SEM CONDUCTOR WAFER POLI SHI NG APPARATUS AND METHOD OF

POLI SHI NG BACKGROUND [ 0001] This invention relates to
wappanai2o6 and net hods for polishing sem conduBtDUS2009/044501

wafers or simlar type materials, and nore

specifically to such apparatus and net hods which

facilitate polishing of a sem conductor wafer to have

a flat surfaSEMIDONBUCIORSVAFERPOLISHING t 0o produce

a surface WRFRARATUS AND MEXVHOD 6F EOLISKINGd damage

free has application in many fields. A particularly

good finish is required when polishing an article such

of semi conductor material in preparation

B%%Fﬁgﬁggﬁﬁhg circuits on the wafer by an el ectron

beam | i t hographi c or photolithographic process

(herei naft0e017" | Thik agreapbry e)latesi:toaztppesasus(ﬁndtrhethm for polishing

surface on |ch Clr?UItS are to be printed
Segpean %eatpr NHEIERGBF B PRE A8 o 4] BRSO FPEREC s such
aﬁﬁf@f'a‘ﬁﬁ aﬁﬁr}n@cﬁo@sswfnlah Ta@Btafd ﬂf;flsﬂi'ng ro@ﬁ%eﬁécolidﬂ&t&r @hfé? l&?ﬁﬁve a

| ess. The need for a flat wafer surface, and

ﬂpauﬁhﬁular | ocal flatness in discrete areas on the

surface, is heightened when st epper |ithographic

it ace ca0Be PRIt R 1t afodOF Sirghoh B 1FEL nigny

reflb@tvResd daalap@ Fic® RaPayiveli®l in(thaty ﬁeqagrphqaarﬁ@ualy good finish
t hi ckness varj ation ("TTV") or in terms of a |loca

is gpquared) wheteBalishig &t peislopsic r?ét?ewafeé 0g° semgopducteyt Flaterial in

pr%ﬁﬂbt‘f fgogf &@%&ﬁﬁ”é hﬁg)gs\g%fgglbgg ai ns Olﬂ) e#lelhocgraphlc o

pholtaitko@hpHid @rovagsethefetnadter "KihbgraBeg?). Hilﬁtn&fcffrthﬁ oafer surface
PI gﬁ?” STIRis he-sug1of the naX|nun1p03|t|ve and
3 | JEeulfeprata Bhsrigied ip sritical fin Qadgrfo nalpigi regplufiopof the
hﬂeE ewmﬁ %511 be Wity LEDABERTRMRIEN ermcfcﬁﬁ&{eg)e& bR alsnetr{é%d for
lane. SFQR Is a specific type of
ﬂatemafeur mrﬁm,, angsinmeasutadofal dlatiche irf dlsn’etesarda dletshb shirfhce, is
ane. nore detail ed di scussion of the
PR O PO P R e PRI S B found 11
Shimura, Sem conductor Silicon Crystal Technol ogy 191,

195 (Acad®ody] PriaasssloBi): wdteesenkt ¥an Hé qhm&*fed in terms of a
paraneters of the polish surfaces of single sid

glgbahf@ﬁ@as Vigfedion palra@ne@grp{fqrawrpplﬁc@éqétﬂa@k@swewﬂan el V")) or
1nR911nl1 JP anlgczﬁ%’ij[e 'ﬂ%tn%gg Qaglalﬁ&? g%ﬁagl%{ert(ggf bﬁ% e ?lndlcat%d Reading

araneters becone tnacce é polls d
(”MH{'S or BitedBsal Ph@d Deviation ("SFPD")) as measured against a reference

plane of the wafer (e.g., Site Best Fit Reference Plane). STIR is the sum of the

maximum positive and negative deviations of the surface in a small area of the wafer
from a reference plane, referred to as the "focal" plane. SFQR is a specific type of
STIR measurement, as measured from the front side best fit reference plane. A more
detailed discussion of the characterization of wafer flatness can be found in F.

Shimura, Semiconductor Silicon Crystal Technology 191, 195 (Academic Press

1989). Presently, flatness parameters of the polish surfaces of single side polished

wafers are typically acceptable when a new polishing pad is being used, but the



bel ow. [0004] The construction and operation of

conventional polishing machines contribute to
waoraeaeprabl e fl at ness nmeasurenents. Pol i shi ngP@RUBINEE44501

typically include a circula or annul ar polishing pad

nmounted on a turntable for driven rotation about a

vertical axis passing through the center of the pad.
flathes at@ngerarieching eghycepnblet &dthenpqistimgupad peas.ess described

above the polishing pad and | owered into polishing

Wagement with the rotating polishing pad. A

polishing slurry, typically including chem ca

pol i shi ngpgeNt $ha QGIlﬁerCﬁ@Ill Va%dp@]%érhtﬁlne of do%v&ﬂf%lnhle?oﬁﬁlmg

the pad for greater polishing interaction between the
mpadiines hccmgrﬂpad tanchat¢eptabdd dlatneThineaswypacatt. pBolishirigngachines

0 at i i call referred tp as )
RN s Sra i & sl R Top Eiiige enp nupigblsgfor driven
rokdioh RBoRPL ¥ aticANexid PBs@dhiotgh MAt@eraTdhé ped Wahewdfsrs are

brought into contact with the pad using the pressure

fiysidhit anoupiesl preprseuee lddee abpyd iths pelisfane rpad) ynd,dowered into

poqﬁmglaetng%%e%{e%? Wf’il&lr Rz %ﬂttagg%gﬁhﬁlt n%’ ég S Iéh]gol{sﬂﬁgvm% typically

mél@tiﬂltgameﬂ;ﬁuil @Sﬁsﬂlﬂgﬂh@htsbaﬁkak&ﬁhdvé pmlbleab@ ldtbpl&?ecpﬁf the Qﬁd for
of the,%ad that is off-cen esult, pad
2rRafeipRlfs §1gg1ﬁtelf4°é18ﬁtbetweaﬁh%ﬁﬂhf’rhéfrg B%an%@le \m% thm§ "type of
t | r
P REERY POl R o 30 atioea Kbkl polisine or
sipaly. CNliRe pad mear is gradationally |less severe in the
areas LA extending away fromthe annul ar band AB.
These ar re.only contacted b r,duri.n
Some of thB0StLeBRted GRS ierglis o Btahd N s brought
inRPESAAASWRA th@adaldigamlehgessuFoplatdle ﬁ@%@hréoﬁﬁ% apflies a
contacted |l ess frequently than portions of the
gaskiadE rumﬁrmhb)van’fﬂnd dorcoaetpss Alge wafes uiessingt the seafer wsnst the

palg Awnlll H)a%tltese Qﬁ?e l%ve elgi r?tated a%dyosg?%}%at agi( aa%%hf{)ﬁ%l about a

ecomes
pdRaHd of ﬂ?é%hl’dl tBACIE ogf-ééiﬁérl Q@ﬁh lrysupagadveair tshadst isfenif@®st in an
severe away fromthe annul ar band and nore severe

angples bapd whlclrnt":éll@%ltaéqd RddE. Oyadsek phadane. tiss is qaptacted by
th?%a{féro r%f é?g tﬂ% BPtn ?ﬁe rg} ?dem d&g@afgﬁ LBy less

he po pera i'on-and
seempanlthm aleaaahys &tgﬂin’ﬂg eaay froeathe ahhelaebardeAB. OMest Mreas are
re fre

Sonacted éy Laris el b e valst Brsol e Mersover,the
portions of the pad farther from the annular band are contacted less frequently than
portions of the pad closer to the annular band. As a result, these areas LA, which are
represented in FIG. 1 by shading that becomes gradationally lighter away from the
annular band, experience gradationally pad wear that is less severe away from the
annular band and more severe closest to it. The outer most OM and inner most IM
portions of the pad do not contact the wafer during the polishing operation and

therefore do not experience any significant wear. These areas OM, IM are free from

shading in FIG .1.



fl at ness degrades because the pad is no |longer flat

but instead has an annul ar depression corresponding to
wo b@vamd ar band AB of FIG 1. Typically, suchCpas2009/044501

wear inpacts wafer flatness3in one of two ways:

"di shing" and "dom ng". "Dom ng", which is nore comon

than "dishing” and illustrated in FIG 2, results in

t he waf er[0be¢]i nWhan genpadlveyrscagy eferf 4 6w hsndrtdoafdrt,heafer

front surface of the wafer is the éurface EP"Shed by

flatpgss pgyad eﬁmegaqsssté}?t&amﬁ%lﬁ@g%a buugisipagshas an annular

L ty, S
AdphsBh EBIEPohding e on il bR 26 HERIC. 1, TRTONGS plfipad wear
inpatsrwiftbafafiessmnt bree af eas valys:s eidishmgf’ haadvvaibenhg etgeming”,
Thjs is because the pad s, r .vaI rate i nverse to
which To\Rre SQTAMBE Han VYRS IR BUFASDISFISE 2 RSUsadn theppafer
dvﬂ@s g@@falryeéw@x %hﬁsﬂ?ﬁfc@ r(ﬂh@'frctnla AN RRIIRONaRE i§ IR surface
nore wear. | east anount of nmaterial is
pqh@htd/@dthﬁrp@dr) tThes walﬁlé&wmn ﬁlheacbwrwroras diustraigd pabIG. 1 and, as
corfes ond g 0 th sann

a ¥e|§%lt o MOYES, mfate{lﬁ tllJlF: cente% gﬂ tshg?rqnt erq'ace osfu[he Wa‘fere[han

fr@ B¢ atchy clod@n@dhe %%?%dedgboqfﬂﬁ is"Hdcalre g p&f’s kdiBoval rate is
~wafer surface occurs when the front surface of the

nyigipefo fts Wealis &4 otheT Meyes: ahepergiave ofifsepadsiyith dess, weakiremove
m{)ﬁe IhlltlsHéﬁttflﬁ{ cgtllb@s (ﬁjtﬁ% p?%gv HALEAL ' ‘hﬂle [e%@tsa%&‘PBf material

i's occurril g |sh|ng pad becones
is etineds trom the edftaby \tks p()lrtloﬁ of tholpadicdakspoatipi tal thé raanular
the slurry, debris_from previously_ polish fers,
a&gkﬁ]?'s A% Brissalty gt%ﬁ?ﬁ“n%“@% g} thenwpfahys eaaﬁ%ff F@m%%wea generally
‘%%gﬁgyﬁﬁqk@te to increase in the areas of wear. That
I's, the'renoval rate of the pad is directly

proportional to |ys‘mear Thus, the portions of the
pad wth (9603 wWiishinghokthermafer srafaee adurs mbam threfrowtfserface

ot hEsaLCuBR 1RO PEGR oo RROUPER MRG0 >

Oﬁé’ potching ré@be rfof ﬂﬁ)ﬁbédﬂﬁ‘l@fstth&nth@ pohﬂﬁn? @Qd becomes embedded
corresponding to the annu band AB ilTustrated in

With @raalvemm ﬁ@l(lfmi%iémtt@% dropg the ﬁ@rwadewfnm@rwmﬂst prdished
I
W%&u dgrr% T aI 1{ t@a{u?) Ielg r@%ve d@tﬁfy cau 1{1%6‘[@}[ ovraﬂrﬂ?e Cfcﬁﬂl%?e%se in

e cen

thwaf&s of vaar.f Than ikt the eclaeval esulof Itllitgpadnstd’m&cﬂy pfﬁportlonal to its
surfacetg t he waf.er haV|ng a generally "dished"

WeHaggusy e@srlo\m &h theneads WHE Mare Wopr fHRONRdRRedNHeid fEam the

wiRAGER é@@h olfshi proE@s@ thgggﬁ% 'of ttﬁ)é) adlviftelsd weh€As a

worn po ng pad has to aced th a new
result, more material is removed from the wafer from the portion of the pad

corresponding to the annular band AB illustrated in FIG. 1 than from portions of the
pad outward from the annular band. This discrepancy in removal rate causes more
material to be removed from the center of the wafer than from its edge resulting in the

front surface of the wafer having a generally “dished” shape.

[0008] When the flatness of the wafers becomes unacceptable (e.g.,
too “domed” or too “dished”), the worn polishing pad has to be replaced with a new
one. Frequent pad replacement adds significant costs to the operation of the polishing

apparatus not only because of the large number of pads that need to be purchased,



one. Frequent pad replacenent adds significant costs

to the operation of the polishing apparatus not only
whewanse7of the | arge nunber of pads that needP€DUB®09/044501

pur chased, stored, and di sposed of but al so because of

t he substantial anpbunt of down tine required to change

t he polishing pad. [0009] Accordingly, there is a need
stéred, andpdispsdedngl Byrpdsabucubhat thakibditdnsiabambustosf d@wn time

and di shing of th%ffront surface of wafers during the
regrsdsRicHy $rtbe BAShERPHxt ends the useful life of the

pol i shing pad. SUWARY [0010] In one aspect, a wafer

p0|iShinQDéﬁﬂafﬁk&ﬁdﬁgﬂ@&ﬁﬁéMsQQ&EHH%ﬁ%gﬁﬂQﬁ§@ Apdrafus that
turntabl e having a poli'shing pad thereon and nounted

inbibits hethodaeing end rdishantg ohtheffrant sutfacenfasdfersahuting the polishing
olishin rel ati. v.e t he .base about an axis
prRgh SR RERRnd SRt of e bBfebae B ot shing. pad. The

pol i shing pad includes a work surface engageable wth
SaMMARY surface of a wafer for polishing the front

surface of the wafer. A drive nechanismis nounted on

the base for inparting rotational notjon about an axis
subst ant i [@P1 Bgraﬂqeewswt,t e W3PS RAlshRE Pppsep| gencaally

colfHrlsEdh B NGRA hﬁ‘ntgﬁ’l@ 'Pﬁ%lg:jd_ BfhishiAg H%g gﬂ&ﬁ&ﬁﬁbgﬁb{l} gﬁ the

Iving rotation of the polishing
badse &al dotasioa op tlessiteblplaad ohsiapt patl todattveltd thdhbasaabeut an axis

f or engagi the front surface of the wafer w.t he
e Ol Tadt TG S prtiigosharherme prgsd ey work
sub@se Bn@eBAI@klith LEBRREUrRLS bf kAPaf@NfbripdliSBhEetd #&htYsurface of

movable fromthe planar position to a convex position

thama faro Aadwonmeshanposis mamtcd @othe bsel far mnesrtieg rodaipasl motion

a polishing head for holdjng a er. in lishin .
b8 PP ISt IR gl PR, eSSk head i
conA&dtetkd eheadiSetPRRERannd & 8i9¥ing ReRASMN G AN pHasheignBeadN€The

waf er during operation of the polishing apparatus. The

podighiperhcaghat @ pressurg e edanted tophald dhe pakr tfooengaaigithe front
Y e f o
808, WELIETRIBIALS L SRS Bh NG BRER PRyt B pa
hay et geatallpelanas pegtion anditsbieckiady polvalsbifg: the planar position to
sem conductor wafer generally conprises the steps of
2 GINRY PPYHIARRRAE 4 I0REHEPOSIHPNa front surface of the
sem conduct or wafer. The sem conductor wafer is placed

in contaciow |t hinParpldr SBHRY NBAkhAHe BealBbEhoRMd SRR in a
apparatus. The polishing head has a pressure

polishing apparatus generally comprises a pressure plate including a support plate for

engaging and holding the wafer during operation of the polishing apparatus. The

support plate has a generally planar position and is selectively moveable from the

planar position to a convex position and to a concave position.

[0012] In yet another aspect, a method of polishing a semiconductor
wafer generally comprises the steps of quantifying the flatness of a front surface of
the semiconductor wafer. The semiconductor wafer is placed in contact with a
polishing head of a wafer polishing apparatus. The polishing head has a pressure
plate and the wafer is placed in direct contact with the pressure plate. The wafer is

held by the polishing head so that a front surface of the wafer engages a work surface



plate and the wafer is placed in direct contact with
the pressure plate. The wafer is held by the polishing
whewad/1s2274 hat a front surface of the wafer engegEESH09/044501
wor k surfaceof the polishing pad. The front surface of
the wafer is urged against the polishing pad. The
pressure plate is deflected froma generally planar
offths pélishingt pado Mae dfonasue iy R theasift: io Drged dgainstahe pyl&shing pad.
position based on the flatness of the fraont surfage of
Thenpredsare plateaispdnticstsd {gpny acgeneratly ipdgneg peritian ¢, QbReronvex

pc@ft OTnhaEld Q@ohgag}g%sﬁeﬁ %ﬁéetdgﬁﬂ tﬁ@ 99&1] Jﬂ tﬁec-‘ Fro%u?fa@éqgf ﬁl@ Svafer.

| ng IS rotate genera out a Secon
Athshmg) pat oi mmt@ﬂsm awimtebichef the rpshshauxg sppacattuheboeidy first axis
olish .the fro surface of, the wafer. .- The wafe
arfd b PRI hFs R e S cAbRHIS B o Palreipdent with

th® @i'rdt %Qisrig tﬂb@@eﬂr pdIRPHR fr&t{i sﬁffhdel ofaROLARE. RO KRG or 1§dlsengaged
nmet hod of poli'shing a batch sem conduct or waf

fr@emleqtamtyblcemranmgdtfmfshte@pbslmflg p¢adei ng one of the
sem conduct or mafers fron1the batch in contact with a

pol i shi ng E?g d st?ﬂ% lor B éc?hll NHREP Hr ﬁseol]!l%hlfnéhg batch of

pol i shin as a ressur pl ate and t

seplie@dcton Qafeecge@mﬂyaCdomlplrisE\s tthe pepssoft elpdigt eoneTI“tff the
wafer is held by the gollshln head so that a front
segueandugiopvaire fiam dhe Bpighde Coftagbithsy ppla%lé%he%ef a wafer

d
pofiRing ipBitaRBY The dRIMRAE nEH AT AR anbilfe R pliced
inatiecofontct enthethe possire qxlatan d'ha wadercaheldpmsiheipohsiiag helad SO
rinthe work s rfa%e of

he ammunt 0
thbtoff &@m HyTase et t[w qfoq%a%?araf‘g% %}Fya@ﬁ@ g %911%9%@6@%@16
wadabielce 18 WOkl SPhOPrRddte Maloki &iMcBYd PRSh | S gERLkAlE Planar

on a turntable of the polishing apparatus about a
pdSltmttoampS)f anebny tre ppotions hihg cheade ipssition deed (gle‘dne raaldu}at of

a coin wi.th.the first
w83 W e B R0Re S B BRI PR e bR R el aeed
ag\é@{seﬂlel pﬁ)h@hlﬁg maag @dﬁ&mmgt Pt s bfatcdldrea anBtabRNETMAE polishing
fromthe polishin ead. [0014] Various refinenments

appgiatis abput hETst axip @rlé shompalishing dicpdsapiagng gepcraHz about a second
axzf‘sb n ccfﬁ?&%iénﬁ Qf\ﬁﬁl t?% Wﬁte&ls tg lﬁge%‘gag; npecg%ggﬁjere %? t%}{fa@é ?ﬁhp %Vafer

i nhcor porate e abovenen
Thhesfer isefidcngagdtfionathd tatheiblé aiaembeead ﬁbﬁ&hﬂp@’hsﬁhﬁigﬁtead.
i ndi vidually or in any conbination. For instance,

various f dISCU sed bel ow i ation t ny of

t he illus@sifr] %Wcﬁ ?ﬁl%ntﬁﬁ’;‘/‘Stb%P th, ﬁgj BRASP 2PE 1Pﬁ¥16“0n to
th@QUov%f-rnEﬁ’[fon@@Q Aesaihbed . ARRec: Oélsalscﬁll)é)ﬁl@o brakdd i@Ne above-

conbi nati on. | EF DESCRI PTI ON

mentioned aspects as well These refinements and additional features may exist
individually or in any combination. For instance, various features discussed below in
relation to any of the illustrated embodiments may be incorporated into any of the

above-described aspects, alone or in any combination.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a top plan of a conventional polishing pad

illustrating areas of pad wear;



[0015] FIG 1 is a top plan of a conventiona

polishing pad illustrating areas of pad wear;[0016]
Wo-R@9/1%276 a side el evation of a doned- shaped Rf/862009/044501

[0017] FIG 3 is a side elevation of a di shed-shaped

wafer; [0018] FIG 4 is a side elevation of a wafer

pol i shi ng apparatus inside a non-contam nation boot h;

[0019] FI[G016 iBIG 2sik deidelctswatiorost adem@Bbsiapad wasel i on

of the wafer polishing apparatus of FIG 4 omtted

fromthe - CO i.natjion booth for. clarity: 020]

FIG 6 is[%ﬁﬂﬂenff{?? a?Sﬂ%%%%?{ﬂ @éﬁ‘?@ﬁ%‘@l’%‘i?ﬁ[‘fgﬁhe

waf er polishing apparatus showi ng a polishing head

t her eof imosgct FRN; 4 [(9Q23iHe FiGatidn icF ARvaER PéI8Bthg apparatus
_fragnentary schematic of the wafer polishing apparatus
ingider ngp-contamigtios bpath; showi ng a pressure plate of the

polishing head in a concave position; [0022] FIG 8 is

a schemat i mlar:to Fl ! t ! . Dr r

plate in |J796c1: n\r}iéf)g9 psogslota [ J6(?1%‘; elaeﬁ]%%lo[no%gg}gad%gbg&gmﬁsoﬁélg Wafer

pdishiag @abparatub 0NFIG. 4e0rpidlet Sfoadthaabasconfamiitionbavth for clarity;
t hi ckness and fl atness. [0024] Correspondi ng reference

characters | ndi e correspondij arts throughout  the
several vibaell”of R e i PRI HGESd PRERCTEEY 9%%%%9# e gafer
polisEnPRAMNGES shRPdeh pBaEEA léérhg QW1 iR sthfonf | gures, and

specifically FIG 74, a wa pol i shi ng appar at us,
generally indicated at 21, is shown having a base,
gener al | yIODAHI cBliCed’ at ap3nlaTied, Heagmea®rinmaghopetiofof the wafer

] i L t ferably is f to . ..
o RBORaRr S LI GRS Bl RO b g A i Betishing
hedd in h Botdae pdditist;r at ed enbodi nent, a booth 25 encl oses

the wafer polishing apparatus 2 1 and inhibits
ai rborne contam nants fromentering the booth and

cont am naPay t K- appartasihsmane ssaHicin et dr bytathoming the
m%%@mﬁhﬁﬁﬁn9?&5%&%%g98hﬂﬂmpo"Shed' Except as poi nted

erei nafter, e construction of the polishing
apparatus is conventional. An exanpl eof such a
convent i di08L3]si Rigl.e? s deddpelevstnmgf apparshtdisvaddr ofheniform
m%%ge diﬁgyssed herein is the Strasbaugh Mddel 6Dz
PP 4Bf 28 m St rasbaugh Inc. of San Luis Obispo,
Calif.

[0024] Corresponding reference characters indicate corresponding

parts throughout the several views of the drawings.
DETAILED DESCRIPTION OF THE DRAWINGS

[0025] Referring now to the figures, and specifically FIG. 4, a wafer
polishing apparatus, generally indicated at 21, is shown having a base, generally
indicated at 23. The base 23 may be of various configurations, but preferably is
formed to provide a stable support for the polishing apparatus 21. In the illustrated
embodiment, a booth 25 encloses the wafer polishing apparatus 21 and inhibits
airborne contaminants from entering the booth and contaminating the apparatus and
semiconductor wafer (or other article) being polished. Except as pointed out

hereinafter, the construction of the polishing apparatus is conventional. An example



[0026] Wth reference nowto FIGS. 4 and 5, a
turntable 27 is nmounted on the base 23 for rotation
wowd/1s@3pect to the base. The turntable 27 i SPCT/US200044501
and has a polishing pad 29 hounted thereon for
pol i shing a sem conductor wafer 35. The turntable and
thereby the polishing pad 29 rotate conjointly
oﬂ satiah icvigvehdoidd elnlg%ﬁdélﬁpdﬂmmg a@paramis of ﬂneﬂ?pep@l@dis@ddl latein is
to the turntapl e and. paolishing
thg gfrashsrgh Mode REavrdsple finan %&Sgerﬁhdgc §a9 é»uisSOblspo Calif.
adhesi ve- backed for securing the pad to the turntabl e
27. The oppog) t widl feRhcd HEWPR FEHE NG ARCSCAMREMESS B is
wor k surface 37 engageable with a front surface 39 of
maurgedion dhel besco?3 erf etat®B. witlhuréspgetpol the lblaﬁﬁg Thergurntable 27 is

.pol i shi ad.29 is [ ne recej conti nuous

ciB s 0 s Bt SRimk o 2R ) T Eh i MG o YA hductor

whiel By, errﬁ@I tirBtabRenAABerdS; W Pobiskihs pad 20! edthid %bﬁjoﬁﬁﬁyt&ﬁhve to
(not shown). Suitable polishing pads, polishi

the baser33, abontians ixis Pypaipenidicaday te jhet tarnsable end/\mllshmm (FIG 4).
)8 GRUBY Elopl R TIERFE 2Rl S DS M TR o

palotiat ﬂh@Huﬁh&ibIlsS 37( nICHe &powiny sidd e thelhokishin e ped Béﬂhplhses a work
device controls the rotational speed of the turntable
supfacg 87 rpgagsehlc adfua frophairfse PEMfRgSeaTicamlciRapefer3s; Ryring

r
P B T R A Y RN B S ot
sltrne  fldk eobisliingy lsturry[ @Gizﬂ}feréd cﬂas nhﬁeperdeﬁﬁh ani 3 sjuryededivadyl yystem
i ndi cated, at. 45 in FIG .5, ted 0 gse 23
(b e DS bl R BIng P PAlishiAE (Y B Ao g et stems
M@Q@nQ%thhﬂgwqgghgﬁhan1about an axis B substantially
parallel to axis A of the turntable (FIG 4). The
drive mechani sm 45 conprises a notor 47 and a gear box

49 housed00A7]la ‘o ehtéonapihsIurmriide ABvialspeireliah B3a turntable
motor %nd : al:e ll'ég}ltrg\tcﬁevhce s%owll}n "Phevt%}nsfalﬁg %gnt{rozi‘tdgw% {:gntrols

nd - ver he arm can

thamtatﬁ@iae a@eedtolﬂeheswmtma dues arrtu&ﬁﬁdanstaﬁe gwshn@ dfhﬁe wafer 35,
pol i shing process. The drive mechani sm 45 al so

asi Wil beldiscussedin Boricadgladbelorsr SuiabiR)umible: eRntiob|deyiges and
In@%guggg%hqggg%,ﬁ@ﬁngQ&n%Q? dri ve mechani smto enhance

e polishing characteristics of the polishing
process. The notor 47 is oriented horizontally wthin
t he ar m 5[:90&81]d Aocdmectechanont, lgengeby bodicat®d atwb ah FIG. 5, is

mpGHELBRIBr Lohg S ERBFORAE BTG 21 RE IRBRGHE DGR Hoteh of th
drt\%rrh@dhﬁﬁ@ﬁl B uSan X OB s@bR4dtRNy BhrafiBl BUKRUA oM thmBBIc (FIG.
4)a Iqll{le drive mechanism 45 comprises a motor 47 and a gearbox 49 housed in a
movable arm 53. The movable arm 53, which is illustrated in FIG. 4, pivots both
laterally and vertically, so that the arm can pick up, support, and release the
semiconductor wafer 35 during the polishing process. The drive mechanism 45 also
includes a control device (not shown) for controlling the rotational speed of the drive
mechanism to enhance the polishing characteristics of the polishing process. The

motor 47 is oriented horizontally within the arm 53 and connected to the gearbox 49,

which comprises a suitable worm gear assembly (not shown), for converting the



axis B. The output shaft 55 passes fromthe gearbox 49

down through a radial bearing 57 for controlling shaft
woriens@ri on. [0029] As illustrated in FIGS. 5remusSBp9/ 44501

t he wafer polishing apparat&us 2 1 further conprises a

pol i shing head, generally indicated at 63, pivotably

and rotatably connected to the drive nechani sm 45 for
rothitiou & thicoiator abowfa lidrzopal bskiintg rbrech offeomplit shiaftrig about

head 63 hol ds the wafer 35 securely during polishjn

axinB Hae optat Wafler nesSes sOhBIcissHEax 89 ERry. thphgh a radial bearing
5%&&&{}}&%”%1%@ &%n{yagﬂt s on the lower end of the

out put shaft 55 for conjoint rotation. Polishing heads

63 further conprises a spherical bearing assenbly,
generalIwﬁﬂﬁﬂicésdhwaﬁwdSHFKE&ihsgb@ﬁth@&mmphdesgammHMus

2 B SRIRNGY o BT T isEa by BT A S b Rivgab and

roPRAIE lcorfecRidCko! tAVRIivE @ACIhRMIsINEAD &S el Btafifh JfitBé BbNshing
connected to one another and may nove wth respect to

hegfe Taapphging vpe Fahaldpigryadeisd Bxcuicty @ﬁg&g@ﬁtﬁ iag\wptthat the
e PSS oG 00 = THE Lol BTSN AR08 co o

owsputtshat 55 e doa| dll&hbﬂgoﬂﬂeadhsﬁaﬁlgm&yid@&/ ﬁirthreﬁ‘ b(&hpr\is%s b@pherlcal

the drive mechani sm 45. The bearings 8
GIFIBE ASHHNBIY-h 8P HIN rﬂdhcaaedc ghvent ilBa ailﬁseﬁ&h‘ |Cﬁ§1pflé%3e an upper

e%.ﬂﬁé nﬁa%m ﬁ%oxizér l%%hh AT SIS R, n%lhﬁ \Ae;%f 9%111 BEdrings 81.

e bearlng I'n position
Tlingmpnnbeammg‘mmmbe? 77 an® lowidrdbeanppemetnber Tage nmmbgdlykbnnscted

idly moupted on the drive nechani sm 4
ORI SRS 5 ST oF Jeibin Dot bl Prihgs 81 arc
en%%éa%fb‘ Wih tﬁ?@tﬂa;ﬁg bea HOREEr PeAd 16\R%Eb&fanﬁg n@thet P9 for

ower bearing nenb 9 have spherically shaped
rebl@aﬁ inngy cggnt h@twelartlnfan@eﬂbesso so Hbat tht@obshnge heaf 63 may pivot

f h o
ooy 28 S0 a8ve BREPYRRRED o POARAUCH P udE el yitin «
conRertdioRal BedrRi3t rall.(not, k3 %in® 74y isWtlE RinldSrstodd OhP@E rRE art, for

herein in its entirety. In the one enbodi nent, the
h%@aguth@ bpwiigeris ppRltiondbeawiernhdic| boeag inrrgebegs 17.a7% The upper

? Bgﬁ?%nfdge?m 1§r gg?cﬂg ?cﬁ Z&i ot eohll?% a%rén?l45 C\ﬁlp?eb he lower

pIVO i ng not1ons of
bqaﬁhg $xhsnﬂ@r e a@I rigailasnduntddabahepolishivgy baadf G8C eShaugper bearmg
hi pollshed to inhibit wear_debris generation
mf:lag ﬁ? rtslether jogeer dieaiing HnembHe 7S P&t i S@gfsﬂqﬁ@arw o bearing

sudRS& R Z? s@r}ﬂatcﬁl@ Aofiicf o!'[“cgwa ré’ TPt Qﬁﬁ’e?fchlngearmg surface

nmovenent 0 bear ng assenb
corresponds to a glrnbal point as described in detall in U.S. Patent No. 7,137,874,

which is incorporated herein in its entirety. In the one embodiment, the bearing
members 77, 79 and ball bearings 81 are formed from hardened steel or other material
capable of withstanding repeated pivoting motions of the polishing head 63 as it
rotates. The surfaces are highly polished to inhibit wear debris generation and to
minimize friction within the spherical bearing assembly 75 and create a highly smooth

pivoting movement of the bearing assembly.

[0030] With reference again to FIG. 1, the arm 53 applies downward
pressure to the polishing head 63 during wafer polishing. As stated previously, the



[0030] Wth reference again to FIG 1, the arm 53
appl i es downward pressure to the polishing head 63
waleomwngs2aaf er pol i shing. As stated previously, PETEs2M0Y/044501
53 pivots vertically about @& horizontal axis near the
proxi mal end of the arm (not shown). A hydraulic or
pneumatic actuation systemis comonly used to
arfif §3 pivbatvertidally pbbutsheirizantal &3s nedrtthopi@hinadlkked of the arm (not
articul ation systens are contenplated as within the .
shg¥@he thyqrﬁ@lcp%%@ﬁmarlﬁ PEWRTIYh SYSTHR b ca@pBlysussd do @itjculate
th Rrh rﬁh&%@ h@ drt ¢ ARAHIdEL s Wikh
gg@ﬁ?ﬁkherg% > W% ?gréga’%éﬁéiﬁﬁg%éﬁgﬁgtﬁb s%gt%h?tnl
the scdpearfshe prescht tiovenhien.wathese @Fﬁemb ramJg'hll ﬂ<hewn ut piwt relevant art
shaf t , . he uppe barln
angde I]ﬁ’gg éiscrlhﬁ‘g%t‘{?éalf ‘é@?’ﬁa Oﬁcc?nfB‘EP %’f‘gacutaé‘@% pystem is
tralRRraft& thePRAS S Rfo@IPBRE %hﬁbﬁt dhalt §3 Eﬁé\gfpepmﬁl $eSmier 77,
sem rigid connection, general |éﬁl ndi cated at ,
thp bahlhvbearingk 8 | danidviee m@hhmrgmmm d% he pol i shi ng head
63 for inparting a rotational force fromthe drive
mechani s t h - -
e -1 onO8bhngt el de Mg ARR PSR RuRRop s ® semi-
rigié @@niG3tiamdecetal@ indichiad uis$9, detwahahe daonheiidniym 96 and the
t he caontrol device can re ulate the speed of the drive
pq%*é%lﬁameé%@ afﬁa uflhae’%w PREOPYt fafqeoﬁﬁorafth% Heveateshamsn to the
sfutﬂ Ufcali dgbf Cﬁﬁ”?e%l- %nﬁé&gnwgﬁsmes that the
ear ngrre drotate the drive
pdlEhlh@lhbM&En&\/dﬂV@mbd&mismvéi rdietarcomj@imb’nsk)ethe Zéhtarhdevice can
fer 35 uld f to rotate t he spher.i ca
reB AR e SEEOREPS Bk TepTEShred MO RDD SO G (o Pofer 35

WIBGHARE $dhid3eia '&Qnﬁé&ﬁoﬂ? 01 RO Lk @@%g@ﬁeﬂlﬁerpﬁexff&ﬂé I?(l)t)(te with
Sem-rlgdsot at th eunlversa p1 voti ng noti on of

the deive chls;etnmg 4heddlewhe lowadpedng membhe’Yrid wafe chariuddnfail
about .t he spherical hearin 5|s unaf f cte
o AL RGBTt R pRGSTIEE b hnk A Sveen the

dri@NineéHadlisth 89 raa@qhé PBlishongd e 63 @(p&k&am negekigfNso that the
which in the first enbodinent is a torque transnmtta

ugssal gavaiing aeefid efghe pelighing beadewith rispat46 thindrivenmechanism

bﬁ)ﬁ 1!(51% gé@%lcgﬁl?e%nﬁg ass E%l)p%) ks 1{%%?9&%(2@? Jlehcﬁw@r?gefo#y &Qhe drive

rrespec

mé&aﬁbﬁutTﬁmgdnﬂargﬁ@bomeeﬁorp&%s afetibleaioghedtion, @hﬁbah the first
poi nt of the spherical bearing assenbly 75 for

emboo@h@ﬁﬁlttlﬁ RrigrUR drangnH gﬂotf %ﬁwﬁ%f i theedrivs dnsaiipaism 4p and

o 0 ST, ool P93 AR B LSO i, g

totthe dboometlmnidne 4 p @bog Hionigoitelaked Passiftpethraugl tRSgartal point of

hg os% er?c::gal eaplng assembly 75 for transmitting the rotation from the drive

mechanism to the polishing head.

[0032] A ring 95 fits over the outer edge of the torque transmittal
boot 93 to secure the boot to the polishing head 63. The ring 95 and boot 93 each
contain a plurality of matching holes so that a plurality of bolts 103 can pass through
the ring and boot to firmly hold the boot to the polishing head 63. The ring 95
reinforces the boot 93 so that the rotational force transmitted through the boot spreads

evenly over the circumference of the boot. In one embodiment, the torque transmittal



contain a plurality of matching holes so that a
plurality of bolts 103 can pass through the ring and
whowv/1s274i rmy hold the boot to the polishi ngp¢Eas2068044501
The ring 95 reinforces thelboot 93 so that the
rotational force transmtted through the boot spreads
evenly over the circunference of the boot. In one
b3 ds made of bheldsehtue mhatansnbichalshablier 38.¢i, sirdtRad®R),dfaving a
n elastomerjc nateri%%% such as rubb

StEETHEERENIS HATNGHENS (1o ofdogalCelsan & é‘P((ﬁiV%ﬁé?ﬁhﬁ{liSﬁ]g% to

' . o ' Ci .
R S TR
papisknogi Imgd mo Oéime nhatefials heppldt | Fhirmgnhttiad . th&trhtkion energy and
terials capable.of transnmtt] the rotation energy.
allgRane P BURHEIOHPY B (sgolion oAtk O e A58IcPRR R S i the
scBpCoths pr&oftifrmatished as within the scope of the
present invention. [0033] As illustrated in FIG 5,

the polishing head 63 is further adapted to hold the
waf er 35 (0883 lengadlinygratadeinr Bt Ss s Rebsizoe dpad 198 is further

r._wih 7 t old shj -
o LD BT ABLASR, BE R SSaR0k] SRR A8
wordig-fice B7abf HAO pohshiiyt ead @9. t Mae | agro3barhideg arkywaebody,

79. The | ower baody 109 rotates conjointly with_the
gangiadly 1Bdispted gt deRbeunted srdthe jlgyven beaé@ﬂrf@%méert -t Hée lower

bc;_ldﬁrl%gsoﬁfegl Q?ﬁg%@&iﬁggﬁ lé’\?)eﬁ%aﬂﬁg chitef7ebey ﬁ%ildlyeconnects to

erefore, transfers the rotation ner gy
thetortiinetranstpitd] bohta®3 aSdeschilieglcibbye.t Bhdrbferd, dveelioolb 68 yrafi{iers the

rofiahtl RaI<) M4 I DRS4S ey st ot LEhSh @f polishing

hdah@nge 111 which projects inward above a portion of
t he upper bearing nenber 77 so that when the arm 53
lifts the polishing head 63 upward, the weight of the
| ower bodf034lo, The pewsirodypll 8 eaddiBnaliy dinchdeswadne ringgrdly

I est on the rigid er bearin er, rather than
iR PRl gk P e P BB T BT RS o opver

baafieg eientbek 11 soahguehdr @d ifint 33aliftd artpodishiay heed 63 upward, the
subgectlng it to a repeated vertical tensile |l oad when

weigl efr thedgwen bady 10fe admpssarenplatiahiivs ad heavigfcpdp iretiivpgn the
rng?lgpgtsbea}—iﬂg Illlée?]\{%ﬁ?%%l A hE %{Sﬁ? braftHIMG! BSot B, This flange

ni ng prat mounting the pressure plate
1 111 Eelpnptehavedid indgurgtrdmaaditd hoolvBB dyspe cubjiectadgd it ,to tahepeated

ressure plate 115 i ncl s.a mounting flange 119 .
vt s B athen bt Pes A Hi GTareechimismgp and polishing head
6 X OTRENAEMBbdyO1 % BRtHRr RoRpAles! PletdilRg 1SS SUFEfP idhfiting the

115. A plurality of bolts 121 extend
pressure plate 115 on the polishing head 63. More specifically, the pressure plate 115
includes a mounting flange 119 mounted beneath the retaining plate 117 for
cooperating to create a seat for the pressure plate 115. A plurality of bolts 121 extend

through the retaining plate 117 and mounting flange 119 to secure the pressure plate

115 to the polishing head 63.

[0035] As illustrated in FIG. 6, the pressure plate 115 of this
embodiment includes a relatively thin annular wall 123 extending downward from the

mounting flange 119. For example, the annular wall 123 has a thickness between



through the retaining plate 117 and nounting fl ange

119 to secure the pressure plate 115 to the polishing
whemd/ 16274 [ 0035] As illustrated in FIG 6, theP@resmoy/ei4501

plate 115 of this enbodi ment includes a relatively

thin annular wall 123 extendi ng downward fromthe

mounting flange 119. For exanple, the annular wall 123
ablo@s 2 anil lietsrse@s0 19einvksnabd ubowt 3rintillinteérer(8.1(8.i0cH2s) but it is

i hches) and about 3 millineters (0.1 é%ilnchesg but it

understpodethat Ssganmidar vk can A@V%;dlﬁﬁ%fr:m hagkngsses Waiherk Aevrting
frdi KBS BF tHd hkfeﬂﬁorﬁeg%fm?lgw?awzas QR ogédﬁ b@ and is

i nvention. A wafer support osed bel ow
foamed irgedraltyredthi tht eglmdhﬂ walhi ltZB1 anthen@amnuog eﬂangﬁll 19.1 B¢ anplport

i ng .fl 19.. The su ort 5 Sj d.
PR A At B snai 1 <aptibReand Melife 1S plaforaty’ Gling the
pcﬁ!idfu'n@ g)ptafaﬁoﬁ Qk igeiribed @fpﬁ{o@é Hemil 3BloReSThé Reghri sﬂpﬁ@f Blate 125
detarl "bel ow. The wafer support plate 125 includes a

inpludesat ptuyaldy op @gssag@slmzwt@)du@]ﬂlerﬁghmhgh elthis @gguqmplated that

cont e t at th thag f] ange 11
ot TR TERS T’ el Rl o] HROSphe ot 8525 can be
fot@EdTEEb A MNH biamere Wﬁt@@ﬂ@%@teﬁldpb&ﬁﬁﬁted%g&ﬁ&ﬂem &6 also
together. It is also contenplated that the retaining

copfemplated thag Aie Igtaiing e ih% @@r‘%ﬂ foymogl fregraldy withribe ﬁ@untmg
sth t
S TR TR TR S i T N

dlsposed bet ween and cooperatlvely defined by the
pressure [p03ble AlJirenéhteredraichamigerpliat eisldispostide betwesh and

interi qr champer 31 is fluidly_connected to a fir
cqspusktits COFLEY 148 Pysie Nghdds and st e pf 417 The frst
inRY6P Shrftb? ql?l‘i GE APy ESnriRpRl 80k §irktGyraRBtYsotdeN®I5 da a conduit

negative (i.e., a vacuum) or a positive pressure to

143he The rfsst pmselm @@urchelﬁfﬁes op8mble o eprdy mhmablwgatlve (ie., a
r es ure source

he Th
Ve o hasityonleiyR (P UESRIE SaRM S5t il CBPORE Suable

criBydeMbnt, {HeMfirstBnessARd surO$44 isV&ip@HSl@Sﬁ lébgyﬁfg &Padu@m of up to
about 40 pounds per square i nch it is

abgnbe? rcbedof mercuyrén. fiig)gnd p@rmgme @r@@W@é updp abpp 4P pounds
pegls%{;] qﬂ%legp%ﬁg By {1 i§ fuﬁ?cﬁr%% thl? D4t i E”P.ﬁ%?es%&%%oﬁ?c% can apply

out ting from nventi on
diffofdadi tanfss ofl presureattieh ﬂhﬁseﬁirﬁnd@d wathplitydopgrtig\feghl i dcope of
the interior chanber 131 using the first pressure
thisdBY@Eon45 wi || cause the pressure plate 115 and nore
specifically the support plate 125 to defl ect upward

(i.e., aV\[@YBf]r OR\ tifl&udalieh FIG. 7, applying a vacuum to the interior
chamber 131 using the first pressure source 145 will cause the pressure plate 115 and
more specifically the support plate 125 to deflect upward (i.e., away from the wafer
35) resulting in the support plate having a generally concave shape. Thus, the support
plate 125 is moveable from a generally planar position (FIGS. 5 and 6) to a generally
concave position (FIG. 7). The amount of upward deflection in the support plate 125
is directly proportional to the amount of vacuum applied to the interior chamber 131
by the first pressure source 145. That is, the greater the applied vacuum, the greater

the upward deflection. Moreover, the amount of deflection in the support plate 125 is



35) resulting in the support plate having a generally
concave shape. Thus, the support plate 125 is noveabl e
wo e@anias2general |y planar position (FIGS. 5 andp@i/USmo&044501

general ly concave position1¢FIG 7). The anount of

upward deflection in the support plate 125 is directly

proportional to the anmount of vacuum applied to the
greqtt@rat o cehtarbed dddddasby rddivdlyf dutstrdpoeasiithe &lgel b€ ehelpibssure

That is, the greater the applied vacuum the greater
pletge upmard defl ection. Moreover, the anount of

deflection in the support plate 125 isgreatest at its

center an@osig Crﬁ@%ﬁ%ﬁ%&%b%bk%oqum@rﬂ)Tﬁ%@ﬁ%o&ﬂ@e?Qﬁﬁneu)

of the pressure plate Wth reference now to
thEli@erig; chmppicyildd wingotbi tﬁmteprpa:sesesmcq 41 mell icavserthosupport

Pl o Prd g P P Ciob b P TR Gef b i Ehs glet

havi wa%e%ra% doRe bt tshiyebd N Thb Cankhi@s HT @ovidhvodre dedéLtich @ the
genera convex shaped. The anount of downward

sugpert ebittq islirepily Br@pp@ptlalﬁp shceameuat p& pefiitiecpressure applied to
thP", ﬁ)tgﬁ&t &l?ao et telgll L["ﬁlérafo s LG %%%tep ?Iiésﬁés\{t?sheg}%r%g’s%% etple greater the

ddgﬁrﬁ)@dr@ deflé@iopoSihub e pregsistipRte 1 heagl @ateypetifieally the support
downwar d_ defl ection. Thus, .the pressure %Iate 115 and
platsrles sprbs moyed fo2 ¢y 99%?&, whicly is thustrated in BEG by ed

to a convex position, which is illustrated in FIG 8.
[ 0039] | mohgsh fnhgotﬁfloﬁféab’(ﬁlc%'ptoklﬂﬁnaﬂﬂ Q&ﬂ\éﬁxposmon of the

posi ti on of the pressure plate 5, the anount
prdsstiteeltieold 5i thetaneust pf)(bﬁrﬂecpblauethkzﬁppcs“c gh@atlésns @¢at¢st 8t its

center and decrea eraII rad| t owar
oo B gRGHE RemEBr B ot R b e Ot stspER Plare
ASHBRAN! thEk@bRrilplatei 195 ¢aepabR PldcAekingch b %gnérﬁlllﬁsmooth curve.
general |y snooth curve. I'n one enbodinment, the anount

Inoinedfémb@ermmﬂthp roohet elgytectiopinthe suppprhplate E2Sctritseqenter is
le?setha out '1%@ rﬁ‘%?qgéetergoanrg 1%{) c sultgé% 1@ t%anngﬁout%w rgnac?or}{eters

an a metcro

F&URp@ple, ﬂie%hﬁpo’kﬁﬁlateslﬁap akableaff déﬁf:ét tait itg cédteﬂ BeBween about
center between about 0 mcronmeters and about

0 migppR eyl about P& migrgerctarpol is ﬂwr%mﬁp dhe sq@lpalft dlafod25 can
ha @nraﬂ eof ?Q@&%o fatdl‘?sf l:@[ﬁ&] %ﬁgﬁt H rﬁ%hl Fij Og%}b% of this

epar romthe scope of I'S
ithemhllustrated enbodi nent, the relatlvely thin
annul ar wal | 123 acts as a hinge about which the
suppor t r.wor.ds

ct . Ln oth
rel ati veﬁ&a%‘ﬁ. n'’a tﬂﬁ %? |cmbpgin ?etQ%elf‘thve %P]éﬂ pyHgrgvall
13hetd8f 4 aaideabodf whith (BUBRROH RARUISS deflects. In other words, the

relatively thin annular wall 123 flexes in relation to the deflection of the support plate
125. When the support plate 125 deflects upward (i.c., the concave position of the
pressure plate 115), the annular wall 123 flexes outward away from output shaft 55 of
the drive mechanism 45, and when the support plate deflects downward (i.e., the
convex position of the pressure plate), the annular wall flexes inward toward the
output shaft of the drive mechanism. In another embodiment, the support plate 125 is
capable of pivoting upward and downward relative to the annular wall 123 about a

corner 151 between the support plate and annular wall. In other words, the corner 151



125. When the support plate 125 deflects upward (i.e.,

the concave position of the pressure plate 115), the
warewalian27wal | 123 fl exes outward away from out pCit/UStvad/044501

55 of the drive nechani sm 4%, and when the support

pl ate deflects downward (i.e., the convex position of

the pressure plate), the annular wall flexes inward
cahaBiadla hinge 0 Thp wélasVaimbvahert e tity annalareedilari3sand dupport plate

anot her enbaqdi nent, the support plate 125 | s capable
125118 pitwRsticn Q?&ﬁwedofgﬁ@e%ms\sgm frlpﬂsﬁla@lw%és %ti@ fterial.

annul ar wall 123 about a corner 151 between the

support qii)@hﬂ afgk aNAMH otdild andularOf BB 290K dshe {difible that

corner 15l1can act as a hinge. The rel ative novenent of
ditdetly anfluérmes wked lamopast ahdecfegspor thepduppert & ei B25ais capable of

uncti o f the type, of, materi gl ,used d the
achii ien e oY B PR 3504508 of Rit.uiBan ol {35, for
ex_@ﬁir@w, Al the heaferiad i eno/prchstRd SlatehBlls idinfRietftom, the thickness
i nfluences the anpbunt of deflection the support plate
of 156 PresSwamEF d 151 ik e dueishy.of (I MerlravalBEes Ththinner the
| C e | re. . e
onllak NFRCPL BFTORELA RES s Mg 0 RRR L it ok Apod G place
1261%ill defi@ee Howaer, tthe ahmilakwels 9 28 fnctdietopbe ssfbcRnfdy adlgist to
115, and the height of the annular wal] 123). The
withtailethe pREships apartioal In onsujtable spbadimank s fpgngioned above,
' i.§10 u ol:
tnf FPhrioks B fheBiGial el CGlf v SchGeaRRRLS Bl Go R M ihehes)
angluftiout B endlirgietesb@sit] 8tiochwis}. htt ianmidets@opohashicnghat the annular
T L CC T S
In&(ﬁfev‘ﬁﬁﬁbl@%dgnéﬁt,l {h PRERLR ﬁliQtteOM% iy M%Sﬁorﬁgfﬁiﬁ&%t&e&, 10

Ilimeters (0.1 18 inches). i's understood,
mhbmeteer thidkh bt it kreuraiernidal thefathe peasurhlase ditf benade from other

t hi cknesses, wi {.hout departing fromthe ope of thi
PSSRt BR ' Eife CSUTD Rl B THBO TS [ie CF R bt from
pdWh&@ethdfeiohe (PREK f 6:00th&tisaitibleprsadseel , 10 mllineters

thick, but it is understood that the pressure plate

can be nmade fromother types of material. For_exanple, .
the pressi@P&lpl With refereaen od1hSde fapdng. a baffle plate 133 is

r k R L ' :
L6 L B s AP g s 131
Thxabififle phtat B31811 swpporupibiedl A5ecanperadiycllyoddfse 1435Jcohd interior
| nterior chanber

the suppart plate 125 in the fjrst
chypper #f??%#ﬁ@ldplpmr leasn%ﬁﬁd%aspla rid fprapynippeon with both a
seEARP el Gbitc 0T i 3nS BEQRELT N7eAokAEY GMIDRIppIR Dlate 125,

second I nterior cha isin fluid

Thxovenomd prassuonsonr¢chl 4708 homnested dm thepreewslunterisodrarebet 437 via a
co gittl . PARes ceosnd]']ggessfu(l?er rgtoelgrcie n14t7hlles csalf)gl?lgrotf %p?}tlilelg 1a215)'ositive
pressure or a vacuum directly to a back surface 155 of the wafer 35 through the
passages 127 in the support plate 125. In use, a vacuum can be applied by the second
pressure source 147 to hold the wafer 35 against the support plate 125 to thereby lift
the wafer for placing the wafer onto the polishing pad 29 and for removing the wafer
from the pad. A positive pressure can be applied by the second pressure source 147
during the polishing operation to negate the presence of the passages 127 in the

support plate 125. In the illustrated embodiment, the conduits 141, 143 are coaxially



The second pressure source 147 is connected to the
second interior chanber 137 via a conduit 141. The

W@ e@ondb2ps essure source 147 is capabl e of appl pCTHySm09/044501
positive pressure or a vacumdirectly to a back
surface 155 of the wafer 35 through the passages 127
in the support plate 125. In use, a vacuum can be
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pressure can be applied by the second pressure source
147 during the polishing operation to negate the
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I he i}l.ustrat enb nt, the conduits 141
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out fromunder the polishing head 63. The retaining
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of the wafer 35 during the polishing operation.
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can be delivered to the wafer Eolishin appar at us
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surface 39 of the wafer 35 can be quantified in terms of a global flatness variation
parameter (for example, total thickness variation ("TTV")) or in terms of a local site
flatness variation parameter (e.g., Site Total Indicated Reading ("STIR") or Site Focal
Plane Deviation ("SFPD")) as measured against a reference plane of the wafer (e.g.,
Site Best Fit Reference Plane). In another embodiment, the flatness of the wafer 39 is
not quantified before the polishing operation. Instead, the flatness is determined only

after the wafer 39 has been polished.



cassette and the surface flatness of the front surface
39 of the wafer 35 is quantified using any

waeommgani2ional nmet hod. As nentioned previ ously, PET/E506%644501
of the front surface 39 of 1fhe wafer 35 can be
quantified in terms of a global flatness variation
paraneter (for exanple, total thickness variation
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29 so that the front” surface 39 of the wafer is in
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conti noous®su I'ng slurry is delivered to
the pad via a slurry deI ivery system (not shown). The
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the turntable 27 and the polishing head 63 are rotated in opposite directions and at
different speeds. In addition to being rotated, the polishing head 63 is oscillated by
the arm 53 relative to the polishing pad 29. Since the wafer 35 is securely held to the
polishing head 63, the wafer rotates and oscillates with the polishing head while the

arm urges the front surface 39 of the wafer 35 into contact with the polishing pad 29.

[0049] With the wafer 35 urged into contact with the polishing pad

29, the second pressure source 147 is operated to apply a positive pressure to negate



45 about an axis B, which is substantially parallel to
and spaced fromaxis A of the turntable (FIG 4). The
wo odoatts2m speed of the polishing head 63 is copCT/OB10621044501
using the control device (N6t shown) of the drive
mechani sm 45. I n one suitable enbodi nent, the
turntable 27 and the polishing head 63 are rotated in
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source 147 is operated to apply a positive pressure to
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inits generally planar or neutral position during the

is gpplicsHp Mg Qs#gépéthedﬁafell‘ﬁlamﬁécﬂﬁ@nt surface 39 of the
waf er 35 has a "doned" shape then the support plate
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cent support plate 125 of the pressu
topdcdieet dd_@nwgrdnm@di fthcommafer 35 resulting in the support plate having a
generally convex shaped. The amount of downward deflection in the support plate
125 is directly proportional to the amount of positive pressure applied to the interior
chamber 131. That is, the greater the positive pressure, the greater the downward
deflection. The amount the support plate 125 is deflected is based on the degree of
doming of the front surface 39 of the wafer 35. The support plate 125 will be

deflected a greater amount for a wafer having more doming than for a wafer having

less.



its generally planar position to its convex position
by pressurizing the first interior chanmber 131, which

w0 goodaidzmed by the pressure plate 115 and ret aP@i/n§2009/044501
plate 117. Applying a positlfve pressure to the
interior chanber 131 causes the support plate 125 to
defl ect downward toward the wafer 35 resulting in the
support ploasE hiahd ognvaxgeniioal dfythe aopgoit phapeds rdsaés in the
amount  of downwar d defhﬁgtlon in the supgort plate 125
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a0 o He center of the front surface 39 of the wafer 35

% H ﬁ?ged into contact with the polishing pad 29
under a greater pressure than the edge of the wafer.
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the center of the wafer than fromjits edges. In oth
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suppbrepld@av2ne deftbotrepwindarvtaysfivorh aoe watir 13§ rpeiliishadthic stpport
fer having,a genera flat front surface.
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concave position by applying a vacuumto the first
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amount of upward deflection in the support plate 125

daflscigil regreatyr nowder & meifert nvingemareodiphting thapsfen griyafer having
gpplied to the interior chanber 131. That is, the
greater the vacuum the greater the upward defl ection.
The anmount the support plate 125 is deflected is based
on the de€gng€] oThadratvang poditibihef theonippsttirpiae d233eqits in the
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pd1Rhin® PABT RN udRY b MWeater pressure than the center of the wafer. As a result,
more wafer 35 material is removed from adjacent the edge of the wafer than from its
center. In other words, the edge of the wafer 35 is polished more than its center. This
discrepancy in material removal from the front surface 39 of the wafer 35 results in a
wafer having a generally dish shaped front surface being polished into a wafer having

a generally flat front surface.

[0055] In both the concave position and convex position of the
pressure plate 115, the amount of deflection in the support plate 125 is greatest at its

center and decreases radially outward toward the edge of the support plate. As



| ess. [0054] The concave position of the support plate
125 results in the edge of the front surface 39 of the
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pad 29 under a greater pred8ure than the center of the
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‘Wmﬁ 35 results in a wafer having a generally dish
aped front surface being polished into a wafer
having a generally flat front surface. [0055] In both
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om t he annul ar” band AB because these areas are only
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arqasgye G fpmghediag inBKores gradational |y |ighter away
fromthe annul ar band, experience gradationally pad

wear t hat [Qb§7 eﬁgﬁeﬁ ?Neeéfdt g@iﬁ?,.tﬁérﬁﬁﬁ m?o l%ﬂgr%;f?aﬁ gﬁgﬂlgtead has

and nore oses e outer
an amerarndgpirespont ¢oorespddding M dfe mhmlq:vabhndoABobf €thit &ctIn one
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removed from the center of the front surface 39 of the wafer 35, the support plate 125
is moved from its generally planar position to its convex position so that a greater
pressure is applied to the center of the wafer than at its edge. The support plate 125 of
the pressure plate 115 is moved from its generally planar position to its convex
position by pressurizing the first interior chamber 131, which causes the support plate
125 to deflect downward toward the wafer 35 as mentioned above. The support plate
125 will be deflected a greater amount for a polishing pad 29 having more wear than

for a polishing pad having less.



areas are free fromshading in FIG .1. [0057] Wen the
pad wears, the pad is no |longer flat but instead has
wa@pooans2iar depressi on correspondi ng to the anpCi/as2009/044501
band AB of FIG 1. In one d#bodi nent to conpensate for
the pad wear resulting in a decrease in material being
renmoved fromthe center of the front surface 39 of the
waf er 35,[005& skp@er émipddatment] @bcdrspdmeatedoif paiweirsresulting in
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p\%gg res i an%ficrease in material bei ng
renoved fromthe center of the front surface 39 of the
waf er 35,[005%] sTURpabht Qlrfice 3925 ths wikdedd fsraﬁmléISISpohshed by
generally planar _position to its concave position
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fromthe er 3 escrl &d above he concave
bapb sutfacen] 55f oﬁ the wsatﬁq:rps mbt pdlashed 25 fineshdolish.i Whdnethe qjgkieshing
of the front surface.39 of the fer 35 bein rg
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front surface 39 of the wafer 35 is actively po
prbssutchte gheinbethi 37g wajhphe air béowang ofipthe hoke|18¢t @dsqng rtlnetmrafer to
f tinme.. Duri the l'i shing operation, the front
refitss 00 taoPihe P Er 35 i's pol i shed o a finish
polish, while the back surface 155 of the wafer is not
pol i shed [006@] fAﬁblsﬂlepritfbﬁ B5 iVanodelefr@alths BoRghing apparatus
operatlon i's cqr}p te, the wafer is renmpoved fromthe
21p @ shifang A G3hafant vefape PP ohthegvalshat i renpfied using any
e waf t b '
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(e.g., Site Total Indicated Reading ("STIR") or Site Focal Plane Deviation ("SFPD"))
as measured against a reference plane of the wafer (e.g., Site Best Fit Reference
Plane). Based on the surface flatness of the wafer 35, the position of the support plate
125 (i.e., planar, convex, and concave) can be altered for polishing subsequent wafers.
Thus, adjustments in the support plate 125 can be made over time as the polishing pad
29 wears to compensate for the changes in the polishing characterization of the pad.
That way the flatness of subsequently polished wafers is not adversely affected by pad
wear. It is understood that if the wafer’s surface flatness is unacceptable, the wafer 35

can be re-polished.



21, the surface flatness of the front surface 39 of
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SSRGS i a e fihoo Bkl e Ba e fiamuing odee of
thahafe(edehalhy TR e shffd® ISTARSE Watedd 39 218 usifbink OMhe wafers
al t hough t he polishing apparatus and nethod of the

mpy bauyed ip Hithostdpbie impaintiagdf ¢iycuatd aproaspthet Bseol i shi ng
other materials. The front surface 39 of a wafer 35 is

pol i shed fwal ' i 3 :
F tho P 06R (WHeRInBobIchll clthleh &t BE{HoSHY IRERdP By he
profeded shibodimdnofsethercoff thatartide "aaclanSUtthcdicad I's&dbbretihended

waf er 35 can be polished to.a finish poljsh by . e
tof Meghithy PRE i 21° QU EPOTERY Bj& PISHICRY i The el "comprising’.
”iﬁdlﬁciiﬁgeandvbﬂviﬂ?r £E $nt3rd IR l%é aRalshy HavBiesh aiRltere may be

chord of material, or a notch, renoved fromthe edge
addftional elements other than the listed elements.

[0064] As various changes could be made in the above constructions
without departing from the scope of the invention, it is intended that all matter
contained in the above description or shown in the accompanying drawings shall be

interpreted as illustrative and not in a limiting sense.



the wafer (not shown). The front surface 39 of the
wafers 35 are uniform The wafers may be used in
wo paokognaphi c inprinting of circuits anbng ot hPCT/USHE9/044501
[ 0063] When introduci ng el @hents of the present
invention or the preferred enbodi nent(s) thereof, the

articles "a", "an", "the" and "said" are intended to
Wiren IS OAAIMED &:are one or nore of the el enents. The
terms "conprising”, "including" and "having" are

i ntended o, be inclusive and nean that there may be

addi 11 onal- APGHETUSBPREPTTHAN OISt ed el enent s

[ 0064] As various changes could be nade in the above

constructd gas; W t hout departing fromthe scope of the

invention, it is intended that all matter contained in

t he above description or shown in the acconpanyin%

dr awi ngs &tanthblpdaying 8 hetetieg paktheraonend srquptedamdhe bese for

Lh. bt n . l I S r .
rolioft o Bl SRPE 3 whE, PR R e (s ke an wis
pdnganidivglaa tpohd siitalge pad polistie®padinble polishigdpahinthudingas @ork

for rotation of the turptabl e and Polisthg pad
surfagraengageshle piid hiert uBkge oha vwlrisiopdpetng din pntisyrface of
thEQ%Fgurntable and polishing pad, the polishing pad

I ncluding a work surface engageable with a front

surface of a wafer for polishing the front surface of

t he waf erg daivdringehansohamusmdnounthedbasa fohanmpagmgf witational

[ ti tati | ti 1. [
miEdanf ity S PR P8 Biis BB ol
and a polishing head connected to the drive nmechani sm

for drivifngolfsaingticad coinctied t® e dRicnfedhemidn fbh@rivin% rotation
ol i shing head having a pressure plate adapted to hol d

oftthe parhérs hend. Breguegishige thived hiang auessueelor adacdusr eld the
wilfef I'fmt QI? agﬁg( thséufrgf’i'tc ‘Saur?afcet&eth%o{whfép'v@i% Ql‘?ed’vv l?%urface f the
pressurég e having a generally p i°6n-and

['anar posi
pddshing s, erat i predsyrenpluabbavingom geheraflly aplanarppssitioroand cbeing

convex position and to a.concave position. 2. The
Sﬁ\%ﬁfl‘é?qy ﬁ]@ﬂ"iagfﬁ éﬁ@matﬁﬁ Qfaé% BOS{UOTS Ky @ LYY BAFLIONANh te & concave
pdsilohher conprising a first pressure source for
applying a positive pressure to the pressure

2. The wafer polishing apparatus as set forth in claim 1 further
comprising a first pressure source for applying a positive pressure to the pressure
plate to cause the pressure plate to move from the planar position to the convex
position and for pulling a vacuum to cause the pressure plate to move from the planar

position to the concave position.

3. The wafer polishing apparatus as set forth in claim 2 wherein the
pressure plate comprises a support plate and an annular wall extending from the
support plate, the support plate and the annular wall defining at least in part a first

interior chamber.



plate to cause the pressure plate to nove fromthe

pl anar position to the convex position and for pulling
w@2maau2m t 0 cause the pressure plate to nove PCDDS1008044501

pl anar position to the concave position. 3. The wafer

pol i shing apparatus as set forth in claim2 wherein

the pressure plate conprises a support plate and an

annul ar wal | Tiextwefgi pgishingmuppaeatsdippoet f@ttatie, cldie3 further

support plate and the annular wall defining at Ieas%
cqmPrisHie: @ g Plpis: E16 SHRINAR RIS Wppath@lajgfe¢ the annular wall

ddﬁ%%?%ﬂgﬁgnﬁgg@ﬁq%gﬁmgﬁ set forth in claim3 further
conpr

Ising a retaining plate, the retaining plate,
support plate and the annular wall defining the first
i nterior Thahberaferspolithiegwabantusaisisshfonth iappemad wsheagn the

t forth i l.aim.3 in.th . pl at
s o P VAP RIS UETRRCR b2 b nge. 6.
The wafer polishing apparatus as set forth in claim5b

wher ei n the Tagruifa pohing d@paraes dshet furthgie @dals witkrdh the
the support plate can deflect. 7. The wafer polishing

angplenivatldsiines thehinge aboptivhiel e sippofhiptsican defdechnnul ar

wal | has a thickness between about 2 mllinmeters

(0.079 i nﬁhQﬁ% vaird ﬁ&?ﬁ%&ﬁ?&gﬁéﬂa{ds MRUL! HrltOnlidith t6 hereiﬁ the

i nches). 8. The waf'er I Nng apparatus as se ort
annnlac wallnhat awhekeess betveceprabssi? enilinattas (6TUdedes and about 3

.urality of passages extending through the pressure
’nﬁL@?@ﬁ”nggﬁﬁﬁﬁgker pol i shing apparatus set forth in

claim8 further conprising a second pressure source

for appl y8.ngha wir&SsdsBink ApbhatRas SeORFtheXt @Mel NGvherein the
t hrough the pressure plate. 10. The wafer polishing

pragspe atg sndedes faglumplityrof ppssagesextandingehropghic nepssgreaplate.
baffl e plate nounted on the pressure plate, the baffle
pl ate and, pr | at 0 ivel ini ng.:
second iﬁ%er?@?u%ﬁggﬂgﬁghﬁg.aﬁﬁgﬁk%ﬁggig§$i@h?%gﬁ 8 further
coappBint dscasd pretsutogdubce for spaying 2 pasedreite tHehasqpesauemrling
plate is nade of stainless steel. 12. A polishing head

throyieh gy RietyrePldi§f er in a poli shing apparatus, the
pol i shing head conprising a pressure plate including a

support pj@t eTfOry Z8901iEnANPparatus set forth in claim 9 further
comprising a baffle plate mounted on the pressure plate, the baffle plate and pressure

plate cooperatively defining a second interior chamber.

11. The wafer polishing apparatus as set forth in claim 1 wherein the

pressure plate is made of stainless steel.

12. A polishing head for holding a wafer in a polishing apparatus, the
polishing head comprising a pressure plate including a support plate for engaging and
holding the wafer during operation of the polishing apparatus, the support plate
having a generally planar position and being selectively moveable from the planar

position to a convex position and to a concave position.

13. The polishing head as set forth in claim 12 wherein the pressure

plate further comprises an annular wall extending outward from the support plate.



hol di ng the wafer during operation of the polishing
apparatus, the support plate having a generally planar
w@oavikem and bei ng sel ectively noveabl e from PEEUS2009/044501
pl anar position to a convexr3position and to a concave
position. 13. The polishing head as set forth in claim
12 wherein the pressure plate further conprises an
annul ar wed. | Tﬁe(q)ehlslim@heudt wasad fomtlom thén sldpphdrtin the annular
pl ate. 14. The polishing head as set fqorth in claim13
W%hé?fg}eﬁ athﬁégeéﬁﬁm \&lincl@\é}q sugeqrt plete @niieHe®: about whi ch
the support plate can deflect. 15. The polishing head
as set forg hrh@ p6ligHim AddeiRifbhth 'i}?cﬁaﬁﬁ nqr\tvh&%at fhic &0fbort
annul ar wall are formed as one-pi ece.
plptolang hinmyarhea Hara Sormesd o ont4piden. cla|n112 mhereln t he
support pIate includes a plurality of passages
ext endi ng h, 17. Th oI|s d as, set
Forth i nokl arht PSR et it gp L al SR 20 ERG S Shopor
plate ih@adds al pl'utﬁﬁﬂytof@)ﬁssla@és&fxlt@lﬁl@hﬁé@ﬂlﬁougLS The
pol i shing head as set forth in claim12 wherein the
pressure Plate i s.made of stainless steel, 19.

met hod of 1 ol i RPliging headi asowtifritholn Glaimed 2 d@ﬁfﬁm dheppyessure
plh€ ﬁhé‘sﬂﬁ %&E%m%ﬁ%'lﬁ%{asl&htaﬁl%ef' atness of a front

sur ace 0 e sem conductor wafer; placing the

sem conductor wafer in contact with a pol i shing head

of a waf el®. pdhé¢ phiishgneapdratses forthhm @aim $hiwhgrdme did: pressure

havi ng.a pressur | ate and the wafer being placed in
Nﬁ%ﬂ%gﬁd%%ﬁ¥%8§5 %? “the pressure plate; positioning

the wafer held by the polishing head so that a front

surface of9. t Renctidess @ﬁgﬁ@%& s@mivBhducidtwaBiecoiprishi the steps
ipollshlng pad; urging the front surface of the wafer
O0Ijgai nst the polishing pad; deflecting the pressure

plate froma generally planar position to one of a

convex p O%itah{tiﬁ)?ng?t'ﬂg ﬂ%m“eg’@?@a ﬁorﬁ%ﬁff%éeocﬁ t#?@s%%ﬂc&ﬂiu%? wafer;

fl at ness ont surface o driv
rotation of a polishing pad on a turntable of the
pol i shi nglappatiat waiahduttonwhiarsh canths; with aipntjshing head of a

w%fgi gtllas Oépptapa%usp ?he porllsﬂglg e%g h%gﬂlegraai)ge sure pijat[e and the wafer

being placed in direct contact with the pressure plate;

positioning the wafer held by the polishing head so that a front surface

of the wafer engages a work surface of the polishing pad;
urging the front surface of the wafer against the polishing pad;

deflecting the pressure plate from a generally planar position to one of
a convex position and a concave position based on the flatness of the front surface of

the wafer;

driving rotation of a polishing pad on a turntable of the polishing

apparatus about a first axis;



non-coi ncident with the first axis to thereby polish
the front surface of the wafer; disengaging the wafer
wo e@oiddres t ur nt abl e; and renovi ng the waf er frpOT/UB®09/044501
pol i shing head. 20. A nmeth@d as set forth in claim19
wherein the step of deflecting the pressure plate
conprises deflecting the pressure plate fromits
gener al | ydrplian &Btatﬁms bf tlenpdlBhingShead nyed¥rafl@sibbuion sk@nd axis
poILshin a maf aving a_generally done_shaped front
nBRORBRAENT 34th the ﬁase o (kb ppEY e TNt uales oDhE YA Her
conpri5|ng pressurizing a first interior chanber of
the p0|'%hkﬁ%a@ﬁgqxiﬁé&ﬁﬁBﬁﬁﬁéhﬁ&aﬁ@emﬁﬁeSSUfe pl ate.
22. A nethod as Set forth in claim19 wherein the step
of deflecting the pressure plate conprlses defl ecting
t he pressigmevpigdhewhiesfiont de gehsving hsadpl anar posi tion
to its concave position for pollshlng a wafer having a
general | y2d:i ih gtlﬂgﬁ’ %g %rf%?th i %Ean%cﬁ wﬁg’renﬁthg%ttegocgf &%ectlng
set forth 1n claim conpri sing apply
thy pe¢bimietata dondpsised BEfRIcting tl@dwpfﬁ@arre pfaté Iﬁlenpﬁls |gsﬂ¢rulgy planar
head faor deflecting the Pressure plate. 24. A _nethod
posEiogdp 1S opKex pPsifoR for polishing &mafardevingepemerally| domenthaped
ﬁgﬂguﬁgglconductor waf er placed in direct contact with
pressure plate conprises applying a vacuum t hr ough
pressure plate to a back surface of the wafer. 25. A
met hod as2lsed mighodhas set dorgh m dQinf 20 fivdrer (compriisiag peessurizing

il at he .f f
R W A AT i AR ST
A net hod of polishing a batch of sem conductor wafer

conpri si np. t Remsthe®ss 9ét: foktaah RGiAN® Rherlehethe step of deflecting
sem conductor wafers fromthe batch in contact with a

thp drresswicrijath ecaalp@ﬁeSad%ﬁcgng Bl Pechswig PEAYD Aot ifs gengially planar

R olns‘tgI %oﬂggg r}ﬂ)g\ﬂoﬂ @ﬁs ﬁ%tje{ %af’erlﬁ %ttdﬁ n@%d etllgl%,llgqlﬁlr shaped

elng p ace irect BIsir
ﬂ@haﬁﬁh«p03|tlon|ng t he mafer hel d by the pollshlng
head so that a front surface of the waf er engages a
\é\g\r/iknzurf Cerrfnet 0 aggletl fsortlh alrn 22 erthve\? rcgmggsrnflg %gplymg a
vacuum to a first interior chamber of the polishing head for deflecting the pressure

plate.

24. A method as set forth in claim 19 wherein the step for placing the
semiconductor wafer placed in direct contact with the pressure plate comprises

applying a vacuum through pressure plate to a back surface of the wafer.

25. A method as set forth in claim 19 further comprising oscillating

the front surface of the wafer with respect to the work surface of the polishing pad.

26. A method of polishing a batch of semiconductor wafer comprising

the steps of:



defl ecting the pressure plate froma generally pl anar

position to one of a convex position and a concave
w@owmwtikem based on the anobunt of wear in the weRUS2009/044501

surface of the polishing pad; urging the front surface

of the wafer against the polishing pad; driving

rotation of a polishing pad on a turntable of the

pol i shi ngplagipaoad vidthabaticoadifctdrstafensiffim dfeib\a'tdhgn contact with
rotation of thepr|IShIn head general ly abo
2 RS heRfl F AGH e ST E PRI, BIREORTH Y %@@th}g a pressure

pl Q8L PALE 6 né Qg?éJ AfireSd 0&-9&%?%&5 tﬁﬁgﬁem&ﬁ%}a Samovi ng

I sengagi ng t fromthe turnt
t he wafer fron1the pol i shing head. 27. A nmethod as set
forth in misgiomizethe wafdrdrel Clonihei wilislyng beatt sof thitngy fromtesurface
off tlhe wa ersen%fagésha? vJorrlg gﬁrfgc%roffa the poLsﬁnge p\all\@,ftﬁg ‘work surface having

wear;

deflecting the pressure plate from a generally planar position to one of
a convex position and a concave position based on the amount of wear in the work

surface of the polishing pad;
urging the front surface of the wafer against the polishing pad;

driving rotation of a polishing pad on a turntable of the polishing

apparatus about a first axis;

driving rotation of the polishing head generally about a second axis

non-coincident with the first axis to thereby polish the front surface of the wafer;
disengaging the wafer from the turntable; and
removing the wafer from the polishing head.

27. A method as set forth in claim 26 further comprising quantifying

the flatness of the front surface of the wafer.



