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(54) Title: COPPER METALLIZATION OF SILICON WAFERS USING INSOLUBLE ANODES

(57) Abstract

A plating system  (10) 30 “\ 2 : N4
and method are provided for Hb AEE
electroplating silicon wafers with \\
copper using an insoluble anode ™ \\i20 /
(13) wherein the electrolyte is B 27 B
agitated or preferably circulated
through an electroplating tank (11) A‘\ﬂ/'

of the system and a portion of
the electrolyte is removed from 31 I3G\
the system when a predetermined \:
operating parameter is met. A ! -+ 1 .
copper—containing solution having a Y4

copper concentration greater than the 13 . /_Rllo
copper concentration of the removed 176

portion is added to the copper A28
plating system (10) simultaneously
or after electrolyte removal, in

: {70
i /
a substantlally equal amount to 20 (

the electrolyte removed from the .

system and balances the amount - 27
of copper plated and removed in

the removal stream. In a preferred 7 -

method and system, an electrolyte 28 19 29

holding tank (19) is provided which 23 24

serves as a reservoir for circulating

electrolyte.  The addition of the } 22

copper-containing  solution and

removal of working electrolyte is also preferably made from the holding tank (19). The preferred apparatus is preferably cylindrical and
is specially configured so that recirculating electrolyte enters near the anode (13) and exits near the cathode (12) with the outlet of the
apparatus having a substantially continuous opening around the periphery of the electroplating tank (11) so that electrolyte exiting the tank
has a substantially uniform flow across the surface of the cathode (12). The anode (13) is preferably circular and has a central through
opening (13a) through which the entering electrolyte passes.




30 Copper can be deposited on substrates by plating (such as
el ectroless and electrolytic), sputtering, plasm vapor deposition (PVD)

and chem cal eposi tion (CVD). It is generally recogni
pl ating- base"c‘i&‘geposmlon is the best nethod to apply copper fgf'/tuﬁﬁ?lgg@l ce
since it can provide high deposition ratedg-and | ow tool costs. However,

pl ati ng nmet hods nust neet the stringent 35 requirenents of the
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and capable of filling the extrenely small trenches and vias of the

SUBSTI TUTE SHEET (RULE 26) -2- device. The plating process nust also be
capabl e of being controlled so that plBESERIPIEIRE s are nininized or avoi ded
and nust al sp,émopg{mat,é,m@, with clean room operations. The deposition of
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surface by trolysis using a consumabl e copper el ectrode or an
i nsol ubl e agﬁﬁgmﬁ%ﬁﬁbﬁ%’consumbl e electrolytic plating process, the

copper electrode is consuned during the plating operation and nust be
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15 mterconnect features which severely penalizes the overall performance of the
structure because of increasing interconnect resistance and reliability concerns such
as fabrication of the interconnects and electromigration.

At present, such structures use aluminum and aluminum alloys as the
metallization on silicon wafers with silicon dioxide (5iO2) being the dielectric

20 material. In general, openings are formed in the SiO: dielectric layer in the shape
of vias and trenches which are then metallized forming the interconnects.
Increased miniaturization is reducing the openings to submicron sizes (e.g., 0.5
micron and lower).

To achieve further miniaturization of the device, however, it is being

25 proposed to use copper instead of aluminum as the metal to form the connection
lines and interconnects in the chip. Copper has a lower resistivity than aluminum
and the thickness of a copper line for the same resistance can be thinner than that
of an aluminum line. Copper-based interconnects will therefore represent the
future trend in the fabrication of such devices.

30 Copper can be deposited on substrates by plating (such as electroless and
electrolytic), sputtering, plasma vapor deposition (PVD) and chemical vapor
deposition (CVD). It is generally recognized that a plating-based deposition is the
best method to apply copper to the device since it can provide high deposition
rates and low tool costs. However, plating methods must meet the stringent

35 requirements of the semiconductor industry. For example, the copper deposits
must be uniform and capable of filling the extremely small trenches and vias of the
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chemcals and the like. As in all processes used to fabricate integrated
circuit (1C devices, it is necessary that such inpurities be mnimzed and

nost oper '% e 20 carried out in a clean room A cle '
basi callyegdroorsnﬁ{n whi ch the different process steps are ggrrr{'%r%r;rleda&and

dust particles and other inpurity partigles are naintai ned bel ow certain
| evel s by the use of filters and other such cleaning devices. It is
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Regardless of the method used to deposit copper on the substrate surface
15 impurities may be co-deposited with the copper. In integrated circuit fabrication it
is important that impurity particles not be present in the electrolyte but such
impurities may result from sludges formed during the plating operation, impure
chemicals and the like. As in all processes used to fabricate integrated circuit (IC)
devices, it is necessary that such impurities be minimized and most operations are
20 carried out in a clean room. A clean room is basically a room in which the
different process steps are performed and dust particles and other impurity particles
are maintained below certain levels by the use of filters and other such cleaning
devices. It is important that any plating process used for the fabrication of
integrated circuit devices be adaptable for use in a clean room and that the process
25 itself minimize the impurity problems inherent in the plating process.

Bearing in mind the problems and deficiencies of the prior art, it is therefore
an object of the present invention to provide an improved method and apparatus
(system) for electroplating a substrate.

It is a further object of the present invention to provide an improved

30 electrolytic method and apparatus for copper plating a silicon wafer in integrated
circuit fabrication using an insoluble anode.

It is another object of the present invention to provide an electrolytic
method and apparatus for copper plating a substrate inciuding silicon wafer
substrates using an insoluble anode which plating may be performed in a clean

35 room.
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O her objects and advantages of the invention will in part be readily
apparent fromthe foll ow ng description. Di sclosure of the Invention 10

Applicants W?s,,fgsgfovered an electrolytic nmethod for copperpglpkisngsa
substrate, preferably a silicon wafer sem conductor substrate, conprising:

providing a plating system conprising a c3pper plating apparatus conpri sing
a tank preferably having an inlet and an outlet and containing a copper
el ectrol yte and altdsibstadgitoriab obfecplofitiesl iragntios ab lppdeiderdh elezpobes coppert 15

[ | ubl X ' ng.. th | ' . ly b
ci'roul at | ng WHINa PbLES Hine S sTERRRANG, TG kbt diNe SARGIT R B ™Y
renmovi ng t heprepgpias ofithe depasitrempiroeenstadtout | et of the tank, while applying
a current and el eghéPRt bjdtd dPeCAVERIS: 2% providBasemicoad@tolseand dtR& Of

the operatin araneters Of the plating system renoving a portion of the
el ectrol y%e 3?‘8%%%& ?tg%Mﬂ'b?f?p&’efrr edet ermi ned operating paraneter is
rTFt; adfii ng to ti‘@ltlﬁaerbmi iditﬁrads'hntggéﬁ@élcrhe!iy\vaﬁp]ﬂdsn awillafit epart e readily

el ectrol yte r i sol ution having a copper
concentrati O%Pedé?% tﬂé‘ﬁ“t%ﬁgﬁﬁlpﬁéggégécp'p%n' copper concentration in the
renoved el ectrolyte and in an anount sufficient to increase the copper
concentrati Oﬁl'sefos&@oﬁhgﬁ\fﬁlti%e Iin the systemto a predeterm ned val ue and
to maintain X “rolyte in the systemat a substantially
const ant 190l une. Applicants haye, discovered ar pleqralytic methed et i ppes Hutinda i s
provi ded forsubkeate] peiférablytd sli€snrwafer Béidonduetor sulsstrate, cahprisiigef erably a

silicon vvafer sem.conduct ar su strate, .conprisi Ng:, pLOVI ding a pl ati.n
Syst om conpr | s PRGYOMECH BIFLRE oY e oLl R OB SP BB 8 AP PRE oA AGS DAL,
the copper platingniSpreferably havingiak prietf enditdry obdetnandytontdiningila aopper
having an inl et RUBLAORRI dnd'y LbSrh@YR el &P hRieatit AMsfbh oot
15 insoluble anode;
agitating the copper electrolyte in the tank preferably by circulating the
electrolyte to the inlet of the tank and simultaneously removing the copper
electrolyte from the outlet of the tank, while applying a current and
electroplating the cathode;
20 measuring at least one of the operating parameters of the plating system;
removing a portion of the electrolyte from the system when a predetermined
operating parameter is met;
adding to the system either simultaneously with or after the electrolyte removal
a copper containing solution having a copper concentration greater than the
25 copper concentration in the removed electrolyte and in an amount sufficient
to increase the copper concentration of the electrolyte in the system to a
predetermined value and to maintain the volume of electrolyte in the system
at a substantially constant volume.

30 in another aspect of the invention, a method is provided for the electrolytic
copper plating of a substrate, preferably a silicon wafer semiconductor substrate,
comprising:

providing a plating system comprising:
a copper plating tank and an electrolyte holding tank, the copper plating

35 tank preferably being cylindrical and having an inlet preferably at the

lower end of the tank and an outlet at the upper end of the tank and
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-4- containing copper electrolyte and a substrate as a cathode and a spaced
apart insoluble anode both the cathode and anode being preferably
hori zont al‘got9P Iet and outlet preferably positioned so tll]iglt

el ectrol yt ream enters the plating tank near the anode néi’:g/tlgs“%ear 5

the cathode; agitating the electrolyte pgeferably by circulating the copper
electrolyte to the inlet of the apparatus fromthe hol ding tank and

si nul taneously ref@ﬁtﬁﬁ:ﬁiﬁﬁﬁp@&%ct@lﬁétaﬁ@'alﬁlﬁbsi:fa&ﬂﬁ B eathddesdndh shhced

apparatus and directin outl e ct e to, the. hol din ank,
while applying a € ;3poae Boﬁpilpee ﬁ'!%{a gar{orqg E’S'ﬁ'\goa'éefe'%b}

measuri ng at | eastharizontdl, tthe oplet aaﬁmgoquhatapmfenablwfpd)shteorm(hts'mghawsarem
removing a por i or gk Sl GELFARYLAIH B hARREYSAERRANER AAEHs S

e
operating paraneter em ert taneously with
or afted the el ectﬂ‘élﬁﬂtf@deermval 15 a copper containing solution

havi ngda fopltoﬁ'taﬁﬁgctﬁ@télé&ﬂdMe%réf&?ﬂytﬂmrém@t{ﬁgt)ﬂiéetoﬁwcﬁééﬁ@%é)fb the' t he
v e eet O b o B o aRy R o PR RGBS e B0 Eon 6P anc
t o nmi nt ai nI t he thelcopperotleetrebite dtorn ehe rmtthae nyttnteeappa'atas sanids direttireg the
o o el R bl P o G
conpri 98s: an ek rm!ﬂtmgitggca #ederont ai ni ng therein copper electrolyte, a
substrate as ﬁeﬁs’ﬁrff@fﬁ? |8d3€ oAe %Pﬂffeeépér‘ﬁﬁﬁé phﬁéﬁfétél‘l”s"cﬁ tl@é‘ﬁﬁﬁngtsﬁ)ﬁeﬁ!a”k
preferably hayl noq/mg a po%tlon of electroﬁ/te from t%e systerhTE Wheh a predetermined
operating parameter is met;
adding to the system either simultaneously with or after the electrolyte removal
15 a copper containing solution having a copper concentration greater than the
copper concentration in the removed electrolyte and in an amount sufficient
to increase the copper concentration of the electrolyte in the system to a
predetermined value and to maintain the volume of electrolyte in the system
at a substantially constant volume.
20 '
in another aspect of the invention, an apparatus for electrolytic copper
plating a substrate, preferably a silicon wafer, comprises:
an electroplating tank containing therein copper electrolyte, a substrate as a
cathode and a spaced apart insoluble anode, the tank preferably having inlet
25 means and outlet means;
agitating the copper electrolyte in the tank preferably by circulating the copper
electrolyte through the electroplating tank from the inlet to the outlet, while
applying a current and electroplating the cathode;
measuring means for measuring at least one of the operating parameters of the
30 plating process;
removal means for removing the electrolyte from the electroplating tank when a
predetermined operating parameter is met; and
addition means for adding to the electroplating tank a copper containing
solution having a copper concentration greater than the copper
35 concentration of the removed electrolyte in an amount sufficient to increase
the copper concentration of the electrolyte in the system to a predetermined
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agitating the copper electrolyte in the tank preferably by circulating the
copper electrolyte through the electroplating tank fromthe inlet to the
outlet, whilggyaRbassng a current and el ectroplating the cat hedgusagasys i Ng
means for nmeasuring at |east one of the operating paraneters of the 30

pl ati ng process; renoval neans for renoving-the electrolyte fromthe

el ectropl ati ng tank when a predeterm ned operating paraneter is nmet; and
addi ti on neans for vaddiang tbondintire trectalopleadfieherticdytl im tho modrat @osubatantialdy
solution having a E8Rﬂ§r§tv%‘?u 'gntration greater than the copper 35
concentration of the renoved €l ectrolyte in an anount sufficient to

I ncrease the copper concentration of the electrolyte in the systemto a

predet erm ned SUBSH 3\ SF&emelehiddinent he apPar%tuszﬁHHSr é‘&?\{)?i@es”ﬁ’litéﬂr% MehR$

volume of electrplyte in the tank at, a,suhstantially constant volume. .In a
oreforrad SbBPREAe §IAerolis:An sRo IngMaAB RS Forsei1e 29 TRORTTRTARER of 474 o
f :c It ﬁr t Ihe el elltettrolyyé.eltaﬁpl'mmd todillee i dlecdigrsastivemeistht eldutrdptaringrtankir e
of the electrolyte

It i,s preferred,to.filt.er e el ectrol s it enters
Che. el ect ropl at | gt Anetne haspel e tneCientih, HIE HrBERls e Toiacki .
further conpr electolytelhoidingltgle flooh dvhigh tededirdlytenis ihiropeds lirtot thel irdet of the

DUt LIS RO B ST ', Mt e

is punped fromt tropl at i tion

: ! ) ank. | )
.means to 48d elgstrenlayBg tadkht i Addiien meens edértgmppaea@f\w'gmwtm to

t he hol di ng t preferablyeaddothet solugom e dhé Hukiingeanl.st Hettrslyrl emevedf fbADkDE
renoved fromt h? hO|§I ng tanE | n anat her .as elat Otf It(‘he I nvention, the
additive copp%yrS TR Fﬁje'? ]YJFWG JV%%E% N8 9% %cont ai ner hol di ng a
pr edet er mi ned anouht andtheradspectaf the irnentiddettie additive copper containing solution is
packaged in a container holding a predetermined amount of solution to be added
15 to the system and is added by means suitable for clean room operations, e.g.,
injecting the solution into the holding tank from the container, and the container
either discarded or available for refilling and reuse. Likewise, the electrolyte which
is removed from the system is preferably removed into a waste container under
conditions suitable for clean room operations and which container may then be
20 removed from the system and the contents treated outside the clean room.

Brief Description of Drawings
Various aspects of the present invention can be best understood by reference
to the accompanying drawings in which:
25 Fig. 1 is a schematic illustration of a copper electroplating apparatus of the
invention using a holding tank for recycle of the copper electrolyte.
Fig. 2 is a schematic illustration of another copper electroplating apparatus
of the invention.

30 Mode(s) for Carrying Out the Invention
In describing the preferred embodiment of the present invention, reference
will be made herein to Figs. 1-2 of the drawings in which like numerals refer to like
features of the invention. Features of the invention are not necessarily shown to
scale in the drawings.
35 Referring to Fig. 1, a plating system of the invention is shown generaily as
10 and is used for electroplating copper onto a substrate 12. The plating system 10
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15 to the systemand is added by neans suitable for clean room operations,
e.g., injecting the solution into the holding tank fromthe contai ner, and
t he cont aiyp@hepdseer discarded or available for refilling ghg: /?

Li kew se, the electrolyte which is renoved fromthe systemis pre erabl y
renoved into a waste contai ner under conéttions suitable for clean room
operations and which container may then be 20 renoved fromthe system and
t he cont entahd methed aet desgubedewith erpfereneantoBplating Ce silidant iveaferoisibgaan ngs
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schermatic iHPHEAteS MY copper el ectropl ating appar at us of t he
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e

f eat ur es of eat ur the 1 nvention are sar i
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syst em of tH’a@vngMpémhgﬁl suéh %b@r\@f'ccﬁéﬁﬁﬁ@hdnas ag héGNa”fé!d suBsttE€d 2055 typ lcally

oL o1 ) <\ ARRER 88 oy S B o R 0 bR SR B
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made of a §g,n rrﬁg\[ge@ sRaceshptyess the agpqi%1 and cathode 12 The anode 13 is
an msoluble anode which is not consumed in the process. Suitable insoluble
15 anodes include platinum and platinum metals including platinized titanium and
platinized niobium and metal oxides, e.g., iridium oxide, ruthenium oxide, etc.
coated on a substrate such as titanium.

The cathode substrate 12 and anode 13 are electrically connected by wiring
14 and 15, respectively, to a rectifier (power supply) 16. The cathode substrate 12

20 for direct current has a negative charge so that copper ions in the solution are
reduced at the cathode substrate forming plated copper metal on the cathode
surface 12a. An oxidation reaction takes place at anode 13 forming oxygen which
migrates from the surface of the anode in the form of bubbles which rise in tank 11.
The cathode 12 and anode 13 are shown horizontally disposed but may also be

25 vertically disposed in the tank 11.

An electrolyte holding tank 19 contains copper electrolyte 27 which is
recycled from holding tank 19 through line 17a, filter 26 and line 17b to the inlet
11a of electroplating tank 11. The electrolyte 27 as it enters the tank moves
through an opening 13a in anode 13 and moves as shown by arrows A upward to

30 the outlets 11b and 11b' of electroplating tank 11. The anode is positioned on
plate 31. Arrows B show electrolyte being removed from holding tank 11 through
outlets 11b and 11b’ into recycle transfer lines 18a and 18b. It is preferred that
outlets 11b and 11b’' be proximate the edge of surface 12a of cathode 12 and more
preferred that the outlet be a continuous opening around the periphery of the

35 electroplating tank so that the flow of electrolyte impinging on the cathode surface
is uniform across the cathode surface and the electrolyte overflows the opening and

SUBSTITUTE SHEET (RULE 26)




or other material inert to the electrolytic plating solution. The tank is
preferably cylindrical especially for wafer plating. A cathode 12 is

hori zont al | ywédisspsaged at the upper part of tank 11 and may bpcpisosivse
substrate such as a silicon wafer having openings such as trenches and

vias. The wafer substrate 12a is typically-10 coated with a seed |ayer of
copper or other netal to initiate plating thereon. A copper seed | ayer nmay
be applied bys d)v’ék;te@\rﬁ) haohdingHenk i1 Refor ﬁetyataadéhaalecﬂrohnsmmﬁ«bws ditroygh the

circular for g ﬁ-{ ?ﬁé‘% %o@@%i 3"9?"?1‘5%9%2‘3*%”‘0%89 lﬁaic? tahg Hﬁi}‘ﬁé esPh ¢

of tank 11 fo anode
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bxide. + utherPufchandne Bnger 48 2a o pahods 2, The sl Flecopne istermied e
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copper met al u‘ﬁﬁo?rheefé%fral‘}'?@ c%%ﬁé%ﬁﬁ)nl u?athepﬂls% Gid eBnirRAtds &) thaekeveril ace

at anode (19? f rates fromthe surface of the anode in
the form? @&%ﬁ"@g‘ gﬁﬁeﬂi %raﬁgiagﬁg 11. The cathode 12 and anode 13 are
tShO\Iivnlgor IA zontal | yr hélctﬁllppéﬁélebwbplﬁﬂuﬁahﬁpmbﬁ valy widiaw depénding loanheadbstraté he
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17b to the i ekemplarp aippet edatingpbathi bgcauamoflus dﬁhn@neﬂrﬁed reffectiverness dwasi 3
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by arrows %P) &Di\()‘?\ C&ﬁgﬁyﬂ%@ef ?&?ﬁ ﬁtolggﬁg ?n%%péé %Q%Eé:gdp() tlﬁ‘ﬁtg'g&?ank
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the outl et betkercmppenplatesprapertiesg around t he peri phery of the

During operation of the electroplating system 10, copper metal is plated on

20 surface 12a of cathode substrate 12 when the rectifier 16 is energized. A pulse
current, direct current, reverse periodic current or other suitable current may be
emplaoyed. The electroplating process results in a depletion in the copper
concentration of the copper electrolyte 27. The temperature of the electrolyte may
be maintained using a heater/cooler 22 whereby electrolyte 27 is removed from

25 holding tank 19 and flows through line 23, heater/cooler 22 and then recycled to
holding tank 19 through line 24.

It is an important feature of the invention that the plating system and method
of the invention be controlled by removing a portion of the electrolyte from the
system when a predetermined operating parameter (condition) is met and new

30 electrolyte is added to the system either simultaneously or after the removal in
substantially the same amount, The new electrolyte is preferably a single liquid
containing all the materials needed to maintain the electroplating bath and system.
The additionfremoval system of the invention maintains a steady-state constant
plating system having enhanced plating effects such as constant piating properties.

35 It has been found using the system and method of the invention that the plating
bath reaches a steady state where bath components are substantially non-
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35 electroplating tank so that the flow of electrolyte inpinging on the

cat hode surface-is uniform across the cathode surface and the el ectrol éte

overfl ows i ng and SUBSTI TUTE SHEET ( RULE 26) drﬁf jed to
hol di ng tgrlld’liggllggﬂr recycle. The electrolyte thus flows throug He openi ng
13a in anode 13 and flows upward througis-tank 11 and i npi nges on cat hode 12
as it exits the tank 11. A flange or plate 30 holds cathode 12 in position.
As shown iaccuhalétingreg., ebadt laoétgada/ statet aslue suchyad tie Qﬁlme néenpitigode 5

d |9 Th ctrol te | S
Fecyol et Mhanet e, Tt bl o B Ccofainlol, Rbush, Frife )8, e
pl ate cat meatm%@m &reaten than Ithea cpapm comcandnation, of the elestrotyté yEmo?/édl s .
pref er abl VirGmnthlerdyatésh MnBaRYEass thar per %héf:ﬁkgatt@fhw e %I&t.’%'lﬁet'h%hat I ng

tank 1 This f ubst ant,i al.l un|f te conposition in

syst em AndYeGH 3?bﬁtpé§3?t8mf"ﬁ‘§do\’/@i’ Yef'feeéﬁ!'F'@'eﬁBBBe’ofva Ueeaadigstthet e
pl ati ng. Ttuppeomatue & det majpitainedg T)lant hemwal/ah& additedry ldaﬁmﬁbnﬁméﬂlb he

o1 ofer  eq "SI RCARLT WL cSERARHy ARG NI kLR ae? ated |

Cco
ef f ect i verltgs 2fa® sorvamséron pECZJTncehtCDaPEbﬁooifalrabngluIBm ¢s added ltoathd a
copper suliitiimgank 10thSIgANinE>28 Adnt Eoilimal Bk of 59 to 75 of 1.

may o118 B2 oo BRE;OusL0h SheavevEe elacrelvn huemovecsntithe scoper |
pr ef er abl ;cmmmhmglsolaﬂoadaﬂdedvba&‘ﬂsbﬁnt\hizobpérénﬁ@t;ﬁﬂarﬁt@treg %ﬁé bﬁ%uﬁf‘%rt:ftlger
copper icaPARE BRiied e Sston $nB BelasOfangivel/afnio8 TrhR&adts, AWSEMBR « ne
rectifier dmer‘nsmedenga nethben of ways sueh rasrampdioues tcopper eveighty ewer sre any
periodi Cc GiehEMvheh LBRAINS BQH of CCQEBENS gEYed)%t ‘%E’R‘Jrgf)é?rgd thif'S certain
el ect PP | aa}nllg ntporfoe(igg’trsolyr/tgsbue re?ncl)vrled from the system andt Qr? equal amount of copper
containing solution added to the system. It is preferred that the amount of copper
added in the copper containing solution be equal to the amount plated on the
substrate plus the amount removed in the removed stream. This will maintain the
copper concentration within a range which can be controlled within certain limits
20 depending on the plating characteristics desired. It is preferred that the
concentration of copper in the electrolyte be maintained within about 3 g/,
preferably 2 g/l and most preferably 1 g/l or less of the desired copper
concentration for wafer plating processes.
The copper used to make the electrolyte and the copper containing solution
25 is'preferably copper sulfate. It has been found that when the system and method of
the invention is used with copper sulfate and a sulfate containing additive that the
sulfate concentration of the bath is maintained at an effective operating level
throughout the plating operation and the sulfate concentration does not need to be
separately measured or controlled.
30 The copper containing solution will also contain an additive system which is
the same additive system used in the electrolyte. The amount of additive which is
used during the plating operation can be empirically determined and the value
decreases over time during plating. It has also been found that using the system
and method of the invention, when the amount of additive added in the copper
35 containing solution is substantially equal to the amount of additive calculated to be
used during the plating process plus the amount removed from the system in the
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concentration of the copper electrolyte 27. The tenperature of the
el ectrolyte may be nmintained using a heater/cool er 22 whereby el ectrol yte

27 is rem)v £5 holding tank 19 and flows through lin cfrﬁssvsn 542
heat er / cool erogg and then recycled to holding tank 19 thr ougﬁ

Is an inportant feature of the invention that the plating system and rret hod
of the invention be controlled by renoving a portion of the electrolyte

fromthe syst@ﬂbvmesnrearrprméea@nmm@ebmmmmeﬁaﬂaﬂetmlredcnuﬂictehmm)ori or net

A ter the r et indht elackBidt Mol Pirelfesil Slafish Masdlein: P S018F sofiss, ¢
preferably acentigl. eAlccmrdmgly;ontsamtmegessany toheeasur ertheaamweé@éaddmvmn rheai n
the electroply fé H?)%t?a&rzgé?fb‘?ms&%xeﬁhalgﬁ@alarﬁé’ésh SéRSTVle SuditifewHen §ing

I nvention HBI al ns nst ant g@atlng systen1 avi ng ennan

pl ating ef¥ eé’ﬂ%“@!@ﬁé@dﬁaﬁﬁgéﬂemlqﬂlﬁﬁwﬁ‘% rties It has been found
using the system éR@f’erﬁﬁFh@cd«v% Fige 2 Waeh Ishowtshﬂtothérephhﬂglsystehatﬂm ofahbes

d wh, bat,h
couml at | ng mengion, Ecplfuse SRRy 03s 3riep 18 Tl Bl slrR bt g T Picent thar
concent r at i om. hditdlingetaakt1oisyrtot emplayettd Thes, ancelppeoplating teanki hy hasthereina
having a COp@l%FIZBR@ﬁ?'HI%ﬁSh& 'Eagl"oﬁgtﬁ argd"snoa@%%%Bﬂ%fedC n%%PtaE@t ERRBlyte e

electrolyte renove I ncreases the co concentratlon

in the eilét 23 pttheitank ﬁeC"EUB}%d mﬁw epﬁa@&@t\érfﬁﬂmed&mqys quplet Haes y8ahe
initial copp%hd\fﬁiwem@%ﬂét oA thERRK .s\febmed ) tn% ibat ¥f ahé €shk thedsgh fireval

o o AR g e it Btk 19 55§ 5,135 w3k Sekvs 27
21. A copper ts®pdnki 13i showapbyitarowsi A amddadctraﬂytehﬁombobmws amk 2@ 1 hb'opash
00 Fo ST Sy ) aowie)  heS et o
t he operdit ng par AMberra pfedetasmames.opetsting parameter is reached, electrolyte 27 is
removed from the apparatus through line 29 into tank or container 21 and a copper
containing solution in tank 20 is fed into outlet line 18a through line 28. A heater
or cooler 22 is shown employed in line 18a.
Preferred insoluble anodes include platinum and platinum metal surfaces

20 and oxides of iridium on a substrate such as titanium. Generally, these anodes are
made by coating these compounds on a conducting substrate such as a titanium
substrate. Other anodes may also be used in practice of the invention and
comprise generally a Group VIl metal. Group VIll metals include cobalt, nickel,
ruthenium, rhodium, palladium, iridium and platinum,

25 The invention may be practiced using a large variety of copper baths. The
electrolytic baths include acid baths and alkaline baths. A variety of copper
electroplating baths are described in the book entitled Modern Electroplating,
edited by F. A. Lowenheim, John Reily & Sons, Inc., 1974, pages 183-203.
Exemplary baths include copper fluoborate, copper pyrophosphate, copper

30 cyanide, copper phosphonate and other copper metal chelates such as methane
sulfonic acid and the preferred copper electroplating bath comprises copper suifate
in an acid solution. The concentration of copper and acid may vary over wide
limits. For copper or copper ions, compositions generally vary up to 25 g/l or more
preferably 15 to 20 g/l. The acid solution is typically sulfuric acid in an amount up

35 to about 300 g/l or more, preferably 150 to 200 g/l. Chloride ions may be used in
the bath at levels up to about 90 mg/l.
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copper plated in the systemsince the |ast renoval/addition procedure. This
can be determ ned I n a nunmber of ways such as anp-hours, copper weight,

etc. In anRy when a certai n anount of copper is pl atelq,ér' '
preferred tﬂag a certai n 15 anount of electrolyte be renove "lf'%pg)r%?“t‘ﬁe
system and an equal amount of copper cont@i ning sol ution added to the
system It is preferred that the anount of copper added in the copper
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the el ect rQir%Arﬁcaﬂﬁht‘i\h%) aRPRRsd f&ngrﬂlmréfﬂweﬁ%dit s-@;;braEs.od of Rfeﬂﬁﬁhé%%vﬁlﬁ’pper!

sul fate. as been found gn & S\ést em anﬁ ‘ﬁ vention
i s used wi tRCIPIPEPVER FOY eé'”&nd‘" d WPS OMERI ni 6‘”&6 ﬂq 'é"?sheﬂse hén
sul f at e coreteattopdating) aré diseuksedh ins ammiumberned edferenced fieciudieg opfderh ng

l'evel thr 0‘@%&)‘55 thr?gé% biaBBvePH @ﬁsjtieﬂlaﬁ F?blglgdfggﬁ\?e é‘y?&?r?%ésai h"BQtuq es

not need to nmeasur e or CO
cont ai nithg @@rema@ﬁ o ahpbatgoqyammrm %mmgdpp ysulfidescempannds m@ym@eSarre

addi tive Shﬁﬁ%ﬁlvaﬁérs' rOtHee aBiRIVes Moltide mEtdoRITRUEh a8 seRAflich] téﬂuWﬂhPQnd S

used duri ng & | at i n operation can be enpirically determned and the
val ue decr e45H BP 'E‘ fre during plating. It has al so been found that using
the system and ridéedtaalysié ¢dmimmsmerst1cbnas Vﬁieﬂrltheuﬁébur&orménﬁmbﬁl‘a phéedled

of adai | veoiape, s ECRE T BeaERY ol el 53%“%’%%5“% file es%sif“aﬁxi“"””t
amount Yenseee ax hese fie copyentinnah eleny ohiRSTopNET DISHEEMaRMISE Pa) example,
the bath temperature is typically about room temperature such as about 20-27°C
but may be at elevated temperatures up to about 40°C or higher. The current
“ density is typically up to about 100 amps per square foot (ASF) typically about 15
to 40 ASF. It is preferred to use an anode to cathode ratio of about 2:1, but this
20 may also vary widely from about 1:1 to 4:1. The method of the invention also uses
mixing in the electroplating tank which may be supplied by agitation or preferably
by the circulating flow of recycle electrolyte through the tank. In the preferred
apparatus of the invention as shown in the Figures, the flow through the
electroplating tank provides a residence time of electrolyte in the tank of less than
25 about 1 minute typically less than 30 seconds, e.g., 10-20 seconds.

The copper containing solution which is added to the system to replenish
the copper plated onto the substrate and removed from the system in the removal
stream may be of any suitable concentration. It is preferred that the solution be a
copper sulfate solution near the saturation level of copper sulfate pentahydrate,

30 e.g., about 275 to 325 g/l, which is about 70-80 g/l as copper. As discussed
hereinabove, the copper containing solution also contains in the amount to be used
the amount of additive used during plating plus the amount removed in the
removal stream. Regardless of the concentration of the copper in the copper
containing solution, it is an important preferred aspect of the invention that a

35 substantially equal amount of circulating electrolyte be removed from the system as
is added to the system and more preferred that the amount added be minimized by
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-9- renoval stream the additive level is maintained at the desired
concentration or range in the electrolyte wthout the need for separate

measur ement Wip g1l process control. Accordingly, it is not pegasssimsy: t O
‘measure the amount of additive in the electrolyte or perform other

anal ytical measurements on the additive when using 5 the method and
plating systemof the invention. Referring nowto Fig. 2 which shows .
anot her pl at i WNSy fere @XaWplE - & heongenisatedo 6OPRGTe CENMRNIAG s8)utiam 13518 this

ot bl oyed TG EBonNSHEAeTindiniding ¥he plectiofie dn ¥ datde @i o

: u i : hor i
i sposed. vat HBET aptaliie et Sustate sl 3rofides  baltt Bpudk < Ihe iR T @Rhihcel,
in the tank ieperatingbad ethtingreffegls. t he t ank and renoved through outlet |ines
18 d 18p. Th . ' : . i . ttank
192 2nd 1% The oulhsle Lot 3ind ESGYShAAER Pobl B il )
f1ow of el ect¥efergnee &y thenfadlowtieg spedific examples. bhhiais Bnke Angdaestead daveever e

flowto outle i
Anode 13 has ?&ﬁ%’fg@ﬂ%%%f%gfgi%%‘:;?& PaHGRREL of A8 a1 Ul Ddnch e BhesEht

i . - Wiep a p
operating par BYEPUED ISSINNOWAK Pélaﬂ'ﬁ"tﬁ th%’eB¥ﬁDved fromthe

apparatus through line 29 into tank or container 21 and a copper containing

"sol ution l.g tf_nalf ﬁgTis fed into outlet line 1 8a through Iine 28. A heater
or cooler 22 enployed in line 1 8a. Preferred insol uble anodes

i ncl ude plati num aAdcopperi elearopleting sworkinge Hatho of ahwubx1 dgatlonf wasi prieparedn a
hmL e sactiind 91, R SRR €4 T L 130

O her anodes Wi@ag{j@é’eﬁ%s‘@@ed‘\ prRlipiadchrassecatihode iskatent insh 4AdNER s iing
general ly a GartipalW} inl themiagi.. A@ausr platinizedtiginturh inbdeeesdliich Ri6cikeh (as
et U O hchh AR ke RPN Yt o gl g the

el ectrol ytic tathbde with adpacecofcabivat Bsingh detvier theecdibodes and eaah iaeoge.ofThe
CORDET e oe L SRS il IRTERL Uiy kRt i
pages 183-203about 21 to 27 °C. A DC electric current at 25 amps/ft” (ASF) was employed.

A copper containing solution was prepared containing 75 g/l Cu*? (added as

20 copper sulfate pentahydrate) and 235 mi/l of the same additive system.

After 6 grams of copper was plated from the gallon bath, 100 mi of the
working electrolyte was removed and 100 ml of the copper containing solution
added. This procedure was followed for 1 metal turnover (the time required to
plate the initial copper in the electrolyte which is about 64 g of copper).

25 The copper bath was maintained in a material balance as follows. For every
6 g of copper plating, removal of 100 mi of electrolyte removes an additional 1.5 g
copper from the working bath for a total of 7.5 g copper removed from the system.
100 ml of copper containing solution adds about 7.5 g copper to the bath.
Likewise, for every 6 g copper plated, about 22.5 m! of additive is consumed and

30 about 0.8 ml is removed in the electrolyte removal portion. 100 ml of the copper
containing solution contains about 23.5 ml of the additive. The additive
consumption was determined empirically.

Using the above procedure, essentially 100% plating efficiency was
achieved (based on copper weight gain, plating current density and plating time).

35 The copper concentration was maintained between about 15-17 g/l during the 1
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Exenpl ary baths include copper fluoborate, copper pyrophosphate, copper 30
cyani de, copper phosphonate and ot her copper netal chel ates such as net hane

sul foni c gt ohymash t he preferred copper electroplating bat hpggmggg,gg@z copper
sulfate in an acid solution. The concentration of copper and aclid nmay vary

over wide limts. For copper or copper -idns, conpositions generally vary up
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While the present invention has been particularly described, in conjunction
with a specific preferred embodiment, it is evident that many alternatives,
modifications and variations will be apparent to those skilled in the art in light of

20 the foregoing description. It is therefore contemplated that the appended claims
will embrace any such alternatives, modifications and variations as falling within
the true scope and spirit of the present invention.

Thus, having described the invention, what is claimed is:
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density is typically up to about 100 anps per square foot (ASF) typically
about 15 to 40 ASF. It is preferred to use an anode to cathode ratio of

about 2:1, nggylggﬁ 20 may also vary widely fromabout 1:1 tpgrfusbsndshe
met hod of the i nvention also uses mxing in the electroplating tank-whi€h

may be supplied by agitation or preferabl-y3by the circul ati .

recycle electrolyte through the tank. In the preferredum_ﬂmﬂmmmﬂM}e

i nvention as shown in the Figures, the flow through the¥ LPORl as i t ank
provides a residence tinme of electrolyteGlAMAe tank of |ess than 25 about

1 minute typical | wq 6&_&«%%6 r%@tdh%acwﬂ%pp@r PlatinkDa 2iEHC e sehizoRdoaef
I C

contai ning soflution which'is added to the systemto replenish the copper
pl ated onto BWRSURLRCOMATISNGd renoved fromthe systemin the renoval stream

may be of aln%/ smbbail)hgaqﬂmsyrsm eomptisinigsa pmmfeerplim‘mfg &pparatoe conipnisingna be
a eopper ate so0 1 near. e r
pent ahydr e, 30 tkand Bpifiio Acqbeb ehiardins 818 e QUbARDES LB HIRHTS 5

copper. As di scussathoderapilrzetpacer apartinso anede ai ning solution also
contains in the,anpy tth%"c?%pééé@@cﬁ&lﬁteawwé t2hk, 2ddilel HsplyFRd aduirrért and

pl ating plus the apolint renov hn t he renoval stream Regardl ess of the
concentration of EIfEIOpAYEE thecat Qd@opper containing solution, it is an
i nportan]E pref er:i’léﬁﬂxrﬁﬁglllﬂl %as@érlaé bﬁthiglbmtir@pdr?méteas 8fthe pattrgeysterr;y equal
anount of_ circul ating el ect.rol yt L enny r.om S to
the " syst it and feBiTile aratien Al Searaliiem dAE T KRR Plepdied | ¢
usi ng, for exanpl @permtingpaearhetat sdnetppper contai ni ng solution. Using this
addi ti on/ renov ' | | et &€ !
condi t on for ASPESEHE FeltP) Bt imbREEORRL AN YY Biieh e ,%Sﬁﬁ@‘?gvﬁer’%"vg
long life and enharcanpedgentainingselHion hayingg eampet cencentration greajer; thafidne
enbodi ments of theoppeseiHcehtfsH irttheWemovadeldegolyité uad irnbedmuoun sbifickme e
to the fo1|§ oM ng 38 Eircwlc;egsce téaé@rllpee%coyc]érsntréusont i Hwee 3@9&‘5@*& Pdl ’th@?\‘f@é(rﬁrto a

predetermined value and to maintain the volume of electrolyte in the system

at a substantially constant volume.

2. The method of claim 1 wherein the plating system comprises:
20 a copper plating tank and an electrolyte holding tank, the copper plating tank
being cylindrical and having an inlet at the lower end of the tank and an
outlet at the upper end of the tank and containing copper electrolyte and a
substrate as a cathode and a spaced apart insoluble anode having an
opening therein both the cathode and anode being horizontal, the inlet and
25 outlet positioned so that an electrolyte stream enters the plating tank near
the anode and exits near the cathode; and
agitating the electrolyte by circulating the copper electrolyte to the inlet of the
apparatus from the holding tank and simultaneously removing the copper
electrolyte from the outiet of the apparatus and directing the outlet copper
30 electrolyte to the holding tank.

3. The method of claim 2 wherein the operating parameter measured is the
weight of copper plated.
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that such exanples are presented for purposes of il|ustratiesn—enty—and the
present invention is in no way to be deemed as |'imted ' Exanpl e
1 A copperygb&tdsyppl ating working bath of about- 1\&‘\“\@%‘“@“{“&“& qd
containing 67 g/l copper sulfate pentahydrate (17 c h])s 90 g/l
Herr]SJerr] and 8 m /| additive syste#hd4-A polished brass cat hode
substrate 2 inch x 3 inch was hung vertically in the bath. A pair of

pl ati ni zed 4.i t affihemmeetokk ofedaim 23 i wbérein ahé nelacttalytel and sodpysr geohtaining e

bat h h ' ' : '

wth a spacalar petotiet e stk toper CoflaifRE taflfch, Clniae BRECHE, |
was agit at @0 ameyunt of apeyhée80 &tirrer. The bath tenperature was maintai ned
at about 21 to 27 [err]C. A DC electric current at 25 anps/ft[err] (ASF)

I . A LNing. sol uti t.aini 75, 9/
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additive syisteem After 6 grans of copper was plated fromthe gallon bath,

100 M of the working electrolyte was renoved and 100 ml of the copper

cont ai ni ng _sol ution added. This procedure was followed for 1 netal turnover.
(the time Pequi rlde methadoé daie Snneegin dhBJerideRce tite b gledrglyie iithe i s

about 64 g cebpeopREhg taridis less than Thsingpper bath was naintained in a
mat er i bal ance as follows. For every 6 g of copper plating, renoval of

|
100 m a‘& el ectrolyte renoves an additional 1.5 g copper fromthe working
bath for a7 ot alThef métiod of aigier 1 rwheneu tlie @oppére coptairdng sblftion iohddedper

cont ai ni ng i -y s L] '

every 6 g é’é@ﬁé% Sﬁégggé a %{‘eb%’.ﬁé& mE 8'8@ﬁgd{glgtslta\%e ?@Jgj%lsd&ﬁgmtgoﬁ"daggﬁe
about 0.8 mmauntremeved in thernemavabpeiti®inyt e renoval portion. 100 m of the
copper containing solution contains about 23.5 ml of the additive. The

ssent 13 - 100N SRR RS 10 1P TN COBRS 40 e & 3R SER(CTo FOBUBISHIE we! ght
gai n, pl ati ngar elecrdplatngstank eordaiplieg thegein cepper3éledinelyte ppaubstrate as a
concentration vasymiLH 1eaREd WpaR iRbAUbIe 3ndde, thk Ik 'Hi¥idd fidt means
and outlet means; '
agitating the copper electrolyte in the tank by circulating the copper electrolyte
20 through the electroplating tank from the inlet to the outlet, while applying a
current and electroplating the cathode;
measuring means for measuring at least one of the operating parameters of the
plating process;
removal means for removing the electrolyte from the electroplating tank when a
25 predetermined operating parameter is met; and
addition means for adding to the electroplating tank a copper containing
solution having a copper concentration greater than the copper
concentration of the removed electrolyte in an amount sufficient to increase
the copper concentration of the electrolyte in the system to a predetermined
30 value and to maintain the volume of electrolyte in the tank at a substantially
constant volume.

9. The apparatus of claim 8 further comprising an electrolyte holding tank from
which electrolyte is pumped into the inlet of the electroplating tank and into which
35 electrolyte is pumped from the outlet of the electroplating tank.

—————
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-12- metal turnover plating—eyct &7 The total sulfate concentration

decreased about 5% (i Wm\ant bri ght copper electroplating’
Emwumt A copper el ectroplpetiusgs/®sqar at us

results V\erﬁ,ogg;lwe"ff

(basically as shown i'n nissused to el ectropl ate copper on a 8 inch
di ameter silicon wafer havi ng trenches arid-vias. The insol uble anode is
about 8 inch diameter having a central opening for flow of el ect r(gl yte

t her et hr oughl@nd The apparats ¢f clainmid; wiherain dhe @rpdete neanthg inlet andha 138
bath is mai ! | él@@tr@l dseesyte is circul ated
t hrough thené%é'{; gﬁ?'ﬁgﬁgu%é?%grﬁﬁéagﬁﬁ a?% 25 i t’lg‘g/ mn providing a
residence tine in the electroplating tank of about 10-20 seconds. The

el ectroplatipg téfrﬂfe hphdmt@bofitcléind 1101 wreseianthet batiétotrdanapipapraimate the

(1 ncl udi ng th(? ding tank) holds about 20 liters. A current densi ty of
abeut 25 ASFC Q(&Tﬁﬁged and the copper bath is maintained in materi al

bal ance by renoving electrolyte fromthe apparatus and adding a 15 copper
cont ai ni ng sghuti a i I

i nvention hai&beeﬁﬂe ?’P%%Wifgr)aa%éﬁin %Ihgﬂz Fﬁﬂggéll?he%c?ygndﬂn?hsgpgggg% c
preferred enﬂ'wm‘éh@ pefiphery @W%@ﬁ@tf@waﬁn&ﬁ’ﬁﬁi al ternatives, nodifications
and variations will be apparent to those skilled in the art in light of 20

cl'ai me wiBl  Eor afe Anpatveie’ dam IERGEER g RbRARNREfheh Bl i 08 ERRATGEC

falling w thcopgenglatede scope and spirit of the present invention. Thus,
havi ng descri bed the invention, what is clained is: 13 CLAI M5

14. A semiconductor product made by the method of claim 1.
15 15. A semiconductor product made by the method of claim 5.

16. A semiconductor product made by the method of claim 7.

—
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”1”. An el ectrol ytic nmethod for .copper” plating a sili coﬁ waiPecT,us 98 /19 5&?
sem conduct or substrate wherein el ectrol yte bath conponents WEA{QS 0} Sgp 199'
e's :

non-accumul ati ng and reach a steady-state val ue conprising t ps o
providing a plating syste ising a copper plating apparatus conprising
a tank and co HITTM a ¢ el ectrol yt® conprising copper and an

opne
additive syste wmgi\) gopper pl ati ng properties and a substrate to
be plated as a \“\& bl aced apart insoluble anode; agitating the

copper electrolytedn't he tank, while applying a current and 10

el ectropl ating the cathode; measuring I ght of copper plated; renoving
a portion of the electrolyte fromthe ) when the wei ght of copper
plated is met; addi agctrSlylibmenisd eor Eb@rr phitiRll 4 @iikBHSWifen semieonduicterr t he
el ectrolyte renoval 15 so that the volunme of electrolyte in the

systemis seifstratet whetejn elactrolyte bath epmpanentsere nepppeymalating@adtreaeh syst em

contai ni ng sol wi-en the sol uti.on having a copper concentration greater than
t he copper EtSﬁ‘g’é'ﬂ@%a‘ﬁl%C‘?rﬂp'i'ﬂag Fréer%%gofgl ectrolyte and an additive

concentrgti on &b?@ﬁﬁéab'fhii?wﬁﬂé&g???%rihbr‘fﬁngg%%f PlakiB apPafahes EGHPNGHg a

el ectrolyte and in an anou ent i ncrease the copper
concentrati on antankduidt ¢ordaioimgce odpper ietectrof yte kemerisiograsippercand an laddidivet em

to a predeternm ned val ue repl aci n he copper. and,addjtive used,in,the
pl ati ﬁg process ST &0 “FW%‘F%’F’PE 28 pﬁgﬁ?‘frf‘%?”%ﬁcfuhétf?{?é‘??ﬁen‘aatpﬂe

vol une of electrgl XIcﬁthbHetaPG a%}%&?ﬂé%r?atrt @ﬁél%l%t;ﬁ@d'b?' |y constant 25

vol ume during the electroplati e nethod of claim1 wherein the
pl ati ng syst eragitatipg itbe scoppec adextrolytk aini the tarkk shide aappétiegta cugrest Roddi ng
tank’:»\.tH copper plating tank being cylindrical and having an inlet at the
| ower’ el of the® &HRp@ﬁBg cathode;

measuring the weight of copper plated;
removing a portion of the electrolyte from the system when the weight of
copper plated is met;
adding to the system either simuitaneously with or after the electrolyte removal
15 so that the volume of electrolyte in the system is substantially constant a
replenishment copper and additive system containing solution the solution
having a copper concentration greater than the copper concentration in the
removed electrolyte and an additive concentration greater' than the additive
“J concentration in the removed electrolyte and in an amount sufficient to
=~ 20 increase the copper concentration and additive concentration of the
electrolyte in the system to a predetermined value by replacing the copper
and additive used in the plating process and removed in the removal
portion; and
maintaining the volume of electrolyte in the system at a substantially constant

25 vélume during the electroplating,

2. The method of claim 1 wherein the plating system comprises:
a copper plating tank and an electrolyte holding tank, the copper plating tank

being cylindrical and having an inlet at the lower end of the tank and an
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1" 4 outlet at the upper end of the tank and contai ni ng copmmgcgr%waeg 5&&

and a substrate as a cathode and a spaced apart insol uble \ AQ

central —epening therein both the cathode and anode being hwmwm ﬁgp 1999

i'nl et and pmel ety T‘m“mied so that an electrolyte streamenters the

pl ati ng tmummnﬂ MLl the anode and!#l ows through the central opening

toward the+scat hade®ant €xits near the cathode; and agitating the

el ectrolyte by circulating the copper electrolyte to the inlet of the

apparatus fromthe hol ding tank and sinul taneously renoving the copper

el ectrol yte fromylfig &bt Bhpefl efd'8f ARPANRIHA QhifERGpbBTelebfoRtd bid a

copper 10 nbg{]gcét?ro%ypga{% the ho Qlﬁr?g tank.‘ '3.%%?% met hg,(gg of claim

2 wherein the opsulstrategasga catmetie andeaspaced apsrt tisolvige ginodethaysygpe centralt ed.

4., The method of claim 3. wherejn the electrolyte, and co r ,cont ai ni,n
solution are copBB?"'QE:tg]%[F@%h tbﬁ@@&ﬁﬁé‘f’gﬂﬁf’éitbﬁi%h%’éﬁcﬁr& owec'Biﬁtlélﬁhsg
copper in 15 an unt .. b -8 5 T '

vvhgfei n the anodgﬁ{r@ @(%sgtﬁ%né@ %H‘aghlagglnsgggécﬂytels:trfa{n Ogrjt:e f%%%aﬂﬁ%gﬁeﬁ%d of

claim5 herein theeanedd deddleowsi thieough teecdntral ypening toherd dpp eathptiatandg
tank is less than 1 mnute. 20 7. The nethod of claim1 wherein the
copper cont ai ni ngxiEoned ithmcathodriddd usi ng a singl e use container which

cont ains the SyEGATRIbIGRLOR bY EBPuink e AORP ARERAES, bl Ider SEHRRY 2!

portion. 1 par or e copper prating a silicon
waf er semi conduchpparatus from the holding tank and simultaneously removing the copper

electrolyte from the outlet of the apparatus and directing the outlet copper

P

_+ 10 electrolyte to the holding tank.
3. The method of claim 2 wherein the operating parameter measured is the

weight of copper plated.

4, The method of claim 3 wherein the electrolyte and copper containing
solution are copper sulfate and the copper containing solution contains copper in
15 an amount of about 70-80 g/I.

5. The method of claim 4 wherein the anode to cathode ratio is about 1:1 to
- 4:1.
6. The method of claim 5 wherein the residence time of electrolyte in the

copper plating tank is less than 1 minute.
20 7. The method of claim 1 wherein the copper containing solution is added

using a single use container which contains the same amount of solution as the

amount removed in the removal portion.
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substrate wherein electrolyte bath conponents are non-accu |%§?i
reach a steady-state value, conprising: an electroplating t |S£P 1999
t herei n copper—etectrolyte conprising copper 5 and an additive

system for enhswm! mﬁm“ | ating properties, a substrate as a cat hode
and a spaCEdT ' m“lw llanode, t he ¥ank havi ng inlet neans and outl et
means; agitatingtthe cbpper *electrolyte in the tank by circulating the

copper electrolyte through the electroplating tank fromthe inlet to the
outlet, while applying a 10 current and el ectropl ating the cat hode;

neasuring ngans A@nappRagislfon@lddrelytiel @ppepplaiogpe silipbatveater semireatiuceans
for renoving a portion of the electrolyte fromthe el ectroPI ati ng t%nk when
the wei ght sbstegppeherpin alectrolytedbath fianpanentsaae 1U-aGya Yy Mgand,Zeach a

el ectroplating, tank either si.pultaneously with 15 or after the
el ectrol yt eS‘?ag%i?éﬁF ng €t ﬁ%mgf'ﬂﬁg\/ol ume of electrolyte is substantially
constant a repheAkGiIpRatingCARR Rbneaiingdskr binveoppentericonge sopkisioig dopper

'sol ution having a copper concentration greater than the copper
concent r&ti on ofartchan additive dysiemcior enbancing dopper alaling PpeBiRseAtsHAsT 8

greater than the additive concentration in t re d,.el r Jd.fyean 20
anount sufficierf® ?cfamﬁdr%eag% & FRACEH pRart b’gﬂ[’j‘g)rlﬁ raggﬁgnthéenga%gdg%\%{bgém&
concentration of bl SlEStTR IYdaRsi N the systemto a predeterm ned val ue by

replacing the copper and additive used in the plating process and renoved
in the renovalagpatirtg the copdet eleatwblyteainrthe tank/by diveulating(heceanpey eledrelyie e

Lk a8 S o he O Sh For e L Eu §508 SRhE BRyiEn, >
rmaeh, LSSt SRR OB 0L CL o e € et om g tank
t ank. measuring means for measuring the weight of copper plated;
removal means for removing a portion of the electrolyte from the electroplating
tank when the weight of copper is met; and
addition means for adding to the electroplating tank either simultaneously with
15 or after the electrolyte removal so that the volume of electrolyte is
substantially constant a replenishment copper and additive containing
solution the solution having a copper concentration greater than the copper
concentration of the removed electrolyte and an additive concentration
ey greater than the additive_concentration in the removed electrolyte in an
-\”’;_ 20 amount sufficient to increase the copper concentration and additive
concentration of the electrolyte in the system to a predetermined value by
replacing the copper and additive used in the plating process and removed
in the removal portion and to maintain the volume of electrolyte in the tank
at a substantially constant volume during the electroplating.
25 9. The apparatus of claim 8 further comprising an electrolyte holding tank from
which electrolyte is pumped into the inlet of the electroplating tank and into which

electrolyte is pumped from the outlet of the electroplating tank.
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15/ 1 10 The apparatus of claim9 \/\herel n the anode is nw{usgge/]aﬁdsza'z

has an’ openi ng t herei n-t hrough which the circulating el ectﬂ%p@sls«sfp 1999
11. The app al m 10 wherein the outlet neans is proximate th

cat hode edg ﬂl’ ﬂﬂ paratus of claim1l wherein the outlet is a

conti nuous ope e peri phery of the electroplating tank. 13.

The apparatus of claim 12 Wherein the o ting paraneter is the weight of
copper plated. 14. A sem conductor product made by the nethod of claim1l.

10 15. A sem conductor product nade by the nethod of claim5. 16. A

sem conduct@y prﬁ%g&ﬁé)nag%% o?%lénﬁi%@ﬁ&@% e Sh@eNs7neat khe- iflee aRBRREsAdIS Of

~claim8 whereint has a central opening therein so that electrolyte
entering thepenpmptheteis tirbagh whictlothghritdotatiogehearp vtowasses.t he cat hode. 15

18. The apparatus of claim8 wherein the addition nmeans conprises a single
use container containing the copper and additive sol ution.

11. “The apparatus of claim 10 wherein the outlet means is proximate the

cathode edge.

5 12. The apparatus of claim 11 wherein the outlet is a continuous opening

around the periphery of the electroplating tank.

™ 13.  The apparatus of claim 12 wherein the operating parameter is the weight of

copper plated.
14, A semiconductor product made by the method of claim 1,
10 15. A semiconductor product made by the method of claim 5.
16. A semiconductor product made by the method of claim 7.
.y 17.  The apparatus of claim 8 wherein the anode has a central opening therein so
that electrolyte entering the apparatus flows through the opening toward the

cathode.

15 18. The apparatus of claim 8 wherein the addition means comprises a single use
container containing the copper and additive solution.
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