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5 The present invention relates to an apparatus for subjecting nmetals

sem conductor wafers, etc. to plating treatnent and, nore par@ﬂ‘“ﬂ.ﬂ%‘wmmww
the so-called a cup-shaped pl ati ng apparat us. BACKGROUND ART

one type of plating apparatus there is avail able a cup-shaped pl atdorsgr
apparatus 100 used for the plati n]% of wafers etc. As shown in Figure 6, the

cup- shaped pl ating apparatus 100 PESGRIPIIENwith a plating ta
waf er placement portion 106 in a to% openi ng of the. plating t%ﬂ m\“mm\\
Wthin the plating tank CUPpYEAPELY M%M%A-Beﬁygve el ectr'ode) 105,

which is one electrode for electrolytic plating. Al so, a cathode (a
negative el ectrode) which is the other electrode for the same, a silver

packi ng 107, etc. are attached portion |106. That is, when
af waLer V\]{i s placed on the pI.aciﬁg%ﬁS{)(géﬁﬁﬁlﬁq% pl ati ng target surface W
of the er Wi ] 128 ' w thin the
plhati ngé'l\fti ank anxﬁggiﬁgﬂgﬁkﬂsﬁ%gﬁgfeegq{) 8Wfa%) gvaﬁbng%gﬁg%eﬁghgv@o&%’ect rodes in
this stat e ol RedibRR waibts 8o blatiie il Rerehd St PatcuibpaonRal - Thi s
cup-shapeds% a |ntrng%pB%r atsﬁg&hgasfﬁaalpgatl ngﬁso ution-supply tﬁ’be 102
connect ed EB—c{ag@dlﬁQ:tu Qdﬁagédpfh%m%la}iﬁai’&uﬁ.ank | 0l. and an outlet pore 104
formed in a side wall 103 of the plFating tank 101 near the top opening of
the 25 plating tank. Therefore, it is possible to performplating treatnent
while continuously supplying a fresh plating solution fromthe supply tube
102. The plating sol ution thus BAOKGROUNDMR{Toward the; plating target

surface in an
10 As one type of plating apparatus there is available a cup-shaped plating

apparatus 100 used for the plating of wafers etc. As shown in Figure 6, the
cup-shaped plating apparatus 100 is provided with a plating tank 101 and a
wafer placement portion 106 in a top opening of the plating tank 101. Within
the plating tank is provided an anode (a positive electrode) 105, which is one
15 electrode for electrolytic plating. Also, a cathode (a negative electrode)
which is the other electrode for the same, a silver packing 107, etc. are
attached to the placement portion 106. That is, when a wafer W is placed on
the placement portion, a plating target surface Ws of the wafer W is brought
into contact with a plating solution within the plating tank and a current is
20 caused to flow between the two electrodes in this state, the target surface Ws
is subjected to plating treatment.
This cup-shaped plating apparatus has a plating-solution-supply tube
102 connected to the bottom of the platiﬁg tank 101 and an outlet pore 104
formed in a side wall 103 of the plating tank 101 near the top opening of the
25 plating tank. Therefore, it is possible to perform plating treatment while
continuously supplying a fresh plating solution from the supply tube 102.
The plating solution thus supplied flows toward the plating target surface in an

upward current and flows thereafter to the outer peripheral side of the plating
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upward current and flows thereafter to the outer peripheral side of the
plating -1 tank in a radially spreading pattern (refer to the Japanese
Pat ent Application Laid-Open No. P2002-173794). Perform ng plating
treatment while continuously supplying a plating solution in this manner
provi des advantages, for exanple, it is possible to 5 perform plating
treatment nore rapi dlf/' However, when plating treatnment is perforned during
t he cont i ntraksinaadial yospraaQ;ngmﬁgns@cf}r tothe Iapaneser Ratenthppligagion
attributable o the flow of the plating solution may sonetinmes occur.

Parti cul ar W}d'prpeﬂlﬁo-cﬁﬁ 'b@ﬂ%ﬁeral portion of a plating target surface

f f 1 id |l of th l.ating. 10 tank, i f,or | ati
and vari at i one. PeroMBIERlatag aRatcty R At Res P ppRE RIBIEHERS ¢ han i n

bresent i ﬁé?ﬁiitpbﬁﬂﬁé ket 2oy s 5@%@%&?3? ?&%ﬁ%@%ﬁ%@fﬁ%@@ﬂ%ﬁ%ﬁéﬁﬁ:has
¢ it | _ bve a

ensur o551 hEFPRD HpBHE iRt Mo il e B P b ot ed o

plating with a HREMhATHHEREERenh BEHORHEE dofingH LIMERELEN To sol ve

t he above-descr present inventors have 20 devoted
t hemsel ves ghfp196TH plafifig SoREoAPAoMiIni farht ?Mtiﬂ?_a&ﬂﬂ%uid&évt@ﬁleaﬂ@&baiﬂﬂw
sol ution near fhe outle% port. As a result, Tining out that by adjusting
the shape phaingpshitich fifagasobietinel setuar gPanipularlyyhin the osteapptiphéra sol ution
outlet port in a cavity portion where a plating solution which has flown
out of the poutidredf poldtingftatdet spifate ofja wafr near shesidd will of theppdatingl e to
ensure that the whole 25 area of the plating target surface of an object to
be pl at@d itanks mopunifern platpigandyanitionsan phiting, such asa dargekplating filne
present inventors have hit upon the follow ng invention.

thickness than in the middle portion of the plating target surface, are apt to

occur.
The present invention was made against a background as described
above and has as its problem the provision of a cup-shaped plating apparatus
15  which ensures that the whole area of a plating target surface is subjected to

plating with a uniform film thickness.

DISCLOSURE OF THE INVENTION
To solve the above-described problem, the present inventors have
20 devoted themselves to examining a method of improving the flow of a plating
solution near the outlet port.  As a result, fining out that by adjusting the
shape and opening area of a discharge port, which is a p.lating solution outlet
port in a cavity portion where a plating solution which has flown out of the
outlet port of the plating tank is stored, it is possible to ensure that the whole
25  area of the plating target surface of an object to be plated is subjected to
plating with a uniform film thickness, the present inventors have hit upon the

following invention.



-2 The present invention is a cup-shaped plating apparatus conprising a 5
10 plating tank in which a plating solution is stored, a placenent portion
of an object to be plated which is provided at an opening end of the

pl ati ng tank, neans for feeding the plating solution into the plating tank,
a plating solution outlet port which is forned in an inner circunferential
surface of the plating tank, a cavity portjion into which the plating

sol uti on which ‘Ehg preseuhinyention is #eupnsharad plating APPHIUSLPNRASTIAG asol ut i on

bl at1 g soPUHREI2BK SE MG PI3tiHa SNED Seriaiees PUREmhBORLO e

20D oot 1 e el .6y o el b Race, o B sgggens ot on
h that t nEBpIPSieRO e PaBHE PR SO pRriRE bleBRe s BN or “The
CFoat nont . ChHebay B bE RBraRdE h ey rSRA el sHURGT ORI 01 1O
portion ang,g pl c%%%@g)lotrﬂélgﬁitoi’fﬂjﬁﬁ‘fﬁe g{atiﬁg sBRitRm whiRhtsH e dut 8f Prought

into contact Wit ating solution thrn a plating tank. In this state a
current is thagsdst gort bRy, Qpl&tﬁg&oﬂuﬁbrﬁﬂi@@ﬁd@gﬁ@rﬁﬁtﬁm t‘hb%@ifﬂ? pwiticn,pl ati ng
s

apparatus and plating treatiment i s perforned ile continuously feeding the
pl ati ng soladtliaasolieotion tdik forahé pitingrsolutiyn discirgged font thesdischerge! at i ng
solution flows froman outlet pore into a cavity portion outside the

~ plating tampori, theappanatus subjecting fenobjagt todeplstedpilichds plasedonghat i ng
solution. The plating solution which has flown into the cavity portion is

t enpor &0i | ylacement portiothte plating yreptmentoshide eeiding therplating pelugied irtoom a

di scharge port_into a collection tank, In sugh cup-.shaped, pl ati ng

appar at us, thmpla@@gaanléhwsgpfmmmﬁans)f%sypamlwﬁ&ﬁa%g salutigns in pl ati ng

por ¢ T or e 8 BFRCLaTE OBt o6 ADRRABIR IS B TUPLON BOeH GREDISTDE SHABE | cason
f this, which j t. cl 1 ght .b id |1 o it
por i on 16 AAia thioprige gren pf (el irer PR ABE ERafied Toi or o Fiqure's)
when th | at i ' i ' ' , for.
oxampl 6. ana. t nd PRIk Afalfe HeRFhBH IR pbleBT RE PRI LATaR dn i | "
cavity |3 POliideiont pobtiGH Eﬁéﬁiyza}ith{gta?%ﬁ%ﬁfﬁge bﬂaﬁloﬁfeg@goeﬁz pligeRt above the

pl ati ng sol*ut1 on ecreases gative pressure ated). And when
the pressungohshtiin® SHiA% in uflbh WatEA eI hehBRIR. t 118 tRisessure in
t he space éﬁg?g%thﬂeiﬁ)cavi t?@ggtﬁﬁgﬁ 1é6£t?outsi de a g)lati ng tank 10) and the
pressure i ntitba duirnt Rocduasd td foivisste@en swarkledthielepbfibh Riectilytic on L
becones apt to flow out of 10 the plating tank 10 into the cavity portion
16 via an qlafisg apearatus hndAdating treatiment isperiernsed while gontineously t he i nfl ow
volume of plating solution L increases and the decrease in the liquid |evel
Ls of the deedingghe platingsolutiorsimppthesplating tankyi JBy doing likeithis, theat t he
liquid | evel of the plating solution L wthin the cavity por,éi n 16 is

det er mi2fed migting solution {layrrcBomeanguietnose 1gojagavaiy RASHOROUEMAGIhEt | ng

solution framthe ogutlet portion 11 and the di scharge vol yne fromthe

di scharge pypting mtanrﬂfﬁﬂ‘émtf'@"f‘%%i)%‘ﬂ!‘gttﬁétsuBQf:chPalﬁB\erﬂfJFﬁﬂtdln%dj usting the
shape and openin a_pf. the, di schar t in.such a.plating .apparatus,
the ease V\AﬁUWCﬁfﬁﬁgﬁﬂpgtsp I%WE{G%M%OW%@%%? 8?"1&)??@5’%‘ lgf t he
plating tank fl| 0 i ' . . ' state of flow
20 of the p %1’f’log%ﬁyoﬁ%rtefigﬁﬁgéngglgg%%gnfgjhalégﬁ%f@ga?#gg%uﬂtoﬁ;? port within

the platingjischarge port into a collection tank.

-

25 In such a cup-shaped plating apparatus, the occurrence of nonuniform
plating and variations in plating is suppressed by adjusting the shape and/or
opening area of the discharge port formed on the downstream side of the

cavity portion.



tank, i.e., in a region near the outer periphery wthin the plating tank
changes. This region is adjacent to the outer peripheral part of the
plating target surface and if the state of flow of the plating solution in
this region can be changed, it is possible to adjust the plating condition
in the outer peripheral part of the 25 plating target surface and it is
possi bl e to prevent nonuniform plating and varjations in plating, such as
t he phenonenon Theateasha for this,which ismetelest szight be romsidered gs foldowsit er

peri pheral _portion of ja plating target .surface than jn the mddle portion
of the plaff ﬁgat’ﬁ}’@@m%ﬁ)ﬁ é‘%tévghlﬁﬁ\ﬁ Rlgting selytion L ﬁaﬁhw (Befer ot hought

R DL
cgncgi vaﬁl oL xam: ? ﬁ’lﬁ iqlgfltl%‘f%ﬁrﬁiorf&?{? ﬁgﬁtgﬁa%é“tggg%g#@?&%tﬁgﬁﬁﬁ? Ftr ea of
formed §n BORALLS debifends AlrEse O € spAep héGent dbbyq fheilhtill 2 701 2 1S
a hol e pi e%Sldti‘E‘m"ﬂ‘hE&etﬁ% i(ﬁ%ggﬁl@e VﬁgSEuIQQ¥§Bﬂeﬁtda5.esﬂHdWHe§ﬂﬁe I's

detachably nmounted i'n this hol n such™a structure is used, by nmounting
a hol e pi egreR(RVINARE sPhddE Arohs thadifrerfid bétvéeA thepResire ad thdgReeor a

desired 10 opening area as required, it is possible to change, adjust or
set the shapef thedaoity poetibm§6 {oeidefa platingitadh 20 pendthetpressure in theef er r ed
that the cavity portion be formed so as to surround the plating tank. This
i s because pl4timptankH® inotdases gt theqdatifesdlationd. becontes apt te flopeoutyifer al
surface of the plating tank along the whole circunference and 15 because

t he pl 40i ngheplatingdank 46 ite the sevidy gertiar] Guiasirdeutietepost bl.i ndst@aank via the
outlet pore fromany position in the guter peripheral region wthin the

pl ating t asrsulinie theseavityspastiondioithe indowsdumeod pﬁatme slutipR Lp| ati ng

oot her anRCERIBAUR B QeplapL R NG 165 L5 95LPE PRRE BRSNS (ho

e out GPRERThortamign bt st IR U} HERRgePelolheofibatladhiLy, <
G G ot neViEkipnBepaRy pbichy 1€ sRRcl Byspoli® el ARk i OT0R {20
port ok’ & FAPWoTuRledr didlE bR ot P Olct Rrff 17 3l E Bitchfeg> cavi by

downstr eamv%l\iﬁe(ffobrﬁfﬂﬁe His@ﬂétgh?%ﬁ} | oAn@ft ﬁllrﬁit Bl ahbuitht IRAtBY SHangBiErs to a

position near the bottom of pl ati ng tank, such as a bottomend portion
of the cavidnd d8phdtingthe lsRae SiabEpaifis arda6f the Shdvhafiee Hat in hchfor med i n such
a -5 position, even when the total opening area is the sane, the

occur r ence plbtimpapperatmsnihic\ease svithawhichi the plating sodutpdmai thg dutlebpotticakness i s
nmore positively prevented by providing a plurality of discharge ports and

f or m ng tha)fdhspi)aai'rlgdapbﬂogvsi outds adiistedmndedt thezsame time, thestate ofifloval i ty of
di schar%e ports 5 are provided, it is, preferred that discharge paorts of the
sane si2be f the platingsodutiening regien adiacent todbe eutet prrt yathin thsplatipg

nonuni formty and variations ip the platjng fi]Jm¢gthickness is.still further
posi ti vel y BRkehti8A regpcgbr,leqrttﬂq: 9“15‘1‘@99?&1@8’ Wﬁa{mﬁ"ﬁ i 10g aB&ES be in

he f f I d hol e. h j [ i S..f d

Sur round ¢ FEBFEEIPRGS pdiaRSitiR (o QLREPGRDRUAL BE f BbREPE RCLSGHBR: od ol o
NS PG o SEEPGEPRTR! B4 . ed |

i oot ed Ay EheSerq AL b BlaRe ONRE| i egliPot BEDRLABAE, T (5 ¢

arrangenent: = : { I - subj ect ed
Co pl ati ng SFCRol S i TR pladndeaBullor s begor SRRt BB

DRAW NG Fi Hﬁid?g %argét_ durfdc@indSERIPREBle 10 SreveROdmmifond sladhg aaal structure
of a cup-shaped pl ati ng apparatus of the present enbodinent. Figure 2 is a
sectional WG M Platinde s 4d thle phiehusiedos tindt the platimgnieini thickidseds Fi gure
3 20 is a plan view showng a plate having discharge ports. Figure 4 is a
sectional Viaggerdhdive ogtet peripkeral portidnffaf plating targst surfaperthabin thean

expl anatory view showing the state of a plating solution within a cavity
portion. Fimidde @ortsormofthetplating targetsusfacei nin vievoafthns,iibmaghtdep- shaped

pl ati ng appar at us.
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25 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON A preferred enbodi nent of a
cup-shaped plating apparatus related to the present invention will be
descri bed below with reference to the drawi ngs. -6 As shown in Figure |,
a cup-shaped plating apparatus has a plating tank 10 in which a plating
solution is stored. A circular opening at the top end of the plating tank
10 is provided with a placenent portion 20 on which an object to be pl ated,

such as a tkdught Whatithe pthelearea af the\plating targeg swidace canze sijectedt@nt porti on
ookt ng. 22 DIAREAVitha BHEAHb RN ABiEKasts DDA e WaPsoRUPE B BRade of AU
s bushed SiFa ofshe dinchags Rethel Bre SRS GrPRner | pheral portion of theo -
55 are tixed 1 oVanous PafRait PanEtua It s ASRcREs R hapBilheihabd G Mo

Por ol bt r ANicF boshlie HEA b e disOHhrBEROR, * For (RAMBIS, Thardls Afiibnits 81 [ 04
tank 10. T%?ﬂggﬁge W fofde@ M a %b%ﬁtﬂ&ﬁicﬁpéf BBGARKrAVAY of Bife &

el ectrodes re omtte romthe illTustration. And the nuneral "27"
denotes a hpkEémand & hoRTPiREe mh&ﬁupyaiseﬁaﬁgeqacﬁ-uh@&iﬁ?taq)rwﬁm@ze ishe
nounting portion 20 thereby fixing the substrate Wto the plating tank 10.
A pl at i ng- gletachably-raoenied ih dhis hoke.i sWiensach adttuotirbds usetljby mowitingon of a
bottom surface 10a of the plating tank 10. The plating solution in the tank
T is fed tahdiepicppryvidetd svitBa discharge oot Bvihgandesinedshape onadesited pl at i ng
20 solution can be continuously fed fromthe supply tube 28 into the

pl at i ng0t aropening axaal asrequitedeit ippossible to shapge tadiitst oosettheshape grdior ded i n
a position adjacent to the top opening of the side wall of the plating tank
10, and it opsningsaredpétheodigeharge PR plati ng sol ution within the plating
tank 10 to fl ow_out &% teae pl ati ng, tank, Vgtgn the plating t nﬁ 10, in a
posi tion above LHE Pseispieq thaf the cavisy PoFignEbe formed Sofstos Ang o

TR ke 5 T BARRS B RY 11
L7 b BT AR AL AU O o
rumber 1of ety M b e Ry LU W RlaE b vark 10 o

danpers 12 at i i : j b ter cover
dampers 12 thé ghl{r% it ef?dén a5 Pgiaﬁm inthE ot %e%lphé‘ra%‘é%laﬂﬁrhﬁﬁh the!

T
plating tank "10°is installed outside the

pl ating tanjjatith tdB&t WaFReh BEcHPA trhdtaird Bised Otherflbw b€ tiipRaking @vRItichS, a
cavity portion 16 used as a flow passage of plating solution is forned.

Thi s cavi t Vinpb¢ buten péfipheral eegiommithin thwoplating taik becwmessmhosthepandind t he
top end of the cavity portion is closed with the placenent portion 20. In
its positi amiforay, it iseossibletodnotepositively prewntitheoadirteneeodi cat es with the
interior of the plating tank 10 via the outlet port 11. That is, the

pl at i n@0sol nanuaitormityandaarmations ibthe pating &y thicknessonthe OB i nto t he
cavity portion 16. At the_hottom end of tgqu cavity portion 16 (in a

posi tion netiphseal portionpbthe platipg AEESWECR) | an annul ar plate 30 having a

plurality of disgcharge ts. 31 is . proyvided. [Therefo he pl at.ing

sol ution which Iﬁﬁ*tﬁ%#%“?%ﬁ}%@ Iﬂﬁ(ﬁ?@?ﬁﬁ#pb@%%@ﬁﬁ’%ﬁ%@ﬁﬂp&e@et hr ough

the di schar e, Rofdi e o? RERSW dibeihal Y pl il kbl BeaRY"er - he
portion so as to surround the plating tank. For example, in a case where the

25  cavity portion is formed so as to surround a cylindrical plating tank, the
downstream side of the flow direction of the plating solution refers to a
position near the bottom of the plating tank, such as a bottom end portion of

the cavity portion. In a case where the discharge port is formed in such a
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configured in such a manner as to be connected to the outside only via the
outlet port 11 and di scharge ports 31. As shown in Figure 3, four discharge
ports 31 of the sane shape are 20 25 forned in the plate 30 at equal
intervals. These four discharge pores 31 are arranged so as to surround the
plating tank 10 when the plate 30 is attached to the |ower part of the
cavity portion 16. As is apparent fromthe details shown in Figure 4, each
of the di sphsitipn, peen whed thetatadmpening anga by thet sashitheyoecurrangseofhol e pi ece
32 to a through hole 30a fornmed in_ the plate 30. The hole piece 32 is
annul ar an&oginifernigy and vpeatipreintheplatme Hhn dhigkness is sromPosivghbove

ce .of the annul us.

hon ke WL Vb B Rt SR LIRS A o o 2
mgindfagg al_lgi%(%aﬁ %Z:& lgca?dlégj%lgeﬁﬁ@ﬁqa{e dR{lﬂ ;\{ﬁ%;[ ﬁ%gﬁgg qggﬁtc gﬁi;&pi ece
2r2i3i ![rg“ I ta%eépéqy;%ee,gﬁlglb%%&{ehgﬁgr@g oafrgfhe gl SC earge ?)lorg gjiocar? Ereou ]
ol e 30a.  hofpIdeRyIG NN B8 deRBReRR, of SRR NS HgtioRE 1h 110

provi ded vighdipiiflplfith iHabitfest H SADAIERrRRSAR cRlplevéliiclh extend n the shape

of a circular arc™is used. In a positio elow the cavity portion 16 is
provi ded a col | agid,anistpreferdtd thit e disuhaege pore beliathefraobfid slttedi schar ged

t hrough the di scharge pores 31. A hose 41 is connected to this collection
tank 40. Thote.hoBtheAlthé eavity portidreisgfbahed so astasurmourabthequiatug tankt he
collection tank 40 to a plating solution circulation device R Next,

pl at i nd0t r ehsabharge pents or tie fotm of scslottechhela@mre Anpegedsathantheappar at us of
this enbodi ment will be described in the order of steps. First, a substrate
W whi ch i s langitidinalidirestioa ofithe dischaigerpasts 18 diegrted alprg thes j nstall ed on the

pl ati ng apparatus 1.. Concret el en the_outer. peripheral portion of the
substrate \Sicynyeeatial diegtion T&l@ﬁ@mg fooks i Bﬁlthéﬁlsmmgm@nbﬁﬁ%i ng target

surface W of the wafer di rected downwar toward the interior of the
pl ating taﬁkhcﬂéﬁ?e%oéﬁéd’%tﬁlﬁ taémfgcaﬁﬁ%ﬁe@g@cwgitp Pﬁ’i‘tp?'ﬁ W of gold
(Au) to ensurg a loo?hjgﬁgducti ng condition, is forned on the 20 external
peri pher al ‘B’éﬁi‘?’oﬁ% °$1 ating target surface W, and when the substrate
Wis pkaced on the placenent portion 20, the seed of the substrate W cones
into contact with the cathode 23. In addition, an annul ar convex portion

22a of the seal packi nBl@EFHﬂESC}l@PT@ON”@FdH{EmWG@ 23 cones into
contact with the outer peripheral portion of the plating target surface W.

25 After that, Fensubsty Rbst s8ttisndNAEwRoRERE B sdclignsll ARREERIfROr tion 20
by nmeans of a holding nenber 27 and is fixed to the plating tank 10 by

bei ng posi tdupedhapbd plegiiig appaeatas of tet presért enttodimeutx Piguté Dis 22a of the
seal packing 22 and the cathode 23. -9 When the substrate Wis placed on
t he pl acenesettipmaltview shOwamgltHe partialk strroture, oftaplaptmentpprtiangeFigueBace W
of the substrate Wconmes into contact with the plating solution filled in
t he pl &0i ngsaplan vew skowingor platathaving idischargeepasti e Figuare ised sgctignpat | on of
the platingt ar@%‘%t .surface W is in_contact with 5 the c?nvex portion 22a
of the sealvigwshoning thesestignidrd ahEISIe By c fHEWeehiSANAXDIFAtORY: WEW

peri pheral port.ion and hence, t.he ati ng. solution does not_.l eak from

bet ween thes%é’ﬂ‘ﬁgglt @aﬂﬂl‘gnrﬂjp]laﬁégﬁgld’é’é’l‘t‘e ’ctﬁlﬁbar P?VdFY BRFuoRy H%“rgﬁelrsgﬁ zing
bet ween the cat hgde 23.and the anode 26 w thin .nlatin ank 10 in this
state, the SﬁFﬁ??ﬂd’ 1?‘5?88W%Pt°88¥°‘&&°%? CPR‘&%%‘ES@@%E&%%?‘% tbj ected to
plating 10 treatnent to forma plating film In the cup-shaped pl ating
apparatus 1, usually a plating target surface is subjected to plating

treatmeat during tBESﬁeﬁbePE POR'%R@YE@G@UT‘THEHNVENHbNi ng tank 10.

The flow of the plating solution ring plating treatnent will be descri bed
bel ow. A preferred embodiment of a cup-shaped plating apparatus related to

Lp)

the present invention will be described below with reference to the drawings.



15 First, the plating solution is fed fromthe supply tube 28 provided on
the bottom surface 10a of the plating tank 10 into the plating tank 10.
During plating treatnent, the interior of the plating tank 10 is filled
with the plating solution and the plating solution which has been fed from
the supply tube 28 into the plating tank 10 flows toward the plating target
surface W while 20 form ng an upward current in the central region wthin
the plating tanissbowand Rigere t,teecypi-shaped plating apparatis has ggiating tanker t ai n
degree, the plating solution begins to flow toward the outer peripheral

si de of thdOpnayhiah atplating solution is stered.| yA girculariopgning atdhe top/erhof he

| ati | uti on has been fed.info.the plating tank 10, the 25 platj
ot ut i on { MokBIoDaE 31 {0 ds Bravidad Bishid nlkcenet RrBon 20idn WBiE ALhoieet | o an
amount corresponding to the vpl . of _suppl e | at i solup,i on. The

ot . ol P okt Wi RV, isaddibn AS hdps it FpRe 26tie !
Stored s e g L 881300, 30 A0kl 5B o) ﬁg%ﬂf&dﬁﬂ sy Schar e
port - 10 p%“%%é ["Eoe %ﬁﬁ% n 8* H?e céM?y por |on§€11| to the

|l ecti ; The.al.ati j ; inth
ol | ect i on Pelibeigteetd el ki 221kl dne paimdg 9B, a8l 0 1 Ne

connect ed tgiHode 239(ph&fe 6ORu} BElhg e eTéL‘%rdﬂe%%}tﬁH,eé Shy4hé S¢hl\Wakkingm@s been

fed to the circul a’?q on device R T's here brought into a state capabl e of
recycle by Alisb,tdﬁiﬁﬂﬂgasdm@m%gaimﬂe&idpﬁdeofﬂ@r&ltéﬁpéﬁmrﬂed to the

pl ati ng solution tank T, ere the fed plating solution is recycl ed.

| nci dent al Iportiomof thescathede 28 thappgh dicupacking 24. pThsisbilepdcking2hard and
adjust 10 15 the shape and opening area of the discharge port 31 of the
cavi t y 1por tthenath6de 23 raepfixed o theplatiog dank t@ by 3rcanstefd¢he tbt ong B8 apidat e 30
at the bottomend of the cavity portion 16, and the change and adj ust nent
are easy. Macamenjibed 2dnd lacidestallygan naodnpevhich 1o femothgr alestiode fome

di scharge port 31, it is possihle to adjust the, flowability of t pl ati ng
sol uti on owlecrolytiephtingets ipstatled on the goftom w@as%ie\ﬁnﬁ@t%faa&j Ikt hfh*re

Surface,  NGPRF BHSSAPHORN ShPHCEIfer Bragiains the B QBlebtouibh ofbredy use of
the 20 25 pl ati f thi di nAMl ihed. In thi
plat  ng_ oxpuneRrr oG tifafions A EREGRRLT L dondlis RARI L ng 111 m
hi ck S . : . L hi

LI cknese  (HEHRRE LAY ek D AMCESIPYEALIHAR B ARUERSe phrdnD || 11 NTe
of the cawﬁgregg(r:f#&gata Tu},'gﬁ?% “ﬁtoﬂl@‘i)tlé(}h%cﬁﬁkQ@. port 31 had the shape of a

slotted hole. | e wafer e plated had a diameter of 200 mm
and the di amet erp gfatinBesobhtdd-S8pp13Ha6S 28 W ERfiR ciRISto kA il le PiRitidrabf N
sol ution was a copper sulfate solution (solution tenperature: 20C) and this
pl ating solaboétesimwasfac®h0a aﬂmaplntiﬁgdarﬂhr@um plating splutipntinhke tankol t he
plating tank at a rate of 15 liters/mnute. The theoretical current density
on t he pl atis fied teathgesupply tube & 8diia iamipe 28 fpm atpwnp Rasnd the plating- 11
Comparative Exanple 1: This conparative exanple differs fromExanple 1 in
the cordi tisohstiarean becentimwushofed:frapahe aupplydube 28 inte the platinefankor t .

Concretely, a plate having a cifrcul ar di scharge po s attached to the
bott om Y"10; PAnd an outlet gort 11 for platlrng solution 1% prgv{(fedwlga postlt?on

adjacent to the top opening of the side wall of the plating tank 10, and it is
possible to cause the plating solution within the plating tank 10 to flow out of
the plating tank. Within the plating tank 10, in a position above the supply
25  tube 28 there is provided a damper 12 (rectification means) which has the
function of rectifying the flow of metallic ions (or electric currents) supplied
from the anode 26 and the flow of the plating solution supplied from the
supply tube 28. This damper 12 is fabricated from a circular plate material in
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end of the cavity portion. Incidentally, the total opening area of the 5

di scharge port was the sane as in Exanple 1. O her conditions were the sane
as in First Exanple and their descriptions are omtted. The experi nment
conditions are shown in Table 1. [Table 1 ] Average plating filmthickness
(umVariations in filmthickness (standard deviation: (err))Exanple

121. 00. 2Conpar ati ve Exanple 121.00.3 10 As shown in Table 1, the standard
devi ati on (veickadatgeqnumberafaircular thequghthdlesaneformeds t Nyithindbe was 0.2 um
in Exanple 1 in which the, shape of the discharge pore_is.a slotted hole.

Thi s val ue%@%ﬁﬂkl@roﬂwmg@m% s &15395@115 such 3 n which the

IBpftdI hiﬁgpﬂfwr{‘tﬁe%a@aams {ir'@ﬁ%%nfiaa&%é.gﬁ' 15 pbit has the shape of a
1 Pm thi ckness. 1 Qi indBEee] 4 MR Bé: 1ERbtoH ShEodstsie Py B’ "
G for ot | PG ik 06is thorBUAF bEGi e STy BR 100 sSerlegh R HiinY °
Constfuctigﬁ% ggguaimtlé B%r%%eﬁ@%ﬁﬂg%ﬁ%ﬂﬂﬁé&%sﬁfﬂd\i??aﬁage%wge port

can 20 be I'S possl b m setting to obtain-a condition

in which thgafessolatish idbriMedh STHS baviBPpoition 16 has angnMAs! Rérizvigalcan be
ensured by actually perform ng plating treatnent by changing the shape and
openi ng ar gacbndl Rhape a&h&regeﬁmdtofthéaavitypoftﬂmrits@ﬂcbs;edwialnﬂsz structures
ot her than the structure of this enbodi nent are conceivable as the
structure fplacenbangiontgon B6. shajts pasitionneap e tog ende theofavityepaitionlér ge port .
For exanple, because the plating apparatus of this enbodinment is of such a
struct dPe tdommpnicatessvith thesintespiraafdhe platingg tank 10/vaa éheaoutlet port Lt ure whi ch

permts the replacenent of the . .
That is, the plating solution which has flown out of the outlet port flows into

the cavity portion 16. At the bottom end of the cavity portion 16 (in a
position near the bottom of the plating tank), an annular plate 30 having a
plurality of discharge ports 31 is provided. Therefore, the plating solution

15  which has flown into the cavity portion 16 is discharged through the discharge
ports 31 to below the plating tank 10. In this manner, the cavity portion 16 is
configured in such a manner as to be connected to the outside only via the
outlet port 11 and discharge ports 31.

As shown in Figure 3, four discharge ports 31 of the same shape are

20 formed in the plate 30 at equal intervals. These four discharge pores 31 are
arranged so as to surround the plating tank 10 when the plate 30 is attached to
the lower part of the cavity portion 16. As is apparent from the details shown
in Figure 4, each of the discharge ports 31 is constructed by attaching a rubber
hole piece 32 to a through hole 30a formed in the plate 30. The hole piece 32

25 is annular and on the outer periphery of the annulus is formed a groove portion
32a which extends along the whole circumference of the annulus. When the
hole piece 32 is mounted on the plate 30, this groove portion 32a bites the

opening edge of the through 30a, whereby falling off is prevented when the
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plate in place of the hole piece may be adopted. In this case, nmultiple
types of plates having different shapes and/or opening areas of the

di scharge port are prepared and the shape and/or opening area of the

di scharge pore is adjusted by replacing the plate in accordance with the
conditions. In the above 10 experinent, a wafer is plated with copper.
However, the object to be plated is not limted to a wafer and the present

i nventi on dte pigcoiddds ynamsed sutheshequghthale 30ay Innidenselly.dhesontosri n
general , such as a staipless stefl sh?et, Also, the plating netal is not
linited toofémgmeamnphenaie%gﬁsg thedhale peedds ke plha ShpeandPPEaMSUs net al s

BI ating tared(gf:eiﬁ’lﬁfsﬁeegﬁ){fheghr%ﬁﬁg@g? Qg’be%&g% g}&l%%gﬁﬁﬁﬁags g%#gﬁh{fgm

CLAI VS 1. ) , SIS e :

whi ch agpl ;i?%q’{r‘llg’ a:@@%f@%‘% ]?rtso'vgtfégfxgg;ﬁrsa pi algg%ml&por ?g?]&%?tlg% l?gctI '?o be
pl at ed whi cyiend i tRE QMASIESF AbirdiMaPRARIs¥egnd of the plating tank; neans for

feeding the plating so?%tel on into the plating tank; a plating solution
outlet port whi Qﬂa'p%sftﬁfﬂ@éiow&hé@avwmgbrtfdﬂ £6 i mrovidddad collectiaagafit t he

plating tank; a cavity portion into ich the plating solution which has

flown out ofp whithhouses theoplhtihg evlition dischargal thebugl e disciabge perepor t
within the cavity portion; and a collection tank for the 10 plating

sol uti on di¥lchaA dede #i asrcomeectidswhthisgeol leation tatle4@ppZdhist hosestibfeeds i ng t he
object to be plated which is placed on the placenent portion to plating
treat mdft whe platingessdilution pellgoted by gheenliaction tank 40to e plating sejutienk by use
of said neans for supplying the plating solution, wherein the apparatus has
a const r uctGimlagioncdevdeBt es t he shape and/or the opening area of the

acoor di g i X Eféﬁﬁﬁt,‘iplgﬁﬂé?ré?lﬁﬁé’m@%mr? %‘éﬁlgs%: rﬁ%: -%@%4%8:@@‘3%2""; o
the downst r@gﬁ;ﬁﬁ%ﬁf’ﬁﬁf‘%‘w@%ﬁmé‘wﬁvf@q ?%%r@#deﬁiﬁez%&%regf AebSsol ut i on' i the
Cup- shaped i at gCappe i M RBHS o Ftaa bR SRR SHN e ine

Tnes ASIS, AGtallbd oh'tgl BlactrddAlacie 8, 2 CiofiretelyPwiten fl opter peripheral
V¥ xsni d_2Z] godrigh eRlkedutband WAlssihea GRitfeplasehientisrtish 28] afhcakcal cal ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRaJc<al W -

Q AH. wz} C. 5§htifg tdgdl finfae|Wabt e whtalWalitatablowhweald eboalrd eecal ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 8F

1"% (+, , . | | inletoeRFGRE pRAIMGtank 16k =f A}sesd ( nbotAhosin) aWvhiadhciaJacfejldalc a) ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajca]ca]ca]ca]caljcal f="@@
EDEGGq| Looogmerefgelr (Am) to ensure a good conducting condition, 1s formed on the

20  external peripheral portion of the plating target surface Ws, and when the
substrate W is placed on the placement portion 20, the seed of the substrate W
comes into contact with the cathode 23. In addition, an annular convex
portion 22a of the seal packing 22 positioned inside the cathode 23 comes into
contact with the outer peripheral portion of the plating target surface Ws.

25  After that, the substrate W is pressed against the placement portion 20 by
means of a holding member 27 and is fixed to the plating tank 10 by being
positively brought into contact with the convex portion 22a of the seal packing

22 and the cathode 23.



Uf WWWWKPXXX, YMYXY| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! XYYYYAZZZ[J[[\ X\\\F]]]]
] __ " bb$bcccef hhh} xsni | wnmhc”Y] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
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100 () 109 (e AL @AV o pidh ko, %l 1)
the outer peripheral portion of the plating target surface Ws is in contact with
5 the convex portion 22a of the seal packing 22 along the whole circumference
of the outer peripheral portion and hence the plating solution does not leak
from between the substrate W and the placement portion 20. By the energizing
between the cathode 23 and the anode 26 within the plating tank 10 in this
state, the plating target surface Ws of the substrate W is subjected to plating

10 treatment to form a plating film.

In the cup-shaped plating apparatus 1, usually a plating target surface is
subjected to plating treatment during the feed of a plating solution into the
plating tank 10. The flow of the plating solution during plating treatment
will be described below.

15 First, the plating solution is fed from the supply tube 28 provided on the
bottom surface 10a of the plating tank 10 into the plating tank 10. During
plating treatment, the interior of the plating tank 10 is filled with the plating
solution and the plating solution which has been fed from the supply tube 28
into the plating tank 10 flows toward the plating target surface Ws while

20 forming an upward current in the central region within the plating tank 10.
And when the plating solution has risen to a certain degree, the plating
solution begins to flow toward the outer peripheral side of the plating tank 10
in a radially spreading pattern.

When the plating solution has been fed into the plating tank 10, the

25 plating solution flows out of the outlet port 11 into the cavity portion 16 in an
amount corresponding to the volume of supplied plating solution. The
plating solution which has flown into the cavity portion 16 is temporarily

stored in the cavity portion 16 and is then discharged from the discharge port
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1t 0% Jang doilbinieitsesnbonsF) ¢ <olestion ok & e -
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5567772X9. $edfbl€t10%& ()-!tysS,

Incidentally, in this plating apparatus, it is possible to change and adjust
the shape and opening area of the discharge port 31 of the cavity portion 16 by
10  replacing the hole piece 32 attached to the plate 30 at the bottom end of the
cavity portion 16, and the change and adjustment are easy. By changing and
adjusting the shape and opening area of the discharge port 31, it is possible to
adjust the flowability of the plating solution out of the outlet port 11, and it is
possible to adjust the plating condition in the outer peripheral region of the
15 plating target surface.

Now an experiment with the plating of a wafer conducted by use of the
plating apparatus of this embodiment will be described. In this plating
experiment, the wafer was plated and after that, the plating film thickness
(variations in film thickness) was measured.

20
Example 1: In this embodiment, a plate 30 as shown in Figure 3 was
attached to the bottom end of the cavity portion 16. That is, the discharge
port 31 had the shape of a slotted hole. Incidentally, the wafer to be plated
had a diameter of 200 mm and the diameter of the plating target surface was

25 190 mm. The plating solution was a copper sulfate solution (solution
temperature: 20°C) and this plating solution was continuously fed through the
supply tube into the plating tank at a rate of 15 liters/minute. The theoretical

current density on the plating target surface during energization was 1 A/dm?.
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210%& ()- z10%& ()- 10 1099Z<<<='=dEnN  y10% ( 10%& () - &&10%&’ () -

$810%& ()-" 10% ()-S 10%& ()-y! 10% ()-" =c=f =" @@ @@ @ AxnH@

y10! 1y3"10%&' ()-M 10 10 10@10%&' () -

109 () - 310%& ()-ys*10% () - AAB$CCED EWUSnb@
10%1me&’ () - Imnmmmnpﬁsilom&cqmpm&w emﬁ@d(ffermfsm Emmlw M Sy3"1
09008 () - MEEFGGGGG#I ﬁ?m lfl 1 10%pp& ()-. 10 10 t%@:m%& ()-lr?s '109%& () -

I asS, " 100%&' (inthgcondjtigng forithg shape ang/oxgpening aregrof the discharge po
" 10%vE () (E(];nngr%t%{% (;;late arvu%go 21/% Qllafr rgllsc?large port was attached to the bottom
end of the cavity portion. Incidentally, the total opening area of the
5 discharge port was the same as in Example 1. Other conditions were the
same as in First Example and their descriptions are omitted. The experiment

conditions are shown in Table 1.

[Table 1]
Average plating film | Variations in film thickness
thickness (pm) (standard deviation: o)
Example 1 21.0 0.2
Comparative Example 1 21.0 0.3
10 As shown in Table 1, the standard deviation (c) showing the state of

variations in film thickness was 0.2 pm in Example 1 in which the shape of
the discharge pore is a slotted hole. This value was smaller than the case of
Comparative example 1 in which the shape of the discharge pore is a circle (c:
0.3 um). As aresult, it became apparent that in the case where the discharge

15 port has the shape of a slotted hole, the occurrence of nonuniformity and
variations in the plating film thickness is suppressed, with the result that the
whole area of the plating target surface of a wafer can be subjected to plating
with a uniform film thickness. As a result, it became apparent that if the
construction is such that the shape and opening area of the discharge port can

20  be changed, it is possible to perform setting to obtain a condition in which the
best plating with small nonuniformity and variations can be ensured by
actually performing plating treatment by changing the shape and opening area
of the discharge port.
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O erfﬁ)(g(}jment are conceivable as the structure for changing the shape and/or
opening area of the discharge port. For example, because the plating
apparatus of this embodiment is of such a structure that permits the

5 replacement of the plate 30, a structure which permits the replacement of the
plate in place of the hole piece may be adopted. In this case, multiple types
of plates having different shapes and/or opening areas of the discharge port are
prepared and the shape and/or opening area of the discharge pore is adjusted
by replacing the plate in accordance with the conditions. In the above

10  experiment, a wafer is plated with copper. However, the object to be plated
is not limited to a wafer and the present invention can be widely applied to
electrically conductive metals in general, such as a stainless steel sheet. Also,
the plating metal is not limited to copper and it is possible to perform plating
with various metals such as nickel (Ni) and gold (Au).

15

INDUSTRIAL APPLICABILITY
According to the cup-shaped plating apparatus related to the present

invention, it is possible to perform plating with a uniform film thickness in

plating the plating target surface of an object to be plated, such as a wafer.
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Nor mal "
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es New Ro
 4SoR ()’k“‘as'iﬁfﬁi+ f }(gil%g%e%laﬁﬁé"tm%%aﬁ@ Eo1WébH DREET oYt which is formed in
<=>? @BCDERHNAK SNGRERSIMANG R of tibs1dahg ki< langaQity portion into which
the plating solution which has flown out of the outlet port flows; a plating
solution discharge port within the cavity portion; and a collection tank for the
10  plating solution discharged from the discharge port, the apparatus subjecting
the object to be plated which is placed on the placement portion to plating
treatment while feeding the plating solution into the plating tank by use of said
means for supplying the plating solution, wherein the apparatus has a

construction which enables the shape and/or the opening area of the discharge

15 port to be changed.

2. The cup-shaped plating apparatus according to claim 1, wherein the

cavity portion is formed so as to surround the plating tank and a plurality of

discharge ports are formed on the downstream side of the flow direction of the
20  plating solution in the cavity portion so as to surround the plating the plating

tank.

3. The cup-shaped plating apparatus according to claim 1 or 2, wherein the

discharge port is in the form of a slotted hole.
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