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10 BACKGROUND OF THE INVENTION
‘ 1. Field of the Invention

The present invention generally relates to methods and apparatus for
15 electropolishing metal layers on semiconductor wafers. More particularly, the present
invention relates to a system for electropolishing interconnections in semiconductor
devices formed on semiconductor wafers.
2. Description of the Related Art.
In general, semiconductor devices are manufactured or fabricated on disks of
20 semiconducting materials called wafers or slices. More particularly, wafers are
» . initially sliced from a silicon ingot. The wafers then undergo multiple masking,
etching, and deposition processes to form the electronic circuitry of semiconductor
devices. |
_ During the past decades, the semiconductor industry has increased the power
25  of semiconductor devices in accordance with Moore’s law, which predicts that the
power of semiconductor devices will double every 18 months. This increase in the
power of semiconductor devices has been achieved in part by decreasing the feature
size (i.e., the smallest dimension present on a device) of these Semiconductor devices.
In fact, the feature size of semiconductor devices has quickly goné from 0.35 microns
30 to 0.25 microns, and now to 0.18 microns. Undoubtedly, this trend toward smaller
semiconductor devices is likely to proceed well beyond the sub-0.18 micron stage.
However, one potential limiting factor to developing more powerful
semiconductor devices is the increasing signal delays at the interconnections (the lines

of conductors, which connect elements of a single semiconductor device and/or
. 1.
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One conventional approach to compensate for this increase in interconnection

10  delay has been to add more layers of metal. However, this approach has the
disadvantage of increasing production costs associated with forming the additional
layers of metal. Furthermore, these additional layers of metal generate additional
heat, which can be adverse to both chip performance and reliability.

Consequently, the semiconductor industry has started to use copper rather than

15  aluminum to form the metal interconnectioﬁs. One advantage of copper is that it has
greater conductivity than aluminum. Also, copper is less resistant to electromigration
(meaning that a line formed from copper will have less tendency to thin under current
load) than aluminum. However, one significant disadvantage to using copper has

‘been its tendency to bleed into the silicon substrate, thus contaminating the

20 seniiconductor device.

Additionally, before copper can be widely used i:or interconnections, new
processing techniques are required. More particularly, in a conventional damascene -
process, metal is patterned within canal-like trenches and/or vias. The deposited
metal is then polished back using chemical mechanical polishing (“CMP”). In
25  general, depending on the interconnection structure design, anywhere from half a

. micron to 1.5 millimeters of metal needs to be polished. Polishing such a large
quantity of metal using conventiorial CMP requires a long polishiiig time and

~ consumes a large quantity of shury, which leads to high manufacturing costs.

30 ' ~ SUMMARY OF THE INVENTION
In an exemplary embodiment of the present invention, an electropolishing
apparatus for polishing a metal layer formed on a wafer includes an electrolyte, a
polishing receptacle, a wafer chuck, a fluid inlet, and at least one cathode. The wafer

chuck bolds and positions the wafer within the polishing receptacle. The electrolyte is
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to both chi pdistpsthy ¢laimed m fhe Goprlndipg porten of the specification. The present
invention, however, both as to organization and method of operation, may best be

10  understood by reference to the following description taken in conjunction with the
claims and the accompanying drawing figures, in which like parts may be referred to
by like numerals: |

Figs. 1A - 1D are cross-section views of a semiconductor wafer in accordance
with various aspects of the present invention;

15 Fig. 2 is a flow chart for processing wafers in accordance with various aspects
of the present invention;

Figs. 3A - 3C are schematic top, cross section, and side views, respectively, of
a wafer processing tool in accordance with various aspects of the present invention;
Figs. 4A - 4D are cross-section views of another wafer in accordance with
20  various aspects of the present invention;
Fig.5is anothef flow chart for processing wafe;s in accordance with various
aspects of the present invention;
' Figs. 6A - 6C are schematic top, cross section, and side views, respectively, of
another wafer processing tool in accordance with various aspects of the present
25  invention;
Fig. 7A is a top view of a portion of an electropolishing apparatus in
accordance with various aspects of the present invention;
: .Fig. 7B is a view, partly m cross section, taken along the line 7B—7B in
Figure 7A, and partly in block diagram form, of the electropolishing apparatué shown
30 inFig.7A; |
Fig. 8 is a plot of various waveforms, which may be used in conjunction with

the electropolishing apparatus shown in Fig. 7A;
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N ur 1g. 11A, anﬁ partly in block diagram form, of the aﬁema’uve ergfod-gment shown in
10  Fig. 11A; .

Fig. 12A is a top view of a portion of a second alternative embodiment in
accordance with various aspects of the present invention;
Fig.12Bisa view, partly in cross section, taken along the line 12B—12B in
Fig. 12A, and partly in block diagram form, of the alternative embodiment shown in
15  Fig. 12A; '
Fig. 13A is a top view of a portion of a third alternative embodiment in
accordance with various aspects of thé present invention;
Fig. 13B is a view, partly in cross section, taken along the line 13B—13B in
" Fig. 13A, and partly in block diagram form, of the alternative embodiment shown in
20 Fig. 134A;
Fig. 14A is a top view of a portion of a fourth alternative embodiment in

»~

accordance with various aspects of the present invention;
Fig. 14B is a view, partly in cross section, taken along the line 14B—14B in
Fig. 14A, and partly in block diagram form, of the alternative embodiment shown in
25 TFig. 14A; -
o Fig. 15 is a cross sectiori view of a fifth alternative embodiment in accordance
with various aspects of the present invention;
Fig. 16A is a top view ofa portion of a sixth alternative embodiment in
accm_‘danéé with varidus aspects of the présent invention;
30 Fig. 16B is a view, partly in cross séction, taken along the line 16B—16B in
Fig. 16A, and partly 'i;l-bldék diagram form, of the alternative embodiment shown in.
 Fig. 16A; o
Fig. 17A is a top view of a portion of a seventh alternative embodiment in

accordance with various aspects of the present invention;
4.
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recept acl e. Tﬁg m_hode then applies an el ectropolishing current to the
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DESCRI PTI ON c;vcmgnmm@%sm§ SHPEEVERRAY o of 't he present
invention is partigil pgp ¥ £Gb&REidHWiew? 8F a ninth alternative embodiment in

accordance with various aspects of the present invention;
Fig. 19A is a cross section view of a tenth alternative embodiment in
accordance with various aspects of the present invention;
10 Fig. 19B is a cross section view of an eleventh alternative embodiment in
accordance with various aspects of the present invention;
Fig. 20A is a top view of a portion of a twelfth alternative embodiment in
accordance with various aspects of the present invention;
Fig. 20B is a view, partly in cross section, taken along the line 20B—20B in
15  Fig. 20A, and partly in block diagram form, of the alternative embodiment shown in
Fig. 20A;
Fig. 21A is a top view of a portion of a thirteenth alternative embodiment in
accordance with various aspécts of the present invention;
Fig. 21B is a top view of a portion of a fourteenth alternative embodiment in
20  accordance with various aspects of the present invention;
Fig. 22A is a top view of a portion of a fifteenth alterative embodiment in
accordance with various aspects of the present invention;
Fig. 22B is a view, partly in cross section, taken along the line 22B—22B in
Fig. 22A, and partly in block diagram form, of the alternative embodiment shown in
25 Fig. 22A; | |
Fig. 23A is a top view of a portion of a sixteenth altemaﬁve embodiment in
accordance with various aspects of the present invention;’ |
Fig. 23B is a top view of a portion of a seventeenth altémative embodiment in
accordance with various aspects of the present invention;
30 ' Fig. 23C is a top view of a portion of an eighteenth éltém_ative embodiment in
accordance with various aspects of thé present invention;
Fig. 24A is a top view of a portion of a nineteenth alternative embodiment in

accordance with various aspects of the present invention;
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Figs. 1A - 10Figr 244 and paglydiniblockdiagram £orm, of the; ¥4 erbgdiment shown in
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is a flow char® Tor’ processing wafers in accordance with various aspects of
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P Fig. 27A Es atop v?ew ofs a portion o}NaS twenty-secon alterXatwe embodiment

in accordance with various aspects of the present invention;
10 Fig. 27B is a top view of a portion of a twenty-third alternative embodiment in
accordance with various aspects of the present invention; "
Fig. 27C is a top view of a portion of a twenty-fourth alternative embodiment
in accordance with various aspects of the present invention; _
Fig. 28A is a top view of 2 portion of a twenty-fifth alternative embodiment in
15 accordance with various aspects of the present invention;
Fig.28Bisa viéw; partly in cross section, taken along the line 28B—28B in
Fig. 28A, and partly in block diagram form, of the alternative embodimenf shown in
Fig. 28A; '
Fig. 29A is a top view of a portion of a twenty-sixth alternative embodiment in
20  accordance with various aspects of the present invention;
Fig. 29B is a view, partly in cross section, take;1 along the line 29B—29B in
Fig. 29A, and partly in block diagram form, of the altefnative embodiment shown in
Fig. 29A;
Fig. 30A is a top view of a portion of a twenty-seventh alternative
25 embodiment in accordance with various aspects of the present invention;
Fig. 30B is a view, partly in cross section, taken along the line 30B—30B in
Fig. 30A, and partly m block diagram form, 6f the alternative embodiment shown in
Fig. 30A; _ . _
Fig. 31A is a top view of a portion of a twenty-eighth alternative embodiment
30 in aécordance with various aspects of the present invention; |
Fig. 31B is a view, partly in cross section, taken along the line 31B—31Bin
Fig. 31A, and partly in block diagram form, of the alternative embodiment shown in |
Fig. 31A; '
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present 25 Wwode@dd26on; Fig. 7A is a top view of a portion of p@fyseosisses
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el ectropol i slembgdinpsmt innacgerdanes witlsarious @spectsof theprgsensiriventiorgl ot of vari ous

wavef orms, which .used in conjunction with.the el.ectropolishing
appar atus shown i ﬁé@ﬁ 13 A 01055 sec m’\'}\bﬁ‘eﬂb? on °faﬁl_’me{h aiterndtive _
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enbodi nents of el ectropolishing apparatus in accordance with various
aspects o the pr&$®32C is a cross section view of a portion of a thirty-first alternative

embodiment in accordance with various aspects of the present invention;
Fig. 32D is a cross section view of a portion of a thirty-second alternative
embodiment in accordance with various aspects of the present invention;
Fig. 33 is a top view of a wafer undergoing electropolishing in accordance
10  with vé.rious aspects of the present invention;
Fig. 34A is a top view of a portion of a thirty-third alternative embodiment in
accordance with various aspects of the present invention;
Fig. 34B is a top view of a portion of a thirty-fourth alternative embodiment in
accordance with various aspects of the present invention;
15 Fig. 34C is a top view of a portion of a thirty-fifth alternative embodiment in
accordance with various aspects of the present invention;
Fig. 34D is a top view of a portion of a thirty-sixth alternative embodiment in
accordance with various aspects of the present invention; .
Fig. 35A is a cross section view of a portion of a thirty-seventh alternative
20  embodiment in accordance with various aspects of the present invention;
Fig. 35B is a cross section view of a portion of a thirty-eighth alternative
embodiment in accordance with various aspects of the present invention;
| Fig. 36A is a top view of a portion of a thirty-ninth alternative embodiment in
accordance with various aspects of the present invention;
25 Fig. 36B is a view, partly in cross section, taken along the line 36B—36B in
Fig. 36A, and partly in block diag_rain form, of the alternative embodiment shown in
Fig. 36A; o |

Fig. 37 is a set of waveforms depicting a portion of an electropolishing process

in accordance wijh various aspects of the present invention;
30 . Fig. 38A is a top view of a portion of a fortieth alternative embodiment in
accordance with various aspects of the present invention;
Fig. 38B is a view, partly in cross section, taken along the line 38B—38B in
Fig. 38A, and partly in block diagram form, of the alternative embodiment shown in
Fig. 38A,;
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aspects of the_ present invention; Fig. 12Bigs a view, partly in cross
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di agram forsm 191& éé}s alternative enbodi rent shown in 15 Fig. 12A;, Fig.
13Ais a tdp view of” a portion of a third alternative enbodi nent in

accordance w th varFigu40A iewh view ofi dyortisresfaforiyrsecorid atienakivg embd@inment a
Ve Ay e ordance with vatious aspels of the present invedtion; ~ o0 |
Fig. 40B is a view, partly in cross section, taken along the line 40B-—40B in
Fig. 40A, and partly in block diagram form, of the altemaﬁve embodiment shown in
10  Fig. 40A;
: Fig. 41 is a set of waveform diagrams depicting a portion of an
electropolishing process in accordance with various aspects of the present invention;
Fig. 42 is additional sets of waveforms, which may be used in conjunction
with the present invention;
15 Fig. 43A is a top view of a portion of a forty-third alternative embodiment in
accordance with various aspects of the present invention;
Fig. 43B is a view, partly in cross section, taken aleng the line 438—43B in
Fig. 43A, and partly in block diagram form, of the alternative embodiment shown in
“Fig. 43A; X
- 20 Fig. 44A is a top view of a portion of a forty-fourth alternative embodiment in
accordance with various aspects of the present invention;
‘Fig. 44B is a view, partly in cross section, taken along the line 44B—44B in
Fig. 44A, and partly in block diagram form, of the alternative embodiment shown in
Fig. 44A; .
25 Fig.45isa view, partly in cross section, and partly in block diagram form, of

@
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a forty-fitth alternative embodiment in accordance with various aspects of the present |
invention; ' |
Fig. 46 is a view, partly in cross section, and partly in block diagram form, of
a forty-sixth alternative embbdiment in accordance with various aspects of the present
30 invention; _ | ' '
Figs. 47A ~47C are schematic top, cross section, and side views, respectively,
of another embodiment of a wafer processing tool in accordance with various aspects

of the present invention;
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Fig. 51 is a schematic top view of a portion of another embodiment of a wafer-
10  processing tool in accordance with various aspects of the present invention;

Figs. 52A — 52C are schematic top, cross section, and side views, respectively,
of still another embodiment of a wafer processing tool in accordance with various
aspects of the present invention; |

Fig. 53 is a waveform depicting a portion of a wafer processing operation in

15 accordance with various aspects of the present invention; -

Fig. 54A is a top view of a portion of a forty-seventh alternative embodiment
in accordance with various aspects of the present invention; and

Fig. 54Bisa view, partly in cross section, taken along the line 54B—54B in
Fig. 54A, and partly in block diagrani form, of the alternative embodiment shown in

20 Fig. 54A.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
In order to provide a more thorough understanding of the present invention,
the following description sets forth numerous specific details, such as specific
25. material, parameters, and the like. It should be recognized, however, that such
description is not intended as a limitation on the scope of the present invention, but is
instead provided to enable a ﬁll and complete description of the exemplary
embodiments. _ | _ |
With reference to Fig, 1A, a semiconductor wafer 31, according to one aspect
30 of the present invention, suitﬁbly inciudes a substrate layer 124. More particularly, in-
an exemplary embodiment of the present invention, substrate layer 124 preferably
includes silicon. It should be recognized, however, that substrate layer 124 can
include various semiconductor materials, such as gallium arsenide and the like,

depending on the particular application.
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Additionally, dielectric layer 123 can include various materials having
dielectric constant (“K™") values lower than that of SiO2, these various materials being
generally referred to as low-K materials, such as hydrogen-silsesquioxane (HSQ),

10  Xerogel, polymer, aerogel, and the like. In comparison to 5i02, which has a
dielectric constant of about 4.2, HSQ has a dielectric constant of about 3.0 to 2.5, and
Xerogel has a dielectric constant of about 2.0. In general, a low-K material provides
better electrical isolation. Therefore, the usé of é low-K material as dielectric layer
123 can facilitate the formation of semiconductor devices with smaller feature sizes.

15 After dielectric layer 123 is suitably formed on substrate layer 124, the
circuitry for semiconductor devices is suitably formed using any convenient process.
In the present exemplary embodiment, a damascene process is preferably used.
Accordingly, trenches (also known as gaps) 125 and gates (also known as mesas) 126
are formed in dielectric layer 123 using any convenient patterning method, such as

20 photomasking, photolithography, m_icrolithography, and the like.

Next, a barrier layer 122, according to still anotiler aspect of the present
invention, is suitably formed on top of dielectric layer 123. As depicted in Fig. 1A,
barrier layer 122 also suitably lines the walls of trenches 125. As will be described
below, when a metal layer 121, which includes copper, is formed on top of dielectric
25  layer 123, barrier layer 122 suitably prevents the copper in metal layer 121 from

diffusing into diel'ectric layer 123. Accordingly, in the present exemplary

- émbod-imenﬂ barrier layer 122 preferably includes material resistant to the diffusion
of copper, such as titanium, tantalum, tungsten, titanium-nitride, tantalum-nitride,
tungsten—mtnde, and the like. Barrier layer 122 can be deposited using any

30 convenient deposition method, such as physical vapor deposition (PVD), chemical
vapor dep_osmon (CVD), and the like. It should be recognized, however, that barrier

'.layer 122 can be omitted in some applications. For example, when dielectric layer

123 is formed from a material, which is resistant to diffusion of copper, or when the

10.



Fig. 20Ais a top view of a portion of a twelfth alternative embodi ment in
accordance WOR0Q¥26 ous aspects of the present invention; Fi PCIAUDI1ISS0A _
view, partly in cross section, taken along the |ine 20B-20B in 15 Fig.
20A, " and par iffusidh d¥ cepperdhtoddestfiolager 123 willmoahdversely affect drdysedformances hown
in Fig. 20A; Fig. 21A1s a top view of a portion of a thirteenth
alternative efithedemigondnsiordevifiedance with vari ous aspects of the present

i nvention; Fig. 2 | | : ' ative
embodi ment i n 20 ASEB4A bV Rt b pERcRl AplRMiE B 1At 121,
invention; FagordiBdte getanbihpr aspestof theprement inventioh, eanfbiefsuiteblyfomhédesmmpi ve
enbodi nent in_accordance with various aspects .of t resent_invention;
Fig. 22B §s afbamsigr layer 122 orifprmed pndog egélﬁﬁﬁmctlé)@éﬁgil gﬂglt{oﬁén}’:@%ab‘z@fzzs

in Fig. 22A i . ). di f . '
enbod! et s Sty bkl 4t kaRhIT Bl e plschtReplefy BabbUSerr,
si xt eent h al netaldayey ¢2 b plefetabiy idchides acpper.d Accordinglyh metal ilayes 125 jscformedf t he

toi tion; . e
present tnve gn Itc(>)pn of barrier layer 122 to suitably prevent the diffusion of copper from metal layer

121 into dielectric layer 123. Although the present invention is particularly well.

10 suited for use with metal layer 121 including copper, it should be recognized that
metal layer 121 can include various electrically conductive materials, such as nickel, -
chromium, zinc, cadmium, silver, gold, rthodium, palladium, platinum, tin, lead, iron,
indium, and the like.

Metal layer 121 can be formed on barrier layer 122 or on dielectric layer 123

15  using any convenient method, such as PVD, CVD, and the like. Additionally, metal
layer 121 can be formed using an electroplating processing, which is described in
copending application Ser. No. 09/232,864, entitled PLATING APPARATUS AND
METHOD, filed on January 15, 1999, the entire content of which is incorporated
herein by reference. N o

20 With reference now to Fig. 1B, metal layer 121, formed on top of mesas 126,

according to another éspect of the present invention, is ;uitably electropolished. The

present invention can be advantageously used in a damascene process, in which the
cifcuitry of a semiconductor device is patterned into trenches or gaps. It should be
recognized, however, that the present invention can be used in conjunction with

25  various other processes without deviating from the spirit and/or scope of the present

~ invention.

With reference now to Figs. 7A and 7B, a wafer electropolisher 50, according -
to various aspects of the present invention, is shown. In an exemplary embodiment of
the present invention, wafer electropolisher 50 preferably includes polishing . _

30 recep-tacle 100, which is divided into six sections 111, 112, 113, 114, 115-and 116 by

. section walls 109, 107, 105, 103 and 101. As will be described in greater detail. -
" below, it should be recognized that polishing receptacle 100 can be divided into any

number of sections by any suitable number of section walls.

11



Fig. 23Bis a top view of a portion of a seventeenth alternative enbodi nment
i'n -accor dancWOW@0®426ar i ous aspects of the present invention; POTIUS99/15506
Fig. 23Cis a top view of a portion of an eighteenth alternative enbodi nent

in accordance wit fl?dﬁanﬁrg ScepfaBRA0D afd sécfiBn Wals 09, 107V DS, 10N and 161 arédA s a
top view of a portion of a hineteenth alternative enbodiment in accordance

with vari ous sugpllytfermsd frome apy ecrvemientmatarialslectrizally insglates) apdesistant to

TS L ol U i R S 0
al ternative eTHRIONY FolyViayChibride @V4PolyVirglindénd Fuéride VDB of a

portion of a twentieth alternative enbodinent in 5 accordance with
vari ous a$pediolymppylese, prdtherdike; Hn/thapresent exemplary embodiment, polishing

receptacle 100 and section walls 109, 107, 105, 103 and 101 are preferably formed

from PVDF. It should be recognized, however, that polishing receptacle and each
section wall 109, 107, 105, 103 and 101 can be formed from different materials
depending on the particular application.

10 As depicted in Fig. 7B, in the present exemplary embodiment, electrolyte 34
flows into polishing receptacle 100 through inlets 4, 6 and 8 suitably formed in
sections 111, 113 and 115, respectively. More particularly, a pump 33 suitably pumps
electrolyte 34 from an electrolyte reservoir 36 to a pass filter 32 and into Liquid Mass
Flow Controllers (LMFCs) 21, 22 and 23. Pass filter 32 suitably filters contaminants

15  from electrolyte 34. In this manner, contaminants are prevented from entering
polishing receptacle 100 and from clbgging LMFCs 21, 22 and 23. In the present
exemplary embodiment, pass filter 32 suitably removes particles larger than about
0.05 micrometer but smailer than about 0.1 micrometers. It should be recognized,
however, that various filtering systems can be used depending on the particular .

20  application. Additionally, although filtering contaminants is advantageous, pass filter

32 can be omitted from wafer polisher 50 without deviating from the spirit and/or

scope of the present invention.

| Electrolyte 34 can include any convenient electroplating fluid, such as

phosphoric acid, and the like. In the present exemplary embodiment, electrolyte 34

25  preferably includes orthophosphoric acid (H2PO4) having a concentration between
about 60 p'e'r'c"ent' by weight -aﬁd about 85 percent by weight, and preferably about 76
percent by weight. Additionally, electrolyte 34 preferably includes orthophosphoric =~ . -

" acid having about 1 percent aluminﬁm metal (against weight of the acid). It should be
recognized, however, that the concentration and composition of electrolyte 34 can -

30 vary ﬁepending on the particular application.

Pump 33 can include any convenient hydraulic pump, such as a centrifugal
pump, a diaphragm pump, a bellow pump, and the like. Additionally, pump 33 is
suitébly resistant to acid, corrosion, and contamination. In the present exemplary

embodiment, pump 33 includes a diaphragm pump. It should be recognized, as will
12.



Fig. 26 is a top view of a portion of a twenty-first alternative enbodi nent
i n accor danc&¥RO¥P4%6 i ous aspects of the present invention; IKQ"USQ?/A551°§ a

top view of a portion of a twenty-second alternative enbodi nent in
accor dance wi btdegicted and é@puqusbqlﬁwmqﬂm@emm dltemativ;embediments, that Fj g.

27B.is a top yiew of a port in
accor dance wi P¥° Eﬁﬁ%p’gg Pg?‘#]‘ygﬁg&r%sd%ﬂ :anent | o%%@ﬁmf?gpﬁngpa top
view of a por jeqitedeht véntionl Wdd@tivnblly,dt dteuldte mgmﬂeddhmwcubmaumce
wi th various aspects of the present invention; 28A is_a top view of a

portion of a swmslwmt@pemrmtmmwmﬁié 6 apd 8oWitherta@umn h

vari ous as t Se q Elig a Avihf y in-
Cross sect Ei g #331?@43 01 ﬁ“:&bg& eés le;fglf%*df/ in

bl ock di agr a”tésefvﬁir%f Alfﬁénﬂivbl?tﬂﬁtsupmyhﬁbslﬁhtwmtelaimTﬁere”seﬁbﬂ' 3284 Fig.
29A is a top view of a gortlon of a twenty sixth alternative enbodi nent in

20 accor danidetaid; 6 andi$ can e maiptained ab presfie.pr esent i nvention; Fig. 29B is
a view, partly in ghogss $£551,84 93 bakmlnab Wc&n%mlehﬂﬁas%%v?g&&o@ler,.

preferably resistant to acid, corrosion, and contamination.. Additionally, LMFCs 21,
10 22 and 23 deliver electrolyte 34 at set flow rates to sections 115, 113 and 111,
respectively. Additionally, LMFCs 21, 22 and 23 can suitably deliver electrolyte 34

at flow rates proportionate to the volumes of sections 115, 113 and 111. For example,
if section 115 is larger in volume than section 113, then it can be advantageous for
'LMFC 21 to deliver electrolyte 34 at a greater flow rate than LMFC 22. Inthe

15  present exemplary embodiment, LMFCs 21, 22 and 23 are preferably configured to
deliver electrolyte 34 at a flow rate between about 0.5 liters per minute and about 40
liters per minute. '

- Additionally, in the present exemplary embodiment, a separate LMFC delivers
electrolyte into each section 115, 113 and 111. As will be described in greater detail

20  below, this configuration facilitates electropolishing of discrete portions of wafer 31.

’ It should be recognized, however, that any number of I:MFCs can be used depending
on the particular application. Additionally, as will be described and depicted below in
cdnjuncﬁon with alternative embodiments, electrolyte 34 can be delivered into
polishing receptacle 100 from pump 33 without using LMFCs 21, 22 and 23.

25 In accordance with various aspects of the present invention, wafer polisher 50
suitably includes cathodes 1, 2 and 3 disposed within sections 111, 113 and 115,
respectively. As will be described in greater detail below, although the present _
exemplary embodiment includes three cathodes, aﬁy number of cathodes, whether |
fewer or greater than three, can be used without deviating from the present invention.

30 In general, the more cathodes used, the better film uniformity can be expected. |
However, the more cathodes used, the greater the cost.. Accordingly, considering the
trade off between performance and cost, the preferred number of cathodes can be
from about 7 to about 20 for electropolishing 200-millimeter wafers, and from about

10 to about 30 for electropolishing 300-millimeter wafers.
’ 13.



Fig. 29A, and partly in block diagramform of the alternative enbodi nent
shown in Fig.woes3®6g. 30A is a top view of -a portion-of a twesesessest h
alternative 25 enbodi nent in accordance with various aspects of the o
present invention; aRiifionAfBchthodes\), 8Wnd BRE InéivdB afy siiveARRat diedtricdlRken al ong
the line 30B-30B in Fig. 30A, and partly in bl ock diagramform of the

al ternative echulictingmatetislsuchrasippper,Jead, platigumaand the like.(Iying they of a

portion of a twenty-eight.h,alter ive di . ' with
various as pec?@g%qﬁ(?t%f igd, 59 "1°men‘f‘|g‘8ﬁ t iwﬁ%ﬁg °g ﬁ%{ %ggﬂez in
Cross sect i ONgarf féRMuRtesttcdtitiet 1 /Pandlf- Bdddrdifiglly] Batheded 1, aragdBaahlby i n

bl ock diagramform of the alternative enmbodi nent shown in Fig. 31A; 6.
5 suitably replaced at any appropriate time. For example, cathodes 1, 2 and 3 can be

g

suitably replaced after processing about 100 wafers.

Alternatively, a deplating process for cathodes 1, 2 and 3 can be suitably
performed. For example, as will be described in greater detail below, in accordance
with various aspects of the present invention, when cathodes. 1, 2 and 3 are charged

10 positively and wafer 31 is charged negatively, then wafer 31 is suitably electroplated
rather than electropolished. In this manner, wafer 31 can be suitably electroplated
with the buildup of metal on cathodes 1, 2 and 3 to suitably deplate cathodes 1, 2 and
3. Although under the conditions described above, cathodes 1, 2 and 3 would
function as anodes, for the sake of consistency and convenience, they will continue to

15  be referred to as cathodes. |

In the present exemplary embodiment, metal layer 121 includes copper.
Accordingly, as described above, during the electropolishing process, some of the
copper ions from metal layer 121 migrate to electroplate cathodes 1, 2 and 3. In the
deplating process described above, a wafer 31 can be suitably electroplated with the

20  buildup of copper on cathodes 1, 2 and 3. However, when cathodes 1, 2 and 3 are

formed from copper, cathodes 1, 2 and 3 can dissolve d;ning the deplating process. In

this manner, cathodes 1, 2 and 3 can become deformed during the deplating process.

Accordingly, in accordance with various aspects of the present invention, cathodes 1,

2 and 3 can be suitably formed from materials, which are resistant to being dissolved

25  during the deplating process. For example, cathodes 1, 2 and 3 can be suitably
formed from platinum. Alternatively, cathodes 1, 2 and 3 can be suitably formed -
from titanium suitably coated with a layer of platinum, preferably with a coating
thlckness of about 50 microns to about 400 microns.

In the present exemplary embodiment, a wafer chuck 29 suitably holds and

30 positions wafer 31 within polishing receptacle 100. More particularly, wafer 31 is
suitably positioned above the tops of section walls 101, 103, 105, 107 and 109 to form
a gap to facilitate the flow of electrolyte 34 between the bottom surface of wéfer 31
and the tops of section walls 101, 103, 105, 107 and 109. In the present exemplary

14.
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alternative ejhadl p&Bitidl th comparison to wafer 31. In response to this negative electric |

10  potential at cathodes 1, 2 and 3, metal ions then migrate away from wafer 31, thus
electropolishing wafer 31. However, when the polarity lof the circuit is feversed (i.e.,
cathodes 1, 2 and 3 become anodes), metal ions migrate toward wafer 31, thus
electroplating wafer 31. .

In this manner, selective portions of wafer 31 can be suitably electropohshed

15 and electroplated by controlling the polarity of cathodes 1, 2 q.nd 3, and by controlling
the portions of wafer 31 contacted by electrolyte 34. Fig. 33 depicts the selective
electropolishing of wafer 31 in accordance with various aspects of the present
invention. With reference to Fig. 33, wafer area 280 has been electropolished, area
284 is being electropolished, and wafer area 282 has not been polished. -

20 With reference again to Figs 7A and 7B, in general, the polishing current

g density determines the rate at which metal ions migrate’to or from wafer 31.
Accordingly, the higher the polishing current density, the greater the electropolishing
or electroplating rate. In the present exemplary embodiment, a current density of
about 0.1 amperes per decimeter-Squared (A/dm?) to about 40 amperes per decimeter-

25  squared (A/dm?), and preferably about 10 amperes per decimeter-squared (A/dm?), can
be used. It should be recognized, however, that various cu.frent densities can be used
depending on the particular application.

Furthermore, power supplies 13, 12 and 11 can apply different current

densities to cathodes 1, 2 and 3.. For example, the current applied by power supplies

30 13, 12 and 11 can be set proportional to the surface area of wafer 31 that is covered by
the corresponding cathodes. Accordingly, if the surface area of wafef 31 covered by
cathode 3 is larger than that covered cathode 2, power supply 11 can be set to apply
more current than power supply 12. In this manner, the rate of electropolishing can |

be controlled to facilitate a more uniform etching of the surface of wafer 31. It should
S 15.



accordance with various aspects of the present invention; Fig. 34D is a top
view of a poMAWI3¢X6 a thirty-sixth alternative enbodi nent i nrewosyiasse
with various aspects of the present invention, Fig. 35A is a.cross section

view of a polykirgidghfzed tHabilelskme PHifRéiplR cah bRb B3 ukédero hkilitaf A id Miifornn
accordance wth various aspects of the present invention; Fig. 35Bis a

cross sect i oelegtroplating of the satfang ofwagerdidi rt y- ei ght h al t ernati ve enbodi nment

in accordance with various_aspe 0 | ion: Fig...3 is a

top vi ew of & por urarsrage SARERDAer pbel S e RS PP 3,

accordance W1bhnddnicah be apdaet sn DT (.BSdipéct beiént) hudd)t ARenati¥ely, power Fi 0. :

36B is a view, partly in cross section, taken al o&g the Iine 36B-36B.in
5@,

Fig. 36A, Sanduppliesily, 1anl biceandheageratadiin ayariely of nelsemodes: dorexampleo wiithe nt
oo 0 S kPghe ), e 55 R P00 S BBt bl
i nvention; 3@ulse, a modiffed@ine3dve] enipoltuopulss, puls@feverspPuldecsh-pilsé} dupleki et h
-alternative enbodi ment in accordance wth various aspects of the present
i nvention;. pulse, and the like. Power supplies 13, 12 and 11 can also be operated in constant
current mode, constant voltage mode, and a combination of constant current mode and
10  constant voltage mode.
With reference again to Fig. 7B, a drive mechanism 30 suitably rotates wafer
31 about the z-axis. In this manner, a more uniform electropolish can be achieved
across the surface of wafer 31. In the present exemplary embodiment, drive
mechanism 30 rotates wafer 31 about the z-axis at approximately 10 revolutions per
15  minute to approximately 100 revolutions per minute, and preferably at about 20
revolutions per minute.
As depicted in Fig. 7A, cathodes 1, 2 and 3 are substantially ¢ircular in shape.
Accordingly, with reference to Fig. 7B, the areas of wafer 31 above sections 112 and
114 are likely to be exposed to lower current density than the areas of wafer 31 above
20 - sections 111, 113 and 115 (i.e., those sections containing a cathode). In order to
compensate, drive mechanism 30 suitably oscillates wa—fer 3linthexandy
directions. Alternatively or in addition to oscillating wafer 31, as depicted in Figs. 9A
to'9D, polishing receptacle 100, section walls 109, 107, 105, 103 and 101, and
cathodes 1, 2 and 3 can be formed into non-circular shapes, such as triangles, squares,
25  rectangles, pentagons, polygons, ellipses, and the like. In this manner, the polishing
current distribution can be averaged out across the surface of wafer 31 as wafer 31 is
rotated about the z-axis. _ T -
‘Electrolyte 34 returns to electrolyte reservoir 36 through outlets 5, 7 and 9,
suitably formed in sections 112, 114 and 116, respectively. A pressure leak valve 38
30 is suitably placed between the outlet of pump 33 and electrolyte reservoir 36 to allow
| electrolyte 34 to leak back to electrolyte reservoir 36 when LMFCs 21,22, and 23 are
closed. Additionally, a heater 42, a temperature sensor 40, and a heater controller 44
suitably control the temperature of electrolyte 34 in electrolyte reservoir 36. In the

present exemplary embodimenf, wafer polisher 50 and electrolyte 34 are preferably
16.



Fig. 38Bis & Vi % partly in cr‘oss section, taken aI ong the line 38B-38B
in Fig. 38A Bg‘ﬁt Iy in block diagram for m of the alter naR¢T/BS9Y15506
enbodi ment shown in Fig. 38A; 7. WO 00/ 03426
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al ternati ve odi e W t h il ous aspects of the present
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Fig. 1B). With reference now to Fig. 7B, the requisite electropolishing time period

can be determined by measuring the output voltage and current of power supplies 11,
12 and 13. More particularly, the resistance of barrier layer 122 is typically
significantly greater than metal layer.121. For example, when barrier layer 122

10 includes titanium, titanium-nitride, tantalum, tantalum-nitride, tungsten, or tungsten-
nitride and metal layer 121 includes copper, the resistance of barrier layer 122 is
typically about 50 to about 100 times greater than the resistance of metal layer 121.
Accordingly, the potential measured from edge to center of wafer 31 after polishing
metal layer 121 away from the non-trench portions of wafer 31 is larger than that

15  before polishing. As such, as detailed in the table below with reference to Figs. 7A,
7B and 10, by comparing the output voltages of power supplies 11, 12 and 13, the
portions of metal layer 121 above wafer 31 which have been removed can be suitably

determined:

20 TABLE!1 _
1. If V11 (Voltage of power supply 11) and’V,z (Voltage of power supply
12) are small in value, and V3 (Voltage of power supply 13) is large in
value, then metal layer 121 on wafer 31 above cathode 1 has been
removed;
25 .
2. If V41 is small in value, and V;; and V; 3' are largé in value, then metal
layer 121 on wafer 31 above cathode 3 has not been removed.
Additionally, metal layer 121 above cathode 2 has been removed.
However, the condition of metal layer 121. on wafer 31 above cathode
30 ' 1 is unknown. Therefore, the following additional conditions can be
consulted to detérmine the condition of metal layer. 121 on wafer 31 .

above cathode 1;

17.



Fig. 40A, and partly in bl ock di agram form of the alternative enmbodi nent

shown in 10wogono3dsy;, Fig. 41 is a set of waveform di agrans . gephibd/Eed
portion of an el ectropolishing process in accordance with various aspects”

of the present inventign; Fﬁg,’lﬁéﬁglsﬁ?gghgétgggéh ﬁﬁ%@ﬂ%&%’e&%%ﬁqﬁ%i ch-

may be used in conjunction Wt present inve 43A

is a top view of a portion 21 énwafet §1 thovedathbdel had notdeemntembvednor | n -

accordance with various aspects of the present invention; Fig. 43Bis a
view, partly in cross section, taken along the line 43B-43B in Fig. 43A

and partly in block diagra r f . j S all wn in
Fig. 43A;, 20 I'g. Zgﬁ?gﬁ%vpo%g%%véaglggﬁb%ﬁl ohﬁggpr}g&%lolr%?%-fourt h
al ternatiye enbodi nent in atZbsrwafee3 abdvecathode s haspeentremoted;he present
invention; Fig. 44Bis a view, partly in cross section, taken along the

line 44B-44B in Fig. 44A, and partly in block diagramform of the
al ternative enbodg ment ;fSAOWR,, lafld ¥, Jare §448% in value, then metal layer 121 on wafer 31

above cathode 3 has been removed. However, the condition of metal
layer 121 on wafer 31 above cathodes 2 and 1 is unknown. Therefore,
10 the following additional conditions can be consulted to determine the

condition of metal layer 121 on wafer 31 above cathodes 2 and 1:

a. If Vi1, Viz, Vi3 are apart from each other in value, then metal
layer 121 on wafer 31 above cathode 2 and cathode 1 have been

15 removed;

b. If Vq; and V; are apart each other in value, and V; and V)3 are
close each other in value, then metal layer 121 on wafer 31
above cathode 2 has been removed. Additionally, metal layer

20 121 on wafer 31 above cathode 1 has not been removed,

C. If V,; and V; are close each other in value, and V;; and V)3
are apart each other in value, then metal layer 121 on wafer 31
above cathode has not been removed. Additionally, metal layer

25 . 121 on wafer 31 above cathode 1 has been removed; or

d. If Vi3 and V3 are close to Vy; in value, then metal layer 121 on

wafer 31 above cathode 1 and 2 are has not been removed.

30 In the table described above, Vy;, V12 and V13 were described as being large and/or
small. It should be recognized, however, that the terms large and small are relative
and not meant to relate to any particular voltages. For example, when V); and Vi, are

described above as being small, V;; and V), are small in comparison to V3. As

s

18.



45 is a view, partly in cross.section, and partly in bl ock
d| agram for 0’03 Xorty-fifth alternative enbodi nent in accoPCRAUSes/1Sse6h |
various aspects of .the present invention; Fig. 46 is a view, partly in
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can be smtably configured to measure the voltage and current provided by each one of
power supplies 11, 12 and 13. This data can be suitably transmitted to a control
system, which can include the above logic table in electronic format. For example,
the above table can be encoded and stored in an appropriate electronic storage

10  medium, such as on magnetic tape, magnetic disk, compact disk, and the like, or in an
appropriate electronic device, such as on an integrated circuit, memory chip, and the
like. The control system can then execute appropriate commands to continue or to

~ stop the electropolishing of a particular portion of wafer-31. It should be recognized

that the control system described above can be integrated into an appropriate

15 computer system, which can be a component of a wafer electropolishing tool, an
example of which is described below.

Additionally, it should be appreciated, however, that various techniques can be
used to determine the appropriate electropolishing time period. For example, as will
be described in greater detail below in conjunction with an alternative embodiment,

20  sensors can be used to measure the thickness of metal layer 121 (Fig. 1A) on wafer 31
(Fig. 1A and Fig. 7B). ’ |
Alternatively, with reference to Fig. 53, an end-point detector system can be
suitably employed to determine the éppropriate electropolishing time period. In
accordance with an exemplary embodiment, the measured electrical resistance from
25  edge to edge of wafer 31 (Fig. 1A) is monitored using appropriate measurement tools.
As depicted in Fig. 53, as the éurface_ area of metal layer 121 (Fig. 1A) on wafer 31 .
" (Fig. lA) 1s reduced due to electropolishing, the electrical .resis;tance measured from |
edge to edge of wafer 31 (Fig. 1A) increases. Accordingly, the appropriate time at
which to stop electropolishing is preferably around the time at whiéh the measured
30 electrical resistance from edge to edge of wéfer,Sl changes rapidly. With specific
reference to Fig. 53, this would be at or near 0 and ¢/. The region beyond ¢/ is called
the over-polishing region, meaning that wafer 31 (Fig. 1B) has been polished such
that the level of metal layer 121 (Fig. 1B) within tr;:xich 125 (Fig. 1B) extends below

the level of barrier layer 122 (Fig. 1B). The region before ¢0 is called the under-
19.



I nvention; Figs. 49A - 49C are schematic top, cross section, and side

- Vi ews, respe@io iofbize S of still another enbodinent of a wafgdrHédf85HE NI
tool in accordance with various aspects of the present invention; Fig. 50

is a schematic,.t.ep Vi ew of rti ' _of a wafer,
br ocessi o« BoE et Beafind fla k80 e Bh 04 AFhali BBl @

i nvention; Firémovel frdin diefsthtvlayérd 22 gPigyl Ay omwfates 186 (Figon A)f The edsistance
enbodi ment of a wafer- 10 processing tool 1 n accordance wth_various
aspects of t Kignpreandssentto aspmppter, prhich canthen send theappropeiate agnad tQ 8P cross

section, andgsj.de. i spectively, of still another enbodi nent of a
waf er procesg?er%oq@é{ggﬁonce%sgcordance wi th various aspects of the present
inventions Fig. S5¥WitlsreferemoectdFign fikphd TBnusing the ekemplanf embodident gfithe essi ng
operation in 15 _accordance w th vari ?u? aspects of the present invention;
Fig. 54A is aressy ipyenpionfleseribed shayp, the folloavang prosess siepm can besmploysdto

enbodi nent i %1@&%5;%19&@941%1#&&6&%@@%“5 of the present invention; and

Fig. 54Bis a view,” par Cross se n, taken along thé |ine 54B-54B
in '
Stepl: ~  Tum on power supply 13;
10
Step 2: Tum on LMFC 23 only, such that electrolyte 34 only contacts
the portion of wafer 31 above cathode 1 to electropolish metal
layer 121 (Fig. 1A) above cathode 1;

15 Step 3: Turn off power supply 13 and turn off LMFC 23, when the
thickness of metal layer 121 (Fig. 1A) reaches a set value or
thickness; '

Step 4: Repeat steps 1 to 3 for cathode 2, using LMFC 22 and power

20 supply 12; and )

Step 5: Repeat steps 1 to 3 for cathode 3 , using LMFC 21 and power
supply 11.

25 In addition to.the above described electropolishing sequence of cathode 1, then
cathode 2, and then cathode 3, the electropolishing sequence can also be as follows:
1) cathode 3, then cathode 2, and then cathode 1; | .
2) cathode 2, then cathode 1, and then cathode 3;
3) cathode 2, then cathode 3, and then cathode 1;
30 . 4) cathode 3, then cathode 1, and then cathode 2; or
5) cathode 1, then cathode 3, and then cathode 2. -
By selectively polishing portions of wafer 31, metal layer 121 (Fig. 1A) can be
electropolished more uniformly from wafer 31, even when wafer 31 is a large

diameter wafer. For example, the present invention can be used with a wafer 31
20.



Fig. 54A, and partly in bl ock di agram form ‘of the alternative enbodi nent
shown in 20 woltiog34264A. DETAI LED DESCRI PTI ON OF EXEMPLARY ENVEthRSIYASsdsN _
order to provide a nore thorough under st andi ng of the present invention,

the follow “wﬁg% e bf300 il ithérbrs B &éa&ysnﬁmegféa& céﬂfeﬁi, LamifSHE" as

specific 25 materi a paraneters, and the li1ke. It should be recognized,
howéver, t hateleetroiaohkhsefersﬂo wtmtropnhshmg |wafa'ridesucla§1atambtair1ayat 12hisoembhed scope

of the present i nvent,jon, but js |nstea ovi ded a full, and

conpl et e desd® F’bf‘PRfﬂx‘Hfatetl}ﬁ&V tﬂ’ét?@gah\ﬁ ‘E?%’F@W@é’ft o Fig.

1A, -a sem coRgly 3 present
M%Eﬁéral ilncoﬁcerﬁfoﬁmraeau% Wﬁseﬁe grédker'the

I nventi on, swtab cludés a substrate | a More particularly, in
an exenpl &ry dianpetel afemfenﬁl thegreaterdhenoriumiformitoef the elsstropalish! Forexansple,

Cubstrate | afi resspufe ficiost e ARPL 0 W AYEERNRATTIa IO BRRPEARE DN as
galliumars e%ﬁethaeégés e wakde81 caeBe itlicnsblidRed. MEhiPadn Becdiledh paitRb kgt i on. 9.
varying charge densities applied across wafer 31 by conventional elecu'opohshmg
systems. :
10 In addition to selectively polishing portions of wafer 31, using the exemplary
embodiment of the present invention described above, the following process steps can

be employed to electropolish the entire surface of wafer 31 substantially at one time:

Step 1: Turn on all power supplies 11, 12 and 13. As described above,
15 the current of each power supply 11, 12 and 13 can be suitably
set proportionate to the surface area of wafer 31 covered by the

. corresponding cathode;

Step 2: Turn on LMFCs 21, 22 and 23. As also described above, the
20 flow rate of electrolyte 34 from gach' LMFC 21, 22 and 23 can .
be suitably set proportionate to the surface area of wafer 31

covered by the corresponding cathode; and

Step 3: Tum off power supplies 11, 12 and 13 at the same time when
25 _ . the thickness uniformity of metal layer 121 (Fig. 1A) reaches a
set value or thickness. Also, lﬁower supplies 11,12 and 13 can
be turned off at different times to adjust the thickness
uniformity of metal layer 121 (Fig. 1A).

30 In tﬁis manner, the rate of removal of metal layer 121 from different portions of wafer
31 can be suitably controlled to more uniformly electropolish metal layer 121 on
wafer 31. |

Having thus described the structure and operation of an exemplary

embodiment, an application of the present invention in the context of a damascene
21.



WD 00/ 03426

PCT/ US99/ 155%@ngonductor waf er - 31, according to another -aspect 0t6he
present invention, suitably includes a dielectric |ayer 123 ?%?lﬁtﬁs%”g%stop‘

of substrate | ayer . 1ln. resen | ar. odinent . dielectric
| ayer 123 pr @F%%&%Wé@%%ﬁs&a‘té%e"s“?‘? ‘cﬁﬁﬁﬂ_ﬁéggg%gé?%%’wﬂe& '(i‘éf e 1ayer 123
can be for nediesdtiptioh 3¢ fictlitehdidek aliditatioh 08l R V6e Or appHRANH} 6fthe PRi3eS L1 ONn
met hod, such as cheni cal vapor deposition, evaporation, sputtering, and the

li ke. Additi dnegntipn, byt i instead providgd to enableafall iand roraplete-deseriptionenfahe al s |
havi ng diele ' n alues lower than that of Si 2, these
vari ous nat e%éﬁt%gﬁ%aggéﬁé?éﬁ%yreferred to as lowK materials, such as
hydr ogen- §i | sesquiWih peferleh¥ dgainlid Fig. 10X, 38 @éner) Ok etbnetaBRYQIEN 1. is Siighbljn e

like. I'n conmparison to Si 2, which has a dielectric constant of about 4. 2,
HSQ has a di dpeeedoncwalsndl.seqesies 13heen fosmevertrenches kA9 Acdepigied indiga

dielectric cqpstdot afd oHRRYSLishing, reclssBFY G rerflain WS HBALIEYE 121 BYAEFS

within trenches 125. This can be due in part to the original uneven topology of metal
layer 121 depicted in Fig. 1A. Additionally, overpolishing can contribute to the -

10  formation of recesses 127 within trenches 125. The existence of recesses 127 can
adversely affect the performance of the semiconductor device. Accordingly, recesses
127 having a recess depth 128 greater than about 500 Angstroms are typically
considered undesirable. It should be recognized, however, that the amount of recess
depth 128, which is acceptable, can vary depending on the particular application. For

15  example, for a high precision semiconductor device, a recess depth 128 of no more
than a few Angstroms can be acceptable. However, for a low cost semiconductor
device, a recess depth 128 greater than 500 Angstroms can be accepfable.

In accordance with one aspect of the present invention, the electropolishing
time period can be suitably controlled to prevent the formation of recesses 127 with

20 recess depth 128 of greater than about 500 Angstroms. However, this can increase
processing cost and reduce processing throughput. Accordingly, in accordance with
another aspect of the present invention, an eiectropo]ishing-and electroplating process
can be suitably combined with a chemical mechanical polishing (CMP) process to
remove recesses 127. In general, CMP processes can suitably produce a planar

25  surface on wafer 31 with recesses 127 having a recess depth 128 between about 100
and about 500 Angs_troms. ' _

With refefence to Fig. 1B, as désbn'bed above, metal layer 121 is suitably
electropolished from barrier layer 122 formed on mesas 126. With reference to Fig.
1C, wafer 31 then undergoes a replating process to replate a sufficient amount of

- 30 metal to fix recesses 127 (Fig. 1B), meaning that metal is plated onto metal layer 121,
which is formed in trenches 125 (Fig. 1B), without replating over barrier layer 122 on
mesas 126. 'With reference to Fig. 7B, as alluded to earlier, wafer 31 can be suitably

replated by reversing the polarity of power supplies 11, 12 and 13. In this manner, as

22.



better -el ectrical isolation. Therefore, the use of a |owK material as
di el ectric | w0038 can faC| Iltate the formation of seni condpetmEodi@Nesces
with snaller feature sizes. After dielectric layer 123 is

sui tabl y 1 of i gyl mggéa?er'daasm,eﬂo%v“watf&eﬁa@u'saﬁam;e&,a&m&prectoﬁ

devices is sul usi ng any cdonveni ent process sent
exerpl ary enhmdesﬁmyhaaxngaamﬁ‘aewﬁen&bmﬂlepsmﬁm ably used. Accordingly,
trenches (al so known as ‘Pr%) 125 and gat es ( so known as  nesas) 126 are

formed in diel ect rNextj @ gnge ydfhap ﬁh"e?ﬁes%ﬂ"ém?%éh‘?ﬂeﬁéd such

as 20 phot g 'iaﬁﬁ’&\’h ;’m“%

Next, a barr| € hggerﬁ%ggkﬂgg%?f)%l ng toasgeﬁfépg%égg er as ct o he present
invention$ i sbamcrtlajcdr;lZmeﬂdblngdofIndheqh&tem exezﬂ;ﬂgmremhfbalmdm wdemf]ct ed
in Fig. 1A, barrier nyI| he wal trenc es
125. As will Sd’é%f‘éﬁa% #@? }éwv%ﬂmm majeritypfs
copper, is f r 122
suitably pre\c/}ielﬁ?gh?ﬂ'eﬁ(gglg tﬂ? ﬁéoﬁ'@e?g%cﬁbgéglf °‘@1"ﬁ§1¥’%§r§8"f?ﬁaéu g I'n g
dielectric | aqmunlaﬂmeﬁthhqedlzﬂglqw néeds tdise pmavedtising €M, awhicle rddadésnent |

barrier |ayer ai‘s&referab cludes material resistant to the diffusion
of copper, sU/RFFHSPIOPESSIRE r’i‘P%ﬂ um tungsten, titaniumnitride,

tantal ump tride, with reference now to Figs. 3A to 3C, a wafer-processing tool 301, according
. to various aspects of the present invention, is shown. In an éxemplary embodiment of
the present invention, wafer processing tool 301 preferably includes
electroplating/electropolishing cells 300, 302, 304, 306 and 308, cleaning cells 310,
312,314, 316 and 318, a CMP cell 324, wafer cassette 320, and a robot 322.

15 Robot 322 begins by transferring a wafer from wafer cassette 320 to any one
of electroplating/electropolishing cells 300, 302, 304, 306, or 308. The wafer is
suitably electroplated with a metal layer 121 (Fig. 1A). Next, the wafer is suitably
electropolished to remove metal layer 121 from barrier layer 122 (Fig. 1B). Next, the
wafer is suitably replated to fix recesses 127 (Figs 1B and 1C). Robot 322 then

20 transfers the wafer to any one of cleaning cells 310, 312, 314, 316, or 318. After the
wafer is cleaned, robot 322 transfers the wafer to CMP cell 324, where the metal layer
121 is planarized and barrier layer 122 is removed (Fig. 1D). Robot 322 then
transfers the wafer to any one of cleaning cells 300, 302, 304, 306, er 308 for the
wafer to be cleaned and dried. Finally, robot 322 transfers the wafer to wafer cassette

25 320 and begins again with another wafer. _

It should be recognized, however, that various modifications can be made to
the configuration of wafer processing tool 301 without deviating from the spirit-and/or
scope of the present invention. For example, the initial electroplating and
electropolishing of the wafer can be performed in separate cells. In general, different

30 electrolytes are used for electroplating and electropolishing. For electroplating, a
sulfuric acid is typically used. For electropolishing, a phosphoric acid is typically
used. Although sulfuric acid can be used for electropolishing, the resulting surface
ccan be non-uniform. Similarly, although phosphoric acid can be used for

electroplating, the resulting surface can be non-uniform. A non-uniform surface can
23.



tungsten-nitride, and the like. Barrier |ayer 122 can be deposited using

any 30 conwegomBlasdeposi ti on nmet hod, such as physical. vapor n
(PVD), chem cal vapor depositi on (C,\/D) and the like. It sho W(gﬁ@gﬁntsgﬂg’

recogni zed, homever bar 12 mtted in so

appl igcations &Péﬁgﬂfih %IPI«?F étdﬁ %Figlé(’rvei WeLes 3PRBATHCER a
terial, wh | e :

8’8/ 8%'45236 'sﬁﬁaéescah%% unhéteptable 6y the UfitiAlplaing GT R layef 1241 Acé USQ% 5506

di f f usi on of Vdvppenufonn@utfmﬂlepmfmedt the electroplating andmi@cmmbslsm of thef ect the

per formance ofaft he %em

d
the particul ar*4ppPi°Cas Br"édjrﬁétsgﬁarﬁ éfs‘[ﬁdl qCC d g aboé‘@?"’ﬁﬁg%n’elrng on

aspect of 5t h@vﬁbh%mb?laﬁﬂ§Md électropalishigs 18 petfahed mmer@ﬂle%ut e chemi
barrier layer 122 or fornmed on top of dielectric |ayer 123. Additionally,

netal |ayer oftheelecirglytepolytiereyithinitheicall eanibe veried: For ezamplenfarithe yeplatingt
exenplary e n%?éjéeg?@éscnbed above, a sulfuric acid solution can be added to facilitate a better

electroplating process.

WO

:C

s

With reference to Fig. 2, the processing steps performed by wafer processing

10  tool 301 are set forth in a flow chart format. It should be recognized, however, that
various modifications can be made to the steps depicted in the flow chart in Fig. 2.
For example, the wafers may be queued after the re-plating step, then rinsed and
cleaned in a batch process.

With reference to Figs. 4A to 4D, one alternative to polishing wafer 31 using

15 CMP after replating wafer 31 is to etch metal layer 121 and barrier layer 122 from
wafer 31 using any convenient etching process. Accordingly, with reference to Figs.
6A to 6C, wafer-processing tool 301 can be modified to include an efching cell 326.
Similarly, with reference to Fig. 5, the processing steps performed by wafer
processing tool 301 can be modified to include an etching step.

20 In the following description and associated drawing figures, various
alternative embodiments in accordance with various aspects of the present invention
will be described and depicted. It should be recognized, however, that these
alternative embodiments are not intended to demonstrate all of the various
modifications, which can be made to the present ihvention. Rather, these alternative

25  embodiments are provided to demonstrate only some of the many modifications
which are possible without deviating from the spmt and/or scope: of the present
invention. - '

With reference now to Figs. 11A and 11B, an alternative embodiment of the
present invention, according to various aspects of the present invention, is shown. The

30  embodiment of Figs. 11A and 11B is similar to that of Figs. 7A and 7B except that
LMFCs 21, 22 and 23 (Figs. 7A and 7B) have been replaced by LMFC 55 and valves
51, 52 and 53. In the present alternative embediment, valves 51, 52 and 53 are
preferably on/off valves. The flow rate set of LMFC 55 can be preferably determined

based on the status of each valve as follows:
24.



nmetal |ayer 121 preferably includes copper. Accordingly, netal |layer 121 is
fornmed on topveRoBMRéi er | ayer 122 to suitably prevent the di floTsusye/i1ssos . _
copper fromnetal layer 121 into dielectric layer 123. Al though the present
invention is particularly well 10 suited for use with netal |ayer 121

i ncl.udi ng copper, it should be recognized that netal |ayer 121 can include
various el ectri cal Fowtatelset of LMEGSeTi HIR 3 xf{valveSlt ckel , chronmium zinc,
cadm um silver, gold, rhodium pall adi at.in tin, lead, iron,
indium and the |like. Metal |ayer 121 Eﬂzdghﬁ)ly %n barrier | ayer 122 or
on dielectric layer 123 15  using anyrgenveRvaeé sset hod, -such as PVD, CVD;
and the like. Additionally, nmetal layer 121 can be fornmed using an

el ectropl ati ng processing, which is described in copending application Ser.

No. 09/232,864 . entiiled PLATI NG ARATUS A filed.o nuary 15,
1999, the enti E’?n#eﬁ_ls taF SehRPEkof °‘T’ﬁ%‘8?$8’[|1\|"2t42%ﬁ25§m? SS@"?‘E?%‘?] B 20
Wth referencg feyel B.R13ds theBet pothtadf flodyRite thddlet §, AT ¢valve #0B a¥alvertass 126,
according to anot her aspect of the present invention, is suitably

el ect r opol i shéahctivhdefmadasdollowszent i on can be advantageously used in a
damascene process, in which the

10 f (valve #) = 1, when valve # is turned on;
0, when valve # is turned off.

As alluded to above, the flow rates can be set proportionate to the volumes of section
15,113 and 111.

15 With reference now-to Figs. 12A and 12B, another alternative embodiment of |
the present invention, according to various aspects of the present invention, is shown.
The embodiment of Figs. 12A and 12B is similar to that of Figs. 7A and 7B except
that LMFCs 21, 22 and 23 (Figs. 7A and 7B) have been replaced by three pumps 33
and on/off valves 51, 52 and 53. In the bresent alternative embodiment, the delivery

20  of electrolyte 34 into polishing receptacle 100 through inlets 4, 6 and 8 can be
preferably controlled independently by each one of three puinps 33 and one on/off
valve 51, 52, or 53.

| With reference now to Figs. 13A and 1 3B; still another alternative

embodiment of the present invention, according to various aspects of the present

25 invention, is shown. In contrast to the exemplary embodiment shown in Figs. 7A and
7B, in the present alternative embodiment, a cathode is preferably disposed in every
section of polishing receptacle 100 except section 132. For example, additional
cathode 154 is suitably disposed between section walls 103 and 105. Additionally,
on/o_ff valves 81, 82, 83 and 84 are suitably dispbsed between the electrolyte reservoir

30 36 and the outlets of LMFCs 21, 22, 23 and 24. | Accordingly, when an on/off valve
81, 82, 83 or 84 is in an open position, electrolyte 34 can suitably,ﬂow back into
electrolyte reservoir 36 through the open valve from polishing receptacle 100.

25.



ci rcuitfy. of a sem conductor device is patterned into trenches or gaps. It

shoul d be regeuplifd. however, that the present -invention Carbcﬁ‘??éb‘éﬁgsukn
conjunction with 25 vari ous other processes w thout deviatin romthe

spirit and/or sco .0f .t he esent e ol o Figs.
7A and 7B, a wafer %@Fpﬁeﬁg?t %ﬁg&dggﬂld%&{%e&g oﬁhsefggggé of the
present i nvenirh&ds steps c%ﬁ‘b%mtdbly Blayaml seleptivipelet sleiaolttims bf wafent

i nventi on, fer el ectropolisher 50 preferably includes polishing 30

receptacle 133; which is divided into six sections 111, 112, 113, 114, 115
and 116 by sectio I[1s 10 5 and 101. As W II be descrl bed
I n greater detail rkﬁéﬁOW It uﬁ'bu’llgo‘% s é&ér‘h zed that polishing receptacle
100 can beg divided into any nunber of sections by any suitable nunber of

section walls. 11 WO 00/ 03426
PCT/ US99/ 15506 Step 2: Turn on LMFC 24 and open valves 81,82, and 83. Tum off

LMFCs 21, 22, 23 and close valve 84, such that electrolyte 34
oniy contacts the portion of wafer 31 above cathode 1.
" Electrolyte 34 then returns to electrolyte reservoir 36'through
10 . outlet 132 suitably formed in section 130. Electrolyte 34 also
returns to electrolyte reservoir 34 through open valves 81, 82
and 83;

Step 3: When the thickness of metal layer 121 (Fig. 1A) reaches a set
15 value or thickness, turn off power supply 14 and turn off LMFC
' 24;

Step 4: Repeat steps 1 to 3 for cathode 2 (Turn on LMFC 23. Open
valves 81, 82 and 84. Turn on power supply 13. Tum off -
20 _ LMFCs 21 22 and 24. Close valve 83. Turn off power
supplies 11, 12 and 14);

Step 5: Repeat steps 1 to 3 for cathode 3 (Turn on LMFC 22. Open
valves 81, 83 and 84. Turn on power supply 12. Turn off
25 LMFCs 21, 23 and 24. Close valve 82. Turn off power
supplies 11, 13 and 14); and

Step 6: ‘Repeat steps 1 to 3 for cathode 4 (Turn on LMFC 21. Open
. valves 82, 83 and 84. Turn on power supply 11. Tum off
.30 o - LMFCs 22, 23 and 24. Close valve 81. Tumn off power
| supplies 12, 13, 14).

Thls Sheet Has Been Rep laced
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Pol i shing receptacle 100 and section walls 109, 107, 105, 103 and 101 are
suitably for 0993486 any convenient material electrically inswcavesyoassis _
resistant to acid and corrosion, such as polytetrafl uoroethyl ene _
(commerci al |y knowlt shsuldBerédsgnizE®thaMiathek tlﬁl‘l'p@[is}ﬂﬁ% £B¥(Periphehyof thy Wafigene
Fl uoride (PVDF), 5 Pol ypropyl ene, and the Iike. In the present exenplary
embodi nent, ptsl genter afthesrales pelishingrdsogm bepstfpamed fpmsentspto peyipherynsr 103

and 101 are f I recogni zed, however,
that pol i shi ﬁ%‘ﬁ‘r@ b %%F‘Zﬁiﬁﬁldé@?!ﬂl@ﬁgﬁﬁgﬁE@F?%s?&lo?, 105, 103 and 101
can be forned fronlmiddittonetotselptivly ﬁbﬁrdé@ﬁﬁﬁﬂ%ﬁ@'ﬁ@m ohwafeps1,ivgitlgihe
application. 10 .As depicted in_Fig. 7B, in the present exenplary
embodi ment3  epreeqnt altgrnativeembadiment described phavientie fellaying precessiepsnan bgh
inlets 4, 6 a j 1 j ' ' . 115,
respectively. &ﬁlglr%gééjpg)r%%ugépéﬁﬂﬁggﬁtgﬁég&%%g&f#%ély&égﬁp %él ectrolyte 34
from an el ectrol yt Stepdser voi Tusifor power passtics 1 1,t10; 13andn4l ABtdesddbadi d Mass
Flow Controllers (LMFCs) 21, 22 and 23. Pass filter 32 suitably filters
contam nants 15 from el ect r 8% %%&mﬁqfﬁa@mwppludh b?frilﬁ@!nﬂé‘laﬁ:ﬁcs

revented fromentering polighi :
prevented fromenter! presen’?@bxﬁﬁbfy%@%ﬁ&ﬂnﬁnétgf’oﬁ@guﬁ&%gigﬁﬁéﬂ?ﬁ'

10 covered by the corresponding cathode.

Step 2: Turm on LMFCS 21, 22, 23 and 24 and turn off valves 81, 82,
83, 84. Asalso described earlier, the flow rate of electrolyte 34 |
from LMFCs 21, 22, 23 and 24 can be suitably set
15 proportionate to the surface area of wafer 31 covered by the

corresponding cathode; and

Step 3: Tum off power supplies 11, 12,13 and 14 at the same time
whenmetal layer 121 (Fig. 1A) .reaches a ;set value or thickness.
20 Also, power supplies 11, 12, 13 and 14 can be turned off at
’ different times to adjust the thickness uniformity of metal layer
121 (Fig. 1A).

- With reference now to Figs. 14A and 14B, yet another alternative embodiment
25  of the present invention, according to various aspects of the present invention, is
shown. The embodiment of Figs. 14A and 14B is similar to that of Figs. 13A and
13B except that on/off valves 81, 82, 83 and 84 (Figs. 13A and 13B) have been
removed. Accordingly, electrolyte 34 returns to electrolyte reservoir 36 only through
section 130. | L
30 . Using the present alternative embodiment described above, the following
process steps can be suitably employed to selectively electropolish portions of wafer -
W
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exenpl ary embodi nent, pass filter 32 suitably renopves particles larger than
about 0.05 nWooemedas but smaller than about 0.1 mcroneters. peiyabisses be
recogni zed, however, that various filtering systens can be used dependi ng

on the particular §@p1:app! i PahiofPow Qipbiwmdoldatp@ha%ﬁwgo{e ti41g6' ng
contam nants i s advantageous, pass filtér "32 can"be omtted Prom waf er
pol i sher 50 without devi ati rejedtroden (¢athadsil)i Tumnah powes soppliesfl 15 H2amd B ent

i nvention. Electrolyte 34 can ipclude.any. convenient .electroplating fluid,
such as phosphoric acid, an °t°H‘§m+P?<sét.w°I%t‘?”2‘é¥ reées"gﬂfleéxé?ﬂif&?m%sg‘bcﬁ ment ,
el-ectrolyte 34 25 pr ef er abind 2) respesidselr t hophosphoric acid (H2PO4) havi ng

a concentration between about 60 pércent” by wei ght and about 85 percent by
wei ght, afd preferably about 76 percent by weight. Additionally,

per cent 4l um num MR (agal TEH RN Z8BIBFRA R EMFCR AR08
recogni zed, however, that tIWaReaLacpbd arelaisbte BRIRiver offy Bk 6k Vi e

34 can 30 vary depending on the particular application. Punp 33 can
i ncl ude any conveni ent hydr dlle&fel‘ﬁrﬁb,OV%Gﬁihpdasl congaststel¢ctiolde 3pdom a

di aphragm punp, a bel | ow purf,mangd ahﬁ?leéz{t}%%pofo‘eggailltﬂ'o%]%gﬁl&e R%rgfgrei, S
10 only the portion of metal layer 121 (Fig. 1A) on wafer 31 above
cathode 1 is suitably electropolished;.

Step 3: When metal layer 121 (Fig. 1A) reaches a set-value or
thickness, turn off power supply 14 and turn off LMFC 24;
15
Step 4: Repeat steps 1 to 3 for cathode 2 (Turn on power supply 13 to
output negative potential to cathode 2, and power supplies 11,
12, and 14 to output ﬁositive potential to anodes 4, 3, and 1,
| . respectively. Turn on LMFC 23 and turn off LMFCs 21, 22
20 ' and 24); )
Step 5: - Repeat steps 1 to 3 for cathode 3 '(Tum on power supply 12 to
output negative potential to cathode 3. Turn on power supplies
11, 13 and 14 tc output positive potential to anodes 4, 2 and 1,
25 : . .. respectively.. Turn on LMFC 22 and turn off LMFCs 21, 23
and 24); and

Step.6: . Repeatsteps 1to 3 for cathode 4 (Turmn on power sﬁpply 11 to
_ | -output negative potential to cathode 4. Turn on power sﬁppl_ies
30 ' : 12, 13 and 14 to output positive potential to anodes 1, 2 and 3,
- respectively. Turn on LMFC 21 and turn off LMFCs 22, 23
and 24).” | B
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suitably resistant to acid, corrosion, and contam nation. In the present
exenpl ary enwadioreedzs, punp 33 includes a di aphragm punp. It S@%QS!SP]%SM )

recogni zed, as wll 12. WD 00/ 034_ZE el qu _ } .

PCT/ US99/ 15506 be releni A8 85 | nct ion wi t
alternative emodilgreﬁ%%?ﬁ?ﬁa . v\g\gﬁg{ T e %d%\%%%é&?gh%?ﬂ%t
devi'ati ng fr offwialfier 34[tb mhdpeﬁpﬂéxgrofmelpﬂxebbﬁshmﬂﬁﬂéadbéﬁ}ﬁﬁdr&x@d from the

Additionally, it should be recognized that electrolyte can be suitably
del i vered t 2; pgEPhary, it%@ercs%tsﬁapawg’elmf%%t?@ﬁomm depsnding en theicaghodsi t hout
punmp 5 34. sE@Ien@é‘a”pl e, electrolyte 34 can be naintained at pressure
within electrotyte reservoir 36. Alternatively, the supply lines between
el ectrol yfe reser \Inaddifién trstlactively sledtrofolishitig Portivns bEwatr B1 that

pressure. LM-Cs 21, 22 and 23 . .can (gslcl,ude any convenj ent mass fl ow

control l er, preeaalismativeembodimentdeserijed abeys, thedfollewingprocess staps ermbeon.
Addi ti onal'l'y endosfed t& dectropolish the entire surface of wafer 31 at one time:

Step- I Tummn on power supplies 11, 12, 13 and 14. As described
10 earlier, the current of each power supply 11, 12, 13 and 14 can
be suitably set proportionate to the surface area of wafer 31

covered by the corresponding cathode;

Step 2: Tum on LMFCs 21, 22,23 and 24. As also described earlier, -
15 the flow rate of electrolyte 34 from LMFCs 21, 22, 23 and 24
can be suitably set proportionate to the surface area of wafer 31
covered by the corresponding cathode; and ‘

Step 3: Turn off power supplies 11, 12,13 and 14 at the same time
20 when metal layer 121 (Fig. 1A) reaches a set value or
thickness. Also, power supplies 11, 12, 13 and 14 can be turned
off at different times to adjust the thickness uniformity of metal
layer 121 (Fig. 1A). ‘

25 With reference now to Fig. 15, another alternative embodiment of the present
invention, according to various aspects of the present invention, is shown. The
embodiment of Fig. 15 is similar to that of Figs. 7A ahd 7B-except that a diffuser ring
112 has been added above each cathode. In accordance with-one aspect of the present:
invention, diffuser ring 112 preferably facilitates 2 more uniform flow of electrolyte'

30 34 along section walls 109, 107, 105 and 103. As such, metal layer 121 (Fig. 1A) can
be suitably electropolished more uniformly from wafer 31.
Additionally, diffuser ring 112 can be suitabfy formed using any convenient
method. For example, diffuser ring 112 can be machined to have a number of holes.

Alternatively, diffuser ring 112 can include any suitable porous material having
29.



10 22 and 23 deliver electrolyte 34 at set flowrates to sections 115,

113 and lll,woe@&?‘gztﬁi_vel y. Additionally, LMFCs.21, 22 and 23 ﬁ@@g%ﬁgﬂgly
° -

deliver electr 34 at flow rates proportionate to the vol

sections 115, 113 and 111. For exanple, if section 115 is larger in volume
t han sect i on poucBity preferably in the rb@geagghﬂ‘ita]é)%wbPBfr9qg’ﬁ/Féd§1P°Pghgé\‘ theer

el ectrolyte 34 at r . : \ - r%d]?om . t
exenpl ary eww%&aﬁﬁ%b%%éaﬁéé@aﬁyﬁﬁ?%|f‘§ con |gla}iri gﬁa‘éﬁ

deldl vgr tel lelgtafl_@-lcbsﬁesi&ﬂ;p%ﬁ_id!e iﬂwn&md ifativet freeanatediadsit 0.5 liters per minute
and abou iters per mnute. Additionall In, th resent exenpl ary
embodi ment, a sepéyégéefmmﬂ@g§ légﬂrlgpyﬁglﬁ?ﬁﬁégﬁrﬁag\%tion 115, 113
and 111. i || i BB fholeizah | ’
configuratio n?bggl ?f?§fﬁépg%§%ﬁlﬁg%%§?’sﬁ%‘g f gfugéchrseats porttih%) ig:%gx%t waf er
gl- | é shoul %\F}bﬁﬁb@,ﬁ@ﬁiﬁv&lﬁﬁdl‘hdmdhﬁl entofiRigsal6A and1i6B issimilamiGshat afi Figs. used
ependi ng on the particular application. Additjionally, w |l be cribed
and depi ct ed e ﬁxq;ehshemwmwa@rF@Fﬁﬁ%ﬁ%i“%ﬁ%%ﬁ&% ol yte
34 can be delj ye 0 Ohb Shi COVRE | 1R aélidddrce WifhoHe \ ut

usi ng LMFCs éﬁi{’gggldsélhﬂﬁ%Sﬂ’ Z%%ﬂdi‘ﬁr&ﬁ I'n ac'clgradance Wi t?h varﬁggidgbgg%ects of
the present ippssent inoentionpétargemcummtlator fiters 141, 142 and 143 preferably measure

10 . the charge each power supply 11, 12 and 13 provides during the electropolishing

process. The total number of atoms of copper removed can be calculated by dividing
the accumulated charge by two. The total number of atoms of copper removed can
then be used to determine how much copper remains to be electropolished.
With reference now to Figs. 17A and 17B, yet another alternative erhbodiment
15  of the present invention, according to various aspects of the present invention, is
shown. The embodiment of Figs. 17A and 17B is similar to that of Figs. 7A and 7B
except that polishing receptacle 100 suitably includes a plurality of iﬁlets 171,172,
174 and 175 suitably disposed in sections 113 and 115 for delivery of electrolyte 34.
More particularly, in the present alternative embodiment, electrolyte 34 is preferably
20  delivered into section 113 through feed line 170 and inlets 171 and 172. Electrolyte
34 is preferably delivered into section 115 through electrolyte feed line 173 and inlets
174 and 175. By delivering electrolyte 34 into plating receptacle 10 using a plurality
of inlets 171, 172, 174 and 175, a more uniform flow profile can be preferably
obtained. Furthermore, it should be recognized that sections 113 and 1 15 can include
25 any number of additional inlets. |
' With reference now to Figs. 18A and 18B, two additional alternative
embodiments of the presént invention, ac;:ordiﬁg to vérious aspects of the present
invention, are shown. The embodiment of Fig. 18A is similar to that of Figs. 13A and
13B and Figs. 14A and 14B except that the height of section walls 109, 107, 105 and
30 103 increases outward along the radial direction. In contrast, in the embodiment of
Fig. 18B, the height of section walls 109, 107, 105 and 103 decreases outward along
‘the radial direction. In this manner, the flow pattern of electrolyte 34 can be further

controlled to enhance the electropolishing process.
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suitably i ncl udes cathodes 1, 2 and 3 disposed within sections 111, 113 and

115, respect iw@hboesatss W 1| be described in greater detail bel @y, h.
t he present exenpl ary enbodi nent includes three cathodes, any?#g#?g%/k%yg T

t hodes, wheth t t . i .hout
Goviat g 1t om £ neWghaesrmefoRNT Figh Tohyen ¥, o8 o BelabvE nt nodes
used, the betdhodirnbdts Ufhe Pre¥etinenfioncboRig!t6 Garidid\idpétts of the preaeist

cat hodes used, the greater the cost. Accordi ntcﬂﬁ)., considering the trade off
bet ween per f dnvientios, arashevsst The gmbpdintent eflignlfbissimilartatha @b FigsaRAtsadf r om

about 7 to ahgqut 20 fo |t shi O; 49 L ki er ers, and from
Sbout 10 o abmeenyR{pE LAEH SSedh Nl o9 id7, 03 Toh B 19 Higeasll)s 110N,
00/ 03426 5  outward along the radial direction. In contrast, in the embodiment d¥@ig.USH) tHH506
Additionally, cathodes 1, 2 and 3 can include any convenient electrically

conduct i ng meheight 9f sectign walls 169384, 105, 1@3and,) Qitdepreases ntvardalongdbe radigli ng
the direction. In this manner, the flow pattern of electrolyte 34 can be further controlled

to enhance the electropolishing process.
With reference now to Figs. 20A and 20B, yet another alternative embodiment
10  of the present invention, according to various aspects of the present invention, is
shown. The embodiment of Figs. 20A and 20B is similar to that of Figs. 7A and 7B,
except that section walls 109, 107 105, 103 and 101 are configured to move up and
down to adjust the flow pattern of electrolyte 34. As shown in Fig. 20B, section walls
105 and 107 can move up, such that electrolyte 34 flows toward the portion of wafer
15 31 above section walls 105 and 107.
Using the present alternative embodiment described above, the following
process steps can be suitably employed to selectively electropolish pbrtions of wafer
31:

20 Stepl: - Turn on power supply 13; .
Step2: Turn on LMFC 23 only and move section wall 109 close to
wafer 31, such that electrolyte 34 only contacts the portion of
wafer 31 above section wall 109. In this manner, metal layer
25 121 (Fig. 1A) on the portion of wafer 31 above section wall
. 109is suitably electropolished;

Step 3: When metal layer 121 (Fig: 1A) reaches a set value or
thickness, turn off power supply 13, turn off LMFC 23, and
30 - move section wall 109 to a lower position;
Step 4: Repeat steps 1 to 3 for section walls 105 and 107 using LMFC

22, section wall 105 and 107, and power supply 12; and

This Sheet Has BeenR aced”
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el ectropl ating period, some of the metal ions, which nigrate out of netal

- layer 121, ep®o@efapéul ate on cathodes 1, 2 and - 3. Accordi ngl poraigbédipsiss 1.
2 and 3 can be 5 suitably replaced at any appropriate tinme. For exanple,

cat hodes 1, 2 and n be t‘ﬁ‘mﬁ 00
wafers. Al ternat|\§gelpcja dei#g%a?%yspfrgo?ef&g% cat HQ (i%ggs’ﬁgim%n be
suitably perfornmed. For exa@p]secticiswallsl 101aad d83,andIpewei supplyebl.er detai |

bel ow, in accordance with various aspects of the present invention, when
cathodes 1, 2 and 3 are charged 10 positively and wafer 31 is charged

negatively, then L s ]

el ectropol i shed. ﬁgﬁﬁl@#ﬁ%lﬁwéﬁa%%qﬁgﬁ%%gﬁéﬂkgﬂ?{%gle’fdég%rtg%I at ed
with the Hui peisentaltenmtive embodimeiitaldesibkd aBoventheFollowingipradesy stefesdanthe
cathodes 1, 2 and 3. Although under the co d|t|o s descri bed above,

cat hodes 1, mmeét%ﬂmwmﬁﬁkﬂwanu%ug é”af‘l” 3ti9Be 8 of consi st ency

and conveni ence, they will continue to 15 be referred to as cathodes. In
the present exenplary enbodi nent, nmetal |ayer 121 includes ‘copper.
Accordingly, as d&spri:bed aﬂ“mmeonphyvdrrsgpplieeléJ lé?cmddﬁohissibiscn@:egjlembsshe some

Of flte copper fons from met gl | e tackbulh iy £ 1250 T3 cQRbES skl Bp0es 11

10 proportionate to the surface area of wafer 31 covered by the

corresponding cathode.

Step 2: Tum on LMFCs 21, 22 and 23, and move all section walls 101,
103, 105, 107 and 109 adjaéent to wafer 31. As also described
15 earlier, the flow rate of electrolyte 34 from LMFCs 21, 22 and
' 23 can be suitably set proportionate to the surface area of wafer
31 covered by the corresponding cathode; and

. Step 3: Turn off pdwer supplies 11, 12, and 13 at the same time when
20 : metal layer 121 (Fig. 1A) reaches a set value or thickness. Also,
_ power supplies 11, 12 and 13 can be turned off at different
times to adjust the thickness uniformity of metal layer 121 (Fig.
1A).

25 With reference now to Figs. 21A and 21B, two additional alternative
embodiments of the present invention, according to various aspects of the present
invention, are shown, ;_1‘11_6 embodiment of Fig. 21A is similar to that of Figs. 7A and
7B, except that, in the present alternative embodiment, cathodeé 1,2,3 and 4 and
.sectiqn walls 109, 107, 105 and 103 are divided into six sections. The embodiment of

30 Fig. 21B is similar to Figs. 13Aand 13B, except that, in the present alternative
embodiment, cathodes 1, 2 and 3 ﬁnd section wal_ls 109, 107, 105, 103 and 101 are
divided into six seétions. It should be recognized, however, that with regard to both
émbodiments in Figs. 21A and 21B, any number of sections can be used without

deviating from the spirit and/or scope of the present invention.
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depl ati ng process descri bed above, a wafer 31 can be suitably el ectropl ated

wi th the 20 wodeossdp of copper on cathodes 1, 2 and 3. HowevgérudddARsos
cathodes 1, 2 and 3 are forned from copper, cathodes 1, 2 and 3 can

di ssol ve during t wI R e nd 3 °

can becone deforrre‘gdcgﬁ%apg {kﬁlegéf%%ﬁﬁ}hﬁg%%ggésé %g{chgfl%?éag‘lq%,&f%mdgd%

.accor dance Wdne ot aidropswersnpplics and thceciisracanbe conreoted dmone ot ot EMFCs2 and
3 can be suitably formed frommaterials, which are resistant to being

di ssol ved 25 mvanwﬁf@%baw ating process. For exanple, cathodes 1, 2 and
3 can be suitably formed fromplatinum Alternatively, cathodes 1, 2 and 3
can be suitably formed fromtitaniumsuitably coated with a | ayer of

pl ati num spr efABREI2y with a coating thickness of about 50 microns to about

400 mcrons. In the present exenplary enbodi ment, a wafer chuck 29 suitably
hol ds and 30 positions wafer 31 within polishing recept acle 100. Mre

particul arl y; £ 24 Ittt g

wal I s 101, 10%65&%%?&@ 3 ;?q% ‘?‘3&;‘ glraﬁ%ﬁe;&g?béit c\)\fﬁaac‘mil %\s{ eojiéhnﬁﬁtow of
el ectrol yte |34 bet ween t hq datliddestcord acmopé wafﬁror?-ﬁonmdcﬂohetdﬂpﬁolt)f
section wallfs 101, 103, 145, 107 and 109.- In the preselr)t Fexerrpl ary 14.

power supplies more LMFC

1 Each cathode is connected to an | Each sector is connected to an

. independent power supply ' | independent LMFC

2 Each cathode is connected to an | Sectors on the same radius are

mdependent power supply connected to an independent
LMFC |

3 Each cathode is connected to an | All sectors are connected to. an
independent power supply . | independent LMFC

4 Cathodes on the same radius are | Each sector is connected to an

connected to an independent independent LMFC

power supply
] 5 Cathodes on the same radius are } Sectors on the same radius are
connected to an independent connected to an independent
power supply LMFC
6 Cathodes on the same radius are | All sectors are connected to an

connected to an independent independent LMFC
power supply

7 _ All cathodes are connected to - | Each sector is connected to an

an independerit power supply - 'independent LMFC

8 All cathodes are connected to | Sectors on the same radius are
an independent power supply connected to an independent -
' - |LMFC.

9 All cathodes are connected to - | All sectors are connected to an

an independent power supply independent LMFC
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WD 00/ 03426 : : :
PCT/ US99/ 155%&;}@@? ment, wafer 31 is suitably positioned above the tops .
of section walls , 103, 105, 107 and 109 to forma gap of BGHYEIASSE

mllineters to about 20 mllineters. After wafer 31 is sui tably&sitioned
within polishing riagegrbeve teblethe apgration of cambipatignnugnbersel,, dandiScare the

connected t-o power ' . 2 : | . . Ltepnal |y,
vafer 31 ic GRBEEP PR E3isdn cofuRlbaiun VERRE M cohpatfith, TRET 2
manner, when dpefsion of yérmbiddtidn minbebes, e @8 a9 il bodesstibédinegredtenddtail 31

and the tops of section walls 101, 103, 105, ;107 and 109, an el ectrical
circuit is fdelavginogmiuaction with yraeys,other aligmative embosigyents.3 are el ectrically

charged t@ have nqm' L CrRetdnt .alql NRARdr S B fer 31. In
response fo this negaﬁ@@%ﬁﬁﬁ%’gg&gg%@tzgﬁgfa? at ééZ“. ﬁoaggg\?, 2 and 3,
nmetal ions t haibodigeniof thrvprsseht iaventishaccSilling tb warielseaspeatpof the presgntnaf er 31.

o i ek e oori S e 455
7A and 7B, except that cathodes 1, 2 and 3 (Figs. 7A and 7B) and section walls 109, '
. _107, 105, 103 and 101 (Figs. 7A and 7B) bave been replaced by dplurality of rod-
10  type cathodes 501 suitably disposed within a plurality of tubes 503. In the present

-

‘ alternative embodiment, electrolyte 34 (Fig. 7B) is preferably delivered to
electropolishing receptacle 100 through plurality of tubes 503, contacts the surface of
wafer 31, then drains out of electropolishing receptacle 100 through a plurality of
drainage holes 500. As depicted in Fig. 224, in the present alternative embodiment,

15 cathodes 501, plurality of tubes 503, and plurality of drainage holes 500 are
~ preferably arranged in a circular pattem. However, with reference to Figs. 23A to
23C, cathodes 501, plurality of tubes 503, and plurality of drainage holes 500 can also
be configured in various other pattefns, such as a triangle (Fig. 23A), a square (Fig.
23B), an ellipse (Fig. 23C), and the like.
20 Additiohally, as described in the table below, cathodes 501 and plurality of
tubes 503 can be connected to power supplies 11, 12 and 13 (Fig. 7B) and LMFCs 21,

- 22 and 23 (Fig. 7B), respectively, in various combinations:

TABLE 3
Combination No. | Various ways to connect Various ways to connect
cathodes 501 fo one or more | plurality of tubes 503 to
power supplies one or more LMFCs
1 - | Bach cathode is connected to an | Each tube is connected to
{ independent power supply | an independent LMFC
2 * | Each cathode is connected to an | Tubes on the same radius
independent power supply are connected to an
' independent LMFC
3 ' Each cathode is connected to an | All tubes are connected to
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el ectroplating wafer 31. In this marner, selective portions of wafer 31 can

be suitably WP88034360l i shed 15

31 contacte
el ectropol i

q 5_57 erectrol yfiin&épeﬂdeﬁtpo%r@@ﬁﬂ?ts t
$hing of wafer 31 in accordance wth

and el ectropl at ed by contr ol RGNYSAONE506
polarity of cathodes 1, 2 and.3, and by controlling the portions of wafer
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power supply

7 All cathodes are connected to Each tube is comiected to
an independent power supply an independent LMFC

8 All cathodes are connected to Tubes on the same radius
an independent power supply are connected to an

independent LMFC

9 All cathodes are connected to | All tubes are connected to

an independent power supply an indepenc‘ient LMFC

10

15

In the above table, the operation of combination numbers 1, 2, 4 and 5 are the

same as described earlier in conjunction with various alternative embodiments. The

operation of combination numbers 3, 6, 7, 8 and 9 will be described in greater detail

below in conjunction with various other alternative embodiments.

With reference now to Figs. 24A and 24B, another alternative embodiment of

the present invention, according to various aspects of the present invention, is shown.
The embodiment of Figé. 24A and 24B is similar to that of Figs. 7A and 7B, except
that cathodes 1,2 and 3 (Figs. 7A and 7B) and section walls 109, 107, 105, 103 and
101 (Figs. 7A and 7B) have been replaced with cathode 240, bar 242, and vﬂves 202,
204, 206, 208, 210, 212, 214, 216 and 218. In the present alternative embodiment, the
number of power supplies has been reduced to power supply 200. ‘Additionally,
valves 202, 204, 206, 208, 210, 212, 214, 216 and 218 are preferably on/off valves
used to control the flow of electrolyte 34 onto wafer 31. Furthermore, valves 202,
204, 206, 208, 210, 212, 214, 216 and 218 are disposed symmetrically on bar 242 to

facilitate a more uniform electropolishing process.

35.



densities to cathodes 1, 2 and 3. For exanple, the current applied by power
supplies 30 woba@034i¢€ and 11 can be set proportional to the.spefaseotssea of

waf er 31 that
surface area of
cat hode 2, power 'sup
| prociss Steps oarebe suitablyreatpioyed te saedtivelysléctiopolishqumtidns ofovafen| | ed

supply 12.

is covered by the correspondi ng cat hodes. Accordingly, if the

[ t covered
"B} e e pE it EARBARn aécEribdl e MBRollolihg OO

to facilitate a nore uniformetching of the surface of wafer 31. It should
15. W0 00753426

PCT/ US99/ 15506 be ( gogni ze
facilitate a nore

12 and 11 can be

200;1 nci pl e can al so be used to
?ectroppl at | ﬁg Eof the surface of wafer 31. In

| forme
accordanc® with anot her aspect of the present invention, power supplies 13,
erated in DC (i. cur,rent) atively,
can be SRS 50 RuRns 1 NGEE S AR By ¥ R

power 5

nodes. For exanple,

10

15

20

25

30

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

vmth

on valves 202 and 218, such that electrolyte 34 only contacts
the portion of wafer 31 above valves 202 and 218. In this
manner, metal layer 121 (Fig. 1A) on the portion of wafer 31
above valves 202 and 218 is electropolished;

When metal layer 121 (Fig. 1A) reaches a set value or

thickness, turn off power supply 200, LMFC 55, and valves
202 and 218,

Repeat steps 1 to 3 for valves 204 and 216;
Repeat steps 1 to 3 for valves 206 and 214;
Repeat steps 1 to 3 for valves 208 and 212; and

Repeat steps 1 to 3 for valves 210.

During the above described polishing process, power supply 200 can be

operated in DC mode, or in a variety of pulse modes, as shown in Fig. 8. Also, the

power supply can be turned on after turning on pump 33 and valves 202 and 216, or
204 and 214 or 206 and 212, or 210. i
In addition to selectively electropolishing portions of wafer 31, using the

present alternative embodiment described above, the following process steps can be

employed to electropolish the entire surface of wafer 31 at one time:

Step 1:

Turn on power supply 200;
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reference to Figure 8, power éupplies 13, 12 and 11 can be operated using a
bi pol ar pul w0 oaro3weeli fi ed Si ne-wave, uni pol ar pul se, pul se r @¢angH9/15506
pul se-on- pul se, duplex pul se, and the Iike Power supplies 13, 12 and 11 ~

can al so be oper aggg sl n ConpiAR, tanffl9alvEO 6, 204, AR 609 109p,, and a

conbi nation of constant current no e an const ant vol t age node.
reference again to Fig. 7B,2H, Ilﬁmnilﬁﬁchmhthzhe&(cuelyltd%tgntamsntmﬁamﬂjer 31
about the z-axis. In this nner, el e(itropol i sh can be

achi eved across the surface F“%st a@lareq#\yeﬁfrg »88%nt exenpl ary

enbodi ment, drive mechanism 30 rotates wafer 31 about the z-axis at
approxi mately 10 revol uti ons per 15 m nute to approxi mately 100
revol uti égns per nStepse, anﬂmefﬁpwﬂﬂrwpplya%mdﬂbvalmhmmnﬁlmer m nut e.

As depicted in Fig. 7A, cat 2. and e subst | rin
shape. Accordingly, with ré 'E‘éﬁ?‘gﬁséééatcbeﬁﬁe% %ﬁ @ﬁ gsé’fi%?gg%% above
sections 112 and 114 are |i¥g) ¥13,21882 /@039 ch&béﬁﬂ‘ﬁédéﬁ'ﬁfﬁ@er&ﬁﬁﬁie%y than
the areas of wafer 31 above 20  'sections 1iil, 113 and 115 (i.e., those
sections containing a cat hom@)ijustthe&mdhlessmﬂmnpymfmw lagrer 121 QEighbA) sm 30
suitably oscillates wafer 31 i th‘ x and y
10
With reference now to Fig. 25, still another alternative embodiment of the
present invention, according to various aspects of the present invention, is shown. The
embodiment of Fig. 25 is similar to that of Figs. 24A and 24B, except that all valves
are disposed on bar 242 at different radii on bar 242 to facilitate a more uniform
15 electropolish. |
Using the present alternative embodiment described above, the following

process steps can be suitably employed to selectively electropolish pértions of wafer
31:

20 Step 1: Turn on power supply 200 (Fig. 24B);

Step2: Turn on pump 33 (Fig. 24B), LMFC 55 (Fig. 24B), and drive
| mechanism 30 (Fig. 24B). Turn on valve 218, such that
electrolyte 34 only contacts the portidn-of wafer 31 above valve
25 218. In this manner, metal layer 121 (Fig. 1A) on the portion
of wafer 31 above valve 218 is electropolished;

Step 3: When metal layer 121 (Fig. 1A) reaches a set value or

. thickness, turn off power supply 200 (Fig. 24B), LMFC 55
30 (Fig. 24B), and valves 218;
Step 4: Repeat steps 1 to 3 for valve 204,
. Step 5: Repeat steps 1 to 3 for valve 216;
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directions. Alternatively or in addition to oscillating wafer 31, as

depi cted in Wiogiwn3fe to 9D, polishing receptacle 100, sectio

107, 105, 103 and 101, and cathodes 1,2 and 3 can be forned :ﬁ%ﬁ?&ﬁiukﬁﬁ
non-circul ar shapes, such as triangles, squares, 25 rectangl es, .
pentagons, polygons, ellipses, and the like. In this nanner, the polishing
current distribut |g§e},§an be@ﬁgit%&@glqygf&wammhg@urface of wafer 31 as
wafer 31 is rotated about the z-axis. Electrolyte 34 returns to electrolyte
reservoir 36 through outlets 5, 7 and 9, SU|tany formed in sections 112,

114 and 116, respeg ely | S it ably placed
bet ween the outle ’ypurrp ?ff‘%ﬁﬁcf 28?53?5& Vefszég%% ?’li:}ém?zll I | ow
el ectrolyse 34 to | eak back rtgpestivesfl.r ol yte reservoir 36 when LMFCs 21, 22,

and 23 are closed. Additionally, a heater 42, a tenperature sensor 40, and
a heater controller 44 suitably control the tenperature of electrolyte 34

o0l Fsher 50" and oIEbksng s fbscribey BRER L prSagE ol sty 200RL 2488

can be operated in DC mode, or in a variety of pulse modes, as shown in Fig. 8.

Additionally, the electroplating sequence can be started from the center of wafer 31 to
10  the edge of wafer 31 without deviating from the spirit and/or scope of the present
invention.
In addition to selectively electropolishing portions of wafer 31, using the
present alternative embodiment described above, the following process steps can be

employed to electropolish the entire surface of wafer 31 at one time:

15
Step 1: Turn on power supply 200 (Fig. 24B);
Step 2: “Turn on LMFC 55 (Fig. 24B) and all valves 204, 206, 208, 210,
212, 214, 216 and 218, such that electrolyte 34 contacts
20 substantially the entire surface area of wafer 31; and
Step 3: Turn off power supplies 200 (Fig. 24B) and all valves when the

film thickness reaches a set value. Also, valves 202, 204, 206,
208, 210, 212, 214, 216 and 218 can be turned off at different
25 times to adjust the thickness uniformity of metal layer 121 (Fig.
| * 1A) on wafer 31 (Fig. 24B).’

With reference now to Fig. 26, yet another alternative embodiment of the
present invention, according to various aspects of the present invention, is shown.
30 The embodiment of Fig. 26 is similar to that of Fig. 25 except that an additional bar -
has been added to form a cross shaped bar 244. Valves 202, 218, 204 and 216, 206
and 214, 208 and 212 are placed symmetrically on the horizontal portion of bar 244
(as depicted in Fig. 26). Similarly, valves 220 and 236, 222 and 234, 224 and 232 are

- placed synnnétrically on vertical portion of bar 244 (as depicted in Fig. 26).
38.
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operat ed at W@%{Qéﬂétl ng tenperature of about 15 degrees Cel sPOBUSYH/EBSUL _
60 degrees Celsius, and preferably at about 45 degrees Celsius. Wth
reference to Additionhily, d&ﬁi@ﬁfcteaJinF Sslﬂaabhbﬁeﬁéxendﬁmﬁﬁlpsﬂﬂﬁdoﬁ'meﬁbl od of
time (i.e., an el ectro O|IShIn | me period until netal_ l|ayer 121 is
rermoved fr omdisposaskatdi 31}12@3 o8 on {ke vertiqah pertion of bapgdd.ns vm'thi n

trenches 125 (as F t he
requisite el ectrogg éﬁggrésgntr%tgrggé@) &ﬂgﬁ&% ’gdr%%%‘ﬂ@?@i‘/@fr?@?g’d‘? ng t he
out put vol t aggoceBéistepy daiibe s@ii:ab@ﬁ&ﬁployed)w seRetively eletrepudish portidms of wafer
particularly, the resistance of barrier layer 122 is typically
significaftlylgreater than nmetal |ayer 121. For exanple, when barrier |ayer
122 10 includes titanium titaniumnitride, tantalum tantalummnitride,
tungsten, or tungsten- nitride and metal layer 121 includes copper, the
resi stance of barrgtey 1! ayer Tuzg oh powsisupply 2004Bigu24By to about 100 times
greater than the resistance of metal layer 121. Accordingly, the potenti al
measured fromedge to center of wafer 31 after polishing netal |ayer 121

away from the non-&rgnch poriipBs nihp43i@ig. 348), im 95 (Figh A8y, A4 drive
10 mechanism 30 (Fig. 24B). Turn on valve 218 and 202, such
that electrolyte 34 contacts the porfion of wafer 31 above
valves 218 and 202. In this manner, metal layer 121 (Fig. 1A)
on the portion of wafer 31 above valves 218 and 202 is

electropolished.
15 |
Step 3: When metal layer 121 (Fig. 1A) reaches a set value or
thickness, turn off power supply 200 (Fig. 24B), LMFC 55
(Fig. 24B), valves 218 and 202;
20 Step 4: Repeat steps 1 to 3 for valves 220 and 236;
Step 5: Repeat steps 1 to 3 for valves 204 and 216;
Step 6: Repeat steps 1 to 3 for valves 222 and 234; and
25 | | . - |
Step 7: Repeat steps 1 to 3 for valves 206 and 214, 224 and 232, 208

and 212, and 210 only, respectiirely_. '

During the above described polishing procese, power supply 200 (Fig. 24B)
30 can t;e operated in DC mode, or in a variety of pulse modes, as shown in Fig. 8.
In addition to selectively electropelishing portiens of wafer 31, using the
present alternative embodiment described above, the following process steps can be

employed to electropolish the entire surface of wafer 31 at one time:
\
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15 before polishing. As such, as detailed in the table below w th

reference toybigghssadA 7B and 10, by conparing the .output VO'P‘!ﬁﬁ?sé ower
supplies 11, 12 ané 13, the portions of netal |ayer-121 above Wwa ?,?%ffp o=
| f

whi ch have been rgnoved can,be -suit abl e .ned...20 TABLE 1 1.
V[err] (Voltage oP*Bdver sugwnl%weéﬁé’pglfé&i?‘%%ﬁage of power supply 12)

are small in value, and V[err] (Voltage of power supply 13) is large in
val ue, then netal layer 121 on wafer 31 above cathode 1 has been renoved,
25 2. | f V[ err$tep2:smal | Thm onspump 35d6g. \48), IMEGS\(Fig. 2HB)randlallr ge i n

val ue, then netal |ayer 121 _gn e e 3 b
renmoved. Additionally, met aVa]V?I%A” %"558@3’% %@?hg@éﬁé, %@%@%Zr%ved.
However, 4he condition of neizlazhanEn36l dicHfatiidctiol?d 34 BaNonfiicitode 30
1 is unknown. Therefore, the follow ng additional conditidns can be

consul ted to deternine the sahstintialiythe entinesuifadeayeof wafer 3k andf er - 31

Step 3: Turn off power supply 200 (Fig. 24B) and all valves when the
" thickness of metal layer 121 (Fig. 1A) reaches a set value. All _
10 valves 204, 206, 208, 210, 212, 214, 216, 218, 220, 222, 224,
232, 234 and 236 can be turned off at different times to adjust
the thickness uniformity of metal layer 121 (Fig. 1A) on wafer
31 (Fig. 24B).

15 With reference now to Figs. 27A, B, and C, three additional alternative
embodiments of the present invention, according to various aspects of the present
invention, are shown. The embodiment of Fig. 27 A is similar to that‘ of Figs. 24A and |
24B except that, in the present alternative embodiment, three bars are used. The angle -
between two adjacent bars is preferably about 60°. The embodiment of Fig. 27B is

20  similar to those of Figs. 24A and 24B except that four bars are used. The angle
between two adjacent bars is preferably about 45°. The embodiment of Fig. 27 Cis
similar to those of Figs. 24A and 24B except that half of a bar is used. It should be
recognized, however, that any number of bars can be used without deviating from the
spirit and/or scope of the present invention. Additionally, the adjacent bars can be set

25  at various angles again without deviating from the spirit and/or scope of the present .
invention.

In the alternative embodiments described thus far; the eleciropolishing :
sequence can be started from valves close to the periphery of wafer 31, or started from
the center of wafer 31, or started randomly. Starting from the center of wafer 31 is

30  preferred since the non-polished metal layer 121 (Fig. 1A) (with larger diameter) can
be used to conduct current for polishing the next portion of metal layer 121 (Fig. 1A)
(with smaller diameter).- ..

With reference now to Figs. 28A and 28B, still another alternative

embodiment of the present invention, according to various aspects of the present
40.
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above cat hode 1: 17. WO 00/ 03426 :
PCT/ US99/ 1550¢y0a0/03426! f V[err] and V[err] are close to each oti@fmgﬁll\ggkue,
then netal layer 121 on wafer 31 above cathode 1 has not been renoved

o VIO S S, S5 BRI SR 59" 260 e 184 Wit AERD, R ??foﬁ;'g%yeé
I err], VI egp amB/eeepd thavposition diked Ralved 202, 20412062080 10,210( 214 216N

wafer 31 above cat hode 3 has been renpved. However, the condltlon of netal

layer 121 on weafdd Ségvaméeﬂa@qd&aéyop@mblfmg 25hidMgped W&We 10
condi £1 on of futrped &0RentRRRL b1 PRy olC i S chff el HfigH b ot
Verr], Viarr ]34 \MGWableajéte 28 alsb sit o BuiteWar 250)and csm meveislong kX dixeation
as shown in Figs. 28A and 28B. Additionally, in the present exemplary embodiment,
fresh electrolyte is supplied through flexible pipe 258.
Using the present aiternative embodiment described above, the following

process steps can be suitably employed to selectively electropolish portions of wafer .

10 31:
Step 1: Turn on power supply 200;
Step2: Tum on pump 33, LMFC 55, and driving mechanism 30. Turn
15 on valves 356, such that electrolyte 34 only contacts the
portions of wafer 31 above valves 356. In this manner, metal
layer 121 (Fig. 1A) on the portions of wafer 31 above valves
356 are suitably electropolished;
20 Step 3: ‘When metal layer 121 (Fig. 1A) reaches a set value or
thickness, turn off power supply 200, LMFC 55, and valves
356; . .
. Step 4: Move cathode jet 254 to the next position; and
25
Step 5: Repeat steps 1 to 4 until metal layer 121 (Fig. 1A) has been

electropolished from wafer 31.

With reference now to Figs. 29A and 29B, yet ancther alternative embodiment
30 ofthe present invention, according to various aspects_.of the prés_ent invention, is
shown. The embodiment of Figs. 29A and 29B is similar to that of Figs. 28A and 28B
_ excLept tﬁat two. additional moveable cathode jets are added in the Y direlction. in order”
to increasing polishing speed. However, the process sequence is similar to that of
Figs. 28A and 28B. | _
35 With reference now to Figs. 30A and 30B, another alternative embodiment of
the present invention, according to various aspects of the present invention, is shown.
The embodiment of Figs. 30A and 30B is similar to that of Figs. 28A and 28B except
that wafer 31 is immersed into electrolyte 34. Moveable jets 254 are disposed

adjacent to wafer 31 to focus polishing current on a specific portion of wafer 31. In
41.




|l ayer 121 on wafer 31 above cathode 2 and cathode 1 have been 15

renoved; b. err] and V[err] are apart each other .in g}\ and
Febpss Fopifsondssts,,

V[err] and are close each other in value, then net al” .
~ wafer 31 above cathode 2 has been renpved. Additionally, netal |ayer 20
121 on waf er tiBIprassgaltcrnativs gmbediment, the gaphehivecamonegbledet 254 mﬂwﬂé-’rl] and

V[err] are cl ' | Ly r rt each
ot her in val ﬁ%?g? ﬁ‘gﬁglﬁ%@gﬁ?%@équﬁ@l%ﬁé%égé@@¥ a ov%{g%aﬁdo@rg?%gtggnot been
renoved. Addiabéwiriahillimeter:t Apaihajie prodéss sequence is similar to that of Figg128Wandif er 31

above cathode 1 has been renoved; or d. If V[err] and V[err] are close
to V[err] i n28Bl ue, then metal | ayer 121 on wafer 31 above cathode 1 and 2

are has ngt been Wﬂ??ﬁ%ﬁ“%&‘@ﬁF’igﬁ?3m%83gﬁs§dﬂ£‘%ﬁ}e?gﬁ%ﬁg?}‘>4 err], Vierr]

and V[err] were descr el ng~lTarge and/or sna oul d be
recogni zed, lenibodiadent bfthe ptdsenttinvention,acgmrdingdo sanidus aspetts oflthe pregertnd not
nmeant to relate to any partijcul ar vol tages. For examl e, vm?on%\afgerr,] and

c :
Verr] are d&pfiends $o8de The emodimentofiings. 9faang 34 ds symdler oki¥gs in
conpari son t @oX[ 41308 ekSept that fresh electrolyte 34 can be delivered through pipe 260

instead of moveable jets 252 and 254 through flexible pipe 258. Wafer 31 also can be

10  immersed in electrolyte 34, and moveable jets 252 and 254 can be disposed adjacent
to wafer 31 to focus polishing current on a specific portion of wafer 31. In the present
alternative embodiment, the gap between moveable jets 252 and 254 and wafer 31 can
be in the range of about 0.1 millimeters to about 5 millimeters, and preferably about 1

millimeter. Again the process sequence is similar to that of Figs. 28A and 28B.

15 With reference now to Figs. 32A, 32B, 32C and 32D, four additional
alternative embodiments of the present invention, according to various aspects of the
present invention, are shown. Fig. 32A shows a moveable jet, which‘ preferably
includes cathode 252 and case 262.-Case 262 can be suitably formed from an insulator
material, such as Teflon, CPVC, PVDF, Polypropylene, and the like. Fig. 32B shows

20 amoveable jet consisting of cathode 266 and case 264.- Electrolyte 34 can be
delivered through a hole suitably formed at the bottom of case 264. Fig. 32 C shows a
moveable jet, which preferably includes cathode 262, electrodes 274 and 270,
insulator spacer 272, case 262, and power supplies 276 and 268. Electrode 274 can be
suitably conneéted to the negative output of power supply 276, and electrode 270 can

25  be connected to wafer 31. In abcordénce with one aspect of the present invention,
electrode 276 preferably traps metal ions flowing .ou't of case 262, therefore reducing
film buildup in the area outside of case 262. Additionally, electrode 27 0 pfeferabiy
prevents electrical field leakage from electrode 276 to minimize etch effect. The
embodiment of Fig. 32D is similar to that of Fig.32C, except that the case 264 has a

30 hole at the bottom for electrolyte 34. o

With reference now to Fig. 34A, 34B, 34C and 34D, four additional
alternative embodiments of the present invention, according to various aspects of the
present invention, are shown.  The embodiment of Fig. 34 A is similar to those of

Figs. 28A and 28B except that three bars are preferably used. The angle between two
42. |
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18. WO 00/ 03426 : .
PCT/ US99/ 15596 oahd4deed to above, Vierr] and V[err] could be ascwiusddnssve _
about 50 to about 100 tinmes smaller than V[err]. In this manner, by B

referring to f.he above tabl t o .
addi ti onal e‘l“bﬁep ?}'\Flggh?‘?ﬂ%fe&%%?%@ugg:ﬁ t Q%F\éﬁl%g?%%nn %fé‘fgﬂg.cgg]ﬁ \?\ng##ﬁ%%to
described 5 thokbfFigh.28ACHIAIBE éx@ept thdt fowlrtbatt dre predérably usedhOTheragle of t he

present invention, nonitors can be sujtably configyred to,meaSL%re t he

vol tage and eetweemtwqadigqentars gandiearelsmblinabayb g hodiment of 3.4 13.

Thi.s data can be.,sui I ' Ft?]ﬂtt IAGR: can ‘
I ncl ude the ’éﬁb%ﬂﬁSéﬁééet%gg{g%éé ecﬁrg)f]clgg or%qﬁ@%%sgﬁﬁgﬁ%‘%ﬂe above
tabl e cams begiptdBerbcasiizel thitesly namber eftREn@n betempldyedtwitnut detiatigge 10
medi um such as on magnetic tape, nmagnetic di sk, ,rrpac]t{y di sk, and the
like, or in ﬁmmatppsmptM@S@pmeﬁtbﬁp@swéw@etlmbuéa&&gn% » 81Y TR adjaeantd

circuit, me B cgrp Bg Sep%gedtlﬂﬁany desired angle without deviating from the spirit and/or
scope of the present invention. The embodiment of Fig. 34D is similar to those of
Figs. 28A and 28B except that the straight bar is replaced by a spiral bar.

10 With reference now to Fig. 35, two additional altemative embodiments of the
present invention, according to various aspects of the present invention, are shown.
The embodiments of Figs. 35A and 35B are similar to those of Figs. 28A and 28B
except wafer 31 can be positioned upside down and vertically, respectively.

With reference now to Figs. 36A and 36B, another alternative embodiment of

15  the present invention, according to various aspects of the present invention, is shown.
The embodiment of Figs. 36A and 36B is similar to that of Figs. 14A and 14B except
that all cathodes are replaced by one-piece cathode 8. In the present‘altemat.ive
embodiment, cathode 8 can be suitably connected to single power supply 11.

 Using the present alternative embodiment described above, the following

20  process steps can be suitably employed to selectively electropolish portions of wafer

31:

Step 1: Turn on power supply 11;

25 Step2: Turn on LMFC 21 and valves 82,83, and 84, turn off LMFCS
22, 23, 24 and valve 81, such that electrolyte34 only contacts the
portion of wafer 31 above sub-polishing bath 66, and then flows
back to electrolyte reservoir 36 through the spaces between

' section walls 100 and 103; 103 and 105, 105 and 107, 107 and

30 109. In this manner, metal layer 121 (Fig. 1A) is
electropolished from the portion of wafer 31 above sub-
polishing bath 66; - :

Step 3: When metal layer 121 (Fig. 1A) reaches a set value or thickness,
35 _ turn off power supply 11 and tum off LMFC 21; '

Step 4: Repeat steps 1 to 3 for LMFC 22 (turn on LMFC 22, valves 81,
83, 84, and power supply 11, and turn off LMFCS 21 23, 24,
valve 82); ' —

40 e _ This Sheet Has Been Replaced |
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li ke. The control system can then execute appropriate commands to continue .
or to stop t ropolishing of a particul ar- portion of

shoul d be re@(;bgo‘ral}loggeig that the control system descri bed abov\éval{:':gllfﬁ"%é’lS'J’oEi -
integrated into an appropriate 15 conput er_system whi.ch can bhe a
conponent of a wa?t@?g)él ect rRppsHtstars A Jo 8 don LMER 235w oa 1VF (y73e walyes 81,
described bel ow. Additi onal82y84,jand pawer supply HppedarmeEdMRGSR}e22, 24hat
various techni ques can be ukalv¢ &) andt er ni ne the appropriate

el ectropolishing tine period. For exanple, as will be described in greater
detail befow in cSwy éncti orRepeitisteps 1ab BdorTMPO24q(0lra GinEMFC 240 valvesgisor S
can be used to neasure the 82)B3}en@pewer supplyall, kityein SFLMFCS 21129 ag Waf er

31 (Fig. 1A and Fig. 7B). Qg,t,g[gm‘l,é/g%, wi'th reference to Fig. 53, an
end- poi nt detector system can be suitably enployed to determ ne the

appropriate electropolishing time period. In accordance with an exenplary
enbodi ment, th asured.electrical resistance.from 2 dge to edge of
waf er 31 (Fi &&ff;?ovt‘s SEmP BE PrRSeSpiBsisE P%Rcéls‘a@agﬁmﬁmwﬁwg As
depi ctedjgn GiaGer 3330 titchff ofWakRIE (RE 'sﬂfrngrﬁfsro%aﬁ!b@ggff?%géd SiGenttio ON

wafer .31 (Fig. -1A) 1s reduced due to electropolishin e electrica
resi st ance npesphesy of cambe performed randomly choosing various cathode sequences.

In addition to selectively electropolishing portions of wafer 31, using the
present alternative embodiment described above, the following process steps can be
employed to electropolish the entire surface of wafer 31 at one time:

15
Step 1; Turn on power supply 11;

Step 2: Turm oﬁ LMFCs 21, 22, 23 and 24 and turn off valves 81, 82,
83 and 84. The flow rate of electrolyte 34 ﬁ‘om each LMFC
20 21, 22 and 23 can be suitably set proportionate to the surface
érea of wafer 31 covered by the corresponding cathode; and
Step 3: Turn off power supply 11 and LMFCs 21, 22, 23 and 24 metal
_ , .layer 121 (Fig. 1A) reaches a set value or thickness. Also,
25 power supplies 11, 12 and 13 can be turned off at different
times to adjust the thickness ﬁnifoml_ity of metal layer 121 (Fig.
1A).

LMFCs can be turned off at different times in order-to adjust the electropolishing film
30 thickness uniformity as shown in Fig. 37. At time t,, only LMFCs 21, 23, and 24 are
turned off, and valves 81, 83, and 84 are also turned off. Therefore, electrolyte 34
does not contact wafer 31 except fbr the portion of wafer 31 above sub-polishing bath
64. As the power supply 11 remains turned on, metal layer 121 (Fig. 1A) can be -
suitably electropolished from the portion of .wafer 31 above sub-polishing bath 64. At
35 timet; LMFC 22 is turned off.  Similarly, LMFC 24 is turned on at time t; and turned

AR
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edge to edge of wafer 31 (Fig. 1A) ‘increases. Accordingly, the appropriate

time at whi GRolgosbepP €l ectropolishing is preferably around t
whi ch t he neasured 30 el ectrical resistance fromedge to eggg‘/ﬁ%%?gr

changes rapidly. Wth s eclflc r rence to Fi 3 t -
near tO aEd P ??H@tf ‘ﬁ‘s&f’gl@peﬁ}qnﬁﬂg‘{”ﬁ%‘g%égmﬁoﬁ% E’J’Jgggi 8;1,
meani ng t hat iafld t,/dh @R ﬁ,ﬁfeb f
nmetal |ayer Eé@%lﬂﬁeé{:aﬂe\nthl r?a'ﬁlench 125 Fs;al 1B) g&?giﬁagsﬁggﬁrggvﬁi hg

| evel of barri er .Wiglerefar@cemowyo Fig) 38 Atamd 38 aother elteroative cal | ed t he
under -

PCT/ US99/ 1556@\Qom?g9ﬁ‘§° PERsPR inventionyancoriing to varions aSpert oftbs PrEsElt 1) has
not been gnt F]ﬂe rﬁoﬁ SRR, FTHR Enfhoingdik 6F Figh BN arkPiBH f5isimildrAb R4t o Fi@s 126

(Fig. 1A). esi stance signal can be sent to a conputer, which can then
send the appfapandiBexseptthat alkcathodes arh gomnscted o sigglemowss supply 11. Since the

electrolyte only contacts the portion of wafer 31 being selectively electropolished, a

majority of the polishing current will-come from the cathode and go to that portion of

wafer 31. The polishiﬂg process steps are similar to those of Figs. 7A and 7B, with
10  power supply 11 replacing power supply 12 and 13.

With reference now to Figs. 39A and 39B, yet another altenative embodiment
of the present invention, according to various aspects of the present invention, is
shown. The embodiment of Figs. 39A and 39B is similar to that of Figs. 38A and
38B except that section walls 101, 103, 105, 107 and 109 can move up and down to

15  adjust the flow pattern. As shown in Fig. 41, section walls 105 and 107 are moved up,
so that the electrolyte flows toward the portion of wafer 31 above section walls 105
and 107. - '

Using the present alternative embodiment described above, the following

process steps can be suitably employed to sel'ectively electropolish porfions of wafer

20 3L .

Step 1: Turn on power supply 11;

Step2: Turn on LMFC 21 only and move section walls 101 and 103
25 close to wafer 31, such that electrolyte 34 only contacts the

portion of wafer 31 above section walls 101 and 103. In this
manner, metal layer 121 (Fig. 1A) on the portion of wafer 31
above section walls 101 and 103 is suitably electropolished;

30 Step 3: ‘When metal layer 121 (Fig. 1A) reaches a set value or
thickness, turn off power supply 11, turn off LMFC 21, and
move section walls 101 and 103 to a-lower position;

Step 4: Repeat steps 1 to 3 for section walls 105 and 107, using LMFC
35 22 and section walls 105 and 107, respectively; and
Step 5: Repeat steps 1 to 3 for section wall 109, using LMFC 23 and

section wall 109.
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5 . Wth reference to Fi gs. 7A and 7B, using the exenplary enbodi ment

of- the presegh tion described above, the foll ow ng proc an
be enpl oyed t_g)og}g?{égt ively el ectropolish portions of wafer 31: é‘?gegg'?%og -

Turn onpower supply 13; 10 Step 2: © Turn on LMFC 23 only, such that
electrolyte 34 only contacts the portion of wafer 31 above cathode 1 to
el ectropolish netal |layer 121 (Fig. 1A) above cathode 1; 15 Step 3:

Turn of f power su . 4 . i of netal
steps (6] ént engt e process steps can be

supply 12; aﬁd Step 5: Repeat steps .1 to 3 fqor cathode 3 , using LMFC
21 and poher eBinyeg to electropglish) the satirespeface of Water 317 9Be HRSEr i bed

el ectropol i shing sequence of cathode 1, then

Step 1: Turn on power supply 11;
Step 2: Turn on LMFC 21, 22 and 23, and move all section walls 101,
10 _ 103, 105, 107 and tube 109 close to wafer 31. The flow rate of

" electrolyte 34 from LMFCs 21, 22, 23 and 24 can be suitably
set proportionate to the surface area of wafer 31 covered by the
corresponding cathode; and

15 Step 3: Move all section walls down to a lower position, and turn off
all LMFCs at the same time, then turn off power supply 11.
Each pair of section walls can also be moved down at a
different time, with power supply 11 on, in order adjust
thickness uniformity. For example, as shown in Figs. 39A and

20 39B, section walls 105 and 107 are being kept at higher
positions with LMFC 22 on. Wafer 31 will be selectively
electropolished in the area between section walls 105 and 107.

With reference now to Figs. 40A and 40B, another alternative embodiment of
25  the present invention, according to various aspects of the present invention, is shown.
. Figs. 40A and 40B illustrate an embodiment with multiple poWer suppliés and a
single LMFC for polishing metal layer 121 (Fig. 1A) directly on a substrate with a
barrier layer on top. The embodiment of Figs. 40A and 40B is similar tb that of Figs.
14A and 14B except that LMFCs 21, 22, 23 and 24 are replaced by a single LMFC
30 5s. - '
| Using the present alternative embodiment described above, the following
process steps can be suitably employed to selectively electropolish portions of wafer
31:

35 . Step I: Turn on power supply 11 to output negative potential to
electrode 4, and turn on power supplies 12, 13, and 14 to output
positive or zero potential to electrodes 3, 2, and 1, respectively;

Step 2: Tumn on LMFC 55, thereby immersing the whole wafer into
40 electrolyte 34. In this manner, metal layer 121 (Fig. 1A) will
- be polished away only from the portion of wafer 31 above
cathode 4;
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cat hode 2, and t hen céthode'S, t he el ectropolishing sequence can also b

foll ows:

1) wothesies 3,

t hen

cathode 2, and then cathode 1; 2)pcRtb®nes.

then cathode 1, and then cathode 3; 3) cathode 2, then cathode 3, and t

cathode 1; 30

5) cat hode

L Uhegon

portions of vvafer
uniformy fromwafer 31,

exanpl e,

00/ 03426 5

havi ng a di aneter of 300 ni oiiputpasitivemoteptisbiosathofe 31 and povess suppliesddext |,

t he present

Step 4:

4) cathode 3, then cathode 1, and then cat hode 2;

t hode
nmet al

er %Fd‘qi A)Zrea es {rlé({)&%)y| EO|eIS
e b gy L. 1 CCEHRLT oo

rge d| amater waf er .

|nvent|on can be used W|th a wafer 31 20. WO

e as

hen

or
hi ng -
nor e
For

Repeat steps 1 to 3 for cathode 3 (turn on power supphy kDt 15506

a

uni form el ectropol i sh ref er 43tand &4 excoutpytaiegativierpptemtinkio cathodes#4, 2 amd 1)et al
121 is renoved

| ayer
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Step 5:

Step 6:

Repeat steps 1 to 3 for cathode 2 (turn on power supply 13 to

output positive potential to cathode 2, and power supplies 11,
12 and 14 to output negative potential to cathodes 4, 3 and 1);
and

Repeat steps 1 to 3 for cathode 1 (turn on power supply 14 to
output pesitive potential to cathode 1, and power supplies 11,
12 and 13 to output negative potential to cathodes 4, 3 and 2).

Fig. 41 shows the power supply turn on/off sequence for polishing wafer areas

4 (above cathode 4), 3, 2, and then 1. The power supply output wave form can be

selected from a variety of wave forms such as a modified sine-wave form, a unipolar

pulse, a pulse reverse, a pulse-on-pulse, or a duplex pulse, as shown in Fig. 42.

In the above selective electropolishing process, instead of electropolishing

from the periphery to the center of the wafer, electropolishing can also be performed

from center to periphery, or can be performed randomly by choosing an arbitrary

cathode sequence.

In addition to selectively electropolishing pdrtic;ns of wafer 31, using the

present alternative embodiment described above, the following process steps can be

employed to electropolish the entire surface of wafer 31 at one time:

Step 1:

Step 2:

Step 3:

Turn on power supplies 11, 12, 13 and 14. The current of each
power supply 11, 12, 13 and 14 can be suitably set
proportionate to the surface area of wafer 31 covered by the
corresponding cathode.

Tum on LMFC 55; and

Turn off power supplies 11, 12, 13 and 14 at the same time
when metal layer 121 (Fig. 1A) reaches a set value or
thickness. Also, power supplies 11, 12, 13 and 14 can be turned
off at different times to adjust the thickness uniformity of metal
layer 121 (Fig. 1A).
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to an approximately even thickness across substantially all of the .surface

- area of waf gfo3dmzsd 9eneral, in conventional electropolishipgq /5 t he
greater the 5 dianmeter of wafer 31, the greater the nonuni ?g_rr%)s?g g(#sth-e

el ectropol i sh. Fog.exapple, the areas, ,of wafer .31 near .the. center can be
over pol i shed whi I@‘ﬁf@%ﬁ?"ﬂ%’ g)&ﬁ'e”f%AST‘ A ,spﬁgn@ﬁa-e@tema%f er 31 can be
under pol i shegyp, Entc&f'ihég@'e%@idv&ti&! hecbRiihg'® VARbNS Apesthof AR piRAL i es

appl i ed across wafer 31 conventional el ectropolishing systens. 10

I n addition invergiingistshowhy Figsl 43 andyt3ibshovoasemodimentrof e apparatis whith

| nbogdi ment of t t, | ti on.descri b th
ol T bw g prBRHpLE B supslies B & ARk FRUFC SoRUEERE Bt InE NAT BRI T4 sur f ace
of wafer 531 cﬁf&éas:%gtsillgéﬁaye B3 @0E _Ihb%hbﬁiﬁla%igr 122 (FiEr M)Qh t8p! TREVET

supplies 11, 12 an ._As described above, . t he
current of ecmobodimertrofFigsHFA rad 43B isgimilatodhat of Figsu4Q4A Bnd 408 except that

proportionate f.o the surface area. of r v [ spondi ng
cat hode; St eﬁ?cé(.mw S mmo%%u&@ag@f%statﬁ%ﬂéglpeaksgx%a%gﬁnggg gﬁ:{&g'd above,
the 20 43A and 43B, section willsOM5'and @0Ptartheaabvad uf, o Gt fhe@Rctabie LMFC 21,

22 and.- 23 can :
flows toward the portion of wafer 31 above walls 105 and 107.

10 Using the present alternative embodiment described above, the following

process steps can be suitably employed to selectively electropolish portions of wafer

31:

Step 1: Turn on power supply 11;

15 .

Step2: Turn on LMFC 55 and move section walls 101 and 103 adjacent
to wafer 31, such that electrolyte 34 only contacts the portion of
wafer 31 above section walls 101 and 103. In this manner, metal
layer 121 (Fig. 1A) on the portion of wafer 31 above section

20 - walls 101 and 103 is suitably electropolished;
Step 3: ‘When metal layer 121 (Fig. 1A) reaches a set value or thickness,
. turn off power supply 11, and move section walls 101 and 103 to
a lower position;
25 _ :

Step 4+ Repeat steps 1 to 3 for section wall 105 and 107, using section
walls 105 and 107 and power supply 12; and

Step 5: Repeat steps 1 to 3 for section wall 109, using section wall 109

30 and power supply 13. '

In addition to selectively electropolishing portions of wafer 31, using the
present alternative embodiment described above, the following process steps can be
employed to electropolish the entire surface of wafer 31 at one time:

35 ’

Step 1 ~ Tumon power supplies 11, 12, and 13. The current through
each power supply 11, 12 and 13 can be suitably set
proportionate to the surface area of wafer 31 that is covered by
the corresponding cathode;

40
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be suitably set oportiondte to the surface area of wafer 31 covered b

t he correspdﬁ‘apwg“ t hode; and Step 3: Turn of f power sufSITY&¥9/155067 7
and 13 at the sanme time when 25 t he thickness

uni formity of net8tepl2ayer 1Pdm(da IMFCAS, ambmbesalhsestion wallad0br103h1@%ness.
Al so, power supplies 11, 121¢Nnghdlsdcttanwile10clostoofdferd];dndferent tines to
adj-ust the thi ckness uniformty of netal layer 121 (Fig. 1A). 30 In this

manner, the rate gf.menoval Tﬁlfn ébbersa%eslzllimﬂatftﬁeéﬂ%ﬁeweﬁns of

waf er 31 g£an be swePany co ¥ 18 gqh et al

| ayer 121 on wafer 31. Havinp g %gg %ﬂ:%&v&tsﬁ q ﬁ? ration of
s U 1 Lt

an exenpl ary enbodi nent, anbeél@1 i’ %ﬁlﬂ% { esDto Eftheri'l

context of a damascene 21.

-d

uniformity of metal layer 121 (Fig. 1A) _

10 With reference now to Figs. 44A and 44B, yet another alternative émbodiment
. of the present invention, according to various aspects of the present invention, is
shown. Figs. 44A and 44B show an embodiment of the apparatus with a single power
supply and single LMFC for polishing metal layer 121 (Fig. 1A) directly on substrate
‘ 123 (Fig. 1A) with barrier layer 122 (Fig. 1A) on top. | The embodimerit of Figs. 44A
15 and 44B is similar to that of Figs. 43A and 43B except that one power supply 11 is
" used, and all cathodes are connected to single power supply 11. Similarly, section
walls can move up and down to adjust the flow pattern. As shown in Figs. 44A and
44B, section walls 105 and 107 can be moved up, so that the electrolyte flows toward
the portion of wafer above wall 105 and 107.
20 ' Using the present alternative embodiment described above, the following
process steps can be suitably employed to selectively electropolish portions of wafer
31:

Step 1: Turn on power supply 11;
25
Step2: Tum on LMFC 55 and move section walls 101 and 103 close to
the wafer, such that electrolyte 34 only contacts the portion of
wafer 31 above section walls 101 and 103. In this manner,
. metal layer 121 (Fig. 1A) on the portion of wafer 31 above
30 section walls 101 and 103 is suitably electropolished; '

Step3: Whenmetal layer 121 (Fig. 1A) reaches a set value or
thickness, turn off power supply 11, and" move section walls
101 and 103 to a lower position;
35 -
. Step 4: Repeat steps 1 to 3 for section walls 105 and 107 (move section
walls 105 and 107 up close to wafer 31, and turn on power
supply 11); and

40 Step 5: Repeat steps 1 to 3 for section walls 109 (move section wall

109 up close to wafer 31, and turn on power supply 11).
_;_______’___’#_.__'__——-——
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WD 00/ 03426

PCT/ US99/ 155@60w031zess wi |l be described below. It should be PCFAISYP5506],
however, that such descri ption is not intended as a limtation on the use

or appl i cabi ddtisRn bRACBERAP i Portibhi of b, sl Mipeskad ! 0
enabl e a ful conpl et esc tion the present exenplary enbodi nment.
5 W ﬂmmrmdlmmdescnbed:a@ve,lthe fallowing progess stepe Aaree emploxpdr 121

is suitably forned o fer rec ormover trenches 125. ‘As
depicted in ¥ e°@R°P§/A@ﬁ°%tFFé @qeé)?ngl saio éa&m%ecesses 127 can remain in
the netal Iayer 121 fornmed within trenches 125. This can be due in part to
the original uneven topol ogy of net aI Iayer 121 depicted in Fig. 1A

Addi tionally, ove EE%I I.shi ngmgﬁlgn ito the 10 formation of recesses
éLﬁ? vmt]tn trenchf ! 5 The eX| ence récesses 127 can adversely affect
e performance of _t ondu Vi Ac in pr=Yo 127
having a recess deYeh 128 ‘E%P%ﬁﬁﬁgg’a@glﬂ q’?’%qﬁsl géff@ﬁ:m ly
consi dered undesi rabl e. 3of 409 Ep Lloss v ver, that the anount

of recess depth 128, mhlch I s acceptable, can vary dependlng on the
particul 8 appli cS8tdpch. ForMoee all mampWells down t@ loysr pesitionsaidhe same
sem conduct or device, a reaiss tebattin dff Bowér sappliesrid. Eachpaxrofsectlonwalls

can also be moved down at different times, with power supply
11 on, in order adjust thickness uniformity. For example, as
shown in Figs. 44A and 44B, section walls 105 and 107 are

15 being kept at higher position with power supply 11 on. Wafer

area above section wall 105 and 107 will have extra polishing
film on that portion. The extra polishing time length and
location can be determined by analyzing the thickness
uniformity of wafer through later film characterization.

20"

' With reference now to Figs. 45 and 46, two additional a.lterna!:ive
embodiments of the present invention, according to various aspects of the present
invention, are shown. Figs. 45 and 46 show _embodimenté configured with an in-situ
film thickness uniformity monitor. Sensors 500 can be ultrasonic type thickness

25 measurement sensors. Signal detected from sensors 500 is sent back to computer 502.
The in-situ thickness data can be used to adjust or control polishing uniformity and

final thickness.

With reference now to Fig. 47, another alterative embodiment of the present

invention, according to various aspects of the present invention, is shown. Fig. 47

30 shows an embodiment configured tobea stand-alone, fully computer-controlled
wafer-processing tool with automatic wafer transfer, cleaning module with wafer dry-
in and dry-out capability. It preferably includes five stacked polishing receptacles
300, 302, 304, 306 and 308, five staék_ed cleaning/dry chambers 310, 312, 314, 316
and 3-1 8, robot 322, wafer cassettes 320 and 321, electrolyte reservoir 36, and

35 plumbing béx 330. As described before, polishing bath 300 preferably includes a
plurality of cathodes, a plurality of power supplies, 2 plurality of section walls or
tubes, a wafer chuck, and a driving mechanism, which rotates or oscillates wafer 31

during the electropolishing process.- Electrolyte reservoir 36 preferably includes a
50.



than a few Angistroms can be acceptable. However, for a | ow cost
sem conduct owodems42e, a recess depth 128 greater t han 500 Angmt'r/ussmsm be
acceptable. In accordance with one aspect of the present invention, the.

el ectropolis a nt t he '
formati on of péngﬁ(%(taésses ﬁg{#s\%gﬁ% ?B%ﬁ%tééggi féﬁétﬂgiéicgfﬁe%?tégia er “t han about
500- Angst ronLMF(L’#}mNeS filtets, and:ﬂnmbingr éﬂmqaobshmgesgstangﬁnﬂm prafierablyduce

processi ng throughput. Accordin ccordance, with .anot her aspect of
the present FIFWM%F?GH‘“PHW%‘PM%%%M SpRPPHAE OPFFHRE SPIW AR RICKISS: can

be suitabl y aobpasHnbrobed sERALER IRERAN fhbowaO! i ng (CVP) process to

renove recesses gene processes can suitably produce a
pl anar 25 surface on wafer 31 with recesses 127 having a recess depth 128
bet ween afout 100 and about 500 Angstrons. Wth reference to Fig. 1B, as

descri bed above, tal |ay 21 is su i shed fr rier
| ayer 122 forned gEFFPnéS Wﬁf?fwafﬁhgsr%%ég adx%ajiycor V\ﬂ?%?‘%?lgﬁ!
undergoes a replating process to replate a sufficient anount of 30 nmet al
to fix recesses 127 (Fig. 1B), neaning that nmetal is plated onto netal

| ayer 121, which iStepfBr ned Seﬁectrﬁymﬁaadpn%nmhugon,lB) wi t hout replating
over barrler | ayer 122 on '

10 Step C: .~ Initialize the system using the control software, including
checking any and all system parameters, and monitoring for any

alarms existing in the system;

Step D: After completing the initialization, robot 322 picks up a wafer
15 from cassette 320 or 321 and sends the wafer to one of the
polishing receptacles 300, 302, 304, 306, or 308

Step E: Metal layer 121 (Fig. 1A) on the wafer is then electropolished;
20 Step F: After electropolishing, robot 322 ’picks up the polished wafer

from the polishing receptacle, then transports it to one of
cleaning/drying chambers 310, 312, 314, 316, or 318;

Step G: The electropolished wafer is then cleaned;
25 S )
Step H: The electropolished wafer is then dried using any convenient
drying process, such as spin-drying and/or N, purging; and
Step It Finally, the dried wafer is then transported to cassette 320 or

30 321 manually or by robot 322.

Fig. 48 shows the process sequence for polishing multiple wafers

simultaneously. The process sequence for polishing multiple wafers is similar to that

51.



mesas 126. Wth reference to Fig. 7B, as alluded to earlier, wafer 31 can

be suitablyweplessggl byreversing the polarity of power suppl pe%/ukdonskds and
13. In this rranner as 22. WO 00/ 03426 _

1 b
il e T R T e e

anot her st atunpiocebiedtwafers ranamnganmseuetnOm a2heftergpesss step 1t Iethereizent
i nvention, the netal |a 123, wi t.hin trenches 12&’9 \gn ch has_been
spd afals 2

repl ated, i SAOYRPregssspdYalerIemaming ip Gassetie32) or 324, q syytem wilbrefgnde)i t apl v
i zet sttéiﬁAR{g%&mgo cess. Qﬁ"é& RGoT Brpve rinkes 5l G20 Y

pl anari zed usi'ng ‘a he majority of netal
| ayer 123 uaxnpgodeb&edatxfmeﬂmmg meabseﬂtemm:mlﬁdriﬁﬂ]j thg systenedt retar 4o stepsnal |

amount of now needs to be renpved using CWVP, which reduces
OvelrJ al | pr 00‘@2%? }?‘],:Z L}pdge unprocessed wafer from the cassette and transports it to

one of the polishing receptacles).

Process step E can preferably include a two-process step, the first being to

selectively electropolish metal layer 121 (Fig. 1A) on the wafer, and the second being
10  to electropolish metal layer 121 (Fig. 1A) on the whole wafer simultaneously.

Instead of cleaning a wafer in one chamber, the eiearﬁng process can be
performed in different chambers. The cleaning process can also consist of several
steps, and each step can use different solutions, different concentrations of solutions,
or different hardware.

15 Instead of arranging five polishing receptacles and five-cleaning/drying
chambers, the number of poliehing receptacles and number of cleaning/drying

chambers can be varied from 1 to 10 as shown in the following table:

TABLE 4

20 . _

’ Type 1 2 |3 |45 |6 |7 1|8 ]9
No. of polishing receptacles 1 2 |3 (4|5 16 |7 1|8 |9

No. of cleaning/drying chambers |9 8 |7 |6 |5 |4 |3 |2 |1

In accordance with various aspects of the present invention, types 4, 5, 6 and 7 in the
above table are preferred _
With reference now to Fig. 49, another alternative embodiment of the present .
25  invention, according to various aspects of the present irnrention is shown. Fig. 49
~ shows an embodlment conﬁgured asa wafer—pohshmg tool. The embodiment of Fig.
49 is similar to that of Fig. 47, except that cassette 320 can be moved up and down by
arobot 323. The position of cassette 320 can be moved up and down to match the
position of the polishing receptecle or cleaning/dry chamber. Accordingly, robot 322

30  does not need to move in the Z direction when picking up an unprocessed wafer from
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10 Wth reference now to Figs. 3A to 3C, a wafer-processing tool.
301, accordiW@o¥e3Réri ous aspects of the present invention, PETAIRIMMS506N  an
exenpl ary enbodi nrent of the present invention, wafer processing tool 301

preferably icasdettd 820 ot putting ppolished int wafer byvklintslvassgtie 320.SInIAG; madwr, 304,
306 and 308,  cl eani ng ceéif glo 312, 314, 316 and 318, a CWP cell 324,
wafer cassetth@opsratin of 198 323 pen be suitably incr pot 322 begi ns by

transferring a wak&h e :

el ectropl ating/ el ect rop&ﬁw\ﬁ(}‘ﬁgo gigsf(?sgggﬁg@g; 3 ﬁ?’gg@g,gaﬁepé%m%he waf er
i s suitably present moaitmheabcmdlﬂtgmvmbad aspegteof thajare(s&ittgnvehﬁ)m Blekdéwnt he waf er
IS sui tabI y el ectropol ished to_re gtg# (11371 rombarrier |ayer
122 (Fig? 18 QB i} Fig ook i >F°Fl@b igq1 excepiithatrobetiZ2 127
(Figs 1B an 0 &rﬂ% f f

cl eani ng ceﬁfséﬁka%%g%nﬁéﬁaﬁ?%gg QFCS QBI b(?}!;t nékd ef&t?tg%??ﬂgféﬁggo

r obot 322 traatissfers the wafer to CNP cel |l 324 Wnere the netal |ayer 121 is

pl anari zed and b em)ve %%{[;) Robot 3 then
transfers the waf '§H§e5‘h"ét lgc é’ﬁ”ﬂj’ or 308
for the vaf gfredefit meexﬁtoﬁ,a&%@r&gm%hsﬁs b&é‘bfﬁ&e Pfemtm%%ohrleaﬁé S the

waf er to waf'er cassette 25 and begins agafn W th another wafer.
10  The embodiment shown in Fig. 51 is similar to that of Fig. 47 except that polishing

F'

receptacles and cleaning/drying chambers are put in one column. Compared with the
embodiment of Fig. 47, the foot print of the system is reduced, however wafer
throughput can be slower.
With reference now to Fig. 52, another alternative embodiment of the present
15 invention, according to various aspects of the present invention, is shown. The
* embodiment shown in Fig. 52 preferably includes three columns of polishing
receptacles and cleaning/drying chambers, linearly moveable robot 322, operation
screen 340, two cassettes stacked adjacent to each other, plumbing box 330, and
electrolyte reservoir 36. The polishing process steps are similar to those described in
20 Fig. 47. | o
Fig. 54 shows still another embodiment of apparatus for polishing metal layer
121 (Fig. 1A) in accordance with the present invention. The embodiment of Fig. 54 is
similar to that of Figs. 28A and 28B except that multi-jets are replaced by a single jet
255. Additionally, cathode jet 255 remains stationary while wafer 31 is moved along
25  the X-axis (left and ﬁght). More particularly, in the present exemplary embodiment,
cathode jet 255 injects electrolyte onto selected portions of wafer 31, while wafer 31
is rotated and moved in the X-axis substantially simultaneously by drive means 30
and guide bar 35. When wafer 31 is moved to the left side, cathode jet 255 injects
electrolyte on to the center portion of wafer 31. When wafer 31 is moved to the right
30 side, cathode jet 255 injects electrolyte onto the periphery portion of wafer 31. In
accordance with one aspect of the present invention, the rotation speed of wafer 31
can be kept at a constant rate during the polishing process. The speed with which

wafer 31 is moved along the x-axis can be varied from large to small as drive means

53.



It should be recogni zed, however, that various nodifications can be nade to
t he confi gurwbieg3@t wafer processing tool 301 without devi atpd¥gussnasiokhe
spirit and/or scope of the present invention. For exanple, the initial -

el ectropl ati =Y .1 shi f '

epar at o ool 18udMEs B SERErPRLbTOLDERES LMY Hinihe GthdijelBY PhifRfedbr

el ectropl at i #gferBd aRing tlhe AR i(VR) cx).beferpresdedak foljwat i ng, a sulfuric acid is
typically used. For electropolishing, a phosphoric acid is typically used.
Al t hough sul furic acid can be used for electropolishing, the resulting
surface can be non-uniform Simlarly, although phosphoric acid can be used
for electroplating, thg.res | rface can zyuniform A non-uniform
surface can 23. WO 86/ 03%@!&&&? A<y

PCT/ US99/515506 be accept abl e/f#(x + B2 T @RI N0 whacesg described above.
However, anon-uni form surface can be unacceptable for the initial plating
of netal layer 121. Accordingly,

Where C is a constant, x is the distance between center of wafer 31 and cathode jet
255 in the x-axis, and r the radius of liquid column made by cathode jet 255.

10 It should be recognized, however, that various modifications can be made to
the configuration of the wafer polishing cell without deviating from the spirit and/or
scope of the present invention. For example, the angle between wafer 31 and cathode
jet 255 can be kept at any constant angle, or the angle can be changed duriﬁg the
polishing process. The wafer itself can be placed at any angle relative to polishing

15  receptacle 100. In the embodiment of Fig. 54, jet 255 can be moved instead of
moving the wafer 31, or both the jet 255 and the wafer 31 can be moved to achieve
the same results. In the embodiment of Fig. 54, wafer 31 can be immersed in the
electrolyte, instead of Being contacted by the jet stream of the electrolyte.

As stated earlier, although the present invention has been described in

20  conjunction with a number of alternative embodiments illustrated in the appehded _
drawing figures, various modifications can be made without departing from the spirit
and/or scope of the present invention. Therefore, the present invention should not be

construed as being limited to the specific forms shown in the drawings and described

above.

This Sheet Has Been Replaced
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when a uniformsurface is preferred, the electroplating and

el ect ropol i sWORY/03426t he wafer can be. perfornmed-n _separate cePCEUSPYIF506 _
different. chem stries. Alternatively, 5 when el | and

el ectropolishing is perforned in the sgnams! |, t,mnﬂaﬂ@mm&lﬂ“ he
electrolyte solution within the cell can be varied. L amor the
repl ati ng process described above, a sulfuric acid solution can be added to
facilitate a, better_electro ' ' 0 ' t L Q. t he
processi ng stleps &W@Pﬁr&g e@éc%%hﬂjﬁ%@gt}%}a%}@@&{ %?%@T’_ gorljgblgsel?g %hdert h

ina flowchart fgfepgbf: It shoul d be recognized, however, that various
nodi fi cations can be nade to the steps_depicted in the flow chart in Fig.

2. FogI exgnp: e, tmprhieansletrpleontoafist poriayofithewaery| ating step, then
rin n d iqn.a batch ' ' 4D,
one al tornative & dPRIRATHERRR A Jo st pDoA@VE ElfSabRotianie b kel Th

31 is to etclpomesad fitsdyerionhdt i wafegrri er layer 122 fromwafer 31 using any
conveni ent etching process. _Accordingl ith reference to Figs. 6A to 6C,

waf er - processi ng @Mﬂ%@@&%f&%ﬁ@%%@%ﬁ@ﬁmfﬁga’é@l | 326.
Simlarly, wth reference:d Rifhifly clredt?s sill SREFGH %o cBSpRRhRE Hethi Y

waf er

10  layer from said at least second portion of the wafer.

2. The method of claim 1, wherein said polishing current is applied to said first

portion of the wafer independently from said second portion of the wafer.

15 3. The method of claim 2, wherein said polishing current is applied to a first
cathode disposed adjacent to said first portion of the wafer, and wherein said -
polishing current is applied to at least a second cathode disposed adjacent to said

second portion of the wafer.

20 4. The method of claim 3, wherein said polishing current is applied to said first

cathode and said second cathode at the same time.

5. The method of claim 4, wherein said polishing current is applied to said first
cathode and said second cathode in proportion to the surface area of said first portion

25  and said second portion of the wafer to facilitate a uniform electropolish of the wafer.

6.  The method of claim 3, wherein said polishing current is applied to said

second cathode after said current is first applied to said first cathode.

30 7. The method of claim 1, wherein said electrolyte is applied to said first portion

of the wafer independently from said second portion of the wafer.

8. The method of claim 7, wherein said electrolyte is applied to said first portion
- . and second portion of the wafer at the same time.
. et 55'



pr ocessi ng' tool 301 can be rmdifiﬂll l“! mww;&ﬂlletchi ng step. 20
I'n-the foll owogesescription and AWy Tigures, pEFiSdhss0s

al ternative enbodinents in .accordance with various aspects of the present~
invention will be described-and depicted. It should be recognized, however,
that these alternative enbodi nents are not intended to denonstrate all of
the various gyodi fTikxhetBE of ¥lkint B, Wikdteif Saidritetrblytd s applicistonhid fiveepirtion .

Rat her, these alternative 25 enbodi ments are provided to denonstrate only
some of the andgcondortion:ef the walataprapartiopals raje to faciitale e vgHOML i ng from
the spirit apd/or 0 e present invention. Wth reference now to
Figs. 11A anegg%g?ﬁﬁh&g}l?{évra%g’tive enbodi nent of the present invention,
according to various aspects of the present invention, is shown. The 30
enbodi nent of Figs. 11A and 11B is simlar to that of Figs. 7A and 7B
except that 10vFcsTheimethod gfelaim 7, whegein said elgeirolyts is gppliedfosaidrssppngdced by
LMFC 55 and . > L& | ment
val ves 51, é%%%ﬁ%@éga?&g?%fga?@gﬁei&éﬁ% ﬁfsﬁ%ﬁ;@i&%?& %aﬁ&eﬁ?ﬁtt ggvﬁlrogliggﬂgé et of
LMFC 55 can sfepr ef erably determ ned based on the status of each val ve as
fol |l ows: :

10- 11. The method of claim 1, wherein the wafer includes:
a barrier layer below the metal layer; and

a dielectric layer below said barrier layer.

12.  The method of claim 11, wherein a plurality of trenches are formed in the
15  wafer, said plurality of trenches extending into said dielectric layer, and said plurality

of trenches are lined with said barrier layer and filled with said metal layer.

13.  The method of claim 12, wherein said electrolyté and said polishing current
are applied to said first portion and said second portion of the wafer to remove the
20  metal layer from the wafer, except for the metal layer contained within said plurality

of trenches.

14.  The method of claim 13, further comprising the step of stopping said
electrolyte and said polishing current when the metal layer has been removed from

| 25  said barrier layer, but said metal layer contained within said plurality of trenches
extends no-more than 5 00 Angstroms from the top of said trenches.

15.  The method of claim 13, further comprising the step of determining when the
metal Jayer has been removed from said first portion of the wafer.
30 | |
16.  The method of claim 15, wherein said determining step further comprises the
steps of:
measuring a polishing voltage associated with said polishing current applied to

said first portion of the wafer; and
56.



24. VID 00/ 03426 ' .
PCT/ US99/ 153080093486 r at e set of LMFC 55 F.R 3 x f(val ve 5PCTASHIFSS08 X
f(valve 52) + F.R 1 x f(valve 53) 5 Were, F.R 3 is the sét point of flow

rate to inlet 4, déte%nhﬁnéﬁhézh@ai@?éﬁshﬁigmolﬁéefdcﬁésésate toinlet 6, FFR 3 is
the set point of flowrate to inlet 8, and f(valve #) is a valve status

function defined as follows: 10 f (valve #) = 1, when valve # is

turned on; wh ' . ﬁli: ng ! Bt t he .f| ow

rates can bgq'set e%hre\d%%t}r{ 4%%%%5{%%6%%*?1@% 0 sg 1'on ?‘%ﬁ‘l@eﬁﬂﬁ 111.
) step of measuring the thickness of the metal layer remaining on said first portion of

5 the wafer using a thickness sensor disposed adjacent to said first portion of the wafer.

18.  The method of claim 15, further comprising the step of determining when the

metal layer has been removed from said second portion of said wafer.

10 19,  The method of claim 18, wherein said determining step further comprises the
steps of:
measuring a polishing voltage associated with said polishing current applied to
said second portion of the wafer; and
determining when said polishing voltage increases.
15
20. The method of claim 18, wherein said detet_mining. step further comprises the
step of measuring the thickness of the metal layer remaininé on said second portion of

the wafer using a thickness sensor disposed below said second portion of the wafer.

20 21.  Themethod of claim 18, wherein said determining step further comprises the
steps of:
measuring an edge resistance from a first edge of the wafer to a second edge
of the wafer opposite said first edge; and

determining when said edge resistance increases.

25 . _
' 22.  The method of claim 13, further comprising the steps of:
reversing said p-oli_shing.'current applied to satd first portion and said at least
second portion of the wafer to re-plate metal onto the metal layer within said plurality
of trenches; and
30 | stopping said polishing current when a portion' of the metal layer contained

within said plurality of trenches, which extends out of said plurality of trenches.

e
gy
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15 Wth reference now to Figs. 12A and 12B, ‘another alternative

enmbodi ment  @fo §dAR4dyy €SENt 1 nvention, according to various-as e
pr esent invent?on, I s shown. The enbodi nent of Figs. 12A andp%?és?ﬁgéﬁgi l-ar

. to that of FEigs. .{A an B.except that LMCs 21, 22-and 23 (Fi.gs. .7A and
78) ' have. bedier oiesarb of GRBELH MR sBRRRG P o tpnt padgorddn, 53
In the preseFn Akl Rpéd coRtBEAGHHRE Mid pluisitg of irdtRh¥s, Jhich Slterilsft bp! Yt e 34

into polishing receptacle 100 through inlets 4, 6 and 8 can be preferably

control | ed isadlgeratiyoflsentyeseach one of three punps 33 and one on/off valve

51, 52, or 53. Wth reference now to Figs. 13A and 13B, still another

alternative enbodi nent of the present invention, according to various

aspects gf tdye praanéthddPof dMHETY, fidther comPAGHS the lstepTRérhating kaidt he _
exenpl ary enbodi nent shown in Figs. 7A and 7B, in the present alternative
enmbodi ment , dielectrindayer.i s preferably disposed in every section of polishing
receptacle 100 except section 132. For exanple, additional cathode 154 is
sui tably di sposed between section walls 103 and 105. Additionally, on/off

val ves 81, 83, 83riwifletBdd of laii23, amereiﬂkﬁ@emﬂmtgestmahidb@gnhﬁﬁiﬁ@met e

reservoir 30 36 _and the oqutlets of. LMFCs 21, 22, 23 and 24. Accordingly,
when an on/ o¥aferuginga chemical mechanical polishing (CMP) process.

10
. 26.  The method of claim 23, wherein said removing step includes etching the
wafer.
27.  The method of claim 11, wherein the metal layer includes copper.
15

28.  The method of claim 11, wherein said dielectric layer includes silicon dioxide
(Si02).

29.  The method of claim 11, whefein said dielectric layer includes low dielectric

20 constant material. ‘ R

30.  The method of claim 29, wherein said dielectric layer includes hydrogen-
silsesquioxane (HSQ), Xerogel, polymer, or aerogel.

25  31. Themethod of claim 11, wherein said barrier layer includes titanium,

titanium-nitride. tantalum, tantalum-nitride, tungsten, or tungsten-nitride.

32.  The method of claim 1, further comprising the step of rotating the wafer while
the electrolyte and polishing current are applied to the first and at least second
30 portions of the wafer.

33.  The method of claim 32, wherein the wafer is rotated at a rate of |
approximately 10 revolutions per minute to approximately 100 revolutions per

minute.

o TR
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81, 82, 83 or 84'is in an open position _electr te 34 can suitably flow
back into el wotomB4zse reservoir :1 E 1' l " Iu " Fn val ve fr oRCBUFI%ISHeg _
receptacl e 100. 25. Usi ng t he

_ . ve enbodi ment descri bed
above, the follow ng process steps can be suitably enployed to selectively

el ectropolish portions of wafer 31. Ste . Turn ower suppl 4, 5
gtl eng : | Furn The th@lei claim IOWBPFCM%EOIEhmg Emﬁ‘ﬁgmég C“’?'G?trfyeg‘gd Eﬁ/F Cs

, , an 3 clo & ntacts
the portion “&Qq \(}éelcchféﬁo@}ﬁgh&gﬁﬁ’ g?%te 4 t gﬁagéel%ﬁufegs to

el ectrolyte g@iﬁa\(aow&gz)t hr ough 10 outlet 132
SU|tany5forrred In section 130. Electrolyte 34 also

35.  The method of claim 1, wherein said electrolyte includes orthophosphoric acid
(H2PO4).

36.- The method of claim 35, wherein said orthophosphoric acid has a
10  concentration of about 60 percent to about 85 percent and contains about 1 percent

aluminum metal (against weight of the acid).

37.  An apparatus for electropolishing a metal layer formed on a wafer,
comprising:
15 an electrolyte for polishing the metal layer;
a polishing receptacle for receiving said electrolyte and the wafer;
a wafer chuck for holding the wafer and position the wafer within said
polishing receptacle;
a fluid inlet for delivering said electrolyte into said polishing receptacle; and
20 at least one cathode for applying an electropolishing current to said electrolyte
to electropolish the wafer.

38.  The apparatus of claim 37, wherein said polishing receptacle is divided into at
least three sections.
25 _
39.  The apparatus of claim 38, further comprising:
a first cathode disposed within one of said three sections; and

a second cathode disposed within another one of said three sections.

30 40. The apparatus of claim 39, wherein said three sections of said polishing
receptacle comprises:
a first section;

a second section, wherein said first section is contained within said second

section; and
59 - This Sheet Has Been Rep!
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returns to el ectrol yte reservoi l! ”Ju m I) ﬂILval ves 81, 82 and 83; Step
3 WenwidGdsiisckness of ne 1A) r-eachper/as®essis

\éal uetortthl cliness ]'Eurn of f power supply 14 and turn off LMFC 24: St ep 4.
epeat steps to or 1,

84. Turn on povxe?% %Pnigﬁlg%ﬁnr%lé%?%&@u%@oﬁéme%&ﬂ%ﬁ?ﬁwg& 2?2 ggd
and 24. d oggtimal ve 83. Turn off power supplies 11, 12 and 14); Step 5:
Repeat steps 1 to 3 for cathode 3 (Turn on LMFC 22. Open val ves 81, 83 and
84. Turn on power supply 12. Turn off 25 : LMFCs 21, 23

and 24. d o ve fa gmpﬁg ﬂ;ﬁhe thirPdash Step 6
Repeat step Ie1 tath%aq%ént\g;r{ a§1tn A?O%i@‘;eﬁlson F% lg‘é%lﬁﬂ\gglis%s 82, 83 gnd
84. Tur rs onfipe¥&xion dapsaid decond vathodefif c@fained within said second section.. MFCs 22, 23

and 24. Cose valve 81. Turn off power

42.  The apparatus of claim 40, further comprising a first fluid inlet disposed in.
said first section for delivering said electrolyte into said first section and a second
fluid inlet disposed in said second section for delivering said electrolyte into said

10 second section.

43.  The apparatus of claim 42, further comprising a fluid outlet disposed in said

third section for removing said electrolyte from said polishing receptacle.

15 44. The apparatus of claim 40, further comprising a fourth section, wherein said
third section is contained within in fourth section.

45.  The apparatus of claim 44, wherein said first cathode is contained within said
first section and said second cathode is contained within said third section.

20 - ' .
46,  The apparatus of claim 45, further comprising a first fluid inlet disposed in
said first section for delivering said electrolyte into said first section and a second
ﬂuici inlet disposed in said third section for délivering said electrolyte into said third
section.

25
47.  The apparatus of claim 45, further comprising a first fluid outlet disposed in
said second section and a second fluid outlet disposed in said fourth section for

removing said electrblyte from said polishing receptacle.
30 48.  The apparatus of claim 37, further comprising at least one moveable jet

configured with said cathode and said fluid inlet for applying a plating current and -
said electrolyte to the wafer.

———e
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supplies 12, 13, and 14). 26. It should be recognized that rather than
pol i shing frwoeesuhery of the wafer to center of the wafer, PODNUSIH1S506
al so can be perfornmed from cent.er to periphery, or can be perfornmed by
random y choggi ng meﬁﬁﬁiiﬁlﬂ?oﬁﬁﬁ%m Svhetein 8aldiidvesblé ot RRHURE bbivptives a

el ectropolishing portions of wafer 31, using the.5 resent alternative
enbodi nent demondlceﬁmé@outsdeDﬁ@dfmtmmt‘i]gmpn@)@ééﬂuﬂlé& can be enployed to
el ectropolish the entire surface of wafer 31 at one tine: Step 1: Turn
on power supplies 11, 12, 13 and 14. As described earlier, the current of

each power sggpl yTlaé tuiafaaﬁlwm@emamdvaiﬂlujamnn&emphs&rﬁte to
the surface area of er 31 covered t he

cor r espondli ngawm«@llms@andmmdsndwcemam snd a third cz@xoéﬁaognomj turn
of f val ves 81 85sa1dmsulatmgwall

51.  The apparatus of claim 48, wherein said moveable jet is moveable in a straight

péth parallel to the wafer.
10
52.  The apparatus of claim 48, wherein said moveable jet is moveable in a curved
path parallel to the wafer.
53.  The apparatus of claim 52, wherein said curved path is a spiral path.
15

54.  The apparatus of claim 48, wherein said wafer chuck positions the wafer

horizontally adjacent to said moveable jet.

55. The apparatus of claim 48, wherein said wafer chuck positions the wafer
20  vertically adjacent to said moveablejet. X
56. The apparatus of claim 37, further comprising: _
~ at least one fluid outlet for removing said electrolyte from said polishing
receptacle; and
25 an electrolyte reservoir for holding said electrolyte, wherein said fluid inlet

and said fluid outlet are connected to said electrolyte reservoir.

57. The apparatué of claim 56, further comprising at least one mass flow
controller connected between said electrolyte reservoir and said fluid inlet.
30 '

58.  The apparatus of claim 57, wherein said mass flow controller a Liquid Mass

Flow Controller (LMFC). g | //II/I!/ ///IL// ll!// //I/I // /II/

This Spee
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83, 84. As also described earlier the flow rate of el ectrol yte 34 from
LMFGCs 21, 22wqQévmasé 24 can be suitably set 15 PCT/US99/1550
proportionate to the surface area of wafer 31 covered by the correspongl ng -

hod d T ff i d 14 h
cautoe. 205310 1k oy S8 04] 4 i SR s b A 3¢ 11

t hi ckness. Ab&mecea\beﬁve‘éuaﬁulemu-&@ter%&wdﬁmdlﬂmﬂmebe turned off at
different tines to adjust the thickness uniformty of netal layer 121 (Fig.

1A). Wth reference nowto Figs. 14A and 14B, yet anot her alternative

enbodi nent 2 o] ous_aspects of
t he present ?nvenirlhérgﬁp I'S SﬁﬁWﬁWhgg%%ﬁﬁlﬁgﬁ “ﬁﬂﬁgéd\{%@i Rg™: EZlB S
simlar t® that of Figs. 13A and 13B except that on/off valves 81, 82, 83

and 84 (Figs._ 13A and 13B) have been renoved. Accordingly, electrolyte 34
returns to ePbct r 3hyepparaueeldaim 38 fsthey comprisinga presyure leak yelveatisposed

Using. the pr Gegjatn fle'diiBAl s il ¥ c1dRRfie Rdhafove the following

62.  The apparatus of claim 56, further comprising:
10 a heater for heating said electrolyte in said electrolyte reservoir;
a temperature sensor for detecting the temperature of said electrolyte in said
electrolyte reservoir; and
| a heater controller for controlling the temperature of said electrolyte in said

electrolyte reservoir.

RN O M
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process steps can be SU|tany e Iy el ectropolish
 portions of wab@e3426: 27. m& ““\ PCT/US99/15506
PCT/ US99/ 15506 Step 1: Turn o ppl ¥ 1% to out put negative

potential to electrode 1 (cathode 1Y. cI'urn on povver suppl i es 11, 12 and 13

to output positive potential to electrode 4, 3 and 2 (anodes 4, and 2),
respectivel $3. 5 Sltheppnaratusofqim%rvmmsmheﬁﬁwﬁa len fRAnges $aifEcs 21 22,

and 23. Wafe 1is stee ‘%O’}Ma ortion of
waf er 31 abSIFé elyts ) ddet %%W%%&gé{ feéc){lér%%ﬁﬁﬂsé romdfﬁle%kg:fi%"%dpnegat ive
potential from cathode 1. Therefore,

5 64. The apparatus of claim 37, further comprising at least one power supply

connected to the wafer and said cathode.

65.  The apparatus of claim 64, wherein said power supply applies a polishing
current of about 0.1 amperes per decimeter-squared (A/dm?) to about 40 amperes per
10  decimeter-squared (A/dm?).

66.  The apparatus of claim 64, wherein said power supply is configured to operate

in direct current (DC) mode.

15 67.  The apparatus of claim 64, wherein said power supply is conﬁgufed to operate

in pulse modes.

68.  The apparatus of claim 67, wherein said power supply is configured to operate

using a bipolar pulse, 2 modified sine-wave, unipolar pulse, pulse reverse, or duplex
20 pulse. X |
69.  The apparatus of claim 64 in which said power supply is configured to operate

in a constant current mode.

25 70.  The apparatus of claim 69 in which said power supply is further configured to

operate in a constant voltage mode.

71.  The apparatus of claim 64 in which said power supply is configured to operate
in a constant voltage mode. -
30 : | 3 .

72.  The apparatus of claim 37, further comprising a drive mechanism for rotating

said wafer.
Thls Sheet I-Ias Been Rep laced
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10

waf er 31 abqys ogﬁﬁpde (i)n:g ts u'lm ll"mlmnmm | slhgéer étzép(gicgmsiﬁ%g

netal | ayer
supply 14 a
cat hode 2 (

121 (F| g. 1A) reaches®a 'set™ vdl ud or thickness, turn off power

Of f Ll-\./,g '95 8@? ﬁ whétBin4aid drive BRRAAMisr t6tRfbs Saill vated A7

10 output negative potential to cathode

2, and pOWerabSHtPrUﬂe%luﬁ&nsﬁe?nuﬂxﬁtétcizﬂmhm@vahﬂtmmparmnmepotent|aI t o anodes

4, 3, and 1, respectively. Turn on LMC 23 and turn off LMFCs 21, 22 20
and 24); Step 5: Repeat steps 1 to 3 for cathode 3 (Turn on power
supply 12 t

11, 13 ‘and 1

410? gp@%ﬁ%ﬁgﬁ{ﬂsv?cﬁ%%at&rﬂéreﬁﬁfﬁ%&%@té)’mciﬁdwo Jﬂfé&ﬁ{orﬁul)p' i es

positirve potential to anddes 4, 2 an

respect i wel Yacidi@2P@®). LM-C 22 and turn off LMFCs 21, 23 and 24); and Step
6: Repeat steps 1 to 3 for cathode 4 (Turn on power supply 11 to

10

15

20

25

30 -

75.  The apparatus of claim 74, wherein said orthophosphoric acid has a
concentration of about 60 percent, by weight, to about 85 percent, by weight.

76.  The apparatus of claim 75, wherein said orthophosphoric acid further includes

about 1 percent aluminum metal (against the weight of the acid).

77.  The apparatus of claim 37, wherein said wafer chuck is configured to move

the wafer relative to said cathode.

78.  The apparatus of claim 77, wherein said cathode is configured to move

relative to the wafer.

79. An apparafus for electropolishing a metal layer formed on a wafer,
comprising: ' .

an electrolye for polishing the metal layer;

a polishing receptacle for receivihg said electrolyte and the wafer;

a plurality of section walls disposed within said polishing receptacle, wherein
said plurality of section walls divide said polishing receptacle into a plurality of
sectlons,

a wafer chuck for holding the wafer and for positioning the wafer within said
polishing receptacle;

a plurality of fluid inlets for delivering said electrolyte into said pohshmg
recept.acle;--a.nd '

a plurality of cathodes for applying an electropolishing current to said
electrolyte to electropolish the wafer. '

80.  The apparatus of claim 79, wherein said plurality of section walls comprises:

Sheet Has Been Replaced
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éut put negative potential to cat hodﬂmmﬂ‘ I““ “HHWr supplies 30
t

12, 13 and Wwé dom34pét put positive po arodes 1, 2 anBCBUS99/15506

respectlvely Turn on.LMFC 21 and turn off LMFCs 22, 23 and. 24). 28. WO
00/03426 t section wal\ﬁwherem said first section wall encloses a first $2etion/6P9/ 15506
In the above sel 8¢ | ve poli1shing process, instead of polishing fromthe

CZP]E g; ng](‘j rﬁ%p?%mfﬁépﬁamméhe[]y of wafer 31, the polishing also can be
Gependi ng_ on 1 hes sefoRaEPHEB Al vhes St Scond fer i nafl Bford BB st ol
embodi ment | RO T e o e T rane. can be. empl oyed (o
el ectrop®lish the entire surface of wafer 31 at one tine: _

81.  The apparatus of claim 80, wherein said plurality of cathodes comprises:

a first cathode disposed within said first section of said polishing receptacle;
and |
: a second cathode disposed within said second section of said polishing

10  receptacle.

82.  The apparatus of claim 80, wherein said piurality of fluid inlets comprises:
a first fluid inlet disposed within said first section of said polishing receptacle;
and _
15 a second fluid inlet disposed within said second section of said polishing

receptacle.

83.  The apparatus of claim 82, further comprising:
a third fluid inlet disposed within said first section; and
20 a fourth fluid inlet disposed within said second section.

84.  The apparatus of claim 80, further comprising:
a third section wall, wherein said third section wall encloses said second

section wall to form a third section of said polishing receptacle.

25 : :

85.  The apparatus of 84, wherein said plurality of cathodes comprises:

- a first cathode disposed within said first section of said polishing receptacle;
and
_ a second cathode disposed within said third section of said polishing
30 receptacle. .
86.  The apparatus of claim 85, wherein said plurality of fluid inlets comprises:
a first fluid inlet disposed within said first section of said polishing receptacle;
~ and . - ) —_—
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Step 1. ‘Turn on power suppli e Mﬂﬂﬂ%“‘?ﬂl‘!ﬂm‘]m As described 10
earlier, thewglolsds of each power 3 and 14 Wi@@ﬁy@kabl y
set proportlonate to the surface area of wafer 31 covered by th
correspondi ng cat hode 24. As al so
descri bed earlier 28 qoohd‘?ltuldamlzet d1sposeIw1ﬂunsa1é‘£@%sﬁeow roézsgldcﬁsolfgﬁglgt rolyte 34
from LMCs che&gcle_23 and 24 can be suitably set proportionate to the
surface area of wafer 31 covered by the correspondi ng cat hode; and Step: 3:
Turn of f power supplies 11, 12,13 and 14 at the sane time 20

when net al er 1 i . ue or thickness. Al so,
power suppllgz Q}Qﬂ:aI%us(]‘t?lTﬁl We EorR %a%ff at different tines to
adj ust the thlckna&m&ﬂmﬁmﬂmmypasédwﬁhmlsaimersem @hdg. 1A). 25

Wth reference now to Fiqgq. .15, .another_ alternative engodl ment .of the
present inventiona a‘@’&l’bﬂ‘ﬂﬁr’@e&@%ﬂm}@ n:5alddhird sestion REsHE pRUSNG nyent i on,

i's shown. The WI ment of Fig. 15 is simlar to that of Figs. 7A and 7B o
except that & user rlng _

88. The apparatus'of claim 79, wherein said plurality of section walls are

10  configured to move between an extended position and a retracted position.

89.  The apparatus of claim 79, wherein said plurality of section walls decrease in

height in a radially outward direction from the center of said polishing receptacle.

15 90.  The apparatus of claim 79, wherein said plurality of section walls increase in

height in a radially outward direction from the center of said polishing receptacle.

91. The .apparatus of claim 79, wherein said plurality of section walls is

configured in a circular shape. L
20 . | 2

92.  The apparatus of claim 79, wherein said plurality of section walls is '

configured in an oval shape.

93.  The apparatus of claim 79, wherein said plurality of section walls is
25 configured in a triangular shape.

94, ~  The apparatus of claim 79, wherein said plurality of section walls is
configured in a square shape.

30 95.  The apparatus of claim 79, further comprising a plurality of section arms
extending radially outward from the center of said polishing reservoir, wherein said

section arms radially divide said plurality of section walls into a plurality of sectors.

This Sheet Has Been Replaced
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112 has been added above each cL||||||Lm||||||l||m|JU|||ance wi th one aspect of the

present i nvakOoeM342€i ff user ring*112 prefferdbl § facilitates POWAEINSI06Or M
flow of el ectrolyte 30 34 along section walls 109,. 107, 105 and 103.- As

'such, netal ¢aqyer T dppafing of bflimCA) wherefil daidwhiér SRk positichs &eadafepr e
uniformy fromwafer "31. Addltlonafly, di ffuser ring 112 can be suitably

f ormed usi ngadjaoentibe vepsiof saidplurality of Festionwealis teformiggapser ring 112 can be
machi ned to have a nunber of holes. Alternatively, diffuser ring 112 can
i ncl ude any suitable porous material having 29. WO 00/ 03426

PCT/ US99/ 1556 pOTRSaphradisdfeilail 96, whetelifsadidéleralyte dotstin saitogap falmsa 90%
Additionally, in the present alternative enbodinent, diffuser ring 112 is

pr ef er abldy flstween the svaferand the-tops ofsaid pluralineef ssetions¥alis.c| e and
contam nation free materials. Wth reference nowto Figs. 16A and 16B,
still another alternative : '

98.  The apparatus of claim 79, further comprising a drive mechanism for rotating
the wafer.

10 99.  The apparatus of claim 79, further comprising at least one fluid outlet disposed
within said polishing receptacle. '

100. The apparatus of claim 99, further comprising:
an electrolyte reservoir for holding said electrolyte, wherein said fluid outlet
15  and said plurality of fluid inlets are connected to said electrolyte reservoir; and
at least one pump connected between said electrolyte reservoir and said

plurality of fluid inlets for pumping said electrolyte into said polishing receptacle.

101. The apparatus of claim 100, further comprising at least one mass flow

20  controller connected between said pump and said plurality of fluid inlets.

102. The apparatus of claim 100, further comprising at least one control valve

connected between said pump and said plurality of fluid inlets.

25 103. The apparatus of claim 100, further comprising a pressure leak valve

connected between said pump and said electrolyte reservoir.

104~ The apparatus of claim 100, further comprising:
. aheater for heating said electrolyte in said electrolyte reservoir;
30 a temperature sensor for detecting the temperature of said electrolyte in said
electrolyte reservoir; and _ |
a heater controller for controlling the temperature of said eIectrolyté in said

electrolyte reservoir.
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5 enbodi ment of the. present |nve ull IJ Hmlmlto vari ous aspects. of

- the present Wﬁfﬂskﬂn Is shown. T Fi gs. 16A patlus®nssds
simlar to that of Figs. 7A and 7B except t hat charge accurul ator neters ~

141, 142 and 143 e been wer s
respect i vel y 03-n Jgg Hi‘?ﬁ'&seaf\%? 759!1 ‘é%?prg&%‘ﬁ}%ﬁ%s v@él}nv i on,
charge accunylabokd iPiewWardhd sdid phasly bf datpsdeker abl y neasure 10 the

charge each power supply 11, 12 and 13 provides during the el ectropolishing
process. The total nunber of atons of copper renoved can be cal cul ated by

di viding the accupul ated . .ch
removed can iﬁén EE E@@Eatﬁ%afo%%b]?wh el:r&m};cr%ﬁ@oatpl)%ggp@gen% I%”é E&f “oPPet
el ectropd i sm&%&@sﬁ@gﬁwg@e%&vﬂmﬁygs 17A and 17B, yet anot her

p

alternative embodiment 15  of t resent invention, according to various
aspects of the present invention, is shown. The enbodl ment of Figs. 17A and

17B is siml t o4 hat Y/ tacle
100 suit abl y?{rﬁcl Ehggp%mgwgépﬁimpyﬁomrﬁZ%fﬁ&ﬁ% tﬁggé A?k B%%%Sgﬁft ably
di sposed in g&gdekons 113 and 115 for delivery of electrol yte 34. More
particularly, in the present alternati,ve enbodi nent, electrolyte 34 is

preferably 20 delivered into section 113 through feed line 170 and inIets‘

171 and H 2. lgé.eCtﬁlg lafﬁ;a?atus of claim 79, wherein said plurality of cathodes is formed from

platinum.

109. The apparatus of claim 79, wherein said plurality of cathodes is formed from
titanium coated with a layer of platinum.

15
110. The apparatus of claim 109, wherein said layer of platinum has a thickness of

about 50 microns to about 400 microns.

111. The apparatus of claim 79, wherein said electroiyte includes orthophosphoric
20  acid (H2PO4) having a concentration of about 60 percent, by weight, to about 85
percent, by weight, and containing about 1 percent aluminum metal (against weight of

the acid).

112. The apparatus of claim 79, further comprising a diffuser ring disposed above
25  each of said plurality of cathodes.

'113. The apparatus of claim .79, further comprising at least one in-situ film
thickness uniformity monitor disposed within said polishing receptacle for monitoring
the thickness of the metal layer.

30 |
114. The apparatus of claim 113, wherein said in-situ film thickness uniformity

monitor includes an ultrasonic sensor.

\_
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34 is preferably delivered int omuwmmﬂ!ﬂﬂ Ieltlwugh electrolyte feed line
173 and i nl VO 003M26nd 175. By s ol yte 34 int PGIESINE06 _
receptacle 10 using a plurality of inlets 171, 172, 174 and 175, a nore

uni f or m 1 ov 181 of Ah Gppadtudfor Rlecfregolishing @hatalrigybr foruiedroarawater, it shoul d be
recogni zed that sections 113 and 115 can include 25 any nunber of

addi tional icomprisingWth reference now to Figs. 18A and 18B, two additi onal

alternative enbodi rrég%ttusob&g f&&%ﬁ%ﬁ%ﬁfgﬁnﬁﬁwj on, according to various
| OWT.

aspects of the pr%’s ventiion, are’s The enbodi ment of Fig. 18A is

simlar to that ofpdlisting réckptaeledfodtCeining the wafer;14A and 14B except that the
hei ght of section walls 109, 107, 105 and 30 103 increa%sres, qut ward al ong

the radi & directawater chnckdar hold the wafer and farpesitioning thgmwatergvithinsaids e

hei ght of secti - 0 107, 105 and 103 decreases outward al ong-the

radi al di re&oﬁéﬁﬁgﬁ%*ﬁf%’%’adnner, the flow pattern of electrolyte 34 can be

further control |l est 1¢a3t exejenfoe applping said eleotrolytestbitingwpfenomlsetein said jet
applies said electrolyte to successive portions of the wafer to uniformly electropolish

the metal layer from the wafer.

10 .
116. The apparatus of claim 115, wherein said jet moves along a path to apply said

electrolyte to successive portions of the wafer.

117. The apparatus of claim 116, wherein said jét moves along a straight path
15  parallel to the wafer.

118. The apparatus of claim 116, wherein said jet moves along a curved path
parallel to the wafer.

20 119. The apparatus of claim 116, wherein said jet moves along a spiral path.

120. The apparatus of claim 115, further comprising at least one cathode disposed
within said jet for applying an electropolishing charge to electropolish the metal layer
from the wafer. |

25 '
121. The apparatus of claim 120, further comprising at least one fluid inlet disposed
within said polishing receptacle for delivering said electrolyte to immerse the wafer in
said electrolyte. ' '

30 122. The apparatus of claim 120, further comprising at least one fluid inlet disposed
within said jet for delivering said electrolyte to said jet.

123. The appératus of claim 115, further comprising a drive mechanism to rotate
the wafer. _ T
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Wth reference nowto Figs. 19A and 19B, two additional alternative

enbodi ment s Wb oblSa2pr €seNt invention, according to various aq,gﬂgl? %sokhe
present invention, are shown. The embodi ment of Fig. 19A.is simlar to tat
of Figs. 7A and 7B except: that the height of section walls 109, 107, 105,
103 and 101 increases 5 outward along the radial direction. In contrast,
in the enbodgﬁa?nt TRE afy asatuslafclmﬁhﬁsh%%in Sifid Weteh ERRIMSE g toXAdve 105,
103 and 101 decreases outvvard along the radial direction. I'n this nmanner, .
the flow pat therwafof reltive to esid jeb tasexposesubeessive porsiong of the staferdo the jehhance t he
el ectropolishing process. Wth reference now to Figs. 20A and 20B, yet
anot her alternative enbodi nent 10 of the present invention, according to
various aspeghs OfThé BFpapitaseNdlaibd VIS iwherfein saﬁdﬁhﬁmucffp%sﬁﬁhﬁﬂie%r of Figs.
20A and 20B is simlar to that of Fi gs. 7A and 7B, except that section

wal |'s 109, 1borizaysallyrwithinsaid polishingregenttdleured to nove up and down to

adj ust the flow pattern of electrolyte 34. As shown in Fig. 20B, section
wal I s 105 and 107 can nove up, such that electrolyte 34 flows toward the .
portion of Waer Yhe apfarftboufclamart 150 Whereid said WafepBlihickQbsitichs fie wder pr esent

alternative enbodi nrent_ descri bed above, the foll ow ng B
vertically within said polishing receptacle.

g
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process steps can be suitably enployed to selectively el ectropolish
portions of wafer 31: 20 Ste : Turn on power s 991%506
St ep2: - ™W0100/03326 MFC 23 only al NREDCLAIMS| on wal | 109 cl 036 #o waf e

31, such theﬂ‘ﬁgél%artﬂ] Yhé I%ﬂeﬁﬁ'tYorﬁQnB@?éaﬁ érh a6 Pmickehper qﬁgs\e(fmmzﬂggabove
section wall

I nner 121
(Fig. 1A) on the po?'fllgéﬂa]og?ﬁ?é‘fsew mgyﬁeég 715%efd: 79083 s suitably

el Iectropol Ih'ShEd Step 3: 1?0 1mm13r,naﬂalandeﬂ52@|=12mla:(1é?ldgd 1A) reaches a set
val ue or thickness, turn Ay MFC 23, and 30
nmove section wall 109 torg Szﬁ)%}h{h&%?% Hl pé’g{es) epeat steps 1 to 3
for sectloln waB#s 1(D‘5emed10ﬂl@fclagndibmmS@Zip@léhmgéﬁﬂﬂﬁqh@ aj@urerheensity of and
POWSE SUpply 12bout IEH amperes per declmeter-squared (A/dm?) to about amperes per decimeter-

squared (40 Aidm?).

35. The method of claxm 1, wherein said electrolyte lncludes orthophosphonc acid

(H2PO4).

‘ 36.  The method of claim 35, wherein said orthophosphoric acid has a
10 concentration of about 60 percent to about 85 percent and contains about 1 percent

aluminum metal (against weight of the acid).

37.  An apparatus for electropolishing a metal layer formed on a wafer,
comprising:
15 an electrolyte for polishing the metal layer;
a polishing receptacle configured to receive said electrolyte and the wafer;
_ a wafer chuck configured to hold and to position the wafer within said
polishing receptacle; )
a fluid inlet configured to deliver said electrolyte into said polishing |
20 receptacle;and
at least one cathode configured to apply an electropolishing current to said

electrolyte 10 electropolish the wafer.

38, The apparatus of claim 37, wherein said polishing receptacle is divided into at
_ -

AL

25  least three sections.

39.-  The apparatus of claim 38, further comprising:’
a first cathode disposed within one of said three sections; and
a second cathode disposed within another one of said three sections.
30

40.  The apparatus of claim 39, wherein said three sections of said polishing

~ receptacle comprises:
Tlus Sheet Has Been Re laced !
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WO 00/ 03426 ' PCT/ US99/ 15506
Step 5: ‘P@ﬂ@’&%ﬂéteps 1 to 3 for section walls 101 and 103’QIW89§/155MFC
21, section walls 101 and 103, and power supply 11. In addition to

sel ectively el ect#sssond ssetior, wherein seid fisst sgetien is gontained mithimeaid secopdesent

alternative s«gﬁ@&? nt described above, the follow ng process steps can be
enpl oyed to '€ Fggollsh the entire surface of wafer 31 at one tine: Step
1:

Turn on poygirdse@idn, eherkin salPse2Bad dcktioAss chhtnisddeithiaanid third t he
current of each power supply 11, 12 and 13 can be suitably set 10

proportlonatsé"tﬂ@the surface area of wafer 31 covered by the correspondi ng
cat hode. ¢Step 2: Turn on LMFCs 21, 22 and 23, and nove all section
wal I s 101, 103, 105, 107 and 109 .adj acent to wafer 31. As al so described 15

earlier, thetlf | ovillicdppantusalfelimciOy wWherdin faidfist dthsdedd cortdined dvithin §Ad be
swtably set proportlonate to the surface area_of wafer 31 covered by the
cor r espondi ,{g‘s&s&pﬁ%@n saiehsecond cathode is contained within said second section.

42.  The apparatus of claim 40, further comprising a first fluid inlet disposed in
10 said first section configured to deliver said electrolyte into said first section and a
second fluid inlet disposed in said second section configured to deliver said

electrolyte into said second section.

43.  The apparatus of claim 42, further comprising a fluid outlet disposed in said
15 third section configured to remove said electrolyte from said polishing receptacle.

44.  The apparatus of claim 40 further comprising a fourth section, wherein said

third sectlon is contained within in fourth section.

20 = 45.  The apparatus of claim 44, wherein said first cathode is contained within said

first section and said second cathode is contained within said third section.

46.  The apparatus of claim 43, further comprising a first fluid inlet disposed in
said first section configured to deliver said electrolyte into said first section and a

25  second fluid inlet disposed in said third section configured to deliver said electrolyte

ersaid electrolyte

mossidtirdsecton, R W

47.  The apparatus of claim 435, further comprising a first fluid ot..... dispusea
said second section and a second fluid outlet disposed in said fourth section

30  configured to remove said electrolyte from said polishing receptacle.

48.  The apparatus of claim 37, further comprising at least one moveable jet
configured with said cathode and said fluid inlet configured to apply a plating current

and said electrolyte to the wafer.

72
Thls Sheet Has Been Re laced

AMENDED SHEET (ARTICLE19) “I" “l“ "I ||||




Step 3 Turn off power suppl ies 11, 12, and 13 at the same ti me when 20
net al Iayer ‘Y?f‘"@ﬁzg 1A) reaches. a set vaI ue or thickness. ‘%’B’US%?(MEK
supplies 11, 12 and 13 can be turned off at different tines to adjust the

t hi ckness uniformty of nmetal |ayer 121 (Fig. 1A). 25 Wth

ref erence noyy.t o Thdfppatkhls Ui, WheRiRSM hicvedllc f BRTRA Chitprisahpdi ment s

of 'the present |nvent|on accordlng to various aspects of the present

i nventi on, asecomcheativadeTritsideofcanid positioned around seidMfliid inleti | ar to that of
Figs. 7A and 7B, except that, in the present alternative enbodi nent,
cathodes 1, 2, 3 and 4 and section wall s 109, 107, 105 and 103 are di vi ded

into six ssecsg, onsrheTﬂﬁaademmmt;vh%&msﬁaamvadﬁe et fisrther lcamptiSesdgs. 13A
and 13B, except that, 'in the present alternative enbodi nent, cat hodes 1, 2

and 3 and seinsulatingwhll positonedizagyndieisl secom catibdepandsa thindj cathwdd positioned x
sections. It SH&H d be‘ilrg%g,agzed however, that with regard to both
enbodi ments R .mf A 1B, any nunber of sections can be used
W t hout deviating fromthe spirit and/or scope of the present invention.
32. _

. .51.  The apparatus of claim 48, wherein said moveable jet is moveable in a straight
10  path paraliel to the wafer. '

) 52.  The apparatus of claim 48, wherein said moveable jet is moveable in a curved

path parailel to the wafer.
15 53.  The apparatus of claim 52, wherein said curved path is a spiral path.

54.  The apparatus of claim 48, wherein said wafer chuck positions the wafer

horizontally adjacent to said moveable jet.

20 5SS | The apparatus of claim 48, wherein said wafer chuck positions the wafer

-

vertically adjacent to said moveable jet. : ‘
| N O O

56.  The apparatus of claim 37, further comprising:
at least one fluid outlet configured to remove said electrolyte from said
25 pohshtng receptacle, and
an electrolyte Ireservoir conﬁgured to hold said electrolyte, wherein said fluid

inlet and said fluid outlet are connected to said electrolyte reservoir.

57.  The apparatus of claim 56, further comprising at least one mass flow

30  controller connected between said electrolyte reservoir and said fluid inlet.

58.  The apparatus of claim 57, wherein said mass flow controller is a Liquid Mass
Flow Controller (LMFC).

73 - ?
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PCT/ US99/ 15506 odxoaeé | onal | y, as descrl bed in the table bel OWPCTNSB9s/pdsbpdes
can be connected to one or nore power supplies and the sections can be
connect ed td9oner1eéppmnislVF6h1mr56vﬁmhenmnmmhgmﬂeastme fhuid ABivp 2

Conbi nation No. Var.ious wa onnect the \ar.L oys ways to connect one
cat hodes t o “GHeFC EF%I??B‘P’?PHS Ydseleqn-q%gpéesgg&r&ngs fgﬂ‘h\. ‘ﬂ? power supplies

nmore LMFCs Each cathode is connected to an Each sector is connected to an
i ndependent power supply i ndependent LMFC 2 Each cat hode
i s connect ed0t o drhe apparatus of olaim 98, whereinrsaidi fliid pumpiisd dizphthgnt pwoper suppl y
connect eg to an .i ndependent LMFC

61.  The apparatus of claim 59, further comprising a pressure leak valve disposed

between the outlet of said pump and said electrolyte reservoir I —
R O O o
62.  The apparatus of claim 56, further comprising: _ P
10 a heater configured to heat said electrolyte in said electrolyte reservoir;

a temperature sensor configured to detect the temperature of said electrolyte in
said electrolyte reservoir; and
a heater controller configured to control the temperature of said electrolyte in
said electrolyte reservoir.
15
63.  The apparatus of claim 62, wherein said heater controller maintains said
ele&olyte at a temperature between about 15 degrees Celsius and about 60 degrees .

Celsius.

20 64.  The apparatus of claim 37, further comprising at least one power supply

connected to the wafer and said cathode.

65.  The apparatus of claim 64, wherein said power supply applies a polishing
current of about 0.1 amperes per decimeter-squared (A/dm?) to about 40 amperes per
25  decimeter-squared (A/dm?).

66.  The apparatus of claim 64, wherein said power supply is configured to operate

in direct current (DC) mode.

30 67. The apparatus of claim 64, wherein said power supply is configured to operate

in pulse modes.
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3 Each cathode is connected to an All sectors are connected
to an mdepewﬂamupﬁ)wer supply i ndependent LMFC 4 . PCT/US99/15506 _
Cathodes on the sanme radius are Each sector is connected to an connected to

an i Rdependeﬁ&d TherrpppratsenficlainrsE, pbersin Sﬁqam\yewupply is configured to apgrate des -
hdependont USES FiRGer RASE ¢ aSeiRRg R xR Tl B, Bl PRRERCTr dipid

LMFC 6 ulse. Cat hodes on the sane radi us are All sectors are
connected to an connect ed to an i ndependent ‘i ndependent LMFC power
supply 7 cat hodes are connect ed to : Each sector is

A1 cat hodeSShr o TS %@ﬁﬁ%"%ﬁm&"%ﬁ‘é@?@ﬂ%ﬂnﬂ R EBEOIE Hnita § operae

I ndependent jpQwhstaktiguiiént mod®nnected to an mdependent LI\/FC

70.  The apparatus of claim 69 in which said power supply is further configured to
. operate in a constant voltage mode. |
10 |
71.  The apparatus of claim 64 in which said power supply is configured to operate

in a constant voltage mode.

72.  The apparatus of claim 37, further comprising a drive mechanism configured
15 torotate said wafer.

73.  The apparatus of claim 72, wherein said drive mechanism rotates said wafer at

about 10 revolutions per minute to about 30 revolutions per minute.

20 74.  The apparatus of claim 37, wherein said giectrol_yte includes orthophosphesia——"
CosnEmes | \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

75.  The apparatus of claim 74 wherein said orthophosphoric acia uas a
concentration of about 60 percent, by weight, to about 85 percent, by weight.

25
76.  The apparatus of claim 75, wherein said orthophosphoric acid further includes

about'1 percent aluminum metal (against the weight of the acid).

77.  The apparatus of claim 37, wherein said wafer chuck is configured to move
30  the wafer relative to said cathode. -

78.  The apparatus of claim 77, wherein said cathode is configured to move

relative to the wafer. . —_—
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9 All cathodes are connected td . Al sectors are connected

to an an i nowpaodssas power supply | ndependent LMFC 33. \We190899345h6
PCT/ US99/ 15506 In the above table, the operation of conbination nunbers 1;

2, 4. and 5 aI%® thAn&pﬁﬁaﬁSfdi&i&trbbﬂihhﬁﬁihﬁfalla@eﬁﬁﬁnadlﬁﬁawmm,th various
aI ternative enbodi ments. The operation of conbination nunbers 3, 6, 7, 8

and 9 will PR -pbed in greater detail below in conjunction with vari ous

ot her alternative Migda. reference now to Figs. 22A
and 22B, still an%tl? er a?@ ?mtl tgﬁbn(l)&alne*t of the present invention,

according to vari apelishinpreteptatie ¢dﬁgnreelste mecewe\serdtelwfupgts aﬁd\t%:rmfgh%

to that
oxcapt TRt _cat homplaraty oF seefiomwells Gispose viHeR 505 PRSNHNE R R IICSEiR00,
107, 105, 10gi@Pflratfty of fdcliSn wZﬁ\s @idflie SHd PU¢RinB SERplabRiAG S bIRMLRy BE Ural 11y

of rod-
sections;

a wafer chuck configured to hold and to position the wafer within said
polishing receptacle;
10 a plurality of fluid inlets configured to deliver said electrolyte into said
polishing receptacle; and )

a plurality of cathodes configured to apply an electropolishing current to said ——————

electrolyte 0 elecropolish the vaer -- | O

15 80.  The apparatus of claim 79, wherein said plurality of section walfs comprises:
a first section wall, wherein said first section wall encloses a first section of
said polishing receptacle; and _ '
a second section wall, wherein said second section wall encloses said first
section wall to form a second section of said polishing receptacle.
20

81.  The apparatus of claim 80, wherein said plurality of cathodes comprises:

a first cathode disposed within said first section of said polishing receptacle;
and '

a secend cathode disposed within said second section of said polishing

25  receptacle.

82.  The apparatﬁs of claim 80, wherein said plurality of fluid inlets'comprises:
a first fluid inlet disposed within said first section of said polishing receptacle;
- and o _
30 " a second fluid inlet disposed within said second section of said polishing

receptacle.

83.  The apparatus of claim 82, further comprising:

_ athird fluid inlet disposed within said first section; and — ——
76 i This Sheet Has Been R placed
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10 type cat hodes 501 sui t abl y disposed within a plurality of .tubes 503. In
the present WO03®6i ve enbodi nent, el ectrol yte 34 (Fig. -7B) PCI/HPWISHMD| v

h

delivered to el ectropol ishi.ng receptacle 1Q0 thrqugh, pl ur aldity—ef—tubes
503, contacts the gﬂ%é@%&\ﬁ‘ﬁ@?“éﬂ‘@%%‘?mP SEQHOR- of el e Til0 |”“|
receptacle 100 through a plurality of drainage holes 500. As a m m m

Fig. 22A, in the present alternative enbodi nent, 15 cathodes le v m s *

plurality of 8#ube&hs@pparatms oftlaim B0 furthér abngirisimge hol es 500 are preferably
arranged in a circyla ttern. wever, .Wi.th reference to Figs. 23A to
23C, cat hodes 501,3%\"%?%%9? W E‘E&sa‘fy‘b@“da?ﬁ?fl%‘ﬁ?lg?‘? ?ﬁeﬁﬁa‘ﬂgﬁ‘?’%ﬁge hol es
500 can abso skiohQuli BYbRA a il Hctioh o Sid lidhild Rt iguch as a triangle
(Fig. 23A), a square (Fig. a23rB , can e ﬁlpge FIg. 363, and the like. 20
Additionally, as described in the table bel ow, cathodes 501 and plurality

of tubes 503 ,can connected_t o ,power supplj.es 11 2 and 13 (Fig. 7B) and
LMFCs 21, 2283nd ﬁemﬁme??i %&%F@ﬁ@?&é&@éﬁ%ﬁér i ons: TABLE

3 Conbi nation No. ; firMadatiods diYsed! QR Frst sectiokadf ct
cat hodes 501 té) one or . nor ed%pfegrvgﬁt@ty ogr% ibes. 50§9itd§)o‘ﬁ§ﬂﬁgtrgce§&{&lb?
: an .
10 a second cathode disposed within said third section of said polishing
receptacle.

86.  The apparatus of claim 85, wherein said plurality of fluid inlets comprises:
a first fluid inlet disposed within said first section of said polishing receptacle;
15 and '
a second fluid inlet disposed within said third section of said polishing
receptacle.

87.  The apparatus of claim 86, further compﬁsing:

20 - athird fluid inlet disposed within said first section; and
d a fourth fluid inlet disposed within said third section of said polishing
receptacle.

88.  The apparatus of claim 79, wherein said plurality of section walls are

25  configured to move between an extended position and a retracted position.

89.  The apparatus of clainr 79, wherein said plurality of section walls decfease in

height in a radially outward direction from the center of said polishing receptacle.

30 90.  The apparatus of claim 79, wherein said plurality of section walls increase in

height in a radially outward direction from the center of said polishing receptacle.

91.  The apparatus of claim 79, wherein said plurality of section walls is

configured in a circular shape.
- N . : :-I : . e
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power supplies one or more LMFCs 1 Each

cathode i s cqwesed to an Each tube is connected to i ndepensetsionsE
suppl y an i ndependent LMFC 2 Each cathode is connected”

to an Tubes on the same radius independent power -supply are connected

to an independent LM-C 3 Each cat hode i,s copnected to an

Al tubes ar® conmaﬁ‘@ of glaim 79ypshergimpspicdplurality of section ‘IVI;L/
PCT/ US99/ 155 951 Hglyger supply an i ndependent L

Cat hodes on, CASERABEEaAGH BANEL OLPP ¥ 2N nented o ar e“mmm“m“m‘“\“\

an i ndependent an independent LMFC power supply
5 93. The apparatus of claim 79, wherein said plurahty of section W_... .
conﬁgm'ed in a triangular shape.

94.  The apparatus of claim 79, wherein said plurality of section walls is
configured in a square shape. '

10 ,
95.  The apparatus of claim 79, further comprising a plurality of section arms
extending radially outward from the center of said polishing reservoir, wh_erein. said
section arms radially divide said plurality of section walls into a plurality of sectors.

15 96.  The apparatus of claim 79, wherein said wafer chuck positions the wafer
adjacent the tops of said plurality of section walls to form a gap.

97.  The apparatus of claim 96, wherein said electrolyte flows in said gap formed
between the wafer and the tops of said plurality of section walls.
20 ' '
" 98.  The apparatus of claim 79, further comprising a drive mechanism configured
' to rotate the wafer.

-

99.  The apparatus of claim 79, further comprising at least one fluid outlet disposed
25  within said polishing receptacle. '

100. The apparatus of claim 99, further comprising:
an electrolyte reservoir configured to hold said electrolyte, wherein said fluid
outlet and said plurality of fluid inlets are connected to said electrolyte reservoir; and
30 at least one pump connected between said electrolyte reservoir and said
plurahty of fluid inlets conﬁgured to pump said electrolyte into said polishing

receptacle.
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5 _ Cat hodes on the sane radius Tubes on the sane radi us

are connect adobwoms i ndependent are connected to an power sufiIUsS99/15506  _
i ndependent LMFC 6 . Cat hodes on the sanme radiusg. Al'l tubes
are connect etdto FTheapparatesofaiaimol ¢9n furthes pemprasing %‘Wﬁﬁ&éﬁ@ﬁﬁ%ﬁf’wLNFC power

ly 7 I h . i
connett od t ccomrolereameseieh eyl pag B AR BRENES difid Bgp ' 5P° ! ©

Al'l cathodes are connected to Tubes on the sane radius an i ndependent
power supply are connected to an independent, LM '

9 Al |
cat hodes ar e1@nn®be epparaus of claim 1Qf); &arther comprising ablgagt gng rontrplial¥euent

e

cog{)unct ion with various alternative enbodi nents. The operatien o
combi nation nunmbers 3, 6, 7, 8 and 9 wll be described in-qreater detail
103. The apparatus of claim 100, further comprising a pressurer]egc vaive !

connected between said pump and said electrolyte reservoir.

10 104 The apparatus of claim 100, further comprising:
a heater configured to heat said electrolyte in said electrolyte reservoir;
a teniperature sensor configured to detect the temperature of said electrolyte in
said electrolyte reservoir; and
a heater controller configured to control the temperature of said electrolyte in

15 said electrolyte reservoir.

105. The apparatus of claim 79, further comprising at least one power supply
connected to the wafer and said plurality of cathodes.

20 106. The apparatus of claim 105, further comprising at least one charge monitor

d connected to said at least one power supply.

107.  The apparatus of claim 79, wherein said plurality of cathodes is formed from
copper.

25 _ .
108. The apparatus of claim 79, wherein said plurality of cathodes is formed from

platinum.

109. The apparatus of claim 79, wherein said plurality of cathodes is formed from
30 titanium coated with a layer of platinum.

110. The apparatus of claim 109, wherein said layer of platinum has a thickness of
about 50 microns to about 400 microns.

-
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5 belowin conjunction with various other alternative enbodi nents. Wth
. reference nowmownwodazgs. 24A and 24B, another alternative enbo@gorardssmsset he
present invention, according to various aspects of the present invention,”
i's shown. ThH lembBhs appatatus offclajm 792 wheraini s#id Blectsolyterintladest arthtophosphbrii gs.

vel |5 100, 169 CrplOB pgsing Reongentunod of ooyt B0 Fiesin S Bribve o eplaced
iU cat hodepcklle thVeig an G 80P perdlf oing RN addla i Sl

218. In the present al native enpodi rren t he nunber of

has been r edtheadid).o power supply 200. Additionally, valves ZOH Ilﬂ{)ﬁﬁl“ﬂﬂllll"l“'
208, 210, 212, 214, 216 and 218 are preferably on/off val ves

cont rol tshe flow of el ectrol yte 34 onto wafer 31. Furthernore, val ves

15 204, 206112208Th@&;§bma¥3520fc?a3ﬂ17921%@&?@0&%13& Sdfbﬁisepﬁﬁgidﬁs)smtabw@lly on

bar 242 to facilitate a nore uniform el ectropolishing process. 35.
each of said plurality of cathodes.

113 The apparatus of claim 79, further comprising at least one in-situ film
10 thickness uniformity monitor disposed within said pohshmg receptacle configured to
monitor the thickness of the metal layer.

114.  The apparatus of claim 113, wherein said in-situ film thickness uniformity

monitor includes an ultrasonic sensor.

15
115. An apparatus for electropolishing a metal layer formed on a wafer,
comprising: '
an electrolyte for polishing the metal layer;
a polishing receptacle configured to receive the wafer;
20 a wafer chuck configured to hold and to position the wafer within said
i polishing receptacle; and ‘
at least one jét configured to apply said electrolyte to the wafer, wherein said
jet applies said electrolyte to successive portions of the wafer to uniformly
electropolish the metal layer from the wafer.
25

116. The apparatué of claim 115, wherein said jet moves along a path to apply said

electrolyte to successive portions of the wafer.

117. The apparatus of claim 116, wherem said Jet moves along a straight path
30 parallel to the wafer.

118.  The apparatus of claim 116, wherein said jet moves along a curved path

parallel to the wafer. -
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portions of Wdfer Iilsapmmo claim 1

PCT/ US99/ 15506
Usi ng the pr&een/034d6 er nati ve enbodi nent descri bed above t he PCBIUSOY1 5506
process steps can be sui tabl enpl %ed to sel ectively electropolish

rwhegeinsaiddet moyssiajlong@ospirl pathy 2:

Turn on punp 33, LMFC 55, and drive mechani sm 30. Turn on val ves 202 and

218; such that electrolyte 34 only contacts the portion of wafer 31 above

val ves 202 andozla'helagpﬁhtlﬁoﬂammls rfaftaérdomﬁsmg&ile(aﬁ@echﬂiodemgﬁmd

portion of wafer 31 1

bove val ves 202 and 218 is

el ect r opol | s Igthin gxépptsonﬁgtuedxmpbbmmle%gp@hsmacw g¢)to elegtronekishthe 4 set
?é,_qgﬁgyﬁ%% tht%fvt jover supply 200, LMFC 55, and valves 202 and

val ue or
218; 15

10

15

20

eps 1 to 3 for valves 204 and 216;

121.  The apparatus of claim 120, further comprising at least one fluid inlet disposed
within said polishing receptacle configured to deliver said electrolyte to immerse the
wafer in said electrolyte.

122, The apparatus of claim 120, further comprising at least one fluid inlet disposed
within said jet configured to deliver said electrolyte to said jet.

123. The apparatus of claim 115, further comprising a drive mechanism configured
to rotate the wafer.

124. The apparatus of claim 115, wherein said wafer chuck is configured to move

the wafer relative to said jet to expose successive portions of the wafer to the jet.

125. The apparatus of claim 115, wherein said wafer chuck positions the wafer

-

horizontally within said polishing receptacle.

126. The apparatus of claim 115, wherein said wafer chuck positions the wafer
vertically within said polishing receptacle.

—\
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Step 5: Repeat steps 1 to 3 for valves 206 and 214; 20 ' NSt eg@gomq-.
Repeat steps IPQ@P for val YORL.D ROELLECRUAL RRDPERTY) ARBNEHTIN Repa/st eps. 1 HIS

to 3 for valves 210. During the above e Pl bed polishin roce povver
suppl y_ DSTERNATIONATEAPPLIGATION B RHSED HOYER BHEFAT TENG SQURER ATION REATH R

as S[\@yintkiatlohslPatéht ChsBAtIontTIE power RbiY nfi@Ralia SublicRRH Nefbe! ¢ e twign 00/93426
on ﬁmp 1?@*%2\3[‘ F&ﬁ QZ and 216, 04°and 214, or 206 and 212, or
I n afdit (<] | veI y el ect rop ) ! shmgntqamwnmncwonMEr 3QJanuas|2oug (znhem»

pr es gpt—aterfattve—erbodment—descrrbedabove—ttHefotrtow g —process—steps
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n

(57) Abstract

An electropolishing apparatus for polishing a metal layer formed on a wafer (31) includes an electrolyte (34), a polishing receptacle
(100), a wafer chuck (29), a fluid inlet (5, 7, 9), and at least one cathode (1, 2, 3). The wafer chuck (29) holds and positions the wafer (31)
within the polishing receptacle (100). The electrolyte (34) is delivered through the fluid inlet (5, 7, 9) into the polishing receptacle (100).
The cathode (1, 2, 3) then applies an electropolishing current to the electrolyte to electropolish the wafer (31). In accordance with one
aspect of the present invention, discrete pomons of the wafer (31) can be electropolished to enhance the uniformity of the electropolished
wafer.
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entire surface area of wafer 31; and 5 Step 3

A,!, up of /]
supply 200 and all valves when the filmthickness reaches get"r%a'l Eg&%ﬂ
Al so, valves 202, 204, 206, 208, 210, 212, 214, 216 and 218 can be turned

of f at differenﬁ]%éﬁr%‘?p%%ng%g%ﬁgﬁb&%&m&%ﬁmmﬁm'etfmom‘ingret al |ayer

121 (Fig. 1A) o . reference now tq Fig. 25, still another
al ter nat i veprogda®stipsah be suitahly empinyedito selectisielyi lestropalish pertioRs A i ous
aspects of %ﬂe present invention, is shown. The enbodi nent of Fig. 25 is
simlar to at of Figs. 24A and 24B, except that all valves are disposed
on bar 242 at digkgy:ent r Qi oncpoweesupplyA4t o facilitate a nore uniform 15
el ectropolish. Using the present alternative enbodi ment descri bed above,
the fol | dwi ng process steps can be suitably enpl oyed to selectively

el ectropol i sh posep2ns of Tunf@rLMFC 24 and open valves 81,82, and 83. Tum off

LMFCs 21, 22, and 23 and close valve 84, such that electrolyte
34 only contacts the portion of wafer 31 above cathode 1.
Electrolyte 34 then retumns to electrolyte reservoir 36 throngh

10 outlet 132 suitably formed in section 130. Electrolyte 34 also
returns to electrolyte reservoir 34 through open valves 81, 82
and 83;

—st ep 2 .. Turn on LMFC 55 and all valves 202, 204, 206,;,208, %1% 2626ﬁ
214, 216 and 218, such that electrolyte 34 contacts s gzﬂ y tae p

-

Step 3: When the thickness of metal layer 121 (Fig. 1A) reaches a set
15 ' value or thickness, turn off power supply 14 and turn off LMFC
24;

Step 4: Repeat steps 1 to 3 for cathode 2 (Turn on LMFC 23. Open
valves 81, 82 and 84. Turn on power supply 13. Turn off
- 20 LMFCs 21, 22 and 24. Close valve 83. Tumn off power
supplies 11, 12 and 14);

Step 5: Repeat steps 1 to 3 for cathode 3 {Turn on LMFC 22. Open
valves 81, 83 and 84. Tum on power supply 12. Tum off
25 LMFCs 21, 23 and 24. Close valve 82. Turn off power
supplies 11, 13 and 14); and

Step 6: Repeat steps 1 to 3 for cathode 4 (Tum on LMFC 21. Open
valves 82, 83 and 84. Turn on power supply 11. Turn off
30 ' . LMFCs 22, 23 and 24. Close valve 81. Tumn off power
supplies 12, 13, and 14). '

26.
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(Fig. 24B).

~ - Step 1:- T : ly 200 (F
Turn on punp 33 (FPg. 24B) , Lll\J/Ir:?J gg FIC:):NSr Zzgl)o,yand dw%%rlﬁn!&{)os

Turn on valve 218, such that electrolyte

corr &b 8 2680

partion of wafer 31 above val ve 25 218. In this
met al Iayer 121 (Fig. 1A) on the portion of mafer 31 above val ve

218 is electrop (E'& é&f@xz@d rathéf '@ poYiskihg plitty ¢fRhgwafer)) reaches
a set value or t ness rn off povver suppl 1\(rglpoo &Flg Pief)) LMFC 55 30
(Fig. 24B), uamlterafmewam,aqoh&wahpcm e prriqsmagd from e PSR, PT v al ve 204

manner,

Step 5:

5

10

15

20

25

30

o B o Sh &Py rhnd Bty ciddking @ eitfiods Soquedce.

In addition to selectively electropolishing portions of wafer 31, using the
present alternative embodiment described above, the following process steps can be
employed to electropolish the entire surface of wafer 31 at one time:

Step1: - - Turnonpower supplies 11,12,13 and 14. As described

| earlier, the current of each power supply 11, 12, 13 and 14 can
be suitably set proportionate to the surface area of wafer 31
covered by the corresponding cathode. |

Step 2: Turn on LMFCs 21, 22, 23 and 24 and turn off valves 81, 82,
83, 84. As also described earlier, the flow rate of electrolyte 34-
from LMFCs 21, 22, 23 and 24 can be suitably set
proportionate to the surface area of wafer 31 covered by the
corresponding cathode; and

Step 3:. Turn off power supplies 11, 12, 13 and 14 at the same time
when metal layer 121 (Fig. 1A) reaches a set value or
thickness. Also, power supplies 11, 12, 13 and 14 can be turned
off at different times to adjust the thickness uniformity of metal -
layer 121 (Fig. 1A).

With reference now to Figs. 14A and 14B, yet another alternative embodiment
of the present invention, according to various aspects of the present iﬁvention, is
shown. The embodiment of Figs. 14A and 14B is similar to that of Figs. 13A and
13B except that on/off valves 81, 82, 83 and 84 (Figs. 13A and 13B) have been
removed. Accordingly, electrolyte 34 returns to electrolyte reservoir 36 only through
section 130. _

'Using the present alternative embodiment described above, the following
process steps can be suitably employed to selectively electropolish portions of wafer

31:
217.
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IZ)030
St ep -6: -~ Repeat steps 1 to 3 for valve 206; and St
1 to 3 for valves 214, 208, 212, and 210, 5 Fjs NSS 97rS SFP
respectively. During the above described polishing pr Q) R ﬁ@BI 2000
200 (Fig. 24B) can be operated in DC node, or in a variety of pul'se hodes;

as shown in Fig. 8 Additionally, the electroplating sequence can be

started from { he yigRk 0l ulkoFied 19hdnd on136 asdlicnuplueticte. 31 wi t hou

deviating fromt e Spl and scope of the present invention. In
addition to e&ﬂsb&ﬂdents@lfﬁleqireentnmmtlommmghmbtvﬂow aenecmmepzqsenhsu ng the

o be. empl Y, S BBV R, 13F SRRt R 19X s gl © GV 3‘%r”§§e§ﬁe5t o
tinme: 15 St dzccept thatﬁcrhelghhoiisectmn vealip $09; 107,105,503 ang 104) increpsep Turn
o0 TUEC 5 o 3 e g 0, 1 1
entire surf arizghtofsection waifsc09,307, H5¢1103 and 101 decreases outward along the radial
direction. In this manner, the flow pattern of electrolyte 34 can be further controlled
to enhance the electropolishing process.
With reference now to Figs. 20A and 20B, yet another alternative embodiment
— 10  of the present invention, acéording to various aspects of the present invention, is
shown. The embodiment of Figs. 20A and 20B is similar to that of Figs. 7A and 7B,
except that section walls 109, 107 105, 103 and 101 are configured to move up and
down to adjust the flow pattern of electrolyte 34. As shown in Fig. 20B, section walls
105 and 107 can move up, such that electrolyte 34 flows toward the portion of wafer
15 31 above section walls 105 and 107. '

Using the present alternative embodiment described above, the following

process steps can be suitably employed to selectively electropolish portions of wafer
31:

— 20 Step 1: Turn on power supply 13;

Step2: Turn on LMFC 23 only and move éection wall 109 close to
wafer 31, such that electrolyte 34 only contacts the portion of
wafer 31 above section wall 109. In this manner, metal layer

25 ) 121 (Fig. 1A) on the portion of wafer 31 above section wall
109 is suitably electropolished;

Step 3: When metal layer 121 (Fig. 1A) reaches a set value or

thickness, turn off power supply 13, turn off LMFC 23, and
30 move section wall 109 to a lower position;

Step 4: Repeat steps 1 to 3 for section walls 105 and 107 using LMFC
22, section walls 105 and 107, and power supply 12; and

31.
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G031
Step 3: .~ Turn.off power supplies 200 (Fig. 24B) ang¢ | xe 3 3
filmthi ckness reaches a set value. Al so, valves 202, ?3%2%?6% Eo@’seghﬁ% :
212, 214, 216 and 218 can be turned off at different 2 S 08 FER 2000
tines to adjust the thickness uniformty of netal layer 121 (Fig. "1A) ©On :
wafer 31 (Fig. 24B). Wth reference now to Fig. 26, yet another alternative
enbodi nent of the present invention, according to various aspects of the
present invention, is shown. 30 The enbaodi nent of Fig. 26 is simlar to
that of Fig. 25 ¥sREpt thAereat stpril i 3ienYalyrd00nad peen added to form a
cross-shaped bar 244. Valves 202 and 218, 204 and 216, 206 and 214, 208 and
212 are placed sglmmtri cally on the horizontal portion of bar 244 (as
depicted in Fig.SteBY: Si niReneatgteps hiodfor valtves244, 2085212058 24Ad 234, 224 and

232 are placed symretri calrgébeaﬁ,e&ertical portion of bar 244 (as depicted in
Fig. 26). 38. -

During the above described polishing process, power supply 200 (Fig. 24B)
can be operated in DC mode, or in a variety of pulse modes, as shown in Fig. 8.
Additionally, the electroplating sequence can be started from the center of wafer 31 to

— 10 the edge of wafer 31 without deviating from the spirit and/or scope of the present
invention.

In addition to selectively electropolishing portions of wafer 3.1, using the
present alternative embodiment described above, the following process steps can be |
employed to electropolish the entire surface of wafer 31 at one time:

15 '
Step 1: Turn on power supply-200 (Fig. 24B);
Step 2: Turn on LMEC 55 (Fig. 24B) and all valves 204, 206, 208, 210,
. 212,214, 216 and 218, such that electrolyte 34 contacts
— 20 substantially the entire surface area of wafer 31; and
Step 3: * Tum off power supplies 200 (Fig. 24B) and all valves when the

. film thickness reaches a set value. Also, valves 202, 204, 206,
208, 210, 212, 214, 216 and 218 can be turned off at different
25 ~ times to adjust the thickness uniformity of metal layer 121 (Fig.
| 1A) on wafer 31 (Fig. 24B).

With reference now to Fig. 26, yet another alternative embodiment of the
present invention, according to various aspects of the present invention, is shown.
30 The embodiment of Fig. 26 is similar to that of Fig. 25 except that an additional bar
has been added to form a cross-shaped bar 244. Valves 202 and 218, 204 and 216,
206 and 214, 208 and 212 are placed symmetrically on the horizontal portion of bar
244 (as depicted in Fig. 26). Similarly, valves 220 and 236, 222 and 234, 224 and 232

are placed symmetrically on vertical portion of bar 244 (as depicted in Fig. 26).
38.
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Addi t | b¥RSRISH/XBsNIepiett eddf MOFi1§/2@6, the val ves on horizontal portion of

portion of bar 244. Using the present alternative enb

bar 244 are disposed at different radii than the val :%gg\s/zr‘ﬁ$o
. ri

above, the follow ng process steps can be suitably e lq/ mn
el ectropolish portions of wafer 5 31: Step 1: Turn on power supp
Turn on purrp 33 (Fig. 24B), LMFC 55 (Fig. 24B)

200 (Fig. 2
and drive 1
218 and 202

4B); Step2:

Adionaliy,an doicied i Bie, A0 0 A0S kot bordirien 24w

above val ve&sﬁ&dﬁﬁﬁwrwmvﬂﬁﬁmrmemmpdrﬁmfﬁhim Fig.

portion of \;/\/21; er geove v)aa"ves §18 &9’5“ é %Fﬁl ethrg@g?ﬂP?S]’P%dof flSpg;tN:P 3.

supply 200 f;ﬂ'cess s@ﬁﬁ)an ble vitabhtentploydd tosbidetively bleétfopdlish pontibns @2 wafer

Whennet al | a

5

10

15

25

30

3007

31:

Step 1:

Step2:

Step 3:

Stép 4:
Step §:
Step 6:

Step.7:

Tum on power supply 200 (Fig. 24B);

Turn on pump 33 (Fig. 24B), LMFC 55 (Fig. 24B), and drive
mechanism 30 (Fig. 24B). Turn on valves 218 and 202, such
that electrolyte 34 contacts the portion of wafer 31 above
valves 218 and 202. In this manner, metal layer 121 (Fig. 1A)
on the portion of wafer 31 above valyes 218 and 202 is
electropolished. |

. When metal layer 121 (Fig. 1A) reaches a set value or

thickness, turn off power supply 200 (Fig. 24B), LMFC 55
(Fig. 24B), valves 218 and 202;

Repeat steps 1t0 3 'for valves 220 and 236;
Repeat steps 1 to 3 for valves 204 and 216;
Repeat steps 1 to 3 for valves 222 and 234; and

Repeat steps 1 to 3 for valves 206 and 214, 224 and 232, 208
and 212, and 210 only, respectively.

During the above described polishing process, power supply 200 (Fig. 24B)
can be operated in DC mode, or in a variety of pulse modes, as shown in Fig. 8.

In addition to selectively electropolishing portions of wafer 31, using the

present alternative embodiment described above, the following process steps can be
employed to electropolish the entire surface of wafer 31 at one time:

0dIM €

39.
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20 .[zggg a8t epl 4:2er. nRepeattisdteps 1 to 3 for valves 220 and 236; Step

5: Repeat steps | to 3 for valves 204 and 216; St 16 e te S &PS
1to 3 for valves 222 and 234; and 25 Step 7: Re 8 ? ﬁﬁé?@%
val ves 206 and 214, 224 and 232, 208 and 212, and 210 %smal:{;t FE? UUU
During the above descri bed polishing process, power supply (FIrg. 24

30 can be operated in DC npde, or in a variety of pulse npdes, as shown in
using i he pr eserithH: or nat PSR LREN 2003 B above. the ol low ng
process steps can be enployed to el ectropolish the entire surface of wafer
3 at one time: gl S e puunp 35 {hlg. SRPENEC PR YaB0Rd il - 248):
valves 204, 206, 208, 210, 212, 214, 216, 218, 220, 222, 224,
5 232, 234 and 236, such that electrolyte 34 only contacts
substantially the entire surface area of wafer 31; and

Step 3: Tum off power supply 200 (Fig. 24B) and all valves when the
thickness of metal layer 121 (Fig. 1A) reaches a set value, All
10 ' valves 204, 206, 208, 210, 212, 214, 216, 218, 220, 222, 224,
232, 234 and 236 can be turned off at different times to adjust
the thickness uniformity of metal layer 121 (Fig. 1A) on wafer
31 (Fig. 24B). ' o

pro

15 With reference now to Figs. 27A, B, and C, three additional alternative
embodiments of the present invention, according to various aspects of the present
invention, are shown. The embodiment of Fig. 27 A is similar to that of Figs. 24A and
24B except that, in the present alternative embodiment, three bars are used. The angle
between two adjacent bars is preferably about 60°. The embodiment of Fig. 27B is

e 20  similar to those of Figs. 24A and 24B except that four bars are used. The angle
between two adjacent bars is preferably about 45°. The embodiment of Fig. 27 C is
similar to those of Figs. 24A and 24B except that half of a bar is nsed. It should be
recognized, however, that any number of bars can be used without deviating from the
spirit and/or scope of the present invention. Additionally, the adjacent bars can be set

25  atvarious angles again without deviating from the spirit and/or scope of the present
invention. .

In the alternative embodiments described thus far, the electropolishing
sequenée can be started from valves close to the periphery of wafer 31, or started from
the center of wafer 31, or started randomly. Starting from the center of wafer 31 is

30 preferred since the non-polished metal layer 12i (Fig. 1A) (with larger diameter) can
be used to conduct current for polishing the next portion of metal layer 121 (Fig. 1A)
(with smaller diameter).

With reference now to Figs. 28A and 28B, still another alternative

embodiment of the present invention, according to various aspects of the present
40,
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St ep 2izoss XaFgi NNPN LpUMnH3of FTysz024B), LMFC 55 (Fig. 24B), and all val ves

204, 206, 208, 210, 212,214,216, 218, 220, 222, 224, 5 . 23
234 and 236, such that electrolyte 34 only contacts _ 9@'” ‘\tﬁes %
entire surface area of wafer 31; and Step 3: Tur ' By ﬂ
(Fig. 24B) and all valves when the thickness of netal™ | 2933?@ Z ﬁ

reaches a set val ue.

10 val ves

Al l
of 1 at i 11 oAERpepraldtpeybblsl o gp Bpheet icaply AR i 17, ] De0

121 (Fig. 1Apamibe indlieoangdiof@bow 0.121ilimetérs to about 5 milimeters, endprefesablyiow t o

Fi gs.

pr esent

used.

27A, B
i nve

B okl g b RSB ik i 18 il SRR Mind 0 o,

are shown. TE28Benbodi ment of Fig. 27 Ais simlar to that of Figs. 24A and

used: ThoSangre’ biIERTRRG e e o A3pt i R BRRERGTE €0 117 e

enbodi ment oembbdimeatds thespréddnt ineéntioh,accdrding toowations aspecisof the presenti 24B except

that four

10

15

20

25

30

500 B

bars are us

sveaticn, 1R Swm. T eaidSdithent of Figs. 31A and 31B is similar to that of Figs.
30A and 30B except that fresh electrolyte 34 can be delivered through pipe 260
instead of moveable jets 252 and 254 through flexible pipg 258. Wafer 31 also can be
immersed in electrolyte 34, and moveable jets 252 and 254 can be disposéd adjacent
to wafer 31 to focus polishing current on a specific portion of wafer 31. In the present
alternative embodiment, the gap between moveable jets 252 and 254 and wafer 31 can
be in the range of about 0.1 millimeters to about § millimeters, and preferably about 1
millimeter. Again the process sequence is similar to that of Figs. 28A and 28B.

With re_fert}nce now to Figs. 324, 32B, 32C and 32D, four additional
alternative embodiments of the present invention, according to various aspects of the
present invention, are shown. Fig. 32A shows a inoveable jet, which preferably |
inclu&es cathode 252 and case 262. Case 262 can be suitably formed from an insulator
material, such as Teflon, CPVC, PVDF, Polypropylene, and the like. Fig. 32B shows
a moveable jet consisting of cathode 266 and case 264. Electrolyte 34 can be
delivered through a hole suitably formed at the bottom of case 264. Fig. 32 C shows a
moveable jet, which preferably includes cathode 262, electrodes 274 and 270,
insulator spacer 272, case 262, and power supplies 276 and 268. Electrode 274 can be
suitably connected to the negative output of power supply 276, and electrode 270 can
be connected to wafer 31. In accordance with one aspect of the present invention,
electrode 276 preferably traps metal ions flowing out of case 262, therefore reducing
film buildup in the area outside of case 262. Additionally, electrode 270 preferably
prevents electrical field leakage from electrode 276 to minimize etch effect. The
embodiment of Fig. 32D is similar to that of Fig.32C, éxcept that case 264 has a hole
at the bottom for electrolyte 34. '

With reference now to Fig. 34A, 34B, 34C and 34]5, four additional
alternative embodiments of the present invention, according to various aspects of the
present invention, are shown. The embodiment of Fig. 34 A is similar to those of

Figs. 28A and 28B except that three bars are preferably used. The angle between two
42,
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Bet weerizesgoXadilagant Lebar 1AF sooprB/@e abl y about 45. The ‘enbodi ment of Fig. 27

Cis simlar to those of Figs. 24A and 24B except tha ~ Of a bﬁ 5
used. It shoutd be recogni zed, however, that any nunb ) 5)

wi t hout deviating fromthe spirit and/or scope of the n
Additionally, the adjacent bars can be set 25 at various anglggrapggs ZUUU

W t hout devi ati ng fromt he spirit and/or scope of the present invention.

the alternat| rrbodl i b us f ro hi ng
sequence ca Jﬁ?“% aésr‘faé‘ ?Fg@ g@"r@ﬁ gfﬁgpﬁ‘gﬂf EFJI’W;? er

started frOEBoEé\ﬁ'Fi@WTZSAaﬁZUE&J&Ept@ﬂatf&ﬁ'b&Eafetﬁd'eﬁBl?dﬁéﬂ YFheSnglet | Ng fromthe

center of wafer 31 is referred since the non-poli sheggmet al | ayer

121 (Fig. 1hR§twesh oye W%P%P%Eﬁ’mbyﬁbﬂgﬁseﬁh‘i%nm? r3eht for
pol i shing t p&ifftarito BiRkd bfFigO I8 ARIPISH Sk ﬂﬁ?ﬂalf&%mifﬁsd%ﬂn%@' ler

di arreter% Wth reference nowto Fi gs. 8A and 28B, still another

al t er nat thet goy umberf bass gambs employed Fithoutdevising ar i ous
aspects of g3 thE §3R¢Hnd/AP scope of the present invention. Additionally, any two adjacent

bars can be separated by any desired angle without deviating from the spirit and/or
scope of the present invention. The embodiment of Fig. 34D is similar to those of
~ Figs. 28A and 28B except that the straight bar is replaced by a spiral bar.
10 With reference now to Fig. 35, two additional alternative embodiments of the
present invention, according to various aspects of the present invention, are shown.
The embodiments of Figs; 35A and 35B are similar to those of Figs. 28A and 28B
except wafer 31 can be positioned upside down and vertically, respectively.
With reference now to Figs. 36A and 36B, another alternative embodiment of
15  the present invention, according to various aspects of the present invention, is shown.
The embodiment of Figs. 36A and 36B is similar to that of Figs. 14A and 14B except
that all cathodes are replaced by a one-piece cathode 8. In the present alternative
embodiment, cathode 8 can be suitably connected to single power supply 11.
Using the present alternative embodiment described above, the following
20 process steps can be suitably employed fo selectively electropolish portions of wafer
31:

5.

Step 1: Turn on power supply 11;

25 Step2: Turn on LMFC 21 and valves 82, 83, and 84, turn off LMFCS
22, 23, 24 and valve 81, such that electrolyte 34 only contacts
the portion of wafer 31 above sub-polishing bath 66, and then
flows back to electrolyte reservoir 36 through the spaces
between section walls 100 and 103, 103 and 105, 105 and 107,

30 107 and 109. In this manner, metal layer 121 (Fig. 1A) is
electropolished from the portion of wafer 31 above sub-
polishing bath 66;

Step 3: When metal léyer 121 (Fig. 1A) reaches a set value or thickness,
35 turn off power supply 11 and turn off LMFC 21;

Step 4: Repeat steps 1 to 3 for LMFC 22 (turn on LMFC 22, valves 81,
83, 84, and power supply 11, and turn off LMFCs 21, 23, and
24, valve 82);
40
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I nvention, is shown. The enbodi nent of Figs. 28A and 2 | W ar
of Figs. 24A and 24B except that posi-tion fixed val ves \ b4nb 0135053?%
210, 212, -214, - 216 and 218 have been replaced by two pet(82FEB 2000
Moveabl e jets 254 are di sposed adj acent wafer 31 and apply electrolyte 34

onto specific portions of wafer 5 34. Moveable jets 254 also sit on guide
bar 250, and can Swey$: al onBepdapstepsci to 3ot IMFE23(tunmon LMFC 25; valR€¥8land 28B.
Additionally, in the preseg?, saxaildyowey supplyor| amtun dff EMFCsI24022, @hd/t e i s
supplied through flexible Q{gﬁhaigrahbing the present alternative

enbodi nent descri bed above, the foll ow ng pracess steps can be suitably
enpl oyed %0 sel ecdiey@! Y el Repdabiteps 156 306F LMFCR4turd6h EMFE(D24, vélves Sl ep 1:
Turn on power supply 200; gbei32and power Supply NN adkitith FBLMFdsC1522 and@®3, dri vi ng
mechani sm 30. Turn 15 and valve 84). on val ves 356, such that

el ectrolyte 34 only contacts the :

In the above described polishing process, instead of polishing from the periphery of

10  wafer 31 to the center of wafer 31, the pdlishing also can be performed from center to

o~ ‘periphery, or can be performed randomly choosing various cathode sequences.
i _ In addition to selectively electropolishing portions of wafer 31, using the
present alternative embodiment described above, the following prbcess steps can be
, employed to electropolish the entire surface of wafer 31 at one time:
15
' Step 1: Turn on power supply 11;

Step 2: Turn on LMFCs 21, 22, 23 and 24 and turn off valves 81, 82,

83 and 84. The flow rate of electrolyte 34 from each LMFC

20 21,22 and 23 can be suitably set proportionate to the surface
area of wafer 31 covered by the corresponding cathode; and

Step 3: Turn off power supply 11 and LMFCs 21, 22, 23 and 24 until
metal layer 121 (Fig. 1A) reaches a set value or thickness. Also,
25 ) power supplies 11, 12 and 13 can be turned off at different
times to adjust the thickness uniformity of metal layer 121 (Fig.
1A).

'LMFCs can be turned off at different times in order to adjust the electropolishing film
30 thickness uniformity as shown in Fig. 37. Attime t), 6nly LMFCs 21, 23, and 24 are
turned off, and valves 81, 83, and 84 are also turned off. Therefore, electrolyte 34
does not contact wafer 31 except for the portion of wafer 31 above sub-polishing bath
64. As the power supply 11 remains turned on, metal layer 121 (Fig. 1A) can be
suitably electropolished from the portion of wafer 31 above sub-polishing bath 64. At
35 time t; LMFC 22 is turned off. Similarly, LMFC 24 is turned on at time t; and turned

44,
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p;ort i ongegaf ywakem13Leabownar wal viEgz®56. In this manner, netal |ayer 121
(Firg. 1A) on the portions of wafer 31 above val ves: 356 aret%u tably 5 5 0 a
19

el ectropol i shed; 20 Step 3: When net al Iay
reaches a set val ue or t hi ckness, turn off power supp
val ves 356; Step 4: Move cat hode jet 254 to the n g&uswﬁ%%ﬁﬁazgog

Step 5: - Repeat steps 1 to 4 until netal |ayer 121 (Fig. 1A) has been
o oehor! | SRR BRI bl By Eipoitger 208, v
various aspbath 60. _o’l‘mtebez gnd ¢oen be fine-amned hymeasnrma&r thickeess mhidohimitynt of Fi gs.
ggﬁi ?ingnglani)\s;eM %ﬁ%d%’gv tgfggs @éﬁgﬂﬂé??tﬂﬂ’fnﬂé' %ﬁ%@% [ E)Eaf nt \(I)V(r)der to
i ncreasing aﬁbdcﬁxheﬂt@f&ﬁmthimﬁm accbiting1o 9afous asproisofithe presenti i l'ar to
that of FI g?nvet%u%ﬁ, is Qlcxio Bl‘he embodiment of Figs. 38A and 38B is similar to that of Figs.
7A and 7B except that all cathodes are connected to smgle power supply 11. Since the
electrolyte only contacts the portion of wafer 31 being selectively electropolished, 2
majority of the polishing current will come from the cathode and go to that portion of
~  wafer3l. The polishing process steps are similar to those of Figs. 7A and 7B, with
- 10  power supply 11 replacing power supplies 12 and 13.
With reference now to Figs. 39A and 39B, yet another alternative embodlment
of the pment invention, according to various aspects of the present invention, is
shown. The embodiment of Figs. 39A and 39B is similar to that of Figs. 38A and
38B except that section walls 101, 103, 105, 107 and 109 can move up and down to
15  adjust the flow pattern. As shown in Fig. 41, section walls 105 and 107 are moved up,
so that the électrolyte flows toward the portion of wafer 31 above section walls 105
.and 107. _
Using the present alternative embodiment described above, the following

process steps can be suitably employed to selectively electropolish pbrtions of wafer
20 31

Step 1: Turn on power supply 11; |

Step2: Turn on LMFC 21 only and move section walls 101 and 103
25 close to wafer 31, such that electrolyte 34 only contacts the
portion of wafer 31 above section walls 101 and 103. In this
manner, metal layer 121 (Fig. 1A) on the portion of wafer 31
above section walls 101 and 103 is suitably electropolished;

30 Step3: ~  When metal layer 121 (Fig. 1A) reaches a set value or
. thickness, tarn off power supply 11, turn off LMFC 21, and
move section walls 101 and 103 to a lower position;

Step4:  Repeat steps 1 to 3 for section walls 105 and 107, using LMFC
35 22 and section walls 105 and 107, respectively; and

Step 5: Repeat steps 1 to 3 for section wall 109, using LMFC 23 and
section wall 109.
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35 [z9se Y4/Kh N@f ertericaanow. t13/8 gs. 30A and 30B, anot her alternative
enbodi nrent of the present invention, according to var

present invention, is shown. The enbodi ment of Figs. gBﬁJ gssg:ﬁg
to that of Figs. 28A and 28B except that wafer 31 is i r[B 2000
el ectrolyte 34. Mowveable jets 254 are di sposed adjacent to wafer
focus polishing current on a specific portion of wafer 31. I'n 41. the
present alternative enbodi ment, the gap between noveable jet 254 and wafer
31 can be in the range of about 0.1 millineters to about 5 mllineters, and

preferably about 1 millineter. Again, the process sequence is simlar to
that of Figs. Z%Moﬂmeleﬁnvelyelec&owﬁslung@bmgfeﬂafwﬁhuslﬂggs 31A and

accor i ng 1 B s pBbdit By SERASM ek Mo RlFRERREH: ABUEMCT,

enbodi mefit  edploygbto eRtttopulich thé Bntire swiate bfiwafen3 I dtane tihefi gs.

Step 1: Tum on power supply 11;
Step 2: Turn on LMFCs 21, 22 and 23, and move all section walls 101,
10 103, 105, and 107 and tube 109 close to wafer 31. The flow

—_ - rate of electrolyte 34 from LMFCs 21, 22, 23 and 24 can be
suitably set proportionate to the surface area of wafer 31
covered by the corresponding cathode; and

15 Step 3: Move all section walls down to a lower position, and turn off
all LMFCs at the same time, then turn off power supply 11.
Each pair of section walls can also be moved down at a
different time, with power supply 11 on, in order adjust
thickness uniformity. For example, as shown in Figs. 39A and

20 39B, section walls 105 and 107 are being kept at higher
positions with LMFC 22 on. Wafer 31 will be selectively
electropolished in the area between section walls 105 and 107.

With reference now to Figs. 40A and 40B, another alternative embodiment of
. 25 the present invention, according to various aspects of the present invention, is shown.
Figs. 40A and 40B illustrate an embodiment with multiple power supplies and a
single LMFC for polishing metal layer 121 (Fig. 1A) directly on a substrate with a
barrier layer on top. The embodiment of Figs. 40A and 40B is similar to that of Figs.
14A and 14B except that LMFCs 21, 22, 23 and 24 are replaced by a single LMFC
30 55
Using the present alternative embodiment described above, the following

process steps can be suitably employed to selectively electropolish portions of wafer
31: '

35 Step 1: Turn on power supply 11 to output negative potential to
electrode 4, and turn on power supplies 12, 13, and 14 to output
* positive or zero potential to electrodes 3, 2, and 1, respectively;

Step 2: Turn on LMFC 55, thereby immersing the whole wafer into
40 electrolyte 34. In this manner, metal layer 121 (Fig. 1A) will
be polished away only from the portion of wafer 31 above
cathode 4;

46.
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30A andesUBIdsEept] t4af NE6sH.efWeProl yte 34 can be delivered through pipe

260 i nstead of noveable jets 252 and 254 through flexi 52 gaﬁ -
31 also can be 10 inmrersed in electrolyte 34, and nov §t S‘b b,e
254 can be di sposed adjacent to wafer 31 to focus poli

specific portion of wafer 31. In the present alternative enbo |rre qQaZUUﬂ
gap between noveable jets 252 and 254 and waf er 31 can be in the range of

about 0.1 millinmeters to e I
mllimeter. Agai AtPHa pro?E% g@f@érge g“% ? 03FP@U 28A and
28B. 15 Wt h referewgé‘nﬁé%t‘?%wﬂl SSSAP and 32D f our

addi tional alternative enbodi nents of the resent i nvent i on, cording to
various aspects §tePShe pr eSURCITPAVETFuPRlies 1l k2 and 3t FPﬂne'S? Bws a
moveabl edj et, which prefer kness uniersnity of mstak layeril 21 (Fige Mbresehiss a case 262
can be suitably formned fr ot %o ordhirkness Alsgy Rpvepupplise bl 42 a3 e/ cpvc,
PVDF, Pol ypropyl ene, and tfumed aff atgiff esiip adjuss the thiskRas§ eabl e j et

consi sting of cathode 266 Whgraityef meal layer 13k (Fig.JA> 34 can be del i vered
through a hole suitably formed at the bottom of case 264. Fig. 32 C shows a
noveabl e jet, which preferably includes cathode 262, el ectrodes 274 and
270, ind@l ator sWWitiereferenpe now saFigs A4Aand 448, et anothep altesnative mbpdinzat

El ectrode 2744630t invention, according to various aspects of the present invention, is

shown. Figs. 44A and 44B show an embodiment of the apparatus with a single power

supply and single LMFC for polishing metal layer 121 (Fig. 1A) directly on substrate
123 (Fig. 1A) with barrier layer 122 (Fig. 1A) on top. The embodiment of Figs. 44A

15  and 44B is similar to that of Figs. 43A and 43B except that one power supply 11 is
used, and all cathodes are connected to single power supply 11. Similarly, section
walls can move up and down to adjust the flow pattern. As shown in Figs. 44A and
44B, section walls 105 and 107 can be moved up, so that the electrolyte flows toward
the portion of wafer above wall 105 and 107. o

20 Using the present alternative embodiment described above, the following

- process steps can be suitably employed to selectively electropolish portions of wafer
- 31:

, Step 1: Turn on power supply 11;
25
Step2: Turn on LMFC 55 and move section walls 101 and 103 close to
wafer 31, such that electrolyte 34 only contacts the portion of -
wafer 31 above section walls 101 and 103. In this manner,
metal layer 121 (Fig. 1A) on the portion of wafer 31 above
30 section walls 101 and 103 is suitably electropolished;

Step 3: When metal layer 121 (Fig. 1A) reaches a set value or
thickness, turn off power supply 11, and move section walls
101 and 103 to a lower position;
35

Step 4: Repeat steps 1 to 3 for section walls 105 and 107 (move section
~walls 105 and 107 up close to wafer 31, and turn on power
supply 11); and

40 Step 5: Repeat steps 1 to 3 for section walls 109 (move section wall
109 up close to wafer 31, and turn on power supply 11).

49,
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sui t abliyecgonnget gd tue:t haamegatutveo out put of power supply 276, and

el ectrode 270 can 25 be connected to wafer 31. In acco e wth one, ., ...
aspect of the present invention, electrode 276 preferf&éfmg Sﬁﬂéﬁ 5‘635
flowi ng out of case 262, therefore reducing film buil Gy 1€ ar -

outside of case 262. Additionally, electrode 270 pref eae&tegEB" ZUOD
electrical field | eakage fromelectrode 276 to mnim ze etch effect The

enbodi nent Fi g. i "yl t hat i . case 264
has a hol e %m"&%q‘%éegﬁ%fs’?%ﬂﬂ’t&&fg{ @c vf%’l%%eﬂ‘g% Sﬁtééfc@rﬁ Igscelegauﬁt(‘)w to Fig.
34A, 34B, 3dafenBt alddgrhefxaitis (Wa)icdnberRpressed av foéwsze enbodi ments of the
present invention, according to various aspects of the present invention,
are shown. The enbodinent of Fig. 34 Ais simlar to those of Figs. 28A and
28B except that three bars are preferably used. The angl e between two 42.

adj acent bars can be Y ef eCiuexy fpout 60[ er r whedRecrenbodi ment of Fig. 34B

is simlar to
5 C/{m[(x +r)’-(x-r)2]}_ whenx >r

Where C is a constant, x is the distance between center of wafer 31 and cathode jet
255 in the x-axis, and r the radius of liquid column made by cathode jet 255.

10 It should be recognized, however, that various modifications can be made to
the configuration of the wafer polishing cell without deviating from the spirit and/or
scope of the present invention. For example, the angle between wafer 31 and cathode

- jet 255 can be kept at any constant angle, or the angle can be changed during the
polishing process. The wafer itself can be placed at any angle relative to polishing

15 receptacle 100. In the embodiment of Fig. 54, jet 255 can be moved instead of
moving wafer 31, or both jet 255 and wafer 31 can be moved to achieve the same
results, In the embodiment of Fig. 54, wafer 31 can be immiersed in the electrolyte,
instead of being contacted by the jet stream of the electrolyte.

As stated earlier, although the present invention has been described in

20  conjunction with a number of alternative embodiments illustrated in the appended
drawing figures, various modifications can be made without departing from the spirit
and/or scope of the present invention. Therefore, the présent invention should not be
construed as being limited to the specific forms shown in the drawings and described

above.

54.
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t hose pfockix@syr 28A anck 2@ exceptzot hat four bars are preferably used. The
angl e between two adj acent bars can be preferably abom e,rbgﬁ

of Fig. 34 Cis simlar to those of Figs. 28A and 28B gt E g
- bar is used. Again, it 5 should be recognized that a ) oanb%tQ
be enpl oyed wi thout deviating fromthe spirit and/or scope of the present.
I nvention. Additionally, any two adjacent bars can be separated by any
desired angle without deviating fromthe spirit and/or scope of the pr esent

i nvention. The enbadi ment of Fig. 34D is simlar to those of Fi . 28A and
28B except thal4 the‘fhstmﬁhmfcmm lpﬂfh#@msa@d&lwn&cwnmswmq ltyof

Wth referenceygr.i mperds eciiéfar Q@%Jd@m:ﬁh idept s of
the present invention, ac %égl ng to vario ggée%ﬁ %&1 present
i nvention, ar esquarsd (40 Alde’ hnbodi ment s of Fi gs. 35A and 35B are simlar to

those of Fi 28A and 28B except wafer 31 can be positioned upside down

" and vertica Iy respectively. Wth reference nowto Figs. 36A and 36B,

anot her al t er n3f.i veThehehodefitiaimf1, Whereinsaideieetelyte inoludex drthophasphsricciicihyy t o
vari ous aspect f_the present invention, is shown. The enbodi nent of Figs.

36A and 36B isV¥m7Yar to that of Figs. '14A and 14B except that all
cat hodes are replaced by a one-piece cathode 8. In the present alternative
-~ 36.  The method of claim 35, wherein said orthophosphoric acid has a

-

10  concentration of about 60 percent to about 85 percent and contains about 1 percent
aluminum metal (against weight of the acid).

37.  Anapparatus for electropolishing a metal layer formed on a wafer,
comprising: '
15 an electrolyte for polishing the metal layer;
a polishing receptacle configured to receive said electrolyte and the wafer;
a wafer chuck configured to hold and to position the wafer within said
polishing receptacle;
a fluid inlet configured to deliver said electrolyte into said polishing
20  receptacle; and |
at least one cathode conﬁgured to apply an electropolishing current to said
electrolyte to electropolish the wafer.

38.  The apparatus of claim 37, wherein said polishing receptacle is divided into at
25  least three sections,

39.  The apparatus of claim 38, further comprising:
a first cathode disposed within one of said three sections; and
a second cathode disposed within another one of said three sections.

30
40.  The apparatus of claim 39, wherein said three sections of said polishing
receptacle comprises:
a first section;
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enbodi nezats YaathQue 8¢ camareosuirtall y connected to single power supply 11
Using the present alternative enbodi nent described ab

. . f n
process steps can be suitably enployed to selectivel y%g/ qu S

portions of wafer 31: Step 1: Turn on power suppl]
Turn on LMFC 21 and val ves 82, 83, and 84,

val ve 81,

FEXE

turn off LMFCS 22, 23, 24 and
such that electrolyte 34 only contacts the portion of wafer 31

above sub-poli shi ng se@ind sétionWKkréin 84ld ffirs $Ectidn G conthid StHiPsaid SecoRb er VoI 1
36 t hrough the SDaCESd bet ween section walls 100 and 103, 103 and 105, 105
and 107, 30

F 1A | ect “\kﬁﬂ
ﬁ)o: ?Shl nzg IbZtﬁ gg raSt e%kéh&g“f e%mn%?g}f&#& E%?@‘S&h‘?%& reaches a set

val ue or thi ckaqetm 35

section; an « 107 and 109. In this manner, net aI Iayer

121

turn of f power supply 11 and turn

off LMC 2k Step 4: Repeat steps 1 to 3 for LMFC 22 (turn on LMFC 22,

val ves 81,

10

15

20

ANV

25

30

41.  The apparatus of claim 40, wherein said first cathode is contained within said
first section and said second cathode is contained within said second section.

' 42, The apparatus of claim 40, further comprising a first fluid inlet disposed in

said first section configured to deliver said electrolyte into said first section and a
second fluid inlet disposed in said second section configured to deliver said
electrolyte into said second section.

43.  The apparatus of claim 42, further comprising a fluid outlet disposed in said
third section configured to remove said electrolyte from said polishing receptacle.

44,  The apparatus of claim 40, further comprising a fourth section, wherein said
third section is contained within in fourth section.

45.  The apparatus of claim 44, wherein said first cathode is contained within said
first section and said second cathode is contained within said third section.

46.  The apparatus of claim 45, further comprising a first fluid inlet disposed in
said first section configured to deliver said electrolyte into said first section and a
second fluid inlet disposed in said third section configured to deliver said electrolyte
into said third section.

47.  The apparatus of claim 45, further comprising a first fluid outiet disposed in
said second section and a second fluid outlet disposed in said fourth section
configured to remove said electrolyte from said po!ishing receptacle.

48.  The apparatus of claim 37, further comprising at least one moveable jet
configured with said cathode and said fluid inlet configured to apply a plating current -

and said electrolyte to the wafer. -

ST T
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83, 84jzgadchupaies) supnl yndrl oo andsgourn of f LMFCs 21, 23, and 24, valve 82);
40 43. Step 5: Repeat steps 1 to 3 for LM-C 23 r oné 3

val ves 81, 82,84, and power supply 11, and turn off L IﬂSQ v;(rijgzﬁos
valve 83); and 5 Step 6: Repeat steps 1 to C~24 ftay :
on LMFC 24, valves 81, 82, 83, and power supply 11, anaptmf VEQ/F&%?%
22 and 23, and valve 84). In the above described polishing process, instead
of polishing fromthe periphery of 10 wafer 31 to the center of wafer 31,

the polishing also_can be perforned fromcenter to periphery, or can be
perforned rand®ni yTheapparatis of slairo 48, wherein gaid soyeahle st further comprises a

second cathode outside of and positioned around said fluid inlet.

5 . 50.  The apparatus of claim 49, wherein said moveable jet further comprises an
' insulating wall positioned around said second cathode, and a third cathode positioned
around said insulating wall.

51.  The apparatus of claim 48, wherein said moveable jet is moveable in a straight
10  path parallél to the wafer.

52.  The apparatus of claim 48, wherein said moveable jet is moveable in a curved
path paratlel to the wafer.

15 53.  The apparatus of claim 52, wherein said curved path is a spiral path.

54.  The apparatus of claim 48, wherein said wafer chuck positions the wafer
horizontally adjacent to said moveable jet.

20 '55.  The apparatus of claim 48, wherein said wafer chuck positions the wafer
vertically adjacent to said moveable jet.

56.  The apparatus of claim 37, further comprising:
at least one fluid outlet configured to remove said electrolyte from said
25  polishing receptacle; and ' |
an electrolyte reservoir configured to hold said electrolyte, wherein said fluid
inlet and said fluid outlet are connected to said electrolyte reservoir.

57.  The apparatus of claim 56, further comprising at least one mass flow
30 controller connected between said electrolyte reservoir and said fluid inlet.

58.  The apparatus of claim 57, wherein said mass flow controller is a Liquid Mass

Flow Controller (LMFC).
6. RO RO O
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I'n addizgesnyd/®L sall eqtei ¥ elhgr eboeattvapol i shing portions of wafer 31, using the
present alternative enbodi nent descri bed above, the fo p
can be enployed to electropolish the entire surface of ngléjeﬁ&% boz

tinme: 15 Step 1: Turn onpower supply 11; Step 2: EENUS ong IVF§B 2@00

22, 23 and 24 and turn off valves 81, 82, 83 and 84. The flow r¥%f
el ectrol yte 34 fromeach LMFC 20 21, 22 and 23 can be

sui tably set pﬁ‘bpﬁrThappammsofclhm Sﬂrfﬁnliwcanpmmnat\un‘seane&'ﬂuutpmped by the
correspondi ng cat and St Tur,n o supply 11 and LMFCs
21, 22,23 and Z‘ZP"BE‘E W%saf%“mmf‘fﬂﬂ”‘%mf@% flet 5 set val ue or

th| ckness Al so, power supplies 11, 12 and 13 can be
turned of f at dlfferent times to adé,ust the thickness uniformty of netal

| ayer 121 (Fi g50.1A) The sppaggtus gficlpim 59, wheeeinsaid fuid pumpds 2 diaphragmpump. or der to

adj ust the ¢l ectropolishing film30 thickness uniformty as shown in Fig.
37. At tine t[glrr] only LMFCs 21, 23, and 24 are

The apparatus of claim 59, further comprising a pressure leak valve dxsposed
between the outlet of said pump and said electrolyte reservoir.

-~ 62.  The apparatus of claim 56, further comprising:
10 a heater configured to heat said electrolyte in said electrolyte reservoir;
a temperature sensor configured to detect the temperature of said electrolyte in
said electrolyte reservoir; and
" aheater controller conﬁgme& to control the temperature of said electrolyte in
said electrolyte reservoir. '
15
' 63.  The apparatus of claim 62, wherein said heater controller maintains said

electrolyte at a temperature between about 15 degrees Celsius and about 60 degrees
Celsius. '

20 64. The apparatus of claim 37, further comprising at least one power supply
connected to the wafer and said cathode

65.  The apparatus of claim 64, wherein said power supply applies a polishing
current of about 0.1 amperes per decnnetet—squared (A/dm?) to about 40 amperes per
25 decimeter-squared (A/dm?).

66.  The apparatus of claim 64, wherein said power supply is configured to operate
in direct current (DC) mode. '

30 67. The apparatus of claim 64, wherein said power supply is configured to operate

in pulse modes.

62.
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t'urned[ggfs;_mg@l ¥al ves 8har &3, 1@ngo 84 are also turned off.-

Therefore,

el ectrolyte 34 does not contact wafer 31 except for the Eﬁrj'sOn of wafer 31

above sub-polishing bath 64. As the power supply 11 re

g 35 50 6

metal layer 121 (Fig. |A) can be suitably el ectropolishd hg i DO
of wafer 31 above sub-polishing bath 64. At 35 tine t2,1mw’$g{¢|@dmﬂ

off. Simlarly, LMC 24 is turned on at tinme t3 and turned

time t[err] to obta%g extra polishjng, of portions of wafer
sub- pol i shi ng 88at h

apparatusoficlaim 7, wherein|said powersupply 15 copfigursdd

44, off at
31 above
9 oB?-ate

Teasy ;It ng vaf qjsinigh ﬁqfdlﬁ-fpmsum h6difed gne.%w u{.fp?ﬁg 5?}?‘-2 gﬂexvréversﬁi &ﬁugl?ﬁA and

anot her alternative enbodi nent ‘o
according to \M¥Seous aspects of the present 5 i nventi on,
enbodi nent of Figs. 38A and 38B is simlar, to that of Figs.

ent 1 nventio

is shown. The
7A and 7B

except. that al|l cathodes are connected to single power supply 11. Since the
el ectrol yt & orfiSy cdiheappasatuhef qlaimtG4dn whichsaidepowad supplyris cordigaoedito eperate

el ectropol i sh§f, c@nstant current mode '

70. The apparatus of claim 69 in which said power supply is further configured to

N operate in a constant voltage mode. _ ‘
10

71.  The apparatus of claim 64 in which said power supply is configured to operate

in a constant voltage mode.

72.  The apparatus of claim 37, further comprising a drive mechanism configured

15 to rotate said wafer.

73.  The apparatus of claim 72, wherein said drive mechanism rotates said wafer at

about 10 revolutions per minute to about 30 revolutions per minute.

20 74.  The apparatus of claim 37, wherein said electrolyte includes orthophosphoric

acid (H2PO4).

75.  The apparatus of claim 74, wherein said orthophosphoric acid has a
concentration of about 60 percent, by weight, to about 85 percent, by weight.

25

76.  The apparatus of claim 75, wherein said orthophosphoric acid further includes

about 1 percent aluminum metal (agairst the weight of the acid).

77.  The apparatus of claim 37, wherein said wafer chuck is configured to move

30 the wafer relative to said cathode.

78. The apparatus of claim 77, wherein said cathode is configured to move

relative to the wafer.

R
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maj or i taecefxa/Re RO i2ebd ngacyss anrzoni | | come fromthe cathode and go to that
portion of wafer 31. The polishing process steps are simlar to those of .
Figs. 7A and 7B, with 10 power supply 11 replacing po%ﬁ gef 15 @0 6
13. Wth reference now to Figs. 39A and 39B, yet anot ' n tl\é‘_fe a
enbodi ment of the present invention, according to var cO g dtEBn200g
present invention, is shown. The enbodi nent of Figs. 39A and 39B is simlar
to that of Figs. 38A and 38B except .that section walls 101, 103, 105, 107
and 109 can 7ﬁoveAG&PHﬁEF“ﬂ&RﬁI°P‘B°PPgSh“&ﬂ@§@ layrs formedonaalstn.  As shown in
Fig. 41, segg}nﬂﬁsm@l | s 105 and 107 are noved up, so that the electrolyte
the po

flows towar rtion of wafer 31 above section walls 105 and 107. Using
t he present alt eamglestyalyte farpdlishing theimetal lapesti above, the fol | owi ng process

o 20 bﬁl;s”'s%ggtwﬂﬁﬁ?ﬁ‘%ﬁ ROGE RAieln gk @Pang e il | O O

LMFC 21 6nly andapiwdity ofsertion wallsidispoed within ighing receptacle, wherein
close to wafgh Reutity ¢ Lbliftilvalll diild QldSctistifiy RREMadORAE piraififof
' sections; ' '
a wafer chuck configured to hold and to position the wafer within said
- polishing receptacle; o
10 a plurality of fluid inlets configured to deliver said electrolyte into said
polishing receptacle; and '

a plurality of cathodes configured to apply an electropolishing current to said
electrolyte to electropolish the wafer.

15 80. The apparatus of claim 79, wherein said plurality of section walls comprises:
a first section wall, wherein said first section wall encloses a first section of
said polishing receptacle; and
a second section wall, wherein said second section wall encloses said first
section wall to form-a second section of said polishing receptacle.
20
81.  The apparatus of claim 80, wherein said plurality of cathodes comprises:
a first cathode disposed within said first section of said polishing receptacle;
and
a second cathode disposed within said second section of said polishing
25  receptacle. |

82.  The apparatus of claim 80, wherein said plurality of fluid inlets comprises:
a first fluid inlet disposed within said first section of said polishing receptacle;
and -
30 a second fluid inlet disposed within said second section of said polishing
receptacle. '

83.  The apparatus of claim 82, further compﬁsing:
third fluid inlet disposed within said fi ion; and | |
a thir l.'Il- inlet disposed wi n sa 6rit.secuon an ”!l,"c’ mly l'l"" "l,sl " ,!I,
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porti onzads wafxer N31 mabovaaseoet immzaval | s 101 and 103. In this manner, netal
| ayer 121 (Fig. 1A) on the portion of wafer 31 above seciih@R Wal | s 101 and
103 is suitably el ectropolished; 30 Step 3: 3O e #I 1I51>§rﬂ '6
121 (Fig. 1A) reaches a set value or thickness, turn o , su@pj_—*fg_:l?;,g;.
turn off LMFC 21, and nove section walls 101 and 103 to a Br posi Fioml:y
Step 4: Repeat steps 1 to 3 for section walls 105 and 107, using LMFC

- 35 22.and, sectiop wal]ls 105 and 107, respectively; and
Step 5: Repe&tfmg%be%%‘%ln?qtélsl%o ks FFEORAPPCEPBO,  using LMFC 23 and
section wall 109. 45. In addition to selectively el ectropolishing

portions of wafer 31, using the present alternative enbodi nent described
gvmm@égglagné

above, the 8| odkhf cepaprising: .
a third section wall, wherein said third section wall encloses said second

5  section wall to form a third section of said polishing receptacle.

85.  The apparatus of claim 84, wherein said plurality of cathodes comprises:
a first cathode disposed within said first section of said polishing receptacle;
and -
ot 10 a second cathode disposed within said third section of said polishing
receptacle.

86.  The apparatus of claim 85, wherein said plurality of fluid inlets comprises: .
a first fluid inlet disposed within said first section of said polishing receptacle;
15 and :
a second fluid inlet disposed within said third section of said polishing

receptacle.

87.  The apparatus of claim 86, further comprising:
20 a third fluid inlet disposed within said first section; and
a fourth fluid inlet disposed within said third section of said polishing
receptacle.

88.  The apparatus of claim 79, wherein said plurality of section walls are
25 configured to move between an extended position and a retracted position.

89.  The apparatus of claim 79, wherein said plurality of section _walls decrease in
height in a radially outward direction from the center of said polishing receptacle.

30 90. The apparatus of claim 79, wherein said plurality of section walls increase in
height in a radially outward direction from the center of said polishing receptacle.

91.  The apparatus of claim 79, wherein said plurality of section walls is

configured in a circular shape. . \
T

C - L
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5 errptmgedm/Q.LeJNq:ctm@:pohmshot herantire surface of wafer 31 at one ti rre
Step 1: Turn on power supply 11; Step 2: Turn
23, and nove all section walls 101, 10 ?ﬁ{}@ g%ogzsag%gngo
- 107 and tube 109 close to wafer 31. The flow rate of egpgm %wg

' ' ' - tne"s

LMFCs 21, 22, 23 and 24 can be suitably set proportion rface
area of wafer 31 covered by the correspondi ng cat hode; and 15 Step
3: Move all section walls down to a | ower position, and turn off all
LMFCs at the same'time, then turn offpower supply 11. Each pair of section
wal I s can al s®%e rfﬂxmp@rmoédammmmsmdplm:m&snctmmilssmpm y 11 on,

i n order adjus mty. For exanple, as shown in Figs. 39A
and 20 éoni.mgﬂ?é&“g%,%'section wal I s 105 and 107 are bei.ng kept at

hi gher positions with LMFC 22 on. Wafer 31 will be sel ectively

I ligh | | h
et or onte riow 1 i iy AELABER. St Rid Phalin/el oo iiten: o

conﬁgurgd in a triangular shape.

94.  The apparatus of claim 79, wherein said plurality of section walls is
-~ configured in a square shape.

95.  The apparatus of claim 79, further comprising a plurality of section arms
extending radially outward from the center of said polishing reservoir, wherein said
“section arms radially divide said plurality of section walls into a plurality of sectors.

15 96. The apparatus of claim 79, wherein said wafer chuck positions the wafer
adjacent the tops of said plurality of section walls to form a gap.

97.  The apparatus of claim 96, wherein said electrolyte flows in said gap formed
» between the wafer and the tops of said plurality of section walls. '
20 . o
98.  The apparatus of claim 79, further comprising a drive mechanism configured
to rotate the wafer.

99.  The apparatus of claim 79, further comprising at least one fluid outlet disposed
25  within said polishing receptacle.

100. The apparatus of claim 99, further comprising:
an electrolyte reservoir configured to hold said electrolyte, wherein said fluid
outlet and said plurality of fluid inlets are connected to said electrolyte reservoir; and
30 at least one pump connected between said electrolyte reservoir and said
plurality of fluid inlets configured to pump said electrolyte into said polishing
receptacle.

w (UMM
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25 thegpgr-gsgm NINVeRki aur @GcorAdbng to various aspects of the present

I nvention, is showmn. Figs. 40A and 40B illustrate an e | jh‘gsoi
mul ti pl e power supplies and a single LM-C for polishing r 1Z1™ ¥ ¢
(Fig. 1A) directly on a substrate with a barrier |ayer he® FEB 200;

enbodi nent of Figs. 40A and 40B is simlar to that of Figs. 14A and 14B
. except that LMFCs 21, 22, 23 and 24 are replaced by a single LMFC 30 55.
Usi ng the predéht dhe eppardtuswodf cinirh d00, fanher domprisibgat ledspores massdlowol | owi ng
process steps can.be suita enpl oyed to ,selectivel y el ectropolish .
portions of mﬁ?’«itf°1§59°’§'5°‘°ﬂ’&w’g‘ps§l‘%$‘“lﬂa“dsa’d ‘%ﬁ}lﬂﬂ’\ﬁé?‘fegsuppl y 11 to
out put negative potential to electrode 4, and turn on power supplies 12,

13, and 14 to qutp positive or zero potential to electrodes 3, 2, and 1,
respect i vel y: 182ep The apparawis oficlaim 10further comprisinggt leastene-qontok valvenhol e

waf er i ntog40 : s : ﬁf?fﬂﬁ' fetﬁ In this manner, netal
| ayer 121 (sFi é:omiegedm%gm%wgﬁ%ddsaﬁglgﬁgm fromthe portion of wafer 31
above cat hode 4; .

103. The apparatus of claim 100, further comprising a pressure leak valve
connected between said pump and said elecuolyte reservoir.

10 104 The apparatus of claim 100, further comprising:
2 heater configured to heat said electrolyte in said electrolyte reservoir;
a temperature sensor configured to detect the temperature of said electrolyte in
said electrolyte reservoir; and

a heater controller configured to control the temperature of said electrolyte in
15  said electrolyte reservoir.

105. The apparatus of claim 79, further comprising at least one power supply
connected to the wafer and said plurality of cathodes.

20 106. The apparatus.of'claim 105, further comprising at least one charge monitor
connected to said at least one power supply.

107. The apparatus of claim 79, wherein said plurality of cathodes is formed from
copper. -

25 .
108. The apparatus of claim 79, wherein said plurality of cathodes is formed from
platinum,

109.  The apparatus of claim 79, wherein said plurality of cathodes is formed from
30 titanium coated with a layer of platinum. '

110. The apparatus of claim 109, wherein said layer of platinum has a thickness of
about 50 microns to about 400 microns.

-
L
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46, (VOSOTA3428 L¢:7 nar oo, 11/20
¢ PCF/ US99/ 15506 Step 3: When netal |ayer 121 (Fig. S
val ue or thickness, turn off power supply 11; 5 Iﬁg]g 1%&&1&5
steps 1 to 3 for cathode 3 (turn on power supply 12 tol OSI8.I'Y/E§ Ogu
trv

- potential to cathode 3, and power supplies 11, 13 and 14 to out put neg
potential to cathodes 4, 2 and 1); Step 5: Repeat steps 1 to 3 for

- cathode 2 (turibllon e appasatus of plaihi 79,avhktein said electrolyte includes orthopmip?ldhc
e v o oMo e ot e e, i 0
to 3 for cat hogércdnt By Wéigit and @oftainrigubout [lferécnt Qlﬁmmum meml (afamst weight of

out put positive potential to cathode 1, and power supplies
the acid).

5
112.  The apparatus of claim 79, further comprising a diffuser ring disposed above
each of said plurality of cathodes.

-~ 113.  The apparatus of claim 79, further comprising at least one in-situ film

. v

- 10  thickness uniformity monitor disposed within said polishing receptacle configured to
monitor the thickness of the metal layer.

114. The apparatus of claim 113, wherein said in-situ film thickness uniformity
monitor includes an ultrasonic sensor. '
15

115. An apparams for electropolishing a metal layer formed on a wafer,
comprising:
an electrolyte for polishing the metal layer;
‘/ _ a polishing receptacle configured to receive the wafer;
20 a wafer chuck configured to hold and to position the wafer within said
polishing receptacle; and
at least one jet configured to apply said electrolyte to the wafer, wherein said
jet applies said electrolyte to successive portions of the wafer to uniformly
electropolish the metal layer from the wafer.
25 | |
116. The apparatus of claim 1 15, wherein said jet moves along a path to apply said
electrolyte to successive portions of the wafer.

117. The apparatus of claim 116, wherein said jet moves along a straight path
30 parallel to the wafer.

118.  The apparatus of claim 116, wherein said jet moves along a curved path

pamlxelm@e wafer. : //
| & \\\,\\\\\c\\\\\\“‘i\ LS
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12 and [388% RSkt Mt 45652800t %RYi al to cathodes 4, 3 and'2). Fig. 41
shows the power supply turn on/off sequence for polishi fer areas 4 _ .
(above cathode 4), 3, 2, and then 1. The power supply Pﬁdﬁg@gejfb&r&ﬁnﬁ

be 20 selected froma variety of wave forns such as a!EEMJ d s pnecumvad(
GBI b

form a unipelar pulse, a pulse reverse, a pul se-on-pul $]

pul se, as shown in Fig. 42. In the above sel ective el ectropolishing
process, instead of electropolishing fromthe periphery to the center of
the wafer, el ec&lPopJThFﬁﬂi’Wﬁl%mslg6b€h%Pﬁ%¢M&WFWWWI path.per i phery,
or can be performed randomly by choosing an arbitrary 25 cat hode
sequence. In addition to selectively electropolishing portions of wafer 31,

usi'ng the presel?0. alheapparatusofsidimdil fefurthereomprisinglatdeastene cathedé dispased ng
process steps he. . ligh,the, entir [ f wafer
175t one. &1 me: e Sailf R el Bor hd ERRopSilnd sl Id feciiphine’ ) S

and 14. The Scurmesaklaysr fromcthe pfeer supply 11,12, 13 and 14 can be suitably

‘'set proportionate to the surface area of wafer 31 covered by the
correspondi ng cat hode. :

121.  The apparatus of claim 120, further comprising at least one fluid inlet disposed
- within said polishing receptacle configured to deliver said electrolyte to immerse the
-, wafer in said electrolyte.
- 10
122. The apparatus of claim 120, further comprising at least one fluid inlet disposed
within said jet configured to deliver said electrolyte to said jet.

123.  The apparatus of claim 115, further comprising a drive mechanism configured
15  to rotate the wafer.

124. The apparatus of claim 115, wherein said wafer chuck is configured to move
the wafer relative to said jet to expose successive portions of the wafer to the jet.

20 125. The apparatus of claim 115, wherein said wafer chuck positions the wafer
horizontally within said polishing receptacle.

126. The apparatus of claim 115, wherein said wafer chuck positions the wafer
vertically within said polishing receptacle.

—_—_—
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35 St

can be turned

t hi ckness uniformty of netal
PCT/ US99/ 15506 Wth reference now to Figs.
alternative enbodi nent of the present

aspects of th
enbodi nent of
for polishing
1A) with barr

ep 2:

40

: Turn on LMFC 55; and Step 3:
supplies 11wdgeoskss and 14 at - the sane
reaches a set value or thickness. Al so,

| ayer

r supplies 11, 1

Turn of f power

195gﬁemhen et al Iayergégﬁﬁéﬁﬁ 061A)

off-at different tines to adjust the

121 (Fig.

i nvent j,on,

43A and 43B, stil

1A). 47. WD 00/ 03426

anot her

according to various

esgnt e , &S sho £i gs. 43A and 43BAshgw an
*&ﬁ% éRpQE;QK E;A?E q%ltipl p@wer supplies and b sfingl e LMFC
| { | ayer (Fig. 1A) 5 directly on substyate 123 (Fig.
iter |ayer 12P (Fig. 1A) on tpp. The
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enbodi nent of Figs. 43A and 43B is simlar to that of Figs. 40A and 40B

except that yagede3ats Wal | s can nove.up and
As 'shown in Figs.

43A and 43B,

wn to adj ust the POTAISHEIORr n.
section walls 105 and 107 can be noved up,

so that the electrolyte flows toward the p{tion of wafer 31 above walls

105 and 107. 10 Usi ng the present dlternative enbodi nent descri bed
above, the follow ng process steps can he suifabl & enployed to selectively.
el ectropolish portions of wafer[31: Sted 1:- T on power supply 11; 15
St ep2: Turn on LMFC 55 and e section +s—%0h and 103 adj acent to
waf er 31, such that el ectrolyfe~3¢ only jcontag¢ts thel portion of wafer 31
above section walls 101 and 1037 Jn thisg manngr, mretal |ayer 121 (Fig. 1A
on the portion of wafer 31 ab _ds, hony 20 < wal I's 101
and 103 is suitably electropolTEhedi® p 3: nJretel | ayer 121<Fig.
1A) reaches a set ¥l ue or thic ss—turn f supply 11, and gmve
section walls 101 aed 103 to | ___ - N
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a lower position; 25 Step 4: - Repeat steps 1 to 3 for section wall 105
and -107, usivwg oves4bé 0N Wal | s 105 and 107 and power supply 12pcqRsSesridhs O
Repeat. steps 1 to 3 for section wall 109, 3yspng section wall 109 30 -
and power supply 13. In addition to selectively el ectropolishing portions
of wafer 31, using the present alternative enbodi mrent descri bed above, the
foll ow ng process steps can be enployed to el ectropolish the entire surface
of wafer 31 at one tine: 35 Step 1: Turn on power supplies 11, 12, and
13. The current through each power supply 11, &12 and 13 can be suitably set

proportionate to the surface area of wafer_3&X that is covered by the
correspondi ng cat hode; 40 48. = _
- L e <
NG ;
o 0 0 Y
o = [ < 20
= d ° I o

31

30
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Step 2: Turn on LMFC 55, and nove all section walls 101, 103, 105, 107
and. secti on W@Iop/03428 cl oseto wafer 31; an éﬁt ep 3: Tur n- adfdTOSHME506
supplies 11, 12 and 13 at the sane tine 5 the
thi ckness uniformty of nmetal |ayer 121 (Fi®. 1A) reaches a set value or
t hi ckness. Al so, power supplies 11, 12_and~13 can be turned off at

di fferent tines to adjust the thickness yuniform tgof metal |ayer 121 (Fig.
1A). 10 Wth reference phow to Filgs. ﬁﬂA gﬁd 44B, yet anot her
alternative enbodi ment of the }a-sent I nvent i'gA—eaetordi ng to various

aspects of the present invent I's shgwn. Fijgs. 44A and 44B show an
enbodi nent of the apparatus W a Single powgr sgyg#y and single LMFC for
polishing netal |ayer 121 (Fi g—3A—ehrdct|y(¢n gqubstirate 123 (Fig. 1A
with barrier |layer_ 122 (Fig. 1A %@ The( ¢npaai mant Pf Fi gs. 44”5
and 44B is simlar®'o that of = A land %%rfxcept t hat one poVeL

<

supply 11 is

—

I~

o




used, and.all cathodes are connected to single power supply 11. Simlarly,
section wall ve up and down to adjust ‘the flow patter in
‘Figs. 44A aggogg%?ﬂgection wal | s 105 and 5187 can be noved up?cgéﬁ?ﬁgg&?he-
electrolyte flows toward the portion of wafer above wall 105 and 107. 20
Usi ng the present alternative enbodi nent described above, the follow ng
process steps can be suitably enployed to selectively electropglish
portions of wafer 3A: &tep 1. A durn on pover pply 11;A25 Step2:

Turn on LMFC 55 and| mi§e secti or wﬁ | s 101 and 183 close t¢ wafer 31, such
that el ectrolyte 34} onTy contactl]s the portion of "wafer 31 @bove section

wal | s 101 ard-103n-this-rmanngr;retattaygr-121rtFgTR)on~t he portion
of wafer 31 above 3P sectji on wal | and 103 is
suitably el ectropol|shed; Step 3: When al |aye (Fig. 1A
reaches a set valuejor thicknesgq, turn off p r supp and nove
section walls

)

)

Fig. 41
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101 and 103 to a | ower position; 35 Step 4:

section wal lygo $8)348¢rd 107 (nove secti-on wa

31, and turn on power supply 11): and 40

1 to 3 for section walls 109 (nove section wall
and turn on poyer supplw 11).

PCF/ US99/ 155068I n addi t j&

waf er 31,

foll ow ng process
of wafer 31- at ong

usi 1@ t

Be preben

steps ca
tinme: 5

49
to

al f&rn
be enp

(b) Unipolar pulse

£l dot i

ati
| oyed t

(c) Pulse reverse

L1

inbodi nent deso
o el ectropolis
Step 1:

Ut

00/ 03426 | =
el ect r opdki s ng port itons Aof

iji

Repeat steps 1 to 3 for

Repeat

Hssz 105 and 107 up pedrassdohssopaf er .
Step 5:

st eps

1094up cl ose to gafer 31,

E

Turn on

(d) Pulse-on-pulse

=

ri bed above,
h the entire
power suppl y

(e) Duplex pulse

t he
surf ace
11;

Fig. 42
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Step 2: Turn on LMFC 55, and nove all section walls 101, 103, 105, 107
~and 109 up Ge8nidevafer 31; and 10 '/'sgt-ep 3. I\/bvePTéalJ,"stggﬁgstokon
wal s down to a lower position at the sanme time, then turn off power T
supplies 11. Each pair of section walls can al so be noved down at different
times, wth power supply 11 on, in order adjust thickness uniformty. For
exanpl e, as shown in Figs. 44A and 44B, section walls 105 and 107 are 15
bei ng kept at higher position with power supply 11 on. Wafer area above
section wall 105 and 107 will have extra poliging filmon that portion.
The extra polishing tine |l ength and | ocationstan be determ ned by anal yzi ng
the thickness uniformty of wafer er |fil-@ characterization. 20
Wth reference nOﬁE%o Figs. 45 andl46, two addigLnﬂhg alternative

€

enbodi nents of th

re shown. Fifjséa 35 and!46 show enfhodi ment s confi gf®¥ed

present invention,

resent inventi acco1ding T0 vani ous aspects of ehhe
with an in-situ . l o 0 uh
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filmthickness uniformty noniter. Sensors 500 can be ultrasonic type

t hi.ckness 2O 0@dur enent sensors. Signal detected from sen®PCraussoissos
sent back to conputer 502. The in-sjitu t hi clé482s data can be used to adj ust
or control polishing uniformty and final thickness. Wth reference nowto
Fig. 47, another alternative enbodi nent of the present invention, according
to-various aspects of the present invention, is shown. Fig. 47 30 shows
an enbodi nent configured to be a stand- alone Jully conputer-controlled

waf er - processing tool with automatic wafer transfer cl eaning nodule with
wafer dry- in and dry-out capablllty It ny ncl udes five stacked
pol i shing receptacles 300, 302, 30 f<Ve st acked cl eani ng/dry
chanmbers 310, 312, 914, 316 and robot 322 cassettes 320 an

321, electrolyte rggervoir 36, a ) pl nblng box 330. As descri bed@®
bef ore, polishing tnth 300 prefe I ncl des g plucality of cathode§Er
i ity of roow@|1 s or tubes, a e@fer

plurality of power pplies, ; <
chuck, and a driw%umacham sm h @-at r o |4at es wafer 31 (twl ng
El F dese vgff 36- preferably includes

a

t he el ectropoli shi process. - €
a 50. cq _ \
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WO 00/ 03426 " '

PCT/ US99/ 15596 obeser at ure control sensor. Plunbing box 330 gy

i ncl udes of a punp, LM-Cs, valves, fil tersd/%hd pl umhi ng. The pol iggﬁ%grqg -
‘system further preferably includes a conputer control hardware and an
appropriate operating software package. The operation process seqguence is
described as follows: 5 Step A Load wafer cassettes 320 and 321
manual |y or using robot 322; Step B: Sel ect recipe and push run button;
10 Step C Initialize the systemusing the control software,

i ncl udi ng checking any and all system paraneters, and nonitoring for any
alarns existing in the system. Step D . After conpleting the
initialization, robot 322 picks up a wafer 15 from
cassette 320 or 321 and sends the wafer to one of the

500

SR

d

AN

30
/29
[

A
sz
Fig. 45

500



pol i shing receptacles 300, 302, 304, 306, or 308 Step E: Metal |ayer 121
(Fi-g. 1A) oV@R¥#2& er is then el.ectropolisfggdp 20 . SPET/YS99/15506
After electropolishing, robot 322 picks up the polished wafer fromthe
polishing receptacle, then transports it to one of cleaning/drying chanbers

310, 312, 314, 316, or 318; Step G The el ectropolished wafer is then
cl eaned; 25 Step H The el ectropolished wafer is then dried using any
conveni ent drying process, such as spin-drying and/or N err] purging; and
Step I: Finally, the dried wafer is then transported to cassette 320 or
30. 321 manual ly or by robot 322. Fig. 48 shows the

process sequence for polishing multiple wafers sinultaneously. The process
sequence for polishing nultiple wafers is simlar to that 51.

500
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WO 00/03426
PCT/ USQ9/ 15580 thio342¢| ect ropol i shing a si ng vvaf er except "t Rtrnld99/15506
conmput er checks for any unprocessed waf er 3na|n|ng in cassette 320. or 321

after process step |I. If there is an uhprocessed wafer remaining in
cassette 320 or 321, then the systemw || return to step A (i.e., |oading
new cassettes or exchangi ng cassettes). If there is still an 5

unprocessed wafer remaining in cassette 320 and/or 321, the sygpem will
return to step D (i.e., robot 322 picks up the unprocessed waf fromthe
cassette and transports it to one of the polishing receptacles Process
step E can preferably include a two-process step, the first beigg to
sel ectively electropolish netal layer 121 &Fig. 1A) on the vvaig and the
second being 10 to electropolish netal |layer 121 (Fig. 1A) o he whol e
waf er sinultaneously. Instead of cleaning aNwafer in one chanber, the

cl eaning process can be perforned in different chanbers. The cleaninp
process can al so consi st of several stepp, dnd|ea¢h $tep camuse—diff erent
solutions, different concentrations of spl utli ons, |or |difflerent_hardware.
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15 I nst ead of arranging five pollshlng receptacles and

five-cl eani nY/RYBES chanbers, the nunber of 4 shi ng recept BETAISISIES06
nunber of cl eani ng/drying chanbers can be varle from1l to 10 as shown in”
the follow ng table: TABLE 4 20 Type 1 2 3

4 5 6 7 8 9 No. of polishing receptacles 1 2 3 4 5 6
7 8 9.No. of cleaning/drying chanbers 9 8 7 6 5 4 3 2
1 In accordance with various aspects of the present invention, types 4, 5,
6 and 7 in the above table are preferred. Wth reference nowto Fig. 49,
anot her alternative enbodi nent of the present 25 invention, according to
various aspects of the present invention, is shown. Fig. 49 shows ap

enbodi ment configured as a wafer-polishing tool. The enbodi nent of g. 49
is simlar to that of Fig. 47, except that cassette 320 can be noved, up and
down by a robot 323. The position of cassette 320 can be noved up aBf down
to match the position of the polishing receptacle or cleaning/dry d&anmber.
Accordi ngly, robot 322

No

unprocessed wafer in

Yes




30 does not need to nove in the Z direction when picking up an
“unprocessed wefopmifzsom 52. WO 00/ 03426 PCT/US99/15506
PCT/ US99/ 15506 cassette 320 or putting a pol{sfsed dry wafer back into -
cassette 320.- In this manner, the operating speed of robot 323 can be
suitably increased. Wth reference nowto Fig. 50, still another

al ternative enbodi nent of the present invention, according to v ous
aspects of the present invention, is shown. 5 The enbodi nent s&gwn in
Fig. 50 is simlar to that of Fig. 47 except that robot 322 itsel® can nove
in the X direction. Accordingly, robot 322-need not rotate about e Z
axis. Wth reference nowto Fig. 51, yet Fhother alternative enb@di ment of
the present invention, according to various pects of the present

invention, is shown. 10 The enbodi ment 9 : D
that of Fig. 47 except that polishing
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receptacl es and cl eani ng/ dfyi ng chanbers are put in one col um. Conpared
with the enWQibomsmé of Fig. 47, the foot print of the systenPCEASesiissas,
however wafer throughput can be sl ower. VVth1ﬁ2%frence now to Fig. 52,
anot her alternative enbodi nent of the present i nvention, according to
vari ous aspects of the present invention, is shown. The enbodi nent shown in
Fig. 52 preferably includes three colums of polishing receptacles and

cl eani ng/ dryi ng chanbers, linearly noveabl e robot 322, operation screen
340, two cassettes stacked adjacent to each other, plunbing box 330, and

el ectrolyte reservoir 36. The polishing process steps are simlar to those
described in 20 Fig. 47. Fig. 54 shows still another enbodi nent of
apparatus for polishiqg netal layer 121 (Fig. 1A) in accordance with the
present invention. Thewgnbodi nent of Fig. 54 is simlar to that of Figs.
28A and 28B except that lti-jets are replaced by a single jet 255.

Addi tionally, cathode jet\ 255 renains stationary while wafer 31 is noved
along 25 the X-axis (left\ and right). Mre particularly, in the present
exenpl ary enbodi J -y trolyte onto sel ected

portions of wafer|31, while wafer 31
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Is rotated and noved in the X-axis substantially sinultaneously by drive
means 30 anWwqod/edd2dar 35. When wafer 31 is nigzg to the | ef pCyiude9/1s56d hode
jet. 255 injects electrolyte on to the center poriion of wafer 31. When ~
wafer 31 is nmoved to the right 30 side,” cathode jet 255 injects gectrolyte
onto the periphery portion of wafer 31. In accordance with one aglect of
the present invention, the rotation speed of wafer 31 can be kepamat a
constant rate during the polishing process. The_speed with which fer 31
is noved along the x-axis can be varied fromlatge to small as drive means

53. 30 noves the center portion of wafer 31 y fromthe cat e e ] et
255. This speed of wafer 31 along the x-axis ( C EXDL
follows: [err] 5 Wiere Cis a constant, x is thd distlante |pefween centel of
waf er 31 and cat hode j et = R B = o
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.255 in the x-axis, and r the radius of |liquid colum rmade by cathode jet

255. 10
can be nmade to the configuration of the waf
deviating fromthe spirit and/or scope of t

18/3%

esent

. WO 04/Q342810ul d be recogni zed, however, that vari ou®CHABY1%86 i ons
lishing cell wthout
i nventi on.

For

exanpl e, the angle between wafer 31 and cathode jet 255 gan be kept at any

const ant angl e,
The wafer itself can be placed at any angle relative to
receptacle 100. In the enbodi nent of Fig. 54, jet 255 ca
of .nmoving wafer 31, or both jet 255 and wafer 31 can be

the same results. In the enbodi ment of Fig. 54, wafer 31
the electrolyte, instead of being contacted by the jet s
el ectrolyte. As stated earlier, although the present inv
described in 20 conjunction with a nunber of alternati
illustrated in the appended draw ng figures, various nod
made without departing fromthe spirit and/or scope of t
i nvention. Therefore, the present [invention should not b
being limted to the specific.forfgs shown in the draw ng
above.

Over-polishing

* region

or the angle can be changed during the polishing process.
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54. WD 00/ 03426 . :

. PCT/ US99/ 15Waso07iiz4deVS 1. A rmethod for el ectropolishing a petRised/Beey
formed on a wafer, conprising the steps ofy/g2 - appl yi ng an _

el ectrolyte onto a first portion of the wafer; applying a polishing current

to said electrolyte to electropolish the netgl |ayer fromsaid first

portion of the wafer; applying said electrolfyte onto at | east a second
‘O'I‘I%Tl n|

portion of the wafer; and applying said pOi ) cugent to said
electrolyte to el ectropolish the wetat—IU | Tayef fromsaid at |east second
portion of the wafer. 2. The od of gl ai m&5 in said polishing
current is applied to said firs i on off the yafer ipdependently from
sai d second portion of the wafen, t S & <
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15 3. The met hod of claim 2, wherein said polishing current is applied
to a first cHPHWBB26i sposed adj acent to said first portion. ofPCHESHASSS, _
and wherein said polishing current is appliedi8t2at |east a second cathode

di sposed adj acent {o _sakid second portion of the wafer. 20 4. The
met.hod of claim 3, i saQd pafi shing current is appl i&& togsaid first
cat hode and said s&gdn thoQe at™¢{ he sane tine. 5. Theynet @lad of cl aim

4, wherein s@ d poli applied to said first t hodenand sai d
d cathodg i ey I f 25
and sai d secoy por tNd o et @Y faci 11 tate 4 um form el ect Nl | sh
of the wafer. 6\ He net iv¥ of m3, wherein daid polishing rent
is applied to sakd s e i\\ sai d current \\\\\““\\\\\: to
said first cathode. Ththod of cl ai / NS o \
electrolyte is applied irsortion of the // A endRYl Y
fs;?(T Z?Iegtfgrond portllé vvfaf 8. The net ./,//; ///~ 7% erein
yte is ai kNN rst portion angZBggl Nt i of the
vaf er at the ggme ti <<\\\\(/<<<<‘§ \
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WD 00/ 03426 _ _

PCT/ US99/ 15aPodhozs26- The met hod of claim 8, wherein said el epefRkydBsées
applied to said first portion and second portijgpspf the wafer at a
proportionate rate to facilitate a uniform el ectropolish of -the wafer. 5
10. The nethod of claim 7, wherein said electrolyte is applied to said
second portion of the wafer after said electrolyte is first applied to said
first portion of the wafer. 10 11. The nethod of claim1, wherein the
waf er includes: a barrier |ayer below the netal |ayer; and a dielectric

| ayer bel ow said barrier layer. 12. The met hod of claim 11, wherein a
plurality of trenches are fornmed in the 15 wafer, said plurality of
trenches extending into said dielectric layer, and said plurality

Plating Cu
!
Electropolishing Cu
!
Re-Plating Cu
!
Rinsing or Cleaning
!
CMP Cu
!
Cleaning /Drying
Fig. 2

A




of trenches are lined with said barrier layer and filled wth said netal
‘layer. 13. WOHWOR6hod of claim 12, wherein said el ectrol yt ePcrrissaissos _
polishing current are applied to said first ?eyégon and said second portion
of the wafer to renove the 20 nmetal |ayer tTromthe wafer, except for the-
nmet.al |ayer contained within said plurality of trenches. 14. The net hod
of ¢laim 13, further conprising the step of stopping said electrolyte and
said polishing current when the netal |ayer has been renoved from 25 sai d
barrier |ayer, but said netal layer contained within said plurddty of
trenches extends no nore than 500 Angstrons fromthe top of saiedy trenches.
15. The nmethod of claim 13, further conp« sing the step of deferm ning
when the metal |ayer has been renpved fronfsaid first portion e='the wafer.
30 16. The net hod of claim15, wherein said determning stepFFUrther
conprises the steps of: neasuring a polishihg‘voltage associated with said

polishing current applied to said first gortion of the wafer; and
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56. WO 00/ 03426
PCT/ US99/ 155808 obl§3486 M ni ng when sai d pol i shing voI tage increpgeassed/fssos The
met hod of claim 15, wherein said determ nigiggstep further conprises the
step of neasuring the thickness of the netal l[ayer remaining on said first
portion of 5 t he wafer using a thickness sensor disposedesdjacent to said
first portion of the wafey 18. Jrhe nethod of claim 15, Blirt hek

conprising the steplof dets en the netal |ayer has geeh" gnmoved
from said seewnd por et 10 19. T, of—ehgdym 18,

e e e e
nor eases. N S > \
) §
N
. 5 B
o 87 I
A N \
a § §
b | : § \\§ §
§ o) e § § =
. N\ Al N\
. N y
4 q 8 / 3 / 3 ::/ S 4

121



15 20.° The nethod of claim 18, wherein said determ ning step further
conprises t IW0900M26f measuring the thickgss of the netal | REIVURABT0HI ng
on said second portion of the wafer using'a thickness sensor disposed bel ow
said second portion of the wafer. 20  21. The net hod of claim 18,
wherein said determining step further conprises the steps of: neasuring an
edge resistance froma first edge of the wafer to a second edge of the
waf er opposite said first edge; and determ ni ng when sai d edge resistance

i ncreases. 25 22. The nethod of claim 13, further conprising the steps
of : reversing said polishing current applied to said first portion and said
at | east second portion of the wafer to re-plate netal onto the netal |ayer
within said plurality of trenches; and 30 - stoppi ng said polishing
current when a portion of the netal |ayer contained within said plurality
of trenches, which extends out of said plurality of trenches.

Plating Cu
Electropolishing Cu
Re-Plating Cu
Rinsing or Cleaning
Etching Barrier and Cu
Cleaning /Drying
Fig. 5




57. WD 00/ 03426

PCT/ US99/ 15 n0d3426 The rr_et'hod of clai l%& further conpri spegusdspsssep of
renoving said portion of the netal |aye tained within said plurality  of

trenches, which extends out of said plurality of trenches. 5 24. The
met hod of claim 22, further conprising the step of renoving said dielectric
| ayer. 25. The nmet hod of claim 23, wherein said renoving step includes

pl anari zing the wafer using a chem cal mechanical polishing (CWP) process.
10 26. The method of claim 23, wherein said renmoving step ikl udes
etching the wafer. 27. The met hod of claim 11, wherein the\getal |ayer

I ncl udes copper. o — .
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15 28. ‘The nethod of claim 11, wherein said dielectric layer ‘i ncl udes
silicon di o¥Wa@eogsra?). 29. The net hod o24492ai m 11, wher ei PCIAISYI/15506 -
dielectric layer includes |low dielectric 20 constant material. 30. The
met hod of claim29, wherein said dielectri{layer includes hydrogen-

si | sesqui oxane (HSQ, Xerogel, polymer._ o aerogel. 25 31. The net hod
of «claim 11, wherein said barrier |ayer jinclufes g tani um
titaniumnitride, tantalum tadtal umnitride,|tudasten, or _
tungsten-nitride. 32. The nptROd of cljai m Yy—forther conprising the step
of rotating the wafer while {headl ectrollyte apd polishing current are
applied to the first and at ed3 seco_ni 30 portt+ens of the wafer. 33.
r

The nmethod of claim 32, wherefm7}h f [ rota?e%i at _a rate pf
approxi mat el y 10ﬁevol utions pgt riﬁuFe to pre: s')mar‘-e+§100 rl\ ol utions

per mnute. 58.
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34. The met hod of claim 1, wherein. said polishing current has a current
density .of aRgWbesed anperes per decineter-squared (A dni err]l)(:r.][t,[gS }3 {5
anperes per decinmeter- squared (40 AV dngst5]). 5 35. The aim
1, wherein said electrolyte includes orthophosphoric_acid (H2PX).

The met hod of cl ai m 35, ere| NesSai d owt hophosphori c“é acid has a
concentrationzof about Wrceﬁt A° a_Eo? 85 per cem ?Qd cont ais ?out 1
per cent al unt ;E met al E&gdi nsti=wel ghtEoff t he acid). An appar gt us for
el ectropolishingla netal |dyer forped on g wafer, conpr]sing: 15 an
el ectrolyte for polishing tlhe netal |ayer a polishing feceptacle
configured to reg¢eive saidfelectrolyte and the wafer; -

(a) Bipolar pulse
(e) Pulse-on-pulse
(f) Duplex pulse

(¢) Unipolar pulse
(d) Pulse reverse

iRl

Fig. 8

U o o

v ! \ '\ \ [\ [\ l-\ (b) Moditied Sine-wave
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a wafer chuck configured to hold and to position the wafer within said
‘polishing reoepiesate; a fluid inlet configured to deliver saPdTaisegnss0byte
into said polishing 20 receptacle; and 28/92east -one cat hode configured to
apply an el ectropolishing current to said electrolyte to el ectropolish the
waf er. 38. The apparatus of claim 37, wherein said polishing receptacle
is divided into at 25 |east three sections. 39. The apparatus of claim
38, further conmprising: a first cathode di sposed within one of said three
sections; and a second cat hode di sposed within another one of said three
sections. 30 40. The apparatus of claim 39, wherein said three sections
of said polishing receptacle conprises: a first section; 59.

Fig. 9D

Fig. 9B

Fig.9 A
Fig. 9 C




a second section, wherein said first séction is contained within said
“second sect iwapoesags a third section, wherein said second secChic@isbéinssos
contained within said third section. 5 41.27/5he apparatus of clai m 40,
wherein said first cathode is contained within said firstesection and said
second cathode is contained within said second section. 4_5 The appar at us
of claim40, further conprising a first fluid inlet disposed in 10 said .
first section configured to deliver said electrolyte i nto?_._%ai d first
section and a secpnd fluid inlet disposed in said secong Fection configured
to deliver saidfe]ectfrolyte into said second section. 43..54 The apparatus.
of claim42, fufther jconprising a fluid outlet disposedfi® said 15 third
section configufe renove said electrolyte from saidpolishing

recept acl e.

on-Continuous film region

/.

Fig, 10




44. The apparatus of claim40, further conp
‘wherein sai W@RMPH2&Gection i s contai ned 28182
The apparatus of claim 44, wherein said first
said first section and said second cat hoded s

rising a fourth section,

n in fourth secthCINUSI2A550645.
cat hode is contained wthin
contained within said third

section. 46. The apparatus of claima4S5. _AAurther conprising a first fluid
i nlet disposed in said first section comfigured t® deliver said electrol yte
into said first section and a secomd flu d,j/nl et disposed in said
third section configured to saig el eGtrotyte into said third
section. 47. The appar at us | aim 4%, further conprising a first fluid
outl et disposed in said secon ction and a secJé.db | uid outlet disposed
in said fourth section 30 F To rdnpvej sarg electrolyte fromsaid
pol i shing recepta 48. et ys of clredon 37— Hurt her conpréesi ng
at | east one nove e jet co W {h sl d|cat+hete and said quiﬁ I nl et
configured to appIEa pl atin _apdy s§id]el ectccrlol yte to the wader.
. ‘\ — *
= g = =
£ <
< 1
™ v
S
E
o
S \“\\\\\\\\\\‘“\\\\\‘- N
N \
S X
5
")

| NN

11




49. The apparatus of claim48, wherein said noveable jet further

conpri ses awe®bge¥drgat hode outside of and positioned around: ?étﬂstM& &I6
Fnlet. 5 50. The apparatus of claim4%9/gherein said noveabl e 'J-eé -
further conprises an insulating wall positioned around sajd second cat hode,
and a third cathode positioned.around sai %’7 nsul ating wall. 51. The
apparatus of claim48, wherein said novgabl € Jet & noveable in a straight
10 path parallel fOo tThe Y4 me apphrat@s of claim 48, wherein
sai d noveabl e jet novEA] [ curved pafd lel to the wafer. 15
53. The appar atfug.)of erein saidjcurved path is a spiral path.
54. The appar at usyof erein saidjwaferichuck positions the
waf er hori zontall [acy npveaabl er1o20| 55. The appar at us
of claim 48, wher'g nd_.g' cdepasi tionsdhe -waf & verticall

adj acent to R¥aid & “Irhd apaf dt bs—ofl clai m 37, furtHer
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at least one fluid outlet configured to renove said electrolyte fromsaid
25 . pol i shiwooedzpt acl'e; and an .el ect ro%}w% reservoi r conf iPGEFEIRT%0| d
said electrolyte, wherein said fluid inlet_@nd said fluid outlet are .
connected to said electrolyte reservoir. 5ea The apparatus of claim 56,
further conprising at |east one mass flow3Q  controller connected between
sai.d electrolyte reservoir and said fluiid inl é¢t. The appar at us of
claim57, wherein said mass flaw controlller i$ uid Mass Fl ow
Controller (LMFC). 61. 59. he appdratusf]o i m56, further

conprising at |east one fluid b conndct ed said electrol yte.
reservoir and said fluid inl The ap 8S &f claim59, wherein
said fluid punp is a di aphragmy —P1l. P par gt usq-of cl ai m 59,
further conprisingng pressure | aki Balve di T <
e
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between the outlet of said punp and said electrolyte reservoir. 62. The
~appar at us owocloas4m656, further conprising: 10 ‘a heatmrT/0s9isgnér ed
to heat said electrolyte in said el ectro%iﬂf@ reservoir; a tenperature -
sensor configured to detect the tenperatur® of said electrolyte in said

el ectrolyte reservoir; and a heater caontreller configured to control the
tenperature of said electrolyte_in _saidelectirol e reservoir. 15 63. The
apparatus of claim®62, whereinjsaid heater cdntrbller nmintains said

el ectrolyte at a tenperature be ut 15—dégrees Cel sius and about 60
degrees Cel sius. 20 64. is of |claim B7, further conprising
at | east one power supply co I he waf erpemth sai d cat hode. 65.
The apparatus of claim 64, ' i df powgr sdppl y| appl i es a polishing
current of about 1 anperes f et er - qut (P err]) to algut 40
anperes per 25 ci meter-s i er (1))

\ =

Fig. 14
42
Fig. 14




66. _ The apparatus of claim 64, wherein said power supply is configured to

operate in dWVP8803L6rrent (DC) node. 30 67. The appar at usP@IUSIIUES0664,

wherein said power supply is configured2yp2operate in pul se nodes. 62. _
68. The apparatus of claim67, wherein said power supply is configured to
operate using a bipolar pulse, a nodified sine-wave, unipolar pulse, pulse
reverse, or duplex pulse. 5 69. The apparatus of claim64 in which said-
power supply is configured to operate in a constant current node. 70. The
apparatus of claim69 in which said power supply is further configured to
operate in a constant voltage node. 10 : ) _
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71. The apparatus of claim64 in which said power supply is configured to
operate in felst vol tage node. 72. The apparatus of clal
further corrg‘f(?m ng%; drive mechani smconfigiggd 15 to rotat gét&sgglﬁ?ser.'
73. The apparatus of claim 72, wherein sg@d drive nmechanismrotates said
waf er at about 10 revol utions per mnute tg;about 30 revol utions per
m nute. 20 74. The apparatus of clat 1 Whegein said electrolyte
i ncl udes ortiophosphoric aci dﬁ-\(:[ﬁaPeﬁ—.-—"S.— fhe paratus of claim 74,
wher ei n said orthophosphoric 9 has a concet non of about 60 percent,
by wei ght, to about 85 perce wei ght 25 V6. The apparatus of claim

)

75, wherein said orthophosphd aci d fdrther|includes about 1 percent
al umi num et al (agai nst the wel.ght _of tHhHe agrt—1¥70] The apparatus of
claim37, wherein said wafer Ehatk| is]confi gufed Lo Jqover 30 the waf gr
relative to said cMhode. 78. The"\aapa}r at fLclaim 77, wherein s d

cat hode is configweged to novg \e
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relative to the wafer. 63. 79. An apparatus for electropolishing a
met al | ayer wiooored4@6on a waf er, conprising; an electrol yte forCpulsysmissesy t he
metal |ayer; a polishing receptacle confi 5€d to receive said electrolyte
and the wafer; 5 a plurality of section walls disposed within-said
pol i shing receptacle, wherein said plurality of section walls divide said
polishing receptacle into a plurality of sections; a wafer chuck configured
to hold and to position the wafer within said polishing receptacle; 10

a plurality of fluid inlets configured to deliver said electrolyte into
said polishing receptacle; and
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a plurality of cathodes configured to apply an el ectropolishing current to
sai d el ectr Qyylfiods@s © ectropolish the wafer. 15 80. - The - ppRarsdd/usodf
claim79, wherein said plurality of section |I's conprises: a first -
section wall, wherein said first section wa®°%®ncl oses a first section of
sai d polishing receptacle; and a second section wall, wherein said second
section wall encloses said first section wall to forma second section of
said polishing receptacle. 20 81. -The apparatus of claim80, wherein
said plurality of cathodes conprises: a first cathode di sposed within said
first section of said polishing receptacle; and a 'second cat hode di sposed
within said second section of said polishing 25 receptacle. 82. The
apparatus of claim80, wherein said plurality of fluid inlets conprises: a
first fluid inlet disefsed within said first section M said polishing
receptacle; and o0
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30 a second fluid inlet disposed within said second section of
sai'd poli shi W§ 0083€6t acl e. 83. The apparatus of claim 82, feciiissonssos _
conprising: a third fluid inlet disposed wieffi2n said first section: and 64.

AVENDED SHEET a fourth fluid inlet disposed within said second section.

84. The apparatus of claim80, further conprising: a third section wall,
wherein said third section wall encl oses said second 5 section wall to
forma third section of said polishing receptacle. 85. The appar at us of

claim84, wherein said plurality of cathodes conprises: a first cathode
di sposed within said fiQt section of said polishing recepgsacle; and

Fig. 19
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10 - a second cat hode di sposed within said third. section of said
pol i.shi ng r eweRbesse. 86. The apparatus of claim85, wherei ' ,
plurality .of fluid inlets conprises: a firstg//Apid inlet di sgggﬁg\g\nﬂ?ﬂfn -
said first section of said polishing receptacle; 15 and a second fluid
i nlet disposed within said third section of said polishing receptacle. 87.
The apparatus of claim86, further conprising: 20 athird fluid
inlet disposed within said first section; and a fourth fluid inlet disposed
within said third section of said polishing rceptacle. 88. The appar at us
of claim79, wherein said plurality of sectieh walls are 25 configured to
nove between an extended position ract¢d p&sition. 89. The
apparatus of cl ai g& wherein said plurality qi_s‘,éat'ion wal | s decreas® in
I

height in a radia outward dirgcthon fromtheJcenteg of said polishing
receptacle. 30 The 'appar of claim 79_, whefein said plural My of

section walls increase in o 0 uh
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height in a radiafly outward direction fromthe center of said polishing
recept acl e. /03426N€ apparatus of claim 79, wherein said pl '

section vvaIng’]Qlos configured in a circul ar 38/5ge. 65. 92. - gg%lg%graws '
of claim 79, wherein said plurality of sectionwalls is configured in an
oval shape. 5 93. The apparatus of clai @79, wherein said plurality of

settion walls is configured in a triangul ar =shaped 94. The appar at us of
claim79, wherein said plurality of sd§tionwalls™is ceafigured in a square
shape. 10 95. The apparatus of ¢laim79, dr confRi si % a plurality
of section arnms extending radial Il out Q Wcenter o said

polishing reservoir, wherein said
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section arnms radially divide said plurality of section walls into a
plurality of sectors. 15 96. The apparatus of claim 79, wherein said
‘waf er chuckwp®aiiszens the waf er adjacent .the tops of said plyy ' - '
section walls to forma gap. 97. The app3®/2us of clain196¥ﬁa%%%éfégsaid
electrolyte flows in said gap forned between the wafer and the tops of said
plurality of section walls. 20 98. The apparatus of claim79, further
conprising a drive nechanismconfigured to rotate the wafer. 99. The
apparatus of claim79, further conprising at |east one fluid outlet

di sposed 25 wthin said polishing receptacle. 100. The apparatus of claim
99, further conprising: an electrolyte reservoir configured to hold said

el ectrolyte, wherein said fluid outlet and said plurality of fluid inlets
are connected to said electrolyte reservoir; and 30 <« at |east one
punp connected between said electrolyte reservoir and sgig plurality of
fluid inlets confiﬁnged to punp said electrolyte into sad polishing

recept acl e. - , )
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66. 101. The apparatus of claim 100, further conprising at |east one
mass f I ow coidobdR’ - connect ed between said punp and said pl pEpsdoyssie
fluid inlets. 102. The apparatus of cl ai A58, furt her cconprising at |east’
one control valve 5 connected between said punp and said plurality of
fluid inlets. 103. The apparatus of claim 100, futher conprising a
préssure | eak val ve connected between said punp and sai d electrolyte
reservoir. 10 104  The apparatus of claim 100, further conprising: a
heater configured to heat said elezb nﬁbé)- |d el ectrolyte reservoir; a

o -

LY,

tenperature sensor configured t ature of said electrolyte
in said electrolyte reservoir; Her cdgfigured to.

control the tenperature of sai C 38, ai d glegctrol yte
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105. The apparatus of claim 79, further conprising at |east one power
supply conn the wafer and said pl yy jﬁ%t.y of cathodes,_ 20 106.
The apparatﬁgéggo% 6ai m 105, further conprithéf? at | east one "8&34‘639'}ﬁ§mt0f
connected to said at |east one power supply. 07. The apparatus of-claim

79, wherein said plurality of cathodes is fo d fromcopper. 25 108. The
apparatus of claim79, wherein said pl ural-i—(-gf—cat des is fornmed from

pl ati num 109. The apparatus of cl a - reirn] saifl plurality of
cathodes is formed from30 titarn coat ed vvithr-a—b'é-yeer of platinum 110.
The apparatus of claim 109, wherg c¢ai d | ayer off platipumhas a thickness
of about 50 m crons to about 4000ns. 6.
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111. The apparatus of claim 79, wherein said electrolyte includes

ort hophospRgpiosesies d (H2PO4) having a concentration of aboutp@fugpnsset . Dby
wei ght, to about 85 percent, by wei ght, and4zts2tai ni ng about 1 percent

al um num netal (agai nst weight of the acid). 112. The apparatus of claim
79, further conprising a diffuser ring di sposed above each of said
plurality of cathodes. 113. The apparatus of claim 79, further conprising
at least one in-situ film210 thickness uniformty nonitor disposed within
sai d polishing receptacle configured to nonitor the thickness of the netal

| ayer. 114. The appratus of claim 113, wherei® said in-situ filmthickness

uniformty nonitor includes gn ultrases g sernsor. 15 115. An apparatus for
el ectropolishing a netal |ay f orned |l [a~waf er, onpri si ng: an
el ectrolyte for polishing the rr_et’aL-‘I"en‘/gr_%N :
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a polishing receptacle configured to receive the wafer; a waf er
chuck configur hol'd and to position the wafer V\Athl n s Shl ng
recept acl e; ‘ggr?gﬂ&{zgl east one jet. configuregsse apply said el é&(ﬁ%?{’ W6t o -
the wafer, wherein said jet applies said electrolyte to successive portions
of the wafer to uniformy electropolish the-metal--layer fromthe wafer. 25
116. The apparatus of claim 115, Wnerem said jet rpyves along apath to
apply said electrolyte to successive portlons of the wafer. 117. The
apparatus of claim 116, wherein said.jet noves along a s{raight path 30
parallel to the wafer. 118. The apparatus of claim 116, Wherein said jet
noves along a curved path parallel fo the wafer. 68. 1
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119. The apparatus of claim 116, wherein said jet noves along a spiral
path. 120. ™@OPHMA¢ at us of claim 115, further conprising at ACIAIS99/258D6
cat hode di sposed within said jet configured ?‘Usappl'y an el ectropol’i shing
charge to electropolish the 5 netal layer fomthe wafer. 121. The
apparatus of claim 120, further conprising_itAeast one fluid inlet
di sposed within said polishing receptacle cenfigufed B deliver said
el ectrolyte to inmmerse the wafer in_said el ¢ctrol {te; 10 122. The apparat us
of claim 120, further conprising east one fl &fe—+mtat di sposed within

Al @h &

said jet configured to deliver s; | ectrolfyte tp said|jet. 123. The
apparatus of claim115, further &offpr, 3

I si ng driv:m-h\%mism configured 15
to rotate the wafer. 124. The appatriptus chIai m11%, erein said wafer
chuck is configured nove the wafferr&l ptive ol setd j-qrt-—t?{o expose
successi ve portions t he waf er (+e—tte—et | 20 (1R§. “FHae- appar at us of aim
115, wherein said Waﬁr chuck popigj ons the f r o
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hori zontal ly within said | polishing receptacle. 126. The apparatus of claim
115, -wher ei nyeab/m4pgf er chuck positions the X_@;s%r vertically pariob 55 d
polishing receptacle. 69. ' i e > -
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