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FIELD OF THE INVENTION

The present invention relates to planarization of semiconductor wafers
5 using a chemical mechanical planarization technique. More particularly, the
present invention relates to an improved system and method for planarizing
semiconductor wafers in a controlled manner over a variable geometry
contact area.

BACKGROUND

10 Semiconductor wafers are typically fabricated with multiple copies of a
desired integrated circuit design that will later be separated and made info
individual chips. A comman technique for forming the circuitry on a

' semiconductor wafer is photolithography. Part of photolithography process

requires that a special camera focus 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



before the expiration of the tinme limt for anending the pin of eaéﬁ0
regul ar issue of the PCT Gazette, clains,and to be republi sh il Lt lévent
of receipt of anmendnments 0 2 8 , J UL 2004 WO 01/54862 -1 PCTIUSO /01044
SYSTEM AND METHOD FOR CONTROLLED POLI SHI NG AND PLANARI ZATI ON OF

SEM CONDUCTOR WAFERS FI ELD OF THE | NVENTI ON The present invention relates
to pl anari zat4rigse & be plsne@Eedubichemigat eelishing 2ppRt of sk FERIRINREChani cal

pl anari zati Orﬂlch%bFéHn%é%ndM&Ffﬁcé)ﬁ]bBifﬁﬁﬂ Sedn¥icald ReappREERARE pbuﬁs\ﬁﬁr@t;safmor el ates
to an inproved s¥stem and nethod for planarizing sem conductor wafers in a

control | ed rRelsRihegyaler-d h@ét‘qu%fm%jekjéftﬁ?e‘tr?ﬁﬁeéélﬂﬁ Weler agaiast tnerolgingo 25 30

BACKGROUND  #ighing pdd ah@¥s M?Jté‘d fo pHlih Iab{dl)bl‘éﬁérhjé tﬁéWafé?aé&ﬁe wdikpRUuldiep! e
copies of a desired integrated circuit desi | at er be separated

and made 5i ntRPlshergiuse QLRIR! BAligH or A ligerfhsH r@'géhtﬁ?ﬁ 6é°tlaﬂrl‘9 sfase i CeRe

Circuitry Onha pofhingodtd UEAIPIsRESY, tHeSsupiaeé of inehRSErAPBNen Ethiietly
photolithography process requires that a special canmera focus on the wafer

to project aFPVEIRERY: 8hd infontadt Wit the galishig Rﬁé‘ftels’m“ﬂﬁ'ﬁe%flﬁlﬂ palish&te t he camera

to focus on gdige §Mféc@c©n@firévhﬁck\6ﬁg&fshlh§ 19 &iie QQ’(&fe%ﬂhMta%feB@ﬁﬁ gadndy
i nconsi stencj es or unevenness in t fer surface. This sensitivity is

accent uat ed WP VAIRYSCIEYitS @hthegyaior ey if thenwaferbegingdhe GMRyATOFEst egr at ed

circuit fgesi cwﬂﬁhm@?na@éaumeeérm@spgﬁéé RitRe ommmbé@r Thisinesy tvd 4l n a
particular die between a plurality of dies on fer. Because

seni conduct o t'&ﬁ" i:hggqqnt Reswat '@??”é‘lsé’e%ﬂ%?ﬁrﬂ”ypaétér?imed@f@boﬁ the deRgi¥ 08, wher e
a portion ofmatefibk®nid cdrairf pRBGRES tA8 wafdrl SiffulthoRis pRshitPEdRE bhite Vi as

connect it to a portion of the circuit on the next |ayer, each |ayer can
add surface will often clear some spots of the wafer faster than ot ers because of this
differential, uneven rate of clearing and may result in overpolishing of certain areas
15 of the wafer. Various material processes used in formation of wafers provide
specific challenges to providing a uniform CMP polish 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
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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;
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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.



BRI EF DESCRI PTI ON OF THE DRAWNGS 30 FIG 1 is a side cut-away view of a
sem conduct or wafer polishing system according to a prefi@rg dti LeABoHI ment ;
FIG 2 ifva tog pl an view of a wafer carrier assenbly suitable for use in
the syst¥MBM® G 1, 35 FIG 3 is a sectional view t akeBCEUSHHOI0#he 3- 3
of FIG 2; 18 JUL 2004 WD 01/54862 PCT/USO /01044 -3 5 10 FIG 4 is an
expl oded sectional view of a polishing pad carrier assenbly and too]
changer suitable for use in the systemftof FIG 1; . FIGS. 5A-5D illustrate
top plan views -of different enbodinments of a surface of a pad dressing

assenbly suitable for use in the systemof FIG 1; FIG 6 is a block
di agram i | | ust r at hagvaferead2dehthevatas carigrassembbe 2 inkirthesr opr ocessor
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plan view illTustrating the novenment of the conponents of the system of
FIG | ; anwaRr@ecsiving ragidinaifl tamrédeiving aand mgintaininges semicomsisciog wafet em

I ncorporatin t he waf.er palisher,.of G. i, DETALLED | PTI ON OF THE
PRESENTLY. PREE AR BOSKRREBTERPESES., Sheavafer RFAINEAE S0 RAeRe o he

dr gwbacks otedeiSeldaréd adkhoWh ¥ FIGLSS ofAtiebe an a8 eenteféd abile dehitél ic! osed
bel ow t hat can provide inproved polishing gerformance and flexibility, as

wel | as avoldatareof the walnr hgadR28. L efia anmber phigravn methods ki ng
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pol i sher 10pigesbingahaybeimplentdrifed.lin Aipeeiea'edfambedinikt, theavafdes a waf er
carTl e ass Eving area 36 of the haad 50 fekudes 4 plurality of ir pagsages 32 for
10 providing a flow of air, or receiving a vacuum, useful in méintaining or
releasing the wafer from the wafer head 20. A porous ceramic or metal
matérial may also be used to allow for a vacuum to be applied to a wafer.
Other methods of maintaining the wafer against the wafer carrier, for example
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



dressing assenbly 16. Preferably, the wafer carrier assenbly 12 pad
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maintain a rigid planar surface that will not flex or bend when polishing
pressure is received fromthe pad carrier assenbly 14. Preferably, a
circular bearing 26, or other type of gsupport, is positioned between the
waf er head 20 and an upper surface 28 of the frane 18 along a
circunference of the wafer head 20 in order to provide additional support
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be used. One or nore wafer lifting shaft's 34 are nmovably positioned
bet ween a recessélelpadaarier heachdhis preferabbratiasheddaa spipdieid?itbrought endi ng
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waf er |17t pafdhlads =it #yassociated 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™ |
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abrasive slurry, such as the IC 1000-¢ad avail abl e 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.
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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



are capabl e of noving the polishing -pad to a plurality of discrete
positions on 25 the wafer during a polishing operation. 2TheJgpi20@8ke drive
assenbly 54 is designed to rotate the polishing pad 36 on the polishing
pad carriwoomResk 38 and it is designed to allow for novesepusaioibdye
spindle to nove the polishing pad towards or away fromthe plane of the
wafer Was well as apply a totally controlled polishing pressure to 30 the
waf er during CMP processing. It also quows easy access to the pad «carrier
and facilities assenbly automatic repl acenent of the polishing pad. A

sui tabl e spindle drive assenbly, such as the one used in the TERES "4 8
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required, in i near directiaon out _a position aJ on radi_us of e
tathr W A B ATERSRgiSo8s A IhG iale aradianh JASBEN fhoHaleTRREReNt € o
the wafer c ' I Qed}g | t | y 14. The
pad dressi %S%gg@é%?’?ﬁ?ﬁ S ggﬁgﬁ@g&? (()J rg?%@?%éjﬁﬁﬁﬁgﬁb ﬁ%ﬁ@:ﬂg{ situ

condi ti oni ndpeatiogatdnay bastuppordéd bytheshalt6? alpnead 36. I n one enbodi ment,
the size of the tive sur 8~0f th dr essi ssenbly 16 is
preferably subst fﬁ%ﬂgﬂ%}%é{@%é&%g@h@ %Pag%dlg?"f%%fnﬁﬁ%r{ﬁ% pad. The
active surf aikesdiig biFadesIpesiiGIddIen GrspatPiiestiy HdatiBd4re dHvEE! [mor snal | er
than the area of the polishing pad in other enbodi ments. 15 Additionally,

t D pad dr eddBnghathachan dressingswincednay be complaielyigaveradowith afixed sur f aces

In other e | : felr |

surface 58 n%%g?ﬁ@ab%d\}mg? ﬁ St%ﬁgqgﬁar[?@g% ' g% %éga/a%ng%ﬁﬁg%d%%c%s%g The
si ze of the Riatonexailraddiiont heluyrality df esficasy 2fos tnahbyoriing @t flidasichas gr eat
as thatof the poli.shin ad 36, 20 consisting of a single or smaller

mul tiple heddSCORRRd &%ﬁ?&é@@sﬂﬂ@%@%ﬁ&ﬂ chgmiste %a&s%férfﬁmﬁfﬁ%di s affixed
to a pad dr egfdddhbBeadise8. attached to a shaft 62 rotatably nounted in a
motor 64. In order to assist in maintaining the planarity of the pad
dri&ssi ng sur f ace The aglive surecasf die pad drasstagassambiy mesitcongistabai sm 66 may

be used t0 S HrddiindR3ireCBudl ad B%idAGn S EESEH Phte 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.



25 assenbly 16. In one enbodi nent, the plane adjustnent nechani sm 66 may be
a mechani cal device that may be | oosened, adjusted to cenpengangoior

hei ght variations, and retightened, between CW processggg ruhs. In one

al t er naWQ@1/5486%bodi nent, t he pl ane adjustnent nechani sm raf/uselamn4acti 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 the8ad 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 copl anar reIationshiP with the wafer W nounted

on the waf 9C.canpiher pa%fgaﬁdlemticziiment isyillusteated ireFlGrifddawvherain adixedr ee poi nt

used o o) Tersth gUBaAEe BB i ResB6RRY BhRobolfls WorPHl ARGt R o *°
carder heada plasality bffluid @rifieé=88 aadrd elean padddane dakh positipaet dhessi ng head

60 may be supported by a circu]ar  bearing or y he supported by the shaft
62 al one. F@g Glivepnepfithessemaining wq.gua rsé?fﬁggﬁH&ﬁ?%s-oR“ﬁPéﬁerred pad
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FI G 5A, ressing surface may be conpletely covere V\[/i§t a fixed
abr asi ve nepiida ailiicstoctinsssthel pad, aad/ar eldan pad nditeriala dnayw be Iuilized.f r om 3M and

- Di anmonex. | ddition,. a.plurali of .orifices 72 for transporting a fluid,
suoh as. adsfidnl e i fred BBl WiEFbe Rstst Ty spray. are
di spersed acr oshel fiflishef 136eFIGS. 1595 peéfersbly eohfiqfreaiwitinthedRBrr €ssi ng
assenbly may consi st of a san | e dreSS|ng feature, such as a di anond
pa d%ﬁﬁ

coat ed pl at@rigr gsgembly ang, ing asserblydiayingaicerplanaswlaienship eces of
4 ferent ' : r ery, .lﬂﬁ{%t f the

g‘la% dr essi ng ééa@h%s" 'ngg B?%dé% sfunrf%{ Cge'c |S§%§ﬁ?r%§d% nc Ug‘&&’;—?}ée rrctr\? ri ous

standard siteEamiapaahcadjdsted @niself-afjustiagt iAlss, the ekl dressinhi heed add asi ve uni t,

cervi cos. DB GTHEY bed A BiElrbl pRaiionsiia HRES e trnEEEl Bhch secti on
g](c)nt Pgl fgﬁr%ﬁg@ﬁi‘g gfést mﬁﬁ@gﬁ%ﬂ%@%ﬂ@ﬁ?%ﬁd @%géﬁug@gg% noti on, and
a |iquid sepdifioped: Preferatly dhewarinae pf the pad dréssinghldeadisleggag surface nay
haye a fi XeéhoUgh, 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



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 orificef ¥gUho2084oned

al ong the clean pad section. The clean pad may -be a poroneric materi al
such as WS avail abl e from Rodel Corporation. |n anoRPGBUS@VEder r ed
enbodi ment, 30 the pad dressing surface may contain a strip of dianmond grit
80, a nylon brush 82 positioned along another radius and a plurality of
fluid orifices 84 perpendicular to th®& strip of nylon brush and di anond
media as shown in FIG ,.1 ,IL 2004 WD 01/54862 PCT/ USOL/ 01044 -8 5C.

Anot her preferred enbodinent is illustrated in Fl 5D, erei fixed
Abrastve subBPaNEa PAE SREI et BRYPE G HEE sefaley i prind oo g ace
while a plgiah b Wirtidal Plahe0 bF Bréf eofBIoN ravérisedi.eagolshiag pagach
_positioned on a respective one of the remaining two quartersS of the
surfaces. Afgcirg up apdiwafseand pad gressing surfanesfasingdews) depensting pal to

abrade and | L) . fluid to rinse the pad, and/or clean pad
materi al s n%@g%eéﬁ(?ﬂ}slr@%gﬁ%ﬁaaﬁ?'ﬁ hally, any suitable fixed abrasive or
fl@ d may be usefs sRoanfalFishe)thebhalibhéd Ebis dorfirdllabler 9 amaibloprecadisbgur ed

with the wafer carrier assenbly and pad dressing assenbly having a
co- pl anar ré&gw Badiasgd %"ﬂ@%‘iﬁ}é@ﬁ storeddn F“ﬁﬁ@'ﬁﬁ“i‘m@%w .67Asﬁ]§*r ovi ded

above, the ﬁ‘ﬂ'ﬁ : RitRh | wadi 4ng. Al so,
the pad dr efsi{sélﬁﬁg eagltagrﬂ?y{/'\%%efr%car r'?%%%@@ﬁ%%f%ﬁ%@g %)ﬁ%fgg@tioned as
cl ose t oget behemesliitwtiaye asterpd ot chlcatated b atusenbased omarcombination bf

i shi d jal " will ditioned, bly..th f f th
bad dr casi ngPRERI AL aistoredS bRGRONEA SR ARy LR R on T o Che

wafger car ri gpmpdHEhtstdTde pbEsHRA! These patdnidlefdnid indudeoriafidrenegead t er one
conplete rotation of the pad. In other enbodinents, nultiple pad dressing

devi ces may obBiecastiet keadsier theoppd. meafesang Pad dipsgiey 6aMPISLHISons of t he

d. In th e i ng: ' f h
oe dr essi nEoSRRM S dh fEASAL BinASHA HESLMeI OF bl 68 O CUCT,
carri er heagpsiton irdgrobatiar frapdbe spindle/liretdréransgedimechdrdsthis@nantdn a

f d embpdi.mept h, of. t f ' d ' d d
i esei ng. as BOMRING iecss weinaned By dfe BRI 8hf aSiatid i S2icess bvnon- of mbal ed.
| psanot her m%tmomtth@eaa@oﬁﬁg@t&toﬁ@ﬁﬁﬁemM@s teToRIRein25 head, such

as those comonly known in the industry, to conpensate for °F
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



m nor inaccuracies in the alignment of the interacting wafer surf ,
polishing pad and pad dressing surface. Al so, the wafer cafr ik ﬂ@ﬁh and
pad dressing head are preferably oriented with their respective surfaces
facing Wﬁ0§25“ﬁ§mard direction, while the pad carrier heaBCT/ES&LIMMNWAr d.
An advantage 30 of this wafer up configuration is that it can assist in .,

I nproved in-situ surface inspection, end point detection and direct supply
of liquids to the wafer surface. In dfher embodiments, the wafer and pad
dressing heads, and the '2 8 JUL 2004 WD 01/54862 PCT/1USO /01044 -9
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depending on - space and installation constraints. shown 1 n G 6. the
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vt h each afitt the Jgeﬁmﬁ@%em%gﬁagérggé of fiee Eﬁlﬁérﬁr‘i‘@{)ad (16F ]geiaaﬁnﬁfe?frﬁéﬂce to

t he polisher 10 described in FI above,  operation of t-he polisher is

descri bed HeéasMredpolishipg fpgpansestivesious peints alang tharadiusaf ther . t he

pol i shi ng i:S | | ' . hat

Dol i ahi ng RRiefia IHTIS Ealpllel i b BeLhingSARRRIES  PUInGlRY “2s shown
in FIG 7. path,rotajienahspesnl ofstherwafenahé padedewafbrte appligd ®ithbypadover the
surface of the wafer with the pad, .the pad .is preferably aonly covering, and
in cont actanaﬁm? aﬁ?ﬁgﬁ PPB‘%OBftﬁ? IP@"_%@FQPG&)@EE@%E these "@ﬁtﬂﬁf’f‘? He. Also, a
AG tion  Ofthé Belistirimémpey RreéxEbafior By S cperering the wafer is preferably
covering, and 25 in contact wth, the surface of the pad dressing assenbly.

Thus, as one pd&hiarés astd aftes, polishing the waterr treawvater lifiegmhedis 88 indle nst a

portion of & 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



rotating wafer, another portion of the polishing pad is rgtgat Hgg @%gl nst
the rotating surface of the pad.dressing assenbly to cle a{ g ition

the polishing pad on each rotation of the pad. Preferably the entire

pol i shi nWQ8P4862 i s utilized in this continuous process -BETMSHI/mbisng and
pad conditioning. Preferably, the polisher 10 is capable of addressing _
regional variations in uniformty on a wafer-by-wafer basis. This function
is achieved by first .2 g i UL 2004 WO-01/ 54862 PCTI US01/ 01044 10 obt ai ni ng
profile informati on on each wafer and cal culating a polishing strategy for
t he polisher tiﬁtladdress the particular _non-uniformties of each_ wafer. The
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poi nt probe tﬁ%?fﬁfésﬁégﬂHsé@SP&&ﬁH‘5)§Y$tﬁahw %hE@Wft a%pn&pgﬁ,@ﬁ&q&qrﬁ he edge
to 5 det er m ABIGIDffdvindP6O BF MR trahbAMEREOR0E! hGfes BY, BRvHHREated.
conjunction 10 with the previously neasured properties of the polishing pad

(for exanpl &vithithe Ciide previde in-sitthinfgrmationnrs theaolishingdqregiess ferthel ong t he

bol i shi ng paaocbRdidhbPhedterRy iR firdd Gl poudtihg Bl GeitE e = O
applied to tAny ofadnumbsdof knmviabudachinspectionemd érd point dsicttopat h) and

store these instructions in 15 the i sher mory for, execution by the'
CPU. Prior fﬁeﬂﬁaﬂ%f%t@ﬁ aceysiiG ﬁri“?fgﬁ)ﬁﬁh%tc\)/é‘f‘%\fn,gete lo¥ade While & ng shafts 38
[ he- waf | i : ' + 1 om t he
worer rece?ﬁ%?ééﬂrﬁ%g??ﬁéﬁ@b%éﬁféﬁ%%@a?ﬁ% el 1 Bath banfidal HEF, the
carryi ng rotsignal franmssyifate inspedtion toa\map bewsed fonpeeciseradjesthent obfher, it is

-preferred t fer.. polishin ad... and pad dressing surface all
rotate in th@%s%%ﬁﬂggﬁoﬁﬁhmgéaﬁé e@%ﬁ@?%’?f‘pns_ of r ot ati onal _di rections
are cont enpl at ed Aftesl poligtihd enadirst Faen obfhetvagfet,tHE Vihéaehdes sRyhbhigtn My
vary and be varied purposefully during a particular polishing _run. Once

the pol i shi fgP¥sEHBRPAishipgmadfpile nexbipasitigneand Rakishesdnaldreaion; sTheps
T any S ekl AR oAl 08 DR A RgRAGET g o 1
surface wi Inhovald toltbe nexbtastinl poskiode Additbreafip aahilcSihict pdfisher magnomal speeds
for the pad 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.



waf er and pad dressing surface may be in the range of O - gogu[‘e g:{] ution$
per minute (r.p.m). Any conbination of rotational speeds atlonal 30
speeds of greater than 700 r.p.m are also contenplated. The |inear
transpor WO BH¢¥ani sm for the spindle will position the edB€T&S0M@4pad at
the first point along the radius of the wafer and the spindle drive )
assenbly WIIl |ower the pad ~28 JUL 2004 WO 01/54862 PMJS01/ 01044 unfi l i t
reaches the surface of the wafer and the desired pressure is applied. The
pol i shing pad pref erably only covers a portion of the wafer and continues
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pagi tion, wpesferred enttstaiiment, ttﬂiespmuieamemtrmd o nasdimanidm Boemagimplyof the
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ticul th F
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pol i sher oI I S os| tigns al ong the wafer radius

t owar d the 6@00 qW&gWHOﬂS'&r‘? ﬂré?OB R Wi th the edge of the
pag% at the centepn Qﬁoth@ﬁem%@dmﬂi\@ﬁteﬂre llﬂeralrﬁﬁlrﬂfé tréﬁsﬁtﬂ’t mcthaBRin ffdy1g pad is
preferably constantly in contact wth the surface of the pad dressing

assenbl y. THOVedA discsele sigpsdnainptaip the:spindie; g i Kﬁﬁ’efaﬁéai positioncaftare a
desired surf{ %Eﬁ‘s rfcl us@’of ;%héﬁ @ O BAErrldt MG tRObbfifalgg Process.

The abrasive rrate he su ace
rotation of the polishlng 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.



30 the pad dressing assembly preferably activates the pad ile
pressuri zed dei oni zed water or other suitable chem cal egﬁs‘m %sg\ﬁg’prayed

through the orifices in the surface and agai nst the pad .28 JUL 2004 WO
01/ 54862 Weri¥/348631/ 01444 -12 Using the CPU to nonitor the pcmlsum'ﬂoa@pl i ed
by the spindle to the pad carrier head and controllably rotate the pad
carrier head and the wafer, the polishing process proceeds until the end
poi nt detector indicates that the pol-i8her has finished with a region.
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conpletely ziba ¥RIAAROO heawg@f wamvmaéssﬁﬁgesm@lnm@fﬁ Sthdrn irﬂﬂ@@

between various partially overlapping positions wth respect to the wafer

to assist i nndNepustag offflithits miinie nmuas g linked in saiemialiesease t hi s
CO o0 2| aBPEHIRE® T S Safl ity RO LPARPE SRR oL e =
and avoi d owuemrepsils¢ sbrmjiconduetts wﬂfelesrioaﬂecasssiandarddnpwttdaspettes hiddhatn entire
surface of %’egﬁifrg r;.JIasnlarrlilzj"la ioh an %o¥éhing. A wafer fransport 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



Further, the partial overlapping configuration permts co%gn‘g@?g%n-si tu
pad conditioning. ,2 8 JUL 2004 WD 01/54862 PCT/ USOL/ 01044% - 15 20
25 30 Although a single pad dressing assenbly is shown, multiple pad

dr essi ngwé?é’égf‘ﬁ?ﬁ es may al so be inplenented. An advant agePET/USAHON€sent
polisher 10 is that in-situ pad conditioning may be perfornmed as well as..
in-situ end point detection based on the fact that the wafer and poli shing
pad preferably do not conpletely overMap. Additionally, by starting the
overlap of the pad and wafer at a point no greater than the radius of the

| i shi d t | i shi b | et el X it d h
Potation Firaya g &% ot oad L850 T wal mizd Chobetatbavily e S0 ey ng ¢ he
surface of s ot BaEE matfe tdBlitkebERNAbadY h@lonttically Si®BE: thsher e the

polishing pad is Significantly larger than the wafer being polished, the
entire surf@erd rdismangeithe pniie sisdems Myiwcompatimentpad careigr head ot her

enbodi nment ' 4 ' - e s a nodul e
100 in a | a?tégafg‘*a@*‘é?‘gﬁ%ﬁ@%‘?%ﬂ@@{iﬁgﬁéﬁ‘%‘%ﬁ b%rp%ﬁ@j" . In the
sy5t em of Fhdjacéht eashthotsierto pereit efficlenti ahiapgdingofgad earriee heags ease waf er
t hroughput. The wafer processjing system 110 preferably is configured to
recei ve sendiéfheddpoyorpdradsivithypad garrer headgdiaying-tsesh padscUiiizing 22 t hat

require pl a&ﬁéﬁoé?fq ﬁ%cﬁﬁ iﬁﬁ'ﬁ%kgﬁ'b@% ?iﬁ\g‘fr?ﬁfcoﬁb%ﬂﬂfe@ tgeghftﬁﬁué%afépiy be

used to trans I VI ers e cassett e first nodul e
100 for popadbamigrs Raging differanf types ohpagds may lob oatalegudtieand placed at r ansf er

the wafer to.the next ul e upon conpl etion.of .processing at, the first
modul 0 a5 SeRLMPRNE Se (Rt RuietReS o6 PBRetins ot RS TGRS Afdemblecific syat em
1386 may hamgsggtémﬁnonodul es 100 as desired to address the particular

polishing needs of the wafers. For exanple, each nodule could be
i mpl ement ed wi t WAftepasarizatiopptheseqand wialgr sobat 6omavipaas temwalisr ato sl urry

1T Tixed abfasl s nost CMP modules 124 for cleaning and buffing. The post CMP
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.



techni ques are used, and each wafer would be partially pl anqum gpogach
nodul e such that the cumul ative effect of the individual pollshes woul d
result in a conpletely polished wafer after the wafer receives its final
partial polish at the last nodule. Alternatively, different pads or
slurries could be used at each nodule. As described above wth respect to
the polisher of FIG 1, each polisher 71fodule 100 may change polishing pad
carriers tktlslr%@#_the use of a tool changer. This additional flexibility is
attai nabl e 7 e systemof FIG 8 2 8 JUL 2004 WD 01/54862 PCT/ USO /01044
-14 5 10 15 20 tihr oughséhicondietaiwadenatishieragstetlddniphiaingmay cooperate with

the spindle drive assenbl. f each,.nodul e o swt bet ween. pads

aUtomat | cal 1y wi ¢ hout™ PRE BT GO TiBeleS, Gat e g Bllsher

Mul ti - conmpar t nemhodadess amiprisieg: head storage bins for fresh pads 120 and
used pags 122 may be gos{itt 'gpneq adlj.ag]eni eact} nodul.e to gerfm't effﬂ'élci ent
changi ng of pad carri FORBYE" e A SF VY %ﬁﬁ”ﬁg‘%}g'” 'SP'E Cﬁaarré‘?ﬁsﬁ Y heads
havi ng fr egbtgrasa séhicohduaber veafergat al ogi ng mechani sm such as a sinple

bar code scanni ng techpi que, watf.er ad carriers havi different types of
pats my be. cat ol ogach g R Hne, PR edifR eblrdi e 5y Rpt kR R e

conbi nat i orssbsthniisg paragl th eheawsfentdcetingrsurfabeany sdrdigutdQo malviily position

pl anari za

tion, the second fer robot. 116 ma ass. the wafer on., to various
Dot ave ifitpalshPo AT S o Bafly el S Bl Pr R R iohE St BbechBats s oy b
r ot ar y 1buf fsermdcondoctbl wafer, dditreio theyisissing pad obrdtacts des rateigs poaihst Kpsetickevi ces.
A third wafer rﬁbot r;l}EG rem)vt(is eacq wafer fromthe post CM nodul es and
pl aces t heff ATURE O %ﬁ?m&% G el en polishing and cleaning is
conplete. It is intensdedathblatpat hieedstngepsemblydatiag lacifdes comprisirana be
regarded as iI.IustJati e rath

that the  SelgtreHERd nalaBimie i Ag shiefPeld B adthing B3k atdss B atiermby,
def i ne t he pssitipreedodublstantiallyi qvplantit 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 Eéw04
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
Dol i shi ng. PEITE bEf Faba pleafqoHBRG MECatER SRBROPILHE ciftocs S TBe Sater
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 SREFMIY RIEISPOPTRIE] RS SRS APRSIog a5 taq g E%Gec%r'?%’?e-
further conprises a spindle drive assenbly connected with the index
mechani,sm and the spindle, the spindl e drive assenbly configured to rotate
The <pidl o and Trove: THewatss bSGrEbagiers of Gaif LAMRIER e SfeGIEWel
sem conductoarrienabeprises 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.



5. The wafer polisher systemof claiml1, wherein the wafer gc ivim
surface of the rotatable wafer carrier conprises a pl uralité/ 'y
orifices for receiving 5 one of a vacuum and a pressurized fluid, wherein
t he sem conductor wafer is releasably attachable to the wafer receiving
surface. 6. The wafer polisher systemof claim4, wherein the index
mechanismis configured to nove the pdi/ishing pad to a plurality of
partially overl appin LEd F}E r f A and the
pad dressing su?‘]|9 ace%ﬁ’egﬁné%}ﬁ@fsgyéO@?Pf)ﬂ%mjﬁé%ﬁe? ’émep‘%‘ﬁg*é'ﬁgt?ga pad has a
gr eat er porconditionhg triateriahdf the ped dtessing wissémbiip eomprisesceplorfalitytod juxédpesed t han
with the p . | S t . ] O r.portion
of pol i spiTca o Whsc it e e AR ISR Bl e P o B
surface of the wafer. 15 7. The wafer polisher systemof claim1, wherein
t he rot at abl e wafer I ' r ' quE intain the
sem conguctor ﬁ er Iﬁﬁ%w@(@ép&%@{}%&%?{@%ﬁﬁ? v{%ei@@ﬁlé eg(ratgfg]{ggbl e waf er
carrier dogwlistong pacsoriditioningmsasmbly durthes cempiises al lezst osfluid rpngsstur e from
t he poli shi Learri r J V. claim 7,
wner o1 ¢ heTRo Bl 6 lrandins B acibg B B RARO B Ji e,
systemof claiml1l, wherein at |east one polisher nodule conprises a

pol i shing pad c tr i J.: M : The waf er
pol i sher systemo%fS cIuaﬁljljeren‘géif,gF Rﬂgb%ﬁﬁgfwﬁf@%%ﬁ’ Vﬁ%é pIErEer]g'I%ili{ '{/}a%f pol i sher
nmodul esiOc ormpediesismas ppeiablel tn gsgibate trenpolighing gad carries i anirtlar tashiabrchsacke

slurry an S . J . nol i sher nodul es conprises a
pol i shi ng %53183[88%0 ﬁpa@lg@ﬂgﬁggﬂlbéégﬁﬂ% fasive material, whereby the
first and second polisher nodules have different pad types. .2 8 JUL 2004

17 11. The waf e, pol i 0. ' pol i shing. pad
condi tioning ma?l éfi al T%%\g%fﬁgi‘%%ﬁ@d%geﬁ @g%bs%%ﬁ%%%ﬁ%&ﬁ eagi”lng%%S%E ity of
j uxt aposed comaunidadibn w4b thicoprdishieg ehad chrriehenmadsdu eadl peistdetecisr prpitiongd a

di ff ‘ ifion. . g laim 1,
ey or el il ROIRARLAd Ry ik T ol Eh Ao PR DAL P RL £} 20
conpri ses grodesast whereirf thaipthdessordpoperativer ofindrichtheipplishirgpadocarnemsport a

{1l d agal fakady oLl BILAGSHELAGRN o 12 Pk SAE PgaPAgecid?. The wafer

pol i sher sys erern thelinear i mechani smis
operable to oscillate the polishing pad carrier in a linear fashion at each

of the pluralitysof PALL |l Xo NS L AR BEIRARL VirPain tsotaliifle WBRET P! i sher
system of claim 1 further conprising a processor 1n
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



comuni cation with the polishing pad carrier, an in-situ end point detector
positioned 15 adjacent to the sem conductor wafer and a nedb8ywiHod08kni ng
instructions for the processor, wherein the processor is operative to
instruct the polishing pad carrier to linearly index based on information
fromthe in-situ end point detector. 15. The wafer polisher systemof claim
1, wherein the rotatable wafer 20 carri'® conprises a plurality of wafer

lifting shafts novabl .t i,0n e bhetween.a first . si,ti.qQn, ere the
water Tifting shafts SHEMpel? 8k PraBiiidead Grmarby s i acliting

posi ti on, iaeroarien@singfagrad roboti pogitished inghewhien dolishitigstyateoe wineegbyfa om t he
waf er receiyi ' f the rotatable wafer carrier. 25 16. A nethod of
provi di ng C&éf‘rf]f{}grglq%ﬁ%’fufié?%:ﬁﬁrgvd%gﬁgﬁp%aolgperamo%tg?ﬁ conductor wafer on a
polisher nodule in a wafer polishing systemhaving a plurality of wafer
ARSI e L S R L
sem conductpad toafsecondpattidly avesappingpgsitionstithmgs et tontbesudaceon a rot ati ng
pol i shing pad carr.i i.ast fthe. r i i.cond or wafer and in a
di rection pogﬂ"'aq %’T{;'&f@ug%gg‘}ra Fezt%ﬁ% 'nttﬁ%88'?&%93’%?&%&%’%%%”& partially

over | appi ngontacheith) theteesrécandactioywafepahile the pad i¢ mevedir f ace  of the

sem conductor wafer is in contact with the polishing pad; and .2.8 JUL 2004

18 automatically replacing the polishing pad carrier head of the polishing
pad carioi er usirn@.a pHt methot op olaint 1€o fiether cormprisingering (e diisiigg syst em

wh b i,ff | i.shi pad, i i ded he. pol i sh dule. 5
17 The et allagt d B bR B R 1 Raet B iRe poi i shing pad to
a second paweilagding pasitidnapthi egpemd & the snrface of thesgraiconduntdr inesfarur f ace of the
wth the senesRattpelAemad it Bl satpEoin) hestriGutbtEer Bt o

clai m 16, fthetphdis moweat.i si ng noving the polishing pad along a radius of
t he senj.conductor wafer to a second partially overlapping position with
respect to the surface of the sem conductor wafer, wherein the polishing
pad is in contin$us Ctonnattodwfclhin N8, fedinercongising rotativices padhi | e the pad is

noved. 15 e : cl ai. further conpri,sing rotating a pad
dr essi ng Sl],???%scrg %dé[%fgggaa'g&ﬁoéﬁ@n&ﬁ%m Pﬂ"eS%BIglqa(sé'rWWﬁIS t@%@%ﬁ\"ﬁ’e t he pol i shing
pad is in gedtiaintconachwih potticorof tife sunfaces of thasemidontibetoseafeconduct or waf er,
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



wher eby the polishing pad is continuously reactivated by condltlogmﬂg and
20 cl eaning during each rotation. 20. The nethod of claimé t he
polishing pad is oscillated over a predeternm ned 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
conpri ses the pad robot cooperating witW a tool changer to remove a first
pol i shi ng . i . A t ond
Dol i ahi ng i diebl SlorsiASontihoh g BT e HrRnE By A rB e RedFROq o1
clai m 16, hepelishenmoduteti cally replacing the polishing pad carrier head
conpri ses the pad robot renoving the polishing pad carrier head from the
pol i sher nodul e and pl aci ng the renoved polishing pad carrier head in a pad
carrier head storage container, renoving a different polishing pad carrier
head frgmthe pad .2 8 JUL 2004 19 carrier head storage container and
delivering the different polishing pad carrier head to the polisher

nodul e. 5





