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PLATI NG AND PLANARI ZATI ON PROCESS AND APPARATUS
W RiEREBFIBS Techni cal Field This invention rel at BGT/US2003/036208
sem conduct or processing, and nore particularly to a
process and apparatus for plating and planarization
of a copper layer on a seri conductor wafer.
Background Art In the fabrication of sem conductor
devi ces, deposition and selective renoval of netallic
| ayers are inportant processes. A typica
sem conduct or wafer has several |ayers of netal
deposited or plated on its surface, with each
successi ve Iayer bei ng polished or etched before
further 9 39 A [A'ﬁAﬁ}%f%IO PROCESS
el ectr op s B P PARE REFO
wi del y practlced Ot-OCe = ——copper (which
general |y produces a bl anket Iayer of copper on the
wafer) is typically foll owed by chem cal - nechani ca
polishing (CWP) to renove unwanted portions of the
pl ated_ |ayer. \Wen a danmascene structure is being
Techmicadt Edelhe CWP process al so serves to
electrically isolate the damascene wres. Figure 1A

is schematic.illus t|o I 2 [
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ion ing solution I's punped
t hrough the apparatus to continually refresh the
bath; the flowis directed around plating anode 31

__Eﬂggég£§332§2°'es in the anode. WO 2004/ 046426
Ba 6208 2 Figure 1B shows a wafer feature
after a typical Cu plating process. Sem conductor
waf er a [ t
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of metal deposifed or plated on its surface, with each
successive layer being polished or etched before further
layers are added. 1In particular, electroplating of copper on
the wafer surface is a widely practiced process. Plating of
copper (which generally produces a blanket layer of copper on
the wafer) is typically followed by chemical-mechanical
polishing (CMP) to remove unwanted portions of the plated

layer. When a damascene structure is being fabricated, the
CMP process also serves to electrically isolate the damascene
wires. ‘ A

Figure 1A is a schematic illustration of a typical
apparatus for plating copper on a wafer. Wafer 1 is held
against a cathode 32 by sealed contacts 33; the cathode and
wafer rotate in a bath 30 of plating solution. A flow 35 of
plating solution is pumped through the apparatus to
continually refresh the bath; the flow is directed around
plating anode 31 and through holes in the anode.



material. A seed layer 4 is then deposited on |ayer 2.
The electroplated Cu layer 5 fills the trench and
weoad4dsbe waf er surface. As shown in the fi geeEUS1008036208
plated layer nmust be thick enough to ensure that the
trench is filled. Under sone process conditions the
greatest thickness is in he vicinity of the trench,
as shown in Figure 1C. The excess thickness b5a,
terned "overburden,” is _then renoved by CWP, Ote éhe
entFFﬁuﬁﬁaﬂBdShﬁyéraaBB@@rtﬁ@aRHFSra§E¥Fa€etYQlF@ED Bd
plﬁelnghBEOEQBEGV g@h@boh&ﬁ&tb& waEyérl ngi grithenhseacbrench 3
IS ma be done bﬁ |? the wa
 B2ks

er
fogppar khageuAei L5t REALS ShFPsier(f1fp) haver 2,
toW@EQmoté a¥pes&edn BEathegpaadedlnaaaﬂzaayen bb the wafer

er . are | %, .d
anflobps =AY Shi e 5 gBRTLE bE BRBL Lu 0REe! Ene BBATLBapctor
mateqiiales Aeeerd ldyktefehs tpeat dﬁgognépg ow ipvesch. The

el%%kk8 dRY% éuphégé gaki?@sstﬁ@ téenEMphﬁalﬁﬁﬁigrthe wafer

ere ore I's proc 'e times._in
supifaceng éﬁdsbpﬂﬁa#nzéh?oﬁlgﬁeﬁs thei plaredal RBRT BREE Pe

thaeg bhBl ht@e thsavahpHhtOththe reneul ast gLinedpr opadér some
acc ngly increases thetg veral | nanufac%ﬁrlng
Pre6sEs BPSle&PPSN6he69§82F8§§ L ERBgsSs\EEhoR cinity
ofS itﬁel er&heh, daneposneipr segasef Qco.ldewnel tkoasanthickness
ari zation, "' ests _adapt.i
52 eraels PRerbRroRny ol 4B HHeR GeRRRRH AT Buft” often the
ensiifel paatedslpyeHoaboee, theawalfigrasdrjeteshsngemofednso

thégqﬁihﬁeglﬁf%ﬁ§nkeﬂ5?ﬁgs Egnghg'?ace§8 %ﬁ EﬁfgteEﬁis may

cal orce on r sur
bebeonebbxlDQ&lShlagsthalWaﬁéeuénpﬁOEMBSaPPGFPHE$nﬁPEll the

oragngalpekbﬁhlquﬁhebrcheﬁtehalwafaa abr agp¥Belis
I ned an_ electro

abr§§P$énSaPPPcPé§nﬁﬁ§ZBEl Brg thlnﬁeFﬂg LF%?Edaﬁ%tal
coh&éﬁtloHaSlyPﬁbﬁ@t1Pbse§a9&£e6repﬁbltled héppdr abosge,
ectrochem ca anl ¢ a tLon,,
oryeeErinEcs AoCIBOaRb AR Ser rEarEEs R F Beash] "ditgerent
plabhnghsngpappaiahueach @bl tbwetlebyr adpdananizgtiohestep. A
typ@ g1 wgeerthﬁg ng ggs&égge nhaﬁklgfehtfmgg in both

gques may I'n or rove
thplphgtnzgtaoﬁ phaggghpgtlomhpgols This 51tuatlon tends to

limit the throughput of the manufacturing process, and
accordingly increases the overall manufacturing cost.

U.S. Pat. No. 6,004,880, titled "Method of single step
damascene process for deposition and global planarization,”
suggests adapting a CMP apparatus to perform plating and
polishing simultaneously. However, plating and polishing
often require different process conditions (e.g. different
mechanical force on the wafer surface), which cannot be
obtained in a simultaneous process. Furthermore, if a
polishing slurry containing an abrasive is combined with an
electrolyte plating solution, abrasive particles may be
trapped in the plated metal layer.

U.S. Patent No. 5,911,619, titled "Apparatus for
electrochemical mechanical planarization," describes a



apparatus is used only for planarization (that is,

renmoval of material fromthe wafer); electroplating
woboolessmf er requires a separate apparatus. HEEUS2003/036208

remains a need for a wafer processing tool which

integrates the features of electroplating and

pl anari zation tools, and3hus can perform alternating

el ectroplating and el ectroetching processes together

with CVWP (particularly for copper |a e(ﬁ%
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on the substrate against the pad; the carrier rotates

with respect to the table and includes a plating
cat hode. The apparatus further includes a slurry

D%cil%%ﬁl&%r of§ ;r@e?&eﬂﬁ{ ng a polishing slurry on the pad

The carrier applies a first
amount of force during an electroplating process and
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P NANAIGUES Y AN d Wit Pl Rhlilshing pad; the table
and pad have holes therein forming channels for dispensing an
electroplating solution onto the pad. A plurality of
electroplating anodes are disposed in the channels and are in
contact with the electroplating solution. The apparatus also
includes a carrier for holding the substrate substantially
parallel to the top surface of the pad and for applying
variable mechanical force on the substrate against the pad;
the carrier rotates with respect to the table and includes a
plating cathode. The apparatus further includes a slurry
dispenser for dispensing a polishing slurry on the pad during

a CMP process.

The carrier applies a first amount of force during an
electroplating process and a second amount of force during an
electroetching process. During a plating process, it is
preferable that the force be varied to maintain a



of concentric arrays each having an anode therein, so

that the anodes are arranged in concentric arrays
weawh/ o0& ng a separate el ectrical connecti onP€DUB1YE3/036208

cathode. It is noteworthy that when a conductive |ine

or viais being forned, the first anmount of force is

greater than the second dmount of force, so that the

di stance between the substrate and the top surface of

the pad is greater during an electroetching process
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e legrireptlad iing solution 15 dispensed onto the pad Metal is
then electroplated on the substrate using the electroplating
solution, while a first amount of mechanical force is applied
on the substrate against the pad to maintain a first spacing
between the substrate and the pad. An electroetching
solution is then dispensed onto the pad, and the metal on the
substrate is electroetched, while a second amount of
mechanical force is applied on the substrate against the pad
to maintain a second spacing between the substrate and the
pad. The electroplating and electroetching may be repeated
as a sequence a plurality of times. The method may further
include the step of polishing the metal by chemical-
mechanical polishing (CMP) using the polishing pad and a non-
abrasive slurry dispensed on the pad.

The table may have a plurality of plating anodes connected



vol tage source so as to control the thickness of the

nmetal plated on the substrate. The el ectroetchi ng nay
wheoopotdios med using the el ectropl ating sol ut i BET/US2003/036208

this instance, current is conducted between the

cat hode and the anodes in a forward direction during

the el ectroplating and irn5a-reverse .direction during

the el ectroetching. Brief description of Draw ngs
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a plating process, in accordance with the present

invention. Figure 4Ais a schematic illustration of

the integrated tool of Figure 2, in which
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Figure 2 is a schematic illustration of an integrated

plating and planarization tool with separate concentric
arrays of plating anodes, in accordance with an embodiment of
the invention.

Figure 3 is a detail view showing plating solution being
continuously dispensed during a plating process, in
accordance with the present invention.

Figure 4A is a schematic illustration of the integrated
tool of Figure 2, in which reverse-pulse electroetching is
performed.

Figure 4B is a schematic illustration of the integrated
tool of Figure 2, in which electroetching is performed by
promoting formation of a film on the wafer.

Figure 5 is a schematic illustration of an integrated
plating and planarization tool according to an embodiment of
the invention, where CMP slurry and plating solution are
dispensed on the surface of the polishing pad.

Figure 6 is a simplified flowchart of an integrated



In accordance with the present invention, an apparatus
is provided which permts netal deposition
W@ etoeotqiepl ati ng) and nmetal renoval (el ectroePChius)3/036208
in alternating steps followed by CW, with separate
process conditions for each step, in a single chanber
and without the need for r&erbving the wafer fromthe
apparatus. Plating and renoval of copper wll be
described to illustrate the invention, It wll be
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ived®iothe type of material deposited on the wafer. An
enbodi ment of the present invention nay be understood
as a nodification of a CMP apparatus. A conventiona
CVWP apparatus is shown schematically in Figure iD
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detepnined oy cthagiorerretpgthich ddialivfist I hes pressed

against the polishing pad 20. Wafer carrier 12 is therefore

adjustable to provide a variable force on the polishing pad.
Figure 2 is a cross-sectional view of an embodiment of
the invention. Table 10 and polishing pad 20 have holes 210,
220 formed therein; the holes form channels for dispensing
the plating solution onto the surface of pad 20. The plating
anodes 201, 202, 203 are preferably sleeves of an ,
electrically conducting material; the anode electrodes are
immersed in the plating solution in a reservoir 200 located
underneath table 10, so that the plating solution is pumped
through the sleeves. Alternatively, the sleeves may be of an
insulating material while the anodes consist of wires
inserted in the sleeves. During a plating process, the
plating solution is pumped from reservoir 200 through holes



plating current may be switched so that (for exanple)
current passes only through anodes 203, then anodes
wWQOm4/0amde t hen anodes 201. The pl ating circui PCT/8S2003/036208
conpl eted when wafer 1 on carrier 12 (the plating
cat hode) is brought into contact wwth the plating
solution. It should be rotted that the plating
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220?%@6 &Qh%}aispbhbedreapecthbosuhéapadpftpadsapply of
plating solutign to the er .l S 00
i Mg aaodrsy Ae: Bridyrab Ly pranyad” 16 BpaRh kLo prrays,
conlhectleec ttoi aabwamuhengidﬁwipe walewhighr ineiturnp B&i ng
co. %aUté%St%§bﬁgt§ Bgtggg %%h%c%fz Be |hE%orEhﬂ§ﬁ?,3the

ail VIeW Bara us O %
pl@mawmngugm@mﬁn@ayobatsvnts fdbépnghaﬁnﬁ ertﬁ#émgﬁe) current

pa%%%@eo%ﬁ§ th%%ﬁbheﬁnbaeﬁob@% 2P eandnddes fb@ fhaw @hen

plating Solution_ across the ‘surface o
an@ﬁ&ﬁa@%&rlsFWE pdahdasy CiFSYeL dfi CRAR g§% 8 W eya%er 1 on

calry ileed dsztm?fgﬂatdhglehthﬂdéqufhb&ohhﬁtfﬁnmb eumtaea with
e wafer .is a rom
thisn 196 N SR LR OB at g SBPDRgs B! AUEUoEnar, HEn plating
soaumdumtusgcbnmenuousﬂy dubpenabdronayhbepddvﬂdedtypnnally
gor%¥%§%fo beQbB”al/hﬁﬁjs §ngegbg %8§e9'gowg%%g with

eposition i s des i ons
rewwe©m W@t&he @éﬂ@sthEoﬁupﬁlﬁond§éﬁFé§? s ntmgnato the

wa&' %9tﬂh%c%%ﬁs%ﬁnﬁ@&”ke%%%ghéﬁndUQEb!@ hbnasy &h8o be
carrier 1s a %uste to apply downwar d’ force

maéﬁ ﬁ@f€Ptft§o vhih the §&§€Fﬁ@cﬁétﬁeéﬁeﬁéF8Ps kRJVBAGT

cak&1@&0h2|P&inthFaEEEeHOuBﬂﬁgys%&ﬁehgtbbﬁkaesslob the like.
tLn | I Vi as en_L.n ual It

&9P§g gdls?ﬁe §gﬁb?yv6ﬁwc8g %Pe|8ﬁgar? Feﬁ?o% % ke 2,
ShleM@S@&dtﬁthSomutlﬂntéﬁlabdlng phmpeflotbrough aheds 201

1n%%§%e 56959B§32§be8h8”2§o'3 $8bd £48yPE" Pfﬁklﬁpysbiution

|ng rate 1 n reglon I'S correspon ower
acrhas mhe SégﬁéﬁGSOfCEB%ePOIhﬁésaaﬁhaVﬁ§§e§F§ {fuboundary

1a§%&e%hh&ﬁh¥s§09ﬂed whﬁekhﬁ ESCﬁéiadbgrﬁa§e9fchbﬁlé@fQQ S0
reduced overbu en WD 2004/ 046

thp@wﬁbszéggpésezééace 8t & séaaewe896f1§|at?h§taﬂae L from
thBl sa@fazat beNpaEO2ESSERhefCBREADL YL DAGI pBoBEEE @nvolves

fo hi%hn %%g uctlngaighgug%rV1a, fhe watfer may be divided
into two types of regions: recessed regions 3 (in which metal
deposition is desired) and field regions 6 (on which metal
deposition is not desired). During a plating process to form
such conductive lines, the wafer carrier is adjusted to apply
a downward force on wafer 1 so that the spacing between wafer
and pad is much less than the boundary layer thickness:

L << BL when plating lines or vias (1)
When inequality (1) is satisfied, the supply of copper ions
to region 6 is mass-diffusion limited and is therefore much
less than to region 3 (region 6 is said to be "semi-dry").
The plating rate in region 6 is correspondingly lower than in
region 3. Copper lines and vias are thus selectively formed

in the recessed areas of the wafer with reduced overburden.



dual damascene process the recesses in the wafer are
filled during the initial electroplating step. It has
wheen/oiaend that the applied force on the wafPCT/US20051036208

this initial electroplating step should be controlled
so that the spacing between the wafer and the pad is
between 5 pm and 100 pm- Bhe rotation of wafer carrier
12 and/or table 10 ensures that the plating solution
on the pad surface is continuously replenished, so
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(anodes 202) to deposit another 500 A thereon; a lesser
amount is deposited in the other zones. Plating is performed
in successive inner zones until a full seed layer is
obtained.

In a preferred embodiment of the invention, alternating
plating and etching processes are performed to limit the
growth of the overburden. This may be done by electroetching
of the plated metal using the same solution as in the plating
process, but with a very high anodic reverse voltage pulse
(see Figure 4A). During the etching step, the downward force
on the wafer is reduced so that the spacing between the wafer
1 and pad 20 is much greater than the boundary layer
thickness:

L >> BL when electroetching (2)
A salt film is formed on the Cu surface during the reverse
voltage pulse; the salt film has a variable thickness, and is



thicker in region 3 than in region 6. Wen inequality

(2) is satisfied, the renoval rate of the plated Cu
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salt film The etching rate in region 6 is thus

generally greater than the etching rate in region 3.
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reversed to switch fromplating to etching, the
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so that the etchlng rate is generally greater in region 6
than in region 3.

In a variation of the foregoing embodiments, a salt-
forming agent such as benzotriazole (BTA) is added to the
plating or etching solution during the electroetching
process. When the process is switched from plating to
etching, BTA in container 440 is injected into the reservoir
200 (Figure 4B). The addition of BTA to the solution results
in a salt film on the wafer which exhibits a high field
conduction mechanism; this in turn increases the etch
selectivity in favor of the field regions (that is, etch rate
in region 6 vs. etch rate in region 3). This has the effect
of reducing the required number of repeated plating and
etching operations.

In a preferred embodiment of the invention, capabilities
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etching and CVP are conbined in a single apparatus.
wab@4ipegeence of plating and etching steps mayPCT/US2003/036208

termnate with a final etching step in which the
overburden 5a is renoved, after which the wafer may

be renoved w thout CMP-bepng perfornmed. However, if

it is desired to renove both the overburden and the
liner/barrier layer 2 on the wafer surface, the wafer
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abrasive-free solution, so that roughening and chemical
alteration of the remaining Cu surface are avoided.

The apparatus may advantageously include a pencil or
brush cleaner for the wafer, so that the wafer may be cleaned
and dried after polishing before it is removed from the tool.

Figure 6 illustrates steps in a process sequence where
electroplating, electroetching and CMP are all performed in
the apparatus of the present invention. A wafer with a thin
seed layer is loaded onto the tool (step 601); the seed layer
is then built up by plating the wafer using the separate,
concentric anode arrays to control the profile of the plated
layer (step 602). Electroplating is performed, typically for

a period of about 20 sec. (step 603), followed by



| ayer (step 602). Electroplating is perforned,
typically for a period of about 20 sec. (step 603),
wo odosoveds by WO 2004/ 046426 PCT/ US2003/ 036208 PET/1182003/036208
el ectroetching for a period of about 10 sec. (step
604). Plating and etching are repeated until the
desired plated features gfje.obtained. (The plating
and etching are perforned as distinct steps, as
opposed to attenpting to plate and etch
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Indugtnial Applicability

This invention is applicable to the manufacture of
microelectronic devices, and in particular to the manufacture
of devices requiring plating and planarization of copper
layers, especially where a dual damascene process is used.

While the invention has been described in terms of
specific embodiments, it is evident in view of the foregoing
description that numerous alternatives, modifications and
variations will be apparent to those skilled in the art.
Accordingly, the invention is intended to encompass all such
alternatives, modifications and variations which fall within
the scope and spirit of the invention and the following

claims.



WO 2004/ 046426 PCT/ US2003/036208 - 12 dCdainms 1. An
apparatus for performng both electroplating of a
woreaoalo4d42/er and pl anari zation of said | ayer OPCHUS2003/036208
substrate (1), the planarization being perfornmed by
el ectroetching and chemni cal - mechani cal polishing
(CVMP), the apparatus cemeising: a table (10) for
supporting a polishing pad (20) and having a
plurality of holes (210) form ng channels for
crh spensi ng an el ectroplating solution onto the pad,
~1the polishing pad (20), having a top surface and -
having a plurality of holes therethrough (220
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surface of the pad (20) and or applying variable

ComRREFIBEF force on the substrate against the pad,
_thelggtabggé (Qbt Eog wipporeipgca poliskeingapad 62@) and
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concentriCc arrays. 3. An apparatus_accordj to ai
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for applying variable mechanical force on the substrate
against the pad, the carrier rotating with respect to the
table and including a plating cathode; and
" a slurry dispenser for dispensing a polishing slurry on
the pad during a CMP process,
wherein the carrier applies a first amount of force
during an electroplating process and a second amount of force

during an electroetching process.

2. An apparatus according to claim 1, wherein the channels
are arranged in a plurality of concentric arrays.

3. An apparatus according to claim 2, wherein an anode is
disposed in each of said channels, so that the anodes (210,
202, 203) are arranged in a plurality of concentric arrays
each having a separate electrical connection to the cathode.



amount of force is greater than the second anount of
force, so that a distance fromthe substrate (1) to

wo b@4o@2cur f ace of the pad (20) is greater dRCT/NG20851036208
el ectroetching process than during an el ectropl ating
process. 5. An apparatus according to claim1, wherein
the first anmpunt of forceae3is variable so as to
mai ntain a predeterm ned distance fromthe substrate
(1) to the top surface of the pad (2) during an
electroplating process. 6.. An apparatus according to
claim rein t he L det e d m
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claim1l, wherein an electroetching solution is
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process.
6. An apparatus according to claim 5, wherein the

predetermined distance is between 5 uym and 100 um.

7. An apparatus according to claim 1, further comprising a
voltage source (250) connected to the cathode and to the
anodes, whereby current is conducted between the cathode and
the anodes in a forward direction during an electroplating
process and in a reverse direction during an electroetching

process.

8. An apparatus according to claim 1, wherein an
electroetching solution is dispensed through the channels

during an electroetching process.

9. An apparatus according to claim 1, wherein the table has
an additional array of holes (510) and the pad has an
additional array of corresponding holes (520) to form
channels for dispensing the polishing slurry during the CMP

process.



