PLATI NG APPARATUS FOR METALLI ZATI ON ON SEM CONDUCTOR

WORKPI ECE [0001] Field [0002] The present invention
w@emwensiody rel ates to plating apparatus, nore PCT/CN2007/071008

particularly, relates to an apparatus for

el ectrochem cally preparing a netallic layer on a thin

PLATING WPBARATUS FORME THLLIZAT ONEN SEMEGONDUCTOR
in ULSI (Utra large scale integrated) circuit
fabrication on wafers. [\WOBRKBHcE& ound [ 0004]
El ectrochem cal deposition of a netallic |ayer,
usual Iy copper, on a thin resistive substrate - a seed
| ayer -_during interconnection formation in ULSI is
reé)QQ%bFi%'da pl ati ng apparatus consisting of the
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fapliehatioe ¢theafdrswaf er center. [0006] The plated film
non-uniformty due to plating rate difference between

waf er edge and center raises difficulty for the

subsequent planarization step in the device process

f 1 3003 Bestkgroaihdanodes with i ndependent power

controls is applied to plating apparatus to overcone

t hED 0] ubiectracheaticay detpnsitoa U @atroatallic. layeel usually

coioé%?,' on a thin resistive substrate - a seed layer - during
interconnection formation in ULSI is realized in a plating apparatus
consisting of the following components: anodes, power supply,
conductive wafer holding device, and an electrolyte cell containing a
solution mixture of acid, metal salts and other additives.

[0005] In conventional plating, current density across the seed layer
is non-uniform, higher at substrate periphery due to a phenomenon
called “terminal effect”. This current non-uniformity results in higher
plating rate at wafer edge and lower plating rate at wafer center.

[0006] The plated film non-uniformity due to plating rate difference
between wafer edge and center raises difficulty for the subsequent
planarization step in the device process flow. A system of anodes with
independent power controls is applied to plating apparatus to overcome
the non-uniform plating rate, see US. Patent No. 6,391,166.

[0007] Gas bubbles are generated during plating with an inert

anode or inert anodes. They may also be introduced from electrolyte



[0007] Gas bubbl es are generated during plating wth
an inert anode or inert anodes. They nay al so be
WO paoposi9erd from el ectrol ytef eed system and duP@TgN2007/071008
intervention and routine maintenance done to the
apparatus. Wien these bubbles are in contact with the
feqd adystensuamdcaunhgt hretemaéntionvainds rbatimel maindérence done to
film and the device yield drops. In the nbst severe
the agppanatus.a Whege thesentbubiblesbidres iar eoptastnwithn the plating
the electrolyte, the electrical field can be altered )
sudiages|afcthel waéer, yaids fiaie pnaplatedjat.aamsl dher gleyice yield
significant drop due to bl ockage of the flow path
dropdodn %@tm%t S MRSIC £A5Es ey NEN ﬁw@ﬁ%aﬁ@@%ﬁo%%&bbles are

prérsel n afiear SIRRrONAEs ey FIRATGlal B a6atot Shoaltered and
oI rifis MohhiT BeyLpRils Fonaliifs ShHHIScs'dhfieant drop due to

bk%%{éléé%tt fe°f|8ﬁ/ éégﬁ‘r}dbal anci ng buoyancy force,

I on Torce, rag force under a typical flow
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si st” of a porous |ayer shaped as an I nver

cowveltion' liat c@#ﬁﬁﬁﬁﬂ%{ FouheMMe ngo8Eeln bRt abqaﬁféﬂﬁfs. These
e

guantity wthout altfering the flow and el ecirica

deVicdslusualbubly eotasbes canarelmeitiirsrmall babbtdés Oradé attached
bubbl es grow I arge, and nore nenbrane surface area of

to tehsudiadebdimalbdbuibddearcandeaizlly hO0OVeds byhthd easuttant force
size beconmes small, a |arger anmount of organic

fromadvaleneing rbuodyaprytfionges @dhesion tonceguanedinag force under a
achi eve void-free gapfill. These organi c conponents, )

typicabklovoiateifieung il seplatingappataits. Tinese devices consist
resul tant break-down products accunulate in the

of [ RO BIRHCERRNAREH A8 apNUATIBRIFONRNED. A flat surface. To

remove psorﬁghegu'brl})tlgspfnatlgpgé'J:]lTaﬁ%ity without altering the flow and

electrical fields, a bubble coalescence mechanism, to make small
bubbles grow large, and more membrane surface area of the de-bubble
device are needed.

[0009] As the feature size becomes small, a larger amount of
organic additives in the plating solution is required to achieve void-free
gapfill. These organic components break down during electroplating
process. The resultant break-down products accumulate in the plating
bath and degrade gapfill performance. If incorporated into plated film as
impurities, they may act as nuclei for void formation, causing device
reliability failure.

[0010] A higher plating bath bleed and feed rate is usually
implemented at high cost for more advanced plating process

technologies to ensure chemical freshness.



inmpurities, they may act as nuclei for void formation,

causing device reliability failure. [001 0] A higher
w@L@visiyIbat h bl eed and feed rate is usually PCT/CN2007/071008

i mpl emented at high cost for nore advanced pl ating

process technol ogies to ensure chem cal freshness.[001

1] [t 1 h @ urirg iplatinty, dséslacdctinee orgamic sipeciegsanddbreak-down

br eak- down byproducts exchange rate in the electrolyte
bypeaducts excharfge: eatev ¢hei slendsalyte aresarowmafer surface, which is

controlled, is not uniformif the flowfield in a
massattragspppacanieolied nds @g@wrﬂf@mgf m.fmwaﬂehdmﬁ a plating

probl em  however,
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anodes, a cat hode chanber housing at Ieast two fluid
zones, at |east two anode circul ations, at |east two

ca [ ions, a buffer zone, a gas bubble
ﬂﬂgﬁﬁhg P@H{ rced bubbl es coal escence), a power
0 f el t
Em m deS| gnedﬂ%o ef |I§|ie ;@@angvgl qi?ﬁﬁg éﬁbaratus that

COFWM@QS'%ﬁ afddel eRhrPhEE fhdilﬁh? avteast &W)é‘-ﬁcfd@s 2Bdcathode
a waf er hol der device. [0014] The bubbl e col |l ector

chassisab! houmingstat ofezait Iterst fluid pomes, natbieast two anode
whose surface is shaped into pl eated channel s to

circalatemns geest hedst dwanchthode tineuvlatonrsaleedndfiee zone, a gas
there. The cross sections of a pleated channel have

buble snaflestor (byrfareeer tkubblescoavalasaencanl e pewer supply
ui ded to nove u war ds al ong. t he channel s or grooves

subsysHeMexal. SIRENSILER cdoWhAiRlEl Sanireheuksystess gesigned to

f
efﬁme%?l Su'Fer"%Coval plating byproducts, an electrolyte distribution

subsystem, and a wafer holder device.

[0014] The bubble collector assembly consists of at least one
porous membrane whose surface is shaped into pleated channels to
collect gas bubbles and force them to coalescence there. The cross
sections of a pleated channel have the shapes of V or inverted V.
Coalesced bubbles are guided to move upwards along the channels or
grooves to the exit. The pleated channels further creates a large surface
area of the bubble collector therefore increasing total electrolyte
flow-through area, allowing electrolyte flow even when the small
bubbles partly block the pores of the bubble collector.

[0015] Embodiments of the invention further provide an additional
buffer zone between membranes, where electrolyte circulation rate is
significantly lower than that in the cathode chamber. The buffer zone

allows time for micro bubbles that passed the bottom membrane to



area of the bubble collector therefore increasing

total electrolyte flowthrough area, allow ng
web@ensvbyte fl ow even when the smal |l bubbl es PEF/CN007/071008

bl ock the pores of the bubble collector. [001 5]

Enbodi ments of the invention further provide an

disstilvei hefdregdchingoties bep wvaem|lpearie .anes, where
el ectrolyte circulation rate is significantly |ower

t hE0 16T hienprésertimeirtichdnbbrdeSiee nethicet ta @fticiently supply
allows tinme for mcro bubbles that passed the bottom
organisr aslitivasstoviansl senmve rypindiictshronothee iptating. substrate
0016],, The resent nvenhlon |ncI des neth

su ﬁﬁeclt@ﬁPUQ smf-]ﬂﬂyo ine aﬁiépfr yte f \é(mﬂ' gnﬂ\?@r the wafer
s AR AR 025 Mk BOnSH A HRATRS A et o
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ThESlecblyteofiBR Il EoR DN Kb SaEhA coliBls the, fiow, rate and
stdhBopaifh @fwdébegpfeﬁgap.ﬁ e BAREAR Bén'e% PAight supply

zones I'ent supply of organic ad Ive

of'dﬂyairﬁ@sa@l@‘imeﬁa@ﬁpfd)ve@tmaaﬂ gapRinchtoapra, direinch, and dual
darmascene features of on the substrate, and efficient

daneadya@heofedtieep! of iow thepsubististe, edndeeffidient mamotial of the
level in the plated netal film [0017] Bri ef

pladesg byprocduci$ redadasthe dpuaityHeyel ia theopkated metal film.
section view of a plating apparatus according to an
enbodi ment of the present invention; [001 9] Fig. 1b
shows an_expl oded view of the plating apparatus as
shEQ/QﬂTh Fin Degcriptioneph Qrawig@sst rat e and its hol der

BB, L002Bholie SR Biedh o LBlebs apparatus
acggrc':lﬁ]%j té 21% &m S(t)éh%gn? o? thtesppeosedr?t invention;

[0019] Fig. 1b shows an exploded view of the plating apparatus as
shown in Fig. 1a, wherein the substrate and its holder are omitted,;

[0020] Fig. 1c shows a top view of the same plating apparatus
without the flow dispersing device, the substrate and its holder;

[0021] Fig. 2 shows a schematic view of the electrolyte circulations
of the plating apparatus;

[0022] Fig. 3a shows an isometric view of the gas bubble collector
of the first embodiment;

[0023] Fig. 3b shows a cross-section of the gas bubble collector of
Fig. 2a;

[0024] Fig. 3¢ shows a detailed view of the portion of gas bubble

collector connected to the insulation shields;

[0025] Fig. 4a shows an isometric view of a gas bubble collector of



[0021] Fig. 2 shows a schematic view of the
el ectrolyte circulations of the plating apparatus;
WO 0®2A35992 g. 3a shows an isonetric view of theP@HEN2007/071008
bubbl e coll ector of the first enbodi nent; [0023] Fig.
3b shows a cross-section of the gas bubble collector
thefseeiond 2mbobiaénhtFi g. 3c shows a detailed view of
the portion of gas bubble collector connected to the
i NE026] drigsh#tbl sbowo0a5paHigl crassheestian iofothe rgas bubble
view of a_gas bubble collector ofthe second
colabten akhig. #8026] Fig. 4b shows a partia
cross-section of the gas, bubble collector of Fig. 4a;
[OBMBTEFiG. A showss 2 @iataileed vigwob thenBopiRt; ahdas bubble
as, bubbl e col | ector connected to the insulation
colliftaasonnigssey te e BEWABRD ShI§dSiet ric vi ew of a
ga cell ; Frd. [ ; 9
L DOLR Efuue SR 8h BeTabte igH-80RLGAs buRBrotiector of

thé"fﬁﬁbeeﬁ%dcﬁfﬁé’l’fit;‘)f Fig. 5a; [0030] Fig. 5c shows a

detarled view of 'the portion of gas bubble collector

COMUERYPRiG O5bNEnoRR A4 eI IsectiBt Ve &k tHfé gas bubble

onetric view of a gas bubble collector o

cofl@etdrosf Fiigesgodi ment; [0032] Fig. 6b shows a parti al
cross-section view of the gas bubble collector of Fig.

6aj0Q30BFligFise showehangletailedavied af eheopottien of gas bubble
portion of gas bubble
collector connected to the insulation shields;

[0031] Fig. 6a shows an isometric view of a gas bubble collector of
the fourth embodiment;

[0032] Fig. 6b shows a partial cross-section view of the gas bubble
collector of Fig. 6a;

[0033] Fig. 6¢c shows a detailed view of the portion of gas bubble
collector connected to the insulation shields according to one
embodiment;

[0034] Fig. 6d shows a detailed view of the portion of gas bubble
collector connected to the insulation shields according to another
embodiment;

[0035] Fig. 7 shows the area ratio as a function of the number of
radially-arranged pleated channels at different maximum channel
heights;

[0036] Fig. 8 shows a cross-section of the gas bubble collector of
the fifth embodiment.



col l ector connected to the insulation shields

according to one enbodi nent; [0034] Fig. 6d shows a
wa@leaoalos®ek vi ew of the portion of gas bubbl e coPCECN2007/071008

connected to the insulation shields according to

anot her enbodi nent; [0035] Fig. 7 shows the area ratio

as[G03 thDigtailedf Delseriptidre of @mbadiaientsar r anged
pl eat ed channel s at different maxi mum channel heights;
[ OEB38FFig. 8asHdwand dcoslzoweatplatingf apparghiss adgagrding to an
collector of the fifth enbodi nent.[0037] Detail ed )
emiediment @ thve presanienventionzsih&iplating appagatua comprises:
how a pl ati ng apparat us according to an enbodi nent of )
a %eﬁr@g@mbﬂnﬁeﬁt MWIHC Tﬁ‘@%%ﬁiﬁfgo%ﬁaﬁaﬁu§0n3|5ts of multiple

aoBBIESGRER, 1, U R el B, A Wi
L e T O
an%‘altehzaﬁgg% ?8@5? ]é'é{pi’)% E?Hé%d%éo?féy sa%%rﬁﬁ&a by a plurality of

separa by a prurality OF Veértica range

veFﬁ‘é&l‘I)ﬁt%r‘a?ﬁ{;g?oﬂ%uﬂaQ?on el O?.hqfﬁ@rloq\ﬂeraﬁﬁah'i‘ﬁer 11 and

upper’ c are connected by a horizontall

theé " i gpee Lia; purbhle spel teaneictédSbyl 80RBFiZontafgharranged gas
anode zone 110 of the | ower chamber 11, an annul ar

bubbddcollector s Bupport ed by a chanber base 107 and
connected to an independently-controlled power supply

chE00R9] 1Ih7 eadte ahadigerzdrese1107 dfathe pdweal chanober 11, an
anﬁzﬁg? agi%gtld; gtdcﬂ\c;i; Z}u:plfotctsnhég gggmgh;%mggggéﬁt@bvgnd connected
to an independently-controlled power supply channel 117. The chamber
base 107 has a plurality of keyed conductive struts coated with
nonconductive materials to position the anodes. The bottom of the
apparatus can be disassembled for anode replacement. A rigid frame
116 above the anodes provides mechanical support for the bubble
collector and the upper assembly in the apparatus. Each annular anode
101 is one piece or connected multiple pieces. The power supply of the
plating apparatus comprises a plurality of power supply channels 117.
According to an embodiment, the lower chamber comprises at least two
anode zones 110. The insulation shield 102 surrounds each annular
anode 101 and separates the electric fields and restricts the electrolyte
flow fields. The materials of the insulation shields 102 are selected from
non-conductive, chemically resistive plastics. According to one
embodiment, the insulation shields 102 have a plurality of small
openings that serve as passages near the bubble collector 105 for the

gas bubbles. According to another embodiment, the insulation shields



apparatus can be di sassenbl ed for anode repl acenent. A
rigid franme 116 above the anodes provi des nechani ca

WG appos199f or the bubbl e collector and t he uppePCT/CN2007/071008
assenbly in the apparatus. Each annul ar anode 101 is
one piece or connected nultiple pieces. The power

102uppive ob shealplapenngeptarfatllys isolabe i thes edeptrotytie ity adjacent
of power supply channels 117. According to an

anedigodonest, the | ower chanber conprises at |east two

anode zones 110. The insulation shield 102 surrounds
eal}04Rh Bl atingrrirsent orpetesdialrist suppheddndenandently to each

of hEcR A, ANKS Prsthamencersupbly sharialsct] 2c Falential and
T BRERIED e B S Ab e e A incpenden
oohiB, 155 BT ] S SERARNSER PRRLGag"fmes. The
T e R S M e
S5 P A gL Y, asggeEh <SRGEsyeuay consising of

indéﬁéﬁééﬁ@@idd’dé ‘éléé%ly@ﬁe ifet auB ah g t@’ahhélectrolyte flow
power supply channels 117. Potential and waveforns

coapwli ddvice eaedh ipfddfendant! amodeodtedtsofytenvatiet 119 in each
i ndependent power supply channel s of power supply at

anpdegzomedst engsloyElde tposep phumleca®lgian tbeande diXtharge aged
pul se power supplies. [0041] An anode flow

elentsohyiteut boidsupssy panticles nfroon iearipeddade zone. The

. anode electrolyte inlet 103 connected to an L

indgpendenyanqgdeglestiolyie aucutatiandnierchanrde zongiginimizes
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ggﬁg&ﬁké&e’gabsm ﬂ'b%‘féc’ ’ c%rI]Idec?gFtH‘(‘)%eslsf rr%%%acgf agr?ge or more
permeable membranes attached to a rigid perforated or meshed frame,
wherein the frame is cone-shaped or inverted cone-shaped. A groove
115 at the periphery of gas bubble collector frame collects the bubbles
and guides them to a gas outlet 106. The groove 115 can be tilted to
form an angle in respect to the horizontal plane. A gas outlet 106 is
connected to groove for the collected gas to exit.

[0043] One or more attached permeable membranes 302 (in Fig. 3a)
are designed to implement different functions. The lower membrane
functions as a barrier to gas bubbles whose diameter is larger than a
few microns to a few tens of microns. It also prevents build-up materials
in the lower chamber to enter the electrolyte above it and provides the
mechanical support for the upper membranes. According to an

embodiment, the bubble collector membrane is made from a group of



i ndependent anode el ectrolyte circulation in each
anode zone mnim zes m xi ng of anode electrolyte flows
WO e@aosiopt er ent anode zones. [0042] A gas bubbP@&r/CN2007/071008
coll ector 105 is nmade of one or nore perneable
menbranes attached to a rigid perforated or neshed
pofoastfluafiaeeprasties f sach as poheriaghprbride i (RMF) eppolyvylidene
cone-shaped. A groove 115 at the periphery of gas
difudttle cEPVedtpr polytetrssluemethylendéublf? €6End priflisaroalkoxy
themto a gas outlet 106. The groove 115 can be tilted
alkemedrFiEAbu AV caVarage pperfe tYzensangmg drem Zwanéo a0um. In
s out | 06 is connected to groove for the

NeEce mert eihe. UP@@&SWm@rﬁﬂewﬁH@CHPﬂ§cﬁéda barrier to
m'EﬁéFE&%%ne UBBFES o oge c digmstends 858 ABRBL age Micron. This
meBFaPgLRNBR SEYdE ok, 42 %ﬁ%ﬁ@#ﬂ%ﬁss hiTERflrs to pass
thrthqu&ﬁdo?fj ,tQE:EES?(?lh?; ?E\' E%HBQ F?ﬁ' S péF Fane s made of
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h | 0 e
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plastlcs such as polyvinyl fluoride (PVF),

!00/4/4] dEhe dirfacsi de ﬂfé/DE)armeable membranes has pleated
ytetrafl uoroet hyl ene (PTFE), perfluoroal koxy al kane

chaRR&)ls toi trhpageeapabpte edieatingreffectivenes@nandoenlarge gross
50mm 1| n anot her enbodi nent, the upper nenbrane

sufface aoee efsthe lpemeabie meabraes bibie pieatesschannels have
dianeter is less than 2 mcron. This nmenbrane all ows
v-gheredi Ori bherad &- §h6ﬁiel§1i tC‘ETOISérg@CH@nécuSé@ht @ erfiguration

foriitn EHRDIFS HmceP8Icwhs 181 SR Chasinelar fiFLaiafage guiding the

rou

re§olE % Pund3 eﬁﬁéf&%ﬁﬂqﬁ@?ﬁﬁéﬁ@a@@%moqﬂe 5it. According

to an embodiment, the pleated channels can be radially arranged,
spirally arranged or annularly arranged, and the angle between the two
adjacent side walls of the pleated channels is between 10° to 120°. The
maximum height of each pleated channel is between 2mm and 30mm.
[0045] The total body force acting on a bubble (when gravity is
omitted) in a stagnant electrolyte solution is given in (1), and it is

strongly related to the bubble radius:

4
F =—nmgpr’ —6xnvr
3 (1)

[0046] wherein F is the total body force, r is the bubble’s radius, v is
the bubble’s velocity, n is the viscosity of electrolyte solution.

[0047] A bubble with small radius is difficult to move in an
electrolyte solution due to the small total body force. For them to be

effectively removed from the electrolyte, they need to coalesce and form
— 8 —



[0044] The surface of the perneabl e nenbranes has
pl eated channels to i nprove bubbl e collecting
we@tdoensivveness and enl arge gross surface area BPET/CN2007/071008
per meabl e nmenbranes. The pl eated channel s have
v-shaped or inverted v-shaped cross-sections. Such a
largenf bgbbie s .o Heopleatddidhasnets fortedhe bubblehtravel paths to
channels first before guiding the residual gas to nove
conpengesathltheg bottorahahrbles chanralisexvhereciha dulgples coalesce
an enbodi nent, the pleated channels can be radially
andrgmm\ge@n@@grﬂwmgam s dasgesndwforceimavgsdhemdapwards
t he angl e between adj acent side walls of the
al%@zéh@ochﬁ%ﬂﬁ EOW g%ttage%x'io to 120. The maxi mum

e B MASHES. b Sio S P G RO geiacent sice

wali"vok 3@13%“%4}%9 i ERe, fe g eg” @Féoﬁég@t?ﬁ%t@@amst the
buban&s léﬁ&te a%'utb?blfaébﬁ <diEct wﬂ’ﬁytﬁ Q v%?lls easier for

erern tota orce,

d [ [ e viscosity
ther t#?&%&ltét%{%g?ut ron. ﬁ&h\%h%wcﬁﬁ@é\}m@t h smal |
rafbcmsg][ %&dﬁdlﬁ@' to lahothes 'a%p@'bte|tﬁét P%éﬂteﬁ:l THahhé’ further
due to the small "total body force. For themto be

in@eed ithel yurfavey edelr ofm tiegnblanésolsy ehat te et electrolyte
coal esce and form arger bubbl es. The pl eat ed channel s

flofwetitroudgie drelabdbe merbrangst creasesnvelgg et suface area allows
bottom of the channels, where the bubbles coal esce and

suffieant catectgelylento i flow Abroughg@vesodin ﬂbm@rﬁsme of small
t hem quvards al ong the channels towards the exijt

buptes)t mrraawattaabct%ﬂ@errgembran@@cbmuélynblw the pores. A

% acent side
larger surface area also increases its effectiveness for specific ions

filtering.

[0050] In to Fig. 1a and 1b, according to an embodiment, the upper
chamber 12 consists of a plurality of cathode zones 120 whose
cross-sections are annular in shape except the central cathode zone,
which is circular. Each cathode zone 120 in the upper chamber 12
consists of at least one independently-fed electrolyte inlet 111
connected to electrolyte flow control device. Excess electrolyte exits the
upper chamber at the perimeter of upper chamber body and drains out
from an outlet 118. The pipelines of electrolyte inlets 111 go through
bubble collector frame and the insulation shields 102 to reach each
individual cathode zone 120. The electrolyte flow control devices of the
cathode zones can be programmed to vary flow rates and on-off times
so that the streamlines of the flow field are manipulated globally or

locally at a specific process step.



wal | s of the pleated channels reduces the resistance
agai nst the buoyancy effect on bubbles in contact with
W@ b@9ose2 wal | s, easier for themto travel to RPEECN2007/071008
bottom of the pleated channels. [0049] According to
anot her aspect, the pleated channels further increase
t NG| Aoz alrkewofiehes dwmires is smeeted thiemiintdin freshness of
el ectrolyte fl owthrough area of nenbranes increases.
electralygermsxiuraca eegians heas thef platirgis wface r espeeialty for the
flow through even in the presence of snmall bubbles )
orgaaic adglitive 4pleculese miimabdueadTpgr eppcensatiams of organic
por. es. | arger surface area also increases its .
adéhtﬂ\é%%iaAf’E%TS ¢ Rlatipgcrate 9aRkl sapa i1y qmi)ébja dgfectivity in
to Fi ording .to a nmbodi ,nment e

the, e antsim 1 bocal idhe rdL ot 18P eladiis to remove
oypRRaRet HEOBE B Sisralo d ofedlch, e Vel &P Enting them
frof “Beffl JEforbePaer irtd 10, BPEHing AR ST &7 ' femoving
byéxiléd%fg‘?%ﬁdtlﬁ@ RSN 'ﬁ%g‘?oﬁ' A¥aF é%a@ﬁﬁ@%grface, plating

cess electrolyte exits tite upper chanber at

ga@‘ﬁ'lli ffﬁbérrfé&tid’rﬁ’sp% GlREIRT tRORYh afehtlras nar@ Yhidindizednand the
outlet 118. The pipelines of electrolyte inlets 111 go

relidbititghobuihe efinal | eatallid rianes aaddt isontaets aid oimproved. The
shields 102 to reach each individual cathode zone 120.

eledteobite dlowl gortrol devioatoar beécadpestedf ta hesaltinaaleiniform flow
zones can be programmed to vary flow rates and on-off
fietd nasraess t platinge ssibséeate;, nudhich Ensdnesy ¢geall axehange rate
mani pul ated globally or locally at a specific process,
betwegn tresh) olgrzaic apdilivesnd spacon; by peeduiets: i regions near
TP SRS, B S oG BB 5 B, 1 el change
rate between fresh organic additives and reaction byproducts across the
plating substrate ensures compositional uniformity in the final plated film,
which, in turn, improves the final electrical resistivity uniformity and
electromigraton performance uniformity among the devices fabricated at
different locations on the substrate.

[0052] As a conclusion, by controlling flow field locally, the following
effects can be obtained: controlling the thickness uniformity of the
plated film across the substrate; controlling the composition uniformity
of the plated film across the substrate; controlling the electrical
resistivity uniformity of the plated film across the substrate; controlling
the uniformity of electromigration resistance in the plated film across the
substrate.

[0053] The upper portion of upper chamber 12 further consists of a

fluid dispersing device 112 in close proximity to the substrate to
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organi c additive nolecules in the mxture. The
concentrations of organic additives affect the plating

W0 2608/0559apfi || capability, and the defectivityPCHCNR®7/071008
resultant film Local flow field control is also
needed to renove byproducts from plating reaction

genegate eehiiecoseepically enéarmdlavinéieltrantteitop of each cathode
incorporated into the growing netallic film By

zonenokcagrding daduan semlodinhent,ethoe i flowr digpersiegrdewice 112 is
reacting surface, plating gapfill inperfections in via

mag efr enen of ey febowirg nipsireusegesamichandechaniically-resistive
of the fingl metallic lines and contacts is inproved.

plagtic m%’@riéﬁyte fl ow control device can be adjusted to

{SGH4a B SUHBLEREMRY Lo8 Rt Bl B yarps gnamber 12
neldE e SRR 120 BRERP AR MeBBANHA to 1t For o
deBhLd b SYRSHiR!Sr o bRl rEldapesLalGShPARRR Rew248, 222

Of gani ¢ Ives and reac yprodicts acr oss t

ug! Iata?é‘ﬁt M%?QQBQQ@HH&?S‘?WE%? N‘H.‘G'M@'?iz‘s)rt'ﬁiet ﬁgiti?e content

the final plated film Ich, Inturn, inproves

of Whigh @Féﬁiéé%ra‘tééiﬁéﬁdhtbfy wefdreifed.y and
el ectrom graton performance uniformty anong the

de%)@&@]flamdt d aolatibherfeoin | agetieorsleetralie tank 240 is
substrate. [0052] As a conclusion, by controlling flow

suppdied tocabath, anbe e ddreiatg ackkedcot floam tatesbtBefed reaching
controlling the thickness uniformty of the plated _

eathl anagegonehethrwectiadyte salutioni pgsskee aoppoxp t233, a filter
uniformty of the plated film across the substrate;

23gorand| @i g kendrelcteviee 2@4i skheielectialyte frem sach anode

2008 TSN EIoANBHE PIstr ehee 8T 24Dehetiedn an oot 279 located
at p[h%t %%t{oir%mo?%%sfovtvg? c‘?’ﬁjgrsfﬁgeart. ®T'he return electrolyte solution is
regulated by a liquid mass flow controller 238. The collected gas in
lower chamber exits out of the lower chamber from the gas outlet 206 to
anode electrolyte tank 240, where gas leaves to exhaust 241. A
pressure leak valve 234 is located between filter 232 and anode
electrolyte tank 240. Separate Electrolyte solution from cathode
electrolyte tank 250 is supplied to each cathode zone at a set of flow
rates. Before reaching the cathode zone, the electrolyte solution passes
a pump 236, a filter 235, and a flow control device 208. The electrolyte
from each cathode zone returns to cathode electrolyte tank 250 through
an outlet 218 located at the sidewall of the upper chamber. A pressure
leak valve 237 is located between filter 235 and anode electrolyte tank
250. Pressure leak valves 234 and 237 open when flow controllers 204

and 208 are closed.
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[ 0053] The upper portion of upper chanber 12 further

consists of a fluid dispersing device 112 in cl ose
WEe@20s899y to the substrate togenerate a PCT/CN2007/071008

m croscopically uniformflow field at the top of each

cat hode zone. According to an enbodi nent, the flow

di [156] fjgdeda c8bl Bhd 3amhwowf theefigt ehtbddinhent rgf: the gas

porous ceram ¢ and chemi cally-resistive plastic
bubiercallectdrooshereins gt r3a eshvdeanlBometrcedieabonfethe gas

t he upper chanber 12 holds the substrate 122 and
bue&lﬂmlbe@wctﬁlgca’ib &howatits ccross-seetiandeaang |fkig. 3¢ shows a

cription of a substr te hol der, see US. Patent

eéal ¢, vew Afsthegasbywpbles £odlesion reagnbia e1'r¢t£3]e’ﬁlf\1l%r with the
. I\Llﬂ g7497§ the entire content of which are
inguabonosRildSher ein by reference. [0055] Electrol yte

¢ ol AP A aBARRh. '§C§§ AE G Bt Tatflly pleated
chhfAgh "gogasd I%‘%‘?&dzﬁl | ter s?mcatr{ddé’él yéﬁe |ﬁ%ﬁ‘f o"lrrone-shaped

passes a punp ow COI’]

fraff¥! c§0804 THEE r%'cft‘ Og?ﬂb%téﬂoﬁﬁgﬁge?ﬁogﬂ@%ve V-shaped

returns to anode yte ta an outl et

cradSL dertrimsl aat rﬁé‘ﬁtléﬁbﬁoﬁré’@ldd?ﬁy' BYEELD @bgbluﬂ'@ﬁf enters into

return electrolyte solution is regulated by a liquid

upmschbmb@lorthroughraZE&JraThy obldmshied) o303 rlokated on frame
chanber exits out of the | ower chanber fromthe gas

300ut | et 206 to anode el ectrolyte tank 240, where gas
| eaves to exhaust 241 . A pressure |leak valve 234 is
| o20%8] hbeneealdsced gasbuirblearmnoyecuprtarsisyatonaithe radially
240. Separate El ectrol yte solution from cat hode

pleatest EBBW’@ $aRRSsHY it r@ugtu smalk opeaingeaifd @ thadnsulation

shiSjeR, 36k S ShBit 36 P 5L BRCHERA Y S B Eent with the
|n\;eq'r|é%$:%cp2§’$eshaage3 ffraomvé ﬁ1net rqu; rﬁg\\//fn%ec%%?esceg gas bubbles are
eventually collected by a groove 315 at the periphery of gas bubble
collector. The groove 315 connects to a gas outlet 306 where the
collected gas exits. The groove and the gas outlet are omitted from
embodiments for the simplicity in the following drawings. According to
an embodiment with the cone-shaped frame, the gas bubbles are
collected in the apex of the conical bubble collector, and gas outlet
tubes are positioned slightly below the highest points of apex to conduct
gas out to anode electrolyte tank.

[0059] Fig. 4a and 4b show the second embodiment of the gas
bubble collector, wherein Fig. 4a shows an isometric view of the gas
bubble collector, Fig. 4b shows its partial cross-section, and Fig. 4c

shows a detailed view of the portion of gas bubble collector connected

to the insulation shields.
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from each cathode zone returns to cathode el ectrol yte
tank 250 through an outlet 2 18 | ocated at the

W@ e@ensdob2 of t he upper chanber. A pressure | eaRCTaNA®7/071008
237 is located between filter 235 and anode
el ectrolyte tank 250. Pressure |eak valves 234 and 237
Op06OEAS Ishownnin Higerda 28dda4b, 2518e agEirallpsplieatedi channel
i -[0056] Fig. 3a, 3b and 3c show the first enbodi nent

404f is hecated @A cang Ishraped ohéneericd gor@asha@w frame 400,
isometric view of the gas bubble collector, Fig.

anghthe $pI§aHVo|@Lea§@@lt comnngldoFifyg. ata saads4k tﬁemntwous and
VIGM/Of t

_ F ﬁ bIe c IIectgr assF Iedﬁtogether
gogst Rhf@egnng PaW ace poody Kameo nSpifglly pleated
ch3Bp8 <4 35886 Gy e 't%éngf SHEPs e qfiape 8sthe radially

Pl SO R i ed ‘ot Bk AlrFTTPE RAFITRGE 305 are for

paeﬁwn%%tllé{:ﬁr &EI egérLﬂléﬁse solution enters into upper

urality of openings 305 | ocated on

mﬁthd QB%%SJ@% %ﬁ’?ykﬁ?c?’ﬁ%sg 6e€“9ﬁhfé5rd'§°éﬁan% the spirally

long the ra ated channel s, passi

pléétfe%u@haﬁ?‘féll RENIhHIhrddYPRMAR o pehinyd Q'@SSBrﬁWé insulation

307, as shown in Fig. 3c. According to an enmbodi nent

shigltls 407, iay esH@dnciong-ighaeedT heaop-midwingpgasvisngollected and
coal esced gas bubbles are eventually collected by a

copdoated o usthe wane spailaplyeto/ tivat guthddivbt encbotaneot.
The groove 3 15 connects to a gas outlet 306 where the
col0@e2kHigiabaeand Kb Bhow theviniethembedyae nduef tehe@as bubble
omtted fromenbodi ments for the sinmplicity in th

cotlgrteni W edetni Higs . Sacsewisngn ésometric view of the gas bubble

collector, Fig. 5b shows its partial cross-section, and Fig. 5¢ shows a
detailed view of the portion of gas bubble collector connected to the
insulation shields.

[0063] As shown in Fig. 5a and 5b, a plurality of annular pleated
channels 501 is located on a cone-shaped or inverted cone-shaped
frame 500, and the annular pleated channels of Fig. 5a and 5b are
arranged at different vertical positions. According to one embodiment,
the each annular pleated channel has the same angle between the
adjacent side walls. According to another embodiment, different annular
pleated channels have different angles between the side walls.

[0064] For each annular pleated channel, it has the same cross
section shape with the radially pleated channels mentioned above. A
plurality of openings 505 are for passing electrolyte solutions.

[0065] The coalesced gas bubbles in the lower channels move to

the higher channels through paths 509 that connect the adjacent
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an enbodi ment with the cone-shaped franme, the gas

bubbl es are collected in the apex of the conica
wheeblosssenl | ector, and gas outl et tubes are poRCT/CN2®A071008

slightly bel ow the highest points of apex to conduct

gas out to anode electrolyte tank. [0059] Fig. 4a and

chabhngisvante ssealbndpemnipogs 608 an tthe gasulatidn eshields 507, as
coll ector, wherein Fig. 4a shows an isonetric view of

shomn rad iguibie. el helueeonovingrigas kbcolented tengaonduicted out the
cross-section, and Fi 4c shows a detail ed view of

wayhgirpdatlyde ﬂTath@str@gbsbeMQ)dwentconnect ed to the

| at hiel d 0060 F 4 d 4b,
on “@é‘@i Tio, bhearih Gmoshan 48@“?@&?%&9@@0%@%%@@ the gas
bub awgﬁgﬁozrﬁtevrg SEn D 58 P WaaEAnFOBetde View of the gas

ou SIS BRI SHEHEe PSP oS AL g oc and oa

shémérﬁﬁlléﬂcvfe‘?ﬁs gﬁﬁ'ﬂ% ﬁirtg{? fag?élﬂ Bfeeébﬂgct%rogonnected

nel’s” menti oned ove. openrngs

to "%h@ nduI2ASH! §§ ﬁgﬁ%ﬁﬂ' G r%@tHgH%” dé)‘i%ﬁ}dt ﬂ:ﬂéacollyected gas

coal esced gas es goes upwards the spirall

oublofahedcisdanesd . passing through small openi ngs 408 on
the insulation shields 407, as shown in Fig. 4c. The

UpEOaBT hd Heafoiusthe e iboidichemtd i< aidiitdre do oiife thirdwaymbodiment
simlarly to that in the first enbodi ment. [0062] Fig.

exBepénthetamsholart pteated ccleabndisedd 1 oare harrgangaxlibat ¢he same
coll ector, wherein Fig. 5a shows an isonetric view of
verﬂn@algpesttmm adlatefcaore 69Q. 5b shows its partial
cross-section, and Fig. 5c shows a detailed view of
th[@%& mp@rrdlggst@uaﬂee edpbpdinentc paelt apode tzane is fully

I h
splarr]gtue %e |sns|uﬁa%on shields that have no opening to pass gas so as

to prevent intercrossing the anode electrolyte between the adjacent
anode zones. Each anode zone consists of an independent gas exit to
exhaust the collected gas out of the apparatus. In one embodiment, the
coalesced gas bubbles collected in the horizontally arranged pleated
channels are conducted through a path 609 connecting the highest
portions of the channels with V-shaped cross-section within an isolated
zone. The collected gas exits out from a gas outlet tube 606 that
connects to path 609 and goes through insulations walls 607 to return to
anode electrolyte tank, as shown in Fig. 6¢. In another embodiment, the
coalesced gas bubbles collected in the pleated channels are pressed in
the gas outlet tubes 610 below and in close proximity to the highest
portions of the channels with V-shaped cross-section by the
hydrodynamic pressure of electrolyte flow and returns to anode

electrolyte tank, as shown in Fig. 6d. In another embodiment, there are

_14_



[0063] As shown in Fig. 5a and 5b, a plurality of
annul ar pleated channels 501 is |located on a
W@ owe/sivaped or inverted cone-shaped frame 500PCEHAN2M0MO71008
annul ar pleated channels of Fig. 5a and 5b are
arranged at different vertical positions. According to
onbneharielisnmauith higie \eshapathcressEecticd bebwveeh tvas insulation
the sane angl e between the adjacent side walls.
shigldsr dAmgnisollationhehieddbiodersacts the flowast pontivarof a channel
&{ eated channel s have different angl es between the
Wit d&sheaped gross4pertpneagndatheiinexhirsulediaghgiield intersects

the asiBes RHAGNE PRMOD HaaBhaBNoh withr Wi shapen crods-section.
Theb kT a5 cok dRro Iéii%h;”@%&f'e Setved TiteAdinannLI igsulation
shlERI dolcidHgRIe mIERRARIT S b aRiRag effgltaliangpand the

bubBfe B Abr98. §Hft§|ofe°‘e éég%p%ﬁéaﬁaﬂgﬂtﬂé} Ebgnoﬁ%q%}% complete

up-hoving gas iS coO con ed” out

iU | AAi jch the first enbodi ment. [0066] Fig.
re@fgvaér!?%@lé@o%vt I(=(:als1r"]ourth enbodi nent of the gas bubble

CO[OG@@P'F»i Wristdw§i the Gatiphenstoral ia7esrbf i thevilfdnfrane with
t he gas bubble collector, Fig. 6b shows its parti al

radiadlyspresteidoohahingls @vernthed érehowithiog tdbterh| Gtheyvanables and
of the portion of gas bubble collector connected to

dimkasioss|weédnnstheicadculiation wrengivieod sn ttalblenduckhe Hetal area
collected gas out of the channels. [0067] The fourth

withro@dl ialiyit pieatgdr channels heanhibed calsotateshtifrertepgquation (2)
the annul ar pl eated channel s 601 are arranged at the )

desiygsl veasedalopothe i Brstrembradimentine g0 ratigpggrreases with

. According tg one odi nent, each anode zone is full
increasing r?um%er of ?Hg channels and maximum channel hnghts. The

higher this ratio is, the larger the area for electrolyte to flow through. As
shown, the area tripled with 200 radially pleated channels at a maximum

channel height of 10mm.

Table 1

Base Radius of Cone

Height of Cone

Element of Cone

> |- | |0

Maximum Height of pleated channel

Number of pleated channels n
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sparate by the insulation shields that have no opening

to pass gas so as to prevent intercrossing the anode
web@ensvbyt e bet ween the adj acent anode zones.PEECN2007/071008

anode zone consists of an independent gas exit to

exhaust the collected gas out of the apparatus. In one

enbodi nent, the coal esced gas bubbles collected in the

hgrezental 'y arranged pleated channels are conducted
through a path 609 connecting the hlghest portions of

........... U
I3 g@f gas eX|tl62 Y
be 506 at conn t h|/i6@ &
t(hog&yat.ons ey 44 Rt .J SRS 0- L)1)
"electrolyte tank in Fig. 6c. In anot her
enbodi nent , aI s&&Q;gas bubbl es collected in the
plﬁate hgwge are press S i.n7the gas outlet tubes

6Ji_5 i cloge proxiiity, X o the highest
(z)gortl ons of the channels with V-shaped cross-section
y the hydrodynam c pressure of electrolyte flow and
to anode el ectrolyte tank, as shown in Fig.
6d n anot her enbodi nent, there areonly channels with
tween two insulation

shifel ds. Anpi/psulggtgon 4?h|eld |n :
&QOQ‘@j a¥channel wi V+sh ap LCYQ% g gonh n
tih next nsul ati gn shie d |nte sg@ts cept

hi ghest portion of a channel w th V-shaped

gLross-section. The surface of the bubble collector
bet ween two adj acent insul ation shields is no | onger
pleated in this particular configuration, and the
bubbl e collector is suitable to applications that do
not require conplete renoval of m crobubbles. [0069]

Fi EI)O?OFPF@{VSSts’!ﬁ)\K/Qta %r@ésléé@ttoﬁwath%fflitheemﬁdlﬁﬁ@nt of a gas
with radially pleated channels over the area w thout

bubbden coecter i willesrdiel pleated channels and a buffer region

between membranes.

[0071] As shown in Fig. 8, the gas bubble collector has at least two
permeable membranes 802, 803, a buffer region 804 between the
permeable membranes, and a frame 800 for supporting the permeable
membranes. A plurality of openings as electrolyte inlets is provided in
the same way described in the first embodiment, and the coalesced gas
bubbles move up and exit the way similarly to that in the first
embodiment.

[0072] According to the embodiments of Fig. 8, a gap exists
between the lower membrane 802 and the upper membrane 803 to form
a buffer region. The electrolyte flows slow enough in the buffer region
804 so that most microscopic bubbles that permeate through the lower

membrane have time to dissolve in the region due to their unstable
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di mensi ons used in the calculation are given in Table
1. The total area with radially pleated channels can
wheoogasmot ated from equation (2) derived basedP@HCNE®7/071008
first enbodinment. This ratio increases with increasing
nunber of the channels and maxi mum channel hei ghts.
nalines.hi theshobid rize i moticet hethat; gan t tree arm@edent application,
el ectrolyte to flow through. As shown, the area
“micriol wabbheist’ refeos rtadthe Igasiladiele sc sammlie s thanathe pore size of
maxi mum channel hei ght of 10mm Tabl e 1Area= \Were ] ]
the odewierri medkyiangs aTbeoseleelroiydg ofn t Hbef i puifer region s
. enbodi nment of a 8@8 bybbl e collé_ctor Wit h rac{
inggrandentiiatrRILOHRE DLhubheraddiinalbalfetio

or R 385, S8y B e B G St SEIBHH fre upper
cn e A Bl SO W AOMeREH BT HAE A SRIFER electrolyte flow
nd TRV ST BBEE ABLHTALA YoP! BRRAE0R pusbles o the

mélRErahkedwiich hfdy r§&t YR ANOER eat@)d.iéﬁedﬁf@&i%?FQﬁrough the
gas bubbl es nove and exit the y simlarly to that
upbertenibrahe enbodi ment. [0072] According to the
enbodi nents of Fig. 8 , a gap exists between the | ower
WE;ﬁUM]ETWbaﬁﬁért ioppeanrpetappite A3 anyfafr theaembodiments
buffer region. The electrolyte flows slow enough in
of the das berbblegialie &o4s ntrdthicew sbovesr oscopi ¢ bubbl es
t hat perneate through the | ower nenbrane have tine to
di ssolve in the region due to their unstablenature. It
shoul d be noticed that, in the present application,

i al
i/?e circulation to
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"m crobubbl es” refers to the gas bubbles smaller than
the pore size of the | ower nenbrane. The el ectrol yte
wo poovjassobuf f er region i s i ndependently control PEHCN00a071008
additional electrolyte circulation to provide | ower
hydrodynam c pressure in respect to that in the upper
Whatidetainiéd ipr essure di fference ensures a downward
electrolyte flow that prevents tenporal attachnment of
m croscopi ¢ bubbles to the nenbrane, which may act as
bl ockage to ion diffusion through the upper nenbrane.
[ 0078 pfatmgna‘m%aratdgl 6RNERFSKd:appl i ed to any of the
enbodi nent t he gas bybbl e coll ctors i ntroduced
ab@v@%%ﬁ?laénbﬁéu arising. asplratith PfappRcs gones separated

by SR omaralifeofasaisied %‘@eglr | o éi%y”%achnenp%{% ghn¥ forms an

anget it R iR R O Zone o e E‘Qﬁpf.s. hg a
ﬁ'fé‘f‘ﬁ'su'f’é% o STRMBES UMDrRRE; M hiftaly cof Lhihole zones

SeBafaHP RIS A BINARGNoF ThIARISA NS NIFRERIFNEHY cathode

ontr Ied Ie col I'ector, belng’

elé@ﬂ’@ﬁﬁﬁé tdlﬁbul@‘t\i%rn CRaHIAT &acht katHBRiRy Ebﬁébel%’ independently
wherein the gas bubble collector collects bubbles,

cohtiatlesd;t hem t o coal esce, and gui des the coal esced
bubbl e to nove out of the apparatus; a flow di spersing
deai gas babbe pteltecton; heéiagt ppacédt betwppear thdadoveer;, chamber

and the upper chamber, wherein the gas bubble collector collects
bubbles, forces them to coalesce, and guides the coalesced bubble to
move out of the apparatus;

a flow dispersing device, being placed at the top of the upper
chamber;

a substrate holder, being placed above said flow dispersing device
for holding substrate and conducting electrical current to the substrate;

a power supply with a plurality of indenpendently controlled
channels;

an electrolyte flow control devices for controlling electrolyte flows
within the zones of the chambers;

a plurality of flow distribution sub-system for distributing electrolyte

flows into the chambers.

2. The apparatus of claim 1, wherein the gas bubble collector
comprising:

one or more frames that supports one or more permeable
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a substrate hol der, being placed above said flow

di spersing device for hol ding substrate and conducti ng
Web@ensivenl current to the substrate; a power BUPEN007/071008

with a plurality of indenpendently controlled

channels; an electrolyte flow control devices for
memifiraoklsi ng el ectrolyte flows within the zones of the

chanbers; a plurality of flow distribution sub-system

f oa path farocoalescad gasobybblés dasmweoupivardisatebargas outlet;

2 . The apparatus of claiml1l wherein the gas bubble

comherein denpernagblenmesmbrane clesest taathe upwet chamber

one or .nore pernmeabl enenbranes; a path for coal esced )
haygspiaaigdesh ang@@fw.awcf ordnygsted,vrehapgheprass-sections,

WHeL B8P Bt BT mE SsCy. SR BORH (PriORies Sy Ahipec
Foftie PeihedHle B RE, St SR e ubPEh chdfther cotlects
mibfb QEpKPE it PREREN FF riEMRrAE ERIERRID 4T 1oRRR Hamper.

apparatus of claim2 , wherein the perneabl e nenbrane
cl osest to the | ower chanber is made of one of the

f oBl W@Qpﬂi@ré!&@'o‘ﬁclﬁﬁhwi Wherkiniori de (PVF),
pol yvylidene difluoride (PVDF),

pothe gerafeableoenbiiszmd KldEst pertheuwwet kbrambkekdasemade of
(PFA), and the pore size is between 2nmto 50mm the

ongenofetin efotovbimgnenaltesats: polyviayl ofleorideartBafF), polyvylidene
_separates build-up materials in the | ower_ chanber and

diftuerideec(PVYDf )} apolettafluoroethylene (PTFE), perfluoroalkoxy
alkane (PFA), and the pore size is between 2um to 50um, the
permeable membrane closest to the lower chamber separates build-up

materials in the lower chamber and the electrolyte above it.

4. The apparatus of claim 2, wherein

the permeable membrane closest to the upper chamber is made of
one of the following materials: polyvinyl fluoride (PVF), polyvylidene
difluoride (PVDF), polytetrafluoroethylene (PTFE), perfluoroalkoxy
alkane (PFA), and the pore size is between 2nm to 150nm, the
permeable membrane closest to the upper chamber filters specific ions

in the electrolyte.
5. The apparatus of claim 2, wherein

the angle between two adjacent side walls of said pleated channel

is between 10 and 120 degrees.
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4 . The apparatus of claim2 , wherein the perneable

menbr ane cl osest to the upper chanber is nmade of one
W@Ro0vkss9dDl | owi ng material s: pol yvinyl fl uori deCT/eNE);7/071008

pol yvyl i dene difl uoride (PVDF),

pol ytetrafl uoroet hyl ene (PTFE), perfluoroal koxy al kane

( PEATheaagpEratpe o dam 2 swheregen 2nm to 150nm the

per neabl e menbrane cl osest to the upper chanber

fi deersasimgri the angke i hetweesl dwto obdjacent .sitlee walls of the

apparatus of claim2 , wherein the angle between two
pleafesk ehansiade r@@lu@s;th@aeglﬁila@&xeeagaﬂfaﬁhme |bsmearméreffect on

and 120 degrees. 6 apparatus of claim2
bu eiln geatagkiwith tthe ﬁ@@ew SnwdBRVIRG tz!i’tﬂf’ﬁcm’fp said pleated

h ei ?f th pl eat ed channel s reduces the resistance
c QQQl §t°tCF%a§l§&§a Ceffect on bubbles in contact with

the side walls, novi ng theminto said pleated channels
to coal esce there . The apparatus of claim2 ,

vvh?r eﬁhré é ggfug%ftﬂghrﬂgﬁo%egk ﬁhe pl eat ed channel s

at a gl ve maxi num cC i ncreases the

ef frftfrb'a‘é% LthfeaﬁGgfé@raogfthéml%atiéabéﬁaﬁﬁb|l§%tt%f gifen maximum

he appar at us ereln the

Chéhﬂ@ﬂ‘ehél@lﬁ? ihafeatby @héaBaREtR/e %&ﬁﬁ@es@l‘@éd d¥’ said bubble
i nverted cone-shaped frane. 9 . The apparatus of claim

coBectoherein the pleated channels are spirally arranged
on a cone-shaped or inverted cone-shaped frane.
8. The apparatus of claim 2, wherein
the pleated channels are radially arranged on a cone-shaped or

inverted cone-shaped frame.

9. The apparatus of claim 2, wherein
the pleated channels are spirally arranged on a cone-shaped or

inverted cone-shaped frame.

10. The apparatus of claim 2, wherein
the pleated channels are annularly arranged on a cone-shaped or

inverted cone-shaped frame.

11. The apparatus of claim 2, wherein
the pleated channels are annularly arranged on flat frames at the

same vertical position.

12. The apparatus of claim 2, wherein
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10. The apparatus of claim2 , wherein the pleated
channel s are annularly arranged on a cone-shaped or
WO pooeos®e2 cone- shaped frane. 11. The appar at usPOf/CER@I7/A71008
2 , wherein the pleated channels are annularly
arranged on flat franmes at the same vertical position.
12th@hplegtealr ashsnmélsclarien @nnulsrey eanainged eaheflat frames at
channel s are annularly arranged on flat franes at
difterfefrdreentioad rposibionsosi ti ons. 13 . The apparat us of
claim11, wherein in each anode zone, an anode is
surrounded by one of the insulation shields and is
conne to an ind?n(ﬁendentl control |l ed channel of a

\aﬁﬂv@r ﬁlg’leﬂ?ﬁlpgpaé?%%%brﬁbl ﬁ!ml'l'rweW &ftus of claim 1, )
ond) perrBaArBIRNERaRe: 38 GHOE E?%Eh&ﬁ‘@@%&é&itﬁﬁe of the
R S A A T AR BSFDERLELRY Bontotea

Chghﬁe%qtzg ?’?ﬁ@?%H@'pﬁ?gége erein: in each cathode

zone, a ndently controll ed
el ectrolyte inlet is provided to control its | ocal
flow field. 16. The apparatus of claim15, wherein:

the4l otple Apperated @F digirhhe wheraid ty of cathode
zones are used to control the mass transport and
mathes | ghsevtiilge collectert ephfprigithy more than one permeable
membrane;
a gap is provided between the membranes to form a buffer region;
and

electrolyte in the buffer region is controlled independently.

15. The apparatus of claim 1, wherein:
in each cathode zone, at least one independently controlled

electrolyte inlet is provided to control its local flow field.

16. The apparatus of claim 15, wherein:
the local flow fields in the plurality of cathode zones are used to
control the mass transport and material exchange of reactants and

byproducts near the reacting surface of the substrate.

17. The apparatus of claim 15, wherein:
the local flow fields in the plurality of cathode zones are used to
control the compositional uniformity of the plated film across the

substrate.
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byproducts near the reacting surface of the substrate.

17. The apparatus of claim 15, wherein: the local flow
wo p@b@ssodn the plurality of cathode zones are PGEAN2W7/071008

control the conpositional uniformty of the plated

filmacross the substrate. 18. The apparatus of claim

15, wherein: the local flowfields in the plurality of

cat hode zones are used to control the gapfil

pef 8ol ap paradys aftelasmb$dy athereid. The apparat us of

claim15, wherein: the local flowfields in the

pl theulpeal dtow dfialstse indines puealityeof teatheste @ones are used to

resistivity uniformty of the plated fi] macross the
cogtr@éttﬁgt@apﬁﬁ.perrﬁ@r@maeg%g tgﬁaﬁ'lﬁb%@?t%er ein: the

local flowfields in the plurality of cathode zones
are used to control the electrom gration resistance

TR Nl AR TR, e 2 L,
COMRE 15680 T HeRe 1, e HORAGBE T4bbde ' AIgE e used 1o

COQF@Sqhé%igﬂgﬁtﬁ{@{‘?’@ﬁgn@‘ﬂf@?m fiﬁﬂoéj@ré)ss thd%gtubstrate.

trolyte cir east one I ndepen
gas exit; an upper chanber conprising a plurality of
cat hode zones separated by said plurality of

i n20! FHeoapParatyds ofviairai 15t xheralinode el ectrol yte
circulation within each cathode zone is independently
cotite dotad;flaw giasldsubb| thec q@luealityr of eathgpde awees are used to
bet ween the | ower chanber

control the electromigration resistance uniformity in the plated film

across the substrate.

21. A plating apparatus, comprising:

a lower chamber comprising a plurality of anode zones fully isolated
by a plurality of insulation shields; wherein each anode zone consists of
an independent anode electrolyte circulation and at least one
independent gas exit;

an upper chamber comprising a plurality of cathode zones
separated by said plurality of insulation shields; wherein the cathode
electrolyte circulation within each cathode zone is independently
controlled;

a gas bubble collector, being placed between the lower chamber
and the upper chamber.

a flow dispersing device, being placed at the top of the upper
chamber;

a substrate holder, being placed above said flow dispersing device
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and the upper chanber. a fl ow di spersing device, being
pl aced at the top of the upper chanber; a substrate
whiodesso9bei ng pl aced above said flow di spersiPQGI/CN2007/071008
devi cef or hol di ng substrate and conducting el ectri cal
current to the substrate; a power supply with a
fompholdihgt yubstratel et comaucting el eotrical clvaenélte;thansubstrate;
el ectrolyte flow control devices for controlling
el actpavere supply writhi ra t péuradiiys aff indengembently aontrolled
plurality of flow distribution sub-systemfor
chang®@lsbuting electrolyte flows into the chambers. 22.

The apparatus of claim?2 1, wherein the gas. bubble
coﬁﬂe@FQﬁtr‘élcYﬁ%r iI9WhgondrRl deviene for acp@@tgrpﬁmg LIgsbialyte flows

wilifsRe E8nBeCtoi e T RTBAEI anode zone | ol ant ed at
o SRA BF ' 3teRE8E P AR i diftuuting electrolyte

f|o\24$:[{ﬁbqﬂé18hgﬁqgg | e menbrane cl osest to the | ower

er I's made Of ‘one of the follow ng materi al s:
pol yvinyl fluoride (PVF), polyvylidene difluoride
(PVDF), polytetrafluoroethylene (PTFE),

peppl UplﬁéaébPéYaﬁj%Qﬁec(é?ﬁvﬁ)m,aﬁ)ﬂ]éh;ﬂnpﬂﬁ@ §agebubble collector
between 2mmto 50mm the perneabl e nmenbrane cl osest to

cohfyerisioger chanber separates build-up materials in the
| oner chanber and the electrolyte above it. 24. The
appaeators nford afrar@@s whateisupports one or more permeable
membranes;
the surface the bubble collector with each anode zone is slanted at

angle between 10 to 60 degrees in respect to horizontal plane.

23. The apparatus of claim 22, wherein

the permeable membrane closest to the lower chamber is made of
one of the following materials: polyvinyl fluoride (PVF), polyvylidene
difluoride (PVDF), polytetrafluoroethylene (PTFE), perfluoroalkoxy
alkane (PFA), and the pore size is between 2um to 50um, the
permeable membrane closest to the lower chamber separates build-up

materials in the lower chamber and the electrolyte above it.

24. The apparatus of claim 22, wherein

the permeable membrane closest to the upper chamber is made of
one of the following materials: polyvinyl fluoride (PVF), polyvylidene
difluoride (PVDF), polytetrafluoroethylene (PTFE), perfluoroalkoxy

alkane (PFA), and the pore size is between 2nm to 150nm, the
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t he perneabl e nmenbrane cl osest to the upper chanber is
made of one of the follow ng materials: pol yvinyl

W0 bawonsee2 (PVF), pol yvylidene difluoride (PVDRCT/CN2007/071008
pol yt etraf | uor oet hyl ene (PTFE), perfl uoroal koxy al kane
(PFA), and the pore size is between 2nmto 150nm

petimeady|eeate rmbrankr elus edtoiee the tuppee cinamabec fitdrmr specific ions
filters specific ions in the electrolyte. 25. The

in pp@lactrelyie.cl ai m 22, wherein the gas in each anode
zone is first collected at the highest |ocation of
sai d bubble collector and is then separately conducted

heBeiTS RERAIE BEISH] ot PacvaiC@inNesCAg IoPAChiaRode zone
s fShRRIE ey e bR Aiied: %@ié&?éﬁﬁé?ghﬁtf%%&“hor and is
' ' ' .27, T
theyf Sabiraien) Edhaliciga B AL RHREERER srous Zone. an

anode is fully isolated by one of the insulation
shields and is connected to an i ndenpendently

copp! ofrhRrappanatls o lafUes fitbin system 28 The

apparat us or "« erein: 1n each cathode zone,
at tH@agéso'b%lbb]éeI@@N@@ﬁbPYCéﬁﬂérﬁéJi:n|ge%@ré01tlﬁthlto?1e 2%ermeable

inlet Ts provided to control its |ocal flow field.
mé&idrapear at us of claim 28, wherein: the local flow
fields in the plurality of cathode zones are used to
coatgap isherowded betwpen thedeatleranes docfoanya diuffer region;
aeactants and
an

electrolyte in the buffer region is controlled independently.

27. The apparatus of claim 21, wherein
in each anode zone, an anode is fully isolated by one of the
insulation shields and is connected to an indenpendently controlled

channel of a power supply system.

28. The apparatus of claim 21, wherein:
in each cathode zone, at least one independently controlled

electrolyte inlet is provided to control its local flow field.

29. The apparatus of claim 28, wherein:
the local flow fields in the plurality of cathode zones are used to
control the mass transport and material exchange of reactants and

byproducts near the reacting surface of the substrate.
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byproducts near the reacting surface of the
substrate. 30. The apparatus of claim 28, wherein: the
wo owalsfbow fields in the plurality of cat hodeP@pang007/071008
are used to control the conpositional uniformty of
the plated filmacross the substrate. 3 1. The
appar dthes apparbdusnaf&lawne2 @) whereen| ocal flow fiel ds
in the plurality of cathode zones are used to control
t hthegydptal Iflqwrfieldene ethec pdyalitye of dathoate: zad®e s Bre used to
aErpar atus of claim 28, wherein: the local flow fields
coniral héhel @wampogitienaht wadermstyesotrthaisplated dont r across the
E)he resistivity uniformty of the plated fil macross
supgtrai@pstrate. 33. The apparatus of claim 28, wherein:
the local flowfields in the plurality of cathode
zones are used to control the electrom gration

. Sy o i N
[ o2 SN0 WU LRGP CIbl 5, Qi a1 m across the
the local flow fields in the plurality of cathode zones are used to

control the gapfill performance across the substrate.

32. The apparatus of claim 28, wherein:
the local flow fields in the plurality of cathode zones are used to

control the resistivity uniformity of the plated film across the substrate.

33. The apparatus of claim 28, wherein:
the local flow fields in the plurality of cathode zones are used to
control the electromigration resistance uniformity in the plated film

across the substrate.
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