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The present invention relates to an apparatus for subjecting netals,
sem conductor wafers, etc. to plating treatnent and, nore particularly, to

the so-called a cup-shaped pl ating -apparatus. BACKGROUND ART 10 As one
type of plating apparatus there is avail able a cup-shaped plating

apparatus 100 used for the plating of wafers etc. As shown in Figure 6, the

‘cup-shaped pl ati ng apparatus 100 %Esmﬁﬂég%w th a plating tank 101 and a

waf er placenment portion 106 in at f the plating tank 101. Wthin

one 15 ¢l octrode for ol T HRPEIEL GATING AARAIUR | bl o netati ve

" electrode) which is the other electrode for the same, a silver packing

107, etc. are attached to the placenent portion 106. That is, when a wafer

Wis placed on the placenment pprEHNTCALMIELING target surface W of the -
wafer Wis brought 1into contact wth a plating solution within the plating

tank ang a currepé pterPinveneesirdisted toun gﬁm&& fohgubijestig metalgdes in this
to plating treatnment. This

cup- shaped sghitondgctep paifaisystchisplating atatmerseind; inore pantichiartyy bethel 02

connected to the bottomof the plating tank 101 and an outlet pore 104

formed i n sozalled aaup-shdfedplating appatatusy t ank 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 solution thus_supplie 0 oward the plating target
- surface in an upward current Mﬁﬁﬁélﬂg%&ter to the outer peripheral
side o{ot he pl ahl ng -

s 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 platiﬁg apparatus has a plating-solution-supply tube -
102 connected to the bottom of the plating 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 supﬁlied flows toward the plating target surface 1n an

upward current and flows thereafter to the outer peripheral side of the plating
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20 January 2005 tank in a radially spreading pattern (refer to thenkgpdiese
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 performplating
treatnment nore rapidly. However, when plating treatnment is perfornmed during
- the continuous supply of a plating solution, nonuniform plating
attributable to the flow of the plating solution n%%¢sonetines occur. '

Parti cul ar fapk inm radeally spseadies paterndrefeptn thedapaness DatentiApplicatigat surf ace

and vari at LRG0 GS KR s 5 [arger piating 111 m. thickness than in
present 1 nvent i Pt Ate] Sk ot eaB e Beitue and- has

- Ehour st naVEHRh 485 BArheEBiiad FBRRIRE 0; BAbbIRD 1ARBREARNROC Y, 20 o
plating w E%@#@L%ﬁfé%%dé%h{ ﬁ?gé(gfrbg . DI SCLOSURE OF THE | NVENTI ON To sol ve

~ the above- d e S nt inventors have 20 devoted
thensel ves to eHame%ﬂjgv@ngﬂ{tlﬂmgiu-eénﬁéﬁw xS b cohtiudhs Ng
rt.

solution near the outlet p As a result, fining out that by adjusting
the shapesgiply efapliatth@sdtation, roniinsoharisatipoatzibwablnolthe flow af theg
- solution outlet .port in a cavity portion where a plating solution which
~has fl own platingfsoldtion may kemetimets ootut. hePartienlarly, insthke cutersariphgrali t i s
possible to ensure that the whole 25 area of the plating target surface of
-an obj ect partios of apleting sargetojuefacedfaovafer atamife widehwall odithoplatihgl m
{ttgi ckness, the present inventors have hit upon the follow ng, invention.
20 Jankflar ytapbpaonuniform plating and vanations in plating, such as a larger plating film .
‘ 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 |

O

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 plating solution outlet
port in a cavity portion where a piating 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 imvention.




In accordance with an aspect of the present invention, there is provided a
cup-shaped plating apparatus conprising a plating tank in vm%d:ﬁm%we @ting
solution is stored, a placenent portion of an object to be plate Ich is
provi ded at an opening end of the plating tank, neans for feeding the

pl ati ng “sol uti dm dcoorlanbe withedn aspectokthegreseat invensiohytheohisquovidedpor t
which is fornmed in_an _inner circunferential surface of the plating tank, a
cavity port¢upmshaped pltingrappasatup carmiprgingod tgnk Brwhich g paliagout of the

g
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di scharge 'port t hanged. I'n perforntng plating treatnent, an o

to be pl at aglafifig BblRGSH viiich Mas flhas e the dutlePpord fidwas, BIpMtinosdlaticet

surface of "an O%j ect to be plated is brought into contact wwth a plating
sol ution widibétharge pbatwitidn e kavitynpoitios, asd aicellectiir taaktfor theqdatsiegl to fl ow
between two el ectrodes of an electrolytic plating apparatus and_plating
treat nent isolytéor disolatged fom thendischasge port, theapipatatehsutpectingihesbjeati on

into the plating tank. By doing like this, the plating solution flows from
an out | et porbs plated vehichvs Plﬁcgfgﬂﬂitbﬁpbgﬁ@ﬁﬂ@ql’ﬁ@n to platingdreatimrnt Whde amount
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In performing plating treatment, an object to be plated is placed on the

placement porﬁon and a plating target surface of an object to be plated is

| brought into contact with a plating solution within a plating tank. In this
state a current is caused to flow between two electrodes of an electrolytic
plating apparatus and plating treatment is performed while continuously
feeding the plating solution into the plating tank. By doing like this, the
plating solution flows from an outlet pore into a cavity portion outside the
plating tank in an amount corresponding to a supply volume of plating
solution. The plating solution which has flown into the cavity portion 1s
temporarily stored in the cavity portion and is then discharged from a
discharge port info a collection tank.

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.




portion. 3 20 January 2005 The reason for this, which is not cl2hknuam 496
be considered as follows. In a cavity portion 16 into which a plating
solution L has flown (refer to Figure 5), when the plating solution L is
di scharged froma discharge port 31, for exanple, and the liquid | evel Ls
of the plating solution L wthin the cavity 5 portion 16 decreases, the
pressure in a space E present above the plating solution L decreases (a

~ drops, 'the dit ?tﬁ%#%é&ﬁlﬁﬁﬁiﬁq%ba‘ﬁ Bl Sfe %Ezfttﬁ%e%%%@féré%%ﬁpséfﬁiv ity
ops, the TefceTbet v : _ . |
o %LL' :i’S ol SR Boftich, 0 LR PAGH a BRARORU RS BRI WS o ot of 10
L0 i ncCt . g 0 . ut of
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I nor eases _agibxhiplelagiiane gt 10l L 6pise fiens) séiboh 1! Wanl kicadicpo! ution

is suppressed. I't ‘'mght be thought that the Tiquid |level of the plating

sol uti of LpotMontigdédreaseaMhk pressttd @ sfack £ preb&itnboed ﬂﬁ’plﬁﬂﬁ? a bal ance
between the 15 inflow volume of plating solution fromthe outlet portion 11

and the di sslhtiog& Rereasks (Eenégativetpgressdrssipehgmigdr t Ardhodhen thd ght be

t hought that by changing and adjusting the shape and opening area of the
di schar ge pressurein thecspage Bodmops e abffercace betwden tha peesauretinghe spacche
plating solution at the outlet portion of the plating tank flows out is
adj ust ed ahf the cavity pertion: intoutsidea plating t@nkflogwad the prgesuse it theg sol uti on

In a region adjacen; to the outlet part w thi he plating_  tank, j.e., in
a_region nalatmgﬁvéﬁbiﬂ HICTEASEP aﬂ@ﬂ}emﬂtiﬁgﬁo ngr fa@ci%eqfamo@w&h@ét& Thi s

OO S bR R P T o2k B2 8, 9L
- can be changed i choipPB3RleH fo bR RHbUNIoILRS oY HhkdigediBigh i on Tn the
increases and the decrease in the liquid level Ls of the plating solution is
suppressed. It might be thought that the liquid level of the plating solution L
~ within the cavity portion 16 is determined by such a balance between the
15 inflow volume of plating solution from the outlet portion 11 and the discharge
volume from the discharge port. And it might be thought that by changing
and adjusting the shape and opening area of the discharge port in such a
plating apparatus, the ease with which the plating solution at the outlet portion
) of the plating tank flows out is adjusted and, at the same time, the state of flow
20 ofthe plating éolution ‘in a region adjacent to the outlet port within the plating
tank, i.e., in a region near the outer periphery within 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 possibie to adjust the plating condition in the outer peripheral part of the
25  plating target surface .and it is possible to prevent nonuniform plating and
variations in plating, such as the phenomenon that the plating film thickness is
larger in the outer peripheral portion of a plating target surface than in the

middle portion of the plating target surface. In view of this, it might be
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25 plating target surface and it is possible to prevent nonuni f & imga2edig
and variations in plating, such as the phenonenon that the plating film
thickness is larger in the outer peripheral portion of a plating target
surface than in the mddle portion of the plating target surface. In view
of this, it mght be 20 January 2005 thought that the whole area of the
-plating target surface can be subjected to plating with a uniformfilm

Bf:‘ t EQ?Z@&%%H%%&&?@%& 54 f aﬁﬁg?ﬁgﬁw&&g‘ h Bioan 46 SubisEiAPur o for
' [ 5 ' isch .

NGt 19 R R RO SRR A BRI | e
position 'Otearéahoefthﬁﬁ?srch elpo(}{ ofﬁx%c%@l\fg}[%rticﬂfrt ion and a hole piece in which

a di scharge port having prescri bed ze 1s detachably nounted in this

hole. Wien Suchvarighi Wild'afe ondRfible AYa Mottt or Hafiih the Bpep! Ovi ded

c
with a discharge port Ing a desired shape or a d d .10 openi ng area

as requir edndfof opénﬁg%sé@bﬁtﬁemiﬁm@qmradj Béit eimpie] theheisshanruaedhor
opening area of the discharge port. It is preferred that the cavity portion

- be forned wshiéelsa holesidribavad it blﬁresﬁﬁhéd pesitienlof thdinmier wallafahiseavify so, the
outlet port can be formed on the outer peripheral surface of the plating
tank al ongpbitemdml £holer miacd brwhich adisclbbgdpodavingwepisatbedsisolisut i on can

be di scharged to outside the plating tank via the outlet pore from any
posi ti on i detabbatdymeounsed ipthds holer eViien suchia straciure iguaed, iy manrting\hen such
a structure_ is used, the flow of the plating, sol gt lon _in the, outer .

peri pher al 2hels pecaprovided wathy dischasze pot hexinge desirasisbape orAdlesised form it
LY S0 2 Posnd pre b gt i TR e g H Seb e ale il o ™
o i schar GECIBR A P ARIER UG downstream s\ de of the f1ow di rection’
_ of the plating I??sl theif@rgec!l fhat Iﬂlee ga%tgrtﬁf)rtion be formed so as to surround the
plating tank. This is because if so, the outlet port can be formed on the outer
peripheral surface of the plating tank along the whole circumference and
‘15 because the plating solution can be discharged to outside the plating tank via
the outlet pore from any position in the outer peripheral region within the
plating tank. When such a structure is used, the flow of the plating solution
in the outer peripheral region within the plating tank becomes smoother and
: ) ' uniform, it is possible to more positively prevent the occurrence of
20  nonuniformity and variations in the plating film thickness in the outer
peripheral portion of the plating target surfac_e. |
And it is preferred that a plurality of discharge ports be formed on the
downstream side of the flow direction of the plating solution in the cavity
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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portion so as to surround the plating tank. For exanple, in a c¥Senuwseigs
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 bottomof 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 -5 20 January 2005 position, even when the total opening

area is the sanme, the occurregﬁe of, nonupiformty and variations in the
pl ating fi PRSRReRYRRSwhen thedptal ppeningaeed,1s the s3np: g ASFUITERRS @ ng a

Rk Lhtyfeé’a%g&%icf‘akﬂ?ﬂﬁ%%ﬁ@?ﬁﬁe%ﬁ Pafilgioly @E«%@%Ssi‘fsﬁﬁpf’eiééﬁgiﬂgﬁr ovi ded.
E ltm erval f ?%%vﬁeg&?ebai n@vﬁ@g&%&iw@?&?ﬂﬁ%ﬁ%&%i)?ﬁ%’gtaéﬁéfﬁlaﬁﬁ;lgr%ﬁ! ons in the
b5t o ERPMESERIASR L P PRSP S lsetifs Lc
the cavity Sf)kfr)]?ﬂ&vﬂibdi R if PreTBided that QiscRami AU the Sarbb Bleifh prdided 10

di scharge sin th ormof a slottéed hole are arranged so that the

1ongi t udi nat eqlidl aRhals, Bbchule thi scfitfeite PEHbAUASofESEEJankeng; fohe
circunferential direction of the plating tank. Wth this arrangenent, the
whol e ar eatlyd platiag filatthivgnessrig etill furthacposidvelp preventeict ed to plating with a
uniformfilmthickness. 15 BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a
front secti onal Alsioeivis prefemed that theedisckarge pottrheanthe farin af aslgitedhaped

pl ating apgaratus of the present enbodinent. Figure 2 is a_ sectional view -
showi ng t hbolear tWaen thereavitiimerieen & foirmed sorss tosurrpwnd thei platiag kg is a pl an

- wvijew showing a plate having di schargg(i:Borts. Fi gur sectional view

}l)e 4is a
- showi nl) t heisshagp partaimths formepfraeslaticdpgle are grpagethse hiat fifat ory vi ew
| Jongitudinal direction of the discharge ports is directed along the

circumferential direction of the plating tank. With this arrangement, the
whole area of the plating target surface can be subjected to plating with a
vniform film thickness.
15 |
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a front sectional view showing the sectional structure of a

cup-shaped plating apparatus of the present émbodiment. Figure21sa

) sectional view showing the partial structure of a placement portion. Figure 3

| 20 is aplan view showing a plate having discharge ports. Figure 4 ié a sectional

view showing the sectibn A-A of Figuré 3. Figure 5 is an explanatory Viéw
showing the state of a plating solution within a cavity portion. Figure 6isa

sectional view showing a conventional cup-shaped plating apparatus.

25 BEST MODE FOR CARRYING OUT THE INVENTION
A preferred embodiment of a cup-shaped plating apparatus related to

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




showi ng the state of a plating solution within a cavity porti on20 Rngay 2005
is a sectional view showi ng a conventional cup-shaped plating apparatus.
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 drawings. 6 20 January 2005 As shown
in Figure 1, 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 1oAiS§hpwaunJegmmlt,ncalppsta@mfﬁtzrqg@ppwszba%pmpgﬂa@ﬁ obj ect
to be plated,. such as_a wafer W is placed. As shown in Figure 2, the 5

pl acenent p&rnivche Z501utiery isavtorsds c dhgiteulge gpening af Hé’nél ng an

[ dge, . I Ki 22 i | I.ed t he. pl t. bed 21 d
cathode 23 isafungfankfY butfyrovih avfantngridh 200 hinE 8 eblectacki ng
22. A , { ' ' RSt At b t
per i pher ai 16 Bt et ana Sellbn 8ads BIRERT o At BehR Tl A9 e cea

Ki 22 : ' b 0b
ot he-3 op PR AR B Sep LS DA ChedR, ePAAinG Aol ®, 8 Whi cn
I's the othg eﬁbﬁgdg?,dﬁséa?bacl&hgQQriﬁé’rXIié& ofttRd pRGembefit b&tF2 Bldn@dch on the
bottomw thin the ating tank”10. The copper wires and power source for

ener gi zi N9 chihde P9 (Hade r atlgbei oRbelevgodoistalRA i dRselikpidingp22.at i on.
And the nuneral "27" denotes a holding 15 nenber which pushes the substrate

W agai nst  tAlso,moiaptringd? Pi3rpushed againsthde edyy sidexafrlye ohter patipberat e Wto the
plating tank 10. A plating-solution-supply tube 28 is connected to the

m ddl e posipbition of the zathotde @ throvighahbe packing24t hd'hsl seal packingR2 Bod The
;pDating solution in the tank T is fed to the supply_ tube 28 via a pipe 29
f¥om al@unhervathodt 2harefixad taghe plasimguanks d Odenmpanscefthe iop Bag\2 X & fr om t he

supply tube 28 into the plating tank C .
UPPLY placement bed 21. pinciden ally, an anode 26, which is the other electrode for

electrolytic plating, is installed on the bottom within the plating tank 10. The
| copper wires and power source for energizing the two electrodes 23, 26 are
omitted from the illustration. And the numeral "27" denotes a holding
15  member which pushes the substrate W against the mounting portion 20
thereby fixing the substrate W to the plating tank 10.
A plating-solution-supply tube 28 is connected to the middle position of
a bottom surface 10a of the plating tank 10. The plating solution in the tank T
' ) is fed to the supply tube 28 via a pipe 29 from a pump P, and the plating
20  solution can be continuously fed from the supply tube 28 into the plating tank
10. And an outlet port 11 for plating solution is provided in a position
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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10. And an outlet port | 1 for plating solution is provided in 20 posiry 2@
adj acent 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. Wthin the plating tank 10, in a position
above the supply 25 tube 28 there is provided a danper 12 (rectification
nmeans) which has the function of rectifying the flow of netallic ions (or
el ectric currents) supplied fromthe anode 26 and the flow qf the plating
sol ution swpich adamze swmbes of sirsplay threysh hglesmre Sommgther Withip ther apr i cat ed

froma circul ar pl at erial i.n -7 20 January .2005 i.ch | ar ge nunber
of cirecul ap?%%ﬁgﬁlﬁdﬁ? S ‘?ddﬁnﬁ’ﬁﬁ. ' Fﬁ’rtléés “bqt%lmyn‘&spgh@ 10 of this
enbodi nent, thi.s er 12 is installed in such a condition that two
danper s 12°8P@‘“P§gﬁ%§?vé’a‘.}mﬂger§ﬂ§vﬂ§ehwa e 1, a cylindrical outer cover
15 which surrou - 5..pl atd . 0. 1.S. | Il | - pl ati ng
tank 10. Bet vvee%gt% Hé%‘ﬂ%?‘?g‘é‘% ‘t@%ﬁé&@ah%%‘a" "tt%reéd(}ﬁe%grs @%&gg%gﬁgé@gvi ty

portionslﬁp;ihgﬁgltgﬁlﬁ%fié%ta (gggidefthegia gm%.uthepﬁé&&evmﬁl Thi's

cavity por as an annu hori zontal” sectional shape andgi he top

end of the tgAvi IndBie hiRtr EGver!158@avity Poftivh: T8 A6RIBY IR pds@de2$E I n its
position near the top end, the cavity portion 16 10 communicates with the

interior OF)letdhg sohaionig fbﬁﬁkd.loThisa:abit? poutidel 6 has tn hhnulaf hetizémstal t he
pl ating solution which has flown out of the outlet port flows into the

cavity por séaionhbshapie anklethb ooy emd efitheafavithiocton isyclpsed with thé (in a
position near the bottomof the plating tank), an annular plate 30 having a -
plurality placdinenhpomionsil.t sin3isiposstiqn nedrdbel toprened, dho cavity pertionaib ng
sojution 15 which has flown into the cavity portion 16 is di scharged
tfir ough0 t heomimutieateewithdhe dntgtior of theldeling tank) 14k viaghe autletmert th this
Connect ed et et apes Selufignyrhick Res S obgh ORiq BRBTANS &M ge por (s
3L 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 thé 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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As shown in Figure 3, four discharge ports 31 of the sane shapeZ&leauarp@005
. 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 3 0 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

- peri phery bplepiecadhis mountedtiothe thraugh belgs3(sor tineidentaily, thei comtutt ends

al ong the whaol e circunference of the annulus, Whep the hoJe pi.ece 32 is
mount ed onof the lﬂpﬁltﬁefﬂlhﬁfﬁlrﬁdgeg’rf%‘*?/hoﬁﬁdﬂﬁ%izsﬂfa tBPt“Q%Pet‘HEiO ng edge of

EAERCY P A O P e
opening " apegitb NG b AFgen bof AR ¢ IR BE Sxisrdimch py MG M0
whi ch dgpes ﬁ%gée, aHHE ﬁ%c%?ﬁ%\ﬁglé? Ivsg{h d1Bfed ﬁé@g@@sgﬂrﬁe i’gﬁ:s d#elg vsmlﬂtbﬁ <l ot ted

enbodi nent shown*imn ure, a p1 ece“provi

hol es (di sghande, Ay 3 bF aiictlr X ieiddi n the shape of a circular arc is

used. In a position gellowthe cavity portion 16 is provided a collection

tank 40 whi ch hoysestibhBcRvaticaviglpurtion 16iis phavidalia thilestwh tahle di schar ge

pores 31. A hose 41 is connected to'this collection tank 40. This hose 41
feeds 10 t 4@ wiigh hogsesahe platimgaolutin disciwrgédthrongh tet dischargakortd to a

pl ati ng solution <circulation device R Next, plating treatnent perforned
by use of alcup bisepHdisgloahected tatipscalledionftankidf. efibicdhosert] foeds be

gg\scri bed in the order of steps. First, a substrate Wwhich is an object to
be pl at@d, teplhting selutieh epllected byshe nellettiondank 401e amlating solappar at us 1.
Concretely, when the outer peripheral portion of the substrate Wis placed
on the pl a@léﬂ'ﬂﬁtlo%dﬁYlicérR-ZO, with the plating target surface W of the

wafer Wdirected do d (t d th .
! Next, p a\{t\l%rg tre(atlgl\é\gtrper or?ned by use of a cup-shaped plating

apparatus of this embodiment will be described in the order of steps.
First, a substrate W which is an object to be plated, such as a wafer, is
15  installed on the plating apparatus . Concretely, when the outer peripheral
portion of the substrate W is placed on the placement portion 20, with the
plating target surface Ws of the wafer W directed downward (toward the
interior of the plating tank 10). A seed (not shown), which is a foil film
) made of gold {Au) to ensure a good conducting condition, is formed on the
20  external peripheral portién 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 céthode 23. Inaddition, an apnular 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 hblding 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.




interior of the plating tank 10). A seed (not shown), which is 20 Joudy 2¢05m
made of gold (Au) to ensure a good conducting condition, is forned on the
20 external peripheral portion of the plating target surface W, and when

the substrate Wis placed 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 packing 22 positioned inside the
cathode 23 cones into contact with the outer peripheral -portion of the

pl ati ng target Whehdbe swlgstrazsWaistpdacechen the plecempatinastion QPjanddixass ed

“agai nst the placenent portion 20 b nmeans of a hol di ng .menber 27 and is
fixed to tﬁ@mﬁpaﬂﬁdéaﬁﬁ&RW@ﬁSBVEQ%¥%§0fBE§R§$V@¢ HORGHAL ¢Racont act with

D i B A B DR 3

.
Zgrgﬁgﬁ V\fﬁ?s qn&reégg%{;@ V\#ﬁ:ﬂ% P%n\%x gorn%irl(l)ln_ }%JQ 8? t?[%le s%ﬁﬁaaggcﬁgzge

t-he pl a? i ngle%tlé‘roﬁéﬁ(}g{eégg lﬁ%’?ﬂ‘?‘g%ﬁ&hﬁ%ﬁqﬂ%ﬁlﬁ%ﬁﬁ{lﬁg&ggﬁﬁ ‘?‘g:%msv and t he

pl acenent ROK hORyedl thSYubshateeWeast AielacdiBENgRtibML0CBY ikelendBizng t he

anode 26 wthin the plating tank 10 in this state, the plating target

surface Whewdehahé vithbd@ls aMd itle sndce?6 adthin iy plhtingtab® k0 aethient to form
a plating film In the cup-shaped plating apparatus 1, usually a plating

target sur §taee thesplatinpjtageesirfaoe Waof tie substareeW isdubjeatpdt toeplatingl of a
anti ng solution into the plating tank 10. The flow of the plating
sol utidh dueatmendtafomya plataigfdm. will be described below. 15 First the
. plating soluti OI?l tlhg cLSghLI;e?inglgpigg igggaﬁjst lu,%esugl?y g;:?éi\gndgetgrgoert] s;[lpfgce 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
Vbottom 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
_i\") ' 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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bottom surface 10a of the plating tank 10 into the plating tank20BnmuapuziOig
plating treatnment, the interior of the plating tank 10 is filled with the
plating solution and the plating solution which has been fed fromthe
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 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

si de of thdlpitthd bejtanasrd of the pavity pertion| iy gy therokigeiion taak 0. WikhE t he

pl ati ng solutjion has been fed.intg the plating tank 10, th 5 plating

sol ution f Pitngselutym Wﬁlﬁ?h&ﬁslbﬁpn Pﬁedl‘% 'i%ﬁtcﬁﬂ?‘l’f@mb W‘Bg‘?"fﬁbﬁwm in an
~anmount correspondi to.fhe yolune of s | ied ating, splutign. The

pl ating sofUf Oﬂ/ﬁgﬁwel“%glaf%ﬁms? ﬁ?@%@@ﬁ?ﬁ@ilﬁ%m‘?‘&ﬁﬁf i s ¥enporarily
stored in the. cavit orthqn 16 P .sch f. t l,schar ge
p’orL 10 3!?Ta§1[ngtsrq u%’ﬁ‘?’hiﬁlhg??&]b&g?%%bcg\?mu%ﬁ% ((f;érrﬁ%gkil%ﬁ%%tqﬁ}gu@%ﬁ | ection
tank 40 T i | Wi ' L B tion tank
40 15 rod Ao P o kekRitBy Bitlfn ARFHLNBNAREh ik AUt

col l ection ThetinPls8litidg 5k 9t LdRradheah ileRMhb&fist 0 the

circul ationtﬁegl?\éflggthlsgguﬁgrsgmbﬂ&%ught 5 in{éclj\mae s??’?ﬂz capabt}i(gﬂgf recycl e by
filtrationrgnd]egonposi tion adjustnment and is then fed to the plating
solution tank T, where the fed plating solution is recycled. Incidentally,
in this platingnefieatailyyin this platingeppalitss, ivis possible wruhangg asd adjube shape
and opening area of the discharge port 31 of the cavity portion 16 by 10
repl aci ng thesshapt angiopeming2ired ohtheatisdhargchpornp Batof thdcatityt pertivotldbdy end of
t@ cavity portion 16, and the change and adjustment are easy. By changing
~and  abf usréplaring theslinlp picoed 2opttachad tathssplate Qﬂtthﬁb@ttamg@%@%ﬂl%l, it is
possible-to adjust the flowability of the plating sol utiﬁn aut of, the

outl et por cavity pertignilo, pad theehangeand gdstment asLapy-at Prghangiagapdn in the
outer peripheral region of .the .

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 énd 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 enefgization was 1 A/dm?.
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15 plating target surface. Now an experiment with the plating o0 Januesf 205
conducted by use of the plating apparatus of this enbodinent will be
described. In this plating experinent, the wafer was plated and after

that, the plating filmthickness (variations in filmthickness) was
measured. 20 Ex m: In this enbodinent, a plate 30 as shown in Figure 3 was
attached to the bottomend of the cavity portion 16. That is, the discharge
port 31 had the shape of a slotted hole. Incidentally, the wafer to be

pl at ed haGompaiativet Bxample200 'ﬁhlma:nmparzmmlcmamedtffersrﬁmnpﬁaamp@eiarget
surface was 25 190 nm The pl ating sol ution was copper sul fate sol ution
(sol ution intependitipns foa@@)shamlaml{psomrangng%asfeﬁth@lm k%S RBKt i nuousl y fed
t hrough the ating tank at ar te of

Lt it kel ol e Sl il e,
: ;ﬁg}og; ati\e@mgg%gfea gfﬁ’fét‘%‘;i%&‘?@%ﬂqrgf@ q totg @Wﬂ@ggq{ﬁﬁp¥ﬁ%?ns for the shape
o &P eisBRt B3pstes (B SRR SRR £, CHREH ShctionsyBhethe DY} 9 @
Phe same a%%“ﬁji‘[éfx“a#‘l‘?* EW%Q?'%%EQQ%&%@%%‘P%MSM Sty e

Exanpl e an 6155 %@gg{,{vﬂtm%@[e omtted. The experinent condi t ions are
shown in Ta 1. [Table 1] Average plating filmVariations in film

t hi ckness [Wp]ass (gm (standard deviation: a) Exanple 121.00.2

Con'para'“ ml e 121 003
Average plating film | Variations in film thickness
) thickness (um) (standard deviation: )
Example 1 21.0 0.2
Comparative Example 1 21.0 0.3
10 As shown in Table 1, the standard deviation (o) showing the state of

variations in film thickness was 0.2 um 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 (o:
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

J variations in the.platipg 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 caﬁ be ensured by
actually performing plating treatment by changing the- shape and opening area
of the discharge port. |

-12-




10 As shown in Table 1, the standard deviation ((Y) show ng the2&lauasy &05
variations in filmthickness was 0.2 gmin Exanple 1 in which the shape of
the discharge pore is a slotted hole. This value was snaller than the case
of Conparative exanple 1 in which the shape of the discharge pore is a
circle (6: 0.3 pm. As aresult, it becane apparent that in the case where
t he di scharge 15 port has the shape of a slotted hole, the occurrence of
nonuni fornlity and variations in the plating filmthickness is suppressed,
with the resul tInchdantallg vanbos streoteres otheritbap Hat stngturerafdhissur f ace of a
waf er can be subjected to plating with a uniformfilmthickness. As a
result, it enbodimeninacenceivahie as the simctyggdor changing thesshapeandioat t he shape

Sert oo s bephgRsubh e e oo taBLSRBEP | 207 th Sl |
Ty eat ment | BybeRB G Asanbaimeal s SRR s Ryc e 4 bEAm e S har gopor
enbod: mint "StaceHid 8T o pHFE 0. EEnAIcE A il Hie Kb lCBpRl bEUR. ) o
oppar acus B¢ In blaSe B BEYKIODidtRhay BORAGHEAPD, iy ARCEAE mAARYAs 19 |

[ﬁg' aglegfgbfﬁfaﬁmv%ga&fe%&t shald MDY SpeMmh s Braas bFtHsdikbarge pbaGReent  of

‘ ace of the-hole piece may be adopted. In thrs case,

mul tiple typeardf ail feShapeyndror dﬂ)éﬂiﬁ%ﬁfﬁa sihhe dischaieqfore eadjngtedr eas of
the di scharge port are prepared and the shape and/or opening area of the

di schar ge pgieplasingdhe platelin Mcordaplcawitipthichmnditiins. i fn decatsalence with the
conditions. In the above 10 experinent, a wafer is plated with copper.
Fowevel( t beparihest; atwafbseisplatcé svithi eoppet. | Howteadr, tthe abieaf trbaplatache present
invention can be wdely applied to electrically conductive netals in
general , sisciotdimiged tosd maderangtthe presheeinvenfiemcan beavigelytappljedd@ al i s not
limted to copper and it _is possible tqQ performpl ting w th various

metal s suchlegsiogilyicondpsiive matalyis) geneml) such as a stainless steel sheet. ~ Also,

the plating metal is not limited to copper and it is possible to perform plating

with various me_tals such as nickel (N1i) 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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15 | NDUSTRI AL APPLI CABI LI TY According to the cup-shaped pl ati ngZ2&laperail®s
.related to the present invention, it is possible to performplating with a
uniformfilmthickness in plating the plating target surface of an object
to be plated, such as a wafer. 20 January 2005 CLAIMS 1. A cup-shaped

pl ati ng apparatus conprising: a plating tank in which a plating solution
is stored; a placenent portion of an object to be plated which 5 1is

- provi ded at an opening end of the plating tank; means for feeding the
plating solution into the plating AdAIMa plating solution outlet port
which is formed in an inner circunferential surface of the plating tank; a
cavity portion into which the plating solution which has fl owm out of the

outlet port flows; a_plating solution discharge port wifhin the cavity
portion; add a Adupethapsd platimg appAratwecaPHFRE! ﬁ@?aém&%ﬂ}é#l&ihé&hér ged from

12 e ko AR Aboeneel Sty SR SR e
Phe pl of: ndf ov e Smghepfierbrd i i3 Bt 145F; BeaSOh felBRRTd HlatCh' V' "
bl h ‘ j I b
changed. - o SoRABRTn@ e Bladdda AR bAMNB6 R dlfet PHASIRLAS Emddh! |2 0°

the cavi tg?@tﬁ{cﬁric%uin?elfeﬁﬁme tﬁ&ﬂg%ﬁ’ig%%&ﬂ@! & (R o8 id@Rkhiepd a

- plurality scharge ports are tor t he downsStream side of the

flow di r ecifieoplafthg t618tidA wioh hBOflSMnlit OF thdohilé pory flbwsPOpldtal so as to
surround the plating the plating tank. 3. The cup-shaped pl ating apparatus -
a,lccordidnﬁ F&uﬁbﬁﬂ&ﬁc&a@ephnwﬁmmaahﬁy porsemainges gelidction tatk fdrehéor m of a
slpotte ole. -14

o 10 plating solution discharged from the discharge port, the apparatus subjecting

the dbject 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  portto 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 5o as to surround the plaﬁng the plating
tank.

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

discharge port is in the fprm of a slotted hole.
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ABSTRACT Provided is a cup-shaped plating apparatus which can pFhleauandl0s
whole area of a plating target surface with a uniformfilmthickness. In a
cup 5 shaped plating apparatus including a placenent portion of an object
to be plated which is provided at- an opening end of a plating tank, neans
for supplying a plating solution into the plating tank, a plating solution
outlet port which is fornmed in the plating tank, a cavity portion into

~“which the plating solution which has flown out of the outlet port flows, a

pl ating solution 10 di scharge portABYIRACHhe cavity portion, and a
collection tank for the plating solution discharged fromthe di scharge
port, which subjects the object to be plated to plating treatnment while

openi hg. ar ea- of PRV S GEiPGTAREH P APAGHEE RICIHHRERCHR PU8 of ¢ e
CR LY, PO s ERBOS Tk BRSSO B o2, 5,
a0t e, i TR B RO, DB ACH NP R By L o0 I
oarea. plated which is provided at an opening end of a plating tank, means for
- supplying a plating solution into the plating tank, a plating solution outlet port

which is formed in the plating tank, ﬁ cavity portion into which the plating

solution which has flown out of the outlet port flows, a plating solution
10  discharge poﬁ within the cavity portion, and a collection tank for the plating

solution discharged from the discharge port, which subjects the object to be

plated to plating treatment while supplying the plating solution into the plating

tank, the shape and/or opening area of the discharge port formed on the

downstream side of the cavity portion can be changed. If the shape and/or

15  opening area of the discharge port formed on the downstream side of the
cavity portion can be adjusted, it is possible to suppress nonuniform plating
and variations in plating on a plating target surface by adjusting the shape

and/or opening area.
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