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(54) Title: SYSTEM AND METHOD FOR CONTROLLED POLISHING AND PLANARIZATION OF SEMICONDUCTOR
WAFERS

0 OO I

(57) Abstract: A system and method for polishing semiconductor wafers includes a rotatable polishing pad (36) movably position-
able in a plurality of partially overlapping configurations with respect to a semiconductor wafer {w). A pad dressing assembly (16)
a positioned coplanar, and adjacent, to the wafer provides in-sit pad conditioning to a portion of the polishing pad (36) not in contact
with the wafer. The method includes the step of radially moving the polishing pad (36) with respect to the wafer.
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METHO G ipfidRedCONTROLLED POLI SHI NG AND  PLANARI ZATI ON

FI ELD OF wiblckhENELaNesbe present i nve%&%ffﬁé@’@f&%dfm e m'm %5
sem cofduebehe wir@ibrnsof thiSimb GmidfoE bemiifgathe TRERARIG) s@%ﬁfﬁéﬁ@{d
Mor e par taeng|aed & pe repiblshedgy ég et of revagntf on 1 el at es to an |rrproved system and
met hod f df®¥rfari zi ng sem conductor wafers in a controlled manner over a
vari abl e geonetry contact area. 10 15 20 25 30 BACKGROUND Semi conduct or
wafers are typically fabricated with nultiple copies of a desired .
integrated circuit design that will |ater be separated and made into ’
i ndi vi dual chips. A common technique for formng the circuitry on a

sem conductor wafer is photolithography. Part of photolithography process
requires that a special camera focus on the wafer to project an i mage of

t he

peat gat be m
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circuit on the wafer. The ability of the canera to focus °2<}h§ sznagce of
the wafer is often adversely affected by inconsistencies ﬂJu'év ss in
the wafer surface. This sensitivity is accentuated with the current drive
for smaMOM/B34§Mre highly integrated circuit designs whi cPChESNAN440! er at e
certain nonuniformties within a particular die or between a plurality of
dies on a wafer. Because sem conductor circuit on wafers are comonly
constructed in |ayers, where a portio+fl-of a circuit is created on a first
| ayer and conductive vias connect it to a portion of the circuit on the
next |ayer, each layer can add or create topography on the wafer that nust
be snoot hed out_before enerating the next ggg Chem cal nechani cal

ayer .
pl anari zati on @Cﬁ@ﬁ% MEIROEIOREONT EE@I%QM$W%N@)I i sh each
| ayer of a wafer. CWVRANABIZATION) OFSSEMICONDUGTORWWAGERBpe within-die
metal plugs and wires, renoving excess netal fromthe wafer surface and
only leaving netal within the desired plugs and trenches on the wafer.

Avai | abl e EéPsOEnI{"E %‘ﬁﬁﬁ”ﬂ@%al | ed wafer polishers, often use a
rotating wafer hqglder that brings . the er .into ntact wth a polishing
bad rotat! ng i n AHE MPSFIE TYSRRD RiAES OPisnarsRich R mpacprlion R

pl agari zed. RirgfehédlcaPidchBhicdl ganBkz&torsicddhhigus OMateHaMuldys tigabr asi ves

and surface nodifying chemcals is applied to the polishing pad to polish
the waf er. THesamfreention selatasHeraninyored shsteinared majaedfr planarizingat | ng

Bvai Tabl @ warErcihdBtdr B LoaRdRa AR A 5 bl gdlingly . 7ot ner

t han a rot atconfacsurdsace to carry the polishing pad. In all instances, the
surface of the wafer is often conpletely covered by, and-in contact wth,

t he poli shi g?fé I qul t aneously polish the entire surface. One
dr awback of %@R |§bmﬁ: entire surface sinultaneously is that the
bl ectiy fiar, R RATABhateRy Bk bipidals sBicelod fith (bR colles R " rmy
be due to tdesired irftegranid tiyaaisdadigmttiz=e willatediep espiratbdandaiats ito t he waf er

or the density .of aterjals on a certaipn portion of the wafer.
Si nmul taneoué“%ﬂﬂ?@'rﬁ%-d?‘ CoRuMgh teghRiqueg for feraning the eirquiy ef@ar sone spot s

of the waferge rﬁfucid“r%é}f«t@F iléﬁtﬁ)t@lﬁﬁg@%?ﬂ?; 5‘53# of Cpfﬂit&!ftﬁé@‘régggbrodé%ve” rate

of clearing and may result over ertain
requires that a special camera tocus on the wafer to project an image of the

15 circuit on the wafer. The ability of the camera to focus on the surface of the
wafer is often adversely affected by inconsistencies or unevenness in the
wafer surface. This sensitivity is accentuated with the current drive for
smaller, more highly integrated circuit designs which cannot tolerate certain
nonuniformities within a particular die or between a plurality of dies on a

20 wafer. Because semiconductor circuit on wafers are commonly constructed in
layers, where a portion of a circuif is created on a first layer and conductive
vias connect it to a portion of the circuit on the next layer, each layer can add
or create topography on the wafer that must be smoothed out before
generating the next layer. Chemical mechanical planarization (Oxide-CMP)

25 techniques are used to planarize and polish each layer of a wafer. CMP
(Metal-CMP) is also widely used to shape within-die metal plugs and wires,
removing excess metal from the wafer surface and only leaving metal within
the desired plugs and trenches on the wafer. Available CMP systems,
commonly called wafer polishers, often use a rotating wafer holder that brings

30 the wafer into contact with a polishing pad rotating in the plane of the wafer



15 of the wafer. Various material processes used in formation of ma&ag;
provide specific challenges to providing a uniform GV poli 2 tidlla er.
One of the nore recent processes used, the copper dual damascene process,
can be particularly sensitive to the overpollshlng that may occur in

polishers that sinultaneously polish the entire surface of a wafer. Al so,
the trends tYrigeeéxberiepaired. §ichawical pelishiss aoprlorshinysopHined an

addi tional | gpdabpdsivilistdnd@utthe fdd %:@Ju%eai}‘bn&ytortﬁagbﬁém@ paditbf ormi ty
over a greater surface area. Accordingly, there is a need for a nmethod and

system of pehdigh e yafeoNpeier W&%ﬁé’eﬁsﬁéé@ ateragainstsbesigialiRay | n one

aspect, the ;Rﬂl@ﬁﬁ@fpad %M@Eﬁﬂo%e@fo%ﬁhﬁﬁ%n@pl%ﬁé’ﬁfe%@ Wé?é?rsdlﬁé gﬁallaB@ warBer
systemconprlsm lurality of wafer ﬁo i sher nodul es, each of the wafer

pol i sher © BG’%EFEFP@§986H‘EPmQU%°r§“F‘%Qr£e prtbeniapR A relafing eifasade AYM4 waf er

receiving S%E%ﬁﬁﬁsrﬁrﬁf pacr & gamﬂahyesr fiedUniaBg oﬁhé%@r@@&w&% SmyelkR ;. a
rot at abl e pol i shing carrier having_ a, pol I ng pad oriented

subst anti al I%PVE'QdaW @Pd fiocantret with dhe P@'b"fé‘fr\glﬁ?& tgam%@@ew RYiEh thured to

movably 35 @ied birtitet Ofe BRdvitHRK @gp@aﬁmgtm@ermrél EaddelsifitaPRbhdifls! that
over | appi ngetﬁosmlons wth 2a 2 respect to the sem conductor

waf er, wher eNf VEHUSIHICHEHPH e yerier SWRmEthe waer ?Qﬂ"&t@% C%Bﬁ%ﬁs a portion of
a surface Ofpérfé%tlﬁﬂﬁﬂ FRPALGS Qelﬂwér@ fespanéé)tb&h@bﬂw Pdedd TA8INNGY BsgRbd! Y

havi ng a surface conpriSing pol i shin ad conditioning material, the

surface of ttﬁéh‘i)g‘l"f?%eﬁ* Wg%aﬁmate&@.qea%%&so@é?%wf KesvalerRdae damsly Sht i al | y

copl anar Wi tfafchglsoard @&%zﬂﬁoﬁu%oﬁﬂ%ﬁd&ﬁm&ned@ﬁfp%rs% bBe wafier carrier,
wherein the rotatabl e ad dr essi ng assenb@fy rotates and contacts a first
&0l

portion of t¥&aEemilkeft eﬂgc %&Ommﬁpp@ of theawaigraskr thasrptogrs breaysg®f vl i shes
the sem Condélﬁéf@htlé'bﬁjrﬁzﬂlen A€ oficlBAthg AROhaPRSUK irPe\RFboRghiAG 8Néerin ARast one

of the plurality of wafer 10 polishing nodules, the pad robot configured

to changi'e5 a Qdbe Wﬁfelrl\éﬁ’r'oH‘éwt?ffmPf%essfeét%?ﬁﬁﬁl fé’"ﬁ@)tfqns‘ﬂl‘“f?éerﬁ&@"dfi&r rier of the
waf er pol i shigegififRdsiletgis I pravitiPBlAGHEER CMIRPolish to a wafer. One of the more

recent processes used, the copper dual damascene process, can be particularly
sensifive to the overpolishing that may occur in polishers that simultaneously polish
the entire surface of a wafer. Also, the trends to process larger diameter wafers has
20  introduced an additional level of difficulty to the CMP process by requiring
uniformity over a greater surface area.
Accordingly, there is a need for a method and system of performing

CMP that addresses these issues.
25 SUMMARY

In one aspect, the present invention provides a semiconductor wafer
polisher system comprising:
a plurality of wafer polisher modules, each of the wafer polisher
30  modules comprising:
a rotatable wafer carrier having a wafer receiving surface for
releasably retaining a semiconductor wafer;
a rotatable polishing pad carrier having a polishing pad oriented
substantially parallel to the wafer receiving surface and configured to movably
35  position the polishing pad at a plurality of partially overlapping positions with



carrier head stored in a pad carrier head storage conpartnengt gﬁgaqggg t he
waf er polishing nodule. 15 In another a&pect, the present 'ﬁ% t1 on

provi des a nmethod of providing controlled regional polishing of a

sem conductor wafer on a polisher nodule in a wafer polishing system
havi ng a pIuraIité?gf waf er polishers, the nmethod conpri si oadi ng a

: h sing: |
seni conduct oFSREA & thesemicpRAustorn Walgl. Whegeia Hie Rolghiag pad coya fg?a‘ﬂ KBS waf er
carrier and @it bip@rilonef seiifeeneiiné eemivshéictorartderiovi ng a pol i shing pad

nounted on a rotating pol.ishin d carrier ainst the rotati.n
seni conduct o vafer anf PABRIHAERESE FSPRPHATENG 2841Hp SCRPEHNG Ae
sem conduct giolisHin@ p8@téadtidnihgavelhappleRarfadntahe pYiseing padairéssiry porti on of
the surface of e sen conduct or waf er is.ig}‘_ﬁcon act ‘gith t he pélishi ng
pad: and 25 3§E0H tHOéQPP?fP? fadiplycapfanap ity wgftaﬁ%af §SPMEONARSR of t he
pol i shi ng mﬁ&ﬂbf@ﬁd&rﬁ ir@_rwa:géri dagried, \F)Ilﬁ\;d'efn_cth@totﬂgﬁlbtpiaﬁIﬁﬁébs':jﬂgdésh@m!bﬁfr@lrate{s@nﬁshi ng
system ereby. a different, polishing pad is provided to the i sher
Ul o, B HONE R PEROTRE P Walle #Pegony RAKiah QIRRPIt - away vi ew
of a sem conghiishey thuab@icop@hdtshiater; aMgt em according to a preferred
enbodinment; FIG 2 is a tqp plan view of a wafer carrjer assenb uitable
Foruse in the  syst epopd e Basiteettiactat Rucds 638 bt G R PSRRI YR al ong
l'i ne 3-30?)1‘ ddﬂliﬁnin@molialeié,Lihe&aG‘ﬂ?t\MDc@ﬁf{g@ﬂe;?ﬁta cﬁéﬂ'%ekﬁsﬁhd 0d9érihead c’;r?irgilié) Flc(ii 4 [
is an expl ode ctional view o pol i shi ng .pa rrier asse and too
changer out s bpRiE A rter of LB baReS odeifie reBRREROM R0t  at
top plan vi exsrierdleadisidred Bt paNbpadrTRAY StdPhgedcompartment adjacent the wafer

polishing module.

15 In another aspect, the present invention provides a method of
providing controlled regional polishing of a semiconductor wafer on a polisher
module in a wafer polishing system having a plurality of wafer polishers, the method
comprising:

toading a semiconductor wafer on a wafer receiving surface of a

20  rotatable wafer carrier and rotating the semiconductor wafer; and

moving a polishing pad mounted on a rotating polishing pad carrier
against the rotating semiconductor wafer and in a direction parallel to a surface of
the semiconductor in a partially overlapping manner, wherein only a portion of the
surface of the semiconductor wafer is in contact with the polishing pad; and

25 automatically replacing the polishing pad carrier head of the
polishing pad carrier using a pad robot positioned in the wafer polishing system,
whereby a different polishing pad is provided to the polisher module.

BRIEF DESCRIPTION OF THE DRAWINGS
30
FIG. 1 is a side cui-away view of a semiconductor wafer polishing system
according to a preferred embodiment;
FIG. 2 is a top plan view of a wafer carrier assembly suitable for use in the
system of FIG. 1;
35  FIG. 3 is a sectional view taken along line 3-3 of FIG. 2;



surface of a pad dressing assenbly suitable for use in the system of E{‘G
1; FIG 6 is a block diagramillustrating -the comrunicatia SiJrlvéSZB ween
the m croprocessor and -the individual conponents of the polisher of FIG

1; FIG WO94862 op plan viewillustrating the novenent ofCTAISowaoPonents
of the systemof FIG | ; and FIG 8 is a diagramillustrating a wafer
processi ng systemincorporating the wafer polisher of FIG i. DETAILED
DESCRI PTI ON OF THE PRESENTLY PREFERREDB3-EMBCDI MENTS 15 20 25 30 In order to
address the drawbacks of the prior art described above, a wafer polisher

i s disclosed bel ow that can provide inproved polishing performnce and
flexibility, as JdG4ds apaxplededaecionaisiew gf amglishisg padgarter i nprovi ng
pol i shing unj ) ' REN pkanarize |ayers
such as thos%gfs%ﬁg%%%(gi%%hgﬁg%ﬁ@gﬂ%%g\é\ééIiehs{.ﬂeé S’?éepptg;re ‘Jl’enbodi ment of a
waf er polisher 1FIGS. S-SRt atrate fop flakvielvs didiiferent émbbdimddls ofacl udes a

waf er carrier assenbl , @ pad carrier, senbly. 14 and,a pad. _dressing

assenbly 16.8 P@?%ﬁ%ﬂ}&&eﬁ@nﬁlaséﬁn@éfWl@ﬁ%&éﬁé“}ﬁ'@zﬂ@ﬁ%{nﬁgdz ’Gdf'éssi ng

asspribl y 16 are 1MaNGasalilod dibgfdin Mbstrdiity ! QiviRiARGAR SREPbkediF | Udes a
n a shaf I dto a 24

waf er head 20 nounted o 22 rotatably connected not or . In
a pref er r ed thainjciopretessohandifecindividithl eompendelsiaf ezl polisheraf FHIGi h; a rigi d

Pecerved 11 om t ht 1ad it 2P bl gw s ahla YBF oRBlishs oPhe Rirbastiis oy i ng
26, or ot heroftthy®eyRbnsoliFd, t; ahg positioned between the wafer head 20 and

an upper surface 28 of the frame 18 along a circunference of the wafer
head 20 in order Fg. Brisaidirorandilustiing & Wafasmrosessingsysiem inerparaiing

Al {grnati vel 7 i«er assenbly 20 may be constructed with a
shaft 22 ha&?‘%&%ﬁﬁ%ﬁgﬁ?icgﬁ'ghgth to avoid any deflections. 8 JUL 2004

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS

In order to address the drawbacks of the prior art described above, a

wafer polisher is disclosed below that can provide improved polishing

15 performance and flexibility, as well as avoid over-polishing and assist with
improving palishing uniformity of wafers produced with difficulf to planarize
layers such as those produced using copper processes. A preferred
embodiment of a wafer polisher 10 is illustrated in FIG. 1. The polisher 10
includes a wafer carrier assembly 12, a pad carrier assembly 14 and a pad

20 dressing assembly 16. Preferably, the wafer carrier assembly 12 and pad
dressing assembly 16 are mounted in a frame 18. The wafer carrier assembly
includes a wafer head 20 mounted on a shaft 22 rofatably connected to a
motor 24, In a preferred embodiment, the wafer head 20 is designed to
maintain a rigid planar surface that will not flex or bend when polishing

25 pressure is received from the pad carrier assembly 14. Preferably, a circular
bearing 26, or other type of support, is positioned between the wafer head 20
and an upper surface 28 of the frame 18 along a circumference of the wafer
head 20 in order fo provide additional support to the wafer head 20.
Alternatively, the wafer carrier assembly 20 may be constructed with a

30 shaft 22 having sufficient strength to avoid any deflections.



WO 01/54862 -4 PCT/ US01/ 01044 The waf'er head 20 of the wafer carrier
assenbly 12 is further described with respect to FIGS. 22dhdid 20 wafer
head 20 ,Pvreferably has a wafer receiving region 30 for receiving and

mai nt ai NP 124207 conduct or wafer in a fixed position duPCHSPpUNO&HI ng.
The wafer receiving area 30 may be a 5 recessed area as shown in FIG 3 or
may be an area centered at the center of rotation of the wafer head 20.
Any of a nunber of known nethods for -faintaining contact between the wafer
and the wafer head 20 during CVMP processing nay be inplenmented. In a
preferred enbodi pent, the wafer recejiving,area 30 of the head 20 incl udes

a plurality of aiheygferhrad 29 of the walescalrieriassembly d3isfurier or recei ving
a vacuum u ' ' WaF asy -er head
30" A por oudEetibdd Wit HSpROl I ICER. 2 Sy S HRal? RS To SiRTabiaLa ™
vacuum t o bwaigrgkcewtingaregionai(efor rec@ivieg anelt ihaitidainingrensernidamidagtar meafenf er

agai nst the_water, cartier, .for anmpl adhesives.. a cirgunferentially
ofented of i med oties during pofidig, dhedves Rvingafid S BGLEas Gneor
mome vaf er féddsbBd apénrhs Shfin @ FIGTY P maylies bh iapae denlepdaeiheicdiftsess ed
| ocation within the wafer head and a posi'tion extending away fromthe

waf er recei lotatiornptthe3valer head 2Re Any2af a oumber of known metheds iofd  unl oadi ng

a wafer fro f I ' t C, fer
g shamEamd o laPaRabollE e it e\ Ay bl MRl dudrid EMP T T |
2213 rrg_gnet i cpl'dc,ﬁsﬁihg;rhawﬁeﬁmplegnmwﬁg lmfaqxbnefemed aanmdﬁﬁfennrthéevafefl _—
enbodi nent, the wafer_he e ricated without any wafer lifting
shafts 34 afRFeiipg area %%9?@@%1%@1%'@1 %B@‘éﬂ‘typf)ﬁhﬂ%‘éswf‘eﬁzf@ad using a
vaguum ass'ﬁ:;‘@fi t f.erLi ' E rrier

a?genbl y 14b| nc ﬁg%sﬂygpc’fz ’;?gﬁr.égﬂ?m'g%{é%wég"'aqsgé%‘ﬁ@? %‘ﬁtag‘ﬁg% iilsupport
surface 40 wleasipgthewafardrom theadald headd2G oh ipohvumcgrathieor metabe any of a

e conduct DR SAIEPeY e Ga ity Bha ity L hEaPORd G falitused 10
conj unct i onOthdrmattiods iof taihtalring theswaferagaime thOwhRiapast, raddaaile from
Rodel Corporatiqn of Del aware. .
adhesives, a circumferentially oriented clamp, or surface tension from a liquid,
15 may be used. One or more wafer lifting shafts 34 are movably positioned
between a recessed location within the wafer head and a position extending
away from the wafer receiving area 30 of the head 20 to assist in loading and
unloading a wafer from a wafer fransport mechanism, such as a robot. Each
wafer lifting shaft may be operated pneumatically, hydraulically, electrically,
20 magnetically or through any other means. In another preferred embodiment,
the wafer head 20 may be fabricated withdut any wafer lifting shaits 34 and
wafers may be loaded or unloaded from the wafer head using a vacuum
assisted method.
Referring again to FIG. 1, the pad carrier assembly 14 includes a
25 polishing pad 36 attached to a pad support surface 40 of a pad carrier
head 38. The polishing pad 36 may be any of a number of known polishing
materials suitable for planarizing and polishing semiconductor wafers. The
polishing pad may be the type of pad used in conjunction with abrasive slurry,
such as the IC 1000 pad available from Rodel Corporation of Delaware.
30 Alternatively, the pad may be constructed of a fixed abrasive material that
does not require an abrasive containing slurry. Although the diameter of the

polishing pad 36 is preferably equal to, or substantially the same as, the



30 Alternatively, t he pad may be constructed of a fixed abra5|ve terial
that does not require an abrasive containing slurry. Ath gthﬁgﬁdlaneter
of the polishing pad 36 is preferably equal to, or substantially the sane
as, the wol15u8622004 WO 01/ 54862 PCT/ USCL/ 01044 di anmet er pfribeyngler W
other dianmeter ratios of the polishing pad and wafer are contenplated. In
one enbodi nent, the polishing pad size may be anywhere in the range of the
size of a S|ngle die on the wafer to ag.area twice as large as that of the
waf er. Pad dressing surfaces having a an area greater 5 than that of the
waf er may be advantageous to account for a wi der range of notion of the

pol i shing pasméter obttmnpaier Wi, cthttidianmster mitlesof the pplidhirsd pagd apddvaibs noved
. in a manner that woul d Boi%tlon t he cent eé of the polishing pad off of an
i magi nary | BfeCeRiemRriatsd: W enemabedimest e polighingied sikriIMedecent er of

the pad dre%gywae%ftﬁé@an%t o @Bﬁég.ﬁgg‘@aﬁe&g r%\ggl%'?t@aﬁ' gg.eéd 10

dressi ng head” are cont enpl e area ressi ng
preferabl y eafageiasthat of thevfer. oﬁadldﬂeﬁnpg)eutfad;émhmm akanmeaagiea@ed The

f t t d t I 42 th I
0 ol o YR SRt R E BHEr BRSO it A hplin G g ™ ©
pr ef erabl y aldtionsoffties pblishing pad e eikhivple bﬁé:ﬂ@ﬁﬂn@%e@@tﬁe génslhﬁ@ﬁa@&? SO
that 15 different CMP processes nay be_applied to the sane wafer ﬁymj
3

changi ng W BpveRking W%ﬁ@atd@%‘dé |P@§@’@“tt99é?§"¥ﬁf i thepplishingpad

chem striesg rr

t hr ough Lassag@ég@%&%é fbr@e pagwggpgﬁ%f:éﬁt Wg.gee&ﬁ%\f% 5@&&3%% ?’#24 ZG

that ar eOII fﬂzbzpa)d dressing smfa:delslmembedlmng:vdtbrblnmdtﬁanmh glmnadbed}/\n tgl n

t spi ndl e e |Is rptata noun W t spindl e drive
h@engl y 54958 mgglaecharg Q%Q%P@t%ﬁ‘ Jﬁ% 582 O ﬁg'@n%*ﬁs gfﬁsﬁﬁ‘g "Wﬁgast'ﬁgns port

mechani sm MpyefBRLAYuUf @i&nﬂo’ﬂﬁﬁ&ﬁfor@nd@&ﬁﬁdﬂﬁ@ pol%hﬁ@;?é@ﬂéed’r pneumati c

devi ces having a_ controll reciprocating or orbital motion, or a
rotating arm rrecﬁhﬁup@mcamﬂtheaak@ isaprafgrablyfattashied do arapindieid@rhrayighpad to a

Do ot o el 850 T aROPL 08 R T BRE 4R THESo el
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t 952 HTow T OEiifferent CMP processes may be applied to the same wafer by changing
wafer heads and any associated types of abrasive polishing chemistries.
As shown in FIG. 4, a pad 36 may receive abrasive slurry through
passages 50 from the pad carrier head 38 and tool changer 44, 46 that are
fed by one or more slurries applied lines 52 that may be within the spindle 42.
20 The spindle is rotatably mounted within a spindfe drive assembly 54 mounted
to a spindle fransport mechanism 56. The transport mechanism may be any
of a number of mechanical, electrical or pneumatic devices having a
controlfable reciprocating or orbital motion, or a rotating arm mechanism, that
are capable of moving the polishing pad to a plurality of discrete positions on
25 the wafer during a polishing operation.
The spindle drive assembly 54 is designed fo rotate the polishing
pad 36 on the polishing pad carrier head 38 and it is designed fo allow for
movement of the spindle to move the polishing pad towards or away from the
plane of the wafer W as well as apply a totally controlled polishing pressutre to
30 the wafer during CMP processing. it also alfows easy access to the pad
carrier and facilities assembly automatic replacement of the polishing pad. A
suitable spindle drive assembly, such as the one used in the TERES™ |



novenent of the spindle to nove the polishing pad towards or away fromthe
pl ane of the wafer Was well as apply a totally control lifq pgLi 8ting
pressure to 30 the wafer during CMP processing. It also allows easy access
to the WHUOVHEST i er and facilities assenbly autonatic re@CIOENRA104df t he
polishing pad. A suitable spindle drive assenbly, such as the one used i.nn
the TERES' "4 8 .JUL 2004 WD 01/54862 PCT/ (JSOLro1044 -6 polisher avail able
from Lam Research Corporation in Fremet, California, nay be used to
acconplish this task. The spindle transport mechanism 56 may be any of a
nunber of mechanical or electrical devices capable of transporting the
spi ndl e i n pelisheeavailable pmalam Resadrch Waiporativn é Rremaent Ealiforniapmialyi s 5
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adj acent to, the wafer carrier assenbly and ope‘zm te the pad carrier .
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"rotatable surfaces in othér enbodi nents.” Preferably, the pad dressing
assenbl y 16iragsing assemblcl® s degignedito provide intsituand ex-sitwtonditioniagier W

{ ng proc ' - [ area of the pad dressing assenbly
P@at Ieasfasrgig ag@ﬁg%ﬁﬁ%ﬁék'%ﬁﬁq ﬁéaé ‘i shing pad 36, 20 consisting of a

singl e or smal | dn omeldrmbbdintertdae.sizher therdotive stfaoé 58 tiaplad dr essi ng
assenbly 16,is .affi xed hg a. pad_dressing head 60 attached to a shaft 62
rotatabl y fiEPRIBEassEEDILIGIS Rrgferphlysiunstantigly the same@sithe srea af the t he
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dressing larger or smaller than the area of the polishing pad in other embodiments.
15 Additionally, the pad' dressing assembly may also consist of multiple rotatable
surfaces in other embodiments.
Preferably, the pad dressing assembly 16 has a surface 58 coptanar
with the surface of the wafer W being processed The size of the active area of
the pad dressing assembly is at least as great as that of the polishing pad 36,
20 consisting of a single or smaller multiple heads). The surface 58 of the pad
dressing assembly 16 is affixed to a pad dressing head 60 attached to a
shaft 62 rotatably mounted in a motor 64. In-order to assist in maintaining the
planarity of the pad dressing surface 58 with the wafer W, a plane adjustment
. mechanism 66 may be used to adjust the position of the pad dressing
25 assembly 16.
in one embodiment, the plane adjustment mechanism 66 may be a
mechanical device that may be loosened, adjusted to compensate for height
variations, and retightened, between CMP processing runs. In one alternative
embodiment, the plane adjustment mechanism may be an active
30 mechanically, or electrically driven device, such as a spring or pneumatic
cylinder, that continuously puts an upward pressure on the pad dressing
head 60 such that the pressure of the pad carrier assembly 14 against the



25 assenbly 16. In one enbodi nent, the plane adjustnent nechani sm 66 may be
a mechanical device that may be | oosened, adjusted to c@gengat280for

hei ght variations, and retightened, between CVP processing runs. In one

al t er nat Wieeo/stsdeodi nent, t he pl ane adj ust nent mechani sm neyr/@Soiofct i ve 30
mechanically, or electrically driven device, such as a spring or pneunatic
cylinder, that continuously puts an upward pressure on the pad dressing
head 60 such that the pressure of the g@d carrier assenbly 14 against the 1
8 JUL 2004 WD 01154862 PCT/ US01/01044 -7 pad dressing surface 58 maintains
a pad dressing surface in a coplanar relationship with the wafer W nounted

on the vaf erpPdrcbsingaafRebss maintdiRs aXRid BBSShG suffaR®™M aebplanar t hr ee poi nt
bal anci ng device, having three separately height adjustable shafts, may be

used to adj Uelatippshipivitfetherwaies V6 msumnter o iayaten caass asaambly 1helnaf er

carder head. ' | er. ressi ng head
60 may be JE@%PW&%@'?‘%@%FQ%%@@M %Qﬁwﬁﬁ‘]’%% @%@E}@gﬂgg by the shaft
32 al one. Res;e@arately ﬁ@glﬁlﬁéstéﬁlthaﬁey?aglbemmd_ ctbhraﬁjn.tc.;;egm plahefcﬁlﬂiéd ||0ad 10
ressing surfaces positioned on the ressin ad, are_shown. In
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such as deibgaripgdrunaybe seppersd by the slaft G2sloned cheni stry spray, are

di spersed acrosssthe. surf 5~The actiy rface of.the pad dressing
assenbly may ConB%ngrmgutg ﬁg%n 'Pd?’%‘éeg nﬂng%‘iﬁ\?r'gs gfﬁgﬁar@é ‘ga(gl anond
coated pl at Qir@ﬁs_id@?iéurf@éesf@dsiti@ﬁtﬁbﬁth@ﬁacﬁdl@éﬁhgﬂfﬁaﬁcﬁn@ﬁem.ain pi eces of
different materials. In other preferred enbodinents, the surface of the

pald dressi n§kedd. the Bad dersginasurtase:maybe sampleielyravsred with adixedar i ous
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servi ces. Ddjiamdney. dmattikiodes phurdlitp af orifices 72 for transporting a fluid, such
as deionized water, slurry or other desired chemistry spray, are dispersed
across the surface.
15 The active surface of the pad dressing assembly may consist of a
- single dressing feature, such as a diamond coated plate or pad, or may
+ consist of a combination of several pieces of different materials. In other
preferred embodiments, the surface of the pad dressing head is divided in
sections and includes a set of various standard sized pad conditioning

20 sections, such as a fixed abrasive unit, a brush and spray unit, sprayers and
other types of known pad dressing services. Depending on the desired pad
dressing performance, each section of the surface of the pad dressing head
may have independently controllable actuators that provide for rotational and
up/down motion, and a liquid supply port.

25 As shown in FIG. 5b, the pad dressing surface may have a fixed
abrasive 74 on one half of the surface, a clean pad 76 on the opposite half of
the surface, and an array of fluid dispensing orifices 78 positioned along the
clean pad section. The clean pad may be a poromeric material such as
Polytex available from Rodei Corporation. In another preferred embodiment,

30 the pad dressing surface may contain a strip of diamond grit 80, a nylon brush
82 positioned along another radius and a plurality of fluid orifices 84

perpendicular to the strip of nylon brush and diamond media as shown in FIG.



dressing performance, each section of the surface of the pad dressing head
may have independently controllable actuators that prOVigﬁﬂtﬂﬂ ropati onal
and up/down notion, and a liquid supply port. 25 As shown”inm FIG 5b, the
pad -dr ®¥¥dMy8&urf ace may have a fixed abrasive 74 on oR€ThiHol/0ni4t he
surface, a clean pad 76 on the opposite half of the surface, and an array
of fluid dispensing orifices 78 positioned along the clean pad section.
The cl ean pad may -be a poroneric mat<ial such as Polytex available from
Rodel Corporation. In another preferred enbodi nent, 30 the pad dressing
surface may contain a strip of dianond ﬁrit 80, a nylon brush 82
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configurations of abrasive material to abrade a nditiron the pad, a
~fluid to ripeseatfhd trerinsesihe/pmd, andlor chean pad eatetials mgy be ulitizéd.zed.
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between their respective surfaces. As provided above, the co-planarity may
be nanual | yCaagrassembly ard pad sagssing assemblydavinga sacplanaslaéipnsiind and
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pad dressi mgnditioned. Preferably, the surface of the pad dressl'?ng head is large
15 enough, and positioned close enough to the wafer carrier, such that the entire
polishing pad is conditioned after one complete rotation of the pad. In other
embodiments, muitiple pad dressing devices may be used to condition the
same or different portions of the pad. In these alternative pad dressing
embodiments, the surface of each pad dressing assembly may be arrayed
20 radially with respect to the wafer carrier head, or may be arrayed in any other
desired fashion.
In a preferred embodiment, each of the wafer carrier, pad carrier, and
pad dressing assemblies may be constructed having heads that are non-
gimbaled. In another embodiment, the pad carrier head may be a gimbaled
25 head, such as those commonly known in the industry, fo compensate for
minor inaccuracies in the afignment of the interacting wafer surface, polishing
pad and pad dressing surface. Also, the wafer carrier head and pad dressing
head are preferably oriented with their respective surfaces facing in an
upward direction, while the pad carrier head faces downward. An advantage
30 of this wafer up configuration is that it can assist in improved in-situ surface
inspection, end point detection and direct supply of liquids to the wafer
surface. In other embodiments, the wafer and pad dressing heads, and the



enbodi ments, the surface of each pad dressing assenbly nmay be arrayed 20
radially with respect to the wafer carrier head, or may h{ &cidy€d0én any
other desired fashion. In a preferred enbodinent each of the wafer
carrier, WhM/M¥#2ri er, and pad dressing assenblies nmay bePEHHSMUI044ed
havi ng heads that are non- ginbaled. In another enbodi nent, the pad carrier
head naybe a gi nbal ed 25 head, such as those comonl y knomn in the

i ndustry, to conpensate for F minor in8ccuracies in the alignment of the

i nteracting wafer surface, polishing pad and pad dressing surface. Al so,
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- process by position mformatuon from the spindle linear transport mechamsm 56 and
polishing time as maintained by the CPU and adjusted in process by
15 information from the end point detector 61. The CPU is preferably in
communication with each of the different components of the polisher.
With reference to the polisher 10 described in FIGS. 1-6 above,
operation of the polisher is described below. After a wafer is loaded onto the
 wafer carrier, the polishing pad is lowered by the spindie drive assembly such
20 that polishing pad overlaps only a portion of the surface of the wafer as shown
in FIG. 7. Although the polisher can be operated to completely cover the |
surface of the wafer with the pad, the pad is preferably only covering, and in
contact with, a portion of the wafer surface at any given time. Also, a portion
of the polishing pad that is not covering the wafer is preferably covering, and
25 in contact with, the surface of the pad dressing assembly. Thus, as one
portion of the polishing pad rotates and presses against a portion of the
rotating wafer, another portion of the polishing pad is rotating against the
rotafing surface of the pad dressing assembly fo clean and condition the
polishing pad on each rotation of the pad. Preferably the entire polishing pad
30 is utilized in this continuous process of polishing and pad— conditioning.
Preferably, the polisher 10 is capable of addressing regional variations
in uniformity on a wafer-by-wafer basis. This function is achieved by first



15 information fromthe end point detector 61. The CPU isegreferaz[w/ I n
comuni cation with each of the different conponents of th ﬁoﬂUbh .l* Wth
reference to the polisher 10 described in FIGS. 1-6 above, operation of

t he pol i¥R&54862descri bed bel ow. After a wafer is |oaded BETASOMOMal er
carrier, the polishing pad is | owered by the spind(edrive assenbly such .20
that polishing pad overlaps only a portion of the surface of the wafer as
shown in FIG 7. Athough the polishdf-can be operated to conpletely cover
the surface of the wafer with the pad, the pad is preferably only covering,
and in contqet\c.t ce at an iven tinme.
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15 the polisher memory for execution by the CPU.
Prior to, and after, polishing the wafer, the wafer lifting shafts 38 in the
wafer carrier assembly 12 are activated to lift the wafer from the wafer
receiving surface and transfer the wafer fo or from the wafer carrying robot.
Also, during the CMP process on a particular wafer, it is-preferred that the
20 wafer, polishing pad, and pad dressing surface all rotate in the same direction.
Other combinations of rotational directions are contemplated and rotational
speed of the individual assemblies may vary and be varied purposefully
during a particular polishing run. '
Once the polishing scheme is determined and stored, and the wafer is
25 properly mounted in the wafer carrier, polishing may progress according to the
predetermined polishing scheme. The pad, wafer and pad dressing surface
will all be rotated at a desired speed. Suitable rotational speeds for the pad,
wafer and pad dressing surface may be in the range of 0 — 700 revolutions
per minute (r.p.m.). Any combination of rotational speeds and rotational
30 speeds of greater than 700 r.p.m. are also contemplated. The finear fransport
mechanism for the spindle will position the edge of the pad at the first point
along the radius of the wafer and the spindle drive assembly will lower the pad



polishing pad) to cal cul ate the best polishing schene (e.g. Q?.l g&l?‘n ng pad
path, rotational speed of the wafer and pad, downforce apglae’ t lhe pad,

and tinme at each point on the polishing path) and store these instructions
in 15 t hWQBVH8eer nmenory for execution by the CPU. Pri or PCOUSemMlosd t er
polishing the wafer, the wafer lifting shafts 38 in the wafer carrier
assenbly 12 are activated to.lift the wafer fromthe wafer receiVing
surface and transfer the wafer to or f-Atmthe wafer carrying robot. Al so,
during the -CWP process on a particular wafer, it is -preferred that the 20
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moved to the next radial position. Additionally, while the polisher may move

the polishing pad from a first position, where the edge of the polishing pad
starts at the center of the wafer, to subsequent positions radially away from
the center in consecutive order until the wafer edge is reached, the profile of a
20 particular wafer may be best addressed by moving in other linear paths. For
example the first polish operation may start with the edge of the polishing pad
at a point in between the center and edge of the wafer and the polisher may
move the polishing pad to positions along the wafer radius toward the edge,
and finishing with a final polish with the edge of the pad at the center of the
25 -wafer.

During polishing, the polishing pad is preferably constantly in contact
with the surface of the pad dressing assembly. The pad dressing assembly
conditions the pad to provide a desired surface and cleans by-products
generatfed by the polishing process. The abrasive material on the surface of

30 the pad dressing assembly preferably activates the pad surface while
pressurized deionized water or other suitable chemical cleanser is sprayed
through the orifices in the surface and against the pad.
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carrier headdgxdndissrelgrsieps W@Wﬁ@tpgquarmh@rr%@a@d until the end
ec
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t he spi ndl e oscifisterbackamiforth imaahdial manmér about eattheindex posdionHte gssistshi ng
pad w th r P (sal%too Otratl#s?tié:nes te v e%l;l ptorl}gh \é\e’agfigrrls E}R tﬁlé Fafer.
15 in another embodiment, the linear spindle transport mechanism may
move in discrete steps, maintain the spindie in a fixed radial position after
each step and make use of a polishing pad that is offset from the center of
rotation of the polishing pad carrier {o provide an oscillating-type movement
between the pad and the wafer. As is apparent from the figures, the polishing
20 pad dressing not only maintains constant contact with the wafer, it also
maintains constant contact with the surface of the pad dressing assembly.
Each rotation of the polishing pad wilt bring it first across the wafer and then
into contact with various portions of the surface of the pad dressing assembly.
The polisher 10 may be configured to allow for the pad to completely
25 overlap the wafer, however the pad preferably indexes between various
partially overlapping positions with respect to the wafer to assist in avoiding
within wafer nonuniformity. Advantages of this configuration and process
include the ability to focus the removal rate at various annutar portions of the
wafer o provide greater polish control and avoid over polish problems often
30 associated with polishing an entire surface of a wafer simultaneously.
Further, the partial overlapping configuration permits continuous, in-situ pad

conditioning.



the polishing pad away fromthe center of the wafer and f S,.,on next
annul ar region of the wafer. Preferably, the pad and the 3g5e#ﬂﬁ&@@$aln
contact while the pad is withdrawn radially towards the edge of the wafer.
In a 10 WWQRPENMBEH enbodi nent, the spindle |inear transpor PCHESHENI0SM 56 may
sinply index in discrete steps novenent of the pad. In another preferred
enbodi nent, the spindle nechanism 56 may i ndex between positions and
oscillate back and forth in a radial md8ner about each index position to
assist in snooth transitions between polish regions on the wafer. 15 In
anot her enbodi ment, the linear spindle transport nmechani smmy nove in

di screte steps, rfblﬂlﬂuﬂhrﬁ singlespaddiessing assembbisrshona, ﬂﬂd&ﬁ'@lﬂﬁd after each
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Advant ages of this_configuration and process include the ability to focus
the renoval Rast dJalikesgvielalPrion A %’iStGHB’ﬁ-tW'Bﬁf?tB? pelighing\gad is slgnificattivie

gr ter polijshromd flo Ba€r BLRHhA ﬁédptﬂ 'e?]lﬁré% c‘aenﬁftﬂétp%ﬂs_}% qglat ed
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polishing an entire surfa er sinmultaneousl t he
part i al overpaipqﬂlailg utilinéd.gur ati on per m' ts continuous, in- SI tu pad

conditioning. , In o{hUeLr ezrrcl)gg'dlrvr\lgn%)]t('ng%% 1S erqﬂs %%111/ %1%%1% , r?laylf%e used
as a module 100 in a larger wafer processing system 110 as shown in FIG. 8.
In the system of FIG. 8, ‘mu!tipfe modules are linked in series 1o increase
15 wafer throughput. The wafer processing system 110 preferably is configured
to receive semiconductor wafers loaded in standard input cassettes 112 that
require planarization and polishing. A wafer transport robot 114, may be used
to transfer individual wafers from the cassettes to the first module 100 for
polishing. A second wafer transport robot may be used to transfer the wafer
20 to the next module upon completion of processing at the first module as
described with respect to the potisher 10 of FIG. 1. The system 110 may
have as many modules 100 as desired to address the particular polishing
needs of the wafers. For example, each module could be impiemented with
the same type of pad and slurry combination, or no slurry if fixed abrasive
25 techniques are used, and each wafer would be partially planarized at each
module such that the cumulative effect of the individual polishes would result
in a completely polished wafer after the wafer receives its final partial polish at
the fast module.
Alternatively, different pads or slurries could be used at each module.
30 As described above with respect to the polisher of FIG. 1, each polisher
module 100 may change polishing pad carriers through the use of a tool
changer. This additional fiexibility is attainable in the system of FIG. 8



15 20 25 30 Although a single pad dressing assenbly is Sh(ﬁ;\g, ’Lﬁ‘,é”zt(]iﬂ@' e pad
dressing assenblies may al so be inplenented. An advant age: "l present
polisher 10 is that in-situ pad conditioning may be perfornmed as well as
in-situ WOdS#2nt detection based on the fact that the WREEBAUSAHRLOPS! i shi ng
pad preferably do not conpletely overlap. Additionally, by starting the..
overlap of the pad and wafer at a point no greater than the radius of the
pol i shing pad, the polishing pad may-%¥e conpletely conditioned each
rotation. Furthernore, cost savings may be achieved by fully utilizing the

surface of jhe polishin adg. Unljke several prior art systens, where the
ol i ani ng. phEovd bk e Ban oot SEnSE N Sarberdleaf bR P RURIANEG, ¢ he
entire surfasenily dfeabl mdedlidth Bafich BetvRAirepadsrhlitonittichllg Stholifthat her

enbodi nent, the polisher 140 shown in FIGS. 1-7, may be used as a nodule

100 in a | anerd tagdiseande soe ssliiegsysieme Multicompartoent pad carder Bead | n t he

Chr oughput . St i fon o BBE 120 Bl isely B 122 B S o v o'
rebei ve senadjacshi@zoh medeiedo iperhitdificlenitcieiging ofpad cafiestbhds 112 t hat

require planarization and poljishing. A wafer transg_ort robot 114, may be
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if fixed abrasi've techniques are used, and each wafer would be partially
pl anari zed at eabfer ploaatizatione tha seeondhwafen fehaitlitBemay Peass tize Walley on

01l gl RSSO [ 14118 OIS Bl bylfig ¢ gtBl Bl o7 Lhe

modules may be rotary buffers, double sided scrubbers, or other desired post

CMP devices. A third wafer robot 126 removes each wafer from the post
15 CMP modules and places them in the output casseties when polishing and
cleaning is complete.
it is intended that the foregoing detailed description be regarded as
illustrative rather than limiting, and that it be understood that the following
claims, including all equivalents, are infended to define the scope of this
20 invention.



Alternatively, different pads or slurries could be used at ?a Jogghe.  As
descri bed above with respect to the polisher of FIG 1, eac go“{ I Sher
nodul e 100 nay change polishing pad carriers through the use of a tool
changer. This additional flexibility is attainable in the systemof FIG 8
2 8 JUL 2004 WD 01/54862 PCT/USO /01044 -14 5 10 15 20 through the use of a
pad robot 118 that nmay cooperate with tlBe spindle drive assenmbly of each
nodul e to s _between pads automatically without the need to disnmantle
t he entire(‘éwsfiI m Milti-conpartnment pad carrier head storage bins for
fresh pads 120 and us@demhdsddbﬂﬂwﬁgrdwsmsyﬁtémmdwpriaﬂgacent each nodule to

permt efficient cha ag r|er ttac n pads with
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a rotatable pad dressing assembly having a surface comprising a
polishing pad conditioning material, the surface of the polishing pad dressing assembly
positioned substantially coplanar with the surface of the semiconductor wafer on the

15 wafer carrier, wherein the rotatable pad dressing assembly rotates and contacts a first
portion of the polishing pad, while a second portion of the pad polishes the
semiconductor wafer; and

a pad robot positioned adjacent at least one of the plurality of wafer
polishing modules, the pad robot configured to change a pad carrier head of the

20  rotatable polishing pad carrier of the wafer polishing module with a replacement pad
carrier head stored in a pad carrier head storage compartment adjacent the wafer
polishing module.

2. The wafer polisher system of claim 1, wherein the rotatable polishing
25 pad carrier comprises a linear index mechanism configured to move the polishing pad

in a linear, radial direction with respect to the semiconductor wafer.

3. The wafer polisher system of claim 2, wherein the polishing pad carrier
head is removably attached to a spindle.
30
4, The wafer polisher system of claim 3, wherein the polishing pad carrier
further comprises a spindle drive assembly connected with the index mechanism and

the spindle, the spindle drive assembly configured to rotate the spindle and move the



.2 8 JUL 2004 15 CLAIMS: 1. A sem conductor wafer polisher gsystem
conprising: a plurality of wafer polisher nodul es, each of ﬂié=$%kéﬂma
pol i sher nodules conprising: 5 a rotatable wafer carrier having a wafer
receiving surface for releasably retaining a sem conductor wafer; a
rotatabl e polishing pad carrier having a polishing pad oriented
substantially parallel to the wafer rec¥iving surface and configured to

novably position the polishin ad at a_plurality of partially overl apping
oo 11 e Rel PRt St e e R wRR et or vt er. herein T he. pol | ohi g
pad contacts and rotates against a portion of a surface of the

sem conduct or er; rot.at abl e pad dr i.Ng, assenb havi ng .a surface
comroing o  paki shi g TR RO R ROSR e ST, AR ik vl Eehifed ! e

pol i shi ng parfack efsthe ngaiablevdfeycanpersiotripoisesia plubsitaoftiiual drificefolr esvaiving t h t he
surface_of the.sem condugt or waf.er fgn tr@ 15 waf er. cay rﬁgr wherein the

rot at abPe FR4 %PYESTYY 20 8BTSV P L MIRREN Dsieued dyelor Wale oo ti on of

t he pol i shirelgagesdy attduhbible d0 #eoatdr rgoeivingsuddce he pad pol i shes the

sem conductor wafer; and a pad robot positioned adjacent at |east one of
the plurality of wafer polishing nodules, the pad robot configured to
change a pad carg.i er Theaghfof pdlibkerZysteot eftcidimhet, pbkreirhihedndexdnedianisarisof t he

waf er poliship ule w,th r.epl acenment d, carrier head stored i.n a pad
Car e or heddneePa B ik oo nf SRRl paRtEl SiechPlfe R fidtasth !
The wafier pbé sefere of fist wafeofindthaipand Hressirey stirface fremraofiratt adsitien pdlerssthieng 25
pad carrier r.s a linear index nechani smconfigured to ve the

ol i shi ng PRI baf fada prebfil poblBRG! MEERARER Giter i e shfeds ahe Safer

sem conducttidin with the. pad. drddsingafriace b setd ogibe whefe & heater portischefei n t he
pol i shing pa hcarricgr hntaadcis r mva{f@% attached tto ﬁ S i.ndl & 30 14'r The
waf er pol i FPEFTY RILIHRSPTIRNGT Yes MR APRsoe &UTeei e g Eﬁ%cec%r'?? gper-
further conprises a spindle drive assenbly connected with the index
rrechan|1%m and 7. The wafer polisher system of claim 1, wherein the rotatable wafer
carrier comprises a support positioned to maintain the semiconductor wafer in fixed
planar position, wherein the rotatable wafer carrier does not flex in response to

receiving a polishing pressure from the polishing pad carrier.

20 8. The wafer polisher system of claim 7, wherein the support comprises a
circular bearing.

8. The wafer polisher system of claim 1, wherein at least one
polisher module comprises a polishing pad constructed of a fixed abrasive

25 material.

10. The wafer polisher system of claim 1, wherein a first of the plurality of
polisher modules comprises a polishing pad configured for use with an abrasive slurry
and a second of the plurality of polisher modules comprises a polishing pad

30 constructed of a fixed abrasive material, whereby the first and second polisher modules

have different pad types.



the spindle, the spindle drive assenbly configured to rot ati Lﬂﬁ Sﬁw,dl e
and nove the "28 JUL 200k 16 polishing pad against the sem Bndile t waf er .
5. The wafer polisher systemof claiml1l, wherein the wafer receiving
surface of the rotatable wafer carrier conprises a plurality of fluid
orifices for receiving 5 one of a vacuum and a pressurized fluid, wherein
the sem conductor wafer is releasably 1zIttac.habI e to the wafer receiving
mechant sm s oot gul EantsP BAFREHERSEbt St et Hep st prl o

parti al | y ooediliappd maigpiasofithe psd dicshing @ssdrably eomptsesaf plutadtywd jledapaned t he
pad dressi f r ' |t e f I_Shi as a
G cater portiatelsPofng: S b e hieRaRerligs tNEioR biEenPBplelal hatBto?
with the pad dressing surface to a second position where a greater portion
ur f aceCof the v er. TG bioP REEnG Rsdn Gy £Bfh £ R RSHABEBR™" | P

t he r ot at alyolishirg pad caraditionig aseerpbly Swthea comppeastat fessi onefidd transposl nt ai n t he
sem conduct Q. 2r ] | i1 : ' e. [:of. e waf er
carrier do@gﬁlﬁ%ﬁéﬁogfaité\{réi Sg%s@ﬂ‘?é9£$%€e¢°3.9‘?{8&’§%%‘19?’£ﬁf}’n%‘;"%'ﬁ"eé?glﬁ"e from
the polishing pad carrier. 20 8 The wafer polisher systemof claim7,
wherein the suppart CARLLEPSoRNCL/sR B clfifd itbreif neTBBarker POl i sher
system of claimI, wherern at |'east’ one poliSher rmopuﬁ e conprises a

pol i shiig puechaoisstis wpembledd oaciflate ¢k pdlisbing pad caBienetalinieal fashidn aThachwaf er
pol i sher sy ol al m.: L J.rst of the plurality of polisher
nodul es cor?%?ﬁ%giaggﬁgkﬁléﬁlyn%%gé 'c%ﬁ?%%%r%éd for use with an abrasive
slurry and a second of the plurality of polisher nodul es conprises a
pol i shi ng pad 3Q ,con ' .asi ' yg%r he
first and secongmpol ii%%@gﬁ%ggg‘)ﬁﬁ@m%'ﬁ‘ e{rﬁjﬁtthgggogﬁér@p”gs. 58%%5[1 2004
17 11. Theowaiunicatioh withére salishiogpef cetrier,ranlin-sith end point dedeqiot pasitiongd pad
condi ti.gni ngBHAG A sHicbifichA haflr3ha 4 oA SR AN TR ARRs forthdir al Tty of

j uxt aposed
processor, wherein the processor is operative to instruct the polishing pad carrier to

linearly index based on information from the in-situ end point detector.

15. The wafer polisher system of claim 1, wherein the rotatabie wafer
20  carrier comprises a plurality of wafer lifting shafts movably positionable between a first
position, where the wafer lifting shafts are recessed in the wafer carrier, and a second
position, where the wafer lifting shafts extend a distance away from the wafer receiving

surface of the rotatable wafer carrier.

25 16. A method of providing controlled regional polishing of a
semiconductor wafer on a polisher module in a wafer polishing system having a
plurality of wafer polishers, the method comprising:

loading a semiconductor wafer on a wafer receiving surface of a

rotatable wafer carrier and rotating the semiconductor wafer; and

30 moving a polishing pad mounted on a rotating polishing pad carrier
against the rotating semiconductor wafer and in a direction parallel to a surface of the
semiconductor in a partially overlapping manner, wherein only a portion of the surface

of the semiconductor wafer is in contact with the polishing pad; and



material sections, each of the material sections having a different

material conposition. 5 12. The wafer polisher system of cl&$rdit, 2fér ei n
the surface of the polishing pad conditioning assenbly further conprises

at least one fluid transport orifice positioned to transport a fluid

agai nst a polishing surface of the polishing pad. 13. The wafer polisher
system of claim6, wherein the linear it¥dex 10 mechanismis operable to
oscillate the polishi rrier in a |.inear fashiagn at each,. of the
plurality of partial |€&8€1§€qajg[5%p@clrb%@faﬁo ﬂgr_tg H .Cafﬂ%rq‘ﬁéggﬁ}?oqqhgm@g system
of clai m 1 fadrdalréar usingpr pasl mbotgpopitionexsimdhe ivafer polishing syatelgwvharddy 4 he

polishing p rri.er in-si.tu .end int detector positioned 15 adj acent
to the seni‘@%er{ ucﬂogglg%sé;drlsgbﬁ%w%edr}g%‘?5‘95@%@?%@%9 instructions for the
processor, wherein the processor is operative to instruct the polishing pad
carrier sto 1lin ly {nd S ond nformation.from.the in-si.tu end point
ot ectof 15, THZ-war L¥ GRro8RE B, B Bandbind Aouhd e thiEhhs ot at ol o
waf er 20 cgraditen seoont patalyapvptiapping positimh withf respddt id hagughaf t s novabl y

posi ti onabl e [ iti.on r he. wafer |ifting shafts are
recessed i no(?tﬂﬁeeéeﬁgé}ﬁgéf E“’%Iéerr', Q@élrakéﬁ%g%l\@ﬁﬁ'gepﬁgﬁ P}Ac%ﬂﬁnwgre t he waf er
l'ifting shaontckwitletid semicaacdoewaisawhile thefaldds mabed. recei ving surface of
the rotatable wafer carrier. 25 16. A nmethod of providing controlled

regi onal polishing of a sem conductor wafer on a polisher nodule in a

waf er pél i shi ng 18yst efhéhmethod ofclaiph18; &lrthey carhpriwidgemoping theylishing he et hod
conpri sing:._ l.oadi .sem,conduct o fe n_a wafer receiving surface of a
ot ot abl o uEr AP B A RN RGP s Bhe SRt tiat or - and 30 movi ng
a pol i shi ngvpdappimgupdsitbnovitharespechta thg spddcesdtiting sqraidowductdrevaferagai nst t he

he som conmierape paenieBe 1 conof soffekl A RS Gnghdofai YRl

portion of thag@adigdaesd. of the sem conductor wafer is in contact with the
pol i shi1gg pad; and .2.8 JUL 2004 18 automatically replacing the polishing
pad carrier head of the polishing pad carrier using a pad robot positioned
in the wafer poli9shi nghsysthedof vlaegn 8 )iudherdiohfpeisiagtrotpting spadg pad i s

provi ded t SQ‘{ : ule. 5 The. net hod..of. clai m 16, further
conpri si ng%rrr‘lg)é\}'lﬁ]r% Hﬁéggé?'@% [ngogtton of]tﬁe palishing pa}a whileé the polishing
pad is in contact with a portion of the surface of the semiconductor wafer,
whereby the polishing pad is continuously reactivated by conditioning and

20  cleaning during each rotation.

20, The method of claim18, wherein the polishing pad is oscillated over a

predetermined path about each of the first and second partially overlapping positions.

25 21. The method of claim 16, wherein automatically replacing the polishing
pad carrier head comprises the pad robot cooperating with a tool changer to remove a
first polishing pad carrier head with a used polishing pad and attach a second polishing

pad carrier head with a new polishing pad.

30 22. The method of claim 16, wherein automatically replacing the polishing
pad carrier head comprises the pad robot removing the polishing pad carrier head from
the polisher module and placing the removed polishing pad carrier head in a pad carrier
head storage container, removing a different polishing pad carrier head from the pad



pad to a second partially overlapping position with respect égHihﬁwﬁgrface
of the sem conductor wafer, wherein the polishing pad is ik H S

contact with the sem conductor wafer while the pad is noved. 10 18. The
met hod of claim 16, further conprising noving the polishing pad along a
radi us of the sem conductor wafer to a second partially overlapping
position with respect to the surface of!® he seniconductor wafer, wherein

t he pol i shing. LSt 0 . C i ] Xy t er
w16t he TSl Qi UR SRR RE I bidieh R RBRb PR TR bedBie s ng
rotating a thagolisheeswiulg. surf ace agai nst a portion of the polishing pad
while the polishing pad is in contact wwth a portion of the surface of the
sem conductor wafer, whereby the polishing pad is continuously reactivated
by conditioning and 20 cleaning during each rotation. 20. The nethod of
clain 85 wherein the polishing pad is oscillated over a predeternined path
about . each of the first and second partially overlapping positions. 25 21.
The net hod of claim 16, wherein automatically replacing the polishing pad
carrier head conprises the pad robot cooperating with a tool changer to
renove a first polishing pad carrier head with a used polishing pad and
attach a second polishing pad carrier head with a new polishing pad. 30
22. The nmethod of claim 16, wherein autonmatically replacing the polishing
pad carrier head conprises the pad robot renoving the polishing pad carrier
head from the polisher nodul e and placing the renoved polishing pad
carrier head in a pad carrier head storage container, renoving a different
polishing pad carrier head fromthe pad .2 8 JUL 2004 19 carrier head
storage container and delivering the different polishing pad carrier head
to the polisher nodule. 5



