the same as in the above-
described embodiment shown in FIGS. 40 and 41.

According to this embodiment, the removed by electrolytic
processing of a material, to be processed, such as copper formed
in or adhering to a peripheral portion (bevel portion and edge
portion) of the substrate W is effected by rotating the substrate
holder 174 to 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
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,
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
l68a 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
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L1)10% 9 as copper film 6 (see FIG. 85B) after the plating is provided
between the cleaning device 130e and the bevel-etching device
5 144. The other construction is the same as shown in FIG. 39.
According to this substrate processing apparatus, the film
thickness of a conductor film such as the copper film 6 (see
FIG. 85B), which has been deposited on the surface of the
substrate W by the plating treatment in the plating device 136,
10 is measured with the second film thickness-measuring section
168b, and the film thickness of the conductor film after the
electrolytic processing in the electrolytic processing device
36 is measured with the first film thickness-measuring section
l6e8a. By feeding back the results of measurement, it becomes
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 to 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 electrode section 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
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of a power source 312 becomes the processing electrode 304, and
the other electrode plate 310 connected to the anode of the power
source becomes the feeding electrode 306. This applies to
processing of e.g. copper, because electrolytic processing of

5 copper proceeds on the cathode side. As described above,

depending upon a material to be processed, the cathode side can
be a feeding electrode and the anode side can be a processing
electrode. The surfaces of the processing electrode (cathode)
304 and the feeding electrode (anode) 306 are respectively

10 covered with an ion exchanger 314a, 314b both as described above.
Further, a pure water nozzle 316 is provided as a liquid supply
section for supplying pure water or ultrapure water between the
substrate W held by the substrate holder 308 and the processing
and feeding electrodes 304, 306.

15 According 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 andthesubstrate(workpiece)Wandbetweenthéfeedingelectrode
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, is 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 the surface of él workpiece, thereby lowering the
processing efficiency. In 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
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larger. However, the portion of the ion exchanger not
participating in processing becomes larger, whereby a uniform
processing rate over the entire processing surface area is
obtained with difficulty.
5 The base material of the ion exchangers 314a, 314b may be
a nonwoven fabric, a woven fabric, a sheet or é]porous material.
As shown in FIG. 48, the ion exchanger 314a or the ion exchanger
314b may be mounted on the rectangular processing electrode 304
or feeding electrode 306 by wrapping the ion exchanger around
10 the lower portion of the electrode. Also in a case where the
processing electrode 304 and feeding electrode 306 are in a
celumn shape, as shown in FIG. 49, the ion exchangers 314a, 314b,
which are composed of e.g. a nonwoven fabric, a woven fabric,
a sheet or a porous material, may 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
liquid having an electric conductivity of not more than 500
nsS/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, 1s
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
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or ultrapure water is supplied between the substrate W and the
processing and feeding electrodes 304, 306, and a given voltage
is applied between the processing electrode 304 and the feeding

electrode 306, thereby conducting electrolytic processing of

- the conductor film such as copper £ilm 6 just under the processing

electrode (cathode) 304.

In the electrolytic processing device of this embodiment,
as in the above-described embodiment shown in FIGS. 28 and 29,
a regeneration section 320 is provided beside the substrate
holder 30, which includes a regeneration tank 318 filled with
e.g. a dilute acid solution, and regenerates the ion exchangers
314a, 314b mounted on the lower surface of the electrode section
302 such that they respectively cover the surface of the
processing electrode 304 and the surface of the feeding electrode
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 film
and excellent in flatness, to the respective surfaces (lower
surfaces) of the ion exchangers 314a, 314b. A woven fabric may
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
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
and feeding electrodes 304, 306 and the substrate W.

Further, as shown in FIG. 52, it is possible to use an AC
power source 3l2a so that the pair of the electrode plates 310

can alternate between the processing electrode 304 and the
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possible to conduct electrolytic processing of a conductor £ilm
by £filling a water tank 182 with a liquid 18 such as pure water
or ultrapure water, immersing a substrate W, e.g. a substrate
5 having in its surface a conductor film such as the copper film
6 shown in FIG. 85B, with its front surface upward, in the liquid
18, and bringing the processing electrode 304 and the feeding
electrode 306 close to the. substrate W.

As described above, in the electrolytic processing of
10 copper, for example, the processing proceeds on the surface
(lower surface) of the processing electrode 304 as a cathode.
Accordiﬁgly, when the processing electrode (cathode) 304 and
the feeding electrode (anode) 306 are disposed in the chord
direction of the substrate W, as shown in FIG. 54A, and the
15 substrate W is rotated, it is necessary to locate the feeding
electrode (anode) 306 on the upstream side in the rotating
direction of the substrate. This 1s because if the portion of
the substrate surface facing the processing electrode (cathode)
304 is electrolytically processed to remove the conductor film,
20 it becomes impossible to supply electricity from the feeding
electrode 306. It will be understood 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 possible 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 processingmay be carried out

by disposing an ion exchanger 314d above a substrate W such that
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it covers the entire surface of the substrate W, as shown in

FIG. 56, and either supplying pure water or ultrapure water from

the pure water nozzle 316 to the ion exchanger 314d so as to

impregnate the ion exchanger 314d with pure water or ultrapure

5 water, or continuously immerse the ion exchanger 314d in pure

water or ultrapure water, and placing the processing electrode

304 and the feeding electrode 306 on the upper surface of the

ion exchanger 314d. This makes it possible 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 so that it covers part of the surface of the

substrate, andplace the processing electrode 304 and the feeding
electrode 306 on the upper surface of the ion exchanger.

In this case, as shown in FIGS. 57 and 58, it is possible

15 to stretch a long sheet form of an ion exchanger 31l4e 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 314e 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 31l4e, 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 3l4e 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.
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Further, as shown in FIGS. 59 and 60, it is possible to
mount rectangular electrode portions 328 on the ion exchanger
314e of a long sheet form by printing or lamination at a given
pitch in the long direction of the ion exchanger so that when

5 the ion exchanger 314e is taken up by one-time use length, one
of two adjacent electrode portions 328 may be connected to the
cathode of the power source 312 (see FIG. 55) to become the
processing electrode 304, and the other one may be connected
to the anode to become the feeding electrode 306. This

10 eliminates the need to provide electrode sections separately,
and thus can simplify the device.

Further, as shown in FIG. 61, the processing electrode 304
may be in the shape of a column, and may be surrounded by a
ring-shaped feeding electrode 306. In the case of copper, for

15 example, the electrolytic processing thereof proceeds just
under the cathode. Accordingly, it is preferred 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 disposing 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 1is also possible to surround a
column-shaped feeding electrode with a ring-shaped processing
electrode. This holds also for the below-described
embodiments.

‘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-
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described example of the shape and the disposition of electrodes

shown in FIGS. 46 to 56 and FIGS. 61 to 63 are applicable to
the electrolytic processing device in FIG. 45.

FIGS. 64 and 65 show an electrolytic processing device

5 according to yet another embodiment of the present invention.

In this electrolytic processing device, the processing

electrode 304 and the feeding electrode 306 are both in the shape

of a column, and ion exchangers 314f, 314g are mounted on the

peripheral surface of the processing electrode 304 and on the

10 peripheral surface of the feeding electrode 306, respectively.
The processing electrode 304 and the feeding electrode 306 are
disposed in parallel at a given distance such that their central
axes are parallel to the substrate W. In operation, pure water
or ultrapure water is supplied from the pure water nozzle 316

15 Dbetween the processing electrode 304 and the feeding electrode
306, while the processing electrode 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 between the column-shaped
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electrodes 304, 306 rotating in such opposite directions that
the electrodes enwind the supplied water, and the flow of pure
water or ultrapure water can effectively discharge the
unnecessary products. Further, the use of the column-shaped
5 electrodes 304, 306 disposed in the above manner allows a linear
contact or proximity between the electrodes 304, 306 and the
substrate W, which can enhance the flatness of the processed
surface.

FIGS. 66 and 67-show a variation of the above electrolytic
10 processing device shown in FIGS. 64 and 65. In thiselectrolytic
processing device, electrodes with a length substantially equal
to the diameter of a substrate W are used as the column-shaped
processing electrode 304 and feeding electrode 306, and the
processing 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 processing 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 engage 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 21Q 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 unloaded 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



sf(10% q( & ()-)nF*G&HOl aJKK| [:vU4 6 (10% q(t& ()- j (10%(& ()- |t (10% q(
& ()- ,$10%g(& ()- 6$10%g(& ()- CN$10%g( &' ()- KLMMMMWUA "> O%q( &'()-

10% o( & %a( & ()-10 q( 10 q( 10 q( | x(10% q( & (
)qﬁxNPx%‘bc%Q{Iq( |()S) mgﬁ&- ()q(z ns) ?O%q(&' ()-2 MB) 103?3&)/]%‘% x| S) 10%
' &'() 2 15)10%' & ()-2 dS)10%' & ()-2STUUULUUVUA "> 10% A( & ()-  10%

simultaneously therewith, rinsing (cleaning) of the back
surface of the substrate W can be conducted by supplying pure
water from the back surface nozzle 210 to the back surface of
the substrate W.

5 FIG. 68 shows an electrolytic processing device according
to yet another embodiment of the present invention. In this
electrolytic processing device, a column-shaped electrode that
can rotate about its central axis, the axis being parallel to
the substrate W, is used as the processing electrode 304. An

10 ion exchanger 314f is mounted on the outer peripheral surface
of the processing electrode 304. Pure water or ultrapure water
is supplied from the pure water nozzle 316 between the processing
electrode 304 and the substrate W. Further, a feeding chuck 330
for supplying 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 £ilm of the substrate
W. Even when the back surface of the substrate W is composed

20 of an insulator filmsuchas a 5i0, 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 yet 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 ion exchanger 31l4a 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 £ilm 6 (see FIG. 85B) formed
in the surface of the substrate W to supply electricity thereto,



AC & ()- s10% ~( & ()-10g(10q(10q( S)10%g(& () -2
$S) 10%g( & ()-2WXXaZ[\ | [:vU4 [}(10% ~( & ()-2 VI (10% ~( & ()-2 (10% ~(;

& ()-2 H W(g/%g)&%g()-z H(10% ~( & ()-2 >(10% ~( & ()-2\]]]%%/1!%)3)/03?4(5‘(10%

K( & ()-3 “()-  10%K(& ()- S 109K(& ()-10 ~( 10 A( 10% A(
72

is used as the feeding electrode 306. The feeding electrode 306
should preferably have such a contact area that does not leave
its trace on the conductor film after the direct contact between
the feeding electrode 306 and the conductor £ilm. It is possible

5 to bring the feeding electrode 306 into contact with a conductor
film such as the copper film 6 formed in the bevel portion of
the substrate W, thereby removing the conductor film formed in
the bevel portion of the substrate W in the later bevel—-etching
Step.

10 FIGS. 70 and 71 show another embodiment of an electrolytic
processing device according to the present invention in which
electricity is supplied from the front surface side of the bevel
portion. This electrolytic processing device differs from the
electrolytic processing device shown in FIGS. 28 and 29 in the

15 following points:

The substrate holder 46, disposed below the electrode
section 48, 1s 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 to 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 hollow
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.
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substrate holder 46. While supplying pure water or ultrapure
5 water to the upper surface of the substrate, a given voltage
is applied through the power source 80 between the processing
electrode 304 (50) and the feeding electrode 306, the substrate
holder 46 and the electrode section are rotated and at the same
time, the swingable arm 44 is swung to move the electrode section
10 along the upper surface of the substrate W, thereby effecting
electrolytic processing of the surface of the substrate W.

FIGS. 72 and 73 show an electrolytic processing device
according to yet another embodiment of the present invention
which is used as a bevel-etching device. The construction of

15 this electrolytic processing device is basically the same as
the above-described electrolytic processing device 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 electrode 306 directly contacts a conductor film (portion 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. Thebevel-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 processing device differs from the electrolytic processing
device shown in FIGS. 42 and 43 in that: 1In this electrdlytic
processingdevice, annon-rotatable flat plate-shaped electrode,

having in the lower surface a curved portion 160b conforming
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a substrate W, is used as the processing electrode 160, and a

contact pin-like electrode is used as the feeding electrode 156.
The ion exchanger 162 is mounted on the lower surface of the
processing electrode 160. The ion exchanger 162 is brought into
contact with or close to the 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 same
as shown in FIGS. 42 and 43. According to this embodiment,
simultaneously with the electrolytic polishing of the upper half
of the bevel portion, rinsing (cleaning) of the front and back
surfaces of the substrate can be carried out.

FIG. 77 shows a variation of the above electrolytic
processing device. This electrolyticprocessingdevicediffers
from the above electrolytic processing device shown in FIGS.
75 and 76 in the use of a thicker processing electrode 160. The
other construction is the same as shown in FIGS. 75 and 76.

As shown in FIG. 78, it is preferred to monitor with
voltmeters 332a, 332b the voltage between the processing
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
electric current flowing between the processing electrode 304
and the feeding electrode 306, and feed back the monitored 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 reactions on the
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
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When electrolytic processing of a substrate W, for example
the substrate W of FIG. 85B having the copper film 6 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 in processing area at the time of exposure of the
interconnect pattern composed of copper layer 6 (as shown in
FIG. 85C, copper is present only in the trench), whereby the
removal processing rate inevitably increases. With the

10 electrolytic processing of the substrate at a controlled
constant current, the removal processing rate thus varies before
and after the exposure of interconnect pattern, making the
processing control in the 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 wvalue charges, the
processing rate changes with time. When the current value
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
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particular moment. It would therefore be difficult to respond
5 to the variety of interconnect patterns.

In view of the above and making use of the advantages of
the above controlling methods, it may be consider to first make
the constant-current control until the vicinity of the exposure
of interconnect pattern in view of the easy processing control

10 Dbecause of the constant processing rate, and then change it to
the constant-voltage control which is free from the fear of a
rise in‘voltage and which can suppress the rise of current
density.

FIGS. 79 and 80 show an electrolytic processing device

15 according to yet another embodiment of the present invention,
which is 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. In
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 3121functions 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 nozzle
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In operatlon the ion exchangers 314a, 314b, respectively
5 mounted on the processing electrode 304 and on the feeding
electrode 306, are brought into contact with or close to the
substrate W, and pure water or ultrapure water is supplied from
the pure water nozzle 316a between the processing electrode 304
and the substrate W, and from the pure water nozzle 316b between
10 the feeding electrode 306 and the substrate W, thereby
electrolytic processing the part of the substrate W facing the
processing electrode 304; and either one or both of the
substrate W and the processing electrode 304 are allowed to move
so as to effect electrolytic processing 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
substrateW. 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.
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being perpendicular to the substrate W. The lower half of the
5 processing electrode 304 is covered with an ion exchanger 314h.
The other construction is the same as shown in FIGS. 79 and 80.
The use of such a spherical or oval spherical processing
electrode 304, which allows the ion exchanger 314h to contact
or get close to the substrate W at a point, enables processing
10 at a point or of a curved surface. Further, the uniformity of
the processed surface can be enhanced by rotating the spherical
processing electrode. Of course, such a spherical processing
electrode may be used also in the preceding embodiments and,
in addition, it is 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 presént 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 load 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 ligquid disposal.
Although certain preferred embodiments of the present

invention have been shown and described in detail, it should
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5 This invention relates to an electrolytic processing
device useful for processing a conductive material present in
the surface of a substrate, especially a semiconductor wafer,
or for removing impurities adhering to the surface of a substrate,

and a substrate processing apparatus provided with the

10 electrolytic processing device.
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workpiece;
an ion exchanger disposed iri at least one of spaces between
the workpiece and said processing electrode, and between the
10 workpiece and said feeding electrode;
a power source for applying a voltage between said
processing electrode and said feeding electrode; and
a liquid supply section for supplying liquid to the space
between the workpiece and at least one of said processing
15 electrode and said feeding electrode, inwhich said ion exchanger

is present.

2. The electrolytic processing device according to claim
1, wherein said liquid is pure water, liquid having electric

20 conductivity of not more than 500 npS/cm.

3. The electrolytic processing device according to claim
1, wherein said ion exchanger is disposed separately in the space
between said processing electrode and the workpiece, and in the

25 space between said feeding electrode and the workpiece.

4. The electrolytic processing device according to claim

1, wherein said ion exchanger is disposed, as an integrated
Structure, in both of the spaces between said processing

30 electrode and the workpiece, and between said feeding electrode

and the workpiece.
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said processing electrode and the workpiece, and between sald

5 feeding electrode and the workpiece.

6. The electrolytic processing device according to claim
5, wherein said ion exchanger is stretched between a supply shaft

and a rewind shaft, and is taken up sequentially.

10
7. The electrolytic processing device according to claim
6, wherein said processing electrode and saild feeding electrode
are mounted alternately on said ion exchanger at a given pitch
along the length of said ion exchanger.
15

8. The electrolytic processing device according to claim

1, wherein said ion exchanger has water-absorbing properties.

9. The electrolytic processing device according to claim
20 1, wherein said ion exchanger has one or both of an anion~exchange

ability and a cation-exchange ability.

10. The electrolytic processing device according to
claim 1, wherein said ion exchanger is covered with a porous
25 body.

11. The electrolytic processing device according to
claim 1, further comprising a regeneration section for
regenerating said ion exchanger.

30
12. An electrolytic processing device comprising:
a processing electrode brought into contact with or close

to a workpiece;
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14. The electrolytic processing device according to
claim 1 or 12, wherein at least one of said processing electrode
and said feeding electrode is in the shape of a flat rectangular

15 plate.

15. The electrolytic processing device according to
claim 1 or 12, wherein at least one of said processing electrode
and said feeding electrode is in the shape of a column, and is

20 disposed such that a central axis thereof is parallel to the

surface, to be processed, of the workpiece.

l6. The electrolytic processing device according to
claim 1 or 12, wherein at least one of said processing electrode
25 and said feeding electrode is in a spherical or oval spherical

shape.

17. The electrolytic processing device according to

claim 1 or 12, wherein at least one of said processing electrode

30 and said feeding electrode has a depressed portion or a raised
portion conforming to the configuration of the workpiece, and
processing of the workpiece is conducted by allowing the

workpiece to face said depressed portion or said raised portion.
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20. The electrolytic processing device according to
claimlcn:lz,whereinsaidprocessingelectrodeandsaidféeding
electrode are disposed such that one of the electrodes surrounds

15 the other.

21. The electrolytic processing device according to
claim 1l or 12, wherein at least one of said processing electrode

and said feeding electrode is in the shape of a fan.

20
22. The electrolytic processing device according to
claim 1 or 12, wherein at least one of said processing electrode
and said feeding electrode is disposed linearly or in a circle.
25 23. A substrate processing 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
30 said substrate .carry—in and carry-out section and said
electrolytic processing device;
wherein said electrolytic processing device comprises a

processing electrode brought into contact with or close to a
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workplece, a feeding electrode for supplying electricity to the
workpiece, an ion exchanger disposed in at least one of a spaces
between the workpiece and said processing electrode, and between
the workpiece and said feeding electrode, a power source for
applying a voltage between said processing electrode and said
feeding electrode, and a liquid supply section for supplying
a liquid to the space between the workpiece and at least one
of said processing electrode and said feeding electrode, in which

salid lon exchanger is present.

24. A substrate processing 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
said substrate carry-~-in and carry-out section and said
electrolytic processing device;

wherein said electrolytic processing device comprises a
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 voltage between said
processing'electrode and sald feeding electrode, and a liquid
supply section for supplying pure water or a liquid having an
electric conductivity of not more than 500 pS/cm between the

workpiece and said processing electrode.

25. The substrate processing apparatus according to
claim 23 or 24, further comprising a cleaning device for cleaning

the processed substrate by said electrolytic processing device.

26. The substrate processing apparatus according to
claim 23 or 24, further comprising a CMP device for chemical

mechanical polishing the surface of the substrate.
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27. The substrate processing apparatus according to
claim 26, further comprising a cleaning device for cleaning the

polished substrate by sald CMP device.

28. The substrate processing apparatus according to
claim 23 or 24, further comprising a film-forming device for
forming a film as a portion to be processed in the surface of

the substrate.

29. The substrate processing apparatus according to
claim 28, further comprising at least one of a cleaning device
for cleaning the portion to be processed having been formed by
said film-forming device and an annealing device for annealing

sald portion to be processed.

30. The substrate processing apparatus according to
claim 29, further comprising a bevel-etching device for etching
the portion to be processed formed in or adhering to a peripheral

portion of the substrate.

31. The substrate processing apparatus according to
claim 30, wherein said etching of the portion to be processed
in the bevel-etching device is conducted by electrolytic

processing.

32, The substrate processing apparatus according to
claim 26, further comprising a £ilm thickness-measuring section
for measuring a film thickness of the portion to be processed

during or after the polishing in said CMP device.

33. The substrate processing apparatus according to

claim 28, further comprising a film thickness-measuring section
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for measuring the film thickness of the portion to be processed

during or after the film formation in the film-forming device.

34. The substrate processing apparatus according to
claim 28, wherein the film formation in the film-forming device

is conducted by plating.

35. The substrate processing apparatus according to
claim 23 or 24, 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.

36. The substrate processing apparatus according to
claim 23 or 24, further comprising a drying device for finally

drying the processed substrate.

37. The substrate processing apparatus according to
claim 35, wherein said monitor further monitors a change in the
state of the substrate being processed to detect the end point

of processing.

38. The substrate processing apparatus according to
claim 23 or 24, further comprising a film-thickness detection

section for detecting the end point of processing.



