5 April 2005 1 ACTIVATED SLURRY CMP SYSTEM AND METHODS FOR | MPLEMENTI NG THE
SAME 5 BACKGROUND OF THE I NVENTION 10 1. Field of the Invention The present
invention relates generally to chem cal nechanical planarization (CW)
systems and techniques for inproving the performance and ef¥aptil¥ess of
CWP operations. Specifically, the present invention relates to enhancing
the performance of nmetal CVMP systens.115 2. Description of the Related Art
In the fabrication of sem conductor devices, there is a need to perform CW

operations, including pAengVAFEDSLURRY CMPS¥SFEM! eani ng. Typi cal |y,
integrated circyitd | ctures. At
the substrate IeMp ﬁ@ﬁi@#‘g&h@’e@ﬂ#&mﬁm&ﬁﬁsmns aze
formed. In subsequent |evels, interconnect 20 netallization |lines aze
patterned and electrically connected to the transistor devices to define
t he desisred functional device. As is well known, patterned conductive

| ayers aze insulated fromother conductive |ayers by dielectric materials,
such as silicon dioxide. As nore netallization |evels and associ at ed

dielectric layers aze forngd, the need tc}PI nari z the dielectric

mat eri al i ncreases. Wthohwum n of additional 25
netallization | ayers becones substantially nore difficult due to the higher
variations in the surface topogaphy. In sone other applications,

met al | i1paty, Feldiofthdvbstiors are forned in the dielectric material, and
then nmetal CMP operations aze perfornmed to renpbve excess netallization.
Copper  (Cu) CthPEEé@éIE ifveflior M kes PRABARLR ChERRANRLARMi AN atRionEMBL | on
as none of the other technol ogi es aze capabl e of shaping the copper plugs
and 30 wisystems @dteclysquesfortimpiovingithe penfpireance and effeatixenedsolf CMB opiratioing. or

brush statjons. i ich belts.. , . dt b ff,
and pol | aromsageal. BBt fressmlgwgioR Kl R enaiPng i PerorRghes it Hial VB cet

di el ectri ggpgsmetal | ization layers is achieved through in

15 2. Description of the Related Art

In the fabrication of semiconductor devices, there is a need to perform CMP
operations, including planarization, buffing and wafer cleaning. Typically, integrated
circuit devices are in the form of multi-level structures. At the substrate level, transistor
devices having diffusion regions are formed. In subsequent levels, interconnect

20 metallization lines are patterned and electrically connected to the transistor devices to
define the desired functional device. As is well known, patterned conductive layers are
insulated from other conductive layers by dielectric materials, such as silicon dioxide. As
more metallization levels and associated dielectric layers are formed, the need to planarize
the dielectric material increases. Without planarization, fabrication of additional

25 metallization layers becomes substantially more difficult due to the higher variations in the
surface topography. In some other applications, metallization line patterns are formed in
the dielectric material, and then metal CMP operations are performed to remove excess
metallization. Copper (Cu) CMP became a Cu Dual Damascene technology enabling
operation as none of the other technologies are capable of shaping the copper plugs and

30 wires.

CMP systems typically implement rotary, belt, orbital, or brush stations in which
belts, pads, or brushes are used to scrub, buff, and polish one or both sides of a wafer.

Normally, the removal of excess dielectric and metallization layers is achieved through in



5 April 2005 2 situ chem cal nodification of the processed wafer surface

t hus making the wafer surface nore pliable for material renpval. Slurry is
used to facilitate and enhance the chem cal nodification of the C\VP
operation. Slurry is most usually introduced onto a noving  APEPEIR i on
surface, e.g, pad, and distributed over the preparation surface as well as
the 5 surface of the sem conductor wafér being buffed, polished, or

ot herwi se prepared by the CM process. The slurry distribution is

gener al | y 3as osatita hedifiyition sfahbproedssedrwatér sutfece thoy eraking tief waftresudhepazat i on
surface, the novenent of the sem conductor wafer and the f i opn created

bet ween t hanase mizhbnton smarialpmonala Rurthis “5?‘%‘64?%"?@@@&@%&60 Cayuent |y,
the chem caldindaRgl bt B ERPRalEh 25hirg Al bR B iftoRGLA dnd BYfifymg' ¢ 10

renoved fromthe surtace e waf er e netall1zation an ectric
| ayer s eachrepafi¥ién irfdcernt padhaid diatibadboas terprefaraion stuffiece i evellcalthe

mechani cal planarization operation _of the netallization |layers defer from
cheni cals mseriacsiof the ssmigoadnceriwaler bspnerbaied polished gprtheswise preparpd b¥ therpe

foll owi ng i | ef L ptd .of . ]FMD F Al STl
mechani cal @gﬁg‘{r"rﬁ@aﬁgﬁﬁ‘o @Esa |(t:)1§11§ gigﬁ%}e eccf%@qﬁ%%g*]gc%%gﬁ%@%i eved 15 by
di ssol vi ng nidvemdhtedfeld prepardtimaarfide, he movhdendof e seay@ndudior weddr andttler under
pressure so as to create | oose polyhydrosilicates, Thereafter, the

pol yhydr os HHi¢tioat €fcated n befweers the cWReondvCerh avafiss apd She £ preparaiion; pyfacey,

contrast, ,C ' . | | e ' | i zation
| ayers postesgl S%E{s}ﬁ;ihi ?llec(gﬁﬁﬂ %ﬁgl %d%%d?&?c%&stzﬁ%iag%g?% é@ﬁ%&gﬁcelﬁ ?%% i%l(.:e of

met al s 10r eRélasvedencie fig suehad of thatvafen A3)RY mealiwin aldrdidéctiicrpoasichde. | n
contrast to non-nmetal 20 elenments in which electrons are |ocalized between

the atons, hevrdifarcahehemicaeharisiusisies, thewhemicel madarisal plaargion spepiofed
bet ween a %?'éﬁeeckmﬂkg{@ygp&s %gg?‘fr%macheﬁﬁ&‘i‘ edchiflida) pf@Ration oy 8

cloud," or ron a resu ee'netal 1TonS are attracted

to the el eiidlécniv lhpy€rThe Tolgying ke briefddstripnion GEbeth CMPOperftivis.oe easily noved
al ong the surface of the netallization layer w thout causing the bond

bet ween t hem antid fRenfidalhletidnical RiribRioR 'operatio’ st diEIEAHE ALY arcldehidvddS

related to the "ductile"” nature of netals, which herein is referred to as
the abldl i tby dissolving thet dielediuellayerid. tthexidelaydr) inthohwateundasprespuneso @s for om

their respective equilibr.ium positions. on e surface of the allization
[ ayer w ¢ hotEiPREORPREEReS et Pol s iceRS e b PR BPPce. of
the netal | igakhePsurf¥eEasilNSIntobRaD akid GRical MeARRITRL RhnafikAIFR Mperalidy bnY

| ocal i zed el ectrons, nornally, the nolecular bonding can be easily 30

br oken by gnetdlization daygismysesreesigimifitant clflengee asithe uctily cR9¢teristiG0f4merads such,
| ayers mustobEreatverradited Hrereyr SBhyotraStiah skl BaPEReond ng
(e. 9, 79 ARNdmen®@Svhich electrons are localized between the atoms, the valence electrons of
metal elements are not localized between a pair of atoms and create a "conductivity zone,"
"electron cloud," or "electron layer." As a result, the free metal jons are attracted to the
electron layer. Thus, the resulting metal atoms can be easily moved along the surface of the
metallization layer without causing the bond between them and the electron cloud to break.
25  Frequently, this is related to the "ductile" nature of metals, which herein is referred to as the
ability of the attached resulting metal atoms to easily move from their respective
equilibrium positions on the surface of the metallization layer without breaking the metallic
bond between them and the surface of the metallization layer. As a comparison, in non-
metal elements having localized electrons, normally, the molecular bonding can be easily
30  broken by simply changing the angles of the atorns by 20% to 30%.

As such, to perform CMP operation on the metallization layers, the metallization

layers must be converted into chemical compounds having molecular bonding (e.g.,



3 oxides, etc.). In another word, the netallic bonding between the

resulting nmetal atons and the netallization | ayer nust be changed into a

form of nol ecul ar bonding wherein electrons are |ocalized between two

specific atons. Thus, in nmetal CVP operations, netallizatidAPiby¥s are
oxi di zed, thereby creating oxidized | ayers. As the oxide 5 nol ecul es have

nol ecul ar bondi ng, the oxidized | ayers3can be easily renoved nechanically.
An exenplary prior art CVMP system 100 is shown in Figure 1. The CWMP system

100 of Fi gsides,ktd.p Ia ah6thbr Wideths vttt bawlinteisstgewni thel rdseltiag sieetdl aoms

preparation surface is an endless polishing pad 108 npunted on_ two druns

114 whi ch @nd the mefallisgiondpayes srusklbe awpegdinty forpef solesyler bagding ihersin
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ed I'n direction 106. The

rotating waieillizatida lagers ARNoGRRE], eller@bpichating hexidied tlayegs. p@lsi theioxgdepad 108
with a force F to acconplish a CM process. Sone CWP Broce,sses requite
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t he polishifgg:h gﬂQOB and to provide a solid surface onto which to 15 apply

t he waf er
slurry 118 i nchtidkdigpl@ly péibr AO0MPLstSa 100 isshowh alFigere 1VAROSME syslemnEI0er
cont ai ni ng di spersed abrasive particles is introduced upstream of the
waf er 102.ofAigura liee belt-TREsysisan 40 designater deeassethe preppratjen surase isfancadlesse

oxi di zed, t .CO I~LI Qn. .0 Lurr | Magele) . .1 he
met al v WSTEPEE PR alob ROl of oD ol Ferkd ARt AR 58 18 i S
chosen ®uclhitatibadl midhon b thidicited bP pyiasiing pa totatisuliRctiomal AWM 16N @, wafer 102
i nperfections onto the wafer surface 102. As such, typical nmetal CWw

slurries ciemaynted ona earries 194.aRbe epstierd 04 dsgrotptest inireetionfl9g; [The mtatingwader

conversion of. netalli.zatlo 3 h%éf%{ﬂﬁl}l%ﬁ{’@“ﬁ%@?emiﬁ@{ 2 forc® PG kLS lvsvti%)é o

these slume$ &r& & gne as such have

char act er i GMPGSrocekt. $dme CNPYpro@¥es tequitt bipgifiead: fotcd P Robessipplibd.| AfphitdnEL2
Second, they require a 25 signjﬁicantl%mg$gh amount of energy to be
act i vat ed. is/REovadedro stahdizp ithgrpafishing pac 1 fetrepyide p solist surfags amto Srhicheto
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process i Singlu@inglof 6@ Bqlepud bItRASEch astNIE/GHDYr DE dtek Bontiihing idsperdehabitdsivel N
view of the foregoing, a need therefore exists in the art for an enhanced

chem cal Botiglesdh intiodeged ypsiream;of theiveierdP2+ em t hat yi el ds a hi gher
throughput uti| 1'&% %nn etglo(emrgp&%&%ls thcsrlnéizrﬂiié: Fagfér mudt R i)ﬁ!* 0X2i8965d, the composition
of slurry 118 is an important aspect of the metal CMP operations. In addition, the utilized
20 slurry 118 must be chosen such that the slurry 118 would not induce corrosion and
imperfections onto the wafer surface 102. As such, typical metal CMP slurries contain
oxidizers and acids, each of which facilitates the conversion of metallization layers into oxide
layers. Conventionally, these slurries are designed to be "highly stable™ and as such have two
basic characteristics. First, they have a sufficiently long shelf lifetime. Second, they require a
25 significantly high amount of energy to be activated. As such, the highly stable characteristic of
metal slurries yields a significantly low oxidation rate, hence reducing the overall rernoval rate.
As a result, the overall time expended in the metal CMP process is significantly increased

thereby reducing the throughput.

In view of the foregoing, a need therefore exists in the art for an enhanced chemical
30 mechanical planarization system that yields a higher throughput utilizing conventional

slurries.

pghding on the type of excess material being renoved, a

asi c



SUMMARY COF THE | NVENTI ON Broadl y speaking, the present invention fills

t hese needs by manipulating the conposition of slung to enhance the
renoval rate of excess layers forned on a wafer 5 surface. in aone

embodi nent, the throughput of a chenical nechanical pl anarr%éﬂlb%oos( CVP)
systemis incr eased by enhancing the renoval rate of excess l|layer via
activation of an inplenented slurry. #n preferred enbodi nents, the renoval
rate of a wafer surface netallization layer is increased in a

sel f-inhibiting CW system (SuMNARY iGFTHEINVENTION urry activati on.
Self-inhibiting CVP systemis herein defined as a CWP system wherein 10 the
rate of oxide formation is greater t han the rate of netal -oxide

di ssolution. lt_.sh uId reC| ted res i nven n.can be
"ol ement od i n B IR piSend aieghdid i WD meSE by, pRMERLLRE o
system a Gifion %f sﬁn‘j}ﬂb '&ﬁﬁlancec'%éefeﬁiovhl RN %Best ’133@%' f3BAES on wa:lfgle
present invention are déscribed below. In one enbodi'nent, a chem cal

nmechani Salsupfaceain oot |embo¢1@wﬁ9, thmﬁatzl@lpst oﬁ s charbicali methasisdl, pﬁhmmﬁlﬁ@

appazat us udes a Irs in ad. c d to.receive a slurr.

chont cal - (D) Sriemdu i ohanBeng BRSO e SLOBER Iver et ofidnet gur o
to hold a Mrﬁﬂemé]ﬁé@ 4 Hﬁﬁféfen%&' ehB6@nlcAk Sthe rdi6vat 24tk bEL WWR&%uPAE t he
pol i shing pad aze configured to nechanically interface during polishing of

t he net al metalfiagtion layﬁerls \m¢das¢dhm & balf-mhibatingnC R systeffh&mﬂgl@ liphp arglacads
further inlud hat i.s to be_appli verth olrshrng
% pad at TGRS SPEe G e emis berpn s SR S peBfe pad

enters {gndgs rh@@éﬂbxt&efonﬂmﬁ s ordddé thedCth@ateQst rﬁewroxtcre s ened; t&uﬁm:ose the
slung chemcal to radiation just prior to the nechanical Interface between

t he net al :ipprefcamd thza;terprcsﬁntmme:nMGmbanmmmemp@in IBimengsyeays, mciuchngmqher
enbodi nent, a chem cal nechani cal Ianarr Zatﬁuﬁ é’cgi%f‘ appazat ua

di scl osed. d BRECSENIB ARPHAYS A F¥SE N é%e T §5¢thedhi P SRl trvaRIde by F’Ef’“rtsot ate
and a carrffke préentiaXigh 2R UelRibbPbdo. Wafer to be polished. The CWP
appazat us further I ncludes a conditioning pad arranged beside the carrier.

Thet _po: : shi ng plaﬂonesembedl@nmd (zjit fhﬁnm n(ljwc:ltimcal rmalmnzm?ndﬂME)eappamtuslg is ]
partially aver C er_an ondi tj oni ng ;pad_.t o ressively being
conpl et’d yé) ﬁqse%f e[trﬁaé r JAPARALLS C 'd l@ﬁ? d&%@rw{lﬁ@f ?@F‘Sﬁranﬂ“%d
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delivery unit is designed to apply slurry over the conditioning pad s
t hat when ha@tnata mgral tshbagp dhyes.hiTihg qoetr headl apipthy polishisg pad yre doafigwred td he

waf er and th shr d. Th us, al oinl des a radiation 5
Apri| 2005™% lvanisere{ihisne Pl %ﬁaﬂ?‘ﬁﬂrﬁ gk BYervatube SRy chemictls 1o be
appl i ed beteenpidpBai@l Gt fclubif® AtiGNdi%hR3EH0 be applied over the polishing

20 pad at a location after a slurry delivery location and before the pad enters underneath the

wafer. The radiation unit is designed to expose the slurry chemical to radiation just prior to

the mechanical interface between the metal surface layer of the wafer and the polishing pad.
In another embodiment, a chemical mechanical planarization (CMP) apparatus is
disclosed. The CMP apparatus includes a polishing pad designed to rotate and a carrier
25 configured to hold a wafer to be polished. The CMP apparatus further includes a
conditioning pad arranged beside the carrier. The polishing pad is designed to move while
rotating between being partially over the carrier and the conditioning pad to progressively
being completely off of the carrier and completely over the conditioning pad. Also included
in the CMP apparatus is a slurry delivery unit. The slurry delivery unit is designed to apply
30 slurry over the conditioning pad so that when rotating, the polishing pad can apply the slurry
between the wafer and the polishing pad. The CMP apparatus also includes a radiation



Tn still a further enbodi ment, a nethod for enhancing the renoval of a
wafer |ayer of a wafer in chem cal nechanical planarization (CVWP) systens
is provided. The nmethod 5 includes applying radiation to an amunt of
slurry before the slurry is applied to the wafer Iayer. | 9B 2Bt her
enbodi nent, a chem cal nmechanical planarization (CVWP) apparatus, is

di scl osed. The CMP apparatus includes & polishing pad configured to receive
a slurry chemcal. Also included in the CMP apparatus is a carrier head
conf i gur ediotee dedighed tovappdy ratitation v thg sturnyeha lis touhefappkicd epeeen thhwateannd er

head and the polishing pad are configured to nechanically interface during
pol i shi ng Bt PAsBINEPEd| surface layer with the slurry chemical. The CW
apparatus further includes a radiation unit that is to be applied over the

pol i shing pad lastiB afedher embodiment; a aethadrigr erdiancieg the reyaaydl ha wakes 13ysdi at i on

unit is designed to,expose the .slurry.. ] r.adi ati on 44uUs jor to
the nmec harﬂ%@%’ﬁ?rﬁfl&?‘g IB%‘%\%‘@% ph%%"%&?‘?fﬂ’sdg?% %E:egns lgg}q%yﬁg'r 1(# rb%tg‘gq/vaf er
and t he spghéladis &9{,19 radiifonad v Atdessof Qfurtyl R fdE GRaNrry B\UPPliedad tey Wafer

nuner ous. Most notably, instead of inplenmenting slurry as is, the present
i nvention laxeri vates the slurry in situ via radiation, thus enhancing the
renoval rate of nmetal in a CWP system Thus, the present invention
facilitates andngxpmdihcesnbddenar,esshemgalafiechiecah planarezation(UMIP ) dpparatg$, is he

chem cal reaction 20 hetween the slurry and excess Layer by introducing
energy t h_r‘gﬁff‘fﬁe‘gpaﬁ‘f’ athP&PHS rff‘a‘é‘iéﬁ a pﬁ‘fﬁ“‘% rpaﬁ Fﬁ’oﬂﬁ%%%‘{] Foe.}/ecﬂge §‘u§1’fry by
| mpl ement i fgmide KREEncidRM i Y CMP ik QRodtrieShedli ‘¥nfigiRA tWhE)ﬂl'z{]w £ sane

period of tinme, the enbodi nents of e present invention can be nmade to
yi el d HiogHhewing hr oegh putae ayeh o (Ithe coamien ieadadridnthe tjodishieg pad amer doatigured to one
enbodi nent nul ti-segnment, 1ight, source configuration.is benefjcial as it
al | ows thd® Ys‘?‘%‘%%ﬁ\dﬁl&n% Psii’g}‘gdﬁgﬂfee‘?"%tﬁ‘ts CrON ¥ "Y‘ﬁ‘t'i}gs FY dP¢mistle nt
portions ofpetRPURb&L Rirher inBLASSSAGiont HShAGE 0 H1icd SR kHeSfblishin
pl anari zaﬁhgn pr\(l)@f’?e %)or t:grhlg wgéf:’er surofnace. The C‘rruliitb?segmsnt eIelg)gl t gsour ce
conf i gur atpadat alcsatidnadtet hduonpelivetyilocatiof. Tredadistianhuwitiindesigned wotxposatthon
efficiency of present inventjon and can sel ective increase the rate of
removal  ofStgRethemiral fodighonsushincihin B¢ mwwﬁbmt?ﬁﬁ%stﬁé‘ﬁ%vﬁﬁer meial susfacs o
ot her s.15ANNREf the@URPLRAR Mliskilgpa©0 ermbodi ments of the present invention is
that nore g%eaﬁfe o?dl zer swalrsllgn%een gaseous 5 April 2005 6 oxygen can be
i npl enented, t 1 e i [ 1] hayil I.apr d el f
[ etimes. o hofiedRaRiiel e Oa ftbn Bl tilefis ROS Holeh; RYER 7
appar ent f ipleindating smh?ow iBghél pilcsdnt BElefiRBCKIiIdsQRe sItuaK ONsiluvig SldiadBa,t | on

r

wi th the acconmpanyin awings, 5 illustrating by way of exanple the
princi pl es U3e eph@cmg&b‘qq{ep@ﬁgl rate of metal in a CMP system. "Thus, the present invention

facilitates and expedites the crossing of the activation barrier of the chemical reaction
20  between the slurry and excess layer by introducing energy through applied radiation, e.g.,
UV or IR exposure. As such, by implementing the same quantity of conventional slurry
and within the same period of time, the embodiments of the present invention can be
made to yield higher throughputs without contaminating the wafer surface. In one
embodiment, a multi-segment light source configuration is beneficial as it allows the
25  CMP system to employ different removal rates on different portions of the wafer being
processed, thus achieving a desired planarization profile for the wafer surface. The multi-
segment light source configuration also has the capability of redistributing the activation
efficiency of present invention and can selectively increase the rate of removal of one
portion of semiconductor being polished in relation to others. Another advantage of the

30 embodiments of the present invention is that more stable oxidizers and even gaseous



BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention will be readily
understood by the following detailed 10 description in conjunction with

t he acconpanying drawi ngs, and |like reference nunerals desi nate | i ke
structural elenents. Figure 1 illustrates an exenplary pri ot ARF}2

system Figure 2Ais a table of equations representing a production of a
di ssolved netal and netal by-productséof a netallization |ayer as a result
of chem cal reactions between a 15 netallization |layer and a plurality of
oxi dat i on aggsth<an be implementad)abuswillotvirgtbe desipmobirsbnties levinghimppoved st

i nvention. Figure 2B aze plots of chem cal equations of Figure 2A,

exhi biting lifetypssr ease in  an anount of energy required to overcone an
activation barrier with an increase in tenperature, in accordance with
anot her enbodi rdter especiseangradyantagasrnfche umntlg@“ml@ae@n@mnarw fiomdhe vi ew

s oqch HDKITES t%{@t@a?ff%{@és B S Qi RbY Rl ISR gy btatifs o 1

accor darc gljuitdin Fwtw Fﬁﬂﬁ@ﬁﬂlﬁ@;ﬂés@ﬁthéhﬁ/eﬁﬁ&ﬁent i nvention. Figure
3A-2 is a sinmplifiéd partla cross-sectional view of the CVP system
Figure 3A-1 illustrating the activation of the slurry utilizing a single

| anp, in accordance with yet 25 another enbodi nent of the present

i nvention. Figure 3B-1 IBREEBDESORIPEION 0¥ THRIDRAWINGSSW of a belt-type
CWP systemwherein a slurry rs activated utilizing a plurality of |anps
having different irradiation intensities, in accordance wth one aspect of

the present invention. F| ure 3B-2 is expl ode rti.al , .cross:sgectional
vi ew of the Cl\/Pﬁley QWW&UP% %%a dﬁﬁg’f)&a'?yr?}& lf‘ﬂjé’“@égpgg'iap‘?d[ey of
the pregenfesdpin il Sohjireib AAHIR Scbinpd % afld 1ik&F@GEn@ SlunéAdd On

| evel s, in ac ordance w t h anot her aspe t of the present invention. 5

Apri | 2005de§1gEatghkestIﬁétufal¢ld:mmnﬂ,rat es an expl oded, partial cross-section of

a wafer having a n accord e W|th yet anot her enbodi nment
of the present ]Ta ﬁt‘f‘ﬁﬁms excmpla‘ypnc’fa“@ﬂf’s stem

Figure 2A is a table of equations representing a production of a dissolved metal and
metal by-products of a metallization layer as a result of chemical reactions between a

15 metallization layer and a plurality of oxidation agents, in accordance with one embodiment
of the present invention.

Figure 2B are plots of chemical equations of Figure 2A, exhibiting a decrease in
an amount of energy required to overcome an activation barrier with an increase in
temperature, in accordance with another embodiment of the present invention.

20 Figure 3A-1 is a top view of a belt-type CMP system illustrating an activation of a
slurry prior to its reaching a contact surface of a wafer with a polishing pad, in accordance
with yet another embodiment of the present invention.

Figure 3A-2 is a simplified, partial, cross-sectional view of the CMP system Figure
3A-1 illustrating the activation of the slurry utilizing a single lamp, in accordance with yet

25 another embodiment of the present invention.

Figure 3B-1 is a simplified, partial, top view of a belt-type CMP system wherein a
slurry is activated utilizing a plurality of lamps having different irradiation intensities, in
accordance with one aspect of the present invention.

Figure 3B-2 is an exploded, partial, cross-sectional view of the CMP system of

30 Figure 3B-1 illustrating the capability of the present invention to produce slurries having

different activation levels, in accordance with another aspect of the present invention.



Figure 3C-2 is an exploded, partial cross-sectional view of a portion of a
top layer of a wafer having an activated copper |ayer, wherein the
activated copper layer has a 5 plurality of depths, in accordance wth
anot her aspect of the present invention. Figure 3G-3 is an e2pnbadi¥

partial cross-sectional view of a portion of a top |ayer of a wafer having
an activated copper |ayer, wherein one7of the plurality of depths of the
activated copper layer has reacted with an activated slurry, in accordance
with yet anot heFiFuxequmﬁmteseﬁemea,rpasmnmssmaimnioﬁawaﬂe@hﬁiggmeom4 is an
expl oded, partial cross-sectional view of portion of. a top layer of a
waf er havilayer.dmacserdancgvath Yebangter gralngdime ePRSCBHEY GO he dept hs of the
activated coppgr | . n s s \M ot her
crbod, ment of {HESPLebiten SRRSR pATRKRE sy VRN RLRRIN G0 e lesBlD 12

Cr 0Ss- sectfonylafey inavingfanaactivitéd copper laser] oetentythe activatal cappwalager hesvd ng an
activated copper |ayer, wherein the plurality of depths of the activated
copper |Saypluralitnef depths, easgordanes vad anptheraspest oA Bresnt MVeli9Pher enbodi nent

of the present _inveptiaqn. Fi y L | iorfofAbh #REE
Partial Overl ap%gy{ﬁ%ﬁé.lceg.afl c&%%@?éﬂ%l;&%tlbgﬁeg% I'n é%lg%rdahgggl w th one
i mpl enent agfi ORafef hiving: 4 REGAEd Edppertayedwhe2€éln Ohe A thEPIUDHHCES SEpHiEhef Tk
EXEMPLARY EMBCDI MVENT Enbodi nents of a chem cal. rzriech?ni cal . pl anari zati on

(CMP) systastivited cappet layer ihagreasied wirh apastivated SigHBUR ABAHYHR YHFRPREr ¢ enoval
rate of excess,.| aye for n.wafer surfaces aze described. In a
preferred %ﬁﬁ@b‘f’?%ﬁf,ﬁmtpﬁege %Isltfls'em enhances renoval rate 25 by

i mpl eneff | Ny anpggfeizcad demSeJxFlbﬂeﬁ, phrtialaiiess edvogil vt of & pratiar offa tpp layer
activated through infrazed (IR) or ultraviol et (U\/Bheradi ation. Preferably,
in a sel f - ofivafer ihagngren activaton coprer daver, vheeein pog pf,the slapths AT Hig activtert al ity

bt ween { nPPBRA G CEGURrETet b Frbiot Qi SEERbAE PucdREnCE oo bERE 7

met al - oxi dgwedtyer is formed which is then nore easily renoved by
mechani cal action over the surface of 30 the wafer, e.g., by the
interaction bet Higure 308 isao axploded; ppsial crasswestipnal yaew,ak aportion;ofa (oR layer,
preferr enbodi nents, a rate i ' i [ at: t al
OVP sy sféej rr?é%wgtjg%mgi mfﬁ%‘%‘%‘ c%f)pc? e whleliRhd Abrafily drdEpthd SR ShiGHed'™®
copper layer have all been removed, in accordance with another embodiment of the present
invention.
Figure 4 is an illustration of a Variable Partial Overlapping (i.e., Subaperture) CMP
system, in accordance with one implementation of the present invention.

20
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Embodiments of a chemical mechanical planarization (CMP) system for optimizing
the system throughput via enhancing the removal rate of excess layers formed on wafer
surfaces are described. In a preferred embodiment, the CMP system enhances removal rate

25 by implementing an activated slurry. In one embodiment, the slurry is activated through
infrared (IR) or ultraviolet (UV) radiation. Preferably, in a self-inhibiting metal CMP system,
the slurry containing a plurality of oxidizing agents is activated so as to expedite a chemical
reaction between the oxidizing agents and the metallization layer. As a result, a metal-oxide
layer is formed which is then more easily removed by mechanical action over the surface of

30 the wafer, e.g., by the interaction between the polishing pad, slurry and wafer. As such, in

preferred embodiments, a rate of oxide formation of the irradiated metal CMP system is



greater than that of anon-irradi ated system thus enhancing the renoval
rate of the irradiated CMP system and hence its throughput. In the
foll owi ng description, nunmerous specific details aze set forth in order to
provide a thorough understanding of the present invention.5 Aprilgdds pe
under st ood, however, to one skilled 5 in the art, that the present

I nvention may be practiced without son® or all of these specific details.
Tn ot her instances, well known process operations have not been descri bed

in detail dréhter@hadQhatd®h nbhirddarsysiam thys eliantingthe hemevabmend thevicediaiedn.
Figure 2A1s a table 150 of equations representing a production of a

di ssol ved (MdPaysteraped bancaits tyoughpiduct s of a metal lization layer as a result
of chem cal reagct, b ; |.i ' i,ty of
oxi dati on agentalg,&he&ﬁﬁoé’vég%r a cugm’vm er%%lgegr%g | nen%&ggnpﬁlggrggretgéﬁmea

I nvent i on. thd}sudN@Merstandifgoorhd Sroses invention elt eilbedindentiood, diowevg, ta oneskilledCVP
operation of a netallization layer M,yer of a wafer, a solution of soluble

metal c6nyioukeiart, that-the, prgseah investioprmayuls pragticed writhontceme £5 al of dhsse spesificy

chem cal r tipgn. and | nteragti.on I |t §§>ﬂj3 I 7] gents,
di ssol vi ngd%%aﬁn Qt&éﬂf&@{%‘%’wﬁi&?‘ﬂ“ﬁ“ gg‘tf%gﬁ‘%@%@%‘% %@@é@b‘éﬁ@& sﬁél%vmb\&"lglnﬁt he

Equati on Zyrddria6r tb ahiesssailpobseurs (R Presadt inveainl on of Equation 1 has actual ly
proceeded in two substantially consecutive stages. In an initial oxidation

st age havi ng a Figure 2A0f adatilel&5G efrequations repsssentigadirpdyction af a dissolwediastal j nt o
a chem cal_reacti,on with gne o re . oxidiz cing a
solid net aﬁn-dcﬂﬁr ebyRRIBQ‘fC&SeQ% ?“"éll}k% té%nulgﬁélag,a Igeﬂﬂ%&gc&@éaz%f \}/"Fﬁ‘é"q‘g%"gg{’a“% gvi ng a

rate ofiodi msgiligitionlaybPatRl a SHaLIGTof GRERioHiaBEML, i RGoRIERRwithesHe @inbodin@nP6T
chem cal reaction with the resulting solid nmetal oxide M oxide~s~ of stage
1, thus prtbepeseny inventdons sA5 shewmin Bquagen dt ingipe paibodineng yugpg g uegtal CHE o

pur pose of per.fonyn opefAti | Q | ev nt |

pl anari zeoop%‘éqfﬁ)?gg 8?““}‘{1&‘?‘@% rlaé’?re%l’f‘l gﬂf H’é{e}’t%i&pﬂgguq?tsﬁiﬁgﬂgﬁ)%@déo #g{og%{qsoxi de
layer M oxiggl.sandeby-SoBeral prbdiRed aE 6 adiliCat a ckpmied adiction ahd éntédvBtion
operation rather than its chem cal conponent. The 25 mechani cal renoval of

the sol i d betwesn aoplialityl of paidizimgadedts, dissplving ggents.aandihemeighizatiopdaver Myeasons.

st th D t rhe . rive.
wher end> e AoSaE i EABARE 2o nf ket cRARCA skloh r BOGRGH Bup BTy, ¥
pol i shing gbeRddBihewo sitk@ntifliyddRtechin® dtPe Inanitihlandidiies sttﬁ%e leavivgf ateaz e,

the nore pressure is created in the polishing interface, thus increasing
t he renpvatf exdide foematiin Runeselid mriabe dntgye intove sherdisglsreagtiop yithene3gr mekgt ur e

tops, thereby. achieving a planar.ized pography. qnd, ¢h oper.ati on
may i ntrodt mﬁr@ﬁ?ﬁe@??‘%ﬁ IPéOd\?ﬂ%fl% @ ?g%prggta%&r%es ?/gﬁgﬁ?@‘i téu&)? ffq%lé’é ng % ast er
rate of di &solvird ﬁ{l’geﬂdﬁintgtd”lﬁ[b bih@issoRtien ®y,, Dbk @ nlicdé aREd1viNg Beonts dikérSinwan be

further understood in reference to Equation 5 April 2005 9 )
20 chemical reaction with the resulting solid metal oxide M-oxide, of stage 1, thus producing a
dissolved metal solution My;s and by-products.

As a purpose of performing the CMP operation is to achieve a substantially planarized
surface, it is preferable that the resulting solid metal-oxide layer M-oxideg, be removed by the
mechanical component of the CMP operation rather than its chemical component. The

25 mechanical removal of the solid metal oxide layer M-oxide () is preferable for several
reasons. First, the chemical component of the CMP operation is pressure sensitive, whereas
the chemical component is not. That is, during the mechanical polishing of a wafer, the
higher the topography features of a wafer are, the more pressure is created in the polishing
interface, thus increasing the removal of the solid metal-oxide layer M-oxide from the

30 feature tops, thereby achieving a planarized topography. Second, the CMP operation may

introduce an undesirable wafer copper corrosion if it utilizes a faster rate of dissolution Ry

than the rate of oxide formation R,,. This can be further understood in reference to Equation



3 of table 150 of Figure 2A. As shown, in situations wherein oxides aze
formed slowy, the rate of oxide formation 13ax is less than the rate of
di ssolution Rds. In such situations, copper corrosion may 58%0[” 00RS

not hi ng prevents copper from continuous oxi dation/dissol uti Pn]i%
contrast, in situations wherein oxides aze fornmed rapidly, the rate of
oxide formation Rox is 5 Beater than r&te of dissolution Rd;s, thus
inhibiting and substantially conpletely halting the reaction once an

i mpenet r ald of table dS0 bbkigurei2A. f As shoavn, Besituations wherein exidestire fpsmedh slowhy, 8t i ve

W thout 1 B GHBEMR e e B8 GR VY of HEyhGh R SIS0k PP
oxi de for ngathqfn ﬁﬁg oB&ur HsGthifhg pladdhtd &%{)&@ﬁ&n cBhtirlbssStiddtiondistAMton. 1

Accordingly, in préeferred enbodi nents, 'the CVP operation of the present
i nvent i on conwassdh itiatiohbivherniy, oxitles iarecigrmacs rpidiyp therrate e oxidedpmnation Rex is

L i B oy LS S R
syst ems, Lrg%d.tiﬁn Bh&S riﬂiﬁkﬁ'entabﬁtoxidé‘?ayrefﬁtfbﬁﬂeﬂg A3 feSLItTRS sthieQX téQbleabies ofoe

renmoved ubstantially i nstantaneously, as otherwi se, the resulting solid
net al - oxi dembeipgrthe colid etetdlyoxis loyeat M-qxideés) medhanically) andhwitherteintraducingce,

thus hringing the gxidatio rocess to a.halt,. As.such "wet et ch”

processes WPEEIFPEPHMS Al Pferﬁ]erﬁté? &at 6 gEPXIte @H?atéoé‘ul?ﬂﬁgﬁ gﬁ%@é Handbe B | ate

of oxide f%ﬁﬁ@ihﬁ&ﬂk@?x than the rate of dissolution Rd;~. Further details
e o

regazdi ng the rat oxi de formation aze set forth bel ow in connection
W th Filgur e 2B.Atcordinglyy infpreféresdpmbiodinemise the (EMP opératiemef the present {nverikinbi t i ng

10 v selb vl ing, debe 2 oM arocesy BRGPngl afdsanat ofe RERSERINT, S
rate of di 1?2&5#&5@%@@' it diRRbRLiSS AR o the RRuILIAP SARBREEDbSdd by, HReveeH

oxi di zers rogen peroxide, ferric nitrate, permanganates,
di ssol ved yab&€IMB sgstymgril is plemblevibet hasesuliing sebid enctairomisiei layer et rempecd

potassiumnitrate, .copper njtrate, potassiu bi chromate, etc.) Far
i nstance, YU B ADSEERNCQuSy, A5 8 $e efrf’%’in_ Soﬁai ?@@F@eﬁwr B%rnglgtely
utilized '&a{sltﬁe Silrﬂ‘ifbft%)e Ewllfer UMk, AR BriRGHE Medidati®h probestitd 4 BAIE, As such,

per manganat es,” di sso gaseous oxygen, dissol ved gaseous ozone, anmonium
nitrate, potasshliprocedsesdre diskoypmdrin metal £IMP opgraticns s they hiavhe slemeerateel. | n

a preferred, odi nen§, peroxide i.s.a very effective copper . oxidizer

Al t hough, %gf‘rn?%vmﬁ%%ft h@ftﬁ%‘h esfF‘GrOFidé“é‘_’lB%‘ﬁ{ Ri GAPELAGER %?’Eﬂmgéh%%iﬁ S

i ntroduce odid fofh&in ded fcAIbRIoWAN Bifdeddd With Plgule®. met al | i zation | ayer

M-, y~r. 30 Figure 2B depicts a graph of the chem cal equations of table 150

of Figure 2A elhiibw bf thy peefatese dersmplemeatingmssifrinhibiting AMIy procesguscleetithg 2

cross an activation barrjer as, t erat.ure.increases, in_.accordapnce. wth
one. enbtiti FgRer OmPPHEOmo B pens el ¢ff it nadvalagsii 10 by (A G G0N o
vertical agppa@fn RNGnSK aRBe' @l dig6khbiod R, SREEANlY fel iRipledithteAPdMrhe alolu@ed 0 the
anal yzed system while the horizontal axis represents the different stages

of the cheoxidiabrs (@gchydogepateroxidel ferimneitratabpstinagganatesy disbaivediBSBeous OKEENs at a

poi nt 152 revealing a potential ener surface i ni mum f or. the .

non-i rradi 5% Ve}‘?egag‘?q“is LA RTIRPE™ Mﬂ},/ag,eirpo YUBAY! ‘clﬂ%i REPL AR PREPREL 1y, 5
repul sive hRheaMDIANEHDd: TRtARE BScopp& VERIP, aharieR! dcdiffergnobxiliBers may be

nmetal lization | ayer M-~aye, and oxidizing agents to chenmically react with

one anohentilizad iothdishigl y.2 hydeage perpwidtderpc nivate, pesmengapcs, disgtlvsdaaskoahd t o

overcone these repulsive forces, an_ex Si amunt of . r LS .. required
to be int rBW%dS'i&ﬁ#‘gdt e S P2he ﬂgﬁgﬁ%@*ﬁgteh@,ﬂ%&unu‘?p%?ﬂ% %& I(S;]m I{aﬁ'é pl ot
150a'  r eppeaiing bichRniag) ekl i1ala groRfgY erdbsdiaes, pdiaiiddds vay bifecive compe

before the systementers a 10 product-state. The excessive amgunt of energy
that has t exidizes. nAlthapgh.cigashn mest ¢fdhes §lumrienraginin geroxide, SOWe CoMpanicsntigfiues ul ar z

repul sion i,8.kn . i vall d " "activation barrier."”
Only the ng&g%e&f’@ﬁs]d %%/?OESX@%}@%@%?%@%%%%W{ﬁ,{é"ye&cti vation barrier can
overcongp the a@iduwétBodephsd i igedphasfcthg @bemichlt @yuatienspsfodblet IS0sdfeRigure e

hi gher is the activation barrier, the lower js the nunber of rrgl ecul es
that are ca&psbibitss decEenst AR ap RROBEY 9f @lerey Rudshieprossan actiyation, PRIrigH as

between t he. IBL ALl HAfhE, hAbES MO S inPREL N iA NS LN oPIRERRSS - As




As shown, a Faa 150a" represents the amount of energy required to be
present for the chemcal reaction between the netallization | ayer Miy~,
and the oxidizing agents to proceed. Roughly, for an oxi d:{(i on ction,
1.~ 150a" represents the anobunt of energy required to bre Ap i C

nol ecul ar bonds within the oxidizing agents so as to rel ease an active
oxide 20 atomto freely react with the®netallization |ayer M-, ye,. As
shown, once the activation barrier 1is overpassed, the system spontaneously
f or ms copphownxhelegriifal axid of te graphrefigotsribk ergrdyyyariaigns tapplicable 40 thesigblyzedt he
nost energi zed npl ecul es woul d be able tq. read w th.each other

Over com navee, HElS BEboeRLTs BeSne it aF shéen gt R Gheelilirashon Bk s
shown, thqnfbpg Retbodintift, LCHBET Va WiisCht al RntSI5218VBalihd § pORASalBRERY WiScevou! d
be capabl e of overcom ng the 25 activation barrier.” Al'ternatively, at any
gi ven t enpemiahundor thh eohdmmtiateds metabizaigin hyriMig.-aad oxilizing sgeatsgrNemally,i s t he

nunber of nol ecul es capabl e Qf overpassin he. activation. barrjer. The
reacti on rfa?‘_@&ﬁ?afpr?fé%@ﬁﬁiﬁ e@???d’tﬁ%’l‘i“ ‘;hF ﬁ%‘?tle‘%‘]éﬁsé’rtf e E‘eﬁaﬁlzén@nlﬁ&ﬁ(%wm or
reactant exg 'ogiﬁ:ltiihqg;?gehﬁ & @ﬁeﬁ{ié’atllz(fcarc%ﬁh SR ARBRIEAbcordifgld SRiotdet b héT[ig Rleot

150b', the anount energy required to cross the actrvation bamer is
reduced vireadtinh e@r protded andviot dvetchme dlasatepslsive AwcBarsdxoonsive atneusind endergpis

energy required to reach the peak point 158 of plot 150b!_is. . substantially
oot had4HiE R Aprogre i YRR A SN B W%eowtllédrﬂfﬁhep@%iﬁise of
5 Apri 120 | 1 ABIch @fat WA [35be, §v2Fcofel Be¥SiE 1R s\RRAT S¥erffa @
catal yti qué%r%%cngntﬁgﬁétgg@aéﬁg%r m 1s~, e 150b" Is subst zfnt I all Sﬁlﬁl ovveret ﬁan t he
act i vatliompreduet-gigtef Thie exnessive ameahnt bf enesgystha@atte tESfEdduced interthasysteal soasi n a
di fferent enbodi rregthé the reaction rate rragSabe .enhanced by jncreasing the

energy of WHYCEPBEAc e TPRULHM R oRCUVEHANS eORELY, 18 AV IURY: ¢ at ed

by a 5 pl Qe ®Ccon@fihdi ; Vl’ggh} i ' PE&T‘E;D state
154 wherein so'necoglgtﬂéér:%]g &g%%rﬁavy“%%%]%&%e gshggge%ﬁ%%ﬁebﬁﬁegy e‘%‘“’%ﬁm has
been punpahbe anivatidniearser aheé passiintd theipaoduats skt Fhe highariethg ycthation Barfier, the
heating, irradjation, pressure shock, etc,). As shown, the nore energy is

i nt r oduced®VRt 6 thauaber fFoleenles) Htare F@a{’g‘ié"’a@f’m the bartigp s, slower the

F, ~~, ~Xs1 tinds | BHiPM4 er ' the activation
barri e?slg}g&lggget?ﬁeen ‘ﬁ?gﬁer | {si&% ﬁger?\g%%y doélﬁ%ﬁlgggei SOP‘IE%E&S by increasing
the initial eneAgshoem, 4 B, H6h'akpresatsitimarhauneof dvergyeequanad td brepresentifor theg
agents, the apount of ener requi.red to overca the activation barrier
si gnifica Fw&r Wwogr?save@ﬁﬁ&ﬁeaﬁézqnﬂgﬁwa& Muags andihe QQHIZREAETIHIOlREPLCEH
finally t Ve daki er o jn ' s the
ﬁ%f st (ﬁilu%a'haﬁ eactldie EL 01564 @%}Or%tze\tﬁ {f‘kﬂe’ Shodn® OF ket feQuid oD

activatio er can further bé underst respect to -an exenpl ary
copper CNreaksdpecificimdlécalanfomds svithin the lvenidizigg dgentsesocs ital ecléase an actibié Oxidar

H OO as an oxidi zer., IS 1. known, per.oxjde includes. two
% atom to freely react Wiﬂlpﬁle meta\.ifzatlon layc-*\:,r\q\dhyg. As simwn, once [ﬂe activation barrier

is overpassed, the system spontancously forms copper oxide(s) and the corresponding by-

S

products. As a result, the most energized molecules would be able to react with each other by
overcoming the activation barrier, thereby defining the reaction rate. As shown, the higher
the temperature of the system, the more molecules would be capabie of overcoming the

25 activation barrier. Alternatively, at any given temperature, the lower is the activation barrier,
the greater is the number of molecules capable of overpassing the activation barrier.

The reaction rate may be enhanced through either catalytic rate enhancement or
reactant excitation. In catalytic rate enhancement, as depicted in plot 150b', the amount of
energy required to cross the activation barrier is reduced via interaction with the catalyst. As

30 shown, the amount of energy required to reach the peak point 158 of plot 150b' is

substantially lower than the amount of energy required to reach the maximum point 156 of



oxygen atons, one of which nust be detached to participate in the oxidation
process of the netallization |layer Mayer. As such, energy is required to
break or at |east to weaken the appropriate nol ecul ar bond%% thU?
liberating the oxygen to freely enter into a chenical reactlORWFIR the
copper netallization | ayer Muye,. Thus, for the chem cal reaction between
20 the metallization | ayer Mayer and tHe peroxide to occur, energy is
required to weaken or break the nol ecul az bonds in the peroxide. in one
enbodi mentplotti3ea'c heafiothit worsahé avtisathvatenergn of & eatatpticarieienbencethsystameli.aMiy e,

and oxi di zi ng agents aze enhanced by further activating the oxidizer

utilizi ng 15Bbis subdientiatigl icvter dian the Retivatioredriergy fors: noowhtalytic sydtemdEq08&". exci t ed
transl ational and vibrational notion of the nolecules in the slurry, and
the LTV radi at i dkternativelynin gudifferentoembpdimeninthe tepdiondatet may, bﬁaftnélal@qqa dWgh the

bonds i n_ oAU BCHE st el P am 0y AEE S BRiGho (R B PO Al T, 7

belt tyge MR 5oyl BBuZ0fR Al SheWin! th iphy 160¢' @artd at atstat] A wikereih somy extédnalr t 0
reaching a contact surface of a wafer with a polishing pad 208, in

accor danceeneigyrdefingl asrdxoithitive whergy Et,t50drhas been pumpedtintothe systeghetilizingannaf er
202 is 30 configured to be applied to a polishing pad 508 as the polishing
pad noves dxtereal eagray pacedieite heqting, radiation, Prespyre sBock, §1)-i AF SRR dRF WAt a

f f the.polishi d 208, whjch in, this embodiment, is.defined
ot oro- a cohitad misniyeet e e shctihelowan s log AP H R S0F e e b5 G O

i 12005 S iaLE i shi 208
Aheh thar TEO@DRL et dlichfo e ik aLBAARVERE: AR dnd HE Hidle! BTN aBRA
t her ebyloneiatel M, be imetdshgitRginfiatler2f8. of Ahd memplli22Dnilsyer Mhgd tridothe dxidizing

substantially above the noving polishing pad 208 such that radjatjon
produced AgeniShide | amaynb ob epeseys rgrired to gVerenmes thg raclivaion haepeg is sigdicantly, v
218 reacheg t .S hi i : : ofi | i shing
pad 208. Pre e%g@?b#ai%@%eﬁﬁ%%@%%?@égon f“%ﬁ?ﬁéﬂi toy%‘g%a{ﬁp%rﬁléa@rﬁg'WI anp.
However, in a dThd @veingesfhbadigyertquirdde keasp ti2 ctivatiorh amiey chy fertlet bel anp
or radiation unit so long as its function of_ providi nlgpenergy necessary to

activate tWslersgodrwigh yEspede annexeaplasy sgpres SMFP Ysirmodiligmeod slumyehaving i ons
onto t . r.f i j . Pr r.ahl in J t, the
ol urry Daprau s 58, SR AOMTE ME Ul B A thowi pARRAEHRHLTRY

di fferent exvpedhiomis} onetdievisdhunnst be HStactwy to patticigeate dmyhetoxidatiod prooassdif zieer . As
shown in this configuration, unlike conventi onal C%Eper CMP systens, the
slurry 219eigiizatignslaggifetienpht Sych, nsAE @JF‘@B‘ef] do fbee é’ﬁiaﬂﬂfi?s‘a@t‘i"%ﬁ'ééi’eby t he
IR radiati .t h i diat] : .

Typi cal |y, %rrfﬂ%lra %eolr?mgatﬂaﬂcg%g%’r &%R/g%gi/a@?ge#% b’?ﬁ?%%ﬁ%?‘g’fﬁ%@ﬂ? rcé ;[cgl Cross
t he acti vaieeaivnbeitlr the coprer arealltzetbrplaye M., by Thie forabd eended] reotipobdwten  That
is, as the slurry is delivered to the, polishing inierface of fthe fer and
[he pol J b gneiibation ferNfme 1€ PETONidReD SR CRGrEY BaFauired iHeakpLoREly v
cause the {empal Arbsndhn &Qgerﬁﬁhb.sﬁ'dﬂg embBAiRIhRAE ch@nithISEactibidbebRGh @RS NY
t he nunber of nol ecul es capabl e of crossing the activation barrier.

Accor di ngl metallizatiorclayes Miya bndorsdiziag egrats aatnhanad by durthoe sativeting the oxidizer

metal | i zation.|l ayer . N . .
utclﬁlzmg or UV radiation. IR radiation is configured to cause excited translational and

vibrational motion of the molecules in the slurry, and the UV radiation is configured to

25 enhance the reaction rate through the excitation of valence electrons and weakening or even
breaking the chemical bonds in the reactant molecules.

Figure 3A-1 is a simplified top view of a belt type CMP system 200a illustrating an

activation of a slurry prior to reaching a contact surface of a wafer with a polishing pad 208,

in accordance with one embodiment of the present invention. As shown, a wafer 202 is

30 configured to be applied to a polishing pad 208 as the polishing pad moves in a rotation

direction 216. A slurry 218 is introduced onto a surface of the polishing pad 208, which in

this embodiment, is defined before a contact surface of the wafer 202 and the polishing pad



20 Moyer and the oxidizing agent may not occur for an extended period of
time. Furthernore, as the length of tinme required to break the activation
barrier is significantly greater, so is the amount of tinme_it , to
forma |ayer of copper oxide over the netallization |ayer N%@@ﬂ§%§ﬁgnce
reduci ng the overall renoval rate of netal-oxide (e.g., such as in copper
CMP processes). As such, the time expBnded for the overall CMP process is
greater, thereby 25 creating an adverse affect on the throughput. Contrary
to the copi¥ TokBlupy@d8issegodiced dro theipolishang padi208 suehgbatiit subsiamsially gpwvers

hi i gni.fi y hi | N h
ovent on, & il gt Blihie ol 208 BreR e B i, BlRBRe R B A derdh 2HE W
lights is Gamfohetd®stahiiilhabselthd mbek pbishiogall 208 SuchRRA FdidioR Proviest tyhe

atonms of the peroxide or any other oxidizer that is inplenmented, thereby 30
enhanci ng theémypZids epplict ¢o ik iskiery 238 hefoieche girry AES reaghos the ohishipgeinterfacen.  As

Sl ey 31 ot vafeh pAEaBERe poliabing off 208 “Prafefuoly TR 200 Mook i ba e
copper | aygy o0f Uvﬁria\l}ig?ff?éw&gg in At Sibbidnehl $hel Bmp220Rhdy b8BAyASof

activated, the act ed slurry 218 contains free oxide atons ready to

ent er i nt damipesriradiationrendicioi lomg v Hshfunbitomneft @bvidingtenengy InegessaryVie, aotivato fthet he
waf er 202, thus.pore qujckly creating a |ayer of copper oxide_fr t he
copper | ay®frry Vifhgutiinrbdyging Cogrer, ot Ont?feﬂwﬁ&?ﬁheaﬁ OB Aot rSyrfpge Hisar i c
bondi ng Ofachﬁ@ed?_oﬂ)ﬂa%rall)lg,yﬁr ofe At RAARGR ik Ry 1ECneRHLPherBARE bP BjsdsivalP! € S

commonly exists in coppér oxide. Thus, the present 1nvention utilizes two
forns di0 emagegy tHoweverak at diffemot embddimentp ther slemry 2T endyl msludé anyntyde efher gy
is the enerqy created by the nechanical novenents of the surface of the
waf er 202 ‘H‘g&?eﬂst t he polishing pad 208 of the copper CMP system The
second form of 1 Shi Q@nf\%gpa- SeRe : icadd r

radi ati on. ui‘ﬁ?%‘ﬂ%ﬁ ]%lﬁlgtge t Flgﬁr{’ms of@ﬁ%?&?%ﬁg@gﬁéﬁ\t}gnﬂl n
expedi t es 218eoffthis remtbiodiment ist doafiged ashd tapidly aaivatdd by ithteRveidakioh af ére, IRt hus

increasing.the rate of .oxi formati ltox., As a result, _the overall tine
expended | #Eh¥ AEDY w@rauewp ﬁﬁyﬁ’almna@%@f Tymeallyeih eFonabeqpRes QYR sustems, the
signifi@a d ol i j

o e, 1oy ety EifoR RS SR o dcliGatcBRBHEE iscRbRADLicl/ Yy ERLANRA Sl |
of the copPentis, asbe sluifhissielivdred @rilxepadishing irtdyiace of the wafer add thx poléshingrpadt | on

| tox, the %aster t he suléi g solid gﬁ;eirée-rretal | ayer can he_ renpved from
the surfac ¢ giovemenis gb e pajor o8 ATy, SUse B iemperapirg peths @ nt
oxi de- et el B¥LloSrise R ﬁ&eiﬂgﬁhi B&nbdr it 1m(§1&ﬁleg‘é§;>5<a?)¥fl off &@M‘é!ﬂﬂ 2iSaRfn the

copper CVP operation is limt y the rate of e formafion on the
copper | ayarrierwifAachrdingtye if such sidiatiens, b ghengica treation betweacthe wetdllination hyer of

the sluyry, 218. di t.i.onal details regarding the, dependabiljty of the rate
of oxi ¢ Perecing s BHEHRR ool iy BPerth torin o &7 o Hmec Bt eSS y ot om
are set fofthe SMith® reRRENRF bie@D M delivdribl BhSir ?S%iénjﬁ&hﬁ}’ gﬁ:at%g's'é-is Fegur e
3A-2 is a sinplified, partial, cross-sectional view of the CW 'system 200a

of  Fi gur earggunt of lifngdt takesi tadfomme layet pi/enppomoxide ovee thel metaljization| layer My.ya,
single |l a

s Shown. et Ar@CERLORRERY thoxlG1eCO! B350 o, oo oF I Loppel Y

processes). As such, the time expended for the overall CMP process is greater, thereby

25 creating an adverse affect on the throughput.
Contrary to the copper CMP processes of the prior art, the present invention achieves
a significantly high removal rate. In one aspect of the present invention, a significant amount
of energy produced by photons of the UV lights is configured to be sufficient to break the
bonding between the atoms of the peroxide or any other oxidizer that is implemented, thereby
30 enhancing the speed of the oxide formation of the copper CMP operation. As the moving
polishing pad 208 is applied to the wafer 202, the activated slurry 218 containing peroxide
enters into a chemical reaction with the copper layer of the wafer 202. As the shurry 218 is



25 is configured to substantially unifomty apply IR or UV radiation on the
slurry 218 thus activating the slung 218. The length of the |anp 220 is
configured to range approximately from about 6'/z inches gf abﬁgg512%i
inches, and preferably is slightiy larger than the wafer v fully
descri bed above, the activated slurry 218 is configured to include an

i ncreased ampunt of activated oxidi ze® nol ecul es ready to enter into

chem cal reaction with the 30 abrasively activated copper |ayer of the

waf er 202 mavasl, tie ativatd sty GlB0iantains| fzeeeoxide-atgms aealp-ta eptgr ita jchgmmicali e,

et vt ed Tokaion g Tzipk Josr Heam b traA G TRSEF ool didhee”
(e.g., whi 13%/[@9@%@%&9%4 ﬁ?rg %@e&ﬁg Pt B ROARERDbEh¢ BheinfiEdrBeaofion, the

intensity). slu 8 I's introduced onto the polishing pad
208 as t hangallic Shundpgpeid th20&pper eyeri hasacheangahinte adimodesulap bopdieg assmEE | anp

220a, ter |anp 220b, and a side | 20 bst ant i al | i ti oned
above | e COBBRONLY PR BRI 8ac | eh e TFREN A HETLHoouE PR ERHELE | anp
2206, and 4l @l AvhiihaAREC Thedtd ihSOAREHy H HE ch¥pshititedty @ameanaldel on

a substantially same vertical line. I'n one™ enbodinent, the side |a 220a,
t he cent ermbwimenR2Fitheasuefatensf thd wafet 209meaidsichapaishiog pad)208%ef the eoppacbMFave a

different radiation intensity so as to produc colje ndi activated
slurry haVbeg- dihe pecpamiorgof eueigy 1§ eieﬂ?rghg‘ﬂcfageg.aﬁoﬂbg{ W,agﬁ?i" ?r%é M rent
of Figure 3R; | i i IiNhBsh Baleaii® tht fERAGHE Sf ke

pol i shi ng l|§n e glg%r@gqt V\?U/}a‘@% O?ﬁg&%ftg% )b%e%grﬁalﬂn‘? the 10 polishing pad 208. As
slurry 10s feshifircdolisl akielebnized tayer, itus inemasing the hae pHoxidhionyationtRek.f Ag @ resulie
activation of slurry activity does not affect the thernal ertiges pof any
of the ot hbe wrpll Hpe cxpended B Hha PRI Mh@e@f’%r"fs@?f‘ﬁ@@?%ﬁs ir ce,

as it is bs?%ﬁﬁéa%ilf' to maintain the tenperature of the polishing pad 208
as |l ow as possibl€, the present invention increases the slurry activity

Wi t hout i ncr easkithetiere! drpeamivalr mtcobf tiee rgsalting sdhd) opitd-1a0d. lagss Mingetlye 3B- 2
is an exploded, partial, cross-sectiqpal_yiew of the system 200a’ of

Fi gure 3B-dependsyppp Heirafg of erade fommmian Roy ofthe popperiayete ThUS, thy &F2fen 1 P oduce
slurri havi ' rent ' i ; . |

crbodi it Ot foRHIER By B ke WGl ol mPRFRIGREN B RrbyeOm . 0
radi ati on fhetserfisictoy thefcoppidiyet. SThit salviezbsg appliesdo theastibsegbant pyide-2iegil {ayeget ed
to nove under a side portion of the wafer 202, tgﬁrproducinq ap %ct'vat ed
side 20 s| tipge mosnspeeidic: e oyeral resmypl isOf theLoppgr opeTpliopts Tighted e 5 g

i's configuped.d &i@&f&eﬁaﬁc@ @hgﬂa&g}?ﬁee? 'ihgg;fé wHiGH ifs¥1f 3 Bird g trelhiSd tR&O8&RE&P MOve

under a center portion o SO0 as to produce activat ed.cent er
sl ung 218brateTofthaistieryl 2igp Aaditonuhvetads mgandingehes dependdbiltp OF 'thei wtet of drade

applied to_ a portion of the slurry 218 tazgete 0 nopve unde si de.

POF L o FoE B 15 el RGN, il O 5 GOPT B Setoer i oy P i

this exe j | Rt ensities 25 220a', 220b', and 220c
W%&ﬁ%’%@ﬁi Fg?ﬁ(}‘as 3¢ NGhbRER3C-H!

aze config ranmmabl y~ sel ected such that intensity 220b' is
Beat er than i nt Eigaiet348 i226iaiplifind) p22iaL; ‘crosasedtional wiewi of yheXOME systemB&82 of t han

intensity 220a' 1e use of the multi-segnent. |ight urce confjguration is
advant ageob@sA Thisiais e fed et st iheaiy sy lne f ek s S ot
removal r abﬁéengﬁbcﬂh@rﬁ%? etpriefitihRRAforf Ad i3wheinhis cRBbdithe ROk 'si_%?l;@damﬁ bas
achieving the desired planarized surface in view of the specific layers to

30 be p2§i sheufigisdite sulstantiklipowniformbf apply IR foadsV rasliatiga inythe shemwi 2idsthys f f er s
fromthe edge of . th r 202 to t ent of the fer 202. The
erbodi mont sgeg e i Be Tiedridh b0PadE Ho Seplitrely Hnef dbratiily
i ncr easi ng fofitaticdt 8/4Qhches PNt P31 MBed Qhd bRferabily isedlightlyolarded tidh ks tafer
size. As fully described above, the activated slurry 218' is configured to include an increased

amount of activated oxidizer molecules ready to enter into chemical reaction with the
30 abrasively activated copper layer of the wafer 202 so as to create an oxidized layer.
Figure 3B-1 is a simplified, partial, top view of a belt-type CMP system 200a’ wherein

a slurry is activated utilizing a plurality of lamps having different intensities (e.g., which can



5 April 2005 15 (e.g, nore for the center of the wafer 202 as opposed to
the edge of the wafer 202). Although this enbodi nent has been designed so

as to utilize three separate lanps, it will be appreciated %h&@ﬁe
skilled in the art that the present invention can be inpl erT?s g ch t hat
any nunber of lanps ornulti-segnent units maybe inplenented to activate

the slurry. 5 Figures 3C-1 through 3cH are expl oded partial,
cross-sectional views of different stages of perform ng chem cal

nmechani calalssl kerprograsniable io terems 96 intensiiy)o fAseshiarned slmy 2Hg)1santreduserontp Meer | i n

accordance_w t.h on nmbodi t. of ¢ resent_inventkon. Fhgure._.

depicts a X l?-}Pg E@@ﬁ&?ﬁ%@@c@silﬁwﬁ%ﬂ% %ﬂve% gél%r?tdo%i%;p/g%‘rﬁ%aélfer
202b. I n Fogur & Bl lampPm20bs Rh® dedlde 14855 2XRC Ark BBdtantiaByV poéitiénedOgbol @ Yiey

pi ece 202" of the wafer 202 is illustrated. 10 Althoug’h this illustration

shows sev epalishigg pak208 suglethet the sidé lampi?0s disrenter gnpr220b,2pd therside lamp 226 pnost

| ayer is being activated a one..point a h opper i li shed away.
Wth thi%s ! O%Wﬁ: ,S@%%&éﬁev OHFF §?n2‘r‘1§u Shﬁ?@t%u@%@‘%ﬂf“& t eo%eopper
| ayer 202bemicimddt,! ths$ideting 22040 teRefESlamp|220b hdiFthe SIA® Rinp 2206 hreZdrtuadd
Figure 3C-2 has been divided by dashed lines into a plurality of copper

dept hs deftoreach bayvedegifferent radiztiva-inteasiytsh a3 (@ priduce, a gupsspendingGetiveted hupt h 4
15 202baa,, and th 5.202ba5: .with depth, 1202bai bejpg t th
ol osost ¢ e i ativaGin Risneitlsy AcBhs e Gkt 5t Fikuis 3t SRET 21

cl osest degpidiyt ftivhied WedS1E iflicBHRS ithel PolRBIh iiMBrfacd Béveeihes Rain 207 afid @k ©

3G 2, the activated slurry is applied to a top surface of the depth 202bal
by nechiéni pdishiog pad208.widsslurtyeis d6Y iastivated hefde itRedabes tha golighinghimt dherent

of Figure 3C t he depth. 02ba~ of the copper |ayer. 20 S rea W th
The. gt vaAdbop it 9hisH actviy SRS s 5 0 SRBE Blopo B Bardihr BS b ChED.c
As shown, prh88s CARBARIA bidBe St TMrfARY for Znsdibe, S BSTs RhéfRidl Yo GRAYRLS thehe
entire surface of the wafer 202. At this point, the depth 1 202bal is

renoved witemperatutenef thé pelishingtpad 288 ap lavb hepessibles the qiresew dnvention greess theonal
metal CVP. . That ..i he. copper renoval, essenti all oxi mates the
renoval ofSIWacfgv@n‘al Oé'glélag%g{g%efwﬂﬁ?f? iﬁ?ﬁ%@?ﬂg% illustrated, at
25 thi sjsstage, Fi%ﬁ’re@@@%@n'eﬁ%ﬂﬁﬂ%d?gﬁﬁﬁQ&oﬁLﬁéﬁfﬁaﬁﬁfe@ ofhY GMIP ky4iias 20mPbh 2

202ba2, depth 3 Z02bas, dep 202baa, and depth 5 202ba5." Figure 3C 4
depi ct s t hidguwafids-1 Abwstratinga thg giapability of itheepresent imyentianhte produce slustdesshaying i s

defined on,the surface of .the degth 3.202ba3, of. t he er layer 202b. In
thi s enbodiHERR SHRAORIRCH 3 oscedanes wifh i gmboiment b prerent PEsliane dSy ¢ n
the acti vabes, tedldeNardd 8204 Kivngh Q8GN BiteRsiBORIE0a A Lflifrea td béWaleaNify 202¢
neaz the surface of the 30 wafer 202. As illustrated, at this stage, 'the

copper | ay2i48 t2@elsd ¢F mpygumdst 8 &dd perripiy of the wakke 202,dbyst producingipagtivated sidept h 5
202bab. . Accor di ngl ept h b and 202bgz e al.read r.eacted with
The. aciGandy 2, EonbeBzotR RR0Re B ROReR R, PR v R SRR R '
the 5 Aprpok@&OSE shftry 218 that is targeted to move under a center portion of the wafer 202 so as to
produce activated center slurry 218b. The side lamp 220c having an intensity of 220c' is to be

applied to a portion of the slurry 218 targeted to move under a side portion of the wafer 202,

thus creating activated side slurry 218c. In this exemplary embodiment, the lamp intensities
25 220a’, 220b', and 220c" are configured to be programmably selected such that intensity 220b' is

greater than intensities 220a’ and 220¢", and intensity 220c’ is greater than intensity 220a'.

The use of the multi-segment light source configuration is advantageous as it allows
the copper CMP system to promote different removal rates on different portions of the wafer
being polished, thus achieving the desired planarized surface in view of the specific layers to

30 be polished. As is well known, wafer surface topography sometimes differs from the edge of
the wafer 202 to the center of the wafer 202. The embodiments of present invention provide

the capability of selectively increasing the rate of removal of one portion in relation to others



enbodi mrent of Figure 3C-5, the copper |ayer 202b has substantially been
renoved, |eaving behind a substantially planarized and flat wafer
dielectric 202x. As shown, the renoval rate of the copper g&g s¥§i§n1
depends on the formation of the copper-oxide layers on th B¥ac® of the
waf er 202. Further shown is that the activated 5 slurry 218 can enter
into chemical reaction with only certd®n depths of the activated copper

| ayer 202b at any given tine. As such, the overall quality of the copper
CVP syst erfe.dgpemder the mentéref thetveaferf208 b oepobask trndhe agae ofrthwafés,m)hé\lﬁla\ﬁher t he

copper - oxi gde | rs are forped, the faster h b ZRt; Y-,
can be reﬁ%@@%@ﬁé%ﬁ. edsp 3 Oeu%glrr&zsgﬂﬁéfgmbé?wge !éﬁ}\s[?%r?p ified
Cross-secty sKil16MnQhe @t WAl the BleSenPRkértidh cAVd ingiliphddeed(suciethat andGumber
subaperturé) CWMP system 200b, in accordance with one enbodi nent of the

present i rofdampsonmultiffegmenthinds mayibe igplemegled do activate thgdBgya pol i shing head

208 fi t ish th f f : i.shi.ng head
208" rotat es | FiBGET Shin el S RGP Brrth BlosCienlin WP dBERD, 100
of the V"afs%frgggggp&%rﬁiﬁlge&&ﬁﬂ&fl idRRaniéi ?Ian@&%tibrﬂoﬁl aNBOGOTESH a Siafed daling a 216" .

The pol i shi head 208" is further configured to nove back and forth in an
osci | | at i coopfid ldyareint dcoord2me "withh omgs embodimenttaf the, pessent [inentiony Figpend@tl. As

soi I at i comphs djoxoiet oordas wioomscnbinentcf (e pose etk . A
head 208" . depis £pies 4P 13bige R i gtion oot i b 20 BVEIAS Bepn "

retainer ringorlid s SQABR vidl 818 t@lﬁﬁ?éﬁ PIEGRL 202t Bethe &4 @b B2 is fillidgra@4 i S
configured to maintain a co-planer relationship with the wafer 202 while

the waliler ARBigh shibdlusiptioo Ishaswresgvirgl dakleddayersswithip theecppez dgyer 203p, pply ghe

enbodi nent, the exposed 20.surface of th fer 202 i nt i .0. face
Che ol | sHOPOH 44T 5 9aine seivalile Giistphithes 56 onges g eS8 el R el
under neat hytlae o aAbidagid 288y atdl id sudahdedashtd teaddpsét Thfte 20abI iRk iB@fation t he
novi ng pol 1 shing head 208" during the CMP process. i mbal 222 is

e
mount ed onpuposessnlpritié eeppsipliayn 202t ofFiguik i36R2 hastbgeredivided glﬂ dashied Hogsiipke 2of

f tati 2Q7. Th t endi [ [ ' d I f F
ont ot ho. celPNE;o! spuper Sept G 1 oAl R e o? PUhR, i 8 8RR ey " °°
0 ! B 50 CUtH £ B oA . 3
Dol i shi po. Tony SR b ‘3’2‘%85”%@3?"%’5%"%2 e 08 s ar to
C|

t he pol i shéfithe ated 200804 the depth 302t baing thg chosest| deptiy tq e seafer idiplackie postionot at e

in the sa rotation.dprect] s the | i shing..head 208' .(i. t he

pol i shi ng atﬁsého‘ﬁpﬂ%tg{gf‘@r#(g?féﬁ‘? aaﬁzﬁtggglgﬂﬁilst ?P%HF‘ﬁg”h 3&"5%6 O?Ehe S8 ed on
a conditi onggl@p}{l&%ﬁcgggﬂmg[%hwigﬁi%'m 30 spindle 226 is configured
to apply a forcé F onto the conditioning head 210. A supply of slurry 218

| ocated i n a coRctfgiringrto Akoumboginknt of Figuret36-3.tihe denth 4282yf of e ceppedilayeoner

210 through a lur.r.y. delivery uniyt..2190. lanmp 220 1.5, BOSI ti

subst antt aPsjessfg R RIREH B VY ol TS Bracbiind B0 il Y AR08 g 210
so as to agfowhaiiR chpifr SkidékMirrs 15202k RebstintisllyycodrS theSentliel weth@cbftige wier
conditioning interface of the conditioning head 210 and the polishing head

208" and 20khsédukinppint.tthe depth golG2bni is gerneredr wishoat die afpremgnlionsd iprepleresad
208" and the wafer 202  1n .still er i gen LY. L0
activated ?%P?}m?tg(gnwﬁ% ?ﬂ‘ﬁeﬁ‘lnfnéa& Pgmf%f élr% ms)l(,ligf glge@p%{ﬁ%lﬁg alpaesé%ﬂn?@’er y
condui t  ( n@prexiMaRry tHeatMBeal iof okide aidlebssthiung doerdel md8 remdval. oA illuetihed]iatrent
the | a 220pmay beanIRoraLJVIar’rB. )

HES this stage, the copper layer 202b of Figure 3C-3 now includes depth 2 202bg,, depth 3 202bgs,

depth 4 202by,, and depth 5 202bgs. Figure 3C-4 depicts the wafer 202 at a point in time

wherein the activated slurry is defined on the surface of the depth 3 202bys of the copper
layer 202b. In this embodiment, the depth 3 202bys of the copper layer has reacted with the
activated slurry 218’ thus producing a copper oxide-slurry layer 202¢ near the surface of the
30 wafer 202. As illustrated, at this stage, the copper layer 202b of Figure 3C-4 only includes
depth 4 202bys and depth 5 202bgs. Accordingly, depths 202by; and 202bg, have already
reacted with the activated slurry 218" and have been mechanically removed. Finally, in the



Al 't hough in this enbodiment slurry 218 is activated after it has been

gui ded onto the conditioning head 210, in a different enbodi nent, the
supply of slurry 218 may be activated while slurry 218 isiﬁg}iﬁmgfntainer
219a. Thereafter, once slurry 218 has been activated, the I c ted
slurry 218 nmay be introduced onto the conditioning head 210 such that the
activated slurry 218 can be i ntroduc®d into the polishing interface

t hrough the conditioning interface. The applying of Iight onto the slurry
218 i nt r ocmhedinent ofEigesnti-6i e corpen axer 29?.8 hagpsybsiantially been waayed,ileayingg head

208" is benefi.cial I £, 1S ﬂﬁq-5g%w the tenperature of the
poIishingqﬁgggaf@gmnﬁénxéﬁ#%%aiégg%%ﬁgﬁ}Q% 9an 'LJV.Ianps have been
described as usgf ¢HownQthRGémywail eaté HEths boppely CMTosystear depeiidswinl the fdemarqapefr ent
to those skilled in the azt that other types of |ight radiating systens can

be used t dhe eenperexide layers op thersugfaconad the wideh202 Jrthenshemrmyis thab e sgivadedon t he

applicat.i o the, intensi.t . . I Y. | o]
achi eve-t k?imﬂlegll%r S 4 txocﬁ &P{lgél t}lg%&lrsgﬁg%}@yﬁp %gﬁ%gfse [) &%IO? Elguagcﬁg"{t#?z&%g?rtegoi ng
i nventi on Jhas 20BN afEgiven R AB sschie S@drall qualityrof phw q@ppe TMP systén dépends y of

understanding, it will be apparent that certain changes and nodifications
may be prendhe mgdfxidgifermatien. SErapis, e fastgethe penpererddeclayarsare formed. dhefasiere
enbodi ment,s descri be her ei n_have b | ' ' toward wafer
cheni cal Hﬁ%ﬁﬁ%ﬁ%gFmp@Ffs yerigh gﬁgvgﬁ&nﬁpk@gﬁg%ﬁgﬂ%gﬁﬁ% erstood that the

chem cal mechanfig@at 4nkanamplfid @csseagivadl ivisw of a tigialile ®agial Oveduppinki(e, i S
well suited for polishing any type of substrate. Furthernore, )
i mpl emd®t aubaneguRFCESyBlE bdn agcardanseevideens embodiment efAhg prgsanbiaventiopowar d

capper ch cal chani gal olJd shing:. V.elsnal h . er od
Chat the chieonnan AL kb P Rruid 4 phERRRa08, onBRRHN fo sk BEGLEY

i nventi on @r£wakk 208 Wk tRApdlRhing Hehd D081 Gotales di ol ftatidh efireetion Z1604nd et al
(e.g., Tungsten and other netal's or alloys). Accordingly, the present

enbodi mentmoyesdrom g cerdercd ik Walee 0240 anjadpes of the waker 2A4 ha moversenti dilePtie®,  and
the invention i.s not..to, b lLm t.ed to the det aj | l,wen herein, but may
be nodifi e%l%w |9??1§]H8g E%@pﬂéjgaﬁ%“rgﬁﬁmrﬁﬁgo rougv? h%&fgg\é?{g’e ancqscélluﬁéo. What
i's cl aimediitettion 21603612k & Qfkate-ahSskifihiMp dioveinent e Ms GRbwiEIE BB iegibodiment, a

pl anari zation (CVP) apparatus, corrpr_ls_ing%ld a polishing pad configured to
recei ve a imigr D6 dhppsidened tslow thgrpolighing, 298nf Theueasder: €)6his |canfiguppe ©r

navi 19,2 T AT 200 BORE RGBS a6 20O RS, 7
layer Wi t hrifgdh204 IsUéonfighie o Grdlritaia A0coRplamd irélhfichehig Writh Hdwhater 20D ahils tape,
the radiation unit being configured to apply radiation over and across a
wi dth of twefepd03 isHieing prlighesk byathe pelishingnhead 288" dndhigempodiment, the exposed
20 surface of the wafer 202 is configured to face the polishing head 208'. In one embodiment, a
gimbal 222 is positioned underneath the carrier 206 and is defined to align the carrier 206 to
the moving polishing head 208' during the CMP process. The gimbal 222 is mounted on an
extending spindle 224, which rotates in the direction of wafer rotation 207. The extending
spindle is configured to apply a force F onto the carrier 206.
25 A conditioning head 210 is configured to be positioned to the right (or any side) of
the carrier 206 and below the polishing head 208 so as to condition the polishing head 208".
Similar to the polishing head 208, the conditioning head 210 is configured to rotate in the
same rotation direction as the polishing head 208’ (i.e., the polishing rotation direction 216).
The conditioning head 210 is mounted on a conditioning spindle 226. The conditioning
30 spindle 226 is configured to apply a force F onto the conditioning head 210. A supply of
slurry 218 located in a container 219a is directed to the surface of the conditioner 210 through a

slurry delivery unit 219b. A lamp 220 is positioned substantially above a portion of the



10 delivery location and before pad enters underneath the wafer so as to
expose the slurry chemcal to radiation just prior to the nechanical
interface between the netal surface I|ayer of the wafer and_the polishing
pad. 2. A chemi cal nechanical planarization (CW) apparatu35§§“F§@¥ied in
15 claim 1, wherein the radiation unit is one of an infrared (IR) |anp and
an ultraviolet (UWV) lanp. 3. A chenm cBl nechanical planarization (CVWP)
apparatus as recited in claiml1, wherein the polishing pad is a belt-type
pad and t henditiohing hded 2@ sy ad acadtivata thessl@fy &8 an det shyrsy 2Ehim direoted do wef er
application | ocation, the radiatign unit being | gcated.  hetwee e slurry
del i very |ugitiopreinieriacs ofdhe condifipning, F%inzil(gca&ai § polishing ﬁﬁ%‘ﬂ@@gl an

mechani cal ' ' - . ' ' (=Y . in
the pol i oriRerenaly AR IndRRELah PofthidpiEpd 265 s i vl abe MRIEY Do
I s def i nedansfiet embodiconti®e siadein appdtivaied ifeom taochd supplied hethe awkifart suofiacauni t
being | ocated between the slurry delivyery |l ocatiopn . and, the fer

appl i cat) oMrqugh 4 idsivers conul et ShevRoRELd d%|£ep|Pa dpng &?ffdo%%? CvPp one

appar at us ' ' ' , SF StV LG, radiation unit is a

mul ti -segnégﬁlfddgl%ﬁtietﬂ%g%w%ggﬁ r?t%ag}mtﬁetjyu t i 30 segnment unit is configured
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pl anari zation apparatus, conpri sing: a pol1shing pad confirgured to
rotate;10 activated slurry 218' may be introduced onto the conditioning head 210 such that the activated

slurry 218’ can be introduced into the polishing interface through the conditioning interface.
The applying of light onto the slurry 218 introduced to the conditioning head 210 rather than
the polishing head 208' is beneficial, as it is preferred to maintain the temperature of the
polishing head 208' as low as possible.

15 IR and UV lamps have been described as useful to activate the slurry, however, it will
be apparent to those skilled in the art that other types of light radiating systems can be used to
activate slurry in a CMP system. Additionally, depending on the application, the intensity of
the lamps may be controllably adjusted to achieve the desired level of Ry, in relation to Rgs.

Although the foregoing invention has been described in some detail for purposes of

20 clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. For example, embodiments described
herein have been primarily directed toward water chemical mechanical polishing; however, it
should be understood that the chemical mechanical planarization operation of the present
invention is well suited for polishing any type of substrate. Furthermore, implementations

25 described herein have been particularly directed toward copper chemical mechanical
polishing; however, it should be understood that the chemical mechanical planarization
operations of the present invention are well suited for polishing of any type of dielectric or
metal (e.g., Tungsten and other metals or alloys). Accordingly, the present embodiments are
to be considered as illustrative and not restrictive, and the invention is not to be limited to the

30 details given herein, but may be modified within the scope and equivalents of the appended
claims.

What is claimed is:



a carrier configured to hold a wafer to be polished; a conditioning pad
arranged beside the carrier, the polishing pad being configured to nove
while rotating between being partially over the carrier and the
conditioning pad to progressively being conpletely off of the5dgrili2805 and
conpl etely 10 over the conditioning padigthe polishing pad further being
configured to oscillate at a programmable rate, the oscillating configured
to occur as the polishing pad is noved between being partially over the
carrier and the conditioning pad and €eams conpletely off of the carrier
and conpl etely over the conditioning pad; a slurry delivery unit, the
slurry delivery unit being configured to apply slurry 15 over the

condi tioning pafd so AR8tmiAPmB&anfHl I%slgndaﬁdu&mﬁmppﬁ ardiGs, Compaiagy t he
slurry between the wafer and the polishing pad; and a radi ati on source,

the radiation s Gof QRO £6eilOa SRRYEnEAEaAL i ON to the slurry
that is to be 5% lﬁﬁggﬁgpweenﬁgh ér %ndH?he poﬁlshlng pad. 20 8. A

cheni ca$ nechani catiephead@onfiguredio t(OM/P)Naéﬁprhavmgusn%tsl S(uef@cft ]@dell, the agrtagrm 7,

wherein the radiation. urc |s c red to a tiva . 9. A
cheni cal ﬂéﬂ‘ii @EI POﬂJ‘ISE‘H HP%'&:‘R/%? ¥H§ tf c(—ff “{185 pthﬁ{% o m 7,
wher ein tﬁﬁehﬁ‘?dl%ﬁtf@& 1&%&%&5 RIS dﬁfemﬁ!ﬁ} laﬂarar ed (IR) lanp and an
ultraviolet 25 (UV) lanp. 10. A chemi cal ‘mechani cal pl anari zati on ( CVP)

appar atus as reuasi@alonmnltéﬂaaﬁnmabar shape.dhe radipsionmpitibsngraafigeied to arplyi r ect ed

20 the o WelihiBR ol dod oBRLL SARSS IRS Ry g pIF L oRAba iR RN 10, pad, 30

11. A chenl anli ca anari zation aratus as recCited in claim

7, Wwheoei delives loedtivn alﬁdfbeﬁ)rﬂpicﬁéntﬁs nhdaeedtinyherwafehs a3ebd akpase Itlie’oﬁhﬁrjz ayer is
configured to experience. April 2005 -20an increased |evel xi dati on

i n responseiemicabig ng%@pu% @HOWiOtthe mﬁ@lwai misrice Bsiyessn the meta) % face
layer of the wafer and the polishing pad.

2. A chemical mechanical planarization (CMP) apparatus as recited in
15 claim 1, wherein the radiation unit is one of an infrared (IR) lamp and an ultraviolet

(UV)lamp.

3. A chemical mechanical planarization (CMP) apparatus as recited in
claim 1, wherein the polishing pad is a belt-type pad and the slurry delivery location is
20 defined upstream from a wafer application location, the radiation unit being located

between the slurry delivery location and the wafer application location.

4, A chemical mechanical planarization (CMP) apparatus as recited in
claim 1, wherein the polishing pad is a rotary-CMP pad and the slurry delivery location
25  is defined upstream from a wafer application location, the radiation unit being located

between the slurry delivery location and the wafer application location.

5. A chemical mechanical planarization (CMP) apparatus as recited in
claim 3, wherein the radiation unit is a multi-segment unit, each segment of the multi-
30 segment unit is configured to apply a different or same radiation level to the chemical

slurry traveling on the belt-type pad.



12. A chem cal nmechani cal planarization (CWP) apparatus as recited in 5
claim1l, wherein the nmetal surface |layer is one of copper and tungsten 13.
A chem cal nmechanical planarization (CVMP) apparatus as recited in claim?7,
wherein the applied radiation is directed at the slurry priorStAerd 200Y y
being applied over the conditioning paththrough the slurry delivery unit.
10 14. A chem cal nechanical planarization (CVWP) apparatus as recited in
claim]0, wherei.n a Aetighical moehahiral planharizetiwy@MB) apparasws afi rzeitkd iagbimof t he
netal surface I_a}/er is configured to Pe i ncreased . as a result of an

i ncrease ik Whetedp thermejg Folkyeio opp gt cRPPET AN IPREYE- | ayer. 15 15. A net hod
for enhancing the renoval of a wafer |ayer of a wafer in chem cal

mechani cal planarization (CW) systens, the nmethod conprising:  providing a
pol i shing pad; Appl yArhemicabmochwnicel plenarizatjoro({iMPhapraratuhicogppsiag: and 20

applying radiation.across a midth of the polishing pad so as to radiate an
anount gof sl urarlgloq}sﬁgigP&BFSPfiAg‘lfﬁg“’s‘PEﬂt’?’y is applied to the wafer |ayer. 16.

The nethod of ¢ @irferlénfiburet he holdanpitesiong poligtiedyi di ng a carrier head
configured to hold the wafer; and 25 creating a nechani cal polishing

i nterface betwebepndiionys pasarragegsbesiderfbe Gairen the polishing adibeingadi at i on
exposed s rnhgu%rtdg[ﬁogg%ﬁe&%tiﬂgtwawgeiﬂgsaﬁaﬂy b (2Ll addqRE 1 Nt O

cont act .
conditioning pad to progressively being completely off of the carrier and completely

10  over the conditioning pad, the polishing pad further being configured to oscillate at a
programmable rate, the oscillating configured to occur as the polishing pad is moved
between being partially over the carrier and the conditioning pad and being completely
off of the carrier and completely over the conditioning pad;

a slurry delivery unit, the slurry delivery unit being configured to apply slurry

15 over the conditioning pad so that the polishing pad when rotating can apply the slurry

between the wafer and the polishing pad; and
a radiation source, the radiation source being configured to apply radiation to the

slurry that is to be applied between the wafer and the polishing pad.

20 8. A chemical mechanical planarization (CMP) apparatus as recited in

claim 7, wherein the radiation source is configured to activate the slurry.

9. A chemical mechanical planarization (CMP) apparatus as recited in
claim 7, wherein the radiation source is one of an infrared (IR} lamp and an ultraviolet
25  (UV)lamp.

10. A chemical mechanical planarization (CMP) apparatus as recited in
claim 7, wherein the applied radiation is directed at the slurry as it is applied between
the wafer and the polishing pad.

30
11. A chemical mechanical planarization (CMP) apparatus as recited in claim 7,

wherein the wafer has a metal surface layer, the metal surface layer is configured to experience



-21 17. The nethod of claim 16, wherein the wafer layer is a netal surface
| ayer. 18. A nethod of claim 17, wherein creating a nmechanical polishing
interface between the polishing pad, the wafer |ayer, and the slurry by
bringing the polishing pad 5 and the carrier head into contadtApdlwpooher

i ncludes: applying the radiati on exposedpslurry onto the netal surface

| ayer so as to create a top surface |layer; and renoving the top surface

| ayer mec hanmcalad;e,d 1byel bf oRiglatign inhesponge ®beimpgmlishytewith thetradiatod agloswd t h t he
pol i shi ng 10 19. The nethod of claim 18, wherein the applying the

radi ation Qﬁlﬁbsed slurry onto the nmetal surface layer so as to create a
top surface layer, further includes: changing the netal surface |ayer
having a netallic bonding into the top surface |ayer having a nol ecul ar
bondi ng. 15 20.12fhe ﬁsﬂlhmébabfnecﬂla@iimi planat‘imeioe(@Wﬂepmghyhmgctmbinr adi ation
exposed sllurr¥ or}%o hﬁa gu{? ace %( F SO as create a top surface
layer, Turth81bydegndbe metagswiagy a[y%lsr?g 8f cqpe P&V%‘f so as to create
an oxi di zed net al surface | ayer. 20 21. The net hod of claim 20, wherein
appl ying radi ati on exposed slurry on the netal surface layer is configured
to increase a |Bvel Ofchamigehmeekdniqabplgnarization (GMP) appagatus e fegided inayer in

response t(gilﬁ{h '&%Jréii%ﬁ éébei%ﬂ r?d{ftiqnqg fiﬂé(dtguaﬁt t Qslgir(éﬁ% {Bestl% g%ihé ace

| ayer. em ca ani ca ahariza
conpri S| ngappliad bedrtthe obniditiomigg p@ﬂhamgh it edly Heliveecahive a slurry cheni cal ;
10
14. A chemical mechanical planarization (CMP) apparatus as recited in
claim 10, wherein a level of mechanical removal of an oxidized layer of the metal
surface layer is configured to be increased as a result of an increase in level of oxidation
of the metal surface layer,
15
15. A method for enhancing the removal of a wafer layer of a wafer in
chemical mechanical planarization (CMP) systems, the method comprising;
providing a polishing pad,;
applying an amount of slurry onto a polishing pad; and
20 applying radiation across a width of the polishing pad so as to radiate an amount
of slurry just before the slurry is applied to the wafer layer.
16. The method of claim 15, further comprising:
providing a carrier head configured to hold the wafer; and
25 creating a mechanical polishing interface between the polishing pad, the wafer

layer, and a radiation exposed slurry by bringing the polishing pad and the carrier head

into contact.

30



a carrier head configured to hold a wafer having a netal surface |ayer, the
carrier head and the belt polishing pad are configured to nechanically
interface during polishing of the netal surface layer with the slurry

chem cal; and 30 a radiation unit configured to be applied ovérAmil@08Er oss
the belt polishing pad at a location aptfer a slurry delivery location so
as to expose the slurry chemcal to radiation just prior to the nechanical
interface between thEhgmtmbd 98 thaee6) weeinahe Whfer Watets sanelal suhfacbhilyer.

pol i shi ng pad.
18. A method of claim 17, wherein creating a mechanical polishing interface
between the polishing pad, the wafer layer, and the slurry by bringing the polishing pad
5 and the carrier head into contact, further includes:
applying the radiation exposed slurry onto the metal surface layer so as to create
a top surface layer; and
removing the top surface layer mechanically by bringing the top surface layer

into contact with the polishing pad.

10

19.  The method of claim 18, wherein the applying the radiation exposed
slurry onto the metal surface layer so as to create a top surface layer, further includes:

changing the metal surface layer having a metallic bonding into the top surface
layer having a molecular bonding.

15

20.  The method of claim 18, wherein the applying the radiation exposed
slurry onto the metal surface layer so as to create a top surface layer, further includes:

oxidizing the metal surface layer so as to create an oxidized metal surface layer.

20 21.  The method of claim 20, wherein applying radiation exposed slurry on
the metal surface layer is configured to increase a level of mechanical removal of the
metal surface layer in response to an increase in a level of oxidation of the metal surface
layer.

25 22. A chemical mechanical planarization (CMP) apparatus, comprising:

a belt polishing pad configured to receive a slurry chemical;

a carrier head configured to hold a wafer having a metal surface layer, the carrier
head and the belt polishing pad are configured to mechanically interface during
polishing of the metal surface layer with the slurry chemical; and

30 a radiation unit configured to be applied over and across the belt polishing pad at

a location after a slurry delivery location so as to expose the slurry chemical to radiation
just prior to the mechanical interface between the metal surface layer of the wafer and

the belt polishing pad.



