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- present application is related to the inventor's applications "METHOD AND
APPARATUS FOR ELECTROPLATI NG ALLOY FILMS", US Patent Serial No.09/671, 976)
and "METHOD AND APPARATUS FOR ELECTROPLATI NG ALLOY FILMS", US Patent Seri al
~No. 091671, 223, which were filed on the sane day as the present, invention.

These rel ated applications ay ‘ E\mmmmumrcorporat ed by reference. FIELD OF
THE I NVENTION . This invent mm“ to a method and apparatus for
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scal e by doing so. Another nethod for depositing' alloy filnms is- '
el ectropl ati ng?__. I n one conventional nethod, electroplating is carried out
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BACKGROUND OF THE INVENTION

In the semiconductor art alloys such as Aluminum-Copper are used to produce
interconnect metallizations.

: For various composition material films it is important to strictly control the
proportions of constituent materials in the compound. In the case of 'solder'alloys, for

example, the proportions of constituent metals effect crifical properties including melting
| point temperature, and adhesion.

~ One convenfional method for composition film deposition is sputtering. In
sputtering, a source material target haVing a predete'rmined composition is arranged in a
vacuum chamber opposite a substrate onto which a film having a composition
_ corresponding to the predetefmined composition is to be deposited. The ¢chamber is
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I n. anot her conventional nethod, eléctroplating is carried out using an
anode made of an alloy, corresponding to the alloy filmwhich is desired.
However, in practice, it has been found that the proportions of
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' is a schematic of an electroplating apparatus according to a first -
Zhggd%neﬁt of the present invention. FIG 2 is a partial schematic ?f.an

- electroplating apparatus having a different power supply arrangenent in
accordance with a second embodi nent of the invention. FIG 3 depicts ?nthe
el ectroplating anode geometry according to one preferred enbodlnenf of he .
present invention. FIG 4 is a flom/dlagranlgﬂéﬁggig oop control proc >
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might create another layer between the two desired layers rendering the substrate
_ unsuitable for its application

It would be desirable to have a method ‘and apparatus for depositing CMM films
that avoids interfacial contamination and oxidation between layers of the CMM.

It would also be desirable to have a system and method which overcomes the
above mentioned shortcomings.

SUMMARY OF THE INVENTION |
Briefly, the invention provides an apparatus for depositing a composition film.
including a first metal and a second metal on a substrate. The apparatus includes a
container for containing an electrolyte'including a first dissolved disassociated
compound including the first metal, and a second dissolved disassociated compound
inciuding the second metal. Additionally there is a first variable power supply including
a first anode terminal for électrically coupling to a first anode including the first metal,

and a second power supply including a second anode terminal for electrically coupling
to a second anode including the second metal. '



FIG 1 is a schematic of an electroplating apparatus 100 according to a
first enbodi ment of the invention. As shown, the el ectroplating apparatus
100 includes a control conputer 102, which can for exanple be an | BM
personal conputer. The control conputer 102 is electrically coupled to a
di gi tal =t o-anal og converter 104 (e.g., through an I SA card slot of the
conput er 102). The digital-to-anal og converter is electrically coupled to

the control inputs of a first variable power supplx&({jﬁgggﬁﬁga second
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from tﬂftetthgr#%ggpg'Wfﬂs'O%n_d 114 through the anal og-to-digital converter 120.
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decreasing the porosity of deposited filns . and for achieving fine surface
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el ectrically coupled to a servo controller 138 and the servo controller 138
is electrically coupled to the control 4dconputer 102. The control conputer)
under program control, drives the servo controller 138 to change the areas
of the first and second anodes 116, 118 which are in contact with the

el ectrolyte solution. As an alternative to the linear notion servos 134,
136) ot her arrangenents can be provided for varying the contact areas

bet ween the anodes 116 and 118 and the el ectrolyte solution 126. For
exanpl e, stepper notors that are mechanically coupled to the anodes 116,
118 can rotate the anodes into the electrolyte solution 126 to varying
degrees. As a 6 - 8 DEC.' ~~~" '



further alternative, an area of contact between a stream of electrolyte
solution in a circulation circuit and an anode in the circulation circuit
.can be altered, (e.g., by deflecting the streamor. noving the anode).. A
conput er readabl e medi um 142 can be used to | oad software onto the control
conputer 102, for configuring it to control the el eckr@@mz@‘gppar at us
100 in order to deposit the CM filns in the nmanner de Qove and .
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I nductively Coupled Plasnma (1 CP) spectroscopy instrunment. Rather than
optim zing the voltages to naintain the concentrations, rough voltage
settings can be preselected, and then a set of areas of contact between the
anodes 116, 118, and the electrolyte 126 are optim zed by trial and error
to determ ne contact area values which result in the appropriate
concentrations being maintained. The process of determ ning the voltages,
or areas is repeated for each of the different conpositions in the CW



- ~D~1;1003 In the process described above in which the relay 110 is
operated to obtain sharp transitions, each conposition corresponds to a
+discrete layer. In order to mnimze the aforenmentioned second period the
vol ume of the tank 128 should be mnim zed. An electrolyte agitator (not
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bet- hist ind t fourth det i ned
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el ect rdgRasdedfimsmand farfadhieming fige sapfatedihighiri ng the third period is
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power @gaggﬂ?féi%ﬁé%,@%‘gfgi5%%@%%%%?;’%5\?%%9%@%? 355 Th Foniigbcompuigen
| oop 86Rer programecenteal; dripssitiernserapnontioler 189td et et aPfiethsiard "ot
pr edet, ] h or, the position of at |east "one of the linear
not | 0%8{: %ﬁ%&&?é??d@sj 15&3“'?‘;;@%%” sontact withrthefelestralytessadution.f or a vol t age
setting of Aaahafisk f; ROMWBE | 108 as a function of
time. . gA,fi rs{E1 cgérrfanu?igré tgrt%%pg% i's B?ﬁ)\%@(&dfﬁé?@@g?&%ﬁrﬁﬁ%wmﬁﬁ@f‘&?n
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e, an

syste , a data fromthe first predeterm ned schedu
adj ustggmgtgﬁlk‘?ezass}t ﬁg?\ég@ﬂf’{ea CRESSITRIers thatiare spaghanicaliy saplad &) thecahadesough

t he dilg6t 48 canaokite the anyess Rito ' fq det er m-ned
schedul e; and/or adjust the posi ﬁﬁfég%@%éﬁgygﬁno‘!niszﬁo ﬁ@%i%&é‘?e%ﬁ &n
servos 134 and 136 through the servo control 138 according to the first
predet erm ned schedule. In closed | oopBcontrol, the electroplating
apparatus 100 is operated based on a second predeterm ned schedule for a
current supplied to one of the anodes,116 and 118, or currents supplied to
bot h anodes 11.6 and 118: A second conputer programis provided which reads
the second predeterm ned schedul e, reads one or both of the ammeters 112,
114 through the analog-to-digital, converter 118, and adjusts at |east one
vol tage applied to power supplies 106, 108 through the digital-to-anal og
converter 104, and/or at |east one contact area between an anode 116 and/or
118 and the electrolyte solutien 126, in order to nmake the current supplied
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- 8 DE G 2003 specified in the second predeterm ned schedule for a
particular instant of tine. In one 1 specific enbodi nent the second _
. conput er program can inplenent a proportional integral differential (PID)

f eedback control algorithmto control the power supplies 106 and/or-108. A
PID algorithmmay result in there being a residual difference between a
target current specified in the second predeterm né'stbPE(dLg[.e and an act ual
current obtained. For that reason, the term'nom nally equa YUY's used. | n

cont 1 o AREhERl SEHER W Rona HASER 8 el i HlegTebta saiuton n a
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tored on conputer readable nedium 142. FlI 2 1s a parti al

hedu] b
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net wor®PHaEbor @ Hgperiotwithithe relay MAarseiso supplyauavardo dhe sebstmte (182gwith
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enbodi qent., of. venti.on. .The anode onpri ses an upper edge a
| over (& ev°g{?§§&?t°iép'?8 t‘ﬁgh‘_’uBE?é PowggsuRnly @éﬁr@rﬁ saifing (%95 50.@916, SpeuTTend) t
si de asfghe @ppOARH ?)revJe@ supply 108t DEAEG tHe first ?erﬁdd? %tf]lrgtaéa oﬂon%{?ﬂ;{aﬂiglﬂ?%g Hié% €

opposite to the ont face F1. The Sum of the surtace area
face HIStARf seronskdissalyeddisaspeciatadasinpayptsowilvetabtained irthe etecrdlyte 426,

surfa he' of the anade 30Q. In suc ase,
the sortiafRictoBidte hlflayef BFS B PSR Tied CRinBoTHSn il bethoyed, Asfiiea

i n t heenbof the first pedicd rbplretayntil4 Eréwitdredepampy Ptﬂw@fﬁi t%'é%llrﬁniy%l? fodérse
of opeﬂ?’%oop control of the electroplating apparatus. FIG 4 is a flow

di agrarfrof an open | oop control process 400 perforned by a control conputer
for control byRAag ake2BRE DRt i a8 : | a1 r at
according to a %referreg) enb(; mﬁi 6(@"&{1'&?2%8?)@8&1({R@n@%ﬁ@?@ié)&&ﬁﬁpag@@gg

bl ock YERYoliageaf thet pewers upnliestPa; driBe spdfatiatdedst onecontddt @néa bietweersaf ead
from i t  ne ched . In process block 404, data is witten
tot hgeééét; §ée (g)gﬁﬂgoqei{o Slgbbs tag%cﬁg@ngdﬁhﬁs?'ﬁﬁﬁf"y@ ?ge d®ehanged: daunng theen
an anadeohlb pefid8, andecbadeserof doHdanidfiondY. [ » sdedhd Wi
accordance vvipth the setting read in procegggb?ﬁct:lﬁéaé{gg %ﬁé'%rocedssra'soﬁotl)\é

406, the schedule is read to determne if the process is conplete. Process
bl ock 408 is a decision block the outcdme of which depends on whether the
first predeterm ned schedule, and the process 400 for CMfilmplating is
conplete. If not conplete, then the process 400 | oops back to process bl ock

402 after a delay 410, to process block 402. If conplete then the process
12 ’



- 8 DE C 2003 term nates. Qther control functions can be added to those
shown in FIG 4 including but not [imted to altering power supply 106, 108
.settings at different points in the process, and controlling the state of
relay 110. FIG 5 is a flow diagram of an open |oop control process 500
performed by control conputer for controlling. power supply setting in an.
el ectropl ati ng apparatus accordi ng to anot her pretezgtgscgaﬂiénent of the
present invention: In process block 502 a power set pondi ng td
the current time is read froma second predeterm ned.schedule. In process

bl ock Gi§assRgiatads campouadst will be ahtained in m@maigalmnvaheesem {perioduise

ot sl SlmeBATIn GUBy8h 15 KigRILE qBERRVED EqUingialk atthe Peiancler ok ne
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control conputer 102 for controlling power supply setting in an

el ect repncaNRgoRpieatalay swiiches o éner]gummm ejeqtrogenfl Rér thenbontentrations aree
| et iihged, BrTRESEm AR PrckAoAE ASh oFHId EpkrbBc Y3 ouRpl i €0 to at

| east one “of the ano € curren he second

pr edet er m nAdcerdireglyl2eC MM filhewithlone drhmrs@mrmcmpdgm@h f!iafh%ﬁlo?féh@%lﬂa‘i’nécﬁ
read fromc ut er rg dabl e ned um 142. The second predeterm ned schedul e

i ncl ude¥M39 S¥yERHEE CHFNLRIACESS, th gschstatehie Ferapinsisubsiersed dythenelagtrolytes,
an en I f 116, 118
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e oL S 5 kel e G T 3
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which entry apﬁlles to the current time. In process block 604, an a

cur r er@iveR depth dn g gesirech EMMdilmy apppepiiate eancentratinos ofite fisatiaby stend
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ot o SR diadgelatdbaliBouhBE s BRI e Bhe MBI BLb Rladd Bret SRy ot
currenfﬂlffamttdmcantramw:wcmd bybasmrﬂjactedchémsmymmﬂed@@Ck 608; a power

tt 06 108 dj ust ed
ecor dance. Al bt VBgesortaB Biiiany Rcand ot atiblies affoliencaniaseiso that
| ncr eagmsroptibte toderaitiofls Yol bagRainfdlRedeNPRASHELCAS béRﬁj’n@(bMﬁhy%ﬁg}enQ ot

exactly exponential. The exact functional relationship between’a
curr enYO'@QESaﬁBGeTQRﬂqt%@¥ testingycongantiatiogist b rtbat fitstpamdresecanido dissolvedye

t t D f db t
ven diRBssatidlettdifpolidd Iotete tbrtiiey o HAhRef Frd Lo RGoR. R 1o
pover exarpledatested asinghan mdubevaymmwwﬁlnam@pmrd%b@ﬁ? iffurhént,
order to brhaﬂmﬁQe actFPvmcurrent cl ose to the target curren A detail ed

description PR SRITEAING RV pltaaes @dﬁaﬁﬁa'Pcﬁ]ﬁ&qnﬁeBﬁgﬁ'@nf’ﬁé@thdQ“age

Cont r cdetfiigs e8m beAirbseleaiedl, and then 2 \Rof BfeRy of farﬁa& Ew/eh!the brelhi(8) | S
i ncorporated herein reference. PID cont or| nB are aval |' e as a
sof t wal 8,1 angt m@etecgﬁilmtmm optinizeddnt trnabfan@eltronto deteamine dentdcharés ade

t. | kit. | bl 0,.th
or cdet e WHRIPRIGR M < BpblabriEie sobentAidtis beRB BaRaEeHo me RiASERP 8l 10
the sulstermiring 82 Wwitagee, Stureis @ %e%?éiﬁf&%‘écﬁtofftm@d%rré or@ |H‘fﬁ'§s
blOdesﬁﬁélﬁBa deci si on bl ock, the outcome of which depen s

curre be supplied to the substrate 122: If, accordlng to the
second predeterm-ned schedule, current is to be supplied to the substrate
122) then in process block 614 current is supplied to the substrate. |f
current is to be supplied to the dummy el ectrode 124, then in process bl ock
616 current is supplied to the dummy eBectrode 124. Selection of either the
substrate 122 or the dummy el ectrode 124 is carried out by control conputer
by operating the relay 110 through the digital-to-anal og converter 104.
From process bl ocks 614 or 616 the process 600 continues with process bl ock
618, in which it is determ ned, based on the second predeterm ned schedul e
if the electroplating process is conplete. In carrying out process block
618 a current tine can be checked against an ending ,tine in a last entry
in the sequence of entries of the second predeterm ned schedul e. Process

bl ock 620 is a decision block, the outcome of which 14 - 8 D E C Z003



depends on whether, as deterimned in process block 618, the process 600 is
“conmplete. |If conplete, then the process termnates. |If not conplete, then
.the process 600 | oops back through a delay 622 to process bl ock 602. In
this process the power settings of both of the power ippl i es 106, 108 are
preferably adjusted in order to maintain each anogl'eﬂcm]:lerﬂﬂﬂ& conf or mance
with the second predeterm ned schedule. FIG 7 is a flow diagram of a cl osed
| oop control process 700 perforned by a control conputer 102 for

control linga,co rea.be en_an an 116, ,and the electrolyte
126 1 n t he LB MoEESs RRSCuDEL AERTR MiwBieibs ol (Eisjaterafiit Rebialeiaraent
of thetrBnsitions, eavreddmpBsition conspahds tdy di&?re?é’f%%ﬂa' ity of reference
nuneral s, process 700 Inherits from process 600 al'l process bl ocks except

for process!bpisiek tqoBnimine thestasemeintiored G8cand periadithavelnhebfterank 1280de
‘116, 1 i dj 2d jn,accordance with th ifference obtained in process

bl ock %'g%‘lf'aibrame @ﬁ@?&do %S@ﬁegct{qi@egg%gqr @Gfﬁgh‘f’n)r@%& af%@ ﬁ@ﬂ&i&%ﬂugek )
604 cl greseddhd P@rié@,fgﬁﬁ t@%éiﬂfﬁin@?ﬂ%ﬁicf‘dr%d ue' QEEfS! %K\é)@%ﬁ'ronp‘aﬁhggag -

f eedback control algorithm can be use etermning an adjustnen
pr ocesBrasligdakle7ijm compeositionpr ocess contact areas between the el ectrol yte

126, and bo th nodes 1! nd 118 ar referably adjusted in order

to maintai nhpﬂgthggrfferﬁfm',ngfé é&éﬁ ‘%&E‘%ﬂﬁ?&?ﬁfﬁﬁﬁ@%ff’m%@% Rgiment of the .
pr edet presenethventior dan. corfprie HesRepoTH Bloiding BR%IScRINRSTS0 | dbibishidgt N
power supply settings, and contact areas are adjusted Inh order to maifttain
anode Wi$t PeRdeterminashreniagh @seaihetwers adirshanpdedti@mricnthe sigutoiyte 126,
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interf f i1t SV - i -
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| i L m . is. it he substrate 122 duri ,
P per T2 Bulind e flsh Phadd s SisnEis o isteimiagdontact afes betwasrcg fist
two nedmbde dfiGtdrel theod @nafesietidde KB diving haddovRd M&&@sw%hﬁbaé fS&RENd
y .

on currents la and Ib. The values of la arid Ib are experinenta
det er rR'G88'8'8VBeH sPptackareg betwagn asecond prgde Hd Srandstherlerivolytent2@ diukng

fi | _ - . i dj ' d
et ud o o8 e Bble s hird VGO pEhREEh Y A SERRRCH (4 Fl TEEBRMTY
deposi@ledtrode t124 durfng thet sedcgm Fclarimg?m:lyhﬁgr dtfpfurth Mbltbge\m»ggaﬁ ﬂ?@éfﬁén? The
secon 1 S,a _secqan a . netal S, correspondl n 0 e .tWo
S nodeciddd ™ ¥R e mARCESSte ¥4 Gt Rae SadnrinaSed cphand § it valaos o
The valete@enithé frstafode 136 rRMAREISRIMAtNG %&%2?@ (g#tf?igglﬁtﬂiira Pte*ﬁBdsﬁr‘Fc?”d

alloy. During the third period there i's a’secon ncentrati ohs of
two didRRYINE@ sixtualingehetweenthe wesontmriadg htf mad ke eiaattoplatingneitstrate om

the t - ; . Jhg. s . ncentratipns corresponds to
the curroagang e i deiod "B REE S KFES pBlRS3NF RO BledtRraifhuaoat ared o

t he sdsgndfesablyohaintaicedtbetiieensa firstl arsderail 6tandéte eRotiode 2afeE ¢Re douner i od
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seconghé&iledtfolgtenemt rations. During the second, period the' relay 110 is
switched to_supply current to the dummy electrode in |lieu of the substrate.
During the BRediftt yaltagedappligd Huring tthe ahidoueriody isv preferably @guas td itiee thisd

d i ] | de.124 h . Th

Cr ane a8 HPbyER N e eiod andhihe ABth Phgos Apaled Auing the thrd
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; |

al gorithns discussed in connection wt en as
exenplary, not limting.



16 - 8 DE C 2003 Software for carrying out the processes depicted in
FIGS. 4-7 may be | oaded onto the control conputer 102 fromthe conputer
~readabl e medium 142. The predeterm ned schedules read in the process shown
in FIGS. 4-7 can be | oaded onto the control conputer 102 fromthe conputer
readabl e nedi um Power supplies 106, 108 can be SengEQE tlng such t hat
they have internal feedback and control circuits f |ng current. or
voltage at a predetermined setting. A voltage regul ating pomer supply woul d

orent 1 e, i prefatlie 18 AaliERTRE \cltaligh iasid B iand bedodoin e thimke
conpospefiod. @liteanatiens tiedifferdnte tS’etWérernetﬁb J&&gﬁ%bﬂ%{?&%t 184 ngx?hﬁaﬂ%

particylarly useful in a process in r supp

in thi P&88EIN]J pededand ﬂh@avqltawotmeobdumm@tmmmmsaenodncah b geetsr thesh thie! m
If a s rnaI ontr an, internal current

r egul gteﬁ% 'iefgr)%”{érl%/’{ ﬁ‘sea‘(r]"s' e% ?ﬁ flﬁf%”%ﬂ&i&’ella%%o% i ofdRfdo rbiaing 2)
114 anfamted dg}rtg&»@ilcgnt:ahtramws%lﬁétwfeeﬂﬁe cEHESHtPatRA% R ] ”f‘?ﬁesﬂr‘slg)éar%pd and the

conput ati on el ectrochem stry may reduce or elimnate t
o &

exper i {BATEH T%Wﬁsd‘ﬁfé’t@‘ﬁﬁ’ﬁ%mﬂgtwglnﬁ@@s and contact areas. It gay 36
bl
D ot oo SRR NARALY S S B0UEL AN SORLACLI SRoiird Lodiel Beamambrar o

pr esenhme;.ercmmmaradsamdwe 13e a@.ﬁeﬂss r&th ®BLEGHIEIRIS irPfant Bﬁeﬁrlﬁég%ann r
"1 nvent nderstood by those skilled in the art vari

ot her ‘Iﬁ‘ﬁﬁﬁl t'(‘!Sw' c?n§eh’é’y Pierandsl clelivaeeds tuithe anndesnty6,b¢18 wast be ueed, using

t houhnfisdra es i.nventi
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according to the flrst predetermmed schedule, and/or adjust the position of at least on of
the linear motion servos 134 and 136 thro_ugh the servo control 138 according to the first
predetermined schedule.
In closed loop control, the electroplating apparatus 100 is operated based on a
second predetermined schedule for a current supplied to one of the anodes 116 and 118,
or currents supplied to both anodes 116 and 118. A second computer program is provided
which reads the second predetermined schedule reads one or both of the ammeters 112,
- 114 through the analog-to-digital converter 118, and adjusts at least one voltage applied
to power supplies 106, 108 through the digital-to-analog converter 104, and/or at least one
contact area between an anode 116 and/or 118 and the electrolyté solution 126, in ordér

to make the current supplied to one or both of the anodes nominally equal to a current
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t he second vari abl e power supply to aI secogd ?nO?ﬁeirngl)ﬁgiringi ;ge Zeggg?rm
' ur :
nmetal . 2. An apparatus according to claim 1, | SO apn: atus
er coupled to the first variable power supply. 3. _
ggrcrggéli ng topcl aim1l, wherein the second power supply conprises a second

i abl ing tqQ @l A rther
bl e power supply. 4. An apparatus according _ |
\ég:r;o?i Si ng: a conltorol conputer electrically coupled Boﬂ@ﬁ[ﬁit vari able

power supply and the secgp_gi \r/]a{ ihgb:‘ ierg;)vv\e/;risggf)leybqaérAguggrsr 221%5)” cos &
curr enPPSUBELOTHE SrsolluRapigmisd sdbeddprnricar setont o the! inlone
furt herspeoiﬂnrejrﬁtbwmﬁaﬁﬂ tlgé] §g <5ehcdt3§é(>)n6ﬁgtél'r@gogirgm?%frﬁé%ﬁ%{%m;ogim indegral
E’O‘Q’eg sglil pr'lg%/)ti,fgo(l?_%;rfegci@pphnanﬁs! algorithan f&céﬂtr&'tlﬁé B}p?vregtEHB%ﬁm% 1@%’%{!{9?'&@% |
e eI B i Jor T i B sbrig irionpicbebromrati o s
el ect r sgecifig€ in tive Sedriel freddiSrmined schedule and an actual current obtained. For that -
- reason, the term ‘nominally equal' is used. -

In the case of contact area control, the second computer program bperates-the -
control corhput_er 102, servo cohtroller 138, and analog-to-d_igital controller 118 to function
as a feedback control system. In the case of voltage; control, the second computer
program opérates the cbntrol computer 102, digital-to-analog converter 104, and analog-to- |
digital converter 118 to function as a feedback control system. Current passing through |
an anode 116 or 1 18 increases as the.contact area between the anode 116 or 118 and the -
electrolyte increases, and inc_reaseé as the 'voltage of the power supply 106, 108 coupled
to the anode 116 or 118 increases. _ _

In order to obtain a specific CMM film the predetermine scheduleé are designed to
vary at least one contact area and/or at least one voltage setting, so that different
compositions are obtained at different depths in the deposited film. According to some
embodiments, voltage and current can be controlled ihdependently with the help of
potentiostats. o "

Further, in order to obtain CMM films with abrupt composition transitions, the state
of the rélay 110 is changed to switch between supplying power to the substrate 122, and
the dummy electrode 124. |

The aforementioned first computer program, second computer program, first
predetermined schedule, and second predetermined schedule can be stored on computer
readable medium 142.

_ FIG. 2 is- a partial schematic diagram of an electroplating apparatus having a

different power supply arrangement accdrding to a second embodiment of the invention.
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-an el ectrolyte contained in the container |nclud!ng; a first dIZiSSoIved
di sassoci ated conpound including the first netal; and a secon do i rol v ng
di sassoci ated conpound i ncluding the second netal; a first ano

the first nmetal; a second anode including the secong mb ndt ?TCLF?St N
one vari abl e power. supply including a first anode’t c y

f claim8, wherein:
coupled to a t angde. 9. The apparatus o
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258& ol: 'igé]l w 0 goglolmeg t 19ur ?Lelr eggﬁrpr i sing:. a neans for chaotzzjl ggDaECf I [;E

vol tage out pREfé’rYinb REFE St $ifgl eagovserp Ot),\o%rly 505 ISl corinezc?ed to the two anodes 116,
118 through an impedance network 204. The impedance network 204 divides a current
supplied by the power supply 202 between the two anodes 116. 118. The impedance
network . can be fixed or can include variable impedance elements, (e.g., rheostat or'
resistors). The combination of a power supply 202, and a varlable lmpedance element is
one example of a variable power supply.

FIG. 3 shows an electroplatmg anode geometry according to a preferred
embodiment of the invention. |

_ The anode 300 comprises an upper edge E2, a lower edge opposite to the upper
edge E2 aright side edge E1, and left side edge opposite to the rightedge E1, a front face
F1, and a back face opposite to the front face F1. The sum of the surface area of the front
face F1 and the back face is preferably approximately equal to a total surface area of all.

. the faces and edges of the anode 300. Insuch a case, the surface area is relatively stable
as the mass of the anode is reduced in the course of electroplatmg This is especnally
preferable in the case of open loop control of the electroplatmg apparatus.

FIG. 4 is a flow diagram of an open loop control process 400 performed by a control
computer for controlling an anode contact area in an electroplating apparatus accordmg
to a preferred embodiment of the present invention. In process block 402, a contact area
setting corresponding to the current time is read from a first predetermined schedule. In
process block 404, data is written to the servo controller 138 to cause adjustment of a
contact area between an anode 116, 118 and the electrolyte 126, by a servo 134, 136 in
accordance with the setting read in process block 402. In process'block 406, the schedule
is read to determine if the process is complete. Process block 408 is a decision block the
outcome of Wthh depends on whether the first predetermined schedule, and the process
400 for CMM fllm plating is complete. If not complete then the process 400 loops back to

process block 402 after a delay 410, to process block 402. If complete then the process

12



hod of electroplating conprising the step of: providing an
eﬁec?rggfa?ing substratg; providing, at least, a first anode) and a s:cond
‘anode; coupling a first power supply to the first anode; and Vigyl$ﬁe
first voltage applied by the power supply to the first anode. 3. ne.
met hod of electroplating according to claim 12, further conprising

fnggy ly to the '
st eps of rovi di ng a second anode; coupling a secon p _
secgnd anoge and varying a second vol tage applled to a c%ﬂgganode

d
The netémnafesclscgtngggq%\pfgwdggcguoﬁ ’E%rn'ttﬁééaﬁg o EH;’%ES Qi Wt&%%h&m; m

‘el ectrode; and
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vol tagg°B&P@B8ft'l‘?ﬁéatﬁqu§9 3nbHe and the el ectropl ating subzt ;ﬁggedgghn?hg |

first periogyg, BF?Qh)fldePa &%r‘hgpéﬁ eqpb(g%}\/\e gr tcg;%ﬁfﬁechgge@ormeﬁ b¥ coptrobge

el ectropl ati ng substrate ur| n

_bet weefOmpaten fos tcoattottiegemnivemmmttrﬁb_ﬁﬁfah@@ct%ﬁlaﬂgg 3pP5ROS aBES R to
another preferred embodiment of the present invention.

In process block 502 a power setting corresponding to the current time is read from
a second predetermlned schedule. .

In process block 504 data is written to the digital-to-analog converter 104 to cause
adjustment of at least one of the power supplies 106 and 108 in accordance with the power

- setting read in process block 502. '

In process block 5086, the second predetermined schedule is read to determine is
the process is complete. Process block 508 is a decision block, the outcome of which
depends on whether the second predetermined schedule and the CMM plating process is. -
complete. If notthen the process 500 loops back through a delay to process block 502.

If complete then the process 500 terminates. .
- FIG. 6 is a flow diagram of a closed loop control process 600 performed by control

computer 102 for controlling power supply setting in an electroplating apparatus 100
according to a yet another embodiment of the invention.

- In process block 602, a target current to be supplied to at least one of the anodes
at the current time is read from the second predetermined schedule. Preferably, the
second predetermrned scheduleis read from computer readable medium 142. The second |
predetermrned schedule includes a sequence of entries, each of which specifies a
beginning time, an endmg time, an anode current value for each of the anodes, 116, 118, |
and a field which specrfles whether current is to be supplied to the electroplatlng substrate
122, or the dummy electrode 124. The current time is a relative time measured from a
start of the process 600. In carrying out process block 602, the current time will be
checked against the beginning times and ending times of the sequence of entries to
determine which entry applies to the current time. In process block 604, an actual current
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[ fourth voltage between the second anode and the dumy el ectrode
35P!ﬁén?h2 second periog; applying a fifth voltage between the first anode
-and the el ectroplating substrate during a third period; and applying a
si xth vol t age between the second anode and ‘the el ectropl ating substrate ]
during the third period. 16. The method according to claim15 mhereln.ht e
fifth voltage equals the third voltage, and the sixth voltage equals the
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In process block 610, the second predetermrned schedule is read to determine if
current is to be supplied to the substrate 122 or the dummy electrode 124 at the current
-trme Process block 612 is a decision block, the outcome of which depends on whether
- current is to be supphed to the substrate 122. If, according to the second predetermined
schedule, current is to be supplied to the substrate 122, then in process block 614 current
is supplied to the substrate. If current is to be supplied to the dummy electrode 124, then
in process block 616 current is supphed to the dummy electrode 124. Selection of either
the substrate 122 or the dummy electrode 124 is carried out by control computer by
operating the relay 110 through the digital- -to-analog converter 104.
From process blocks 614 or 61 6'tne'process 600 continues with process block 618,
in which it is determined based on the second predetermined schedule if the electroplating
process is complete In carrying out process block 618 a current time can be checked
against an ending time in a last entry in the sequence of entries of the second
predetermined schedule. Process block 620 is a decision block, the outcome of which
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depends on whether as determined in process block 618, the process 600 is complete :
If complete thenthe process terminates. If not complete then the process 600 loops back
- through a delay 622 to process block 602. _ _
In this process the power settings of both of the power supplies 106, 108 are
preferably adjusted in order to maintain each anode current in conformance with the -
second predetermined schedule. _ _

FIG. 7 is aflow dragram of a closed loop control process 700 performed by a control

: computer 102 for controlling a contact area between an anode 116, 118 and the electrolyte
126 in the electroplating apparatus 100 accordmg to yet another embodrment of the

present invention.

As indicated by the commonalrty of reference numerals, process 700 inherits from
process 600 all process blocks except for process block 708. In process block 708 a

- contact area between an anode 116, 118 is adjusted in accordance with the dlfference
obtained in process block 608, in order to: bring the actual current measured in process
 block 604 closer to the target current measured in process block 606. A PID feedback
control algorithm can be u5ed in determining an adjustm_ent made in-process block 708.
_ In this process contact areas between the electrolyte 126, and both of the anodes
116 and 118 are preferably adjusted in order to maintain the current of each' in
conformance with the second predetermined schedule. Itis also possible to use a process
in which both power su'ppl.y settings, and contact areas are adjusted in order to maintain
anode currents in conformance with the second predetermined schedule. Current is
expected to have a nearly linear (in fact, nearly proportional) dependence on contact area
for a fixed anode voltage. In a practical system some nonllnearltres can be expected to

occur. Small nonlinearities do not defeat the: feedback control algorithm. '

The following is an exemplary format for the predetermlned schedule for obtammg |
-a two layer CMM with a sharp interface between two successive film layers.

BEGIN END ANODE 116 | ANODE 118 | CATHODE
TIME TIME CURRENT | CURRENT | SELECTION
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T | T2 la Ib SUBSTRATE
T2 T3 e 1d DUMMY
T3 T4 lc ld SUBSTRATE

In this exemplery process, a first film layer is deposited on the substrate 122 during
a first period between T1and T2. The first film:layer is a first alloy of two metals of the two
anodes 114, 116in relative. percentages that depend.on currents laand Ib. The values of
la and Ib are experimentally determined to obtain the frst alloy During the first period
there is a first set of concentrations of the two dissolved disassociated compounds
lncludlng metals from the two anodes 118, 118.
A second film layer is deposited on the substrate 122 during a third period between
T3 and T4 The second film layer is a second alloy of two metals corresponding to the two
-anodes 114 116 in relative percentages that depend on currents Ic and Id. The values of
Ic and Id are experimentally determmed to obtain the second alloy. During the third period
_there is a second set of concentrations of two dlssolved disassociated compounds
mcludlng respectively elements from the two anodes 116, 118. The second set of
concentrations corresponds to the currents Ic and Id. In other words with currents
maintained at Ic, Id the second set of co.ncentrations' will be maintained. )
During a second period between T2 and T3 concentrations of the two dissolved
~ disassociated compounds gradually changes from the first set of concentrations to the
second set of concentrations. During the second, period the relay 110 is switched to
supply current to the dummy electrode i'nllieu of the substrate. During the second period,
a film with a smoothly varying composition is depostted onto the dummy electrode 124, but
not onto the substrate.
The transition in between the second alloy and the first alloy in the film deposited
onto the substrate 122 will be abrupt. |
The arrangement of the algorithms dlscussed in connection with FIGS. 6 and 7
should be taken as exemplary, not limiting.

16



1 1 - U 1 - 1 - 1 - n %lﬁl()_ p
U U8 ()-  940% W& ()- Y 10% U& ()- 1940% U U& ()-%0% E& ()-S " 100
!dEg\:(?!!y23fV<iO%U&'()-rr03"10%U&'()- @10% U8 ()-* 940% U& ()-(3"10%
JU& ()-3L' f10% U& ()- 111 111" pCltl
t 1098 () - F" 109%&' () - YFOAL0%&' ()-, 10%&' ()- 10 U 10 U

-8 DEC 2003

Software for carrying out the processes depicted'in FIGS. 4-7 may be loaded onto -
the control computer 102 from the computer readable medium 1 42. The predetermmed
schedules read in the process shown in FIGS. 4-7 can be loaded onto the control computer
102 from the computer readable medlum ' '

Power supplies 106, 108 can be self regulatlng such that they have internal
feedback and control circuits for malntarnlng current or voltage ata predetermlned settlng '
A voltage regulating power supply would be particularly useful in a process in which the
contact area between the ellectrolyte 126 and anodes 116, 118 is controlled in order to
control the composition of a deposited film. A current regulating power supply is
particularly useful in a process in which a power supply setting (current. in this case) is
controlled to control the composition of a deposited film. If a power supply with an external
control input, an internal current regulatlng crrcurtry Is used, itis possrble to dlspense with
ammeters 112, 114 an analog-to- dlgltal converter 120. _ :

Future developments in computational electrochemistry may reduce or e‘limirtatethe
need for experimentation in determining voltages and contact areas. It may be possible
.to_det-ermine correct power and contact area settings based on a mathematical model.

While there has been illustrated and described what are presently considered to be
the preferred embodiments of the present invention, it will be understood by those skilled
in the art that various other modifications may be made, and equwalents may be
substituted, without departmg from the true scope of the present mventlon Addltlonally,
many modlflcatlons may be made to adapt a particular situation to the teachings of the
present invention without departing from the central inventive concept described herein.
Furthermore, an embodiment of the present invention may not include all of the features
described above. Therefore it is intended that the present invention not be limited to the
particular embodiments disclosed, but that the invention include all embodiments falling
within the scope of the appended claims.
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second metal on a substrate, the apparatus comprising:

a container for containing an electrolyte solution;

a first variable power supply including a first anode terminal for electrically
coupling the first variable power supply to a first anode including the first metal; and

a second power supply including a second anode terminal for electrically coupling

the second variable power supply to a second anode including the second metal.

2. An apparatus according to claim 1, further comprising:

a control computer coupled to the first variable power supply.

3. An apparatus according to claim 1, wherein the second power supply comprises a

second variable power supply.

4. An apparatus according to claim 3, further comprising:
a control computer electrically coupled to the first variable power supply and the

second variable power supply.

5. An apparatus according to claim 1, wherein the first variable power supply

comprises a current regulating power supply.

6. The apparatus according to claim 1, further comprising;
an electrical device for selectively coupling the first power supply to either an

electroplating substrate or a dummy electrode.
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an electrical device for selectlvely coupling the first power supply and the second -
power supply to either an electroplatmg substrate or a dummy electrode.
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8. An apparatus for depositing a composition film comprising a first metal and a

second metal on a substrate, the apparatus comprising:
a container;’ |
an electrolyte contained in the container including:
a first dissolved disassociated compound including the first metal; and
a se_c_ohd dissolved disassociated compound including the second metal;
a first anode including the first metal;
a second anode includ.ing the sechd' metal; and

at least one variable power supply including a first anode. terminal electrically
coupled to at least the first anode.

9. The apparatus of claim 8, wherein:
the ﬁrs_t anode is flat, and
the second anode is flat.

10.  The apparatus according to claim 8, further comprising:

_ a second variable power supply electrically coupled to, at least; the second
anode.

11.  The apparatus according to claim 8, further comprising:

a means for changing a first voltage output by the first variable power supply.
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varying a second voltage applied to a second anode.

14. The meth';od of claim 13 furthe_r eomprising the steps of: -
providing a dummy electrode; and

-selectively couphng the first power supply to either the electroplatmg substrate or
the dummy electrode. '
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S&10% during a first period; |

applying a second voltage between the second anode and the'electroplating'
substrate during the first period;

applying a.third voltage between the first anode and the dummy electrode during
a second period; '

applying a fourth voltage between the second anode and the dummy electrode
during the second period:; | .

applying a fifth voltage between the first anode and the electroplating substrate
during a third period; and |

applying a sixth voltage between the second anode and the electroplatmg
‘substrate dunng the third period. '

16.  The method according to claim 15 wherein:

the fifth voltage equals the third voltage, and
the sixth voltage equals the fourth voltage.
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@ ‘%DE . GA_J method of%?ectroplatlng[ Ct])mprlsmg the steps of: : o
providing an electrolyte comprising a first dissolved disassociated compound -
including a first metal at a first predetermined concentration and a second dissolved
disassociated compound including a second metal at a second predetermined |
.concentration;
placing a substrate in contact with the electrolyte;
placing a first anode, including the'fi_rst metal in contact with the electrolyte;
placing.a second anode, including the second metal, in contact with the
electrolyte;
varying a first voltage signal between the substrate and the first anode: and

varying a second voltage signal between the substrate and the second anode.
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