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(54) Title: PROCESS CHAMBER AND METHOD FOR DEPOSITING AND/OR REMOVING MATERIAL ON A SUBSTRATE

(57) Abstract

A processing chamber for depositing and/or
removing material onto/from a semiconductor wafer
when the wafer is subjected to an electrolyte and in
an electric field. A hollow sleeve is utilized to form
a containment chamber for holdmg the electrolyte.
A wafer residing on a support is moved vertically
upward to engage the sleeve to form an enclosmg
floor for the containment chamber. One electrode is
disposed within the containment chamber while the
opposite electrode is comprised of several electrodes
distributed around the circumference of the wafer. The
electrodes are also protected from the electrolyte when
the support is raised and engaged to the sleeve. In one
embodiment, the support and the sleeve are stationary
during processing, while in another embodiment, both
are rotated or oscillated during processing.
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0.25 mcron range, nore advanced netallization techni ques argggs?e%%%to 20

provi de i WOra8M18¥eént s over existing nethods of practice. Park *eed
stens fromthe use of new materi al s. 1. For exanpl e, one common
metal used for netallization on a wafer is alumnum Al um numis used
because it is relatively inexpensive . conpared to other conductive
materials, it has lowresistivity and is also 25 relatively easy to etch.
However, as the size of the various geonetry is scaled dowmn to a | ow
sub-mi cron |l evel, the inherent high current density and

el ectron grati PROCESS CHAMBER AND METHOD BEORDEROSITANG AMD/OR f est

as significant probl enrs REMOYINGNATERIAL ONAISUBSTRAHYed by the use
of other metals (such as 30 the use of tungsten for via plugs) in
conjunction with alum num but the i nherent properties of alum num
still ts its effectiv L

ARTIRRN e *BAtkGrouNb SPTHE AvENTION e
approach hasTBeRRid4l Riéld | ze copper as the material for some or all of
the metallization_of a sem conductor wafer (see for exanp Copper As

The Future |nter cdieeprasent iaventionl relategi tol the field et samlcqndwctor wai@rpgs
1989 WM C COBF&Je%@ﬁ?g' afég; n%?é'p%%éplaﬁy,%ea CRBREer % B Lififization of the

chamber for depositing and/or removing a material on a semiconductor
10  wafer.

Background Art

In the manufacture of devices on a semiconductor wafer, it is now
the practice to fabricate multiple levels of conductive (typically metal)
layers above a substrate. The multiple metallization layers ére employed

15 in order to accommodate higher densities as device dimensions shrink
well below one micron design rules. Likéwise, the size of interconnect
structures will also need to shrink, in order to accommodate the smaller
dimensions. Thus, as integrated circuit technology advances into the sub-
0.25 micron range, more advanced metallization techniques are needed to

20 provide improvements over existing methods of practice. Part of this need
stems from the use of new materials.

For example, one common metal used for metallization on a wafer
is aluminum. Aluminum is used because it is relatively inexpensive
compared to other conductive materials, it has low resistivity and is also

25 relatively easy to etch. However, as the size of the various geometry is
scaled down to a low sub-micron level, the inherent high current density
and electromigration properties associated with aluminum start to manifest
as significant problems. Some improvement has been achieved by the
use of other metals (such as

30 the use of tungsten' for via plugs) in conjunction with aluminum, but the
inherent properties of aluminum still limits its effective use.



5 electromgration property and | ower resistivity than al W%&/lél% s a

nor e WPEPAIOEd naterial for providing netallization on'a water fan

al um num In- addi tion, copper has inpmaved el ectrical properties over
tungst en, naking copper a desirable netal for use as plugs (inter-Ievel
I nterconnect) as wel|. However, one serious di sadvantage of using
copper netallization is-that it 10 is difficult to deposit/etch. It is

al so nore costly to inplenent than al um num Thus, al though enhanced

waf er pr ogess_i ng @Re @ppgeeen as been toxuiiize\eaPnsy ?&)ﬁ@ma@w fobsems al I cost
2550856t LAY BB gl or oy G, P01

is desiraplée " to i echnol ogy,

associ at ed i"QoppesAs ThelFutars intefconnectidn MaterialfeRei-Lior Paigpal.; dureessi ng.
In order to fabricate features, circuits and devices on a substrate,

s ug h as ha set-d8nd§88oY Mkt GP',"W’QW%UBP{ 2eBneBliesSiare CFQR%'{ has bepsti
Slch s, Spviseefuidatiol SrBeR aptiBRRk kg R YR HE peresses

el ectrol yt e. prefdired histeridiefob proviginganetatlization ohci weféfthanallesinuhess
deposition or for electroplating. In an electroplati ngi t echni que,, the
substrat e i sadditign.seepper has inrreved gledrigalrpesrtiasoPnal tMAgaeNe MAKIRGc fiel d

between a c : ' ' i

deposi ted onf S SEPabIE Mot 1k Uks PBRRPG BB i@ as el vy o
5,441, 629, wHbweves drié Sedols\tisatieanagerst Udhidiedpskr etallizatiraisithet it -
Simlarly, a nupber of techniques are known for renoving a mat eri al
froma V\é? eris difiadt tecAapesitiatchnc ltids, alkpEMOse acertlyete Hmplement thaReni cal -

30 subj oct | AL el SRicHo shipRthE oTpE Rrodfis i P Bub S BBET ot
achieved by copper, the potential cost associated with copper processing
is a negative factor. Accordingly, it is desirable to implement copper
technology, but without the associated increase in the cost of the
15 equipment for copper processing. '

in order to fabricate features, circuits and devices on a substrate,
such as a semiconductor wafer, various techniques are known to deposit
and etch materials on the wafer. Deposition techniques include processes
such as, PVD, CVD, sputtering and immersion of the wafer in an
20 electrolyte. This last technique can be used for either electroless
deposition or for electroplating. In an electroplating technique, the
substréte is immersed in an electrolyte and positioned in an electric field
between a cathode and an anode, in which charged particles are
deposited onto the surface of the wafer (see for example, US Patent No.
25 5,441,629, which is titled "Apparatus And Method Of Electroplating”).
Similarly, a number of techniques are known for removing a
material from a wafer. These techniques include, RIE, plasma etching,
chemical- '
mechanical polishing and immersion in an electrolyte. Material removal by
30 subjecting an immersed wafer to an elsctric field employs an equivalent
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as for electroplating, but with an oppositg_result, since charged

parti-cles are renoved fromthe wafer in thi's instance. The
present invention enploys el ectroplating/electropolishing techni ques in
which a material is deposited/renoved froma substrate. 5 The techni ques
are inplenmented in a novel processing tool, which is adapt ed and

descri bed i nsettiprasder telectreplating, obulcwihean fappasiieatasultatsingge charged
Accordingly, the present in tio rovides .mat er| deposition b

el ect rijplga%/i R&rtécﬂ%f gre ﬁ%ﬁ‘é?"‘?’ﬁ'%ﬂﬁ?‘gﬁﬁd “3?'5?‘%&88% sh!ong, wher eiyn t he
descri bed techni qurfe ﬁ?é%e‘ﬁ?irﬁféﬁﬁ@ﬁ"éﬁﬁlgys elEtRPRIRfolbetropHIsHIRES 10

production of sem conductor products.” Furthernore, 'these techniques
can be eff ecttechuigues in which a snatedpbie depesiied/iremoved fiom a substde. waf er .

SUMMARY CE T I NI1T ON . The present invention describes a
processi na cﬁiﬁogfgﬁmﬂ“e&afedM%mPP@MBmYﬁ%%%%g h%@e}”ﬁéﬁ% Bnto/from a
sem conduct oladied and desthiBRdi Fettférite Iothd!¥esH Gshpeh T metARZAtRIn ! ¢ and
in an electric field. A :

Accordingly, the present invention provides material deposition by

electroplating and/or material removal by electropolishing, wherein the

described techniques can be economically implemented for the mass

10 production of semiconductor products. Furthermore, these techniques

can be effectively utilized for copper metallization on a silicon wafer.

SUMMARY OF THE INVENTION
The présent invention describes a processing chamber for
15  depositing and/or removing material onto/from a semiconductor wafer
when the wafer is subjected to an electrolyte and in an electric field. A
hollow sleeve is utilized to form a containment chamber for holding the
electrolyte. The sleeve is open at its lower end for mating with the wafer.
The wafer resides on a support which moves vertically to engage or
20 disengage the sleeve. Once the wafer is placed on the support, it is
raised to engage the sleeve. Thé support and the wafer mates with the
lower opening of the sleeve to form an enclosing floor for the containment
chamber. '
A first electrode is disposed within the containment chamber,
26 suspended from a shaft extending through the upper end of the sleeve.
This first electrode functions as an anode for electroplating and as a
cathode for
electropolishing. The opposite electrode (cathode for electroplating and
anode for electropolishing) is disposed to make contact on the face (or
30 processing) side of the wafer. This electrode is actually comprised of
several electrodes distributed around the circumference of the wafer.. The



hol | ow sl eeve is utilized to forma contai nment chanber for q%ﬁ%@ggahe
el ectrol YW 9919665 eeve i s open at its |lower end for matindSHt waf er .
-The wafer resides on a support which novesgyertically to engage or 20

di sengage the sleeve. Once the wafer is placed on the support, it is

rai sed to engage the sleeve. The support and the wafer mates with the

| ower opening of the sleeve to forman enclosing floor for the contai nnent
chanber . A first electrode is disposed within the contai nnent

chanber, 25 eleptipdasicarer alsm Arojeeted amethe elpatiohdaguhemdhapBePPUhdS of t he
sl eeve. ra]gg(fﬁﬁgreﬁpaggg%éggﬁ%vgunct I ons as an anode for electroplating
cat hode °0 e

and as a ectropol i shing. The opposite el ectrode

(cat hode for el ectrr apleateimigodimént, the aupgertl and ethec sleavel ashistatjoriasy

di sposed to nake contact on the face (or .30 processin si de of, the wafer.
Thi s el ect r o8WiNG PERERRAING &'E)r?ﬁpﬂ?é'c?’é?ommem' R £y roi%tggtqrogﬁllateg

giC'SI'; Us,SE}s‘ig 1%%@%%@3%@9“”#1% 6esding 'iﬁxid"%ﬁrele&ﬁﬁyte) 4i_s"ﬁ?tn‘i’:?ihlz@é66
el ect rodes attwoagls cheshaétchaldingrtos driodec | Buting lpyoeessing) theelaeaiplytetisi s
rai sed and eﬂﬂ%%séetdr\%rg&&ews shaft. When in the disengaged position, cleaning
and drying fluids, such as water and nitrogen, are introduced through this
shaft.
10 The support is also on a support shaft so that the wafer can be
rotated during the cleaning and drying cycles. In the embodiment in which
the vessel is made to rotate during processing, the vessel is coupled to

the support so that the rotation of the support causes the sleeve to rotate.
15 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a pictorial illustration of a processing chamber of the
presenf_ invention for processing a material, such as a semiconductor
 wafer. |
20 Figure 2 is a cut-away view of the processing chamber shown in
Figure 1.
Figure 3 is a pictorial illustration of a wafer support utilized in the-
processing chamber of the present invention.
Figure 4 is a'pictorial illustration of a fluid sleeve utilized to contain
25 a processing electrolyte in the processing chamber of the present
invention.
Figure 5 is a cross-sectional view of the processing chamber of

Figures 1and2 showing the position of the wafer support when it is raised
to engage the sleeve.



I n one enbodi nent, the support and the sleeve are stationar

processi n¥OPH1aH6t her enbodi nent, both are rotated or osci ?"Fg{%ﬁﬁ@ﬁﬂgur, ng
processing. The processing fluid (or electrolyte) is introduced t hr ough
t he shaft hol ding the anode. During processing, the electrolyte is

I ntroduced through this shaft. Wen in the disengaged position, cleaning
and drying fluids, such as water and nitrogen, are introduced through this
shaft. 10 The support is also on a support shaft so that the wafer
can be r ot at ebiguee i6hds ©heragsesactiopahnieviofithg pmassmgl ghamber of

fhe vessel i FBUAR dgard ér‘s‘?'oﬁrﬁé?bapcﬁ%%"iﬁ paBheo e Wesf SHBBRE"

support causeﬁom§§|§§v@ to rotate. BRI EF DESCRI PTI ON
OF THE DRAW N Flgurellsaplctorlal il lustration of a

processi ng chanber Figurerz is a cresseaectionahwiew iafntheoplestiolye ssanjaiamenter i al
of the: prosessdig dified whsn F WererSupngry s ghbBbEE 16 the dedid pfifher’ Y

pictorial illpssitiohingofan anvaé thméntammmedgidn t he processing
chanber of the pref__lent I nventi on. gure 4 is a pictorial
illustration of a figHre & '§e%é3r9§$'lsﬁﬁwatlow€‘ﬂn9fa?ﬁ alternatiye cﬁ:@?@ﬁﬁ@em

el ectrol yte | Ralig 4K 868 sHER YAMTBEENAGs IUBHBRABh of fluids. | vent i on.

Figure 9 is a cross-sectional view showing one of several cathode
10  electrodes used in the processing chamber. .

Figure 10 is cut-awéy view of an alternative embodiment of the
present invention in which a rotating or oscillating sleeve is employed to
rotate the wafer during processing.

Figure 11 is a pictorial illustration of one configuration for packaging

15 the processing chamber of the present invention.

Figure 12 is a pictorial illustration of a' cluster tool in which multiple
processing units shown in Figure 11 are clustered together to operate as a
system,

Figure 13 is a cross-sectional view of an alternative embodiment of

20 the present invention in which two sleeves cbnfigured together within one
processing chamber for processing multiple wafers.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A processing chamber for use in depositing a material onto a
25  semiconductor wafer and/or removing material from a wafer by subjecting
the wafer to an electric field and electrolyte is described. In the following
description, numerous specific details are set forth, such as specific
structures, materials, processes, etc., in order to provide a thorough
understanding of the present invention. However, it will be appreciated by
30 one skilled in the art that the present invention may be practiced without
. these specific details. In other instances, well known techniques and



Figure 5 is a cross-sectional view of the processing chanber '
Fi gures Iwerd/10566howi ng t he position of the wafer support %ﬁ;z{'?yl%”rai sed

to engage the sl eeve. WD 99/ 10566 -6-

PCT/ US98/ 16174 : -5 -

Figure 6 is a cross-sectional view of the processing chanber of Fi gures
1 and 2 show ng the di sengaged position of the wafer support fromthe
sl eeve. Figure 7 is a cross-sectional view of the electrolyte

cont ai nment &ructueag bave matdebanhdascerihediin detaduppender inot darhasyre dhehe

sl eeve and the . J)O@i f]i oning of an anode within the containnent region.
Figure 8 is Brasept WOy ) view of an alternative enbodi ment havi ng

an anode shaft W {thiORENbEIRoted" tHkitShI pRiéred embbdiméit of the presentFi gure
9 is a cross-sectional view showi ng one of several cathode 10 el ectrodes

used in the inventioni isgfisitadessribed in reference Fogihe: deposiiofuiof adaeldlew of
o SLLETTEL | BRI Rl ot MeARRY oS Slpdedl) Bl = 0
processi ng. semiconductor Wafitl €THe preferedimaterinbforithé Weistabed epbsition
configuration for packagin o . . .

is copper. However, it is appreciated that the present invention can be

readily adapted to the deposition of other metals and alloys (hereinafter,

the term metal includes metal allb.ys) and dielectric materials as well.

10 Furthermore, the present invention need not be limited strictly to
semiconductor wafers. The invention can be readily adapted to
processing materials on other substrates, including substrates utilized for
packaging semiconductor devices such as bump formation or ceramic
substratés, and the manufacturing of flat panel displays.

15 Additionally,' alternétive embodiments are described in which the
chamber of the present invention can be utilized to electropolish materials
from similar substrates. For ease of description, etching, polishing,
deplating or otherwise removing material as practiced herein are all
collectively referred to as electropolishing or polishing, in which an

20 electrolyte and an electric field are utilized for material removal. Different

| electrolytes would be required and the direction of the current flow in the
chamber would be reversed for performing the material removing
operation. However, the chamber structure described herein for
depositing a material can be readily adapted for removing a particular

25 material from a semiconductor wafer or other substrates.

Referring to Figures 1 and 2, a processing chamber 10 of the
preferred embodiment is shown. Figure 2 is a cut-away view of the
chamber 10 shown in Figure 1. The chamber 10 includes an outer casing
11, inner fluid sleeve 12, wafer support (also referred to as wafer platen or

30 platform) 13, anode electrode 14, cathode electrodes 15, fluid delivery
(and anode) shaft 16, wafer rotating shaft 17, two cleansing manifolds 18




is a pi ctWOM0386 ustration of a cluster tool in which mlt}

15 the processing chanber of the present invention. %,Vgsgiﬁmre 12
processing units shown in Figure 11 are clgstered together to operate as a

system Figure 13 is a cross-sectional view of an alternative
enbodi mrent of 20 the present invention in which two sleeves configured
together within one processi ng chanber for processing nultiple wafers.

DETAI LED DESCRI. PT].ON THE PREFERRE | MENTS [
chamber for _ﬁ@‘é ﬂa' &@%ﬁ Pyrge n@?@??'gﬁggt@y%er%éﬁ c%?ﬂj@o?iﬁng' "
and/ or remv?gﬁré@éﬁﬁ' thlat o BlIcof'MESE ¥mentd lﬁFé h@gdedlflor the prédiRle bp an

electric fie and electrolyte Is described. In the follow ng

descri pti on, theipeesamn inyartioni c details are set forth, such as specific
structures, materi

under st andi ng of t ls?f? r%ﬁ%ﬁé@ﬁl%feﬁﬁst%ﬁ&gﬁghﬁgsﬁé‘wliﬂﬁqﬁﬁ#ﬁéﬁﬁgd by
30 one sxil qurlens,t 13€a Rirculdtyt shaedPrfsRbér haviggtd Sbs@Ytiaky Ragappeed
wi t hout hese specific details. In other ihstances, well known
t echni ques astrface {ap Eweidagahe wafer thereon. The wafer is placed on the
PCT/ US98/ 161 (f 1ace of the support 13 when it is to be processed witRin the chamber
' 10. As will be described below, an access port 25 located in the outer
casing 11 allows for the insertion or extraction of the wafer from the
10 interior of chamber 10. The wafer support 13 is typically shaped as a flat
circular disk to accommodate the flat circular semiconductor wafer, such
as a silicon wafer. In the preferred embbdiment, the wafer support 13 has
a flat upper section 26 and a lower extended section 27, so that the
support 13 appears more as a cylinder. The upper section 26 receives
15 the wafer thereon and the lower section 27 is utilized as a covering to
protect the exposed portion of the wafer rotating shaft 17. As noted, the
lower section 27 is hollow in the center to accommodate the shaft 17 and
to reduce the mass of the support, if and when it is to be rotated. The
bottom of the casing 11 is slanted toward a drain, which removes the
20 spent fluid from the chamber 10. Furthermore, a vacuum line 44 (shown
in more detail in Figures 5 & 6), disposed within the shaft 17, is coupled to
the support 13. At the surface of the of the upper section 26 of the
support 13, a number of small vacuum openings are present. The
vacuum is applied to the surface of the support 13 when the wafer is
25 disposed thereon to hold the wafer in place.”
The inner fluid sleeve 12 (also referred to as a fluid containment
vessel or inner processing chamber) is shown in more detail in Figure 4
' and is shaped as a hollow cylinder that is open at both ends. The sleeve
12 is utilized to hold (contain) the processing fluid (also referred to as
30 electrolyte, processing medium or chemical) when the wafer is to be
processed. The lower end of the sleeve 12 mates to a wafer 35 residing



structures have not been described in detail in order not tg ,[9@ S 4 he
present | WOMIPISA. It is to be noted that a prefe B %éﬁﬁ’odl ment
of .t he present invention is first des_cgi_bed in reference to the
deposition of a netal 5 nmaterial by a technique of electroplating the
material onto a sem conductor wafer. The preferred material for the
descri bed deposition I S copper. However, it is appreciated that the
present invention can be readily adapted to the deposition of other
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i ncl udi ng substrate s) utilized f pack em cgélfﬂuct or ?‘ evi ces such
as bunp f or n"APPRIRYES) ATBrAKALEIGN © O'%QJB%@ F'hﬂ&g Py eof f1 at

foscri beck | ninfodh sp openifEidd 86 shbwrf s ?é%@h d‘ﬁﬁ?ﬁﬁon 2o ohe
utilized to epeningspm fwlmtimataﬂsﬁlwds:hschargé (omowerffowpopeningsfat the fluior ease
material bs B e SlERYHE o TS, M heioht of SpBn aRarhgs 90, aleng Hie SlpVRy |

el ectropolish ?“\Qlll% Rizbiphingd: Nhé’"ﬂb&lfedigeﬁht i %tﬂ@!i%ﬁcﬁﬂﬁ'illafm fleectric

field are uti |zed or material’ renpbva ' ectrol ytes woul d
be required sle®vent2.di rection of the current flow I n the chanber woul d

D Sher 580 107 PHLATHRS I TBAST AL (iR Lidbye 12 875 G cppid e
be readily adrplepdifg®bntABOsHAES 8f B EUBsttRE t&5be Pro6EssHd, bR Geherally
sem conduct or wafer or other substrates.
the shape is cylindrical to provide a containment wall to conform to the
shape of a circular wafer. When in position, the wafer 35 resides at the
bottom to form the floor for the sleeve 12, so that the face of the wafer is
15 exposed to the electrolyte residing within the sleeve 12. It is to be noted
that only the outer edge portion of the wafer (which is usually left
unprocessed) mates with the sleeve 12. The sleeve 12 of the preferred
embodiment includes four contact locations 31, which are associated with
the placement of the cathode electrodes 15. Correspondingly disposed at
- 20 the contact locations 31 and within the wall of the sleeve 12 are holiow
openings (or channels) 32. The channels 32 are utilized to couple
electrical connections to the cathodes 15 located at the bottom of the
sleeve 12. These chanhels 32 allow the placement of electrical
connections to the wafer surface, but shield the electrical connections
25 from the corrosive effects of the electrolyte.
| Figure 2 shows the interior of the chamber 10 when it is assembled
and Figure 5 shows the corresponding cross-sectional view. The wafer
support 13 is shown in the up (or engaged) position. In the engaged
position, the wafer support 13, having the wafer residing thereon, is made
30 to engage the sleeve 12. Although a variety of technigues are available to
engage the two components 12 and 13, in the preferred embodiment, the



Referring to Figures 1 and 2, a processing chanber 10 of t
preferredWQr?BGng?ent is shown. Fi gure 2 is a cut-away view hF(f“Fﬁ”’“”"

chanber 10 shown in Figure 1. The chanber _3Q i ncl udes an outer casing
11, inner fluid sleeve 12, wafer support (also referred to.as wafer platen
or 30 platform 13, anode el ectrode 14, cathode el ectrodes 15, fluid

delivery (and anode) shaft 16, wafer rotating shaft 17, two cl eansi ng
mani f ol ds 18 WO 99/ 1056
PCT/ US98/ 161 wafer support 13 is made movable in the vertical directiory_ The down gy 19
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the flat circpioridingrd fdb"éhéio%hré\%tefhe 8H&Mber 10. As shown, the cover 22
has a central opening, which placement corresponds with the upper open

10  end of the sleeve 12. The anode electrode 14 and its accompanying shatft
16 is inserted into position through the opening in the cover 22 to place
the anode 14 to reside within the interior of the sleeve 12. The interior of
the sleeve 12 forms a primary containment region 28 for the holding of the
electrolyte, when the wafer is positioned to function as the floor of the

15  containment region 28. The shaft 16 passes through a shaft opening in
the anode cover 21 and the cover 21 is mounted onto the casing cover 22.
Mounting means, such as bolts or screws, are used to mount the covers
21 and 22. Once the covers 21 and 22 are mounted in place, the
chamber 10 is completely enclosed for processing the wafer.

20 As shown in the drawings, the wafer support 13 is mounted onto
one end of the shaﬁ 17. The other end of the shaft 17 extends through
the casing 11. The shaft 17 provides for mechanical motion and a conduit
residing therein couples vacuum to the surface of the support 13. As
described later, the shaft 17 can be coupled tb a rotary driving means,

25 such as a motor, which provides the rotational movement for tuming the
supporf 13. Bushings, gaskets, bearings and/or other seals are used to
maintain integrity in order to prevent escape of liquids and/or fumes.

It is generally an accepted practice to rotate a wafer when it is
subjected to certain processing medium. The rotation ensures a more

30 . uniform distribution of the medium over the wafer surface. Accordingly,
the practice of rotating the wafer 35 on the wafer support 13 will also



as a silicon wafer. In the preferred enbodl ment, the wafer has
a flat upW¥@P®948i on 26 and a | ower extended section 27, f%&szlﬁ;ﬁ

support 13 appears nore as a cylinder. Thggupper section.26 receives 15
the wafer thereon and the | ower section 27 is utilized as a covering to
protect the exposed portion of the wafer rotating shaft 17. As noted, the
| ower section 27 is hollowin the center to- accommdate the shaft 17 and
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sleeve 12 (also referred td as a contai nnent - vessel or inner
processi ng cparﬂmﬂar |m'osassmbemgrmract1m<b| la |tryplaagurange is 5-80Q@ irpmshaped

asahollow er that i.s ope bot h end 2,18
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processed. The | ower end of the sleeve 12 mates to a wafer 35 residi ng
WO 99/ 10566 is appreciated that the present invention can be practiced by rotating (or
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oscillating) the waf_er or the wafer support can remain stationary.

In the practice of the invention, the shaft 17 is also made movable
in the vertical direction, in order to vertically move the support 13. As
shown in the down position in Figure 6, the support 13 is positioned to
receive or remove a wafer through the access port 25. This is the transfer

15 entry (receiving) position for the wafer support 13. The wafer is aligned
with the access port 25, which provides the interface between the interior
of the chamber 11 and the environment external to it. Utilizing one of a
variety of wafer handling tools, the wafer 35 is loaded into the chamber 11
through the access port 25 to be positioned over the support 13. The
20 shaft 17 with the support 13 raises to effect the transfer of the wafer to the
' support 13. The loading mechanism withdraws and subsequently, the

shaft 17 rises with the support 13 and the wafer 35 engages the sleeve’
12.

The engaged position of the support 13 is shown in Figure 5 and is
25 noted as the upper (or engaged) position of the wafer support 13. The
. lower (or cleaning and drying) position of the wafer support, places the

wafer below the opening of the access port 25 for cleaning and drying the
wafer 35. This lower position ensures that when the wafer is spun, liquids

are not épun out of the access opening. When the processing is complste

30 and the wafer is to be removed from the chamber, the support 13 is
positioned to a transfer exit position for removing the wafer 35 from the



on the support 13. The upper opening of the sleeve 12 mates t h

casi ng co@g‘”%@“ﬁt | east one opening 30 is disposed al ong tﬁ?&"&?ﬁﬁlﬁﬂ?i cal
sidewal | of the sleeve 12. The size and thgqactual nunber of such
opening(s) are a design choice and in the particular enbodi nent of Figure 5

4, four such openings 30 are shown spaced equidistantly apart. The
openi ngs 30 function as fluid discharge (or overflow openi ngs for the

fluid t.h 2. Thu h t. of 0 | th
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sl eeve 12,5 sopihdier Miehaptgmof the wafer is 15 exposed to the electrolyte

residing within the sleeve 12. It is to be noted that only the outer
edge portion of the wafer (which is usually |eft unprocessed) nates
with the sleeve 12. The sl eeve 12 of tshe Er@f egrad enbodi ment i ncl udes
four contact |ocations 31, which are ' Og®t h t he pl acenent of

the cathode el ectr pgeshdwn iﬁonroeémmdu nalwgdrénoaﬁé aﬁoé’& elé&%a@qh%t
|l ocations 31 and within the wall of the sléeve 12 are openi ngs

(or channel s) referredie simphhas shaangde) 4 iis atedhed (bwmmaas such esacboitcal
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reside within the containment region 28. The shaft is made to fit through
the cover plate 21. The height of the anode 14 above a wafer 35 residing
on the wafer support 13 is dependent on the electrical parametérs and the
process being performed. Typically, for electroplating/electropolishing
15 processes, it is desirable to immerse the anode within the electrolyte.
Accordingly, it is desirable to position the anode 14 below the flow
openings 30 so that the anode is immersed in the electrolyte.
Generally, the height of the anode is fixed so that once positioned,
the anode 14 is positioned at a set location within the containment region
20 28. The actual position of the anode, relative to the wafer, is a design
choice dictated by the particular system and the process being performed.
The anode-wafer separation distance is a parameter in determining the
electric field intensity between the anode 14 and the wafer 35.
The shaft 16, not only positions the anode 14 in place, but also
25  provides a conduit for introducing a electrolyte into the containment region
28 of the sleeve 12, as shown by flow arrows 38. A central hollow channel
(or passage) 36 within the shaft 16 allows one or more fluids to be piped
into the containment region 28 of the sleeve 12. The opening at the end
of the passage 36 is located proximal to the surface of the anode 14
30 facing the wafer, so that the fluid is introduced into the bounded
containment region 28 below the anode 14. This injection location of the



connections to the wafer surface, but shield the el ectr| calps%wgﬁé,,gns 25

- from the W@PHEYSGe ef fects of the el ectrolyte. shows
the interior of the chanber 10 when it isq{gssenbled and Figure 5
shows the correspondi ng cross-sectional view The wafer support 13 is
shown in the up (or engaged) position. In the engaged position, the

waf er support 13, havi ng the waf er reS| ding thereon, is made 30 to engage
the sleeve 12. A t.ho g][l ekﬁy atechnl ues are av
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fluid (which is typically a fiquid) is first pumped into the containment region

10 28. Once the electroplating process is completed and the electrolyte
drained, de-ionized (DI) water is pumped and injected onto the surface of
the wafer to wash it. Subsequently, nitrogen (N2) gas is pumped into the
containment region 28 to dry the wafer prior to its removal from the
chamber 10. It is appreciated that the wafer 35 can be cleaned and dried

15 a number of times, including prior to the introduction of the electrolyte.
Typically, the cleaning and drying cycles are performed with the wafer
support 13 positioned at the lower position. |

Referring to Figure 8, an alternative anode shaft design is shown.
In this embodiment, a plurality of openings 37 are disposed along the side
- 20 of the shaft 16. The central passage 36 is still present to deliver the
various fluids at the central anode opening as described above. However,
a secondary passage is formed between the central passage 36 and the
wall of the shaft 16, so that a secondary channel or passage in the form of
a hollow sleeve is concentrically formed around the central passage 36.

25 As shown in Figure 8, the plurality of openings 37 are disposed
along the outer wall of the shaft 16. The openings 37 extend through to
the secondary passage so that the fluid being pumped in the secondary
passage is passed through the openings 37. Again, a variety of fluids can
be pumped through openings 37, similar to that for the central paésage

30 36. However, in the practice of the present invention, only the fluids
associated with the cleaning and drying are pumped through openings 37.



10' end of the sleeve 12. The anode electrode 14 and its -acgg%wmg shaf t
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residing within the sleeve 12.

Cathode Electrodes _

Referring to Figure 9, one of the cathode electrodes (also referred

15 to simply as the electrode) 15 is shown in more detail in Figure 8.

Although the actual number of such electrodes 15 is a design choice, the

processing chamber 10 of the present invention utilizes four such

electrodes 15 (for a 200 mm size wafer), spaced equidistantly around the

bottom end of the sleeve 12. The electrode 15 is an elongated electrical

20 conductor which is bent or spring-loaded downward at one end to make

contact with the edge of the wafer 35. Each electrode 15 is affixed to the

bottom surface of the sleeve 12 by coupling it to an electrical conductor

41. Thus, when the sleeve 12 is assembled and placed within the

chamber 10, each electrode 15 is attached to its corresponding electrical

25 conductor 41 at one end and the other end makes contact with the edge

of the wafer 35. All of the electrodes 15 form a distributed cathode which

contacts are to_the face-side of the wafer that will undergo the
electroplating process.

Thus, the electrical coupling to each of the electrodes 15 is

30 provided by the corresponding electrical conductor 41, which is inserted

through a corresponding channel 32 within the sleeve 12, wherein the end
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on the nediumutilized in the chanber 11 _gnpd the ‘effectiveness of its
di stribution for the process being performed. Thus, one approach is not

to rotate the wafer. However, where rotation of the wafer aids in the
medi um di stri bution, the wafer support 13 can be rotated by rotating the 5
shaft 17. Although the speed of rotation is a design choice for the
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However, once power is applied, there is a tendency for surfaces
(other than wafer 35) in contact with the solution to undergo the plating or
polishing process as well. Accordingly, by using the seal 42 to prevent the
15 electrolyte from reaching the electrode 15, the electrodes will not be
plated/polished once power is applied. It is appreciated that by sealing
and protecting the cathode electrodes 15 from the plating solution, no
deposition will accumulate on (or material removed from) the electrodes
15. This prevents the build up (or removal) of material on/from the
20 electrodes 15, which material can become contaminants within the
chamber during processing.

The seal 42 can be fabricated from a variety of materials which are

resistant to the processing fluid being utilized. In the preferred

- embodiment, polypropylene or some other equivalent polymer (for
25 example, VITON™ or TEFLON™ material's) is used. If the sleeve 12 is to

‘mount flush with the wafer 35 along the complete periphery of the wafer -

35, then a ring seal can be utilized. However, if flow gap(s) 43 (see
Figures 2, 7 and 8) is/are located at the bottom of the sleeve - wafer
interface, then individual seals, preferable U-shaped, are required at each

30 of the electrode contact locations because of the gap(s). The seal(s)



shaft 17 rises with the support 13 and the.wafer 35 engage
12. WO 99/10566The engaged position of the support 13 is Z‘Téﬂﬁsgiﬂggygure 5

and is 25 noted as the upper (or engaged)ygposition of the wafer support
13. The | ower (or cleaning and dryi ng position of the wafer support,
pl aces the waf er bel ow the opening of the access port 25 for cleaning
and drying the vvafer 35. This |l ower position ensures that when the
wafer is spun, |iqui re not spun out of the access opening, Wen

the processi#hpuld @8991“@‘% m‘ﬁ'blhn‘bet elecirode from oregchingrdhed elegradee |

chanmber, the 13 is positioned to a transfer exit position for
r enovi ng t he® %ﬁggg\% fromthe WO 99/ 10566

PCT/ US98/ 16174  One or more flow gap(s) 43 can be located at or neat the bottom of
chanber 10. The wafer hapdl er nmechani sm (not shown %Wl nsert thro

port 25, wilthe slegveka thetw%P@thmmeﬁsmec dpdhe dgoureset 9ansf er
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mechani sm  use of flow gaps 43 is an alternative embodiment of the sleeve 12. A
purpose 6f the flow gaps 43 is to allow for a more even flow distribution
along the surface of the wafer face. It is to be noted that the openings 30
are still present. The flow gaps 43 allow for fluid movement along the
10  bottom of the containment region 28, from the center at the fluid entry
point to the periphery of the wafer 35. The lateral fiuid movement near the
surface of the wafer 35 ensures a more uniform replenishment of the
electrolyte, which in turn improves the thickness uniformity of the
deposited material (which is typically a thin film layer).
15 it is also to be noted that when the process is completed and the
wafer disengages from the sleeve 12, some amount of the electrolyte may
contact the electrodes. However, the electrodes are not under power at

this stage and any amount of fluid contactmg the electrodes 15 are
washed away during the cleamng phase.

andler

20 Referring back to Figures 5 and 6, several other features of the
chamber 10 are shown. The three ring-shaped' manifolds 18-20 are
utilized to inject DI water and/or nitrogen at the particular location where
they are located. The upper manifold 18 is located at the upper vicinity of
the chamber 10 for spraying DI water downward to wash away the

25 remaining electrolyte from the walls of the casing 11 and sleeve 12. The
lower manifold 19 is located around the lower shaft 17 in the vicinity of the
wafer support 13, so that DI water can be sprayed to clean any remaining
fluid on or around the wafer support 13, when the wafer support 13 is in
the lower position. The cleaning is typically performed with the wafer

30 support 13 in the lower position. The two cleaning manifolds 18 and 19
also inject N2 as well to provide the drying of the interior of the chamber,



Anode El ectrode As shown in nore detail in Figure 7 éﬂgggnode
el ect r odavQ 89/40566 referred to sinply as the anode) 14 i PCIYSY (by
nmeans such as a bolt, 10 screw, clanmp orqgeolder) to the end of the upper

shaft 16 and is nmade to reside within the contai nnent region 28. The
shaft is made to fit through the cover plate 21. The height of the
anode 14 above a wafer 35 residing on the wafer support 13 is
dependent on the electrical paraneters and the rocess bein

perforned. ThichdPmys & secen rqgmtemmﬁjwéaemagoﬂewwe memfeﬂdgcééses it
d bl e di ngly,
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electric field intensit bet en, t he ano, r 35,
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regi on eeve as shown [Fow arr ows . A central

hol | ow channel The (mddlpas@geh@ﬁnamfdld n2®hls eh@urgaenanlfolds okteisor nore
fluids to be pi

| to the c g on e sleeve 12.
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surface of thferﬁB@n%e(gbﬂsﬁanﬁ aghoHs ift 180 W8 iss ca§9\gt$t§uertdﬂe Thigl Mahffold
i ntroduced into the bounded ~contai nnment _region 28 bel ow the anode 14.
Thi's injecti8f isodtiierdntooinjeqteN onto the edge of the wafer during processing
when the electrolyte is flowing in the chamber 10. Since there is
electrolyte flow during the processmg cycle, the injection of N along edge
15 of the wafer prevents the electrolyte from reaching the backside of the
wafer and the surface of the support 13.°
It is appreciated that the chamber 10 is fully functional without one
or all of the cleansing manifolds 18-20.. However, the manifolds when
utilized properly can provide for a cleaner environment within the chamber
20 10, improve system productivity and extend the maintenance cycle of the

components present in the chamber 10.

Rotating Sleeve
In an alternative embodiment, the sleeve 12 is made to rotate (or

25  oscillate) when the wafer 35 is in the engaged position. That is, wafer
" rotation is desirable when the wafer s undergoing the
electroplating/electropolishing process. In order to provide rotational
capability for the sleeve ;I2, the upper end of the sleeve' 12 cannot be
affixed to the stationary casing or cover. Furthermore, some type of

30 rotational coupling is needed in order to couple the rotating conductors 41
to a stationary electrical connection.
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processing fluid into the sleeve 12 ensurgegya presence of fresh processing
fluid proximal to the wafer surface. It is appreciated that a

pi ping for transporting the liquid can be readily coupled or inserted
into the passage 36. It is also appreciated that 5 a nunber of fluid
medi um (both I|iquids and. gases), can be introduced into t he contalnnent

regi on 28 through E'EE"%&%@B@"@GS aR @smbkedimept in whigh a rotalingr lectrieal
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posi tion. Referring to Figure 8, an alternative anode shaft
desi gn is shotenrotate in unison.

10 With a moving sleeve 12, the electrical conductors 41 will also
rotate. The slip ring assembly 46 is mounted on to the top end of the
sleeve 12 and is made to rotate with the sleeve 12. A containment
housing 61, along with a cover flange 62, form an enclosure for the upper
portion of the sleeve 12 and assembly 46. The height of the containment

15 housing 61 is such that a cavity 47 forms between the top of the sleeve 12
and the cover flange 62. The sleeve 12 in this instance has its upper end
enclosed, except for a central opening 45, which is needed for the
passage of the anode shaft 16. The slip ring assembly 46 fits into this
cavity area. The anode shaft 16 passes through the cover flange 62 and

20 assembly 46 through the opening 45, so that the anode resides within
containment region 28.

The electrical conductors 41 are coupled to contacts on the slip ring
assembly 46 and both rotate in unison. The stationary part of the slip ring
 assembly 46 is at the center and the shaft 16 is coupled through it. The

25  stationary electrical connections are made at this point. An example of a
slip ring assembly is Model AC4598 (or AC4831) manufactured by Litton
boly—Scientiﬁc of Blacksburg, Virginia.

In the practice of the present invention employing a rotating sleeve
12 as shown in Figure 10, inert gas (such as N,) is forced to flow within

30 the cavity 47. The N gas is made to flow downward from cavity 47
- between the sleeve 12 and the containment housing 61. The positive



In this enbodinent, a plurality of openings 37 are dlspose si de
20 of th\¥°§ﬁ’zl?§6516 The central passage 36 is still prese%cqj(&;g’e%lver t he

various fluids at the central anode openiyg-as described above. However,

a secondary passage is fornmed between the central passage 36 and the

wal | of the shaft 16, so that a secondary channel or passage in the form of
a hollow sl eeve is concentricall y formed around the central passage 36. 25

As shown in Fi ure t he pl ural]j of openings 37.a spose al ong
the outer wd'e %‘F"etﬁéﬂg}’i’a? ‘-!L"SSt f fﬁg&%e\?ﬂf@ﬁedﬁﬂg qut t he
secondar I e

y p%é;%rfﬁrréﬁﬁlom%é siag! aﬁ&'d%%v@%ﬂ'@eéieé\ib 45 Iﬁ%@%ﬁ?ﬁdular

passage i s pas e openi ngs . Agai n, variety of fluids can
be punped tmmbgu:nwan'shgwnsm Fguiel 40, ta maalnamoal chuplirgit such passage 30

36. However, in.th I C rese i nventi.on onI the.fl |ds
associ at ed V\pqqmghgaﬁ g‘ﬁ ﬁ(‘&?ﬁﬁ? B‘ﬁﬁ'}ﬂ%d‘?t ﬁ?‘mjh pRehflange

WO 99/ 10366 g4 of the contalnment housing 61 for physical support of the sleeve 12.
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made to rotate (or oscillate) in the engaged positioned when subjected to
10 the electrolyte. '

Wafer Processing

The following description describes the practice of the present

invention to process a semiconductor, such as a silicon semiconductor

15 wafer. Furthermore, the process deé_cribed is for electroplating a metal
(the term metal herein ircludes metal alloys) layer onto the wafer 35. The
chamber is utilized as a deposition chamber in that instance. The
exemplary material being deposited is copper. .Subsequently, a process is
described in which a metal is removed from the wafer 35, when the

20 chamber is used for electropolishing. However, it is to be appreciated that
other processes and materials can be employed for deposition or

polishing without departing from the spirit and scope of the present
invention. ' ‘ '

Referring to the previous Figures, when copper (Cu) is to be

25 deposited onto a semiconductor wafer by the use of an electroplating
technique, the chamber of the present invention can be utilized.
Generally, the chamber 10 of the present invention is assembled as part

of a functional unit, which one embodiment is shown in Figure 11.
Equipment housing 49 is a modula.r unit designed to house the processing

30 chamber 10 and its associated mechanical and electrical components,
such as electrical wiring, fluid distribution piping, couplings to external



5 wafer 35 is at the |ower position), both passages acco

wat er andMO/18866 Thus, not only is the wafer surface cl em%?’i{ﬁ%“t’{}ﬁgd,
but the inner wall of the sleeve 12 is al.s5@ cleaned and dried as well, to
remove any residual electrolyte left in the contai nnent region 28. The
openi ngs 37 ensure that DI water and N2 are injected at upper regions of 10
the sleeve 12 to renove residue fromthe conponents and surfaces

residing within the sl eeve 12. t hode

El ectrodes System COmppagnishg MEchagisms o fofondottingne (Rht RRANAING: r odes
| f : N t ki J tail
h Brgure o rashdohrRaiReXdter sioch 38, FAShbndetifodng hadk TR JHe! o

desi gn choi cerod¢dssing chepnioaksBi matenanitregehOand vauiup esarmiections nareon
utilizes four

such el ectrodes .15 (for a 200 nm sj ze fer), aced
equi di stant | W%#I%G?ldh? it a3 fOBgist"&PHtlﬂgﬂHt%?hQ ﬁEamb@év@-lﬂ.i :el'ﬁé%ﬁliﬁﬁ ode 15
. | , S . . e
Gowmar o ot SoaPRe b Bl onidinerc RSICKENINMG, BTt | egfbine for B! A0pasRlC

Each el ect r odrsatfdent cafifpionedt obthehsystem. lbistappresiatédhthatdine detivetyeand: 12 by
coupling it to an electrjcal conductor, . 41. Thus, when the sleeve 12 is
assenbl ed andemioyakof auich; chamigals and fiids,ia/ffein adBioResring:chambeEare |
attached to i t opdi n e ' Sis SRV HHI ' t and
t he ot her enmygggtggi \?.\nh?lh’ m‘bg@gé@ 'S EQ]Pof t%gaﬁ‘lgroggsmﬁlﬂfeof t he
el ectrodes 1xhapnberal Gican bexrandiguced.hode whi ch contacts are to the
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wafer 35, the support 13 is lowered to its load position. The wafer is then
_introduced into the chamber 10 through the port opening 25. Typically, an
automated wafer handler is used to place the wafer 35 in position for the
support 13 to rise and accept the wafer. The wafer 35 is held in place by
15 the application of vacuum to the underside of the wafer 35. The port 25
opening is closed to seal the chambér 10. Subsequently, the support 13
is raised to its upper engaged position by the movement of shaft 17, as
shown in Figure 5, to mate with the sleeve 12.
The coupling of the support 13 to the sleeve 12 will depend on the
20 embodiment selected for the sleeve 12. If the sleeve 12 is to remain
stationary, then it is affixed to the cover 22 and will not rotate. If the
sleeve is to rotate, then the embodiment of Figure 10 is used. It is to be
appreciated that the wafer support 13 can still be made to rotate when
disengaging from the stationary sleeve 12. In that event, the wafer is
25 made to rotate in the cleaning and drying cycles, when the wafer is not
engaged to the sleeve 12. _

With either technique, the joining of the support 13 to the sleeve 12
forms the primary containment region 28. The wafer is located at the
bottom to form the floor of this containment region 28. The processing

- 30 fluid (electrolyte) is introduced into the containment region 28 through the
shaft 16, as previously described. Electrical power is then applied to the



30 provided by the corresponding electrical conductor 41, whic

h
i nsert ed WO9%1056hr ough a correspondi ng channel 32 within tt’r’&%‘l’%@@éniz,
wherein the end WD 99/ 10566
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conductor 41 is attached (such as by solder) to its respective
el ectrode 15. The other ends of the conductors exit the chanber through

t he casing cover 22 or 21 or integrated through the shaft 16. The manner
i n whi ch theanads andceathadei eigciredes i sybjest 4

noted in Fi ' | ' A

rode 1912585 13 RpBERradrer| PRIFEWeleL | Blks it Vg HatbhSs can b5
42 is positiwaskeddnrcdrigd twithihahe rdhaniissr Y@lpriopftotthe introduetior? of set hat it
can effectively inhibit the electrolyte fromreaching the el ectrode 15 when
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applied to the processing face (front facé) side of the wafer, instead of to
the back side of the wafer. Again, it is appreciated that one or more than
one cathode électrode(s) can be utilized. The preference is to have
multiple electrodes 15.

During processing, new fluid is continually introduced into the
primary containment region 28 to ensure a fresh supply of the processing
chemical. As the level of the f'luid rises, the overflow is discharged
through the openings 30. In the instance that there are flow gaps 43 at
the lower end of the sleeve 12, some amount of the medium also will drain
from these openings. In any event, the cathodes are protected from the
solution so that the plating process will not occur on them. When the
purge manifold 20 is present, nitrogeh gas is made to flow from it to
prevent the electrolyte from contacting the backside of the wafer and the
sidewall of the support 13.

When the process is c0mpleted, the electrical potential between the
anode and the cathode is removed and the processing fluid flow stopped.
Then, the wafer support 13 is positioned to its lower position to drain the
electrolyte. Then, the DI water is introduced through the shaft channel 36.
If sidewall openings 37 are present DI water is made to flow through these
openings as well. DI water is also sprayed from the upper and lower
manifolds 18 and 19 to wash the chamber 10.  Subsequently, DI water is
replaced by the flow of N2 to dry the wafer 35 and the chamber 10. During
the rinsing and drying cycles, the wafer 35 is usually spinning at a

of the
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pl at ed/ pol i shed once power is applied. It is appreciated th | ng
and prot eMQ Mi%¢fe cat hode el ectrodes 15 fromthe plating sg{:ﬁ??é%ﬁ’f‘qk%

deposition will accurmulate on (or materialpyenoved from the. el ectrodes

15. This prevents the build up (or renoval) of material on/fromthe 20

el ectrodes 15, which material can becone contam nants within the

chanber during processing. The seal 42 can be fabricated froma

variety of materials, which ar resistant to the, pr i.ng flujd being
Uil Sonde | pelahuslyr 6B i (or cxamBleninine jangs byl G000 S It nor
equi val ent p thai : npl e,
O err] oeaRpeie Fineing and diving of the wafer 35, Futthermors, ¢ B water

mount fl ush andnN$ benv beates to am@levated demiperatupzté phbancetthe winsing er

Froures 2. 7 SRk0)g GRENSTR oEnal T VRIS the vereile Wb anq iE,
i nterfaceg tRedief Fﬂh&%é’d’ﬂ*roﬁ@ﬁ'tﬁe a@&ggéagghlzg_Ushaped, are required at each
30 of the electrode contact ™|l ocations because of the gap(s). The seal (5s)

WO 99/ 10566 Although a variety of metallic materials can be deposited by the
PCT/ US98/ 16174
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processing chamber of the present invention is copper. An example of
copper electroplating is described in an article titled “Copper Electroplating

10 Process For Sub-Half-Micron ULSI Structures;” by Robert J. Contolini et
al.; VMIC Conference; June 27-29, 1995; pp. 322 et seq. _

Alternatively, the processing chamber of the present invention can
also be utilized in the electropolishing of metallic materials. In that event,
the processing steps described above are repeated, but with the use of

15  chemicals which pen‘or‘m the metal removing function. Furthermore, the
polarity of the potential applied to the electrodes are reversed so that the
electrodes 15 now become a distributed anode and the single electrode
14 becomes the cathode electrode. _

Again, although a variety of metallic materials can be polished by

20 the technique of electropolishing, the one metal which is suitable for the
processing chamber of the present invention is copper. An example of
cdpper electropolishing is described in an article titled “A Copper Via Plug
Process by Electrochemical Planarization;” by R. Contolini et al.; VMIC

~Conference; June 8-9, 1993; pp. 470 et seq. ,

25 Additionally, an embodiment of the present invention allows for
multiple processes to be performed in the processing chamber of the
present invention. That is, more than one electroplating step or more than
one e_léctrbpoli.shing step can be performed. The multiple electroplating or
eléctropoﬁshing steps may entail the use of different chemistries.

30 ~ Additionally, it is to be noted that the same chamber 10 can be used to
' _peﬁorm both electroplating and electropolishing. For example, in the first



contacts 15. One or nore flow gap(s) 43 can be lﬁ?@ﬁ%‘gnﬁnor

near the WOtORT6Sf the sleeve 12. The actual location i's esi gn
choice. In the Figures, the 5 flow gaps.43 _are shown | ocated near the
bottom of the sleeve 12. The use of ow gaps 43 is an alternative
enbodi nent of the sleeve 12. A pur pose of the flow gaps 43 is to allow
for a nore even flow distribution al ong the surface of the wafer face.
It is to be noted that the openings 30 re still present, The, flow

gaps 43 all owcf‘@r eleciialytainsdenostinghg materia ispintiogeed ane thenwafelent
region 28, ﬁggéltdﬁ%sctf@téb ﬁ%?l% fdrHééEse&% Hléscnbe%%b{?é tthdrlgngtealrhery

of the wafer tera novenent near surface of the
waf er 35 ensof eemploymgeQMintor polistp hwaystheeexces's filne, the elagtrapolishinge,

which in turn ro t hi,.ckne for epasi ted

mat or &l (whiap BGSEyiRd 2BPYe 4S Lped.  ShheeauRRY, Sttsf Rsing and BVRELE" o be
noted thaf WaghbRE NEQAFETR S i ﬂBH-]Jé‘échn thd "hamber WHdEthéli wafeyages from
the sleeve 1 some am)un?t%mc| ﬁ ectr ﬁ%;te may contact the

el ect r odes. Iddnm:oqaqllsheé eTbus.r m$e@aeataoproaedses panvee relectroplating rangd st age
and any anDu

ct| n eI e es, 15 are washed away
during the cI F %ﬁgg mg’ epe ﬁgﬂg ﬂbes'é\%'ﬁ'bﬁa Figures 5 and 6,

several ot her featA&c‘?}?di?ib 31 @number%%ﬂi@hté’é&saéfé gBAvEd frone theree of
ri ng- shaped manifolds 18-20 are utilized to inject D water and/or

ni trogen at tthe ghamberulQuof the aresantiineention. Sinceetheaprmant geatginmget upper

prayi ng B VBESR aBamadiuet SRR g thal the sechiRSLPEREMSEL Y r om
the wall's of rbbﬁ‘:rﬁegl @gs&&s@hdaw Wcﬂamucﬂnmsage @ ﬁé@ﬁedfﬁﬂlﬁn@césé% i's
| ocat ed around the | ower shaft 17 in the vicini waf er support

13, so that Dvafgs: dhaids, the @rppawagtfbnd:ise@nnf wwﬁmgma"er volume
for processing the wafer. The secondary containment region 29 is used

for drainage of the spent chemical and for providing secondary

15 containment. This design allows the chamber 10 to be much larger in
size, if needed, to house other components, such as metrology devices,
but the fluid-fill area is maintained small. The processing fluid waste is
reduced.

The vertical movement of the wafer support 13 allows wafer entry

20 into the primary containment region 28, but at the same time shielding the
underside of the wafer from the processing fluid when the wafer is being
processed. The wafer is utilized to form the floor of the containment
region. The alternative designs of the sleeve 12 allow it to be stationary or
rotate (or oscillate) in unison with the wafer.

25 As to the electrodes, significant advantéges are derived from the
placement of the cathode electrodes 15. These electrodes 15 are located
on the same side as'the face of the wafer which is undergoing the
particular process. Furthermore, the design of the chamber allows the
cathode contacts to be isolated from the electrolyte, thereby preventing

30 contaminants from the cathode contacts to be introduced into the
chamber. The design also shields or isolates the wafer edge and the



fluid on or around the wafer support' 13, when the wafer support 13 is74i n
the | ower W89/1456,6. The cleaning is typically perforned wit FPECHESRAPE? 30
support 13 in the |ower position. The two_ekeani ng manifolds 18 and 19

also-inject N2 as well to provide the drying of the interior of the
chanber, WD 99/ 10566
PCT/ US98/ 16174 -16- whi ch

forms a secondary contai nnment region 29. e two mani folds 18

Th ] ..and 19
are positi ondacksidenef the saiecirom the elactighdenyAlsgp Hos Ma#smpes't'onegnot

2215 r omoved ORI, ARG 58 P Kie DGobBR Ioilad il " BraiSeid, of teTiel

removed fromwéfer byahbesleditolate, terd twiise apivaed adayrfrom thbavdfensdrface.
(water and N err]) couplings to the manjfolds, 18 and 19 are al so not, shown,
but are present anfiddiligpally.nthe ghambeydesioroot the presert byentign permits

|1 h : | i L hi fibinihO.
The il & o BURBIe BFolbbifig 15 s Beftbmics H the eBfHe btmbar ! The A2
around the uppecessiagof within Wifeer chammber t idudés s batipp@lectroplatimg namds ( not

i 11 2ed to i PPEEPRISHINGo THEScBED GPPeHUoRAnE MrIPTAGranaLakle: fd b
when the el echegbyh&d it the J4hWchambie HIGTRRE ﬁt%ing AnACEryinibEbbth the
containment regions 28 and 29 enhances the ability to keep the chamber
10 clean of con-téminants, which in turn eliminates the potential of processing
chemicals from contaminating the fabrication cleanroom through the

ambient interface during wafer loading and unioading.

Multiple Wafer Processing

15 It is appreciated that the processing chamber 10 of the preferred
embodiment can be configured into a system 50 to process more than one
wafer at a time. In Figure 12, a clusterihg of four separate processing
chambers 10 is shown. The four chambers 10, each contained as a unit
within the housing 49, are coupled to a central wafer handler mechanism
20 51, which is responsible for the movement of the wafer from one housing
49 to another. The central handler 51 is also coupled to an interface unit
52, which includes at least one access mechanism (two doors are shown

in the drawing) for wafer entry/exit from the system.
As shown in Figure 12, a wafer or a cassette of wafers is
25 introduced into the system 50 through an entry door 53 located on the
intérface unit 52 (which unit is typically referred to as a load-station for
loading and unloading the wafers). Once the wafer or cassette of wafers
(hereinafter simply referred to as the wafer) enters door 53, it is isolated
from the ambient environment until it exits through an exit door 54, also on
30 the interface unit 52. It is appreciated that there are a variety of designs
and techniques for moving the wafer through various stations. . The



el ectrolyte flow during the processing cycle, the injection of N2 a

| ong
edge 15 WO WHBS6Raf er prevents the el ectrolyte from reachi n%T’H@”é’zﬂi“si de
of the waf er and the surface of the_syypport 13. It is

appreci ated that the chanber 10 is fully functional w thout one or all
of the cleansing mani folds 18-20. However, the manifolds when
utilized properly can provide for a cleaner environnment within the chanber

20 10, inprove system productivity and extend the mnaintenance cycle of the
conponent s pastieulari desariptionahpeain 1and the tool shown in Figure 12 are for

Rotating Sl eg h a Y | 12 is
made to rota¥ eert'umary PP I1Thaet g?ﬁé&?glﬂmee@aﬁgﬂggﬁég Prqﬁt{%agbﬁgg‘%ed
posi tion. Thigandier SHpkerwell as betwéehited hanglerBsandlEach ofthe chambersaf er

i s undergoi ng t he el ectropl ating/ ?I ect Bopol shin rocess. . In
order to prolPdensyiesthaithe wafter iscigplated ifigmipe Q"ﬁb‘%"l‘ @g\)’g""l‘@,e“cthe‘mpper

gggegf the Sé&%\éeiné?arféé%?gﬁyigg&mrongberﬂf;&if-mse Wwith fahﬁoﬁ-fae{iw@%ysﬁgggs?nor

Furt hernore, sone rotational coupling i's nee

order to coupitegeme rotating conductors 41 to a stationary el ectrical
connecti on. 99/ 10566 . . - .
PCT/ US98/ 16174 V\Bnce t]he wafer enters the interface unit 52, it is progessed in one

or more of the chambers 10. Each chamber 10 can provide the same
processing step or the chambers 10 can be configured to provide different
10  processing steps, or a combination thereof. For example, in implemenﬁng
copper technology, the four chambers shown can all provide the same
process or each can provide for different processes. Once completed, the
handler 51 moves the wafer to the exit door 54 for removal from the
system 50. The use of system 50 allows multiple Wafers to be processed
15  within a system. _ |
Referring to Figure 13,.it shows another approach in processing
multiple wafers. In this instance multiple wafers are processed in the
same processing chamber. A processing chamber 60 is equivalent to the
processing chamber 10, except that now there are two separate primary
.20 containment regions 28 within the same casing. Separate sleeve 12,
wafer support 13, anode 14 and set of cathodes 15 are still present for
each wafer that will be processed. The cross-section of the floor of
chamber 60 is shown flat in the illustration (not slanted as in chamber 10),
but can be slanted as well. The electrolyte drain opening is also not
25 shown, although present. Furlhefmore, the manifolds 18-20 are not
shown in the Figure, but can be utilized as well. The access port is not
shown as well, but generally is present, one each for each containment
region 28. '
A significant advantage of the multi-containment design of Figure
30 13 resides in isolating each wafer within chamber 60. Each wafer will

have its own primary containment region 28, subjected to its own electric



Figure 10 illustrates an enbodinent in which a rotating ele '

cogpl I ng ng?ﬂl?ﬁsfzed. A variety of rotating electrical coupfﬁgﬁ}é@a&égﬂ%e
used at t he sl eeve/cover interface, bhuysthe exanple of Figure 10
utilizes a slip ring assenbly 46. The vessel 12, is driven to rotate by
the rotation of the 5 wafer support 13. In the preferred enbodi nent, dowel
pi ns | ocated at several points along the periphery on the sleeve 12

The vaf er < BN Boogssed By S gt BlselioRiey i S56HCREIL IOl QEVRLE i |

then al so ca,g%eggﬁgzl MRYRred  and! O paphmbktersn apju%%u, 1% necessaffth a

nmovi ng sl eeve 12, el ectrical conductors 41 w al so rotaté. The
slip ring astheependestly framthecethen wafershe Fosexamples power to ongwafee 12

di d e wth l 12. A ' housi.ng. 61,
Fang w e 2b8ovEh WhatiiPubll sl i Foaitedi ' M il AR 3501 o,
of the S'sﬂevﬁeﬂléraﬁwobmér%@, |t]§ pEtfori thd' 8hffy pf&cetsamfgceuébat s f'dl?r@dﬁh &b théousi ng

61 is such that a Cavity 47 fornms between the top o sl eeve 12 and
the cover fl| Wafersein chimaber &y dhe esign eould het@c?amedag perdomp shfersny

passage of + REoGsrse ol Br SRERARRY cobaibthard, BIERREF, « sk dt i <
cavity area. aEbﬁecﬂal@diethaMfrﬂy WWorssmainmdntauats ake showarinf Figoes 182 kard 20
assenbly 46 through the opening 45, so that the anode resides within

cont ai nirent  MREfRGFPIEBINMent units could treecantissired aithin shambes 69, Mhdesieed oupl ed
e oAb Ay i Eonany HBE06TY dedd IOk  EBPRCA BURE",
the shaft 16 appreciatdd:ihat thevghting sieBve design of Figure 10 can be employed.
"Thus, a processing chamber for depositing material and/or
removing material from a substrate, such és a semicondubtor wéfer, is
described. The described techniques are geherally applicable to metal
15 and metal alloys, although the techniques can be readily adapted for non-
metal processing. It is appreciated that there are a number of variations in
implementing the chamber of the present invention. The various features
described above can be inclu'ded,-depending on the design selected.
. Furthermore, it is appreciated that the chamber can be constructed
20 by the use of various materials known for constructing processing
chambers in general. In the preferred embodiment, the casing is
constructed from stainless steel, having an inner coating (such as
TEFLON™) to prevent the chemical reaction on the inner wall of the
casing. The wafer support and the manifolds are made from materials
25 which do not react with the processing chemical. Polypropylene or other
equivalent materials are acceptable. Quartz or ceramic is also another
material which can be used for construction. The material for the sleeve
should be an insulator as well, so that the sleeve does hot act as or
interact with the anode when power is applied. Accordingly, various

30 materials can be readily configured for constructing the chamber of the
present invention. -



25 stationary electrical connections are made at this point. An exialrrpl e of

a VOPYA96E assenbly is Model ACA598 (or AC4831) manBTASHE
Litton poly-Scientific of Blacksburgg.Virginia. Inthe
practice of the present invention enploying a rotating sleeve 12 as

shown in Figure 10, inert gas (such as Nerr]) is forced to flow within 30
the cavity 47. The N2 gas is nade to fl ow downward from cavity 47

bet ween the sl eeve 12 and the contai nment housing 61. The p05|t|ve

99/ 10566 —

- 18- pressure N2 flow ensures t GhAIMSTES fromt gh t(H ﬁeX e do not
collect in t he open areas al ong the side and above s as y

the particul ar enbodi ment shown in Figure 10, a mec ﬂm t

such as a beapidgidih@ange 63, is utilized between th

upper flange 5 64 of the contai nment housing 61 for physical support of
the sl eeve 12. Bearings 48 are used to provide the nechani cal support

but all ow t he

cont ai nmeént housi }l;l gi)&% ja%p%ﬂ%@gt% 3t ‘F"lﬁ%%'riég qt ﬁgggﬁﬁgﬁ%&ﬁngﬁg\?\%m n

Figure 10, tdsumpﬁgmg 35 can be made to rotate (or osmllate) in the
engaged positioned when subjected to 10 the electrol yte
a support for having said material reside thereon;

a hollow sleeve for forming a containment chamber to contain a
processing fluid for processing said material, said sleeve having a lower
10 end and an upper end;
- afirst electrode coupled to reside within said hollow sleeve;
at least one second electrode coupled to said lower end of said
sleeve for coupling to said material;
said support when raised to engage said sleeve causes said
15 material to enclose said lower end of said sleeve by forming an enclosing
floor for said containment chamber to retain said processing fluid therein;
and '
said at least one second electrode contacting a surface of said
material exposed to said processing fluid when said material is subjected
20 to an electric field generated by a potential difference between said first
| electrode and at least one second electrode.

2. The apparatus of claim 1 wherein said at least one second
electrode being protected from said processing fluid during processing.
25
3. The apparatus of claim 2 wherein said first electrode is an
anode electrode and said second electrodes are cathode electrodes for
electroplating said material.
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Waf er Processi ng " The foll ow ng description descr%@ﬁ? 318174
practice P oVHE®®r esent — ——invention to process a seniconductor, such as
a silicon sem conductor 15 wafer,  Furthepwyare, the process described is

for -el ectropl ating B as Been Replated { o mnetal herein includes netal
all oys) layer onto t r‘w“ e chanber is utilized as a
deposi tion chanber i . The exenpl ary material being

deposited is copper. Subsequently, a process is described in which a
metal is renoved fromtihe wafer 35, when the 20  chapber is used for
el ect ropol i shi ng.4-HowelRe  apparatus &f Rlaigppt wherelny seithsiesve relates or

W tnout - deparelayes PEATERElF sEEFURRR AW BRIRESKRE L Powention

Referring to the previous Figures, when copper (Cu) is to be 25 deposited
onto a sem conductor wafer by the use of an el ectroplating t echni que,
the chanber of the preiBRtapPRAAIHS Oh chalm Bewherein sald first eleglrade,is @ he

chanmber 10 [ ' | f%q;al
functi onf]‘;’l (Lﬁ’lalt{‘,ga%gllgﬁ?géee e?ﬁgéﬁdorrgerﬁoﬁf%s O\Nnd%Ign&E gﬁé%e 1e{90tr¢9cieé‘lf£%rui prent
housi ng 49 ialectropolighing said maésriajned t o house the processing 30 chanber

10 and its associ ated nechanical and el ectrical conponents, such as
electrical wiring, fluid distribution piping, couplings to external
6. The apparatus of claim 5 wherein said sleeve rotates or

oscillates in unison with said support during processing.
10

7. The apparatus of claim 2 wherein multiple processes are
performed on said material.

8. An apparatus for performing electroplating to deposit
15  material onto a substrate comprising: -

a support for having said substrate reside thereon;

a hollow sleeve for forming a containment chamber to contain an
electrolyte for electroplating said material onto said substrate, said sleeve
having a lower end and an upper end;

20 an anode electrode coupled to reside within said hollow sleeve;

a cathode electrode coupled to said lower end of said sleeve for
coupling to said substrate, but protected from said electrolyte during
electroplating;

said support when raised to engage said sleeve causes said

25 substrate to enclose said lower end of said sleeve by forming an enclosing
floor tor said containment chamber to retain said electrolyte therein; and

said cathode electrode contacting a surface of said substrate

exposed to said electrolyte, but substantially shielded from said electrolyte

when said substrate is subjected to an electric field generated by a

30 potential difference between an anode and cathode.
(A 1L
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conponents, nechanisns for rot atr ng (or oggi.llating), rai si ng/ 1 owering
t he -waf er supportrluisheetrfasgten ring the anode 14. The processi ng
chem cal, D water ﬁ vacuum connections are made to the
unit 49 for di strr chanber 10. The drain 23 is 5 coupled to a
cont ai ner for cont ar n| ng the electrolyte or to a waste treat ment
conponent of the system I s appreci ated that the delivery

lr( emoval of hs uch cHeni chhe Wmm@%fsc‘@'m BrWhﬁ@l%r’S@&S‘rgﬂ'}Qj’ecﬂlQﬁH@F’ea{?e
t I
oo 0 L0 i B4 o B Bl Ao

configured fsfrsaii @apstatetot distribute elsetrival 3bntach forssyideatholdd.is | owered to
its | oad position. The wafer is then I ntroduced into the chanber 10

t hrough the port opening 25. Typically, an automated wafer handler is

accept t e et or . Nne P SPARARE ¢f i o lter inclugBURE Movestio Snich 20
vacuum t o t heoupldertei stadoﬂafbh@uppb&rtoSmovémdeBUppw verticalhpémiemgaige cl osed

to seal the chanper 10. Suybse uently the Suppo t 13 Is raised to its
upper engageﬁn‘ggﬁeﬂ%getﬁ?'g HBVé?r@ﬁfj m|m §eer as shown in Figure
5, to mate with the sleeve 12. The coupling of the support 13

to the sleeve 12 will depend on the 20 enbodi nent selected for the sleeve

12. 1If the sleeve112 i Theoappatus of claim 0 wihergin s&idnsleeve gotdtesxerd to

t he cover 22 anﬁl wi |l not. rotate. |1f the . . .
oscillates in Unison with said support during electroplating of said

substrate.

12. The apparatus of claim 11 wherein said substrate is a
semiconductor wafer and said material being electroplated is comprised of
15  copper. |

13. The apparatus of claim 9 further including a casing to
enclose said support, sleeve, anode and cathode electrodes in order to
provide a secondary containment housing.

20
14. The apparatus of claim 13 multiple sets of said support,
sleeve, anode and cathode electrodes are housed in said casing to
provide multiple containment chambers for processing multiple wafers
within said casing.
25

15. An apparatus for performing electropolishing to remove
material from a substrate comprising:
a support for having said substrate reside thereon;

* [+ L N s *
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sleeve is to rotate, then the enbodi nent of Figure 10 is us%g“{g%%“\ﬁf{ to be
appr eci amQ9Y19566 t he waf er support 13 can still be made to en

di sengaging fromthe stationary sleeve 12pgln that event, the wafer is 25
made to rotate i nThissheecHas@eenRyplaced dryi ng cycl es, when the wafer is not

engaged to the sle Wth either technique, the joining of
the support 13 to forms the primary’contai nnment region
28. The wafer is | bottomto formthe floor of this

contai nment region 28. The processing 30 fluid (electrolyte) is introduced
into the contai naehollcmgalweesort forming at bentainmentsehambes to gontriBvalus| y

gg-srf Usggflfsglp&%}orh}tga or” ctropohtsrrﬁ%g %&%‘ 'rr?éie}l(a)l o sazd%&t@‘%%ﬁaxd
and cat hodegglé%tp; at|gwgyghgcdnd a8 U@E?bn&lo an el ectropl ati ng

process to deposit erial on the wafer. |If desired, the wafer 35 can be
washed and dried amamdeteiectm@mmupled torresidetwithin saidhheliow sleaye; of - t he

by the chi hode 2N appgp PREbaSXoUIRd TG geTd el dfid " Shicl bl o

el ectrodes pRoApliNg B said slibstriatdubat pratdetsle, frowesaidn euémrcﬂytecﬂunngl

contacts are made to the
electropolishing;

anode

said support when raised to engage said sleeve causes said
substrate to enclose said lower end of said sleeve by forming an enclosing
10 floor for said containment chamber to retain said electrolyte therein; and
said anode electrode contacting a surface .of said substrate
exposed to said eléctrolyte, but substantially shielded from said electrolyte
when said substrate is subjected to an electric field generated by a
potential difference between a cathode and anode. |

15
16.  The apparatus of claim 15 wherein said anode electrode is
comprised of one or more electrodes distributed around a circumference
of said substrate to distribute electrical contact for said anode.
20 - 17.  The apparatus of claim 16 further including a moveable shaft

coupled to said wafer support to move said support vertically to engage
and disengage said support to and from said sleeve.

18. The apparatus of claim 17 wherein said sleeve rotates or

25 oscillates in unison with said support during electropolishing of said
substrate. '

18. The apparatus of claim 18 wherein said substrate is a
semiconductor wafer and said material being electropolished is comprised

30 ° of copper.
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'proce55| ng side of the wafer. This allows for the cathode potentlal to be
appl i ed tW0t9ﬁ/é°§§PoceSS| ng face (front face) side of the wafB¢TUSHIHY of
to 10 the back side of the-wafer. Again, 'Ot i's appreciated that one or

nmore-than -—one cat hode eI e trode(s) can be utilized. The preference is
to have gﬁepd}&theG s 15. During processing, new
fluid is contln ed into the primary contai nnment region 28
to ensure a fre “m \ijane processing 15 chemical. As the |evel of
the fluid rises, verflow is discharged t hrough t he openi ngs 30.
In the instance that there are flow gaps 43 at t he Iower end of the

sl eeve 12, sone a unt f t he u rain from t.hese

openi ngs. In any €Yent, PhéPBQE e%rP Slag“pwﬁt edingea casing 40yt i on
so that the ghabs%any %E?anwshéevaotcam& afB Aftsde ofitfoddicin’Braetitode
mani fol d 20 ]&g pr esent trogen gas 1s nmade t Yé?hﬁom It to

prevent the puoycdeals,ecendammuatrmntdg:using backsi de of the wafer and the
sidewal | of the support 13. When the process is conpleted, the

el ectricadl potential - between the anode and the cathode is renoved and
the processing flpHd flpy ab?aﬁeads &5c|a‘ﬁhezo ahhmpl@fﬁtsséfpeardt sﬁéprb
positioned to its lower position to drain the el ectroly

DI water is sieewadlﬁaélapdwm@ranm Mtodemmm@esed in sandf casmaM|

ohent nos as B8 PGl ootfafimdrt RATbR, forBrock S MRS waters
mani f ol ds 18withih d8idtea h the chanber 10. Subsequently, DI water is 30

_replaced by the flow of N2 to dry the wafer 35 and the chanmber 10. Duri-ng
the rinsi®g and drying cycles, the wafer 35 is usually spinning at a

22 A method for processing a material residing in a containment
chamber, comprising the steps of:

placing a material to be processed on a support;

providing a hollow sleeve to form said containment chamber to

15 contain a processing fluid for processing said material, said sleeve having

a lower end and an upper end; '

providing a first electrode within said hollow sleeve;

providing at least one second electrode coupled to séid lower end
of said sleeve;

20 raising said support to engage said sleeve so that said support and
said material enclose said lower end of said sleeve by forming an
enclosing floor for said containment chamber to retain said processing

- fluid therein; | |
filling said containment chamber with said prbcéssing fluid;

25 applying a potential across said first and second electrodes to
process said material. |

23. The method of claim 22 wherein said step of providing said
second electrode includes providing a plurality of said second electrodes

NN
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relatively hirgh rpm (for exanple, in the_ignge of 100-2000 rpm to

enhance the ri nsThgShesHa iReglaesl t he wafer 35. Furthernore, the DI water
and N2 can be hea ted tenperature to enhance the rinsing

and drying functi JIfl he -vacuumto the wafer is renoved and the 5
waf er renoved t hrolg e access port 25, Al t hough a variety of
metallic materials can be deposited by the techni que of el ectroplating,

t he one net awhidh are idistsibutesblacodnd at biscumferpnoe exfssaig visdetialr and alee

present invention is, copper. An exanpl, f, copper electroplating is
descri bed i nPigtegted; from said Pweﬁﬁf‘gé&é@erBpﬁggﬂg’ 10 Process For
Sub-Hal f-M cron ULSI Structures;"” by Robert J. Contolini et al.; vmM C

Conf erence; June 27-29, 1995; pp. 322 et seq. _ Alternatively, the
processi ng chanbe24of tThe pmethad ofnwadaitn 022 cwinerein siép oobefillingl isai i n

he el i shi f | L .iaks.. h
br acesei . sBepiaBof oBRbRE brfudiR Mg it on iR o slertioriting,
chem cal s whiggly Reté@iim t he netal renoving function. Furthernore, the

polarity of the potential applied to the electrodes are reversed so that
t he el ectrodes 15 now becone a distributed anode and the single

el ectrode 14 co t e, - . 2 s
al t hough a vari ety of ﬁ%ﬁ&gsﬁé’? g;%?@l %Ei‘%ﬁ%én%ﬂ'%g)f gtyep §9Pdtgtlng
| or oscillating said sieeve in unison with said support during electroplating.
10

26. The method of claim 22 wherein step of filling said
containment chamber includes filling it with an electrolyte for
electropolishing said material. ' '

15 27. The method of claim 26 further including the step of rotating

or oscillating said sleeve in unison with said support during electroplating.

28. The method of claim 22 further including the step of filling
said containment chamber with an electrolyte for electroplating or
20 electropolishing copper. .

29. The method of claim 22 further including the step of filling
said containment chamber with different processing fiuids for performing
multiple processes therein.

25 |

30. The method of claim 22 further including the step of filling
said containment chamber with an electrolyte for electroplating said
material and a different electrolyte for electropolishing said material.

AR ) )
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20 the technique of electropolishing, the one netal which is suitable for

t he pYBE¥L WP g chamber of the present invention is coppPET/USEsI@I4ND| e
of copper electropolishing is described in an article titled "A Copper
Via Plug Process by El ectrochem cal Pl anarization;” by R Contolini et
al.; vmM C Conf erence; June 8-%/11993; pp. 470 et seq. 25

Addi tionally, an enbodi nent of the present invention allows for

mul ti pl e processes to be perforned in the processing chanber of the
present invention. That is, nore than one el ectroplating step or nore than
one el ectropolishing step can be perfornmed. The nultiple electroplating or
el ectropolishing steps may entail the use of different chem stries. 30
Additionally, it is to be noted that the sane chanber 10 can be used to
perform both el ectroplating and el ectropolishing. For exanple, in the first
WD 99/ 10566

PCT/ US98/ 16114 -22 - cycl e,
el ectrolyte for depositing a material is introduced and the wafer
undergoes the el ectroplating process as descri bed above. Then, instead

of enploying CVWP to polish away the excess film the el ectropolishing

step descri bed above is used. Subsequently, after rinsing and drying, a 5
different electrolyte is.introduced into the chanbtd and the wafer is




el ectropol jshed. Thus, two separate processes, one electroplating and
‘the ot hgr %ﬁgéglllqséf)ol i shing, alroe perfgrmed in the chanber. P pcrrusbarienn
Accordi ngly, a nunber of advantages are derived fromthe use of t he
chanber 10 of the present invention. Since the prinmary contai nnent 10
region 28 is nmuch smaller in volunzéihan t he secondary contai nment
region 29, a substantially |ess ch tal usage i s needed to process a
wafer. That is, the processing fluid is confined to a much smaller vol une
for processing the wafer. The secondary contai nment region 29 is used
for drainage of the spent chem cal and for providing secondary 15
contai nnment. This design allows the chanber 10 to be nuch larger in
size, if needed, to house other conponents, such as netrol ogy devices,

but the fluid-fill area is maintained small. The processing fluid waste is
reduced. The verti cal ment of the wafer support 13 allows
wafer entry 20 into the primary contai nnment region 28, but at the sane
time shielding the under si de of (the wafer fromthel(rocessing fluid
when the wafer is being processfy. ¢6wafer is utilized to formthe
fl oor of the contai nnent regio THe alternative signs of the sleeve
12 allowit to be stationary or - . tate (or. oscillate) in unison with
the wafer. 25 As t ereqt o —signi fi cant advant ages. are
derived fromthe acenent of fthle c tle € tr 15. These
el ectrodes 15 are |gCated h si de as face of the wafer
whi ch is undergoing the rticuljar ced4. Furthyrnore, the design
of the chanber alljows the al hode &0 to be ipolated fromthe
el ectrol yte, ther pr I ng ts e cat hode contacts
to be introduced iptp the c . iagn al sp{ shields or
i sol ates the wafer o) 18
0 43 28
25 T 13
—1120

| 19 ‘\N_/29
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backsi de of the wafer fromthe electrolyte. Al so, the wafer is positioned
horizontally flat, so that gas bubbles forned during processing of the
wafer by the electrolyte, tend to ﬁi %_upward away fromthe wafer surface.
Addi tionally, the chanber design of ‘the present invention permts 5
mul tiple processing to be perfornmed in the sane'calnber. The nul tiple
processing wthin the chanmber includes both elecfroplating and
el ectropol i shing. Thus, both deposition-and nateyygl renovabl e can be

he rinsingZand drying of both the
Nty to keep the chanber 10
ential of processing

performed in the sane chanber
cont ai nment regi ons 28 .armd 29 enhances the ab
cl ean of contam nants
chem cals fromconta

T a t hrough the
anbi ent interface duri gle di ng. "
Mul ti pl-e Waf er Processilng 15 Tt 1's apprecijated that the processing
chanber 10 of the prefdgrred enbodi nent can beéynﬁigured into a system.
50 to process nore tharn one T

FIG. 3




wafer at a tinme. In Figure 12, a clustering of four separate processing
chanbers 1WO%¥1%¥6wn. The four chanmbers 10, each contai ned RCEHUSIH 16174

wi thin the housing 49, are coupled to a central wafer handl er nechani sm 20
51, which is responsible for the novenent of the wafer from one housing

49 to another. The central handler é}lls al so coupled to an interface unit
52, which includes at | east one accéess nechanism (two doors are shown

in the drawing) for wafer entry/exit fromthe system As shown
in Figure 12, a wafer or a cassette of wafers is 25 introduced into the
system 50 through an entry door 53 | ocdfed on the Interface unit 52
(which unit is typically referred to agha | oad-station for | oadi ng
and unl oadi ng the wafers). Once the wa rgcassette of wafers
(hereinafter sinply referred to as theljgafer) enters door 53, it is
i solated - fromthe anbient enviro 3until it exits through an exit
door 54, also on 30 the interface uniffjj52. It is appreciat that there
are a variety of designs and techfi qges for novinng the fer through
various stations. The WD 99/ 105 29 }
PCT/ US98/ 16174 - 24-
particul ar desgrpiA ; | re for
exenpl ary purp /;/)y j nd t he
\\ S . |
41~
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28
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handl er 51 as well as between the handl er 51 and each of the chanbers
10, ensure WORYE056Rc wafer is isolated fromthe anbient envi PERMSAS161TH 5
sonme instances, this environment is filled with a non-active gas, such as

ni trogen. . Once the wafer enters the interface unit 52, it is
processed in one - or more ofgppge chanbers 10. Each chanber 10 can
provi de the sane processing step or the chanmbers 10 can be
configured to provide different 10 processing steps, or a conbination

t hereof. For exanple, in inplenenting copper technol ogy, the four
“chanbers shown can all provide the sa process or each can provide
for different processes. Once conplete t he handl er 51 noves the
wafer to the exit door 54 for renoval 16 e system 50. The use
of system50 allows multiple wafers tojjlle processed 15 wthin a system
Referring to Figure 13, it shows anoth oach in processing

multiple wafers. In this instance multflf#ll e wafers are proce din the
same processing chanber. A processing amgey 60 is equivalzgf to the

processi ng chanber 10, except that no herg are twoapgpeparatg primry 20
contai nment regions 28 withing ' =pargFe sl eeve 12,

waf er support ] /( are/still present for
each waf er that / oA Aobr of
chanmber 60 is ¢ ' ' ) chamber
10), b wlas wel f§ The e ] &XPppening is
al so not 25¢€ , ) & he ol ds 18-20
are not i By L uregg b i zedl&sPNElI . The
access port is nc T e I,q§ﬂ5 Il4qis sent, one
each for each cor nment

28 38—\ 12
N R
05 15 | 35 ~—45
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A signifi ntage of the nulti-contai nnent design of
gﬁaﬁ%ﬁ&%?ng each wafer w thin chanber

resides in

have its own prinmary contai nment region 28,

WO 997 10566
PCT/ US98/ 16174

and processed by its own el ectrolyteg/jijus,
and paraneters.

processi ng perforned

i ndependently from the other wafers.

can be di sconnected, whil e-s

generally preferred to per
waf ers in chanber 60, the
processes in each of the p
appreciated that only two
nore containnent units co

10 Additionally, the

but it is appreci<at ed
be enpl oyed. T
and/ or renovi ng mat eyi
wafer, is descri beg
to netal

u

T

| -

For ex

adj ust ed,
-; pl e,
he ot her.

60. Each waf
subjected to its own electric

each wafer will

Ercgqﬁquusn%o

field
have its
i f necessary,
power to one wafer
Al t hough it

-25 -

is 5
g step for each of the
el to performdifferent

bbves. Also, it is
homn in Flgure 13, but
chanber if desired.

omm |n Figure 13,
|gn of Figure 10 can
for depositing materi al
uch as a sem conduct or
ds are generally applicable




.15 and ng%al al | oys, although the techniques can be readily adapted for

non- PYI95p% ocessing. It is appreciated that there ar BCHUSBHHAT4 of
variations in ~ inplenmenting the chanber of the present invention. The
vari ous features descri bed above can be included, depending on the
desi gn sel ected. Furthgrnnre, it is appreciated that the
chanber can be constructed 20 by A luse of various materials known for
constructing processing . chanmbers in general. In the preferred _
enbodi nent, the casing is constructed from stainless steel, having an
i nner coating (such as TEFLON err]) to prevent the chem cal reaction
on the inner wall of the casi ng. The wafer support and the nanifol ds
are made frommaterials 25 which do not react with the processing

chem cal . Pol ypropyl ene or ot her equi val ent materials are acceptabl e.
Quartz or ceramc is al so another mat eri al which can be used for
construction. The material for the sleeve shoul d be an insulator as
well, so that the sleeve does not act as or interact with the anode
when power is applied. Accordingly, various 30 naterials can be readily
configured for constructing the chanber of wle present invention.

{




26 CLAIMS - W daim 5

1. An aphRrYl¥ tor processing a material residing therei RCT/US98/16174
conpri si ng: a support for having said material reside thereon;
a hollow sleeve for form ng a contai nment chanber to contain a

processing fluid for processing said material, said sleeve having a | ower

end 10 and an upper end; 8/112 first electrode coupled to reside
wi thin said holl ow sl eeve; at | east one second el ectrode
coupled to said | ower end of said sleeve for coupling to said

mat eri al ; sai d support adapted to engage said sl eeve and when
engaged to said 15 sleeve causes said material to engéose said | ower end
of said sleeve by formng an e i fl oor for9®said contai nnment

chanmber to retain said

at | east one second el e
mat eri al exposed to s
20 to an electric

essing fluid and sai d
de adapted for contact t surface of sai d
d processing fluid when said mateNal i's subjected
el d generated by a potential differen bet ween sai d

first el ectrode and at | east one second el ectrode. 2.
The apparatus of ¢glaim1 wherein said at |east one second
o
ol ~41 47
46 61
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el ectrode is &rotected fromsaid processing fluid during processing. 25
3. The PIHPOE of claim 2 wherein said first el ectrode PETASIS/I6174 anode
el ectrode and said second el ectrodes are cathode el ectrodes for

el ectroplating said material . 30 4. -The apparatus of claim3
further including a rotary driving nmeans or an agitation neans to
rotate or oscillate said sleeve ia/hhison w.th said support during
processi ng.

5. The apparatus of claim2 wherein said first electrode is a

cat hode el ectrode and said second el ectrodes are anode el ectrodes for

el ectroplating said material. 5 6. The apparatus of claim5b

further including a rotary driving nmeans




or an agit hi ans to rotate or oscillate said sleeve in unison with
W siipees

sai d

duri ng processing. 10 7. The FfpHPEWASITH

claim 2 wherein said hollow sl eeve is adapted to contain a first

processing fluid for performng a first process and
second processing fluid for perform ng a second process

subsequently a
on sai d

mat eri al . 15 8. An appargbyﬁlfor performng electroplating to
deposit materi al onto a substraté“conprising: a support for
havi ng said substrate reside thereon; a holl ow sl eeve for

form ng a contai nnent chanber to contain an el ectrolyte for
electroplating said material onto said substrate, said sleeve 20 having a
| ower end and an upper end; an anode el ectrode coupled to reside
wi thin said holl ow sl eeve; a cathode el ectrode coupled to said

| ower end of said sleeve for cougling to said substrate, but protected
fromsaid el ectrolyte during el ectrppl ating; 25 sai d support

when rai sed to engage sai d sl eeve cause

said | ower end of said sleeve by f ] |
cont ai nment chanber to®etain said ,jgé?f

sai d cat hode el.ectrode adﬁl/”’ o] ace

30 electrolyte when
generated by a

to encl ose
oor for said
and
of said
y shielded fromsaid
pl ectric field

FIG. 12




potential difference between an anode and cat hode.

28 WO /Y566 The apparatus of claim. 8 wherein said cRATFRIBREKAL r ode
i's conprised of one or nore el ectrodes coupled to said | ower end of

sai d sl eeve such that, when said support is engaged to said sl eeve,
said one or nore el ectrodes are distributed around a circunference of
said substrate to 5 distribute g*@gf i cal contact for said cathode.

10. The apparatus of claim9 furthér Tncluding a noveabl e shaft

coupled to said wafgy_support to nove said support verticallyto engage and

di sengage said supp®t %o and fromsaid sleeve. 10 11. The
apparatus of claim10 ' uding a rotary driving means or an
agitation neans to rot Y] | ate said S{eeve in unison with sai d
support during electro ' j
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5 "12.  The apparatus of claim9 wherein said holl ow sl eeve forms

sai d cont ai nngnt chanber to contain an el ectrol yt é 1& ?f ﬁ£ ng7 a_
copper onto a sem conduct or waf er. PZP Ci.[ gpa at

claim9 further including a casing to enclose 20 sai m 9 e

"anode and cat hode el ectrodes in order to provide a -~ d §

cont ai nnent housi ng. The apparatus of claim 13 further

~conprising nultiple sets of sal d s‘lS’pport sl eeve, anode and cat hode

el ectrodes housed in said casing to 25 provide nmultiple contai nment
- chanbers for processing nmultiplgg AMSrs W thin sai d casing.
. 15.  An apparatus for performng electropolishing to renove nmateri al
= froma substrat\é’%@:‘ﬁiﬂisi ng: 30 a support for having said substrate
" reside thereon;

S 1. An apparatus for processing a material residing therein
comprising: |

a support for having said material reside thereon;
a hollow sleeve for forming a containment chamber to contain a
processing fluid for processing said material, said sleeve having a lower end
10 and an upper end;
a first electrode coupled to reside within said hollow sleeve;
at least one second electrode coupled to said lower end of said sleeve
for coupling to said material;
said support adapted to engage said sleeve and when engaged to said
IS sleeve causes said material to enclose said lower end of said sleeve by
forming an enclosing floor for said containment chamber to retain said
processing fluid therein; and
said at ieast one second electrode adapted for contact to a surface of
said material exposed to said processing fluid when said material is subjected
20 -to an electric field generated by a potential difference between said first
electrode and at least one second electrode.

2. The apparatus of claim 1 wherein said at least one second
electrode is protected from said processing fiuid during processing.

25
3. The apparatus of claim 2 wherein said first electrode is an
anode electrode and said second electrodes are cathode electrodes for
electroplating said material.
30 4, The apparatus of claim 3 further including a rotary driving means

or an agitation means to rotate or oscillate said sleeve in unison with said

oo T

support during processing.




29 - ) a hol | ow sI eeve for form ng a contai nment chanber to contain
an electrolyte for electropolishing said materi al i t ga

sai d sl eeve having a | ower end and an upper end; PC‘WU? 3 A
el ectrode coupled to reside within said. hollow sl eeve;

el ectrode coupled to said | ower end of said sleeve fbr coupllng to
- said substrate, but protected from saidyelectrolyte during
" el ectropoli shing; sai d support adapted to engage said sl eeve
-~ and when engaged to said sl eeve causes said substrate to enclose said

| oner end of sabd s| diee appatatusf of laim &h winetelsisaid f firsbrelpetrodaiis a

s o]
© ool anoaetanene, slastidas B s8R Ssrend, Seflrhbes 2%, BAGHE, Besties, for
- exposed toe@atrdpratmgtggwyﬁ,ﬂenaut substantially shielded fromsaid

~ electrolyte when said substrate is subjected to an electric field
" generat—‘bd by a potential 15 difference between a cathode and anode.

16. The apparagus Ofrpelgy r&ﬁ:smlﬁumsﬁﬁhﬁeﬁm%ngﬁ 8GbiY Yriving means

. conpri sed of one or nore el ectrodes coupled to said |ower end of said
i sl eeve or ancagitation means tcamamnmcnscullase esRic glepvey ins ginisor withesaidai d

-'_.Qne or e distributed around a circunference of said
substrate ﬁondﬁdﬁgﬁaﬁgﬁ%ﬁil ectrical contact for said anode.

10 7. The apparatus of claim 2 wherein said hollow sleeve is adapted
to contain a first processing fiuid for performing a first process and
subsequently a second processing fluid for performing a second process on
said material.

15 8. An apparatus for performing electroplating to deposit material
onto a substrate comprising:

a support for having said substrate reside thereon;

a hollow sleeve for forming a containment chamber to contain an
electrolyte for electroplating said material onto said substrate, said sleeve

20 _ having a lower end and an upper end;

an anode electrode coupled to reside within said hollow sieeve;

a cathode electrode coupled to said lower end of said sleeve for
coupling to said substrate, but protected from said electrolyte during
electroplating;

25 said support when raised to engage said sleeve causes said substrate
to enclose said lower end of said sleeve by forming an enclosing floor for said
containment chamber to retain said electrolyte therein; and

said cathode electrode adapted for contact to a surface of said
substrate exposed to said electrolyte, but substantially shielded from said

30 electrolyte when said substrate is subjected to an electric field generated by a

* c L M s *

potential difference between an anode and cathode.
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. cont ai nnent char@er t
froma sem conducCt or

17. ‘The'a'pparat us of claim 16 further includi ng a movabl e shaft

coupled to

25 disengage said support to and from said sl eeve.
apparatus of claim 17 wherein said sleeve rotates or
- uni son with said support during el ectropolishing of sdid t

19. The apparatus of claim18 wherein id hol |l ow sl eeve forns sai d
BORbFAAN" of | Gt O'8Y Wheldh S4iBCEiRBAL' SBCHBIERPC"
comprigéd of tne ammeratlectrotes|coupletbtd saidtiewer entwlisaid sleexsi ng

30

- to enclose

10

L5

30

sai d waf er support to nove said support verticall 0 g nd
FCTIUE TETHE 1 4
iR 40 061 44

such that, when said support is engaged to said sleeve, said one or more
electrodes are distributed around a circumference of said substrate to

distribute electrical contact for said cathode.

10. The apparatus of claim 9 further including a moveable shaft
coupled to said wafer support to move said support vertically to engage and
disengage said support to and from-said sleeve.

11. The apparatus of claim 10 further including a rotary driving
means or an agitation means to rotate or oscillate said sleeve in unison with

said support duririg electroplating of said subsirate.

12. The apparatus of claim 9 wherein said hollow sleeve forms said
containment chamber to contain an electrolyte for electroplating copper onto a
semiconductor wafer.

13. The apparatus of claim 9 further including a casing to enclose
said support, sleeve, anode and cathode electrodes in order to provide a
secondary containment housing.

14. The apparatus of claim 13 further comprising muiltiple sets of
said support, sleeve, anode and cathode electrodes housed in said casing to
provide multiple containment chambers for processing multiple waters within
said casing.

15.  An apparatus for performing electropolishing to remove material
from a substrate comprising:
a support for having said substrate reside thereon;

RN AR R
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. material, said sleeve havin

I.'-\

sai d support, sleeve, cat hode and anode electrodes in order to prOV|de a
secondary contai nment housi ng. The ég

further conprising nultiple sets of sai d supportP /ﬁ&; é
anode el ectrodes housed in said casing to provi de

chanbers for processing multiple waters within sai ca5|ng 10

22 A nethod for processing a nateri al 6e5|d|ng I n a contai nnent

. chanber, conprising the steps, of: acing. a material to be
processed ogpa &,ppliew. sleeve for forming,a; %‘EW‘I eharmbee\te eentain rarsai d

- cont ai nrrenble”éﬁ%i?is Mok %né‘&mp%nahﬂa@ sﬁd%ﬁi&?&‘r 'fﬂﬂn féd;w SubSfrafy, 0%_‘1‘& Hidgeal d

‘ g | ower end an upper .
. provi di ng Bavingsa loyarendan \ﬁntlliﬁ’pﬁfﬁidi hol | ow sI eeve; ~-providing

B st 00 SeS SRS UINEA SRl SR RN sosyer 32 s o

.. suppor ts and ansanddeaeluctmueeaomad waisdid dower et f saidd sfdeRRY forPY
“form ng an_encl osing for said contajnment chanmber to retain said

. processi ngCPYRING t1QersaId) . substfate but tprptected SHPM c$AifaelRRtrRlyteh Ausiag wi ¢ h

" sai d procegrichidpblishif and appl yi ng a potential across said
. first~and -second el ec?rodes to process 25 said naterial.
. said support adapted to engage said sleeve and when engaged to said

sleeve causes said substrate to enclose said lower end of said sleeve by
10 forming an enclosing floor for said containment chamber to retain said
electrolyte therein; and _ _
said anode slectrode adapted for contact to a surface of said substrate
exposed to said electrolyte, but substantially shielded from said electrolyte
when said substrate is subjected to an electric field generated by a potential
15 difference between a cathode and anode,

16. The apparatus of claim 15 wherein said anode electrode is
comprised of one or more electrodes coupled to said lower end of said sleeve
such that, when said support is engaged to said sleeve, said one or more

20-. - electrodes are distributed around a circumference of said substrate to
distribute electrical contact for said anode.

17. The apparatus of claim 16 further including a movable shaft

coupled to said wafer support to move said suppont vertically to engage and
25 disengage said support to and from said sleeve.

18. The apparatus of claim 17 wherein said sleeve rotates or
oscillates in unison with said support during electropolishing of said substrate.

30 19. The apparatus of claim 18 wherein said hollow sleeve forms
said containment chamber to contain an electrolyte for electropolishing copper

. L A
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23. " The nethod of clai‘m22 wherein said step of providing said second
el ectrode includes providing a plurality of said secgg.&l ;—:,gt;; es a
which are distributed around a circunference of saidjf g 6«0&;6%
‘protected fromsaid processing fluid during processing

31 24. The Tethod of claim22 wherein "The step of filling
sai d contai nment chanber includesqgilling it with an electrolyte for
el ectropl ating said nmaterial . 5 25. The nethod of claim 24
further including the step of rotating or oscillating said sleeve in

uni son with sai msupﬂibetapnar'atug eﬂ elatm difi furtheg .including a casing tee@ncioske

Chamber 1 i aprert | Hag%e. cffBr; iRd tndde A’ in sxdef 0 MtoRRGA 10
sai d mat ersetddondary containment housmg.
5
21. The apparatus of claim 20 further comprising multiple sets of
said suppon, sleeve, cathode and anode electrodes housed in said casing to
provide ‘multiple containment charmibers for processing multiple wafers within
said casing.
10

22 A method for processing a material residing in a containment
chamber, comprising the steps of:
placing a material to be processed on a support;
providing a hollow sleeve to form said containment chamber to contain
15 a processing fluid for processing said material, said sleeve having a lower end
and an upper end;
providing a first electrode within said hollow sleeve;
providing at least one second electrode coupled to said lower end of
said sleeve:
20 . raising said support to engage said sieeve so that said support and
* said material enclose said lower end of said sleeve by forming an enclosing
floor for said containment chamber to retain said processing fluid therein;
filing said containment chamber with said processing fluid; and
applying a potential across said first and second electrodes to process
25  said material.

23. The method of claim 22 wherein said step of providing said
second electrode includes providing a plurality of said second electrodes
which are distributed around a circumference of said material and are

30 protected from said processing fluid during processing. '
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27. The met h-o”d of' cl ai ’n‘{26 fﬁrther i‘ncl udi ng the step™of fot atlngor

oscillating said sleeve in unison with said supportp-.d-u-l;-l ?gér éa |

15 28. The nethod of claim 22 further inclUdkmns %
filling said cont ai nment chanber with an electr

el ectropl ating or el ectropolishing copper.’ : The

nmet hod of claim 22 further includingébglstep of filllng sai d 20

cont ai nnent ch th d r ssing. fl yicds n
mul tiple cesﬁhg Tﬁmgqeﬂ#edta'a Whetin 30 ?Leg; ngfh Q{r@f g7‘a| m 22
further i rlf?dtmdmmerﬁmehsmmﬁclﬁdébIfﬂl@\@&i with an elextialytentort elebroplating t h an

el ectrol yte for |g@tropl ating said material and a 25 different
el ectrol yt%a'ﬁd? '@’ tropolishing said material.

5 25. The method of claim 24 further including the step of rotating or
oscillating said sleeve in unison with said support during slectroplating.

R 26." ~ The method of claim 22 wherein the -step of filling said
containment chamber includes filling it with an electrolyte for electropolishing
10  said material.

27. The method of claim 26 further including the step of rotating or
oscillating said sleeve in unison with said support during electroplating.

15 '28. The method of claim 22 further including the step of filling said
containment chamber with an electrolyte for electroplating or electropolishing
copper.

29. The method of claim 22 further including the step of filling said
20  containment chamber with different processing fluids for performing multiple
"~ processes therein.

30. The method of claim 22 further including the step of filling said
containment chamber with an electrolyte for electroplating said material and a
25  different electrolyte for electropolishing said material.
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