Title: SYSTEM AND METHOD FOR POLI SHI NG AND PLANARI ZI NG SEM CONDUGEOROMAFERS
USI NG REDUCED SURFACE AREA POLI SHI NG PADS AND VARI ABLE PARTI AL PAD- WAFER
OVERLAPPI NG TECHNI QUES  Abstract: A system and nmethod for polishing

sem condug@h04eher s i ncludes a variable partial pad- waf&iu@y@sssaP pol i sher
hav- ing a reduced surface area, fixed-abrasive polishing pad and a

pol i sher having a non-abrasive polishing pad for use with an abrasive
slurry. The nethod includes first polishing a wafer with the vari abl e
partial pad-wafer overlap polisher and the fixed-abrasive pol- ishing pad

and then polishing the wafer in a di spersed-abrasive process until a
desired wafer thBYSEEY ANDIMATEN FOR ROMSHING AND PRABFRIZING

PCT/ USO1/ 48658 SEMIGUNBCAIR MEAFER SUBIRELIREBUSEBNUREARARAENG
SEM OONDUCTOR VAFERS LN REAAE R SVFAGR ARBARRGh| STADGYAMER AND VAR ABLE

PARTI AL PAD- WAFER  OVERLAPPI FERENCE TO RELATED
APPLI CATI ONS Thi s applicati o@%ﬁgdgwgﬁﬂgﬁ on-in-part of U S. Application
Serial No. 09/493,978 filed January 28, 2000. The entire. disclosure of the

af or égrent i one@ROSS-REFERENDEITO MEIXTED APRLIGQOTI@NE by reference herein.
FI ELD OF THE | NVENTI ON 10 The present invention relates to planarization of
senmi conduct or waf eftys agBligagonischesntivuptionsietrat @d).SpArplination Sesal Nechni que.

More particul aslys o7BGiledFo8 2dd' Y6 TRE ohfifediSodufe BRtheMPr oved system and
met hod for planarizing sem conductor wafers using variable partial

pad- waf er ovedlomgpentipneddhbi priest apgiicationds incorposated by sefetancarigrein.
di spersed-abrasi ve polishing nedia. 15 BACKGROUND Sem conductor wafers are

—-typically fabFiEfH?Qﬂ:‘ﬂ-?'lem‘Rbﬁ copies of a desired integrated circuit
r

design that w ate e separated and nmade into individual chips. A
comm@n techni que fThe presemtrigvention edlatesitd panatization 9€ semivoddedtor wateter 1 s

photol it hography. Part . of th hqt ol i t.hogr .20 pr.ocess..r ires that a
speci al caner@s'g%@&gemql H@Caﬁ'ﬁﬁﬂ %‘%?ﬂﬁ’@i‘g%qq% gre Bafrt'(f"ﬁ%# & uit on
the wafer. Thereabid ihtentioh rélbRsGaER iMploRed epdtomaindimethed fbrasignaiizing he waf er
is often adverse] ‘{'ilffect ed by _inconsistencies or, unevenness in the wafer
surface. Thi sSQBRER Yofor watees Geing v Ble ATl PRC IS LOMGTBRPING t9GhBIques

with both fixed-abrasive and dispersed-abrasive polishing media.

15 BACKGROUND

Semiconductor wafers are typically fabricated with multiple copies of a
desired integrated circuit design that wilt later be separated and made into
individual chips. A common technique for forming the circuitry on a
semiconductor wafer is photolithography. Part of the photolithography
20 process requires that a special camera focus on the wafer to project an image
| of the circuit on the wafer. The ability of the camera to focus on the surface of -
the wafe;r 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
25 nonuniformities within a particular die or between a plurality of dies on a
wafer. Because semiconductor circuit on wafers are commonly constructed in
layers, where a portion of a circuit is created on a first layer and conductive
vias connhectitto a porﬁon of the circuit on the next layer, each layer can add
- or create topography on the wafer that must be smoothed out before

30 generating the next layer. Chemical mechanical planarization (Oxide-CMP)




smal ler, nore highly integrated circuit designs which cannot tolggRi®os
certain 25 nonuniformties within a particular die or between a plurality
of dies on a wafer. Because sem conductor circuit on vvafers are comonl y
construct Wo'nﬂnss%ﬁyers where a portion of a circuit is% félson a first
| ayer and conductive vial connect it.to a portion of the CIrCUIt on the
next |ayer, each |ayer can add or cre%te t opogr aphy on the wafer that nust
be snoot hed out before 30 generating tfe next |ayer. Chem cal nechani cal

pl anarization (Oxide-CWP) 4 July 2005 WO 02/053322 PCT/ US01/ 48658 - 2-

t echni ques arféch'ﬁ'&@eéé’reﬂls@ﬂ% b%ﬁaﬁf@lambb@h a6l ea)oea vifferd @yaper - CWP
(Metal -CWP) is also wdely used to sh age wthin-die nmetal plugs and wres,

renovi ng exceddetaleeMP) fsralsh wiselwiges o shrpe wihigrilie piats) Alugs ANty al wi t hi n
the desired Frléeg&ﬁ/ r‘?j;ér&c%é b8 FroRNthbEaed fface A8 IdnB Ik vi SEAISHIE, O

commonl y cal |shers often use a rot atlgﬁdwa er hol der that
brings the viktalesired QU%ﬁfléél’@ﬂQhQSrpﬂ therwafpie AvpdabledBsyslems: rotary OWP

machignes, a Mhﬁﬁﬁyr&llm?fe?haﬁéh%% 'oﬁeﬁlﬂlge@ @%n&%&?&%d@r@ﬁaﬁﬂn@@ce to be

pl anarlzed A ch adgent or slurry contalning mcroabrasives
and surface thedvdfenint Qﬂnmtwahsfor&eappﬂ@dwmlmﬁbm&w@ﬁ? ApchEestd pol i sh

the wafer. T otégmﬁgnfaﬁ t?ﬁ{\gg{tp eoéf%ﬁéﬁngér*%‘érf&@é 1 be?ﬁlghgv\% od. € _rotating

pol i shi ng pa |sh and planari ze Sone
avai |l abl e vvafcehenpodahpmhsﬁnmg agmt00slurryadontammg)mlcroabraswememl slbiéme rat her than

a rotating surf q, SarL the Shl t he

surface of t H&° e§m8?l¥é a%%'ﬁg?% o’?%g@gg,@géggéhé W‘ﬁgﬁo Cact Wt h,

Ei he \:gol |k shi :c nguim’adﬂbldesﬂhﬁu Iptesseotisd waﬁwlagsnhsﬁthfe roté&gap:bhshmga:adfmubs One

rawback o p0|s n ire s mul t an

various circufae h’ &H‘én\ﬁ&ﬁé’ﬁa%&? ?W&r@ﬁ?ﬁ%ﬁ'&f@@ ¥ erf) ng

_ Erocgss everr:)rbféalﬂiﬁhdﬁabaeé h@@lb@]g rﬁth@rﬁ&ﬁlaqumgmﬁecé woddry thbatf TEI S rr?y
e ue to the erent types o terials art t he wafer

o the: 20  dersalepnamaninrl ReEngRs dhe SHFAS TIE Hels P RenEmEREY
Si mul t aneous @k by)@nd A coigctanty, R ﬁdrfsﬁ@g?:aa't@ ginfUlitaABowdl e polishAge Spot s
of the wafer faster than others because of the different naterial

profgérties. T%'T‘Eu_ﬁ@ﬂ_f%q‘? clearance results in overpolishing of certain areas
of the wafer. Addigiofalb¥ck ¥@diSHiRg the entire surface simultaneously is that the

various circuits on the wafer may have a different response to the CMP

process, even if the wafer begins the CMP process perfectly flat. This may be

due to the different types of materials deposited on parts of the wafer or the

20 density of materials on a certain portion of the wafer. Simultaneous polishing
of the entire surface also often clears some spots of the wafer faster than
others because of the different material properties. The uneven clearance
results ih overpolishing of certain areas of the wafer. Additionally, various
material processes used in formation of wafers provide specific challenges to

25 providing a uniform CMP polish to a wafer. Certain processes, such as the
copper dual damascene process, can be particularly sensitive to the
dverpotishing that may occur in polishers that simultaneously polish the entire
surface of a wafer.

The frend to process larger diameter wafers has introduced an

30 additional levet of difficulty to the CMP process by requiring uniformity over a

greater surface area. Using traditional CMP techniques, in which the entire

- surface of a wafer is covered by the polishing pad, larger diameter wafers




material processes used in formation of wafers provide specific ghgldognges
to 25 providing a uniform CWP polish to a wafer. Certain processes, such as
the copper dual danascene process, can be particularly sensitive to the
over polishing that may occur in polishers that sinultaneously polish the
entire surface of a wafer. The trend to process |arger dianeter wafers has
I ntroduced an 30 additional level of difficulty to the CMP process by
requiring uniformty over a greaterz-surface area. Using traditional CW
techni ques, in which the entire surface of a wafer is covered by the

polishing pad, |arger diapeter wafers 4 July 2005 - slgnlflcantly
increasegg'gﬁ‘iﬂrﬂb‘@?%qsﬁl lpAing SWQHWW'@HHFE@Q% onflae pelishing R Yad or~ waf er

i n orderwhRr I'hV&UQr tBra%wresstﬁé waﬁat%% dmhé barfady drasewaferidae wafer as
achieved with smaller dianeter wafers. Fixed-abrasive polishing pads are.

sonet | meachiRMEdrvth emaller siamelerwalare Rixed-abrasive polishied pads afee pol i shi ng
process,g %ﬁﬁé\édéééﬁ%ﬁm&ﬁ’hﬁ% béfﬂbﬁl&@ﬁ%@ gkée&ﬂgrrg even greater

pressures than tra ition non- abr asi ve pads advant age of the
pl anar i ZRoress, bawamnﬂxed@braﬂvetMIShlng@adaba@ﬁqwemegr%ater Summary of

| nventi og, é&frﬁé ﬂia?ﬂféﬁ’ltlohﬁﬁﬁlcﬁkglﬁragﬁvaﬁ%ﬁs idfakd fﬂﬂd&%ﬂtﬁ%ﬁ%ﬁ%’ét em of

performng em ca Ion an I'ng that addresses
t hese i splarizatiomcapabiitida ot theixetd-aprdsivesmatesipkect of the invention, there is
provi ded a nmet hod of planarizing and polishing sem conductor wafers

conpri si rota first polishing pad about a central axis, wherein
t he polg'g'ﬁ‘ ﬁi“’%ﬁg ©8 polishing pad material positioned al ong a
ci rcunf erence of the first polishing pad and extending radially inwardly a

portion of aﬁro&d#dmlpﬁhérb%éhee@ fared meathiod aindaysteanof perdeing t he pol i shing
‘pad mat@rl al def nes a cenIr recPi cin Ia@_llq 2’% |ISE\E ad material and
symmet r i QEIHRIMES 3?'8?1'&1‘%?3"'5? rl*%” polisping hat F'E?tj % §€%ng a portion
of the polishing pad material on the first polishing pad against a portion

of a rotating Seaeq E%Hﬁh?{fr Eact&i”‘i’f‘?é @b@ntiotn%e?é sroi@ed shi ng pad

partially overlaps sem con ctor wart er;
a method of p!ananzmg and polishing semiconductor wafers

comprising:

rotating a first polishing pad about a central axis, wherein the
polishing pad has a polishing pad material positioned along a
circumference of the first polishing pad and extending radially inwardly a
portion of a radius of the first polishing pad, and wherein the polishing pad
material defines a central region lacking polishing pad material and
symmetric about a diameter of the first polishing pad;

, pressing a portion of the polishing pad material on the first
polishing pad against a portion of a rotating semiconductor wafer, wherein
the first polishing pad partially overlaps the semiconductor wafer;

maintaining a first pressure between the first polishing pad
and the semiconductor wafer:

| moving the first polishing pad of the semiconductor wafer to
-each of a plurality of partially overlapping positions with respect to a
surface of the semiconductor wafer, wherein the first polishing pad is in
- continuous contact with the semiconductor wafer while the first polishing




mai ntaining a first pressure between the first polishing pad aqququos
sem conduct or wafer; noving the first polishing pad of the sem conductor
wafer to each of a plurality of partially overlapping positions with
respect to a surface of the sem conductor wafer, wherein the first
polishing pad is in continuous contact with the sem conductor wafer while
the first polishing -- -- - -------- 4 July 2005 -3a- pad is noved;

pl anari zing the sem conductor wafer with the first polishing pad until a
first wafer filmthickness is achr&ed; disengaging the first polishing pad
fromthe sem conductor wafer; and applying a dispersed-abrasive polishing
process 5$'§§§> ﬁeniconductor wafer until a final wafer filmthickness is
r eachedP2f ¥6FPdance with a second aspect of the invention, there is
provi ded a sem conductor wafer polishing systemconprising; a first wafer

pol i sher conpri sipiharizing thelsehAddrRiustirevafepwith Eie fidy pdlishingvaf er recei ving
surface for releasably retaining a senm copductor wafer; a rotatable

pol i shi hgdaadil a dpgsvvafeniymathickaeds spaetieNed: pol i shing pad materi al

posi tioned along a circunference of the polishing pad and extendi ng

radi al Iy inwardl §f5.%gﬁ§é®5§§%‘ﬁfrsgﬁoﬁﬁ%é'ﬁagﬁ‘mn]i %g@hj@ﬂ&g&opad, wherein the

fi xed-abrasive p ertal i'nes a central Tegion |acking
pol i shi mgpfgadndat erial and symetric about a dianeter of the polishing
pad; a rotatable polishing pad carrier oriented substantially parallel to

- the wafer receiving surface and configured to mpvably position the
pol i shi ng pad@Ppling %leppéﬁqdyal?fﬁﬁ'ﬂﬁé’&ﬂg’ﬁ@gﬁ&qqs%ﬂ%th respect to the

sem condyptiedndtRhEr waldh ahgl dfikdiGyaret filfhiniknead is fRhagl s and rotates
agai nst a portion of a surface of the sem conductor wafer; and

In accordance with a second aspect of the invention, there is
provided a semiconductor wafer polishing system comprising;

a first wafer polisher comprising:

a rotatable wafer carrier having a wafer receiving
surface for releasably retaining a semiconductor wafer,

a rotatable polishing pad comprising a fixed-abrasive
polishing pad material positioned along a circumference of the
polishing pad and extending radially inwardly a portion of a radius of
the polishing pad, wherein the fixed-abrasive polishing pad material
defines a central region lacking polishing pad material and
symmefric about a diameter of the polishing pad,;

a rotatable polishing pad carrier oriented substantially
parallel to the wafer receiving surface and configured to movably
position the polishing pad in a partially overlapping position with
respect to the semiconductor wafer, wherein the polishing pad
contacts and rotates against a portion of a surface of the
semiconductor wafer; and '

a rotatable pad dressing assembly having a surface
positioned substantially coplanar with the surface of the




a rotatable pad dressing assenbly having a surface positioned 4 july2005
substantially coplanar with the surface of the 4 July 2005 -3b

sem conductor wafer on the wafer carrier, wherein the rotatable pad
dressing assenbly rotates and contacts a first portion of the polishing
pad; a di spersed-abrasive process station, the dispersed- abrasive process
station conprising: a second rotatable wafer carrier having a wafer
receiving surface for rel easably re@gining t he sem conductor wafer; and a
second polishing pad mounted on a pYtishing pad transport, the polishing
pad transport configured to nove the polishing pad against the

sen conductorsemo%ucrorawwﬂrewfeﬁeamrnﬁﬁererrpﬂﬁarrb ékﬂe afon- abr asi ve
polishing pad material positioned to receive a polis l'urry and

‘transport thdrgssiNGRssaMRY tetalesand G@ltaﬁtssﬁjﬁlﬁhl@@m@ﬂ qfrﬁlee seni conduct or

wafer; and ap gﬁgﬂﬁg@@gctor waf er transfer mechani sm novabl e between the
first wafer polish and the dispersed-abrasive process station, wherein a
first portion of a wafer polishing process for the wafer is applled at the
first wafer poli smdxspamedaalﬁamwprmsrsiswtramt thendispersed- pol i shing process is
applied % the dis qut\d abrasrve .process station. BRIEF DESCRI PTION OF THE
DRAW NGEPHRYE RI9cE 35 '85(’(99? vi ew of a sem conductor wafer polishing
system according to a preferred enbodinment; FIG 2 is a top plan view of a

waf er carrier assenbly s'éldbﬁ@%tﬁtafb?ewgr%? Cbﬁlegﬁag"%ylzéggf%[of FIG 1; FIG 3 is

a sectional view taken along |1 ne s an expl oded
sectional vi Epebfing sydacasior igjepsably eetaining theaeenipoyduster walel; changer
suitable forg4ge in the systemof FIG 1; 4 July 2005

a second polishing pad mounted on a polishing pad transport,
the polishing pad transport configured to move the polishing pad
against the semiconductor wafer, the second polishing pad
comprising a non-abrasive polishing pad material positioned to
receive a polishing slurry and transport the polishing slurry against a

surface of the semiconductor wafer; and

a semiconductor wafer transfer mechanism movable between
the first wafer polisher and the dispersed-abrasive process station,
wherein a first

portion of a wafer polishing process for the wafer is applied at the
first wafer polisher and a second portion of the wafer polishing process is
applied at the dispersed-abrasive process station.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side cut-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;
FIG. 3 is a sectional view taken along line 3-3 of FIG. 2;
FIG. 4 is an exploded sectional view of a polishing pad carrier
assembly and tool changer suitable for use in the system of FIG. 1;




-3c FIGS. 5A-5Dillustrate top plan views of different embodi mentg, oo
surface of a pad dressing assenbly suitable for use in the systemof FIG
1;, FIG 6 is a block diagramillustrating the comruni cation |ines between
the m croprocessor and the individual conponents of the polisher of FIG 1,
FIG 7 is atop plan view illustrating the novenent of the conponents of
the systemof FIG 1; FIG 8 is a diagramillustrating a wafer processing

systemincorporating the wafer polisher of FIG 1; FIG 9 is a

fi xed-abrasi ve rotatable polishing pé”&“f or use in the polisher of FIG 1
according to a preferred enbodinment; FIG 10 is a fixed-abrasive rotatable
polishing pad for_use in the polisher of FIG 1 according to a second

preferred enbodi fGS; SA15R illgsirate top plan vigwsf different epbodimerts 8b&i shi ng pad

enbod ment t%ﬁﬁ?ﬁ*%é@@fﬁ%ﬂ@%@é&%@é@% B IBERSnP bR e 10, |
fi xed- abrasi ve r dilGt @isl 2blpck dieprany illgslsatingthe semmunication fingsikgheeent FIG 1

aceor 41 N9 ndfGpleBLF LRE REInATRRE B5ibondthCor 48 oy BPPIGDE 251 ve

rot at abl e pol’i use w sperse asive 1 n'the polisher
of FIG | accor diFig. T is atopiplreview diustratingdtie movement & the componentsof pect i ve
view of a | itﬁéér/st @I&Fﬁgli.sher suitable for use in polishing sem conductor
waf ers; and ' 'dst'rates a net hod of processing sem conductor wafers
using the poli shdG. &isd giagiashilogirating besafefl prBt&Sing systen cofgdraifHAl LED
DESCRI PTI O\Iﬂg]: Tlf-lE PE SEN{':E%P,[REFERRED EMBODI MENTS I n order to address the
dr awbacks of ?H@eﬂrﬁo? &P s¢ri bed above, a wafer polishing systemis

di scl osed bel ow tFI@t9 afixexdcabirasive rstablepolishing pad®r upe irf the pafisterand

pol 1 shi ng. il i 25PoBing e 8 Pt TFOUBREEIR ai 11 cult to planarize
FIG. 10 is a fixed-abrasive rotatable polishing pad for use in the
polisher of FIG. 1 according to a second preferred embodiment;
~ FIG. 11 is afixed-abrasive rotatable polishing pad for use in the
polisher of FIG. 1 according to a third preferred embodiment;




| ayers such as those produced using copper processes. The wafer 4F?lﬁlyi2%b‘§ ng
systeminplenents a vari able partial pad-wafer overlapping (VaPO, "al so
referred to as sub-aperture, polishing technique that maintains a partially

over | appi '%goﬁlﬁd%.fi‘iﬁe between a wafer and a polishing padesGudelialssd he
2

pressure may be increased between the wafér and polishing pad, as
conpared with a fully overlapping profile, with little or no increase in
force applied to the pad or wafer. Fuffthernore, a polishing pad having a

reduced surface area is disclosed for further increasing the pressure
applied to a wafe n r.ovi di .addi.ti onal .r I flexibility to an
exi sting wafer poﬁ@hﬂ% f%saf/ egﬁ?rﬁagv%\gos%tgﬁ %rqoélaﬁﬁgaif@% 'hft ﬁéz; waf er

pol i sher 10 imlishdrus Fi@t £dcdordihy @ aTourtiTpreferndd ehbodid@ni;ncl udes a waf er
carrier assenbly ad caryrier S |l y. 14 an ad dressing assenbly
16. Preferably, t%ﬁevﬁ?gra %‘H}'?P'@?'Veé‘g@%%oﬁ’/&fé"‘gﬁ%pfgﬂgﬁ‘é’ Qfhg assenbly 16
are nount ed idisperédiediadife inlthe polisiteriof 861 8tcarding tbbpréfeceddes a waf er
head_20 nount eé on a shaft 22 30 rotatably connected to a notor 24. In a

pref@rred e f",‘t_;the wafer head 20 is designed to maintain a rigid

pl anar surface thgiGW4 is d¥rspédive Ylewbsmtllibad BeY pdiier SRR w8822

PCT/ US01/ 48658 -5- when paqli shi ntg pressure is received fromthe pad carrier
assenbly 14. p%@'ﬂ%?%l"?ﬂd%’t@i‘F’%l?rsélanﬁ_eari ng 26, or other-type of support,

I s positioned berpgers filidrated 8 mdlRasofStosdusing semBshidutisrvadersAiking the
frame 18 along a circunference of the wafer head 20 in order to provide
addi ti onal. sdippbelishepand pelishing sistane oHFKIS. 1@nd8nat i vel y, the wafer carrier
assenbly 20 'may be constructed with a shaft 22 having sufficient strength
to gyoi d any e ARED PESCRIPEIONICH TRERERESEYTLYPREFERMEE@D! | er assenbly
12 is further‘E,ﬁg%l @ th respect to FIGS. 2 and 3. The wafer head 20
preferably has a warer receiving region 30 for receiving and mai ntaining a

semi conduct or ng Bfordégtoi AdRedd ﬂﬁé@é@@lﬁddkb@ﬂm&htﬁﬁdﬁ@rtmﬂsbﬂémg@ovﬁbe nger
receiving.area may. be recess re own in FI or .. e an
area cent er edVafgr qu!éﬁ/‘%ﬁy Lol d'ch’tsﬁ&leﬁ’ng'af‘F?é‘ 9\581"@? 'WB%GQ@.‘J";-E%Q of a
nunber of kngy\éﬁoﬂﬁér’i&déhdfﬁ&xibimﬁld%?\ﬁélfﬁ%dfd)ﬂﬁérfﬁolimh@@ﬁd debist witi er and the
waf er head 20 during CVMP processing nay be inmplenented. In a preferred

enbd@i nent , tMErOXKOgolishing uniformity of wafers produced with difficult to planarize

layers such as those produced using copper processes. The wafer polishing
system implements a variable partial pad-wafer overtapping (VaPO), also
referred to as sub-aperture, polishing technique that maintains a partially
OVerlapp‘ing profile between a wafer and a polishing pad so that the pressure

20 may be increased between the wafer and polishing pad, as compared with a
fully overlapping profile, with litile or no increase in fof&e applied to the pad or
wafer. Furthermore, a polishing pad having a reduced surface area is
disclosed for further increasing the pressure applied to a wafer and providing
additional removal rate flexibility to an existing wafer polisher system.

25 A preferred embodiment of a wafer polisher 10 is illustrated in FIG. 1.
The polisher 10 includes a wafer carder assembly 12, a pad carder
assembly 14 and a pad dressing assembly 16. Preferably, the wafer carrier
assembly 12 and pad dressing assembly 16 are mounted in a frame 18. The
wafer carrier assembly indu&es a wafer head 20 mounted on a shaft 22

30 rotatably connected to a motor 24. {n a preferred embodiment, the wafer
head 20 is designed to maintain a rigid planar surface that will not flex or bend




15 receiving area 30 of the head 20 includes a plurality of air sg@ssages 32
- for providing a flow of air, or receiving a vacuum useful in malhtal ning
or releasing the wafer fromthe wafer head 20. A porous ceram c or netal

mat eri al Woz?o's%gz be used to allow for a vacuumto be %%]/ﬂsﬁﬂz;ské% a waf er.
O her nmethods of naintaining the wafer against the wafer carrier, for

exanpl e 20 adhesives, a circunferentially oriented clanp, or surface
tension froma liquid, my be used. O or nore waf er lifting shafts 34
are novably positioned between a recessed |location within the wafer head

and a positi N : : fo YA 30 of the head
20 to assi st q‘lqﬁg‘?(gglﬁ h‘g’g%'"ﬁgmﬁr'ﬁ %g%%gﬁgﬁg é)ra dﬁ% gﬁn‘%{' zfg \%%’?'é&aiﬁr' ansport
mechani sm suicteterably, acholar esasing 26, andtbertypé of agppdrais positionied oper at ed
pneumati cal |y, | cal ricall ' 0. gh any

ot her neans. ?%@égé?lﬁée{fvg%rr g%%? ?é%ﬁé%o P%%'fr,fé&%%&ﬁg??ra X}?e‘gsdgi%gr%ay be
fabri cat ed wi titoootfermmnge wafherwafef heauPGimadrtier B4 ravide addifienal sopgorbe | oaded or

unl ogded fro h e agh. usin V. m ISt 0d., 30 Referring
agai %dt o FI Gna‘§,‘%T%%%#tgaglﬁrﬁ%t“%ygg}%ﬁ%%iﬁa'%ﬁi?gﬁ?@lg%E’Eﬁq’i l%eni ng pad 36
attached t o acogmattustedwithta shaff 2 ravidy sifficieptostrenatir foeavoid@added@ctidrize

pol i shing pad 36 be, a a_nunber of _known | j.shiing 4 July 2005 WO
02/ 053323 PCT/ USOITHOEIST H%@é)%%%‘}hfaé{‘( er TSl or Y ﬁ‘éﬁ%&ﬁ'? ing and

pol ijshi ng sendeserbed ivth rr]@@:foe@ffb_ﬂfs@elz a@-ala.smcﬂ@ﬁmﬂeﬁcﬁzo:pgef?&gggtm of pad
used in conjunction with abrasive slurry,  such.as the | a :
“avai | abl e fr O¥FRbERAEMAG 15810R0Rr Eﬁcewgéﬂéfr'@.amw'ﬂgﬁﬁ&m%dy?wﬁ/@g%ad may
be q@nstruct g6 aGixed ﬁdsﬁi@ﬂﬁh%ﬁbﬁ%id@tﬂ{é whfet Fetleindifr@s 30Ghay BElHI re an
abrasive containing slurry, tho;é{;h the djaneter of the POl i shi n% pad 36
i s preferabl yeg grea agshoyp it BG SArnjay bag gfa canteredat th eapleral of t he

wafer W ot heptflond H whidh hesd 90. AR oP8nufiblePsr Hﬂﬁrrﬂ%@tﬁﬂﬁ&%f)re are

contenpl ated. In one enbodi nent, the polishing pad size may anywhere in
t he range of maetaining coniagt ketwger the) wafenandtheyaier head 3 duiinthCMid ce 10 as

than that of TR ok Bb Bl Ih A St cA R IR aRET O Shge of
mot i1én of t hgepeiving lsirer) 39 afithefhmad&dnglides a pltiralinaof @inpasdages 32i@r pol i shi ng
pad providing a fiow of air, or receiving a vacuum, useful in maintaining or '
releasing the wafer from the wafer head 20. A porous ceramic or metal
material may also be used to allow for a vacuum fo be applied to a wafer.
Other methods of maintaining the wafer against the wafer carrier, for example
20 adhesives, a circumferentially oriented clamp, or surface tension from a liquid,
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 transport mechanism, such as a robot. Each
25 wafer lifting shaft may be operated pneumatically, hydraulically, electrically,
magnetically or through any other means. In another preferred embodiment,
the water head 20 may be fabricated without any wafer lifting shafts 34 and
wafers may be loaded or unloaded from the wafer head using a vacuum
assisted method.
30 Referring again to FIG. 1, the pad carrier assémbly 14 includes a
- 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 palishing




is moved in a manner that would position the center of the poli shw,3gopad
off of an imaginary line forned between the center of the wafer and the
center of 15 the pad dressing surface. |In enbodi ments where nore than a
singl e padyod#@sshng head is contenplated, the area of pd@pdepekes €SSi Ng
heads is preferably sufficient to condition and support the polishing pad
used. The pad carrier head 38 is prefer6ably attached to a spindle 42
through male and female 44,46 portionsof a tool changer 48. The tool
changer 20 preferably allows for interchangeability between pad carrier

‘heads 38 so t hatteridh SligbRMor %aﬁﬁﬁ@ 8a¢ palidhig Séiettdcest vidtelsherRane waf er

by ‘changing wafer heads and %/assom ated t'ypes of abrasive polishing
chenmi stries. Relistispad mamb@fh% pg ghpad y@efhﬁycww#%%ib eREasjee glu-:w,r y
through paSS §91eflb0fﬁ 51%%?;{ R &frﬁﬁ%%@%&laﬁgﬁ?ger 44, 46
that are yoneo res urries ied I'ines t may be

Wi thin the spf\ﬁallr@tm@m thre pad maydiaecorgtmcieétoéblfyemmﬁse@ mgteriahthat spi ndl e
dri ve: assenbl p e
_trang—)port mec anslgm rrglEl ﬂlgan EBra%wﬁ%ﬂ% rﬁ%&lﬁf}g %ho '&ﬁﬂ%@ t;El'lg‘cal or

pneumati c dev p@wiﬂmdﬁﬁ ® prei&raMwemwabtce or eubqianﬁaﬂy lthﬁgsame asbllheal mot i on,
Or (2, FoL A OB AN A o A Al o SARRRN o KRG A At gk Shi g

pad to a plurall SCrete positions on flshlng
operation. 4 ard gorﬂélﬁﬁiatéwlﬂ%@@ﬁﬂﬁﬂlrﬁlﬁiﬁ/ﬂhﬁ(p}mdﬂﬁ@ﬂad gize Ty Ispi ndl e drive

assenbly 54 i signed to rotate the poI| 1N on the polishing
pad carri er Qﬂﬁﬁ @’ei"'f‘"?%"*ca;‘b&slj’-ﬁeoé F@\%’r\‘@ aﬁ%ﬁf&?@nﬁ" Fﬁe

Spic mie to noalelard;@agﬂildt S)ht'haagnrafleﬂ Wary\a:red@lniglsmm Having drareapjraater of t hﬁ
waf er Was we a a.tota rolle ressure to 5 the
waf er during tﬂ?ﬂqﬁ?tdﬁ&%"ﬂ&r "?3ty aa 060K g’ag‘ipo @858"\8@&%@9%9 carrier
~and faciliti emotiss efbleypolistin Eadi Cfof@)kﬁn@fﬂéiméﬁuaﬁéné\Wﬁer@q}lépbhﬂﬁng)ﬂﬂd Any
suitable spindle drive asse exanple a spind drive assenb such

as is used i niStReVerHREIRAMHIT t@"‘l‘{é\‘o‘-’é@a@?ﬂm @GFPBWEBWSFE&‘%'PQWa &ﬁr‘ﬁor ation
in Fremont, GCghirh&4ifa dm@?dfnﬁ!ﬂ H&ﬁébﬂﬁe%ﬁ%th%’%éf@f &nd ﬁft’%l%en-fé}‘-’oflo spindl e

transport rrechanlsm be any of a nunber of nechanical or electrical
devities capabihéenﬂddrﬁaﬁ@@wﬁa%glrt%b@q;mﬁﬂtseﬂhq#eame thedt @ sgledpadanar to

dressing head is contemplated, the area of the pad dressing heads is
preferably sufficient to condition and support the polishing pad used.
The pad carrier head 38 is preferably attached to a spindle 42 through
male and female 44, 46 portions of a tool changer 48. The tool changer
20 preferably allows for interchangeability between pad carrier heads 38 so that
different CMP processes may be applied fo the same wafer by changing
wafer heads and any assaciated 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
25 fed by one or more slurries applied lines 52 that may be within the spindie 42.
The spindle is rotatably mounted within a spindle drive assembly 54 mounted
to a spindle transport mechanism 56. The transport mechanism may be any
of a number of mechanical, electrical or pneumatic devices having a
controllable reciprocating or orbital motion, or a rotating arm mechanism, that
30 are capable of moving the polishing pad to a plurality of discrete positions on

the wafer during a polishing operation.




the wafer Wbeing polished. In this manner, the polishing pad 364W20g§
precisely positioned and/or oscillated, if required, nearby any particular
|l ocation along a radius of the wafer W 15 A pad dressing/conditioning

assenbly LBqlsseddssf erably positioned adjacent to the Akdsh €1
assenbl y anggc{%pom te the pad carrier assenbly 14. Th\é\%ﬁg déressm ng

assenbly 16 is designed to provide in-situ . and/or ex-situ condi ti oni ng and
cl eaning of the polishing pad surface 36; In one enbodi nent, the size of
the active surface 58 of the pad 20 dressing assenbly 16 is preferably

substantially the t Li.shi . . The.active
surface of t%e pad%grggggﬁheg&g’seg%s%%@ rr% aqegﬁnggm @?‘%33%?”32}‘&% er than
the area of- tI'pad;ﬂﬂ(brsmer;y)hﬁ!atdgpad(ntahelrheadbﬁﬂianﬂﬁttisdesigfieﬂ ta ailt?\lrfoy, t he pﬁd
dressi ng asse sjst of .,mul ti at a surfaces i n other
erbodt mente. - SoErER oLl e g g e 1B o sV G el e 55
copl anar wit tp!&dmeof&heﬁmﬁa%fast\ﬁlﬁ apdpply de&l!mnia‘on@cﬁﬁsm{ngT@Qs&réQ% of tpe
activg area of p sse at | east as eat as that o
The. 11 fSh ng helyafs dinng FERS bRteSSR6 R dopliols codiidbed e paf o headsy.
The surface 5&aaferthe fﬁtﬁ!ﬁms@s@é@b@&u&ﬁﬁﬂ%ﬁla&@mbﬁt afthé b@ﬁlsﬁiﬁg padpad

dressi ng head ,60 at%ﬂched E a 30 shaft 62 rotatably nmounted 1n a notor 64.

In order to ad¥iduitablespind ea‘?“’l'YerﬁfsPWé"Y’ frexamplaa %?‘"glﬁéerS@sﬁF@ng i ng

surface 58 wi lghch E@lé’@ée‘ﬂrane aEREsmepaﬁBHé?hV@lable#ro}Hun?ﬁaéea\é% 02/ 053322
PCT/ USO1/ 48658 mechani sm 66 be used to adjust the position of

the pad dr essﬁ?@oorﬁg%m‘?mf’ﬁt qaf‘!f%ﬁ'é %’H@M@&Mﬁ‘@ﬂt‘o a?Wlﬂlsaﬁ@SéGﬁhsThﬁant
mechemi sm 66 &pndRArahspBR FRENaARN S@Pﬂa?%eté?@ltofmn%rlcﬁmgﬂm&e% usted to

conpensate for height 5 variations, and retightened, betwe
processi ng r ufectical devicas qapahlgafieneperiag therapindiain Hieetiondjoplanas e

h I d
Cuch A 5 Sy {ngwe B LG R Th¥AE merrl 7L RS RAd SOV T e o

such as a spring or pneu
pressure on t peeqisaly m%tmed@ndmmmﬂateguﬂequhad relaebyamyspartieulaf t he pad

carrier asse”mo\éﬂ&ﬁlaﬁg@agﬁgwgtb‘?tﬁeow%ﬂj\!\ﬂr essing surface 58 nmmintains a pad

dressing surface rn a
15 A pad dressing/conditioning assembly 16 is preferably positioned

adjacent to the wafer carrier assembly and opposite the pad carrier
assembly 14. The pad dressing assembly 16 is designed to provide in-situ
and/or ex-situ conditioning and cleaning of the polishing pad surface 36.
In one embodiment, the size of the active surface 58 of the pad

20 dressing assembly 16 is preferably substantially the same as the area of the
polishing pad. The active surface of the pad dressing assembly may also be
targer or smailer than the area of the polishing pad in other embodiments.
Additionally, the pad dressing assembly may also consist of multiple rotatable
surfaces in other embodiments.

25 . Preferably, the pad dressing assembly 16 has a surface 58 coplanar

' 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,
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 atiached to a

30 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




relationship with the wafer Wnounted on the wafer carrier assermlu 2585 In
yet anot her enbodi nent, a three point bal anci ng device, having three
separately height adjustable shafts, may be used to adjust the plane of the

pad dressi ce and/or the wafer carrier head. As waf er
carrier 1@'{)‘2%%%5”%?y 12, the pad dressing head 60 may belm’sifﬂ%g%’%t%sesd by a

circular bearing or may be supported hy the shaft 62 alone. Referring to
FI GS. 5A-D, several enbodi nents of pre13erred pad dressing surfaces
positioned on the pad dressing head 60 are showmn. In FIG 5A the pad

dr essi Ny sur facg Jfy B8 SAPRL BLEY ¥ SAURHRAMidN & the el RAARy asi ve medi a

70 such as alumna, ceriaor d anbnd ava rom anonex. |n
addition, a phaseaiblyti6.0f orifices 72 for transporting a fluid, such as

dei oni zed wat er, [ r r.desired. .Sk i.spersed
across the surfaci‘%' %ﬁ%"g"&d%%ﬁsﬁ‘gfpi%@ %%‘&%ﬁegh p@gx%%gé@i}ér?g'ﬁégggﬁbl y may
consi st of a maéthadicaytevide dsxtinmay Yeclabserned, adiosted g0 acuhpansaid fardedighd pl ate or
"~ pad, .or may caonsist of, a.conbipnatjon everal. pi eces, of diff nt

matefi al s. | nVAERS: aﬂ#é%@&%@@ﬁﬁ%*’ﬂe%é,prcf‘?‘%s'ggrr&'i ‘elnoén ﬂéerrg%@edr essi ng
head is divi dgfbédimeREtid piane adflistmattwetanisseinapbearadive st andard si zed
pad conditionin se%tion , tEssclEch‘Ig as a fi xed-%_(t'))rasi ve unit, a brush and

spray unit, driyemdevics SUHLAR 25RENG PLERPWYG  vi ces.
Dependi ng on dylieddtethiat eshtimdusly pessdmgvaet psssancen ieapdd aeesingn of the
surface of the pad dressi&g head 4 Julg 28 5 . WO 02/ 053%22 PCT/ US01/ 48655
may have i.hdél?@lﬁ'.cﬁgﬁq(‘;l? tha ?gﬂ"?%?b‘[%"féb #ag GAgief AageTpbPy o Heot at i onal
and qqup/ down gt dB8sing 8Gridcd $81HIsShtSHE BlpadRPEdsing ARf=2BGHA dopldnkile 5B, the
pad dressing ‘surface vnlgz have a fixed- abrasive 74 on one part of the

surface, a clrelaiopsiip wihdne watarVé maured o theeafescarier agsembing2.aln array of
fluid dispensj f ) ; b SHh i i ection. The
cl ean pad may eggngthgééﬁgéglﬁ%rﬁ{e@?%?&@u@ as %%kﬁll(%aéié Og\ggﬁegbl e from Rodel

Cor por at i on. depaegiely heighp peivstablasshalisonpyrbaused fragitet thaplansiafdhe ur f ace may
oot ner o, 1R oSS e otV G Ct Rl PRBBA G 010
strihp of nyl cassbmbihl 2ttt paddrasdingduiad 68Inaghbanupperieddy a circular
bearing or may be supported by the shaft 62 alone.
Referring to FIGS. 5A-D, several embodiments of preferred pad
dressing surfaces positioned on the pad dressing head 60 are shown. in
FIG. 5A, the pad dressing surface may be completely covered with a fixed-
20 abrasive media 70 such as alumina, ceria or diamond available from 3M and
Diamonex. In addition, a plurality of orifices 72 for transporting a fluid, such
as deionized water, slurry or other desired chemistry spray, are dispersed
across the surface.
, The active surface of the pad dressing assembly may consist of a
25 ~ single dressing feature, such as a diamand 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
sections, such as a fixed-abrasive unit, a brush and spray unit, sprayers and
30 other types of known pad dressing services. Depending on the desired pad

dressing performance, each section of the surface of the pad dressing head




5C. Another preferred enbodinent is illustrated in FIG 5D, wheugy§ 2805
fi xed- abrasive substance 86 is positioned on opposite quarters of "the
surface while a plurality of fluid orifices 88 and a clean pad 90 are each

posi ti oneqy@ph/@dsszs espective one of the remaining two quahi@hpais t he
surfaces. Any of a 15 number of configurations of abrasive material to

abrade and condition the pad, a fluid to rinse the pad, and/or clean pad
materials may be utilized. Additionally, any suitable fixed-abrasive or
fluid may be used. The polisher 10 of FIGS. 1-5 is preferably configured

with the wafeham\,@lﬁae;?eﬁa@ﬂ@éfo e dchiarRs M p mkVotQﬁdﬂgggprow ded

co-pl anar relationship bet'ween their respective surfaces
above, the coUBld@M@rmﬂi}OWdtﬁdlmmmNMqﬁj usted or self-adjusting. Al so,

the pad dressing hﬁégpéﬂﬂ in 1468 S, 6éoeéregﬁfi§’t ﬁ%&c&&%&ﬁ%@@@f“x@@s'“o”ed as

cl ose together radially as possrb e SO t m anoun
pol i shi ng padahtasei 72 omphe paﬂ of thermlirfecemedeaPpad 6ail anothdrpasiofiese of t he

pad essi ng o the
et erd oarri or Stk PH I AR Ebos SRR RS UCNSE B B4R e “one
conpl ete rot apaduaectfort hehepelelan pad malyéxea pmboﬂnmﬂtsnalm:bh epPelyed dressing
devices may b on_the .sang. or dlff ort ns of the
pad. In thesegaﬁ%{?‘%fle %?T%O%Lgoﬂj%astg’nndn 38%855“%?{{ h%&) i&% 3f each
pad dr es? ng dmmﬂgls;arfaagn@cmmtﬂy&dtrﬁﬁofrcﬁ&in@hd gntvsa,lanmmuf th B2 thle waf er
carrier hea or e arr I,n any, other ire aghion. 4 July 2005
VO 02/ 053322 Btﬁ*?%%ﬁ&%%ggoa%ﬂafiwsa? &@lﬁ%ﬁiﬁ%@?fﬁgﬁ? each of the

waf efQ carri er peipadidicalt tethe skipslof idch BHUSH ahd dishssrriabdiaasBhywhdn FaBSt ruct ed
havi ng heads g at_are non- gi nbal ed not he odi_nment pad carrier
nead may  be- a0t MTRHES PrAEKAY CTROA TRt RSNy ORnBHAEIT A HED: ndust ry.
to conpensat eamvswé si]ib@@hcé B@@eﬁbﬁsﬁtﬁin@& dn'bﬁpb&t@hueﬂf&i‘? Bf th@fsuwaee Whlier acting
waf er surface, poljshi ad a dressi ng surface. t he waf er

carrier head & rﬁ*&ﬂoaﬂté@gﬂﬂ@es ffﬁeafaﬂ arcteaﬁrﬂ@fi paﬁhup@ﬁltr@@pdmﬁ t heir
respective surésﬁ@@tﬁfef&fa 6I“Qhé Perﬁétmngmoehqaﬁé@%ﬁﬂéﬁéhrfé@@g' ﬂngla?apad car der

head faces downward. An advant age configuration is that
it cHh assist nmmbequwﬁguqaho@ ¢fipbtagiveamaterial to abrade and condltion the

pad, a fluid to rinse the pad, and/or clean pad materials may be utilized.
Additionally, any suitable fixed-abrasive or fluid may be used.
The polisher 10 of FIGS, 1-5 is preferably configured with the wafer

carrier assembly and pad dressing assembly having a co-planar relationship

20 between their respective surfaces. As provided above, the co-planarity may
be manually adjusted or self-adjusting. Also, the pad dressing head and
wafer carrier head are preferably positioned as close together radially as
possibie so that the maximum amount of polishing pad material will be
conditioned. Preferably, the surface of the pad dressing head is large

25 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, mqlﬁpie 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

30 radially with respect to the wafer carrier head, or may be arrayed in any other

. -desired fashion.
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10 i nspection, end point detection and direct supply of liquids 4t3g2,t2)365
wafer surface. In other enbodi nents, the wafer and pad dressing héads, and
the opposing pad carrier.head, nay be oriented parallel to a

non- hori zQpg alesRi,gne, such as a vertical plane, or eveg. heLely
reversed (1.e., polishing pad facing up and wafer and pa ressing surface
faci ng down) dependi ng on 15 space and_ jnstallation constraints. As shown
in FIG 6, the polisher 10 is control -1 e by a m croprocessor (CPU 65
based on instructions stored in a progranmable nmenory 67. The instructions

rraybealistofcrgw&@ e L fdC 0ol L sk henes
that are entered ot(rPl cal geﬁf%ﬁ@ﬁ%d&ﬂgﬁtﬁgé\?{ﬁgggg%gﬁ dﬂ%nﬁ?ﬁ%‘ﬂg?\ a§§ 20
oper ati onal pB#daEassing assembliessanaytic senstaiciadhaving headsitbatareinons
conponent s of |\l : ' l“&ﬁ% ' | speed
of the carrief' (;%é S lb??h%ﬁmeégggjg,alnaﬁ’gﬁggﬁg%Bg%\lé‘lraggs| ge(r;eg l‘f?\lé)ﬂr?gn S,

posi ti on/ f or chead fsochasithosefcoomarhekspymidl tee ihdusty . dosompensaid for adi al pad

por i Shing 11 iy kol B by RonRofes BE Rl Raf STRSL BodRyR- =1 =°
i nformation fpadrabdeadddgsvigaurfdes.eAlsoythé Wafdheni@tihdasl andgfaerdibsgingn
communi cat i Onp%%f h. eac t he d% ftﬁ ent_co nent.s_of. the rPOl i sher. Wth

f f ,
reference to %r&p?rg é?QDMBF'%% M ;i e ?%%"%%‘9‘89' 8?)eration of
the polisher upwystesdirechien Wit tive paAf ¢arierchesiifaces dowmeatdd Apnddvantage 30 waf er
carrier, the jshin ad i s | owered t he .spindle drive assgnbly such
t hat pol i shi n&%?d”?f@&'ﬁﬁ??ﬁ%ﬁ“?“éﬁ ‘E‘@P {Bfg%aﬁﬁ'sﬁ'ﬂgngi?y?ﬁgbs'ﬁS"{"%’Qewaf er as
shown in Fl Gnspectith! 86d88int dstediohi pieliresBsuppfy cliguiised tieowaeppl etel y cover
the 4 July 2005 WO 02/053322 PCT/ US01/ 45658 -1aérsurf ce of the wafer with

3
the pad, the PHERGEs IppleEcHCFIMERS, livater aRd PEAEressin sctndihen, a

portion of thepyRirg] pitiEdraenedl, MAY bBioYiBAtel gikalleNS8 noR-hBRZdritapiar, t he
polishing-pad that 1s not covering the wafer is preferably covering, and

in contact wiE4Eh AT vedicalaianeopr Ve qompleteldsyerged igeighingRad, as one 5
portion of ,th%ci?@'df d'Wafefdnd ﬁéggré%siﬁa@uﬁéséﬁa%ﬁ]gmdjgtep&a bhon of the

rotating wafer, another portio ~ the“pol i shing“pad i ot atT ng agai nst
t he 1% ot at i ngsRAsefatsidnsifilation cppgirainiessi ng assenbly to clean and condition

the As shown in FIG. 6, the polisher 10 Is controllable by a microprocessor
(CPU) 65 based on instructions stored in a programmabte memory 67. The
instructions may be a list of commands relating to wafer specific polishing
schemes that are entered or calculated by a user bé_nsed on a combination of
20 operational parameters to be sensed or maintained by the various
components of the polisher. These parameters may include rotational speed
of the carrier heads for the pad, wafer and pad dressing components,
position/force information from the spindle drive assembly 54, radial pad
, position information from the spindle linear fransport mechanism 56, and
25 polishing time as maintained by the CPU and adjusted in process by
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
30 wafer carrier, the polishing pad is lowered by the spindle drive assembly such
| that polishing pad overlaps only a portion of the surface of the wafer as shown
inFIG. 7. Although the polisher can be operated to completely cover the




polishing pad during the wafer processing. The pad dressing assgﬁtaiyﬁog?y
al so be used to clean and condition the pad after wafer processing,” or even
10. used both during and after wafer processing. Preferably the entire

pol i shing whdshssHUtilized in this continuous process L gdfkg and pad
condi ti oni ng. ’ Pr czaf erably, the polisher 10 is capable S%C']g@grlzssénng

regional variations in uniformty on Q1¥\afer-by-vxafer basis. This function
is achieved by first obtaining profile’information on each wafer and then
calculating a polishing 15 strategy for the polisher to address the

part ibcul gr Doﬁlra!’fubef efar i W{a;%‘ﬁ with tieaphd, thabad (ijs preeeraty gh{ypfa@éﬁh@, driffi@r mat : on
may be obtai ne rom earlier asurenents determ.ned. in ocessing earlier
| ayers of t heCHHRELWH ﬁrpoﬁé’lné?r;?he B’F“?‘?‘fﬁy‘fﬁ%e Ay WBy &%‘1? p(?é‘f‘%? e the

wafer is procesthedolidhiyg faethat isthot RBTERIg tE WHREE pRIFGEblyoTBARY! RENt

techni ques may be used to obtain the 20 necessary profile data. For
exanpl e, a re¥iontactwitheths sHEaemet hginad dicsdng 2sssB1bh Piushas 988 sound speed

Neasy ement s, na@yn BFthTe?}:l&ﬁEhiﬁ‘é ph& E&h&sfdn‘afﬁré&%s #aMseh pBtionhst thef er to the
edge to determne profile g@opertles. These properties may be used in
anp

conj unct i on wiotafingrwater, sportine 96 theaeplishing pafl is @iatig againsidhe shi ng pad
(for exanple, NRAS S SRR ',g_.“ﬁo Nt s al ong

t he radius ofm{t g'.gpol [ g%?ﬂtgeglgg@?%%ﬁcul atgtﬁ%&{)@g‘?&é po |rgﬁi|eng schene
(e.g., polishpelighipgdadaiming ithr wafes procespisgd Toe pad dregsing assemblpaay
downf or ce applyi t ot i shing
path) and st oélrllisag%1 ﬁtélgga Rﬁ%‘?@ﬂg?(?%gé'{llér}?F%é} aggﬁésr ﬁ%?é} r%s%tﬁgbgpé\)r(%{;ut Il on by
t he 10CPU. 30 wdddroth duritghandafienwalipopiioshssing. t Areferablythe ehtirevpelishing i fti ng
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R i e L BTN R
wafer. The wafer profile information may be obtained from earlier
measurements determined in processing earlier layers of the particular wafer,
or may be measured expressly before the wafer is processed. Any one of a
number of known profile measurement techniques may be used to obtain the
- 20 necessary profile data. For example, a resistance measurement using a four-
point probe, or sound speed measurements, may be taken at points frorn the
center of the wafer to the edge to determine profile properties. These
properties may be used in conjunction with the previously measured
properties of the polishing pad (for example, the measured potishing response
25 ’ at various points along the radius of the polishing pad) to caiculate the best
polishing scheme (e.g., polishing pad path, rotational speed of the wafer and
pad, downforce applied to the pad, and time at each point on the polishing
path) and store these instructions in the polisher memory for execution by the
CPU.
30 Prior to, and after, polishing the wafer, the wafer lifting shafts 34 in the
' wafer carrier assembly 12 are activated to lift the wafer from the wafer

receiving surface and transfer the wafer to or from the wafer carrying robot.




Once the polishing scheme is determ ned and stored, and the wafery,i,Sg0s
properly nounted in the wafer carder, polishing may progress according to
the predeterm ned polishing scheme. The pad, wafer and pad dressing

surface d(l"l) H be rotated at a desired speed. Suitab)] Qi ekonal  speeds
162 s

for the pa waf er and pad dressing surface may be in e range of O -
700 revolutions per mnute (r.p.m). My conbi nation of rotational speeds
and rotational speeds of greater than' 700 r.p.m are al so contenpl at ed.
The linear transport mechanismfor the spindle will position the edge of

~ the pad at thgishi dgingtrb @tMP ﬁhﬁ-ags bha grgiuis wifet Res pRf@tedtds fee spindle

drive assenbly wll [Fower ad 15 until it reaches the surface of the

waf er and t hevalesinalighing eggua pag drepsing gurfacerrl! fekate inthesamadimciiper abl y
only covers aoﬁ-@"rtcbﬁ%&r%ilowﬁf %@t%ﬁa?d&%cﬁ&@?@% erﬁﬂaﬂéeldnaf}o{ahsna\ﬁf er until

the desired polishing tinme has expi era process status
i'nspection sy@@d}Of\I\m individugl a@emblreﬁmqwaw a@ﬁbb@dﬁbﬁfd BQFPO(SGﬁJUB( 1) having

one @r m)ret des 63, communicates 20 with the CPU to
prov?’de I n- SI u I%Eé%l{éﬁﬁ&fgﬁﬁ@@ﬁpol i shing progress for the target

regi on of the waf @nmemliﬂ@@s@aﬂMlsaiemjmmd@ldﬂgmdwgﬂd Ereewater isvat e.

Any of a nu

et hods- ( opt 1aPSN PRGN el BEREE et Rl BodiBiPhaddRifisd g

predet er m neobrpdeﬁeahmag pstlsimh@gghemy Dee pagy wader arad mdresﬂdg\sudaea vvaf er,

the 25 signal_fr a S tion.teol Ci.S

adj ust meln'? -'ofW'I {?é ‘g {’] %S?%ﬁl‘?g ?3orQ’“E%“;’T%‘“gg%f‘aigfd’%%‘@%f“f)ﬁ’%ﬁﬁde Af ter

pﬁl i1eh: _nghft hewéﬁe& atnd paﬁdm@smb slukfewva‘fa@rbe mlﬂeefanlgea:tf Ol-n'dii!)«egemkiam smh nmoves

t he polishing pad to the 0Ss ont ol.is at that

next regi on. PARBR ERrmy Aty BFPbinafin SRR Ares B SRRHGR R ¢ he

Zg(rj f ?ce 3P| Ofs;iebﬂs\éﬁf;l%étéﬁharﬁ 70Gr.pRY.efe b&otdt@ﬁtdnﬁ){’iatedﬁd’lhallméglst;éﬂs@mt et
itionally, | ol i sher e i shin roma firs

posi tion, \A%épévéh éh‘gfsp‘"?'ﬁé”%Bpg' K‘&‘?%@‘E?‘éﬁ pad Qigthg EstooRtter of the

wafer, to s UQﬂ@f‘iﬁJﬂ@raﬂi% 'oﬁ‘ tHRN\Fafér dhd heZfiiie WROZE LR KillREHERE Ha4 8658

- 13- radl ally away fromthe center in consecutive order until the wafer

edgdbis r eadﬁﬁﬂj't reariep it syriacefof shepwater and fhe drsited RressuRRisaPpliedddr essed
by movi ng ' ” Tifll pHRAFR e SrefetduiySniP cotdls BtEGbhe R Sandfhtif¥ey ™l € the

first poll to polish the wafer until the desired polishing time has expired. Preferably,

the process status inspection system, which may be an end point detector 61
(FIG. 1) having one or more transmitter/receiver nodes 63, communicates

20 with the CPU to provide in-situ information on the pcﬂishi‘ng progress for the
target region of the wafer and o update the original polishing time estimate.
Any of a number of known surface inspection and end point detection
methods (optical, acoustic, thermal, etc.) may be employed. While a

~ predetermined polishing strategy may be applied to each individual wafer, the
25 signal from surface inspection tool may be used for precise adjustment of the
- time spent by the polishing pad at each Iocation..

After polishing the first region of the wafer, the linear index mechanism
moves the polishing pad to the next position and continues polishing at that
next region. The pofishing pad preferably maintains contact with the surface

30 of the wafer as it is moved to the next radial position. Additionally, while the
. polisher may move the polishing pad from a first posttion, where the edge of
the polishing pad starté at the center of the wafer, to subsequent positions

(3




operation may start with the edge of the polishing pad at a poi QltJu.yrﬁOO
between 5 the center and edge of the wafer and the polisher may nove t?’ue
polishing pad to positions along the wafer radius toward the edge, and

fini shingwhbthsssebinal  polish with the edge of the pad@tydoligssent er of
t he wafer.w%u%hl ng polishing, the polishing pad is preferably constantly in

contact wth the surface of the pad dressing assenbly. The pad dressing
assenbly 10 conditions the pad to prd@?‘de a desired surface and cl eans
by- products generated by the polishing process. The abrasive material on

the surface ofaqidi) @R AR AR BRI ST Al hefiblor BES jd he Pad

surface while pressurized ' wat er or other suita em cal
cl eanser is symashed the prafilgof a partioulaf wales may hienkest addreseechbyl mayimarist t he

pad. 15 Usi ndyiaes (LG D1 81 1y BERS P oRBRbITHl B fyoPI ndl e to the

pad carrier hea contro y e the p arrrer head and the
waf er, the poperatiommayrstarewith theomigeds thmpolishingepasinat auedinitin detversror

indigcates th t he li sher .has fJni |y i U i Vi ng
 nf ofimat on 1 TG 205 R vrtbEafd e irkhediuy Hoh s BORHS Rl e
| i near tr anspiorjositiotbatorerthe vafer rafius tolvaat llye edyess and dinpsbingskitmg fipald wi t h
respect to the center, of the fer, to dra t ol.i shing pad away fromthe
center of thepﬂ’/!)é‘ﬁé’w&ama epg?:ﬁﬁl"\%rpqdk?é%ﬁ%ﬁ?’we%ﬁﬂﬁ?glraf egi on of the wafer.
Pr eL gr ably, g _heI F@hrﬁ@%%ibmn%ﬁﬁé ponain}rg p@;\mis prféﬁetaawli comst ér&lytir:;il eoiact i s
- W t hdrawn radi t owar t he edge .of the . a referr

embodi ment ;’ twﬁE%aﬂﬁ?ﬁ%@@ﬁl@a@ﬂ&%ﬁ@%ﬁ?S%@ﬁaﬁ'%Hﬁgéf gsEi‘ﬁf’ﬁlTS?r’?yZS i ndex
in dipscrete Sé&muﬁ@\ﬂwgm tPprotife andsdired Budses Aed cisamd By-pesiucenbodi ment ,
t he spindle mechani sm 56 may i ndex between positions and  oscill ate back

and forth i n genesefied by e Relishingqipcesse H NerfiasiR BRIETEhor §1e:8418P ofi n smoot h

transitions btﬁb‘fe%@'ﬂr@%iﬁggﬁssfeﬁﬁﬂ'lﬁﬁl%fé@bly'&%tim&?fhe_ pad supRk8hitenbodi nent, the
| i near spindle transport™ mechanismnmay” 30 nove in discrete steps, maintain

the spindl e ipregstrized dejaninediwaiereratioer saftplle chemigal sieapsaritispaned use of a
o 2w ep "t 8 ML 1 SRSt e p! 21 o1, 5 L1e 511 10
02/ 0%3322 PCT/ USOMsgsthe CRY io meniterthe presspeiapmigd tydheapiadle taghe s appar ent
fromthe figues.adifend¥l A Udi%oliably rotate the pad carrier head and the wafer,
' the polishing process proceeds until the end point detector indicates that the
polisher has finished with a region. Upon receiving information from the end
point detector, the CPU instructs the spindle linear transport mechanism 56 to
20 radially move the polishing pad with respect to the center of the wafer to draw
the polishing pad away from tﬁe center of the wafer and focus on the next
annular region of the wafer. Preferably, the pad and the wafer maintain
contact while the pad is withdrawn radially towards the edge of the wafer. In a
preferred embodiment, the spindle linear transport mechanism 56 may simply
25 index in discrete steps movement of the pad. [n another preferred
embaodiment, the spindle mechanism 56 may index between positions and
6scil!ate back and forth in a radial manner about each index position to assist
in smooth transitions between polish regions on the wafer.
In another embodiment, the linear spindle transport mechanism may
30 move in discrete steps, maintain the spindle 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 to provide an oscillating-type movement




pad not only maintains constant contact with the wafer, it alsoy 13%% ns
constant contact with the surface of the pad dressing assenbly.
rotation of the polishing pad will bring it first across the wafer and

then intowemM@ed5 W th various portions of the surfacgfsolRsgoad
dressing assenbly. The polisher 10 may be configured to allow for the pad

to conpletely overlap the wafer, howeyger the pad preferably indexes
bet ween various partially overlapping positions with, respect to the wafer
to assist in followng a desired material clearance or naterial thickness

profile. Advapdtages ttaf pddiusd e Wéféif l @srrseapperer@ndrrpthecr@aﬁesl thel pulighinge
ability to focus on the amunt of renoved vari ous annul ar

portions of tRRd QR WB‘“&*%M@’%W@&W@P* Nrybrhegrﬁfeb f3len maieiag oi d

non- uni f or M tyorRht e¥ftaciR@tH &R sRffaks 8Mhe PaliWesstiPReAlbRd MadHtoRfohshi ng an
entire surface of a wafer similtaneously. Further, the partial overlapping

confi gur at i orPf the priishingsrad il brieg ildirshagrass the wafes aaddhentn eopast i nspection
and g tu g GaRAk ARG el HRHE e PAIBLRGdairiRp! 0 asserdl v s

shown, multiple pad ressi ng assenblies al so @ enmented. An

advant age of the Eﬁeﬁwﬁherﬂ&rmehbe cogfigused tr)a@llowﬁomqp ceomietelyoni ng nay
b f d | d
e performed g ngftr?é'ﬁ%ﬁ e‘rqrart% JhidSrbibest fatked rg%t@ggﬁ h&ﬁorﬂsne upper

| ayer thi ckness asur enent C poi'nt detection d on the fact that
t he waf er andegstialiysiverigppingippsiiitnsrwilh, sespekt tothe waleptacassisf inofpdewing.a

Addi tional ly, O d poi nt no
greater than CHWM g‘?i{t%'}sd?g%etaﬁ' ¢ 6% njmag%rlrér?]fém%lgﬁs Q? ﬂoﬁ%oll\?\)ﬁ‘ﬁ%esa&géﬁsmy be
conmpbet el y camohfi gmrahermlamapmcesﬁ m:biuda thé-abifitydo fomue ondbe emeant ajs  may be
achi eved by f Zi n d._.Unlike 25
several pri or'Héﬁei['aH% gﬁ% éra@ p8ﬁ1°in§l9| ﬂ&‘@aﬁﬁ‘t@?ﬁaﬁgﬁ%ﬁm l'y Iarger
than the wafm:hslbeonﬁgaipaulashddmntmﬂfognityam smfﬁam ?bbtr?lm qfeds ﬁhl ng pad is
potentially util. er emnhodi t aolisher 10 shown in FIGS
D07y be” ooty miphing ap s Madger awier S BoRautly oyat em 110 as
shovvn in 30 F_Ejrﬁ:ier&he bﬂrﬁtahﬁreﬁﬁprbxﬁgh@ﬁfdﬂrﬁrorﬁ:erﬁiﬂshinﬁi!ﬁn@ﬁ@lbﬁ@ are |inked,

% ries to |n§rease mﬁer t.hr he wa er rocessr ng system 110
pref rably i LONEBYSyHPelg-Rag ip 9 aE%r‘H’ W&f"@rs | oaded in

standard input 4 Mhdu@pé)5rng?é@a@2dr@§§|3§asd%ﬁ_ﬁl%%ﬂrﬂﬁﬁﬁltrpie pad
dressing assemblies may also be implemented. An advantage of the present
- polisher 10 is that in-situ pad conditioning may be periormed simultaneously
with in-situ surface inspection and upper layer thickness measurement/end
20 point detection based on the fact that the wafer and polishing pad preferably
do not completely overlap. Additionally, by starting the overlap of the pad and
wafer at a point no greater than the radius of the polishing pad, the polishing
pad may be completely conditioned each rotation. Furthermore, cost savings
may be achieved by fully utilizing the surface of the polishing pad. Unlike '
25 o several prior art systems, where the polishing pad is signifi cahtly larger than
the wafer being polished, the entire surface of the polishing pad is potentially
ufilized.
In other embodiments, the polisher 10 shown in FIGS. 1-7 may be
used as a modh[e 100 in a [arger wafer processing system 110 as shown in
30 FIG. 8. In the system of FIG. 8, multiple modules are linked in series to
increase wafer throughput. The wafer processing system 110 preferably is
configured to receive semiconductor wafers, loaded in standard input




-15- cassettes 112, that require planarization and polishing. Asgfehs
transport robot 114 may be used to transfer individual wafers fromthe

- cassettes to the first nodule 100 for polishing. A second wafer transport
robot may pgedssd,to transfer the wafer to the next mogyl &y conpl etion
of processing at the 5 first nodul e as described with respect to the
polisher 10 of FIG 1. The system 110 nay have as many nodul es 100 as
desired to address the particular pol-l&hi ng needs of the wafers. For
exanpl e, each nodule could be inplenented with the sane type of pad and

. slurry conbi nati.Qn. LV bt Jdxed- abr asi ni.gue re used,
and each waf egg\?%ﬁ?%?fo%qg%‘f'{eﬁgﬁﬁ"a&?}“gal“éﬁgP??’ 8@%5'1%/92%%3% thh Sz)oguch t hat
t he cunul at i veobef 1t mayfbetdseditodiensfenmidividual wafeesfromithd cassattes to ithea

conpl etely pao.i far er.th fer receives .its final partial

ol | sh at « helpERBAEoBIoPhbEhA R YRoha iRl ERer sl o s 864 o2 cou o

be used at eaténsierdhé evaferds thieaextinTatliabporecomplbtisrespmotedsing fthpol | sher of

" FIG 4, each i sher 15, nmodul 00 may .change. pol | shi pad_carriers

Chrodah the U8 Bptdees ioseitad i respaiS HoRIBRuI O ot B B S [

at t ai nabl e irsys_tee?]syﬁmrﬁv;%sc%aa@mchm@ygbo%b@e?ﬁ@d ﬂfa@dr@@«fdtﬁeobot _118ht hat

may cooperate w.th t pi N ve _ass of each nodule to switc

bet ween pads '%}H%&F?O(@ﬁf“ﬁ? f\ﬁﬁgﬁ Bfl epvpter Snzzg’ge%?fnﬂ‘?s%& W@gf"ﬁémé‘m bg e

system Ml tiimphaperiteaoith ﬂg@dama_rtgtiﬂee@fdg@%g?&hrﬁifﬁrﬁﬁﬁﬁde%rlhars{Jﬁﬁﬁh Pfds
e positioned adjacent each nodule to perm

120 and used pads, 122 may. b ]
ef fi ci ent chéﬁﬁsf?&f%?'vep%helak' $ 8re Yredgand gaghawaiegwodld ke parialls wit h pad

carriger headspifgaized ot E8SINRAUR: suehithatzhdBurfulafiid BQdioRthd RENRIGLEM such as
a sinple barcode scanni ng techni que, wafer ngagfgcarrl ers having different
w.

types of padsPHaheswouldrasudijneraunletslynalish r aliemtheierreseivehat
numer ous conmig il Bﬁ%apﬁ%ieﬁ%?ﬂ{@)ﬁstﬁﬁo&ﬁée”b' ed in the system 100. After
waf er

pl anari zation, the secon ] robot 116 may pass the wafer on to various
post CVP nodul es Migragively) diffetentpadriomaliirfiehoould he usedat eash maoddiel es nay be

Govi cos. A {1 Paapad aBbish i fiddB0Rne BRIsAEPGYEIER S, bach Plihens, v
nmoddibes and pnedide 106 emyi ¢hange polithing pacheardetsdbrongk theusé eha tmpl and
cleaning is GRIRL&! EThis additional flexibility is attainable in the system of FIG. 8
' through the use of a pad robot 118 t‘hat may cooperate with the spindle drive
assembly of each moddfe to switch between pads automatically without the
need fo dismantle the entire system. Multi-compartment pad carrier head
20 storage bins for fresh pads 120 and used pads 122 may be positioned
adjacent each module fo permit efficient changing of pad carrier heads
attached to worn pads with pad carrier heads having fresh pads. Utilizing a
cataloging mechanism, such as a simple barcode scanning technique, wafer
pad carriers having different types of pads may be catalogued and placed at
25 ~ each module so that numerous combinations of pads may be assembled in
the system 100.

After planarization, the second wafer robot 116 may pass the wafer on
to various post CMP modules 124 for cleaning and buffing. The post CMP
modules may be rotary buffers, double sided scrubbers, or other desired post

30 CMP devices. A third wafer robot 126 removes each wafer from the post
- CMP modules and places them in the output cassettes when polishing and
cfeéning is complete. |




4 July 2005 WD 02/053322 PCT/US01/48658 -16- In an alternative %b?ﬁ”t

of- the polisher of FIG 1, a polishing pad constructed of a fixed-"abrasive
material is used where the fixed-abrasive material is forned with a

circul ar ompetnmipcunference and extends radially i nwapgrgdhiseds Portion of
the way to the center of the pad form ng an annul ar 5 shape. A region

| acki ng fi xed- abrasive pol i shi ng naterl I s bounded by the fixed-abrasive
material. Preferably, the region |ackit n f| xed- abrasive polishing nmaterial
is symretric about a dianeter of the polishing pad. The region | acking

fixed-abrasive matwa@bntérﬁmnts&ﬁmeﬁttcﬁlméHém@eoﬁrl@ 10f golishiRgbhghi ng
pad, as conpared to standard rotary pads having substantlally their entire

10 surface oc Gﬂﬁtéﬁt?ﬁlﬁp%m%@m@s%%@aﬁ%ﬂaéﬁ yged whete thg, BxedabrB¥9i de a way
of increasi ngndidisal P@fdﬁﬁ‘\eﬁ Qﬁ{ﬂ EiRIBY btk Eﬁ&}rﬁf@’e% ARRbEHs Bd@dlly

sem conductor wafer fromthe same anpbunt downforce avail able fromthe
pol i sher. In Bieargdealys P%Oﬁﬁf)ﬁ@lw@m%ﬁ@vbﬁf oitheiped formingan geniseni ng pad

200 das. an §H£B& %A 156 g?rheﬁ.eg@ggg ﬂ%@ﬁ%%t@ﬁél%b&lnd fet he

central region tertral 1s su an?lally
circul ar. Anofmabr@ﬁyem’taﬂala Hoeferatiy, g erﬂevéklh@ﬁmrbaiﬁfmuepabsl‘am ve

material over té}ﬁl'is[)%lﬁﬁrﬂétne%rbt)hpﬁdla%%% rocIf tﬁ%]ﬁ?ll%"m\ @a&%hﬁ!‘%}eﬁgﬁ FIG 10. 1In

t hi s enbodi ment abrasive i y circular
outer circunf bﬁcélngé“ xad@bmwemateaahedmw the tatgl Mam(ardaaokmagpohshmg

Qhor_oont gupdii b B elefned RS AE B M Al lal B8 28R 1 "o
of AOS. 11- 1§unfm>p cmcapneUdJyLmﬂamm@pdemm@. aridethasucémpmvweeﬁmyof i xed-

abrasi ve materi al chan the rerm rate c teristics, o the
ot oy paleRes BRI BRI Gt SR R et SHRATE BleRidritySlor
sel ect ed wi t hwaferfront treldaate ameunt of downfortd avaiiabledfsn dicepoilshat. W II cont act

a wafer to achiev a 25 desi.red increase in | ing. Th articul ar shape
o e port ane Sndripr et Stainat Shatiun TAGn S cihemoisey PRESERT coonr s
for a particuhsg a@bﬁﬁ@l&ﬁregﬁezdz FfabledRbassiveemaRtial, whlerd e d&ﬂtramélg@h a .
nunber of connerC|aIIy avail abl e fi xed-abr asi ves suitable for anar|2|ng

sem tbnduct or 2 rERQuL Tixed-abpasive mpterigkis éU'Pﬁlﬁ'&a“bSF‘”Fln“ﬁ'"ed“‘%?%[s‘fﬁ\i%@" i ncl ude
the slurry frge, sdiBhity p&d 806 Rhvindit@d ahbivd RN EEY PPEMINCPA pafiiont - Paul ,

M nnesota. The fi xed-

208 of the pad is shown in FIG. 10. In this embodiment, the fixed-abrasive
material has a substantially circular outer circumference and defines a central

_ region 210 lacking fixed-abrasive material that is in the shape of a star-like

20 | pattern. Other configurations, such as the fixed-abrasive polishing pads 212,
214 of FIGS. 11-12 may also be used to decrease the surface area of fixed-
abrasive material and change the removal rate characteristics of the polishing
pad. Preferably, a reduced surface area polishing pad is selected with a
patticular reduction in the surface area that will contact a wafer to achieve a

25 desired increase in loading. The particular shape of the polishing pad may be
adjusted to meet non-uniformity requirements for a particular process.

The fixed-abrasive material may be any of a number of oomrriercially

available fixed-abrasives suitable for planarizing semiconductor wafers.
Examples of these types of fixed-abrasives include the slurry free CMP

30 materials available from 3M Corporation 6f St. Paul, Minnesota. The fixed-
abrasive pads illustrated in FIGS. 9-12 may be adhered to the pad carrier
head 23 using any of a number of standard adhesives.




abrasive pads illustrated in FIGS. 9-12 may be adhered to the patpljug?ogg er
head 23 using any of a nunber of standard adhesives. - ----------- uly
2005 WD 02/053322 PCT/ US01/ 48655 -17- In the annul ar polishing pad

enbodi nent 9, the fixed-abrasive annular pad has an
outer di arrvg iézrﬁfsgl'tffﬁczaater than or equal to the dianeter géé{lﬁ%)%vééﬁ %rs to be

pl anari zed. The thickness T of the annulus nmay be chosen to correspond
with the pressure needed to activate tfé fixed 5 abrasive nedia and the
force application Iimtations of the spindle drive assenbly, or the

removal profil es dRSheSnudPbainlaRl G diinBhFIES. EERLESTRANR | Nher ent

in the fixed-abrasive me "'anarfi zati on
char act eri st i asndlagpad prefdrably daalbnasterdiamelengreatsr thkavoon exqyal tether ange  of

force that thg ' rj ssenmbly.can to the.polishin ad 10
corrier s 1 reRRding Walks ERE PR SRR bR T S AR ALY O\
op;aration ofbe} bmﬁﬂﬁosimm gpm_mﬂ?im?iém?ﬁpéiMO amtifes?ﬂh@ﬁ:t@;h%ge duri ng
waf er. processing. |n ogne odi nent ,. e kness,, o nnul us may be
TR P o e sfedi Bnd MeRu i ol - RaH B se e SR | oducad
3grf?ce ?r clag,ass‘e}nmﬂﬂmﬁ@ﬁém@gppddﬁﬁbid@giémm%@. ﬁﬁg\ﬁ‘ﬁg tfﬁe bebskard hat ilrr})roved

ie | eve erf ormapce can, be achi eved at hi wn forces, typically
‘unobt ai nabl e '%l‘i‘é‘lrﬁ@eegrio‘é‘?fﬁpto‘ﬂgme &éﬂdé’i‘bf@%‘é‘? B‘eﬁ?ﬁ fo tﬂpé’lpf‘ﬁﬁaﬁs. Preferably,
the pad dressplagamssionichirablerktds ftdif thefeesbrasivé ki A knbafhg tAé FI GS.
9-12 is the sane as_descri bed above with respect to FIG 1 The pa

) . . d
dressi ng head@pge paferes ihal e snindie drvrepssembly,an ABRYY Enthegolisingbedsi ves and

fluig orificesarAdbaRickids? ¥ B PbSEPEHrbRiBe bl coRtlicR BrASthYPalRWs SHerdtdn
material on the polishing pad and to renove rel eased fixed-abrasive

material froththepopehing paeyithiadhe eptimalipjesstir eanggsiudpg yvafel essi ng of t he
e o i . :
| xed- abrasi V&océ@éufg’.'@ror{séﬁéf?@( f ?Qg}%gﬁ@gﬁééf;&ﬁe BYndild faBieiRhd ©

mai nt ai n exposure o fre € nment 1 oned above, an
advant age of renge of Rédneigsaoid/@inghes| An adpantaghofilepeduded suface ahea, ar ea of

O ot e BRI B SIS, o RGN ity The | esser
16 - performance can be achieved gt high down forces, typically unobtainable
using conventional wafer-scaie polish platforms.
Preferably, the pad dressing assembly 16 for the reduced surface area

pads of FIGS. 9-12 is the same as described above with respect to FIG. 1.

_ The pad dressing head 60 may include any number of combinations of

-+ 20 abrasives and fluid orifices appropriate to prepare the ﬁked-abrasive polishing
material on the polishing pad and fo remove released fixed-abrasive material
from the polishing pad so as to reduce defects. Dressing of the fixed-abrasive
material may also be accomplished by this method to maintain exposure of
fresh fixed-abrasive,

25 As mentioned above, an advantage of the fixed-abrasive annular
polishing pad is that the area of contact is less than that of a standard
circular/rotary pad. The lesser contact area allows for increased pressure to
be applied against the wafer for a given amount of force applied to the pad
carrier head. In a preferred embodiment, a pressure of 15-30 pounds per.

30 - square inch (p.s.L.) is applied to the wafer surface of an 8-inch wafer using a

| fixed-abrasive polishing pad. In contrast, typical dispersed-abrasive
processes require less than 15 p.s.i. By using an annufar pad that has a load-




be applied against the wafer for a given anount of force appli ed;ﬁlg,ztobg pad
carrier head. In a preferred enbodi nent, a pressure of 15-30 pounds per 30
square inch (p.s.i.) is applied to the wafer surface of an 8-inch wafer

using a fy¢gegssaldsasive polishing pad. In contrast, typh&asoi/asess
di spersed-abrasive processes require less than 15 p.s.1. By using an

annul ar pad that has a load 4 July 200 WO 021053322 PCT/ US01/ 48658 - 18-
bearing cross-section smaller than the'area of the wafer, high |ocal
downf orces can be achieved to obtain good planarization efficiency fromthe

fixed-abrasi vdigicfossIfRtignambidr (iR fba bhtefdated hifi i@salve annul ar
polishing pad permts use of exisiting spindle drive assenblies and can

hel p 5 avoi d 9qyeferses car pe achiguedis gigingoodplangsgaday efficigamreomndee

mechani sne.  gekpsHd RBdhl PR -RRUBS sHEpPof the 1B aBaldidfteidbed with
respect to FIGS. 9-12 may be used in the Eollsher 10 of FIG 1 to provide

a highly pl flishinggad peIsis use efxisiling grive asgigmities and caobelfef ect

waf es pol i sh J\fomacoelceag%a% t of réﬁg@éﬁa-o%wn?&ba?n&hgﬁﬁﬁ&. are often
desirable. According to 10 a preferred ehbodinent, a polishing system such
as the polishing $isough theledfabrasiye ®lishing ipade descrivep@iiborspetitiy nodul e

100 havi nmfid ' 14shi d, d
di sper seq- abracrve aaniLhe 64 AR pol S pTIFFE .Y B ASHIR b, 21
di sper sed- abrdanarized fisish Amiheremipendustoredifenthe lowalefint svafertpmligh fivilsh sher

ith | i shj I Ly 1 h ' duct f
surface. | iraseri8Sot dfpERRRabang dpofiae BREn HRERITE BERHREGD "G cat er
t hahOt he wi dtehprefertedesmiddimento e palisfaRPspdémsiiah, as tha plolistsng sysiemr at ed i n
FIG 1, wher

nl artion o e non- abrasiv ol.i shin d contacts
‘the senicond époqj)ﬁ\’ﬁf rm%“?er? %{’ﬂ%bﬁ?&ql@g’ﬁlggﬁ%ﬂq '\E%O R@f"ﬂﬁ PSS a. I n yet
anot her pr ef eurfade ardzgfikabalirasivl @olistimepsd; dndlr disperse28bskive polivhihg
execut ed at the@arTE g)aPO olishin tatjion, such as ihovvn in FIG 1, used
for the fixedaUHia N 1ol dhe fecomlitena] e isBRSBR AP ASHEFE) MRty  ( he pad
robot 118 t o pebRied bhe AaritRd FRER RlisiRsTSRIkY ﬁiol!%ﬂm%d&ha%ﬁ;ﬂéﬁw ve
pol Ié;hl ng pad for the pad carrier assenbly hol di n(ﬁ the fixed-abrasive pad.

An &Xanpl e oPVE'ERS hgseaicpRpuctonwAteasHEass, & neRr RHishipogaedula thatdass
;! LI:J?\ tgf at ed igpdiikhing btk width r&A8r R thd GldUISSine WFENEF & B PPMRRer 18 for
such as fllustrated in FIG. 1, where only a portion of the non-abrasive
polishing pad contacts the semiconductor wafer with a dispersed-abrasive
slurry media. In yet another preferred embodiment, the dispersed-abrasive
20 step may be executed at the same VaPO polishing station, such as shown in
FIG. 1, used for the fixed-abrasive step. This may be accomplished by using
the pad robot 118 to subsiitute a pad carrier assembly having a non-abrasive
polishing pad for the pad carrier assembly holding the fixed-abrasive pad.
‘ An example of a suitable VaPO, non-abrasive polishing pad 216 is
25 illustrated in FIG. 13. This pad 216 includes concentric grooves 218 for aiding
in the transport of dispersed-abrasive slurry during the dispersed-abrasive
process. The dispersed-abrasive slurry applied to the non-abrasive pad may
be a ceria-based, SiO;-based, Al0;-based or other known dispersed-
abrasive suitable for the type of wafer material being polished.
30 Alternatively, a linear belt polisher may be used rather than a VaPO
| rotary device or standard rotary polisher. A suitable tinear belt polisher for
use in accomplishing both the fixed-abrasive and the dispersed-abrasive step




in the transport of dispersed-abrasive slurry during the di spersgegpy gﬁ S|ve
process. The di spersed-abrasive slurry applied to the non-abrasive p
be a ceria-based, Si02-based, A1203-based or other known di spersed-

abrasi ve %b%ljﬁzfor the type of wafer material being polighesss 30
Alternatively, a linear belt polisher may be used rather than a VaPO

rotary device or standard rotary polis gr A suitable linear belt polisher
for use in acconplishing both the fixed-abrasive and the
di spersed-abrasive step 4 July 2005 WD 02/053322 PCT/US01/ 48658 -19- of
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about roller$ ?me%m%ﬁv%#OMBZ%bgha?&Mhl%mne%me%rm'11 E3SPEFL ot h

i st arge drive nth@éu?fac@ E)f tHéWaf@Pﬁ@ﬁ TRIGEL 852 & d@irﬁfnuoﬁ@ béﬁ! %wﬁﬂb‘v‘aﬂ&ﬁ ational
nmotion of the rollers causes the belt 222 be dri'ven in a
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facing the typl ca resi des on a carrier
227. The waf er22gauses the bekt 2252 m diiivem ipya I@eﬁéfmaﬂm as slncwa!mnarmgu means,

such as a 1 etﬂd}%thﬁ‘e@ﬁect%@& e wefeP 2ot °R oﬁ&iﬁﬁgﬁg&ﬁ Qgs ﬁéﬁ‘ﬁ@ﬁgﬁgﬁﬁ\é he Waf er

when t he waf 0 ‘en
waf did carri erbm&mmmemmeﬁmmafemﬁ s r ot at ed, Whl | e the

di sper sed abr asi v T bREEE2EEREMY PRI Sy ot 227, JBe a8 321 Laes o
sl urry di spenisihell ingoisiiondyn 236chardicad hetaﬂlr{gpﬁem&s sacts ba armgtaiiet rsogt o the pad
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t he under si depelish thewbfdrt232%or dispersed-abrasive process steps, the linear
polisher 220 also includes a slurry dispensing mechanism 230, which
dispenses a slurry 231 onto the pad 225. A pad conditioner (not shown) is
| typically used in order to recondition the pad 225 during use. Techniques for
20 reconditioning the pad 225 during use are known in the art and generally
require a constant dressing of the pad in order to remove the residue build-up
caused by used slurry and removed waste matetial.
A support or platen 232 is disposed con the underside of the belt 222
and opposite from carrier 227, such that the belt/pad assembly resides
25 o between the platen 232 and wafer 221. The platen 232 provides a supporting
platform on the underside of the belt 222 to ensure that the pad 225 makes
sufficient contact with wafer 221 for uniform polishing. In operation, the
carrier 227 is pressed downward against the belt 222 and pad 225 with
appropriate force, so that the pad 225 makes sufficient contact with the wafer
30 221 for performing CMP. Because the belt 222 is flexible and will depress
when the wafer is pressed downward onto the pad 225, the plafen 232




and opposite fromcarrier 227, such that the beltipad assenbly qgﬁgq%g 25
between the platen 232 and wafer 221. The platen 232 provides a supporting
pIatfornton t he underside of the belt 222 to ensure that the pad 225 makes
sufficient with wafer 221 for uniform polishin t|on t he
carrier 23% 'S pr%ssed downwar d agai nst the belt 222 agp 38§§§?
appropriate force, so that the pad 225_pakes sufficient contact mnth the
waf er 30 221 for perform ng CWVP. Becau€® the belt 222 is flexible and will
depress when the wafer is pressed downward onto the pad 225, the platen

232 4 July 20&5\1@\@9&1%(:@?&%?%0&@( Uﬁ?%ét}g rceou%g doWnWé (flt%?céa‘( cessary

counteracting support to t (al'so erred
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pl anarizing a sem conductor wafer will now be described with reference to

FIGS. 8 and 12YSER B RSIRHNG Y- %’etefmwpt 2692944 eniiledt BlwepnPelishgro

pol i shi ng- ModsHEMBMGGTSY eérhi&eﬁd@ctérlvvbfe‘i'ﬁ&éﬁ&aﬁon T RERE SYEbARE ofr €2 (€. 9.
annul ar), fixed-abrasive pad (at 234). The wafer and the polishing pad are

rotated and W‘B%Fﬁ'"?‘?{?@fﬁﬁ—‘th@f&mﬂwf@ #MGePpi ng 20 contact with each ot her
and the polishing (Rﬁa%iﬁlhﬁ%é’ﬁéﬂshﬁﬁ'g t?!ctﬁ‘l dcﬁfés%ﬁ?xéé‘ﬁbra%%g%‘ﬁﬁ q‘ﬁs{gg% pad

dressi ng assenbly. non-abr asi vef ot assi um roxi de or
amdBi um hydrai;fa‘éj‘éea, 8 preferedsecthed okplararizing a semlconductor wafer will now

be described with reference to FIGS. 8 and 15. A semiconductor wafer W is
first mounted in a VaPO polishing module having either a full-size or a
reduced surface area (e.g. annular), fixed-abrasive pad (at 234). The wafer
and the polishing pad are rotated and brought into partially overlapping
20 contact with each other and the polishing pad also partié!ty overtaps the
surface of the pad dressing assembly. A non-abrasive fluid such as
potassium hydroxide or ammonium hydroxide in the case of oxide
planarization, or deionized (DI) water méy be applied to assist in the fixed-
~ abrasive planarization process. A first pressure is maintained between the
25 rotating polishing pad and wafer (at 236). As illustrated in FIG. 7, the pad
carrier assembly of the polishing module may be moved to a plurality of
partialiy overlapping positions with the wafer along a radius of the wafer
during planarization. The fixed-abrasive planarization process continues until
the step height is reduced to a desired value {for example,80% of the original
30 step height) and a first overburden thickness is reached {at 238). Thisis
- typically achieved by the self-stopping capability of the fixed-abrasive process,

where the fixed-abrasive material is no fonger activated by unevenness in the




pl anari zation, or deionized (D) water may be applied to assi st 4|ng tlags

fi xed abrasive planarization process. A first pressure is naintai ned
between the 25 rotating polishing pad and wafer (at 236). As illustrated
in FIG 7,wébsesgngd carrier assenbly of the polishing nReys iRy be noved
to a plurality of partially overlapping positions with the wafer along a
radi us of the wafer during planari zat%fn The fixed-abrasive planarization
process continues until the step heig is reduced to a desired value (for
exanpl e, 80% of the original 30 step height) and a first overburden
thickness is waRebage (rﬂiwﬁagﬂaﬁer-rﬁﬁssbée?\ plhuatized! atedilay, Eiﬂtsl?ﬁagl; Bﬁe

sel f-stopping capablllt of t fi xed-abrasi ve process,” where

fi xed- abr asi véet ﬁﬁt@érWd'P‘Slt‘é enG Prighgeiectian andwater Bytasedoepariien in the 4 July
2005 WO 02/ 0;51%@81%3?" veHSd@jd ﬁg&ﬁ.ﬁd o%ﬁcal‘ﬁ%fg%l&t{é}ﬂ&&lé&ﬁ ofRldbrel@yer has been

planarized. Altern 'S may ected by In-si'tu end point
det ecti on andemh@@memrﬁei@ablmtbemadmesm elemegiis waligurad as st andar d
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process. Aft eeqtined duregthe iplasrizaticnr pracessnt | the wafer is subjected to a 10
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pol i shi ng rmofsh s, ﬂ"S?'H'Qt aé'%ﬁk' tﬁ%ﬁgfo%?)é??&%%t ghep ?@?]H‘Bgﬁg first
15 pol i shing mwmrmdtacsm@nd @Iomeénﬂdnaapmhﬁ@ hehdeh afméférrféa second,

di spersed- abr nodule, As with the first, fixed- abr asi ve

nodul e, the VR ?fy m&ﬁﬁ*’%ﬁh@s PEAAPASIVEAIOEASE 15 BB NP PPRAIAI8I t oget her .

The di sper secbonamhgsﬁd@ngdhahatrwwam oot PERDREARL vt fana'trf@ﬁ@t pressure
bet ween t he wafer (}BOl I shing pad that is |ess than was nai ntai ned

bet i@en t he fﬁ%@nw%ﬁl%n @%@Jﬁ%ﬁcﬂ a/oetaienr hgldet fos the sepondotliseemsed nodul e.
Wil e the di sppssi@spolishing module. As with the first, fixed-abrasive module, the wafer

and the polishing pad are rotated and pressed together. The dispersed-

abrasive polishing module preferably maintains a pressure between the wafer
and the polishing pad that is less than was maintained between the fixed-

20 abrasive pad and wafer on the first polishing module. While the dispersed-
abrasive pad is pressed against the wafer, a polishing slurry is deposited on
the pad and/for wafer to facilitate the polishing process. The pad dressing
assembly for the non-abrasive pad is selected to sufficiently dress (i.e. restore
the surface activity of) the polishing pad and remove polishing by-product as

25 _ polishing proceeds. The dispersed-abrasive polish process continues until a
final desired thickness and/or surface state is reached for the current wafer
layer (at 240).
Several variations of the dispersed-abrasive process may be
implemented. As indicated above, the dispersed-abrasive process may be
30 executed on the same polishing module as the fixed-abrasive process by
-switching the pad holder assemblies and applying polishing slurry to the non-
" abrasive pad selected 1_‘0r the dispersed-abrasive process. In the embodiment




abrasive pad is pressed against the wafer, a polishing slurry is gdgpassted
on the pad and/or wafer to facilitate the pol i shing process. The pad
dressing assenbly for the non-abrasive pad is selected to sufficiently

dress (i.ewolhessohe the surface activity of) the poli spéﬁg%oqg.%sgnd renove
pol i shing by-product as 25 polishing proceeds. The disperse rasive

polish process continues until a finah,desired thickness and/or surface
state is reached for the current wafer™“Tayer (at 240). Several variations
of the di spersed-abrasive process nay be inplenented. As indicated above,

the di sper sedugihg 86 YETBIOSARRaERIOISENg %dave@cmbeﬂbmsédn@b@m pol i shi ng
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non- abr asi ve area pad, it may be ‘acconplished usi n% standard rotary or
| i near belt pmlisbﬁ@rﬁmllshqrﬁé"trs’cwpw Hediabirasive padion wa r@@sémrb@@p!above
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type or constitution of the particular patterned wafer.
In an alternative embodiment, the hybrid polishing technique discussed
above may be applied to patterned wafers by using standard rotary polishers,
or standard linear belt polishers, for both the initial fixed abrasive planarization
20 step and the subsequent dispersed-abrasive planarizatibn step. In this
embaodiment, the wafer polishers use polishing pads that cover the entire
surface of a patterned wafer at any give instant in the fixed-abrasive and
dispersed abrasive planarization steps. Standard end-point detection
. techniques may be used to automatically determine when desired amounts of
25 material have been removed from a given layer of the patterned wafer. As set
forth above, a polishing system and method have been described that provide
for increased flexibility of a VaPO polisher to provide a variety removal rate
distributions. The flexibility may be achieved by providing reduced surface
area polishing pads that can avoid the need to use larger and heavier
30 polishers to achieve the necessary pressures. In addition, a method of
| processing patterned wafers by' linking an initial fixed-abrasive process, that

may use reduced surface area fixed-abrasive polishing pads on a VaPO




or standard linear belt polishers, for both the initial fixed ahbrggiivgs

pl anari zation 20 step and the subsequent dispersed-abrasive planarization
'step. In this enbodinment, the wafer polishers use polishing pads that
cover the yambidssszzsurface of a patterned wafer at any gh4@udoiiedssnt i n the
fi xed-abrasive and dispersed abrasive planarization steps. Standard

end- poi nt detection techniques may beoysed to automatically deternm ne when
desired amounts of 25 material have been renoved froma given |ayer of the
patterned wafer. As set forth above, a polishing system-and nmethod have
been descri bepblishet, audavsubseqiant dispersedssntadive pidoeks ajoved foainB@@ol | sher

to provide a i removal rate .distributions. The flexibility my be
achf eved by obBUPRalgh B Tk Fpafetily SRAyBRow Hhfba watinietd an avor o
the need to ufiisttes.ger and heavier 30 polishers to achieve the necessary
pressures. In addifjion, 3. nethod of y QGessin atterned wafers l'i nki ng
T nit ol fixod aisiBrefiofacte Smpnlled R ahen fufRehh BipSe gpedlitay ca

fi xedr abr asi véis¢losed herah Wittt 88pAtivaitbinditsIspint of @8SentidCcbORaS A,

PCT/ US01/ 456 -63- r%ol i sRer, and a subsequent is%isr sed- abr asi ve process
allows for i ﬁfﬂ% gtpridede ISt 8 BRa saNskiergh In 2!l REPeRISPAYVAS rel ativel y
| ow def ect wefligdtrative lag fot fésﬂioﬁi?@,sqn&h@s&?}s@eattheﬁhv@ﬂmb% iflsAaed efipé N ot her
forms than those saem fically 5 disclosed herein wi thout departing from

its spirit orc¥RBeRsyraie wihihgappended aims.The described enbodi nents are to
be considered in all respects only as illustrative and not restrictive,
and the scope of the invention is intended to be commensurate wth the
appended clainms. 10 4 July 2005 -24 W CLAIM 1. A nethod of planarizing
and 1|§?ol i shing sem conductor wafers conprising: rotating a first polishing
pad about a central axis, wherein the polishing pad has a polishing pad
mat eri al positioned along a circunference of




the first polishing pad and extending radially inwardly a porti auBgf20es
radi us of the first polishing pad, and wherein the polishing pad nateri al
defines a central region |acking polishing pad material and synmetric
about a dianeter of the first polishing pad; pressing a portion of the
polishing pad material on the first polishing pad against a portion of a
rotating sem conductor wafer, wherei nn;[;zge f| rst polishing pad partially
overl aps the sem conduct or vvafer ining a first pressure between the
first polishing pad and the seni conduct or ' waf er, noving the first

pol i shi ”QWE‘Q)L?IIM'he sem conductor wafer to each of a plurality of
partially over appi ng positions vm'th respect to a surface of the

seni conduct or faaf e, t l.i shin dis jn continuous
contact with _the sem%gélgm? Jnap\?/ﬁ%' ?%g?rpﬁﬁc’rb@h’%hl ng pad is
noved; pl §9fAPTSHIGig t he semi conductor wafer with the first polishing pad
until ~a first waf s, achi ev sengaqi ng the first

pol i shi ng pad from eds@#@o%amﬁﬁﬁ?&%@ E‘%@ Y!ﬁ H&h

di sper sedPdishiagipad hps hipolishing mdmeteaartpmsmmed ﬂem ﬁem@qu@rncg\@f er until a
final vvaf ach hod_of claim 1l wherein the
pol i shi ng paﬁt%%gﬁm@%@g G f’qyig‘ﬂa'g r%@‘? e gk @djugiofthe The net hod
of cl ai mﬁrswﬁ@slmnmpmamuwhemgtrm Halisttihg pas@ieial deTRBPE icB/Fal MRI Nt ai ning a

Bna the SoRoRlackERHolnd B PRl aptRiBitensd Sapuds dbilonariinier ol ai m 2

wherein rmlmmnadtg a first pressure conprises nmaintaining a pressure of

at |l east 2 pounds quar e between the polishing pad and the
seni conduct or waf e&%qﬁ %Pﬁ%ﬁ% Sh?ﬂga‘?% malgrag;the Bsbpalishigga

~ di sper sed:adtagamsvapomomoaasot@m@yetrmdummékﬂgvﬁe% fifgfirgtonduct or waf er
-agai nst ol H\]{g g c{ '%P X a chemcal slurry to the second
3> gr(l)g,\ﬁ?qo %arb%&o riaps the sernicoAductor wafer;

ol i shin
g maintaining a first pressure between the first polishing pad and the

semiconductor wafer;

moving the first polishing pad of the semiconductor wafer to each of
a plurality of partially overlapping positions with respect to a surface of the
semfconductor wafer, wherein the first polishing pad is in continuous contact with
the semiconductor wafer while the first polishing pad is moved;

planarizing the semiconductor wafer with the first polishing pad until

 a first wafer film thickness is achieved:

L disengaging the first polishing pad from the semiconductor wafer;
‘and | |

; applying a dispersed-abrasive polishing process to the

- semiconductor wafer until a final wafer film thickness is reached.

2. The method of claim 1 wherein the polishing pad material
; comprises a fixed-abrasive material.

3. The method of claim 1 wherein maintaining a first pressure

| comprises maintaining a pressure of at least 15 pounds per square inch between
“the polishing pad and the semiconductor wafer.




sem conductor wafer and the second polishing pad nove agai nst eagchiygber ;
and nmai ntaining a second pressure between the second polishing pad and the
sem conductor wafer. 6. The nethod of claimb5 wherein the second polishing
pad has a non-abrasive polishing pad material positioned along a
circunference of the second polishing pad and extending radially inwardly
a portion of a radius of the second polishing pad, wherein the second
pol i shi ng pad naterial defines a central regi.on | acking polishing pad
material and s i C di_aneter of the second polishing pad. 7.

The method of Ia| rﬁﬂ@?‘ﬁﬁﬁ%‘ﬂ@%ﬁ'ﬁ@%ﬁﬂ“ﬂﬂﬂ@%&%@pr| ses a

non- abrasmmuﬂsmalntagmyﬁlpmmébﬁét;e&tg'laa,gnage 'ﬂ'l’é&’é ry\,herel n the
second pom :@n% @ad co H@OH& | i near belt constructe non- abr asi ve
pol i shing p p PI"’%F' WHBWEr.cl ai m 5 wherein the second

pressure is |less than the first pressure. 10. The nethod of claim 2
wherei n the pcﬂlshThganmmmmalwhmmbplwg adfispRRsddlabragivy f ace. 11. The

nmet hod : of ein the polishing pad nmaterial conprises an annul ar
surf ace. R@%e%gﬁduct or wafer polishing systemconprising: 4 July 2005
-26 a first wafer podssinhée mﬂwmactﬁgwaﬁrégé:ﬁét%@eéo @fshﬁﬁ ggaer havi ng -a
waf er receivi ng surf ce for releas retaining._a semco ctor wafer, a
rotatabl e polishing” @%{BQSSF}%PFQ' ﬁi"@"’g %%ﬁoaﬂlpa@ﬁ%m pagovhiletheg pad materi al
posi t i onekensitamiyckor eiafer and me@ecwﬁoltshmg@ga Inmb@ga,naaégca%é?gé endi ng
radially inwardly %@ﬁ\?q{tlono radi us, of the l'1shin wherein the

" fi xed- abrasi ve pol yngage é’f"ﬁ’%ﬁ'"ﬂ'é?t""ﬁ%th& S@@‘Pﬂﬂ*mlsmﬂﬂgﬁdn | acki ng

pol i shi ngangitte semizonédctervbfesy et ri ¢ about a diameter of the polishing
pad; a rotatable polishing pad carrier oriented substantially parallel to

t he waf er r ecgl vi he' I!ﬁe{hog 8f calalm § wﬂ %“613 %eé&d%\ﬂ?h%gypgdoﬁéé ::1 on
non-abrasive polishing pad material positioned along a circumference of the
second polishing pad and extending radially mwardly a portion of a radius of the
second polishing pad, wherein the second polishing pad material defines a

| - central region lacking polishing pad material and symmetric about a diameter of
-the second polishing pad.

7. The method of claim 5 wherein the second polishing pad comprises
-a non-abrasive polishing pad material,

8. The method of claim 5 wherein the second polishing pad comprises
a linear belt constructed of non-abrasive polishing pad material.

. 9. The method of claim 5 wherein the second pressure is less than the
first pressure,

10.  The method of claim 2 wherein the polishing pad material
‘somprises an annular surface.

11.  The method of claim 7 wherein the polishing pad material
comprises an annular surface. |

7 12. A semiconductor wafer polishing system comprising;




the polishing pad in a partially overlapping position with respgqhwbgoghe
sem conduct or wafer, wherein the polishing pad contacts and rotates

agai nst a portion of a surface of the sem conductor wafer, and a rotatable
pad dressing assenbly having a surfaceé positioned substantially copl anar
with the surface of the semiconductor -2fafer on the wafer carrier, wherein
the rotatable pad.dressing assenbly rotates and contacts a first portion
of the polishing pad; a dispersed-abrasive process station, the .

di sper sed- abrasi ve rocess station conprising: a second rotatable wafer
carrier having a wakst walernolisheg comgrisinge for rel easably retaining the

sem conduct or wafer, anglraaaBeWe kSR ol i shi ng pad
~transport, the@?ol i shi ng, pad transﬁ%ﬁé%ﬂ%gﬁgg%qg%ﬁ‘ﬁ&%?%ol i shi ng

pad agai nst t hE'easablY fidintng srsemieanductonwatescond pol i shing pad conprising a
non- abrasi ve pol i shing PreLE8ESH ﬂ% ' tQ. I ive a polishing :
slurry and transport the potjgiﬁéﬁ{“ﬁsgﬁn ur r@h&ggﬂﬂ&%xﬁ&%ﬁﬁaﬂﬁe of the -
seni conduct or RUERIAY Pag matediabpgsitioned along = civedmferdricans thes palisiigni Sm novabl e
between the fhgcdndiStig " .di sper sed- abrasi.ve process
stati on, V\/nere?n a first ‘r@q%{’}? EH%@%%E&'%%?% ﬁq‘uéf"?g’%'é'?'“gol i shi ng
process for t HRadnheiein the fd-abresive polisbingipas naterat tefiesla adesl and a second
portion of theaedish BckiAg hbfidh ' ted.at the
di sper sed- abr asgise. gf 0 gs@g%%ﬂ%@dnﬁﬁgmﬁ% abﬁﬂ*?g'ﬁf"ﬁbﬂ%st em of claim
12 wherei n t hdheBelishingpedy e pol i shing pad conprises a rotary polishing pad
and the polishing pad ty, . rLyses. a rtotatable I shi ng pad
carrier oriented subst En’?@gﬂ%ﬁﬁg‘gﬁ@ﬂ}ﬁg{i%ilrgeqcprgeniq;aia?@ptap@%i ving surface and
conf : gured t o PeBAiabp $heyeafet teoaivhbeu;iad:éhaw m_ﬁ@ﬁdcclj 'tdﬂmavauhaf?éditﬁinb\% _ "
~overlapping p . to.the seniconductor wafer, erein the
pol i shi ng pad%ﬁ’%@?%ﬁ@ﬁ{ﬁ@ﬁ%&sﬂ%ﬁ% p%?“}?ﬂﬁ’f‘ﬁ“dﬁsw 0B@rface of the
seni conduct or spavconductor waTérewherbirr the eblishrigNBid et 40 Blafiism 13 wherein the
non- abr. a1 V€ against a portion of a surface of the semiconductor wafer: and
) a rotatable pad dressing assembly having a surface
. positioned substantially coplanar with the surface of the semiconductor
wafer on the wafer carrier, wherein the rotatable pad dressing assembly
rotates and contacts a first portion of the polishing pad;
| a dispersed-abrasive process station, the dispersed-abrasive
process station comprising: |
a second rotatable wafer carrier having a wafer receiving
surface for releasably retaining the semiconductor wafer; and
a second polishing pad mounted on a polishing pad
transport, the polishing pad transport configured to move the palishing
- Pad against the semiconductor wafer, the second polishing pad
-comprising a non-abrasive polishing pad materiat positioned to receive a

polishing slurry and transport the polishing slurry against a surface of the
semiconductor wafer;

and

a semiconductor wafer transfer mechanism movable between the
first wafer polisher and the dispersed-abrasive process station, wherein a first




pol i shing pad conprises non-abrasive polishing pad nateri al posi4tjiu9,@ggs
along a circunference of the polishing pad- and extending radially
inwardly a portion of a radius of the polishing pad, wherein the

non- abr asi ve polishing pad rrat:er'#?l defines a central region | acking
polishing pad material and symmeffric about a dianeter of the polishing
pad. 15. The wafer polishing systemof claim14 wherein the non-abrasive
pol i shing pad conprises an annul ar surface. 16. The wafer polishing system

of claim wherein second polishin pad conprises a |inear belt and the
pol i shi ng%ﬁ'&"ﬁﬁﬁ’ M@B’?FB‘P'PQ%? '-Q_ h'? wekar is applied gubhe §méwafer 7. The waf er
pol i shi ng pelehierandé setohidpotiibnid] GicolafeLRstiBhiRg pfdeBsd Fsragblied"@fn?é pol i sher and
t he di sper %ﬁgr-sagr ﬁasve l:’pr oces%ﬁst ation are configured to renove at |east
500 angst P BY2HESHPPRPCess sidfioh-waf er sur f ace.
: | 13.  The wafer polishing system of claim 12 wherein the non-abrasive
- polishing pad comprises a rotary polishing pad and the polishing pad transport
- comprises a rotatable polishing pad carrier oriented substantially parallel to the
- wafer receiving surface and configured to movably position the pofishing pad in a
partially overiapping position with respect to the semiconductor wafer, wherein
- the polishing pad contacts and rotates against a portion of a surface of the
semiconductor wafer. |

| 14.  The wafer palishing system of claim 13 wherein the non-abragive

polishing pad comprises non-abrasive polishing pad material positioned along a
circumference of the polishing pad.and extending radially inwardly a portion of a
radius of the polishing pad, wherein the non-abrasive pélishing pad material
defines a central region tacking polishing pad material and symmetric about a
diameter of the polishing pad.

15.  The wafer polishing system of claim 14 wherein the hon-abrasive
-polishing pad comprises an annular surface.

16.  The wafer polishing system of claim 12 wherein second polishing
-pad comprises a linear belt and the polishing pad transport comprises a linear
‘belt polisher. |

17.  The wafer polishing system of claim 12 wherein each of the first
wafer polisher and the dispersed-abrasive process station are configured fo
remove at least 500 angstroms of material from a wafer surface.






