; e3eHzOH, , -$. (./6&0Tz0dj,-1- 10 March 2003 OSCl LLATI NG ORBI TAL POLI SHER
AND METHOD Field of the Invention The invention relates to integrated
cireuit 'manufacturing technol ogy, acid nore specifically, to processes for
pl anari zing surfaces of wafer-type sem conductor 5 substrai@Marsii@00as

sem conduct or wafers, through chemi cal- nechani cal pol i shing. Back roof the
Invenjmmm"mmﬂmmwmﬂhographlc optics-based processes are used in the

manuf egrated circuits, and since these processes require
accurate faoasi ng to produce a precise inmage) surface planarity becones an
important issue. This is becomng 1 Uincreasingly critical as Iine w dths
are being reduced in size in order to nmake sem conductor devices even nore
conpact, and to provide higher speeds. Mre accurate optical focu g for
finer line widths results in a loss of "depth of field" (4 “@% cu5|ng
is very accurate only in a plane of very limted deptly. SN%

pl anar surface is essential to ensure good fucusing to enabl ggbibé*t ;
photol i t hgraphic 15 process to produce fine Iine wi dth, conpact high speed
sem conduct or devices. There are several techniques for planarizing the
surface of a sem conductor wafer. One of these is chem cal nechanica
polishing (CMP). As indicated in an article entitled "Chem cal Mechani cal
Pol i shing: The Future of Sub Half M cron Devices," Dr. Lipton Sal non,

Bri gham Young University ( 15 Novenber 1996), 2U CMF is now consi dered the
nost effective nmethod yet for planarizing wafers with sub mcron lines. I|it
this process, a wafer is nounted on a rotary carrier car chuck with the
integrated circuit side facing outward. A polishing pad is then brought

Lhe carti or - anr o SERELATIRE BRI L AL EOL IS AERANT SR HGARTSY g b ol o,
in some CMP nmachi nes the - 2Fitld dfneclnv@®® waf er rotates while the
polishing pad f5 WN@B&'I&P?%M;:S kg ,m@s{eahée.{zﬁ tpﬁgm{)f?étﬁﬁxﬁté’gﬂhélg }h% paf er

carrier is stationar rrler and
t he pad ,mpmsm@@ﬁgalwum pieeesses fpr pipRarizieg F@Fﬁcwoii)wafemetsemmoe @,qs@zked and

conti rpual éthbst'%ﬁeél\@{fxchvusts&nﬁoﬁddéfdr)éva‘f‘éi@tthﬂa@@ alléﬁﬂédl%éélxﬂfmaflbbﬁﬁixﬂge particles
suspended in a solution. , | ca ‘y } articles range in size from 30

to 1,100 nanoneters. After h polishing) the wafers go
t hr ough a postPl(ﬁWithd@aqvhiot ioptitsbasedrpvacesses i atelalsed |ior thy )maretfadturpasft i cl es,

and ot her;, s arlable in
pl anari zat ﬁ&%u"ﬁ%ﬁ&qmm@r‘rﬁlﬁ&g rréqélfrh' ataﬁﬁt ‘g&ﬂmge&r?a;% e\ﬁof removal
of materi aqec'ﬁer efﬁ%%éusfa?er RleRATHY GeRENee AR dBRALRY dEsURaf dRisHig| RFGOMHIE shed.

Pr ef ercabl nkrebdiggly adriticall as eiowaldiishare| ebitye reducdd tilhatzeainy oflgr fracaakzeaks are

prefer ent Lglitohallal Uefed and hhe LML 308 S40ARE 1TRLfee pgRear

perfectl evera af fect the
rate of rmm opticalr Oéli(sampfloéﬁnftrﬂ@e r\‘atlldlﬁ éesélﬂs ndloss Qfr"dgpth af fipkly él &, dramatic

effect. Tig fodudinVs vErg! deeigaic DAAR & Blane of very limited deptli). Accordingly, a
planar surface is essential to ensure good locusing {o enable the photolithographic
15  process to produce fine line width, compact high speed semiconductor devices.
There are several techniques for planarizing the surface of a semiconductor
wafer. One of these is chemical mechanical polishing (CMP). As indicated in an
article entitled "Chemical Mechanical Polishing: The Future of Sub Half Micron

Devices,” Dr. Linton Salmon, Brigham Young University (15 November 1996),
20  CMP is now considered the most effective method yet for planarizing wafers with
sub micron lines. In this process, a wafer is mounted on a rotary carrier or chuck
with the integrated circuit side facing outward. A polishing pad is then brought into
contact with the integrated circuit side. Pressure may be applied by the carrier and/or

the platen to effectuate polishing. According to Salmon, in some CMP machines the



| S particles suspended in a solvent which selectively may soften certain
features of the pattern on the sem conductor wafer surface, thereby
affecting the relative rate of renoval of those features vis-a-vis others.
As indicated in the above article, "The purpose of the sl ufqgyarsh2008! e,
yet understandi ng and nodeling all theznechanical and chem cal reactions
involved is nearly inpossible." Accordingly, devel opnent of 20 the CWP
process has proceeded on a "trial and error basis.” Anong the nore advanced
CVP machi nes presently avail able are the Avant Gaard Mode 1776 of | PEC of
Phoeni x, Arizona. In this CVP apparatus, the |ower head (containing the

pol i shi ng vrden rotates; while WﬁlPPBSItl%P%'rSrSFaé'P"#T&H g oeers e padreiates sthdle g about a

central axjafer &wrérsbls&qoﬁ %ﬁ 1(15_/|et151fo¥l)er@ﬁ% uonrt rmwetdcatr@ertdne tNepRr 25

drrectlythrOUﬁ ggl F) t % G results in °
better waff@RIGHIM lB‘r"'rﬁ“f‘ HD UB%B"% Y 33? RE51i¢ ﬁ‘btﬂl‘ ﬁom*ﬂ’t‘@ BTeYRt i nues to -
be nul ti plvéticrakluengdmt ihas @NParxermlcfngarashee patticEsi stgparddd phanaoluziabi on )
fasterg m\zré@ueééﬂ?f‘?ﬁ{‘ ﬁzﬁ'ﬁ&ﬁsg mz@r'ﬁjorh”@@ 0?6' gl 3&%&5@“ ORp§een in

wafer to srn tion of carrier play a
cruci al r @lanageation tlH@“W‘pﬁllﬁtgeé‘ée arraérrg 8 tlrﬁmtalrea qwat FMP skeat he Yol i shing
pad over irksiold t@idubhelupgl inttaingartpaek, 2M0 Wikerbwtemiandbdthanirgls @érhdts a period
of use to fovr de for a nore uniformpolishing rate, fromwafer to wafer,
and to pr P& for better pl anari zation uniformty across a single wafer.
During the pad Arimpdrianhivargbler mqdasyizatipatragh @MP éntremarvah ratet whivh abr asi ve
| ower ygur f I t surface
whi | e ltéhe ?‘ﬁtg rgts%cc{qurgl?gal of n&?&ﬁdl ﬂ%n‘f:gi@ sﬁff‘éc@oﬁlt%éxtﬂc&%c%?%ﬁ'fqungr% ch 2003
back and rpehtlrrdu Prafsrably t%mkt obragayat shouldsbesuchithet asy surfacecpaaksiafeer ence of

the polis tpren‘a:@nuér flaeeied B@(ﬂtlﬁ&dsxﬂl&ﬁtl dutfaéd sHouRIk atshﬁaﬁgétfectly PlinfGasar m ar ¢

notion durin itioni n _no ormpad s ce re vaI and
r oughi ng. ﬂ?%‘g 8r§é‘f° fevg{ag] gorrfnﬁ‘gt wand 38#%7 e %fl?faf"f’l %hrﬁ?rﬁf‘q fri gher
rat e t han thechpatareealS theoslarrylican dave ardsamatia bfecar cTlpi siotry imledestabrasjvet hi s

non- u'ﬂ5f0@531cf€§q]t1§%gé«grp§§&g erlt St &lécﬂlyplg so?@h'c%ﬂérﬂ%ﬂﬂ’eg QF mety on the
seni conductor wa em con uctor manu ers consistentl uire CW
pr ocesses PRern gy Bigesesmieondurtep wakey %EWF%)O‘HEVGEY difeging H@sfel?éw@rfele er nore
conpl ex ar'éin@l@\rlorremgseormtxrex xbﬁs-s)rgaah@yemﬁmdrw&h i8R h&rv,e drlige e @wi sts a
need to nake t I e c tent on t  waf r to

waf er and p\‘rt}éﬂoéer of g'\/P?lB"M% ?-J'an?otyft 4e|rséa I%a' t‘dlrtg ‘8I’V%°11?F'H 'results
nmor e uni fandmbmmoslseadtmnentvrohedssmefaalaerrmbssablwéf/tgcrcorcﬁnulwrmvnbpmemrmfre is

gV;Opg%gegﬁtﬂégrp FpCRL HRdprofecBELY 8 Qetrtaretrtdegmatsqsrwe uni form condi tioning of

eting nﬁ’,‘% he I nvention 15 The invention
provi des a met g NGRS Hyanesd Jr#f ‘tr}FSOP‘e’Ee’r’Pélyré‘t%laBlF pent¥al of
materi al fAvahiGdaie Muadef ameobl‘PEC 8 Phoanid Uktiznas UbshisalP spehuastie waf er

ret hod 1 ofEieRs (Soniritih Ind RHFB e R s of e B SRIL AP e Bl car
pol i shi ng ere]IW)abp!ad:s cwr@msndl’@lrménmﬁmds (slumat ageintrpduckigodhg eefdrve of the

i nvenbs Ondlréctﬁphhﬁ}rgﬁClhE *ﬂb%ﬂﬁhd@%ﬁﬂpﬁorﬁt SR INNAL WRRh PEsulQlid BlleA Gt i ons
appl i ed sem conduct or substrate or cleaning notions

appl i ed tB“it ﬁ'@”B’o‘P'}ds‘ﬁﬁt‘fﬁ ﬁé’ﬂy CPABURPYARt i ons are sel ected from conbinati ons
of the foll ow rrmaermmhuesnalb): naultiple @hallenges inl @MPngr)akmwaﬁeppdstg;hargchnUI near

novenent. | i I’T'Dt i ons
may be achl eve%? ﬁfps‘%jr h@éermg@rr"ﬂ?‘ E&%nggf)e 40 "tnprg)vf" ”‘?‘e Oﬁéauo“ SF%“h’r ng pl aten
and waf er wafgrito er\fer|r¢rsutlheTbaB@ISbmgs@moamfdtﬂswiranﬁrsrbster atay asumq‘rdcelc

pol i sk ng;pn Q‘t@‘chrp?é&Qs ﬂsﬁgmtzﬁtrrectnﬁrlryfortm@pdmmg%a& o9&t ilshfe pol i shing pad
and conditionin ace i nq% condl tioning. In accordance
with one enbodil ﬂé igjying pad #@PQ@H GP“‘fH‘é“ n%?ftq Rsiiodzp \,\;ﬁq@rprgr(l)le Hold in a
carrier {whmote nmfom@tmtrehm@cmte Frofe Maf@l toasiafer, arid \Msu;ﬁhvmawor ibetter
stationar anarxza?mg'{gl,ﬂtogpﬂ)? chg natﬁﬁ Ie alﬁ.y P mtglllsé.'p dgcoor%{ boantgiprhcgesg otating

or oscillating eas

di r ect i ong)padentitionsr gmmmith| a:aalcir&)wmvtee Strﬂf@cepa?foncsd $0 qoht amsoutatty

orbi t309 HiMud BRI pBF hittacdXtile (1 Bad bQGHMESEdEME cERYNDAI-FinOREVEsS e
rotational oscillations of the polishing pad about its central axis may
range through 35 angles of |ess than 3b0 degrees to nore than 360 degrees
in each direction.



10, March 2003 Continuous rotation of the polishing pad about its central
axis may also be inparted in certain enbodinents to inprove the surface
characteristics of the sem conductor wafer. The wafer carrier may be
rotated or oscillated about an axis or held stationary. A polM&seh?@038! urry
is applied) either through the pad its&f or through distribution onto 5
the pad to allowinfiltration between the pad acid the water surface being
polished the polishing is maintained while applying a sufficient pressure
to polish the sem conductor wafer surface to a desired degree of planarity.
I'n accor da@é:c‘ﬁ aWdtf&'tl?n\Oz;mﬂ: agm%gﬁv@t%isoéutgig@omg Iaﬁg 19ferén|3?.o'fﬂ1\éﬁ{6§i§lpn’ a
wafer held i1n a carrier I's brought into contact w h'a polishing pad that

i s noving pady (Thaeambinedr padapsoilfation andethgeeoaditigning e arch@otigf drrivgar ri er on
the ot her &ﬁhﬂ%nhfgtﬂasmfshhmna.hguinﬁm Sitfade redishaPafd Fughifg. 2eMtcigesecond

7ot at o aboth 118 SR Ao Cordiynet af £ RReLiEOMRURerER o8 SRRRARTOR al so

provi des atheagpagiadtus Gver tjmd,i this non-geifiorao padicloaditivaiher estles pl aoaei ze t he
surfaces o . jncludes a carrier adapted for
securely hﬁ?lkpﬁ ‘@Eﬁﬁl&%ﬁ%ﬁé@@%ﬂ%@dﬁ%@g waf er to expose the back
surface of the Sgmiepnduglasangpyfactiners consistantlyiertirsi @ arroqenses dabmpreye and t he

front surfgee @het NAsWakEordactbe d@ﬂkés’sB@&xﬁeoeeerp%}esmﬂ?leszam aengorted on
a platen) spaced fromthe carri

er underside. But one w ordin skill in
Tho art oBOREG: OIS PUe b AL IR 6T ha Baef  PemabnainMin t he
pl at enl( Thenmyplnat mere?d¢gnsistent Gdaswafer hawacahndreans 16w wafealdt whilor bi t al
notion to }he , ~ineglude a stacked
pair of r o%l ?91%%@%‘5?%5@%\(%‘1%&%@&% %&Jn 85’???1‘%?% ﬁ‘)?eegr} y”r‘r’éﬁ‘ﬁ% 8gat“6a he pl at en
and an uppBuertigoneieo Hhees isaaleoyd inaeit foz &l methed v pravidgt batiengnd arre ahiferres in its
upper and ¢ QRfonRRJCVIP pRld &Ringlth@MiRage outer) extending vertically bel ow
the platen. A lower bearing is rmnllmte(tj t thei | ower portion of the 25
cylindrical sleeve and housin , , such that the axes of
rolatin of theTixemventgm moeides & swdthodloftitprevinptieruriforaiig oftitherasd eeve,
ther eby Cax‘éﬁ{o@gl 5ﬂ§at@li§1t ﬁ{;\ngﬂe QGJ?zlch O?QO%Bﬁ&IHdQ&QI" bty s@mh?@% &@9@" atus of

er 1 nclude aft Lavlng n e

the invention turt ncl s as i a first end coupl to the
pl at en suphaying intperaed ¢jruits formed fhgreomnhein¥@tiondlserriovident awthod fakeans f or
I nparting pediefhhdGof uifolml doalditidgingRIf ichémicd héthasibaf golisTingseMI() )patans may
i ncl ude, for gx?rrlg)el e, f“@ igrli]ve notor wiwth a gear box to rotate the shaft and
a nmotor colftERf &€ ¥5§ E) P degrees of rotational output of the notor.
Al teritively, BherelyeetivieoH] the inysntiemissachieyed thrpught ugs ofr © combingtiert pon of t he

when the SRR dRoldns dppilt R R e R BBl Sl T g,
degrees of meﬁafrstappﬁf@m b pe{?s?mm Hhegshmagiens are geqa%eqxﬁ?*ewozm“evsear ly

al so usef ubf thé iddlomdhger rarationak rorlieay, dseillatidg swdeping astlitdaghedembmutAs ts axi s
by suitabl [ i i AV i ] Lavi.des an
appar at s, PR e BEET AR, te Ryl OEuoMSRINGS e RARCAIMGES,

ot i oS or pasniiatians ahmoyement aftthe golishingoplateptand evaftrecavias, imts cesnelict with
the sem coggivieductdrDabsmdte Sbade i Polishlng; LAl iROu@l t h@mutpionsd est wd is held
stationary, In acco &ancqu\nth tJn S4 ?fpgélr.at.us, tfhe gﬁéham call. means for

i mparti ng’ BPEFPE Antrer BRlisingnBId gRd SOBFIIPUIPE YriALR, THERE PYIIShINBsP¥Ly i er
subst ant i atdiditiomingesponding . to the above-descri bed apparatus for

i mparting such [ . ol Adi li,shi ng pad,
in accor dance.wﬂ?%?cgﬂf'i&e‘&wgﬁsaﬁém%P ?dlwggﬁ%ﬂhgﬁp }ﬁla ifﬂgé]? “{egﬁ?rﬁ%t\b%g} be

rot at elf) at held dwacamsier svhielymay Fgtatgrabepiet eentiehaxismar gyhictomaprdee stagiopasy

stati onar yis pfight irffo 8t WAl @isﬂin@ﬁbaa Rt Wab@iing 8f bdchlaingsi.@, Auedsace
subj ect ed t one of f.our, t tations of polishing

to. ent|all . s of per
o) o o paryBly et i ataton e difebions) PR s, RERL kst Sl Jhe BR8S0r 02 o
and rot ati sinailtassodsiywelsiihgaroind tub oxbital axis. rTiteatiookg/ise(aB) connet-albclovice

oscillatin i £ . i A i1t.ale i { ng, and
svecpi ng (Gt RIRUSH, of de SR paf Bhout b Rk oBle miy B drofil

i nvent3on) angles phdesss thanc 3AQ dedrerss thanare nibamt 9 dsgeses ainpgagh @frestiont ers, and
has a backing slide plate to allow pressing of the belt pad against a

sem conductor substrate held in a wafer carrier. Il this enbodinent, the
wafer carrier is able to produce orbital notion, and either oscillating 20
or rotational notion. Thus, when the continuous belt is drivels linearly,
the surface of the sem conductor substrate is subjected to one of the
following two polishing notions: ( 1 ) a conbination of orbital oscillation
and linear novenent; anti (2) a conbination of orbital, rotational and

| i near polishing novenent.



Usi ng the apparatus of the invention, and applying the nethod of the 25

i nvention, sem conductor wafers are produced that are nore planar across
the entire surface area, than wafers that are polished without the rotary
or oscillatory notion of tile invention. The renoval rate ¢f Mdreh200Bod and
apparatus of the invention is nore unr?orn1across the wafer. The invention
al so provides, through the at |east partial rotational novenent 3U and

si mul t aneous orbital novenent of the pad, a method for inproving pad

condi tioning. Usually, as explained before, in the prior art pad

condi ti oni OghiMBEE Ftatich ¢Xadle ﬁemllr{g' ;suaedboatrm YdnkrBl Blis ﬂ]laf afkb\tR inpiedd surface
is brought, into contact with. t urface whi.le the pad oscillates
and the cdH(ﬁCFP‘&n@Pb%ﬁWFWﬁ\}%émB@(YE?}EnﬂP gﬁ? Fﬁprpqt?nsgﬁs g'f E’eaSGBh"tO" UdPvot axis
out si de of wifet. €Tlod wafertarienaay bé rotdtédoruatillated phout an hxikbe hald seaoiirped pad
oscillatio IpﬁﬂEl x%@?luﬁ?ngéﬁﬂl@@'ermeratflmgﬂf?me%d%@él'fngth?cﬁ@ﬂ d&éu‘?ﬂlu’aﬁ onto” & 10

March 200 sur f'ace renova Over
time) thi sthapadite pbem lﬁhura&lehépmesm|llngp~r<le§m1| the wileippshey bpog |P9h1h|q

uni for m t yrjen bmuﬁ@rrs cr@mﬁtumte@rwm@ef epSlyinkNa %@ma@qﬁessmet fb pbesi Nieenti on,
the rotation.or .oscil t| 0 a 2 g ilt Y enhances the conditioning
process bfeﬁ‘l“foé\m‘ﬂﬁrfvﬁ rapr 2%?& 1 f4¢s! 83 Flg{ﬁ"ri’ I3 | ess 5 conditioned in the
prior art to ndweadcotdancecwitbrmothker bingbdimeonofliitei mathng ofhhd envelonyar e
heavily cantl haBgHl AEeas AMGUHT o BREAIRIHMNNEIEE R AY: N0

B ved

Thus, uniform conditioning acr hr ou Et he
i nvent!lon ligitpirelive i the “@FF' grrfagge TDPM%QQYUFhéﬂ thsr dbgsihand h@b@dt@ and nany

of the attppganh @dyaa&@gﬁ.&u@zfes tambﬁt aNYRBhd QRisl olfifsw donPaEOMRsTREE readily
appreci ategd as thﬁ/& ﬁ‘is eco better under st by reference to the

f ol | owi ng AR 8 GRS TR G0t R & DA Enat | o wi th t he
acconpanyi ng driwi cng*senn/runwodanmtso:thmmhvmtmnchlmprdwdesaai appandiey ﬁirn Fl GURE

lis a ch’%ﬂgﬁ'bg ﬁ%x&dn@lh fgtlsew Pﬂn&ﬁégsﬁlesg\%g g{ &Jdggz&ﬁﬁ err

enbodi nen ara us o the fnven s a sc’herratl (o}
parti db suameamiueml asraoepstiereadepiad fort seawrobyhiealdingrisb keasteane semicohductatvent i on:

FI GU|R|E f I\Pafé @?x%@ﬁgﬂlb\b@cwblgr‘ﬁ:tcgfofilféewé’fgpﬁf@é bkﬂxshé‘dlogh mqlﬂaimaaﬁnk

OSClI atory noti.o 0 an I DI n g ccor ce w

enbodi rrentcamer»tawé the, ke Tsfeop! the e balishedirepal’s %’gé’aééﬁéﬂﬁi"f'
partially o@qo;bl@ﬂﬁﬁspamv\frsxlnam ogrieenidarsideal Bt toap vdextcadinsrydkrlam tebadi ment  of
the | nvent 8 é)rgenl: lhe REar%th Uit {h% h(g'cnr% ?%v%'s Ible WOihY oIl é) 1€ QPP%I (gr biting

pl at en; chematic | i 'on "Show n
parti ap cnocds«ins;amqhnmp@l xgbmwfdlemartmgoﬁrbaﬂ rapticey adhe vbueelrrb%mlmns of t he

i nventi On,foM/@,@J 8 ﬁ,a;ﬁnaméeea sfadkdd Sdir bBrAalY RRAKHed @u(l)agtl;lp%epg&mnhat e and
orbil or rotate and rb|t al ns ol i shi.ng dg elther Sstationary

or rotatidfe I‘EQJPQEC 9 gw lE'H@ £ é‘gmréﬁf‘é‘?ﬂ "I‘lcb‘éﬂd{ﬂ%ﬁcﬁl Sﬁ%‘?"&e’ hallySs- secti on
t o show dekmidl)axek| iusits ajpperg amd lahérepmbns/effeabﬁdmmh ahert halendimgnt i on,

wherein t Q/%ll{@g{ g'bel%w {h'e%rlzﬁéf ﬁ%bv&pﬁ’é%ghg 1§ﬁ1ton|§l8d ) Ffetloggﬁ'dpoqﬁ&l Mi ﬂ\tee’ or

orbit and feris ontac
cont i aﬁuou§yb@ducab@!|e¢‘@mndgllqmtmgtolﬂél@e aipacds, theth«'ntllye axgsed gotahien elitheace of

the sem cRglitfdsQlre DR&! r@td'?we o fotddzRhd sleevé (RGHSBluking dh @ Plaii bO
I Tustrat %rttnpgbcP cglalnsglr‘a g EB(IS (l“Pen allj;:tbalrachTsl gfgthe invention further includes a shaft
having a first end coupled to the platen supporting the polishing pad, and a second
end coupled to means for imparting rotating or oscillating motion to the shaft. These
30 means may include, for example, a drive motor with a gear box to rotate the shaft and
a motor controller to control degrees of rotational output of the motor. Alternatively,
a mechanical stop means may limit the arc of rotation of the shaft, and an electrical
stop may reverse oscillatory motion of the shaft when the stop has been reached.

Other mechanical devices for controlling degrees of shaft rotation or oscillation are



process. 10 March 2003 Detail ed Description of the Preferred Enbodi nent
U S. Patent No. 5,554,064 entitled "Orbital Mtion Chem cal - Mechani cal

Pol.i shi ng Apparatus and Met hod of Fabrication,"” discloses an orbital

chem cal mechani cal polishing apparatus) and is hereby tall yWoMamh®00& ed by
reference. The 5 apparatus of the present invention adds an additional type
of notion to the polishing pad of the apparatus: nanely) rotation or
oscillation achieved by rotating the platen with its polishing pad, in the
preferred enbodinent) in alternating clockw se and countercl ockw se

di rections,. JThe ti 2] ' : ki it

pol i shi ng cpl%y}d;ﬂ% %%?wgﬁgﬁ%%#e&g%wgﬁggg \X/EP gcr(ms‘%% ?%éle"%r)% Xfrse uci ng

pol i sh 1 (spitglaleimeans @ remaie si3penady to a surface obtai ned using orbital

not i ont only. RefigfiniéifiohQlstlp@d¥lieshn appsratak af Whick theawdeddiar@dtun@érgbdie
appar at us

of. the current invention,.{he apparatus include frame 00 onto
ohPen] o Ahivtl ot el MRt o proial Sl RS PGS Bl Tes e 204
The appar ajousaci withuhe seraicpluctopsubisidager heldb aatic rgsict behddppatesy @tigamyldbear i ng

106 15 15 ddhahy IHIbEmoLoy AR dndRpakrls AL AARLALER.L 0 Bitd

f
r ot at abl eSta cludes a subs

{
wav
sl eeve 11lorbixal@ndireigtieimhnnescilating erovementgp dheeenri@aubsiiisHy cowespondsl  axi s Co

?L the Upaterméwo%-)ae&%ea Bpat&lls RF ihPatiN@VRhIREIRNAD @i Pld@n] ThoOblagat from
e secon X

tral Cc of th . b 108. The |
rotary be }Di?‘ﬁag 3‘%8"‘?1?[}‘?%@5’?9‘ ﬁ‘iﬁ% g?%ﬂ)‘“?‘h@%&?@%é’gqﬁéﬁ‘feb‘Halg?haﬁ\rll\gr sl eeve
111, dAd tibatt ey sheppatated nay 4 rcanteolle@Orasé byhan afrpaicat metorTlusmaintuiredt he wave
gener at or s?alrf?mh@. bﬁ'Rﬁ‘sggét suoslrfte eI G&a%afgpkérﬁ@x) réé‘& shifits f‘é&?erdaﬂo axis Co
of tile _

orbits about 't second central _axis e lower _rotary bearing 108 at
a rate equetentiglly pae ofifaun Whey af Bergrutatioas R velighdiemation: {DObHHaAMadi os of
orbit of trhatibhdlstwideplatal s@noarDp (2 otbhsl s edtaticvpayd Baaeping (WG | s equal

to the parallel offset,between,25 the first ntral axis nd .t he second
central af?%‘elb@m“?&ﬂr 23)c° E’i%sang iFac! lf“é‘f%h‘”'i‘bﬁ‘%ﬁd“%&’d’%" : %ﬁf‘ﬁ."%hi ndi cat ed
i n Fl GYRE dscijlating, ang sweeping(with platparatating).o t he wave generator 110 by neans

of a drive bel t, Ll 2ot figheCORbERENSHEAY SnvlehfiofNfle phdlis @bRNMUIMRI a pul | ey
114 coupled to drlve.g%& tion is

or 116., Mor etail, about the orbi.tal
found | h thasnteLiine TRibIohsS D 0T o0eryns At it slbbgrestrepeite. 3o
Accor di ng et phde dgainentai semicandiok t subiBateliedhds 4 rwaferarcameder §i deisof t he
pl aten 1U o tol -] . ' e of the
sl eeve 11%Inmg’? [.'ﬁ?{{el’ %\%Mgg@#; afsgi:o}eil%%?‘8%3\%\?\%?5%8‘%’_%@%%21&?%@1 ﬁgﬁlﬁl nmparting
rot ar 0or cosetations srojiopotl heh wihen theecoptianans beluss drime ligeaghys thesurigeg ¢ic| udes an
upper pedgfd akmicdBdhdise Shbsiralet ACHBkcied hendlBHeRS ifslRvRhy th8 piahmp 102.
Ext endi ng downwar rom edest a 120’x]dt {]Zstashaft

0

f t he, 0 rch 20Q3 P

i ncl udes dRCYRATer aﬂiw@%hojﬂoq]fnqr &azz%scg{kaaowﬁ’%m?ardﬁpm@&|a 122b,
spaced fr wanibivatioppé€ovrbital, vetasalal araf livead gidghing ifovementet y of nmechani sns t hat
may be used toi rf.r j Qn r. J: r i 0 [ ntion
W I>/I becone cl elzjagrmglfJl o.th%nagb%%lugklgﬂl |ﬂ%l HR/t%ﬁ!éMaﬁ"(a\/\#dﬂﬁgéqg{%éBCtglﬁ(?sdf2¥1%

di scl @8ur énvantiophsenpeertduetor wataiharginrediced thaFpreyrere plangr agrpsselhig lgafiee 12a i s
coupl ed t Quffhge AreX\RhardWaféR (Ralard Poithed RARoRUhORRarPbr bicH IR Snot@cbit O gear
box 126 at its other t he sanme

end. T%]e ami1 of Er(gve shaft lfﬂ i.S a.on% ;
axis of rdtatIVERIGE THeremauaiae of BispaPodgndareralis of Hi ITYSREPT FotaFy
beari ng. ‘ubifenrhe@arosbtie waderdri ven by a step notor 136, that is controlled by
a notor controlher: . : [ e of
rotation i rrpar'ttl% lf)‘g/éﬁﬁg-g_rlrr%tﬁg? \t”tg és’glﬁg\t‘lélpqlggﬁ l%ﬁdglﬂgdy "gbﬁ?"d{s"r ﬁ‘r?g&g h@ not or
cont r 801 erandt pigdiiapeaugyorbitaly srovementi ohithe tiag, pamghioflr i iapvering 384 t o about

t 360 degr e@adftidhinRS AdubBy, Ak ¥x TRInE® Befoledin metpﬁb}mgkd Eﬂ?&lit%ingtm%dmtor nmay
causin CcO . NUOUS

be allowed to, conijnuously.rotate shaft 124 there )

fotation dfPaLendmenenars vithah abrasikg fawsr stnfasg i POy Bl EPPHSHY B% rpar
osci | | at orpad(yppei swrface cildleithe pad osxuéaresndnyd the comlitidnenamt noveebmktarklo t he pad
104. For i J 2af |\ i 3 i Joneshown in
LG 2) TR fin plsrhinlfs FbPEACOIME: STRIMAER ke bE e bHEIOBIRIONT |0
and ndéhardoseiinegh gad|aseitlpiionajand ithp sonditienipausa Medow Hivring t eondipaingn

al ternate countercl ockwi se and cl ockwi se notion, |imted by the



2(1 mechanical stop. Thus) referring to FIGURE 2, 3, and 4, a substantially
vertical shaft 124 is coupled to and extends downward from bel ow t he | ower
uni versal joint 122b, and into a hard stop box |40. As shown, tire shaft
124 has a radial leg 128 that sweeps the interior of surrot@dlargh@0p3142
when the shaft 124 is rotated To |init6rotation of shaft 124, one or nore
mechani cal stops are placed in the cap 142 25 to arrest rotational novenent
of the shaft by bl ocking novenent of the radial 1e6. A pair of electrical
sensors or stops (not shown) are | ocated on the outside of each side of the
mechani cal _stop. 1 a i I I il ter. th

el ectrical reé‘flgsglsn gg -?)}r?.'é&rgje%?\% SE‘?%%?’%@%By_%ﬁ’egrr’ngw ni gglfgpgﬁgp%ﬁ nrorg't or 136,
abl e to i npaifarmypadgeyditipring resultsinaogrr ealishingani{pspiy onte Boligandreton 00 of

t he appar afers. dRdcdotddiBE DR itieinvintbAURE fslatich drRcili@@én B0Xe p£bgredifius t he

notor 136 through, gear .hox 126 rotates,shaft 124 arjd, henc shaf't 118
Count er of P RN WRGPRYPORAR RGBSR () areat Aps ol TRRY adnBs

di r ect i%n, camitioned iim ¢her priloradrt ke groi@8ntofreginms efhigherl 2ehdisorstppbédd thy t he
mechani cal oIt rd . t Lth. el ectriycal sensor
132) dir ecf"?%(rjllpeg% ﬁ’? _8?'331({?&%}?%52%% gl\]/@re gg‘é tt‘%?ég@g% f??%’%{\évﬁtn Isa gﬁ?gﬁ] ec l?ci'g’n. Agai n,
shaft 118 wmifprplcenditoniog aglosoihe padmay bp aelieyed shrgngh thetipgention.g- 10 March

2003 radial leg 128 of shafgridfBedctiptidnriiRIDBRYYi hani cal stop 130. Contact
with the other electrical s Obp ca?L:tst reverf?g of thz r.ot ati onal
movement, as deSi OHRSQMSATHE! ;ﬁgz}nyt dhepiendant advaptages $E iz YEREse and

count exr(cl owlivbemnasmiold sdadily appreeiardtasi the aamartecsiaes bedrachdbiidot!l 16 | ocat i on

of the nechanical, st op. . X: j oV iR _accordance with the

i nvention, ™ %%Pcsa{&% ’espos“f’?‘r'ﬁﬁg‘ﬁ%@tﬁ#egagJE&PE@&? E)ar?(gf' Iff cquipinglign, Wil theot at i onal
novenent amdowpdiying drawingsavhich dreschematit andenat tu stelepmdiereirovenent, in those

appar at us wher epigifn vnpl(ayscgémmé bahNgds Vi ¥ b%s?@?étﬁgg?lgf'rg%f&%dt he pad,

the slurry supply limes (an anY ot her, supply lines) s e supplied
with rot at apbasdiagnlef theqppargtus RhtheREnEo®o| v i ines do not twist 1 (1 around
the shgft. CovipIGHIRE 2fiera Rokdmaic patialt sidoaliewoines®es sedtions6f lahaheon, such
rot ati onal co%ﬁli r’l%? mag ngt be needed, as long as the supply lines are of
adequat e | ¥H nen Q‘ed ¥PPed enbodi ment of the invention, devel oped for
pol i shing standdGURE ang a2pérspsistiveaiwiew, oft tiee @pparetus areduipedi tor mparisuch t hat
the locus &E:/'llta{by 16613 Gh ogﬁnﬁn,gg,mé}g iﬁ%ﬁ&?dalﬂgéwﬁ‘th%ﬁ%ﬁ)omuﬁéﬁt 3t fiearret er
@ of” the wafer dia out O.

from about er to a 1 inches wth the preferred

orbit di ameveriopPfFIGEREZshes. The center of orbit of the carrier is offset
from tdge cent erFIGURIS i9kBEkensttict faetifllyadxprodby vigoshatiaptmdhimcalkapt 1 i nch

with a preferred offset,.of about .3/8 . nc pcal ly, .i.n accordance with
the i nvent doH i REBRARSnCTthe Meshiol oL FighRER B pifidife BEGRES80s
r evol ut i onmoti@r toranronbiting plates; pref erably in the range 300-600 revol utions

ber i nute. - bUlREARE 398 sERMAR Mls N sAwRRL AADQidEUR! i Ursber

m nute. The wafer carrier 1 rotate or, oSc ate a Its axis or

remai n st aterdntatoyshay details @han aal(frnative smbpdivneat phithe inveptiony dieeginéd t hat

t he poalsi shiviigr BaflePB il ad HICHscREd bhdbadl, ap rbitegiabrhnunRehs of times
during each uration of a polish cycle depends upon

go.l i sh éyc e. Thf d )

several faalishigs padfiat 15 5itherisfaliopay oL LM he r ange from about one to about
four m nutes. IRIGURD6 &f eschematiodibgram, frr manid Isolatcrdssisectmindoshdw detajb) et e
osci 1 at ! Ofi e B A3fhafVE bifbodthiehCof RE ilefiidl vAtEkIn Wl Ghret RRPY S pad
| 04 rotates or o%cylala es may vary, 30 1t iS Pr‘e erre 0 osclllate

cont i nuous$apipPed tas pigher @it @%@S&Bl% 98 OEbtY andirgtages ayhiledhe wakgrdugpughle range
from a@poutintol BstalE WIS EHIMDSES BEIOPLMEIHE) pad (Rl Oglides 1PRartle GERES the

(cl ockw seg. Cls&i kl at ar tio 'kn t he region fromabout -135 degrees to
about +135°4iRgh ¥ °F¢§"ﬁ‘¥'ﬁ‘g‘l",’s Re¥er or greater angular rotation may
al so be benefi HIGURE 7 ism bdhetmatic dimgramytoaifl pairaenthe tpolishing pacheordbmneng

enbodi ment _af..t he apparatus of 35 the invention) the surface of a

semi conduck'or “Substrate bei ng polished may be -10 10 March 2003



subj ected to a conbination of several kinds of notion) dependi ng upon node
~of operation of the apparatus. For exanple, when the platen both orbits and
osci lI'l ates, and the wafer carrier rotates, the wafer surface is subjected
te orbital, rotational and oscillating pO|IShIng novenent . {gMahgh 200"
hand, when the platen orbits and 5 rothates) while the wafer carrier

rotates, the wafer surface is subjected to orbital polishing novenent al ong
with two kinds of rotational polishing novenment. When the wafer carrier is
stationary) the wafer surface is subjected to either orbital and rotational

pol i shing movenent, Or CQJIQHID:’J c 19)??)55' ﬁr@l‘el‘r@@ﬂﬂ Hﬁmnng novement,

dependi ng upon node 'n. accor dance vmth term

usage | U of tH{$. d’@éﬂ&‘ﬁé}lﬂ 5 55ér9665%ﬂtluleét |Cﬁ'g‘"ﬂoM°é'HP nghemeigelndachanical ers to

nmovement orﬁoltshmgdﬂwyﬁaué caaﬂ rM@ﬂlo@romFﬁrﬁzBﬁor@'n@1§&Qise§ ag ca:sma&heﬁwawent
experlence
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"1 noarmei gt g rfayE AR 8 Retehg () BeodbrBF R e Rov Bkt 1
WI I | bé r exmpghntatusafplse pnasent mvenieonoddds lah latditinnal gpeaoft modian todbe peladitghis | S

di scl osur epadtch%c Eﬂﬂﬁ’at@sf. KRR TG Bt of B?cnlﬁﬁx'bﬁ a@ﬁle@&ﬂb)p}dﬂtﬁ@ lﬁ@@labe‘?\

rever sed) er carrier g e) S%Q}F . mechani means to
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pl at en nayconatercdbakiwiseddisdcadnonThysearotatiays oobadiBatiohs adrible poten witheitsi nventi on
al so provi (S i on of
pol 1 shi ng TAGAR AR AL Cyb il e BN th surb U BhoBanGREDNGR o

Si nce wanyva@mu@nﬁeaseemp@rﬁémapqucgommqeﬂeseg)pahi@t metign enlgi ni | ar to that of
the above- descrném@mganﬂeml l‘h@%réﬁlﬂ‘@d @Hmm%em @f@hélﬁﬁsira‘nesr ol icity.
In this |nstance V}ﬁ&er car lﬁ} gs @@ ? ﬁ/a. gene(s ator 110,
that is sifHiear "[VS"‘E% \?BPﬂéWér’a?B a8 %‘8v8 N FhRPufed js

conpri sed phtet \o2 thaaisiequppddwith 4 pdlidixargd drtically froth each other, and

o e S L o L to a

support structure orted by a
supporlS stis ubtedive mapetedOpe ap nendersidenef W, @laiemdPat ond Hasotatablgl | wakei cal

i Ilzev]g% 111, eW@:‘a%%JF‘ \ R QBhtVQHcl@d/esaathEsta]nliZlfl} h%llnaﬁsaaemeeveg 12 éiﬁenulfh p& | ey
hom o2 e e R Bated 10ands S BemET 2 st B ARBT AR A e
gener at or m&obffthme/a\?ngmdmrtlab it 8ffsatirant thelsesuaw cenwlali axisndiof e 16wert he upper

surf ace of, .} S 0sC 68 ek o BeaRIE308 Byl SULRASE Y3 | east

two uni ver one” at eac drive shaft
124 | s'ZOanm'eQil obtharslasppétl. @nd tofhe ﬁ@pgn@ﬁtfrmeel 00a0fothe apheratspdiusini ver sal

Jt 3'r ﬂt Céﬁtmr)wh&”lﬂe have GENatof hnpﬁq;bm%ahub%z&%x mbum@tmt hlﬁ@emﬂclhls' s in

or controll ar at
i nparting ©? s&etaw%awdh? steqnd Serdral afﬂsdffcvﬁ ql&?’?‘ﬁa rﬁ{%ﬁsﬂtﬂst @t%é ra}&f er
carrier 15jual tolile rotfliovbtaofADO Javes gaiemdtdral1 0t ol iehedappdnadiust tedusi bed

above for ‘lt Eﬂﬁra&isr@o SE ugFér T e}; Qeaglgg 18@& e?ﬁ]hﬂg lﬁfgarmiat ;ﬂet lleﬂgéer\' S

i nst ance, er carri rought into
cont ad®S wi the firsieepiadl axCannd: Hei sscandogentraleasisae. p Thiserausasgjie whatashl Bay r ot at e
or S whi chydEpadhe obtsi, dA§hﬁﬁda@éaam&=1c;W?@Eutrberyoh@hs.m if PhAkes 1o iRawARd sweeps
across the face qfl hhe wa%fr % g)% glgéf bln al wgeﬁ) (glrmtlon " At the
sane ti ne, B96RLHQRY Feapsof adrixedeldd 2 thal sapbrspnsietvd 1t #pd thal extandsy b t al

not i ?)n t o dveeapalier 1 ldasonpled td addvérmoae 116, Mweuﬁmeat)omlﬂmngbmltrimmmlnlt her

conpl ete r. or oscillation
about that'gi@}é)gqp'"pﬁ' Igl 5%‘55 bE/‘J%@g@HgR}&cg&ogﬁ g’?refse'\}%r al 10 permutations
of polilshi ng noAeneedieg ¢n tlnmmvsmm@eslmﬂ k1B eexiqaide rfront Bp wrdsrsidd of tist at i onal
and_sweepi fgRIbi s W&gq memyramcheg)mmugmfé'mmeﬁps BEbF A8 sRAG PHEGPI NG

pol i shing no 0 CI i shing novenent; and (4)

or bi t al ankbe wwasv Pt P oy Meﬁewvlsmfﬁél@mm FRAFTY OB PSENARIE 6

pr 0;“ deS) y@bu&ﬂ@s iRy pladdnl 1AR1 OThOTshdfh €1 RRRKRIES atlegspet tpedeskan\motﬂ)emy In this
i nst ance

olishin ad. is.ipnt ont i, nuous ,b chat
passes ovettaehtt ot s oheBBine, 36 e ‘ifien 0BT Ex Bl GRS Bpine 1% e
t he polishing pad noves linearly relative to the wafer carrier 1 SO at a
controlled rate. Preferably, the polishing pad noves at a rate of 100 to
about 200 centinmeters per second . The polishing pad is preferably backed
with a rigid backing slide plate 164 2U that is nounted to a support the
pad and allow controlled pressing of the wafer surface against the pad,
w t hout untoward yielding of the noving continuous belt pad 160. In
accordance with this enbodi nent of the invention, a wafer surface being
pol i shed nay be subject to rotational, orbital and |inear polishing
novenent; or orbital, OSCI||atI0n and Ilnear pollshlng novenent; or orbital

I . . T .



10 March 2003 -12 subjected to | ower conditioning rotate to positions
closer to the pad conditioner arm pivot and are then subjected to higher
conditioning. Likew se) of course, those areas previously with high
conditioning are then rotated to zones with | ower conditionOridarcht20@3, on
the average, each region of the pad me§+ be subjected to the sane average 5
condi tioning. Accordingly, nore uniformpad conditioning is obtained. One
skilled in the art may realize that it is the conbination of the respective
notions that produces the desired results. The i nvention provides nethods
and appara h al |l ow.t he, sel ection of an of pe tatlons of

01 | ot ng MeAtAD: B DAL i Specinisrat 0BF RSBt SHESS! ¢ he

i nvent i on jeint D22H, $faced ftoanihz apparmuniversabjois 22y t o neet speC| fic

requi r ements, 0 oD Wnadihs IMEnb) b3 fuold [FmmBkaBl AR ARGy

flexibility to'the operator to se
achi evi ng ndtenxdghe irevsptien will besonygl Cé@séo st @ S:kllihln thhart; \leahftsl redtl thiss been

. descriked jiqdsGeT5inahe %rcﬁ@:‘né(%lnmﬁ'n\é‘lﬂdvﬁlélﬂ'{rﬂ v m,m ﬂhnasu\n uﬂ?fx‘i&l' cl es.
The current 1nvention w|| equal Q)P/ltlas wel S&s urryl ess pad)

wher e t he @ aloge uptyersal wjé&&@at iR -‘h@“‘baﬁ‘d 'Stﬂr?ﬁr éz(’aﬂ‘e”bc‘éihﬁer cially

avai | abl e ehd Uﬂhé’:MxErdroutweSslwhl 128 {sheory &E%ﬁﬁdlx@fﬂbpfblﬂm{ oPfhetsaeoridnvent i on
has been il ust ratg ‘ﬁnﬁ’ scribed, . it.wl eC| e}%ed that vari ous
t i

changes c&f"Be *fiide” W FR80t b%f'éﬁlézrtlr 8 "feP ’fH% WED i 48 Pscope of
t he i nventmaior 136, libatVis chntpg3d byl 3 Wotoreedndndllecht8s dffhet etdr neoatrollon i n

whi Chlart fsmiélysmx il d&psm&aﬁ f uBBérYddl 9%& Sm&hﬁ émaﬂmdem&eq,yas

follo olls

si mul t ane@dswnss thsj wetar fgngokigsy fhgcaéc ay %vwﬂe\wﬂaw tilﬁrr@é,etfycpwb@m

DO: I SEI Ng -6 ioQdbout h@?jo Mgelébstf‘dp@&llﬁforpmdtﬁhl llF_B)r E@ﬁﬂ'@ﬁl BONBA, 15 n@t&r 3i ]Eal
p0|S|ng rTDtIO r at eas t t ol I,SNI N noti ons sel ecte rom
Phe. or oup B Alovfig BeBpupolity i elips Rty b PR EmS s iar

pol i shi ngofipad beds. 2. The nethod of Claim1, wherein the oscillating nmotion

I's 1l sthe ran h%’ rﬁé’@lﬁQ@{\}bﬂ 9@‘%15% egf?ﬂ%d it Q%f%lsé?ﬁatgﬁf (IpE’r‘ﬁH é%.%ﬂancycl €.

3. The nethod o rotatio
front abourovemeny @rpBtionaimovepinely themapdPt.s Fongrammle.en the alfgipatiust hod of

diam1, wh®b&inkent er@sménlnah Isnmxmtmmummsbﬁ@ﬁn@hmbﬁ%preaucreamtl onal
not i on of at | east erein the

or bi £ a1 B ioBT BB, P ArsF B pRFATise! S Peute et aRin R about
200 revol ghifors npee imi altetrete bounfdrelonieviso dndtloCkwismhotioshdingied Wyhehel i near

pol i Sbh ngl]gahﬁl‘ﬁ&i%?%r 'Tﬁﬁ? rle{g:ﬂ‘ lonﬁtd[ﬂ@l:§5 g 5:@? 'Pfsul%%)\llcﬂw §§|ﬁunl7 The

met ho ping polis
r ot atl on &hafhl24ie C@FP‘FQ’ dPn ?’dﬁoﬁﬁte%‘st@vﬁb‘o’{ﬁ ‘!P”é)}k,clké‘é ‘b%r‘o‘f'f?fnu*ﬂ'é‘ffsﬁ A

net hod of jqied 1228 Agd dntohk Matd lsﬂasbfwxnm onseshaezm aeneiact 04 mbﬁfricﬁztle t he
reLhod OB L kb B o raiBE Bt 20gR bt fol P2 ke
of the sufwtlinit eotafiiarhofishaftid4. ang Olﬁmmmedunfcabmm atrhptah@ iaitbe ep ld#2pol i shi ng
sl urrys apdlarrest rotational movement of the shaft by blocking movement of the radial leg. A
pair of electrical sensors or stops (not shown) are located on the outside of each side
of the mechanical stop 130 so that the radial leg 128 will encounter the electrical
stops before being blocked by the mechanical stop.
A motor 136, able to impart rotary motion, is mounted to a supporting
30  frame 100 of the apparatus, and is mechanically coupled to the gear box 126. Thus,
the motor 136 through gear box 126 rotates shaft 124 and, hence, shaft 118
counterclockwise, thereby causing the platen to rotate in the same direction, until the
radial leg 128 of the shaft 124 is stopped by the mechanical stop 130. Then, due to
electrical contact with electrical sensor 132, direction of rotation is reversed to a
35  clockwise direction. Again, shaft 118 and platen 102 also rotate clockwise until the



(c) maintaining the polishing while applying a sufficient pressure between
~ pad -and substrate to polish the sem conductor substrate. 10 March 2003
-14 9. The method of Claim8, wherein the inparting of at |east partial
rotary notion conprises inparting cycles of notion in the reangardt 2003bout
one to about four cycles per polishing%ycle. 10. The method of Caim 8,
wherein the at |east partial rotary notion conprises rotation at a rate of
fromabout 1 to about 4 revolutions per mnute. | 1. The nmethod of C aim 8,
wherein the inparting of orbit notion conprises inparting orbital notion at

a speed in Ef&‘hﬁ i P&eoff srhgﬂ‘lﬁb?éll‘imﬁgpb)t Rxeé‘i%i&l 399936 e&@r’nh&'v&%ﬂﬁth@%‘ihem nut e.

12. The net Clajm8, wherein hi ng- conpr i1 ses east
partially FBP‘&‘[‘*? nYOR he? ﬁ%ﬂfc%lFFVFﬁi‘le ‘QF 'F]l'h‘HB’éﬂ1 ‘B‘?VCP!" as ple ?C@S‘I] i38f¥eng cycl e.
13. The nerhod 1 afpaito’ Provides clockwisband opanérciogkwike atcillaagt mpagitdnal rotary

gof:ieg?efoo I{Zilﬁ%% dglgﬁlllil:[lﬁg‘]#.ﬂg lgé/:%tlorlgml%l?%éﬁmmgﬂgto 0 about 270 degrees about

erein the inparting of at
| east parti al rétsaﬂyplmd opbayenpni sesordancat Wil tlive ipeaitipey ol B6I0 idegr ees

about a ceghRiitaRéousiSub ttola5 leaft m.mszaﬁ&nm dvémbmgana otrthh“ nfdvefehor med on
a sem conductor substra he neth o n&e éal{? | east partially
rotating al'GRfupp E‘&r‘?ﬁaéP“aAb‘EﬂYFm&"‘cHh{‘Pé? I"’é“s\lx)ﬁﬁ‘qr r PP Y ROHET er
carri e][ abls)lutryamppibdttmbughum ,patinthe elubrytsapplgiings @ing phpotdr Suppiy aneesgent & al( b)
axis of ti r u tr an
Ty DRI RE b0, G GlarloLillfofso SRR S T I i 27 L2
with t He aprpund tae pluifi. sIthg)Uslb/urffrryPumllr@li&lppﬂllymmg:npﬂﬂemmsellelv,vesedl pad and
substrate. ro]tﬁlon-ﬂ"@m@ﬁhﬂf gfnopo@heedéé  as'YBRg 84 nletshsp@tltnle@a,%tofpﬂeguﬁé ly

rotating corrpr3|es ing the carrier an integfal nunber of times per
pol i shi ng Ey&l’e 17. The method of C aim15) wherein the orbiting conprises
orbiting at a speed préfetrle ensiddimént 061 ab@utwaﬁildnt@ea@@m 2orUQRligIRNP! uti ons

Do T b LR TR e B MR oA DR M R L
-15- 105 Macaiter260the pad descnbes a circle with a diameter from about 2 of the wafer
diameter to about 0.1 inches with the preferred orbit diameter of 1.25 inches. The
center of orbit of the carrier is offset from the center of the orbit of the platen by from
about 0 to about 1 inch with a preferred offset of about 3/8 inches.
Typically, in accordance with the invention, the pad and platen orbit at speeds
20 of at least 300revolutions per minute, more preferably in the range
300-600 revolutions per minute, but the range can be as much as 200-2000
revolutions per minute. The wafer carrier 150 may rotate or oscillate about its axis or
remain stationary. X
In accordance with the invention, it is preferred that the polishing pad be
25  rotated or oscillated an integral number of times during each polish cycle. The
duration of a polish cycle depends upon several factors, and typically varies in the
range from about one to about four minutes. It is preferred to have from about 1 to
aboul 6 complcte oscillations per polish cycle.
While the arc through which the polish pad 104 rotates or oscillates may vary,
30 it is preferred to oscillate continuously. 1t should preferably be able to oscillate
through the range from about -180 degrees (counterclockwise) to about +180 degrees
(clockwise). Oscillatory motion in the region from about -135 degrees to about
+135 degrees is useful, but Jesser or greater angular rotation may also be beneficial.
It will be readily apparent that in the above embodiment of the apparatus of
35 the invention, the surface of a semiconductor substrate being polished may be



19. The nmethod of O aim 15) wherein the at |east partial rotation conprises
rotation at a rate of fromabout 1 to about 4 revolutions per mnute. 20.
The -net hod of C aim 15, wherein the polishing against a polishing pad
conprises polishing against a surface of a continuous polishMagcipa@08el t
moving linearly. 21. The method of C-4Pm 15, wherein tile polishing agai nst
a polishing pad conprises polishing against a pad in linear notion at a
speed of from about 100 to about 200 cnisec 22. The nethod of C aim 15,
wherein the polishing against a polishing pad conprises polishing agai nst a
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again, a central shaflt 118 extends in the annular space of the wave generator and the
30  pedestal 120 at its lower end is mounted to the upper surface of the wafer carrier 150.
The shaft 118 is equipped with at least two universal joints, 122a and 122b, one at
each of its ends. A drive shaft 124 is mounted to an upper end of the shaft 118,
above the upper universal joint 122b, and is driven through gear box 126 by
motor 136 which is in turn controlled by motor controller 138. Thus, the apparatus
35  for imparting orbital and rotational or oscillating movement to the wafer carrier 150



al.ternating clockwi se and countercl ockwi se notion. 28. The apparatus of

Cl aim26) wherein the neans for at |least partially rotating conprises a
shaft mounted at one end to a side of the platen opposite that supporting
the pad with another end of the shaft coupled t hrough a gefy Meaxch 2063 not or,
the notor having a controller controrlrng angul ar rotation of the shaft.

29. An apparatus for polishing a surface of a sem conductor substrate, the
apparatus conprising: (a) a polishing pad, supported with a backi ng nmenber;
(b) a wafer carrier adapted for securely holding at | east one sem conductor

substr at elstsﬂnﬁ’é?R@ﬂﬁ: apphfaQidtdbceribdd hBew fof inifastifplash hdidn t@ReoRalihghed on
-J ~- B%Léh 2003 an side of the carrier facing the polishing pad, the
S

carri er gefromt1 ~e polishing pad; (c) nmeans for inparting orbital
noti on to the bathis astantd)ehareafes caviepr whdnnig:coatagiseewafend§2,ng brought ed
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wherein the ans for 5 | @ ﬁ ? t he. shaft ﬁ qp ses a
not or couBP BRI INAYFRH ’|(9 ﬂ%‘t% %@a?sc 8@/’38 i ?5?“‘%#1”?‘104 8°"br the
not or to mahvotatbngd pdigiimenobeiaqigul ar rotaiion of the shaft. 31. The

appar at us of f I rotating
Che shaft compl T SubGlmEREsHIBHIE g TENGes 4 afbenit OlayBETOF UK byt 3

si opl §5mi té@C@MfltIVQnﬂlans lratlumgstamcel dapoliging pad isiwt mfptmaf 2 gesttingaus r om t he

gear box {g rd@e\ha*}?afs;es'd%e; ReoARBY LAY aRiPR (e oxo‘zvmc'ihe LRPRIBlkS BfusC ai m 29,
wherein the po I.shing pad conEab ?es a cont i nhuous e t poli sru?gg pad driven
by a meandepgliphingp bYerdineatibie e de theralpracpriies x0iay 8 copirelied Tolsf er

carrier. PRferdbly @ppalisiing pad nidvas @ RQateWh'elmel 0 4vat RO cetinegerpack i S
mount ed ts(.)eccziln .Otﬁ'llg %glisﬁlil?gl f)igdeirs] ‘preferably backed with a rigid backing slide plate 164
20  that is mounted to 2 support the pad and allow controlled pressing of the wafer
surface against the pad, without untoward yielding of the moving continuous belt
pad 160. In accordance with this embodiment of the invention, a wafer surface being
polished may be subject to rotational, orbital and linear polishing movement; or
orbital, oscillation and linear polishing movement; or orbital and oscillation polishing
25  movement; or orbital and rotational polishing movement.

In accordance with the invention, pad conditioning is also substantially
improved and enhanced. As illustrated in FIGURE 7, a polishing pad 200 is
conditioned by a conditioning arm 204 that carries an abrasive conditioning surface
and that pivots about point 202. In prior art, as a consequence of the motion of the

30 arm in an arc and of the pad as it orbits, a lower conditioning region 208 arises at the
locations farthest from the pivot point of the arm, and a higher conditioning
region 210 arises at locations nearest the pivot point of the arm on the polishing pad.
Moreover, in the prior art, two non-conditioned regions 206 may also arise. In
accordance with the current invention, the entire pad is more uniformly conditioned.

35  Due to oscillation or rotation of the polishing pad, those regions that may have been



34. The apparatus of Caim 29, wherein the polishing pad is conprised of a
continuous linearly driven polishing belt. 10 March 2003 -18 35. A nethod
of conditioning a polishing pad of an apparatus for planarizing

sem conduct or wafers by chem cal mechanical polishing) thelOrivanei2003
conprising: subjecting a polishing sutfzace of the pad to sintultaneos
orbital nc~tu~ and at |east partial rotational novenent while conditioning
the pad. 36. The nethod of O aim 35, wherein the at |east partial

rotational novenment conprises oscillation in the range from about -360 to
about +360 degrees. 37. Thg nethod of C aim 35) wherein, the, at | east
partial roSuiecssf tolepier senditioning T%ﬁe&{P%f“FOé‘Fé?%F’ forthenrad sedivonepamhout 4
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While the preferred embodiment of the invention has been illustrated and
described, it will be appreciated that various changes can be made therein without

departing from the spirit and scope of the invention.
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The embodiments of the invention in which an exclusive property or privilege
is claimed are defined as follows:

1. A semiconductor wafer polishing method comprising simultancously
subjecting a surface of the wafer to three types of polishing motion, the three types of
polishing motion comprising orbital polishing motion, and at least two other
polishing motions selected from the group consisting of rotational, oscillating,
sweeping and linear polishing motions.

2. The method of Claim 1, wherein the oscillating motion is in the range
from about one to about six cycles per polishing cycle. -

3. The method of Claim 1, wherein the rotational motion is in the range
from about one to about six cycles per polishing cycle.

4. The method of Claim |, wherein the oscillating motion comprises
alternating rotational motion of at least about 360 degrees.

3. The method of Claim 1, wherein the orbital motion comprises orbital
motion at a speed of greater than about 200 revolutions per minute.

6. The method of Claim 1, wherein the linear polishing motion
comprises linear motion at a rate of 200 cm/sec.

7. The method of Claim 1, wherein the sweeping polishing motion is
produced by rotation at a rate of from about 1 to about 4 cycles per minute.

8. A method of polishing a thin film formed on a semiconductor

substrate, the method comprising:

(a)  simultaneously imparting at lcast partial rotary motion and
orbital motion to a polishing pad;

(b) polishing the thin film of the substrate with the moving pad
surface with the aid of a polishing slurry; and

(¢)  maintaining the polishing while applying a sufficient pressure
between pad and substrate to polish the semiconductor substrate.
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motion comprises imparting cycles of motion in the range from about one to about

four cycles per polishing cycle.

10.  The method of Claim 8, wherein the at least partial rotary motion
comprises rotation at a rate of from about 1 to about 4 revolutions per minute,

11, The method of Claim 8, wherein the imparting of oibital motion
comprises imparting orbital motion at a speed in the range from about 200 to about
2000 revolutions per minute.

12.  The method of Claim 8, wherein the polishing-comprises at least
partially rotating the pad an integral number of times per polishing cycle.

13.  The method of Claim 8, wherein the imparting of at least partial rotary
motion comprises oscillating by from about -270 to about 270 degrees about a center
of the pad.

14.  The method of Claim 8, wherein the imparting of at least partial rotary
molion comprises rotating the pad beyond 360 degrees about a center of the pad.

15. A method of polishing a thin film formed on a semiconductor

substrate, the method comprising:

(a) at least partially rotating a wafer carrier about a central axis
while orbiting the wafer carrier about an orbital axis, the orbital axis displaced from a
central axis of the wafer, the carrier holding a semiconductor substrate; and

(b)  polishing the thin film of the substrate against a polishing pad
surface with the aid of a polishing slurry while applying pressure between pad and
substrate.

16.  The method of Claim 15, wherein the at least partially rotating
comprises oscillating the carrier an integral number of times per polishing cycle.

17.  The method of Claim 15, wherein the orbiting compriscs orbiting at a
speed in the range from about 200 to about 2,000 revolutions per minute,

18.  The method of Claim 15, wherein the at least partially rotating
comprises rotating the carrier through more than 360 degrees.
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19. The method of Claim 15, wherein the at least partial rotation
comprises rotation at a rate of from about 1 to about 4 revolutions per minute.

20.  The method of Claim 15, wherein the polishing against a polishing
pad comprises polishing against a surface of a continutous polishing pad belt moving
linearly.

21.  The method of Claim 15, wherein the polishing against a polishing
pad comprises polishing against a pad in linear motion at a speed of from about 100
to about 200 cin/sec.

22.  The method of Claim 15, wherein the polishing agamst a polishing
pad comprises polishing against a rotating polishing pad.

23.  An apparatus for polishing a surface of a semiconductor substrate, the
apparatus comprising:

(a) a rotatable carrier adapted for securely holding

the backside of at least one semiconductor substrate to expose

a frontal surface of the substrate to be polished

(b) a polishing pad supported on a platen spaced
from the carrier;
(c) means for imparting orbital motion to the platen, the means
comprising:

6] a sleeve having mounted thereto a pair of rotary
bearings, a first bearing of the pair mounted to the platen and the sleeve, the first
bearing having a central axis offset from a central axis of a second bearing of (he
pair, the second bearing mounted to the sleeve and a support frame, and a drive
motor to rotate the sleeve; and

(i)  a shaft extending in an annular space of the sleeve
having a first end mounted to an side of the platen opposite that supporting the
polishing pad and a second end coupled to a means for at least partially rotating the
shaft and the platen;

whereby during polishing, the pad is brought into contact with a wafer
in the carrier under pressure while the carrier rotates and the pad both at least
partially rotates about a central axis and orbits about an orbital axis offset from the
central axis.
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10// 10/ /Db 25.  The apparatus of Claim 23, wherein the means for at least partially
rotating the shaft comprises a motor coupled to and driving a gear box, and a
stop-limited shalt translating at least partial rotational motion from the gear box to

the shaft in the annular space.

26.  An improvement in an apparatus for polishing semiconductor wafers
to planarize surface of the wafers, the apparatus comprising a pad mounted in a
platen, the platen attached to mechanical means for causing the pad to orbit about an
axis offset from a central axis of the pad, the pad spaced from a carrier for a wafer,
the carrier coupled to a drive motor to rotate the carrier, and means for pressing a
wafer in the carrier forcibly against the pad, the improvement comprising:

means, coupled to the platen and a drive motor, for at least partially rotating
the platen in alternating clockwise and counterclockwise motion, when a
semiconductor wafer is being polished and while the pad is in orbital motion.

27.  The apparatus of Claim 26, wherein the means for at least partially
rotating the platen comprise a shaft having a first end mounted to the side of the
platen opposite that supporting the pad, and a second end coupled through a universal
joint to a motor-driven gear box assembly for at least partially rotating the shaft in

alternating clockwise and counterclockwise motion.

28.  The apparatus of Claim 26, wherein the means for at least partially
rotating comprises a shaft mounted at one end to a side of the platen opposite that
supporting the pad with another end of the shaft coupled through a gearbox to a
motor, the motor having a controller controlling angular rotation of the shaft.

29.  An apparatus for polishing a surface of a semiconductor substrate, the
apparatus comprising:

(a) a polishing pad, supported with a backing member;
(b)  a wafer carrier adapted for securely holding at least one

semiconductor substrate to expose a frontal surface of the substrate to be polished on
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of the pair mounted to the carrier and the sleeve, the first bearing having a central
axis offset from a central axis of a second bearing of the pair, the second bearing
mounted to the sleeve and a support frame, and a drive motor to rotate the sieeve; and

(d) a shaft extending in an annular space of the sleeve having a

first end mounted to an surface of the carrier opposite the wafer é’arrying side, and a

second end coupled to a means for at least partially rotating the shaft and the carrier;

whereby during polishing, the pad is brought into contact with
a wafer in the carrier under pressure, while the carrier at least partially rotates about a
central axis and orbits about an orbital axis offset from the central axis.

30. The apparatus of Claim 29, wherein the means for at least partially
rotating the shaft comprises a motor coupled to and driving a gear box, and a motor
controller for the motor to control a degree of angular rotation of the shaft.

31.  The apparatus of Claim 29, wherein the means for at least partially
rotating the shaft comprises a motor coupled to and driving a gear box, and a stop-
limited shaft translating at least partial rotational motion from the gear box to the
shaft in the annular space.

32.  The apparatus of Claim 29, wherein the polishing pad comprises a
continuous belt polishing pad driven by a means to provide linear motion of the pad
relative to the wafer carrier.

33.  The apparatus of Claim 29, wherein the polishing pad is mounted to a
rotatable platen.

34.  The apparatus of Claim 29, wherein the polishing pad is comprised of
a continuous linearly driven polishing belt.
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38. The method of Claim 35, wherein the orbital mot_ion is at a rate of

from about 200 to about 2,000 revolutions per minute.



