6 JUN 2006 DESCRI PTI ON SUBSTRATE HOLDI NG APPARATUS AND POLI SHI NG APPARATUS
Technical Field 5 The present invention relates to a substrate hol di ngJUN2006
apparatus for holding a substrate to be polished and pressing the substrate
agai nst a polishing surface, and nore particularly to a substrate hol ding
apparatus for holding a substrate such as a sem conductor wafer in a
pol i shing apparatus for polishing dfsthepsubrtrate to a flat finish. The
present invention also relates to a polishing apparatus having such a

substrat e hol GuRs TrEPEANELSEINGaskKeERANUS AARD 1501, DSHENENEPPRRRTUS

sem conduct or devi ces have become nore integrated, and structures of

sem conduct or el enents have becone nore conplicated. Further, the nunber of
| ayers in multilayer interconnections used for a |ogical system has been

i ncr easedlechecoali Rgéyd irregularities on a surface of a sem conduct or

devi ce 20 becone increased, so that step heights on the surface of the

sem cOnduct or dBve cpreeerdtt oirbeehtarger reThitesi stdhegagsdstimatae hahdingt uri ng
process of a sem conductor device, a thin filmis formed on a sem conductor
devi ce, tdrpam crnonbehindhdipgozeseestrasacho ase el esineAgend Hoess hgd hol es,
are perfornmed on the 25 sem conductor device, and these processes are

repeat ed Hehypubismasta aghdnatsuboddFding AR EEE R IvhpKe Beht tondatt vr
device. Wen the nunber of irregularities is increased on a surface of a
senmi condu€® Gt G eeat e Heo FSI v g2 H2 bBF eh®T akP5@10The 3WBs JTAE2096ch

t hi ckness of a filmfornmed in a portion having a step.is relativelg,
as a semiconductor wafer in a polishing apparatus for polishing

10 the substratetoaflat finish. Thepresentinventionalsorelates
to a polishing apparatus having such a substrate holding

apparatus.

Background Art

15 In recent years, semiconductor devices have become more
integrated, and structures of semiconductor elements have become
more complicated. Further, the number of layers in multilayer
interconnections used for a logical system has been increased.
Accordingly, irregularitiesonasurfaceofasemiconductordevice
- 20  become increased, so that step heights on the surface of the
semiconductor device tend to be larger. This is because, in a
manufacturing process of a semiconductor device, a thin film is
formed on a semiconductor device, thenmicromachining processes,
such as patterning or forming holes, are performed on the
25 semicenductor device, and these processes are repeatedmany times

to form subsequent thin films on the semiconductor device.
When the number of irregularities is increased on a surface

of a semiconductor device, the following problems arise. The



small when a thin filmis formed on a sem conductor device. An open circuit
is caused by di sconnection of interconnections, or a short circuit i$JUN2006
caused by insufficient insulation between 5 interconnection |ayers. As a
result, good products cannot be obtained, and the yield tends to be
reduced. Further, even if a sem conductor device initially works normally,
reliabilityieknetskeo sant conduveimesd thewi sEr t Sorh Gweriedy afdterp as lresigritiergnwse.

At the tine of exposure in a |ithography process, if the irradiation 10
surface hasaillrepuhasithies,fihen arfbemnsdunntaifembhcexpostoe Sysiem i

| ocal |y unfocused. Therefore, if the irregularities of the surface of the
sem conducben devtcetar® dancyeehdeddi shennettbenovesintproddemat t Cotbatort i s
difficult to forma fine pattern itself on the sem conductor device. 15
Accor di nghy shiom ta aremufiactivy iceupedcessinsuaf semecondostdr t idey ibed,wadn

i ncreasingly becones inportant to planarize a surface of the sem conductor
devi ced Thetawsernngedritant! soee of Pliea pkanati zicwgd eclodblicdg esrirgCvive
(Chemni cal Mechani cal Polishingi. I n the chem cal mechanical polishing, with
use of a pbkidhiedy 20dapparziasd Gentle Bopos isddwgedi quiwrdutaigiiany 1t
abrasive particles such as silica (Si02) therein is_supplied onto a

pol i shi ngasighheendagenr £ a6l gollindfilnd pater§ssupsPaat 8, sikhi algl ity of

sem conductor wafer is brought into sliding contact with the polishing
surface, §8° ERRLCPREVSHRSt F&Vée Ces 1ol PYREET 25CFRKi & t9PE BETPorFRhi Mf

by a pol | SHENGUBAGE SRRISATEUTSEr ot B P PG SR S L Wi O TG CRI%Y 5o a
top ring or__.a carrier _head, f.qor. holdin sem canductor wafer. Wen a 2 6
JUN 20D SERFE6RAUET OF PR TIE 1501 SHED Ak ERE SoHF A5 g0 PERP RGF Bpar e
is locally unfocused. Therefore, if the irregularities of the
surface of the semiconductor device are increased, then it becomes
problematic that it is difficult to form a fine pattern itself
on the semiconductor device.
15 Accordingly, in z manufacturing process of a semiconductor
device, it increasingly becomes important to planarize a surface
of the semiconductor device. The most important one of the
planarizing technologies is CMP (Chemical Mechanical Polishing).
In the chemical mechanical peolishing, with use of a polishing
20 apparatus, whileapolishingliguidcontainingabrasiveparticles
such as silica (S102) therein is suppliedontc apolishing surface
such as a polishing pad, a substrate such as a semiconductor wafer
is brought into sliding contact with the peolishing surface, so
that the substrate is polished.
25 Thistypeofpolishingapparatuscomprisesapolishingtable
having a polishing surface constituted by a peclishing pad, and

a substrate holding apparatus, which is called as a top ring or

a carrier head, for hoeolding a semiconductor wafer. When =a



t he sem conductor wafer is held and pressed against the polishing table
under a predeternined pressure by the substrate hol ding apparatus. AUNA
time, the polishing table and the substrate 5 hol di ng apparatus are noved
relatively to each other to bring the sem conductor wafer into sliding
contact with the polishing surface, so that the surface of the

sen condyeh@tondi:et oirswpobt shegoltiehadfhath shucnos donisshing appuchtas,
polishing apparatus, if a relative pressing force 10 between the

sem conduat yemviaiaid et ag wadldrshe thedrdahfie ealdshigg insurilae @odfi shhieg
polishing pad is not uniformover an entire surface of the sem conductor
waf er, thenlthendem sondadtoermaher payssunsubli chensbpsheapel hshednar may
excessively be polished at sonme portions depending on the pressing force
appl i ed tppthesesporitonsid’ iofe,t héespoltehdugt babhafaerd tHesebeteatiet has
been attenpted to forma surface, for holding a sem conductor wafer, of a
substT at bolHohdi agrappinst agebypoardelradité viedivbitane avid e tofe rar cebag hige
materi al such as rubber and to supply fluid pressure such as air pressure
to a backbpdeemlgerdecbpr twrl &f dsttic shdabrancopbaghf ol bk Z&2Bopiesdingg
forces applied to the sem conductor wafer over an entire surface of the
seni condBe¥ R CRafss ChEhthigetur Fee psIihehs Al paadistes v fest 1 € Pehashsdessi ng
forces applied to a peripheral portion of the sem conductor wafer being
pol i shedb8c®mELAENMEGATPSr hildrd -hence only the peripheral portion 25 of the
sem conduct or ¥gfer i is referred to as

; ( My exc ssivelg@?e poI!isgedf ICQ 35 -
edge roundi ng! ﬁ%kb?ad%pr T Prevent §‘|}(’:Jﬁ etgé I'f _aﬁan Aid - Hetred ﬁ8§. Heen
used & SUBSLLaL S N0 S N0 SARRTLR D aLEDcR SSCRIANChOr gt s el o
and the QBPEL@E @Hﬂe%f’{shing pad is not uniformover an entire surface
of the semiconducter wafer, then the semiconductor wafer may
insufficiently be polished cr may excessively be polished at some
portions dependingcon the pressing force appliedto thoseportions
15 of the semiconductecr wafer. Therefore, it has been attempitzd
to formasurface, forholdingasemiconductorwafer, of a substrate
holding apparatus by an elastic membrane made of an elastic
material such as rubber and to supply fluid pressure such as air
pressure toabackside surfaceof theelasticmembrane tounformize
20 pressing forces applied to the semiconductor wafer over an entire
surface of the semiconductor wafer.

Further, thepolishingpadissoelasticthatpressingforces
applied to a peripheral portion of the semiconductor wafer being
polishedbecome non-uniform, andhenceonlytheperipheralportion

25 of the semiconductor wafer may excessively be polished, which
is referred to as “edge rounding”. 1In order to prevent such edge
rounding, there has been used a substrate holding apparatus in

which a semiconductor wafer is held at its peripheral portion



the polishing surface that corresponds to the peripheral portion of the

sem conductor wafer is pressed by the guide ring or retainer ring. 5 SPhé& 2006
t hi ckness of a thin filmformed on a surface of a sem conductor wafer

varies fromposition to position in a radial direction of the sem conductor
waf er depending on a film deposition nethod or characteristics of a film

deposi ti ony appahdlusingPeei ki eathynetheihfj nahdl thdasnaufst mdht ckness 10
distribution in the radial direction of the sem conductor wafer. Since a

conventi onale substhahg hot thog tappatat usspasddess thieege r app¥ea lfsrunbhorm y
pressing an entire surface of a sem conductor wafer polishes the

sem conductfothsaker canidueradywayer itsherept et ey shks badelat hire cefr et d i ea@nnot
realize a polishing amount distribution 15 that is equal to the

af orenent iramed filmthickness distribution on the surface of the

sem conductor wafer. Therefore, the conventional polishing apparatus cannot
suffichently cofdenittthickimessi dm shitblkimedssi ldi stoimed i on Bnsth€acadial a
direction, and insufficient or excessive polishing is caused. 20 Further,

t he af or eemtiicometicftid mwelfiecknes se difstan bosiidd orohotrwes sukrfrade afradeal

senm conduct or wafer varies depending on the type of a fil ndepositionnethod
or a fil mfépesittioon appafe useniggadfdtenl | yafposidepmedand tdie Bunbek of
portions having a large filmthickness in a radial direction and

di f f er encE$POF {ThicgknB8Ehog ek webATERits riiSithSor efores Ahd™t HIRCFi Hipn

portions vary dependin on_ the type of a filmdeposition nmethaod or a film
deposi ti oﬁppéﬁﬁé&aﬁ'us. %ﬁ’fé'rféf‘%ﬁlel,}/’a st et hOMNdPAG Apparidt U kdadie of

oot YuCoRat ML VATl gus, (LB L1 ghness, disLr LRl ens sl gud 6, UM 2008
Since a conventional substrate holding apparatus, as described
above, foruniformly pressinganentire surfaceof a semiconductor
wafer polishes the semiconductor wafer uniformly over the entire
surfacethereof, itcannotrealizeapolishingamountdistrikbution

15 that is eqgual to the aforementioned film thickness distribution
on the surface of the semiconductor wafer. Therefore, the
conventional pelishing apparatus canncot sufficiently cope with
the film thickness distribution in the radial direction, and
insufficient or excessive polishing is caused.

20 Further, the aforementioned film thickness distribution
on the surface of the semiconductor wafer varies depending on
the typecofafilmdepositionmethodora filmdepositionapparatus.
Specifically, positions and the number of portions having a large
film thickness in a radial directicn and differences in thickness

25 Dbetween thin filmportions and thick filmportions vary depending
on the type of a film deposition method or a film depositicn
apparatus. Therefore, a substrate holding apparatus capable of

easily coping with various film thickness distributions at low



capable of coping with only a specific filmthickness distribution. In a
substrate hol di ng apparatus having a structure for 5 pressing a porti¢diNGPO6
a polishing surface that corresponds to a peripheral portion of a

sem conductor wafer by a guide ring or retainer ring in order to prevent
edge roundi ng, non-uniform polishing such as edge rounding cannot

ff I d b
forces of CPHS h8S %?%%%ﬁtulgﬁgﬁ‘@%ﬁrl%%sﬁ%yo%%ﬁﬁ f%né‘ reefszﬁgﬁ no
devi ces ar.e Ea%fl | r.al ortlyon of A sen ondf.lr%ét tl’}l fess

hbvertheles e pu po e o preven |ng el%ition o
def ect s, t Sl rqHH! Jded that a polishing rate is |ntent|onally reduced at a
peripheraF portlon of a senmiconductor 15 wafer so that an underl ayer filmis

not exposed, orron ts'i}%s%‘%%ttra'i%ldlﬁxdo%gg%*}'a% UL zfga'a[‘tseﬂtd ANAd ¥ror

i ncreased at a perlpheral otion m conduct or fer so as to renove a

filman tB%e@%rllnq]%r %'ort&%tn' o af he elrﬂcgg u‘r;%%l t"l‘falfter e 1nal

pol i shing™ apparatus cannot sufficientl shing r te at a 20

peri pheral E@tru%eqfalaMl@ﬂ%taorsée@c%é&@md%f@p devel gy fisclosyre of

I nventi on T e present invention has been made in view of the above prior

art. It igr therehererifgfid Srdh et pobvihe di@sSaunddnd MR- £Orm
provide a substrate holdlng apparatus and a polishing apparatus whi ch can

polish a phiin shiny shek mrdeafe & osuidfiacec Ofinc BWUIHKHIEES SUEBeaSigbressed
sem conductor wafer, having a filmthickness distribution and can obtain a

uni form f ihmddnekoesss abtyemdr &L JUDbROO61 pohbshirmgssidgr tbecest be priesent
i nvention has been nade in view of
10 aforementioned guide ring or retainer ring. Generally, no
devices are formed on a peripheral porticn of a semiconductor
wafer. Nevertheless, for the purpose of preventing elution of
metal or other defects, it is regquired that a polishing rate is
intentionally reduced at a peripheral portion of a semiconductor
15 wafersothatanunderlayer filmisnotexpesed, or, onthecontrary,
apolishingrateis intentionally increasedat aperipheral potion
of a semiconductor wafer so as to remove a film on the peripheral
pction of the semiconductor wafer. A conventional polishing

apparatus cannot sufficiently control a polishing rate at a

20 peripheral potion of a semiconductor wafer to a desired level.

Disclosure of Invention
The present invention has been made in view of the above
prior art. It is, therefore, a first object of the present
25 invention toprovide a substrate holding apparatus andapolishing
apparatus wnich can polish a thin film, formed on a surface of
aworkplece such as a semiconducter wafer, having a filmthickness

distribution and can obtain a uniform film thickness after



the above prior art in which a polishing rate at a peri pheral portiorngkzg%
wor kpi ece cannot sufficiently be controlled to a 5 desired level. It 7i's,
therefore, a second object of the present invention to provide a substrate
hol di ng apparatus and a polishing apparatus which can uniformy polish a
wor kpi ece such as a sem conductor wafer with controlling a polishing rate
at a perigehesalirRprtion of the workpiece to a desired level. 10 In order to
attain the first object, according to a first aspect of the present

i nvention, ther @urshemovitted pa ssidist ratvesnthioddimng appat atdde fof hodwisag and
pressing a substrate to be polished against a polishing surface,

char act er itzed abvichatci crher tsubs tatatcd kolpdilig rdpparaties adonprdeseipletop ring
body having a 15 receiving space therein, and a vertically novabl e nenber

whi ch i s peetttiiccaldfy anvwalipe ewiet lmamricie stgddiodiang: Ispdoce dontirhel Teap o g

body; an abutnment nenber having an el astic nenbrane is attached to a |ower
surf ace ofdesheeveltivedl | yIbovabltaerefivers, &heeabrasobd eatentir ine mfe ddret

abut ment menber conprises an abutnment portion, 20 having a flange projecting
out war dl y inyesdgion tapgodiicect sobstivadierkeztdiconeaperaitils arhdapublstataieg and
a connecting portion _extending upwardly from abase portion of the flange o
f the abutiPafr2tper tWbkcandabeidiyg leoanect @l 1 8Nt Re WeatiR &g ySHBLaBise @
menber; and the connecting portion is made of a material having a 25

f1 exi bi | i BPTRHCGREM I YA ‘f%gelabwtlu’%@ntccrsbmlolnl.n%iihptoﬁilsshalrf}gan@% ngt 2
pressures to . be applied to the ubstrate, can j ndependentl,y be controll ed,
Bnd. hence PSRBTy PHGrEE dpl 140 YoF SPLRTEKED ardacefed LAVAIH | m can be
made higher 6 6_JUN 2006, th a. pr.essi force applied tqg.a thinner, area of
Che thi 11 m  IPhBrany SeISRiTVRI U HoradePRacihe BorPERifg Fars ot he
thicker aspect of the present invention, there is provided a substrate

holding apparatus for holding and pressing a substrate to be
polished against a polishing surface, characterized in that: the
substrate heolding apparatus comprises a top ring body having a
15 recelving space therein, and a vertically movable member which
is vertically movable within the receiving space in the top ring
body; an abutment member having an elastic membrane is attached
tc a lower surface bf the vertically movable member; the elastic
membrane of the abutment member comprises an abutment portion,
20 having a flange projecting cutwardly, brought into direct or
indirect contact with the substrate, and a connecting portion
extendingupwardly fromabaseportionof the flangeof the abutment
portion and being connected toc the vertically movable member;
and the connecting portion is made of a material having a

25 flexibility higher than the abutment portion.
With this arrangement, pressures to be applied to the
substrate can independently be controlled, and hence a pressing

force applied to a thicker area of a thin film can be made higher



area of the thin film Thus, an entire surface of a substrate can be
polished exactly to a deS|red | evel irrespective of the 5 filmthickndg'YN 2006
distribution obtained at the time the thin film is formed. Further, even if
the vertically novable nmenber is pressed dowmwardly for polishing,

excessive downward forces are not applied to the substrate which is brought

| nto ol 05G168Nk Aotesd 44 dhe ABULTRRY RO LANNAECalsE: Whe aanngeh g Ror T on

is 10 el asticall'y deforned at a uniform polishing rate can

achi eved k%e%%h%f§@lQ§Em@@m fﬁtP@§§1 @&ﬁk@ﬁél@%h&ﬂ% ﬁé@@gﬁﬁtheﬁﬂWﬂéﬁgf even
if a vertically novable nmenber is lifted for polishing, excessive upward

forces aremt oZPRhednte themabutea! =Rt Ofe DACALSE: tde £oNNeGl e
portion is likely to extend, so 15 that a vacuumis not formed near the base

portions efart Be phangesd te&za@@mlye\z@ 2 4ot 1o pobéd Bhi Mg 43¢ €t 1 Pe AP A 10A
bet ween the base portions. According to a second aspect of the present

i nvent$ on.fitiketaicksepoviidged idusibst bata ihelddergtappaias ushé orh hol i ng and
pressing 20 a substrate to be polished against a polishing surface,

char act er iizedoirmetchat Furheesybsteat ¢ fhahdi rg rappandtyusccaeiyrd sesnber tiop ri ng
body having a receiving space therein, and a vertically novable nenber

whi ch i s yertiscal tpwneuable it pal itdhel nec exviesg i vepdoanivartihéo t ops rd 1y
body; an abutnent nenber having an el astic 25 nmenbrane is attached to a

| ower surfradeapplihd Merthiacahby tmevabliel cheméroudhd éhastdosemurdimrciof t he
abut ment nmenber conprises an abutnent portion, having a f |ange proj ecting
out war dl y Wisfioddit apwEpedrr petrtépn fdiqaarge Ot acPNREERiDHe Poulsomaties and

a 7 6 JUN 2006 connecting portion extending wardly froma base portion of
the ¥%angdastiaied iab neshr t5%rt Rartd aoéarﬁgtp%mlﬂédntrw tipte can be

achieved in an area between the base portions of the flanges.

Further, even 1f a vertically movable member is lifted for

polishing, excessive upward forces arenot applied to the abutment

portion because the connecting portion is likely to extend, so

15 that a vacuum is not formed near the base portions of the flanges

to achieve a uniform pelishing rate in an area between the base
portions.

According to a second aspect of the present invention, there

isprovided a substrate holding apparatus for holding andpressing

20 a substrate to be poclished against a polishing surface,

characterized in that: the substrate holding apparatus comprises

a top ring body having a receiving space therein, and a vertically

movable member which is vertically movable within the receiving

space in the top ring body; an abutment member having an elastic

25 membrane is attached to a lower surface of the vertically movable

member; the elastic membrane of the abutment member comprises

anabutment portion, havinga flangeprojectingoutwardly, brought

into direct or indirect contact with the substrate, and za



vertically novabl e nenber; and the connecting portion conprises a thin
portion having a thickness snmaller than the abutnment 5 portion. W t h® £HY 006
arrangenent, an entire surface of a substrate can be polished exactly to a
desired |l evel irrespective of the filmthickness distribution obtained at
the time the thin film is formed. Sinultaneously, even if the vertically

novabl e mephgk 1A dgSpRE essad dovnien dlib W0 IRPELshi N%ha sXEE881 ¥E Hownpwar d
forces are not applied to the substrate which is brought  into close contact

Wi th the abuheentsporhionheaasise bheteenneslid NPepPAkt iQhrerddkety e be
defornmed at the thin portion, so that a uniform polishing rate can be

achi eved kRrancaney hetuees toebOas&RDEhie0nsn9éct Neg i afigesmplulther
even if the vertically novable nmenber is lifted for polishing, excessive

upward forcesiar edii@pphiedngt @ tthe cabusEeEngiord + othHecanse abhe mchitn
portion is likely to extend, so that a vacuumis not formed near the base
porti ons petttibe.fl anges to achieve a uniformpolishing rate in an area 20
bet ween the base portions. Particularly, when the thin portion is formed so
as to be constriidttqd thiwaedirgnigerendr, 0ssr sacttiren s u rtflaese odf hectibstamte
effectively be achieved. According to a third aspect of the present

i nvent i oncanhkeepolsshedvededtaystbst rée el tel diawe lapparetnes:tfiore lndl dibg and
pressing 25 a substrate to be polished against a polishing surface,
char act er ifiétt thickaesst Hessubbutdre hbtdingdappatiat usimoiirg $édn &itlgp ring
body having a receiving space therein, and a vertically novable nenber
which is dérfiquegdy fovablf@ngans byt REepddei v ng 16 16 allN po0sb spaeekiar t he
top ring body; an abutnment nenber having an elastic  nmenbrane is attached to
a | ovet s&ﬁf%%%sﬁﬁdtqil%WQ‘é?Fﬁéﬁlf?rrﬁﬂﬂa]bff ng, excessive downward forces

arenot appliedtothe substratewhichisbrought intoclosecontact

with the abutment portionbecause the connectingportionis likely

to be deformed at the thin portion, so that a uniform polishing

rate can be achieved in an area between the base portions of the

15 flanges. Further, even if the vertically movable member is

lifted for polishing, excessive upward forces are not applied

to the abutment portion because the thin portion is likely to

extend, so that a vacuum is ncot formed near the base portions

of the flanges to achieve a2 uniform pelishing rate in an area

20 between the base portions. Particularly, when the thin portion

is formed so as to be constricted inwafdly in a cross-section,
these effects can effectively be achieved.

Acceording to a third aspect of the present invention, there

isprovideda substrate holding apparatus for holdingandpressing

25 a substrate to be polished against a polishing surface,

characterized in that: the substrate holding apparatus comprises

a top ring bedy having a receiving space therein, and a vertically

movable member which is vertically movable within the receiving



menber; the elastic nenbrane of the abutnent nenber conprises an 6 TUN 2006
abut nent portion, having a flange projecting outwardly, brought 5 into driréc
or indirect contact with the substrate, and a connecting portion extending
upwardly froma base portion of the flange of the abutnment portion and
bei ng connected to the vertically novable nenber; and adhesiveness of a

| ower surfaeec oh the thase iperbbaY; odn the thlangfepbethBa @b BNt ROFEiON |S
10 weakened. Wth this arrangenent, an entire surface of a Substrate can be

pol i shed exaplland 0sa desinad theyalowd eapestiver ehethert ftd m {hiskness
di stribution obtained at the tinme the thin film is forned. Sinultaneously,

even if themvenrt; cald ylaeval edmere BY ithd iabgthedrar rReldeshideghpa scuum
is unlikely to be formed near the base portion of the flange because the
base port hamkoftridrer pHrange, ihswinld k€l ynte dre hraiighd cuttar al 95 & reanftact
with the substrate. Therefore, a uniform polishing rate can be achieved in
an are€a bemweeniihechbase pordionst 20nitacthivel dasehearsubdteratesl abednearber
having a | ow adhesiveness to the substrate nay be di sposed on the | ower
surface cbntkethagseppottiporeofetrtendluangs dfy firemabitamnpoponbnont theveaken
adhesi veness of the | ower surface of the base portion of the flange.

Al t er nat i ¥éRpgeadhesithenesyuiveemeepotitd obaspobeiion ofontrcfednge 25and
the substrate may be weakened by, for exanple, formng a groove in the

| ower sur N&éélGﬁJ{lWem@é@@lﬁom?Wéﬁrdf appeadhapyecngpshyl & G1y St a oer
surface of the base portion as a rough_surface. According to a fourth aspect
of the préedert Mpsf iR ti9eref otlse JUARREB6CT s ThRoFRHEH R ts Pt T idtTe ¥l di ng
apparatus for holding and pressing a substrate to be polished against a
poli§ﬁ?ngw§8LF§@§'

With this arrangement, an entire surface of a substrate
can be polished exactly to a desired level irrespective of the
film thickness distribution obtained at the time the thin film
is formed. Simultaneously, evenif theverticallymovable member

15 is 1ifted for polishing, a vacuum is unlikely to be formed near
the base portion of the flange because the base portion of the
flange is unlikely to be brought into close contact with the
substrate. Therefore, a uniform polishing rate can be achieved
in an area between the base portions.

20 In this case, an intermediate member having a low
adhesiveness to the substrate may be disposed on the lower surface
of the base portion of the flange of the abutment portion to weaken
adhesivenessof the lower surfaceof thebaseportionof the flange.
Alternatively, adhesivenessbetweenthebaseportionof the flange

25 and the substratemay be weakenedby, for example, forming a groove
in the lower surface of the base portion of the flange, or by
forming the lower surface of the base portion as a rough surface.

According toa fourth aspect cf the present invention, there



characterized in that: the substrate hol ding apparatus conprises a 't Quﬁﬁﬂﬁ
body having a receiving space therein, and a vertically 5 novabl e nenber
which is vertically novable within the receiving space in the top ring
body; an abutnment nenber having an elastic nenbrane is attached to a | ower
surface of the vertically novable nenber; the elastic nenbrane of the

abut ment  Fee LWL S85s ¢ 2 @AYl ABRY A d+40Ms Pa¥iRd & g ARAgeRN=ji rRFt I NY
outwardly, brought 10 into direct or indirect contact with the substrate,

and a coanestbhsgrpeet i od ext epdilngnwewarghynktom a aaseHiord | @mrdfadde

fl ange of the abutnment portion and being connected to the vertically

movabl e nmerberitand z2dandnstbeheadss fa tee el el hglapdwr e s deaip rtike s

el astic nenbrane is enbedded in the base portions 15 of the flange of the
abut ment pordp ennglimodhibs vdasea rdve thaindy sperberhestwin dapded eeathliyalidwe an
annul ar shape. Wth this arrangenent, an entire surface of a substrate can
be poli shedvekaet hymberawkléesh ried vieevélcalllnenpeabieevDf hihehd idemetivicioness
distribution obtained at the tine the thin film20 is forned.

Si nul t aneewsty, irvidre itfort méngeboiigal dy aimonatend menber hasidovwwearldlsy ipr essed
for polishing, excessive downward forces are not applied to the substrate
whi ch is besbghns hs ¢ tdladed datadower sarfaee sfutherite poraa bhy bevadse
downward forces by the_ connecting portion are_dispersed by the hard nenber,
so that a™2BPgHIf 6RM FdRISSHiCh§erbrénEarr théhgc RPEFEE TN "eRPSTe £ OBEAEET t he
base portions. Further, even_ if the vertically npvable nenbgr is lifted for
polishing?néhﬁﬁﬂﬁﬂﬁPgrﬁanf6Fﬁﬁﬂmﬁ%§PaPﬁéFH&@@CHiQQ?BEW%¥ t e brCasge
because the _hard nmenper prevents defornation.%: 6 ﬁUN 2006 of the vicinity
of the basBtBortiTr-bf Ofhe' B Hnyes FREFEFSr &1t Bhft & 3% ng fat®e can

be aChIevggnth QIgfggrg§E%E§§Eé£§ﬁng'upwardly from a base portion of the

flange of the abutment portion and being connected to the
vertically movable member: and a hard member made of a material
harder than the elastic membrane is embedded in the base portions

15 of the flange c¢f the abutment portion. In this case, the hard
member should preferably have an annular shape.

With this arrangement, an entire surface of a subkstrate
can be polished exactly to a desired level irrespective of the
film thickness distribution cbtained at the time the thin film

20 is formed. Simultanecusly, evenif theverticallymovable member
is downwardly pressed for polishing, excessive downward forces
arenot appliedtothesubstratewhichisbrought intoclose contact
with the abutment portion because downward forces by the
connecting portion are dispersed by the hard member, so that a

25 uniform polishing rate can be achieved in an area between the
base portions. Further, even if the vertically movable menber
is lifted for polishing, a vacuum is not formed near the base

portionof the flange because the hardmember prevents deformaticn
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base portions. According to a fifth aspect of the present invention, %US&%%
5 is provided a substrate hol ding apparatus for holding and pressing a
substrate to be polished against a polishing surface, characterized in
that: the substrate hol di ng apparatus conprises a top ring body having a
receiving space therein, and a vertically novable nenber which is

verticall %fnﬁﬁébbﬁc%&hynoth@hé%ﬁée\!';BtgrtlpoﬁR%?%H@ fihedop g d¥dys, an
abut mrent menber having an elastic nenbrane is attached to a | ower surface

of the vertiigakbymnpyabkeingendes canthd hehelastd ennertiade it hden aing nment
menber conprises an abutnment port ion, having a flangeprojecting outwardly,

brought bakte dioreclorndy. i ndirect contact with the substrate, an extending 15
portion extending outwardly froma base portion of the flange to a position
inward of a tipRetotrhieniy angefidthargpacigoomie: pebwean ithenexdpendinmg e
portion and the flange of the abutnment portion, and a connecting portion
ext endd ng ispwardi ged eambat mattavanddénd amfatadien eXb erc nby rppahd g esgedi rhei ng
connected to the vertically 20 novable nmenber. Wth this arrangenent, an
entire supfasebsfratsubserdtee pcanshedpokpgshedtexactdol tshmaesiumthdevel
irrespective of the filmthickness distribution obtained at the tine the
thin fil mchegarsemid.edrin tthet: thes s aiehe lthagvarrscal iy amabl e frenber
25 is lifted for polishing after the substrate is brought into close

cont act wet¥PR ﬁénﬂm%ﬁﬁvﬁm@G@CW%SPQ?@@W%%e sEenm STt 2 lpof t i on
are converted into forces in horizontal or obligue directions by the

ext endi ng™PIAPLEE nme’&ﬁﬂrt%}él%riv%Wteé&lF@rlééfsm@Yaél\?URP‘?}GB’B e 54 e o the

base pertlon of he flange, Thersfore, ypward, forges applied fo the hase

membrane is attached to a lower surface of the vertically movable
member; and the elastic membrane of the abutment member comprises
anakutmentportion, havinga flangeprocjectingoutwardly, brought
into direct or indirect contact with the substrate, an extending

15 portion extending outwardly from a base portion of the flange
toaposition inwardof a tipof the flange to forma groove between
the extending portion and the flange of the abutment portion,
and a connecting portion extending upwardly from an outward end
of the extending porticon and being connected fto the vertically

20 movable member.

With this arrangement, an entire surface of a substrate
can be polished exactly to a desired level irrespective of the
film thickness distribution cobtained at the time the thin film
is formed. Further, inacasewhere the verticallymovable member

25 is lifted for polishing after the substrate is brought into close
contact with the abutment portion, upward forces by the connecting
portion are converted into forces in horizontal or oblique

directions by the extending portion, and the converted forces

11



extrenely small, so that excessive upward forces are not applied to the

abut ment portion. Accordingly, a vacuumis not fornmed 5 near the base 6JUN2006
portion, so that a uniformpolishing rate can be achieved in an area

bet ween the base portions. According to a preferred aspect of the present
invention, the connecting portion positioned radially inwardly and the

connect | n%r%o%%ﬂa%)ﬂe@% Ehened & adialiloy %’f‘tt‘i‘{%r E'ié(nﬁé\!e fhdfeFenl 10warg

t hi cknesses. Is case, It 15 desirable that the connecting portion

posi tionedradisaldys iard yehas, ast hhgkpess semkher rihage the ¢NRRELd ng
portion positioned radially outwardly. According to a preferred aspect of

the presenttirdy@nti ORal1l ey ilhaR0exPEgLeGEI 8.4 Adifd ok O wai dlt v pand dhe
flangeprojecting 15 radially inwardly have different lengths. Inthis case,

it is desitbabhe thatnhe Hoanaerpr opeebirddniyadi,ald Yaeutiwand! yidtascamdengt h
| arger than the flange projecting radially inwardly. Because a cylinder

havi ngs a swall eheCur¥at ppetgener abl ynhass austidfmessl 1 siges ddedn curcyd nder
having a | arger curvature, 20 a vertical force applied to the base portion

of the fl arnpechyd tihe acormrent imng-wosd | tite possé i poedicadial |y i nwardly
becomes larger than a force applied to the base portion of the flange by
t he connecti ng porbironngosit 4 gedt aad: dlalspeait wéir dhy .predmrtefiaventiic) t he
above arrangenent, forces applied to the base 25 portions of the flange
posi ti onedheadicairactinarebytand pheifflange mxgsialgnednwadddy| pndutiier dl y
can be adjusted to the sane level, or a sealing capability can be enhanced
at the fl angacsitdinacPphlonaw sl tioned wacdial L ysoutWak da yum ¥ ohmigelriesii ng
rate can be 12 6 JUN 2006 achieved in an area between the base portions.
Accor B ng thé cXTgisgess -aspacEnof ¢hee pridsaft dphyEAPL BNt heére connecting

porticonpositioned radially inwardly has a thickness smaller than

the connecting portion positioned radially outwardly.

According to a preferred aspect of the present invention,

the flangeprojectingradiallyoutwardlyandthe flangeprojecting

15 radially inwardly have different lengths. 1In this case, 1t is
desirable that the flange projecting radially outwardly has a
length larger than the flange projecting radially inwardly.

Because a cylinder having a smaller curvature generally
has a stiffness larger than a cylinder having a larger curvature,

20 a vertical force applied to the base portion of the flange by
the conneciting portion positioned radially inwardly becomes
larger than a force applied to the base portion of the flange
by the connecting portion positioned radially outwardly.
Therefore, with the above arrangement, forces applied to the base

25 portionsocf the flangepositionedradially inwardly and the flange
positioned radially outwardly can be adiusted to the same level,

or a sealing capability can be enhanced at the flange projecting

radially outwardly, so that a unifcrm polishing rate can be

12



is provided a substrate hol di ng apparatus for hol ding and pressing a6 JUN 2006
substrate to be polished against a polishing surface, 5 characteri zed 'R
that: the substrate hol ding apparatus conprises a top ring body having a
receiving space therein, and a vertically novable nenber which is
vertically novable within the receiving space in the top ring body; an

gbupnent %%%H%%e@ﬁﬁ%ﬂ%ﬂa%ﬁ%éﬁ%éﬂwe@@n@ﬁéﬂﬁay@i%8rt§oHEQU9ht into direct or
indirect contact with 10 the substrate is attached to a | ower surface of the

vertically novable peibefs a0dxt e uasdd saldne ppvabhe Meaberibs, nede-of a

material having a |l arge stiffness. th this arrangenent, when the

vertical | ¥ sovebl @ dedigist 4 S dadedohgagmdelddd rfhaiditand ahaesddd fmess
and a light weight, 15 e.g., epoxy resin, the vertically novabl e nenber

becones unlikebyttebebens, o phatispeld shyagnkat es agEl psevedt ediffandei ng

|l ocally increased. Further, when a material having no magnetismis

sel ect®d a$aaanateeriizald bfi tither vehtiwad 4 tyr iy ablleimenbetarabesfddupritddckness
of athin filmfornmed on a surface of a sem conductor 20 wafer can be

measur ed wi tdp aihigl vodhibeknessa metdwadr ius] agaeddyhecein ernd a veudts calsitat e
that the sem conductor wafer to be polished is held. According to a seventh
aspect of movebgresenbeir rwlehth oing vetrtére lily pryebdedwats ubstkatres deol Wing
apparatus for holding and 25 pressing a substrate to be polished agai nst a
pol i shi ng sgackatée, tivhacacténiczeddyin athabutawrdbuemdst herbag dava s b
elastic mnmenbrane is attached to a |ower surface of a top ring; the elastic
menbr ane SRMOFEIEWRAEH! 1 AeRberIbbnph e edl BachbYE nertl PorE i G tagt eV 2006
having a flange_ projecting outwardly, brought into direct or indirect
contaﬁ@ witts ERESSGBSEr afe2thnghgde ﬁn%c%?WEFrﬁH??%ﬁF of the vertically

movable member; and the vertically movable member 1s made of a
material having a large stiffness.
With this arrangement, when the vertically:mévable member
is made of a material having a large stiffness and a 1ight weight,
15 e.g.,epoxyresin,thgverticallymovablen@mberbecomesunlikely
tobebent, sothatpolishingratesareprevented frombeinglocally
increased. Further, when a material having nc magnetism is
selected as a material of the vertically movable member, the £film
thickness of a thin film formed on a surface of a semiconductor
20 wafer can be measured with a film thickness method using eddy
current in such a state that the semiconductor wafer tobe polished
is held.
According to a seventh aspect of the present invention,
there is provided a substrate holding apparatus for holding and
25 pressing a substrate to be polished against a polishing surface,
characterized in that: an abutment member having an elastic
membrane is attached to a lower surface of a top ring; the elastic

membrane of the abutment member comprises an abutment portion,
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extendi ng upwardly from abase portion of the flange o f the abutnent
portion and being connected to the top ring; and the top ring 5 has a8 JUN 2006
support portion for supporting the flange of the abutnment nenber. Wth this
arrangenent, an entire surface of a substrate can be polished exactly to a

desired level irrespective of the filmthickness distribution obtained at

the tine wheihhi B fHAllaMgld disofariedy ShilhEaneousk yughhennacpuessldt zed
fluid is supplied into a space around the abutnent nenber, the flange is

prevent edinfii @@bei-ag téefonmed ane atibachededt 0aad ewebngutfaee ebrithert op
ring, thereby achieving stable polishing. In this case, it is desirable that
t he suppoektpastingnupvesrdllp faoradbas e bergt bnlaf ges flbhargeca T ade albtergith of
the flange of the abutnment nenber. Wth such a support portion, the flange
of the abutrient eeacbericgn chersuirat tted ter & opelriialy;y ansb thirattopore rst abl e
pol i shing can be achieved. According to a preferred aspect of the present

i nventd onhas28 sufpaend portriogucidosugroare nijothienf t adgei g tae hbudmentto an
upper surface of the flange of the abutnent nenber is forned in the

support poembem.. Wth this arrangenent, since a pressurized fluid can be

i ntroduced into the upper surface of the flange, adhesiveness of the fl ange
to the substrat Bithntbésepbhspoegnent 25nachitéve suaBlagepolfi ehsnlstaeser di ng
to an eighth aspect of the present invention, there is provided a substrate
hol di ng apparaeuBCt b8 AGI BXagtaldlo p? 323 e d LAHsst gt SR Bel polds ided

agai nst a polishing surface, 14 6 JUN 2006 characterized in that: the
substratefﬁéWdFﬁécgﬁﬁéﬁa@hétEéPBFF@@sObEa%BBdr?Egt%%dy”ﬁﬁﬁﬂﬁb ImedéilA ng

spacelg heriglpdrzt?eg?rtsli%ne}lllyaneously, when a pressurized fluid is supplied

into a space around the sbutment membexr, the flange is prevented
from being deformed and attached to a lower surface of the top
ring, thereby achieving stable polishing.
In this case, 1t is desirable that the support portion has
15 a radial length larger than a radial length of the flange of the
abutment member. With such a support portion, the flange ¢f the
abutment member canbe supportedmore reliably, so that more stable
polishing can be achieved.
According to a preferred aspect of the present invention,
20 a fluid introduction groove for introducing a £luid into an upper
surface cf the flange of the abutment member is formed in the
support portion. With this arrangement, since a pressurized
fluid can be introduced into the upper surface of the flange,
adhesiveness c¢f the flange tc the substrate can be enhanced to
25 achieve stable polishing.
According to an eighth aspect of the present invention,
there is provided a substrate holding apparatus for holding and

pressing a substrate to be polished against a polishing surface,
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novabl e menber which is vertically novable within the receiving spac%:sz(m6
the top ring body, and a seal ring being brought into 5 contact with an
upper surface of a peripheral portion of the substrate; and the vertically
novabl e menber has a support portion for supporting the seal ring, the
support portion having a radial length in a range of from1l mmto 7 mm

Wth this anr-argemBiled SAHA :SHEE%Qﬁaﬁra?téHB?L]Ei_ri'ﬁ‘%ea&%é‘raéQs henpa! i shed

exactly to a desired |level irrespective of the fi thi ckness di'stribution

obt ai ned atthperihAepbh9 K ingid MdSe iR dipa & MHdANEOUS Ye &b 1 v
pressurized fluid is supplied into a space around the seal ring, the seal

ring i s preventedntrpayrbgh ngh def oered caand, abtaghedyt ehan! omerr il faicey of
the vertically novable nmenber. 15 Further, a peripheral portion of the

substrat espacki kel yhtotbe rexgessdyel yn@od i sded. r iHoyewein g whesudgiie isimport
portion has a radial length in a range of from1l mmto 7 nm it is possible
to preventohhiacexedssi v palpshi g £ Aceos di Agptoiphpirafiepiced iaspect tafe t he
present invention, 20 a fluid introduction groove for introducing a fluid

i nto an uppes t radrf;aced ahetther tsiead 1 I ¥ g viad 1 earergsk i hakhessuppettoqoaridon of
the vertically novable nenber. Wth this arrangenent, since a pressurized
fluid canfbe swppoduted tilnt eckher upperthsusfipper bfportthiecrs éalvimiong,radial
adhesi veness of the seal ring to the substrate 25 can be enhanced to

achi eve stlablbé&hpdin shinsgad poriderm tlo mrt@d n’ thie- second obj ect, according to
a ninth aspect of the present invention, there is provided a substrate

hol di ng appar at Ws thofhRé| dr AgndrBepEesshhgra subsefat el td PEAGBLYYNR006
pol i shed agai nst a polishing surface, characterized in that: the substrate
hol ditfy appaPattisnesnP¥rsksYatt op deSig BodgVedr 1rbrarRgtive of the film

thicknessdistributioncbtainedat the time thethin filmis formed.
Simultaneously, when a pressurized fluid is supplied into a space
around the seal ring, theseal ringisprevented frombeingdeformed
and attached to a lower surface of the vertically movable membex.
15 Further, a peripheral portion of the substrate is likely to be
excessively polished. However, when the support portion has a
radial length in a range of from 1 mm to 7 mm, it is possible
to prevent the excessive polishing.
According to a preferred aspect of the present invention,
20 a fluid introduction groove for introducing a fluid into an upper
surface of the seal ring is formed in the support portion of the
vertically movable member. With this arrangement, since a
pressurized fluid can be introduced into the upper surface cf
the seal ring, adhesiveness of the seal ring to the substrate
2% can be enhanced to achieve stable polishing.
In order to attain the second object, according to a ninth
aspect of the present invention, there 1s provided a substrate

holding apparatus for heolding and pressing & substrate to be
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the substrate, an edge bag being brought into contact with a peri pherg.{J
portion of the substrate, a torque transmtting nmenber 5 being broughf’ nele
contact with the substrate radially inwardly of the edge bag; and a
pressure of a first pressure chanber defined in the edge bag and a pressure
of a second pressure chanber defined radially inwardly of the edge bag are

i ndependegghxfﬁ@até@%}iﬁgt a\s/\g)Bll‘irsﬂii%gaélﬁ?f‘&?ér?@har%‘ggéﬁz?er!i ihOF [gale: aan be

transmtt Oto e substrate by the torque transmtting nenber. Further,

the entiregusurface 1081408y Srale eX68RY sbhey Pebi PGS BbaROFbT ol 1 difgy eof
can be pressed against the polishing surface at a uniform force by the

pressure ohet hersecend ,prLosddde ahages in@ndrbHght PLASSUEen@f dtherifdy s
pressure chanber can be controlled 15 i ndependently of the pressure of the

second presstipleghardert i ol Bereh Ok sitlralts, pASsiIrke t Haxont £ 0ina rpelbieshi ng
rate at the peripheral portion of the substrate, i.e., a polishing profile
of thes pebiephgrialopenti Dntofcdaactubstthatre Adeotr b ing rtand isa I efiervadilaspect
of the present invention, 20 the torque transmtting nenber has a

communi cabifarhdelge ommandcapirergsarepate finss derek stire ¢tloagoer tdediisrdd ti ng
menber and a space outside of the torque transmtting nenber with each

ot her. Funnhgre edpeiaywaofl cpmesshiriengt a potishpng ssatre ofanpbe 2Bgfamigrher al
portion of the sem conductor wafer, it is desirable that the edge bag
defini ng rhdifildst iprvesdiveo £Hdrbeddeohpriaes irgapsmisan hay ioeg ta alddichl
width in a range of from1l mmto 10 mnm_ _According to a preferred aspect of
the present invEAChGN138TE2DPRMZO06 THel STt ¥ AP EIHEI MY ApFarsatidsed

conprises a retainer ring secured to or formed integrally with the top ring
body ¥Qr ﬁg|§pﬁgsgb§¢6§te by the torque transmitting member. Further,

the entire surface of the substrate except the peripheral portion
thereof can be pressed against the polishing surface at a uniform
force by the pressure 0of the second pressure chamber, and the
pressure of the first pressure chamber can be controlled
15 independently cf the pressure of the second pressure chamber.
Therefore, it 1s possible to contrcl a polishing rate at the
peripheral porticn cof the substrate, i.e., a polishing profile
of the peripheral portion of the substrate.
According to a preferred aspect of the present invention,
20 the torgque transmitting member has a communication hole
communicating a space inside of the torque transmitting member
and a space outside of the torque transmitting member with each
octher.
Further, in view of controlling a polishing rate of a
25 peripheral portion of the semiconductor wafer, it is desirable
that the edge bag defining the first pressure chamber comprises
a member having a radial width in a range of from 1 mm to 10 mm.

According to a preferred aspect of the present invention,



edge portion of the substrate; and a pressing force to press the rEt%h%ﬁ5mm
ring against the polishing surface is controlled 5 independently of a
pressure of the pressure chanber. In this mnner, when the pressing force
of the retainer ring is also controlled, nore detailed control can be

achi eved. A polishing apparatus according to the present invention

conpri ses ¢hesabarenBrti oneth §ubglaratle: hebskh APs apparat sisnane iag d8-ppkashi ng
tabl e having a polishing surface. Brief Description of Drawings FIG 1 is a

Cross-secti®nal r¥iRadshowdgz By efitiH eheaf 63106 Bbdef rar pRllicshiqa apgar at us
having a substrate holding 15 apparatus according to the present invention;
FIG 2 is edyerddaalorcbdssheenibonedty} ewidBont 8gs angubstdatte phekdi tge
apparatus according to a first enbodi ment of the present invention; FIG 3
is a bottoretdbveof rtihe sapsinate thal doogiappagatiise f20= shewcomt F G ed;

FIG 4 is a vertical cross-sectional view showing a first exanple of a ring
tube i B thhendybstdatel hobdi ageappanatusfackcerdiragsute themberst Bmbodisent
of the present invention; FIG 5 is a vertical cross-sectional view show ng
an el asti onar2iemenbhanetbé arespgngubfersteowt ithaFlrGtatindit GSin®AL$ habagh 6C
are vertical cross-sectional views show ng deformation of the elastic

menbr ane ofontieckied, tobee derallzdi soatvert ceal ber es¥iigestd.onal vi ew
showi ng a second 17 6 JUN 2006 exanple of an el as tic nmenbrane of a ring
tube in a subst rfatk® HeIintY 2PEFFER U S EeEeHdich§ Ot Blehr pFesEntnYeveheTon;

FIG 8 is a vertical cross-sectional vieM/shomjn% athird
comprises the aforementioned substrate holding apparatus and a

10 polishing table having a polishing surface.

Brief Description of Drawings

FIG. 1 1is a cross—-sectional view showing an entire

arrangement of a polishing apparatus having a substrate heclding
15 apparatus according to the present invention:

FIG.2isaverticalcross-secticnal viewshowingasubstrate
holding apparatus according to a first embodiment of the present
invention;

FIG. 3 1is a bottom view of the substrate holding apparatus

20 shown in FIG. 2;

FIG. 4 1s a vertical cross-sectional view showing a first
example of a ring tube in the substrate holding apparatus according
to the first embodiment of the present invention;

FIG. Sisavertical cross—~sectional viewshowinganelastic

25 membrane of a ring tube shown in FIG. 4;

FIGS. 6A through 6C are vertical cross-sectional views

showing deformation of the elastic membrane of the ring tube;

FIG. 7 is a vertical cross~sectional view showing a second

17



exanple of an elastic nmenbrane of a ring tube in a substrate holding 5
apparatus according to the present invention; FIG 9 is a vertical 6 JUN 2006
cross-sectional view showing a fourth exanple of an el astic nenbrane of a
ring tube in a substrate hol ding apparatus according to the present
invention; FIG 10 is a vertical cross-sectional view showing a fifth 10

exanpl e Ofex%'ih]ﬁl ASEizG BIDF AR R HF At Ube e l%umhb@tt%a%hmlrwmg
apparatus according to the present invention;” FIG is a vertical

Cr 0Ss- sectd il a tMi £ SOV NGy ar &1 XhE p@é@@ﬁ‘celﬁbeﬁlﬂléh&tl c menbrane of a
ring tube in a substrate hol ding apparatus according to the present

invention; 15 FIFGS. 32Astdreudh d2CR1e svelldtGaln LI 952w eBbiv@Agl a Wrewsd
showi ng a seventh exanple of an elastic nmenbrane of a ring tube in a

substr at e dieinti Ingo appes P 4151 aeeaindiang ¢ Dathie Ppresent a kayentbed,hddand3 is
a vertical cross-sectional view showng a 20 substrate hol di ng apparat us
accor dbng dppar sacondk enhdth gretd dhe phespnesentrenmvent;ion; FIG 14 is a
bottom vi ew of the substrate hol ding apparatus shown in FIG 13; FIG 15 is
a vertical crossisectiomal veréwcslowragsasetngon2hb tike showtine sufrsixr @t e

hol di ng apparatus according to the second enbodi nent of the present

i nventi one:Eir@laéfian alvet i oanberosse Sectingnalibwilewa shbwitmg ta rd Idfing ube

W t hout any support portions in a chucking plate; 18 6 JUN 2006 FIG 17 is a
partial pérfFeative adewdhon by ﬁh%u@pgﬁentpbnvﬁaﬁl@ﬁ a chucking pl ate of

FIG 15; FIG 18 is a vertical cross-sectional view show ng a seal
FIG. 10 is a vertical cross- Sectlonal'Vl@MShOWlnga.flfth

10 example of anelasticmembrane of a ring tube in a substrate holding
apparatus according to the present invention;

FIG. 11 is a vertical cross-sectional view showing a sixth
examplecfanelasticmembrane ofaring tube in a substrate holding
apparatus according to the present invention;

15 FIGS. 12A through 12C are vertical cross-sectional views
showing a seventh example of an elastic membrane of a ring tube
in a substrate holding apparatus according to the present
invention;

FIG. 13 is a vertical cross—-sectional view showing a

20 substrate holding apparatus according to a second embodiment of
the present invention;

FIG. 14 is a bottom view of the substrate holding apparatus
shown in FIG. 13;

FIG. 15 is a vertical cross~sectioconal view showing a ring

25 tube in the substrate holding apparatus according to the second
embodiment of the present invention;

FIG. 16 is a vertical cross-sectional view showing a ring

tube without any support pertions in a chucking plate;
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ring without any support portions in a chucking plate; 5 FIG 19 is LN 2006
vertical cross-sectional view showing a seal ring in the substrate holglng
apparatus of FIG 15; FIG 20 is a vertical cross-sectional view showi ng a
substrate hol di ng apparatus according to a third enbodi mrent of the present
invention; 10 FIG 21 is a partial cross-sectional view show ng an edge bag

of FIG 20; and H& 22 15 A partial ﬁé@%}%eé@ﬂzé%ﬁéw%ﬁ&‘(«@ﬂ@%ngu?p&?"tque
transmtting nmenber of FIG 20. 15 Best de for Carrying Quf the Tnvention

A substr atgs hel ghngrappanatusnanglatRokirshizag apparatus according to _
enbodi nents of the present invention will be described in detail below wth

reference to therdsawngs aFé&xtichs @ &$OsSeseLhONali o @MW ROsapl
entire 20 arrangenent of a polishing apparatus having a substrate hol ding

appar at us aCce@rwitigotie hhe puesert pRventingn.inThe cuksiinaf e 1wt di ng
apparatus serves to hold a substrate such as a sem conductor wafer to be
polishéd and to pressidlie substtatel @gsd Nséeat poha B hiingy stchdcey ansaal
polishing table. As shown in 25 FIG 1, a polishing table 100 having a
pol i shi ng padg 1041 ahtashedtremneaholppey sprikaeetsherfedId.s Igrovi ded
underneath a top ring 1 constituting a substrate hol di ng apparat us
according to t heFIpregéntis neentirancaA potdoshinecticuit sappl yshweizie 202 is
19 6 JUN 2006 provi ded above the polishing table 100, and a polishing liquid
Q i s suppl $&ds bna betiel pory sIRPRE pads EoIco e tsolkki Shiing embpdinedd fom
the polishing liquid supply nozzle 102. Various kinds of polishing pads are
avai | abl e o theepafrkeinvention;

10 FIG. 21 is a partial cross-sectional view showing an edge
kag of FIG. 20; and
FIG. 22 is a partial cross-sectional view showing a torqgue

transmitting member of FIG. 20.

15 Best Mode for Carrying Out the Invention
A substrate holding apparatus and a polishing apparatus
accerding to embodiments of the present invention will be
described in detail below with reference to the drawings.
FIG. 1 1s a cross—-sectional view showing an entire
20 arrangement of a pelishing apparatus having a substrate holding
apparatus according to the present invention. The substrate
holding apparatus serves to hold a substrate such as a
semiconductor wafer to be polished and to press the substrate
against a polishing surface on a pcelishing table. As shown in
25 FIG. 1, a pclishing table 100 having a polishing pad 101 attached
cn an upper surface thereof is provided underneath a top ring
1 constituting a substrate holding apparatus according to the

present invention. A polishing liquid supply nozzle 102 is
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5 For exanpl e, sone of these are SUBA800, |C-1000, and | C 1000/ SUBA400Q
(two-1layer cloth) manufactured by Rodel Inc., and Surf in xxx-5 and gy Eppo
000 manufactured by Fujim Inc. SUBA800, Surfin xxx-5, and Surf in 000 are
non-woven fabrics bonded by urethane resin, and IC 1000 is nmade of rigid

f oam pol yuret hane 10 (single-layer). Foam pol yurethane is porous and has a

| arge r“”H%vaHe&iéE%nh?Q§§§%%lﬁkkﬁgkﬁ%é&Q%HQ@OLnahH?aS§6i§§§in§h§ngEdring
1 is connected to a top ring drive shaft 11 by a universal joint 10, and

the top riggsdehye1SRaf bnid tBeGOUD] £6ink G 1GD binnghai poCybhhder tddlefi xed
to atop ring head 110. The 15 top ring air cylinder 111 operates to nove

the top rinw ditoie csbapsiidhvertiealiy kopbher eby Alidf tcand 1 ower the top
ring 1 as a whole and to press a retainer ring 3 fixed to a | ower end of a

top ring body 2 agaidss ktihespot bshi BEihall 815100 a7he 11001 ¢ bR heam&r R¥ki. nder
111 is connected to a conpressed air source 120 via 20 a regulator R1l, which

can regul ater pressitys e pf sompr essed tRiese omriehe dJuses athi chid-s1 sappl i eddt o
the top ring air cylinder 111. Thus, it is possible to adjust a pressing
force to ES0IhesSURDEDSh{ gophdydblcwwth) tthennBsat needrbpgR3deTheéntop ring
drive shaft 11 is connected to a rotary sleeve 25 112 by a key (not shown)
. The rot &and steevenli2xhas aad idmigin pldd epatt3atixeddy bdi sposedi atna .
peripheral portion thereof. A top ring notor 114 is fixed to the top ring
head 110, S|RGHe Suirdilngputd epndid:isicb0pleet ronawevendgpuld eponded
mounted on 20 6 JUN 2006 the top rin% motor 114 via a timng belt 115.
Ther ef or e P¥X\HER theRe ropirni mpdmEod 02041 $ sagiser §irdadi d pamcrat vehethhae
rotar¥ sl eeve 112 and the top rinE drive shaft 11 are rotated in unison
with 1BachiorHereviavenk- t iRy palyeyeiiane: R Podiong G has, aaharge
number of fine recesses or holes formed in its surface.
The top ring 1 is connected to a top ring drive shaft 11
by auniversal joint 10, and the top ring drive shaft 11 is coupled
to a top ring air cylinder 111 fixed to a top ring head 110. The
15 top ring air cylinder 111 operates to move the top ring drive
shaft 11 vertically to thereby 1ift and lower the top ring 1 as
a whole and to press a retainer ring 3 fixed tc a lower end of
a top ring body 2 against the polishing table 100. The top ring
alr cylinder 111 is connected tc a compressed air source 120 via
20 a regulator R1, which can requlate pressure of compressed air
or the like which is supplied te the top ring air cylinder 111.
Thus, it is possible to adjust a pressing force to press the
polishing pad 101 with the retainer ring 3.
The top ring drive shaft 11 is connected to a rotary sleeve
25 112 by a key (not shown). The rotary sleeve 112 has a timing
pulley 113 fixedly disposed at a peripheral portion thereof. 2
top ring motor 114 is fixed to the top ring head 110, and the

timing pulley 113 is coupled to a timing pulley 116 mounted on
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5 the timng pulley 113 to thereby rotate the top ring |I. The top riQ?Upgﬁg
110 is supported on a top ring head shaft 117 fixedly supported on a trane
(not shown). Next, a substrate hol di ng apparatus according to a first

enbodi ment of the present inventionw || be described below FIG 10 2 is a
vertical cross-sectional view showing the top ring 1 of the substrate

hol di ng appar alogs raeePr@itRE t10 4t e of br st meAgodement 5. amthdd X oBej Svideot t om
view of the top ring 1 shown in FIG 2. As shown in FIG 2, the top ring 1
constit ut ivng Bopsuisig ab eohalidi ng enappAZAIUSc€RREIESSS , st HOpotary sy 1 n
the formof a cylindrical 15 housing with a receiving space defined therein,
and a retdilrernnd ithg 3o xadot drtibe kbwetr ehdapé theatep imngbosty witHhe
top ring body 2 is made of a material having high strength and rigidity,
such as netaalh etheer aniecsheThemiegapnéd ey hic3 thenateliod e ghl 15 iagidl
synthetic resin, ceramcs, or the |like. 20 The top ring body 2 conprises a
cyl i ndbi calhehtusiing Raileanl adnut danguressupitzitegtbheaip suppoit 2Bhéiteed
into the cylindrical portion of the housing 2a, and an annul ar seal 2c
fitted overingnheaded 18 isusfiepent fdl ordyd orf rangubped swafhckl 7 ofixdrbly
housi ng 2a. The retainer ring 3 is fixed to the |ower 25 end of the housing
2a of the UHPALTRA bodlya 2frahe feehi ABeWRIing 3 has a | ower portion

projecting radially inwardly. The retainer ring 3 may be forned integrally
with the top riAp-body@ SUPPhe atepheilhg ndr pPBaSRAPE 32CPEddngpbed Bbove t he

central 21 6 JUN 2006 portion of the housing 2a of the top ring body 2, and
the top ﬁﬁ%?qﬁﬂﬁp%oﬁ§ Eﬁ%ﬂnFénﬁﬁ@tﬁﬂ?ﬁa%bbﬁﬁ%ﬁg%ﬁﬁﬁqb?ﬁgﬁyt%&@'

i |, j.oint_10. .The uni |j.0int 10 h herjcal bear]
mochah am? B GnFERSER L BROFRng chaty "2 laa t e EUp IR RACAF Pt SHATT A1 are

the substrateholdingapparatus according tothe first embodiment,
and FIG. 3 is a bottom view of the top ring 1 shown in FIG. 2.
As shown in FIG. 2, the topring 1 constituting a substrate holding
apparatus comprises a top ring body 2 in the formof a cylindrical

15 housing with a receliving space defined therein, and a retainer
ring 3 fixed to the lower end ¢f the top ring body 2. The top
ring body 2 ismade of amaterial havinghigh strengthandrigidity,
such as metal or ceramics. The retainer ring 3 is made of highly
rigid synthetic resin, ceramics, or the like.

20 The top ring body 2 comprises a cylindrical housing 2a,
an annular pressurizing sheet support 2b fitted into the
cylindrical portion of the housing Za, and an annular seal 2cC
fitted over an outer circumferential edge of an upper surface
of the housing 2a. The retainer ring 3 is fixed to the lower

25 end of the housing 2a of the top ring body 2. The retainer ring
3has a lower portionprojectingradially inwardly. The retainer
ring 3 may be formed integrally with the top ring body 2.

The top ring drive shaft 11 is disposed above the central
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5 tiltable with respect to each other, and a rotation transmtting

mechani smfor transmtting the rotation of the top ring drive shaft 94Uy ghoo
the top ring body 2. The spherical bearing nechanism and the rotation
transmtting mechanismtransmt a pressing force and a rotating force from
the top ring drive shaft 11 to the top 10 ring body 2 while allow ng the top

ring bodyrpj%l%r}%r; he QR WG 1 A ine shahl Jc%éaé e tﬂd&f%,\hiatrlghrt%%o p Lo

each ot he e spherical beari’ng mechani sm conpri‘ses hem spheri ca

concave 1 gGess,dd@odefingth £erbrald Yo B ihh&d OMeLn SEERAGS, Phe S v T NG

drive shaft 11, a hem spherical concave recess 2d defi neoﬁgy 15 centrally in

the upper ssykrfrace, ofrHden hessEaY 52an taldh As RealHdWd c Pebhb 2 21R g HRAe: 011 dn

hi ghly hard material such as cerami cs and interposed between the concave

recesses ldvawBRenh2ehe Qb herd efdy haads the vt aihengtiaasahstt no nchani sm

conprises drive pins (not shown) fixed to the top ring drive shaft 11, and

drivens pi ns 12Q(iRoki shoveBpddXad bachherhousiapd 2aoEMeibn k rizherdion iridg
body 2 is tilted with respect to the top ring drive shaft 11, the drive

pins and tleen@in e JAiMs ria@fBRd it t hEngrRgemenit Wi b Rath aldierinthidre weont act
poi nts are displaced because the drive pin and the driven pin are
verti cal | yhamrabl ec o ehat gl ripbeaghe ot ere sphesicdd Bdwer 104 aldddmnism
transmtting nmechanismreliably transmts rotational torque of the top ring
dri ve shafandltih4 aotthe ibopt ramgmi bodyg Ziechiae: itsopt réngrbodyp Pe andnyHeo et ai ner
ring 3 secured to the 22 6 JUN 2006 top ring body 2 have a space defi ned
t herei n, whidch actahimdaiesce tthemeitheatspal img ity 1208} strafing lat ¢ ovier tsup f ace
brought into contact wth a peripheral portion of the sem conductor wafer W
held by tHad bpdyi Agvililambhhpuliag ot dap riimg 208y dneand digktghapeats
drive shaft 11 to be tilted with respect to each other.
The spherical bearing mechanism comprises a hemispherical
concave recess lla defined centrally in the lower surface of the
top ring drive shaft 11, a hemispherical concave recess 2d defined
15 centrally in the upper surface of the housing 2a, and a bearing
ball 212 made of a highly hard material such as ceramics and
interposed between the concave recesses 11la and 2d. On the other
hand, the rotation transmitting mechanism conprises drive pins
(not shown) fixed to the top ring drive shaft 11, and driven pins
20 {not shown) fixed to the housing 2a. Even 1if the top ring body
21s tilted with respect to the top ring drive shaft 11, the drive
pins and the driven pins remain in engagement with each other
while contact points are displaced because the drive pin and the
drivenpinareverticallymovablerelatively toeachother. Thus,
25 the rotation transmitting mechanism reliably transmits
rotational tergque of the top ring drive shaft 11 to the top ring
body 2.

The top ring body 2 and the retainer ring 3 secured to the
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5 chucki ngpl at e206 (vertical |l ynovabl emenber) which is vertically novable
within the receiving space in the top ring body 2. The seal ring 2046 A4 2906
radially outer edge clanped between the holder ring 205 and the chucki ng

pl ate 206 secured to the |ower end of the holder ring 205 and extends
radially inwardly so as to cover 10 the | ower surface of the chucking plate

206 near it.to§> g%%}?ﬁ&ﬁi’ rchH@%@a'Ecﬂtaaévﬁ t%%Qt‘iﬁeEh&éPéé‘fﬁ, %%&Prfct%%gnm%fdéé%% seal

ring 204 i ro nt o cont e upper surface o

sem Condu%ﬁlgn:gwﬁ'fc £ Wt P bego Qlﬂﬁﬁ%gﬁ%ﬁ%ﬂ%ﬂgggggﬂu SheoWhas &

recess defined in an outer” edge f Is referred 15 to as a notch

or orientatign flat, har necogniizinng £( tAent dd ¥, -the 4 Feptiationy of, the
h | | Ay

sem conduct or wafer. e se ring 204 should preferably extend radi

inwardly efct hechycld ng plhaken 206 HAMLNS NSNSt oS Wiak-ah as a
notch or orientation™ flat. 20 The chucking plate 206 may be nmade of netal.

Howeves , wheRiithe 1 £E08SS it @ dhiynbiam & aerdd ronia Ui saeetebaaly
sem conductor wafer is nmeasured by a nethod using eddy current in a state

such thamot/he 1seniicandueher rvaberihg beapolirshed ispheldghyodhe forhe i ng,
the chucking plate 206 shoul d preferably be made of a 25 non-nmagnetic

mat eri al , sead. rifg A0Sk atd ngataleryialtstielgas:] {dped beesicrn €poky licesi n, or
ceram cs. A pressurizing sheet 207 conprising an elastic nmenbrane extends
bet ween t rénhobdér and nigh@ GSmnaridi fdep Tape riokg skhady ed. tdheh2 3 GvatN DG
pressuri zing sheet 207 has a radially outer edge clanped between the

housi ng 2&handotHerpriassiriziamg shéetdsuppdirdl Ry iofwatilyt ¢p asi g doodyr 2,
and a radially inner edge clanped between an upper end portion 205a and a
st oppet 205k dfoudie feldeceriofg 205, clfheking plate 206 near its outer

circumferential edge. The lower end surface of the seal ring
204 1is brought into contact with the upper surface of the
semicenductor wafer W to be peolished. The semiceonductor wafer
Whas a recess defined in an outer edge thereof, which is referred

15 to as a notch or orientation flat, for recognizing (identifying)
the orientation of the semiconductor wafer. The seal ring 204
should preferably extend radially inwardly of the chucking plate
206 from the innermost position of such as a notch or orientation
flat.

20 The chucking plate 206 may be made of metal. However, when
the thickness of a thin film formed on a surface of a semiconductor
wafer is measured by a method using eddy current in a state such
that the semiconductor wafer to be polished is held by the top
ring, the chucking plate 206 should preferably be made of a

25 non-magnetic material, e.g., an insulating material such as
fluororesin, epoxy resin, or ceramics.

A pressurizing sheet 207 comprising an elastic membrane

extends between the holder ring 205 and the top ring body 2. The
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5 top ring body 2, the chucking plate 206, the holder ring 205, and the
pressuri zing sheet 207 jointly define a pressure chanber 221 in the ¢ LpY 2006
ring body 2. As shown in FIG 2, a fluid passage 31 conprising tubes and
connectors comuni cates with the pressure chanber 221, which is connected
to the conpressed air source 120 10 via a regulator R2 provided on the fluid

P pe ShrpsaRr iR esPHRLEL N PASE o 20010 AR B BalLaN Al 209 A0

dur abl e mat e Such” as et ene proopylener

pol yur et hapg ﬂHQg?% 5’%‘535%&}] itéoeg%ﬁe%%%?i'zlln | Lhg Gasqy, %ﬁzezﬂh&;p{}ﬁ%%ﬂ zing

sheet 207 1S ma tic materi such as rubber, i

pressuri zir_@ggs}gggsjf 22,2%[7rhd 3 Eﬁgﬁg.llﬁé/gliﬁ%‘fdegﬁg}’\?f&n bg Bﬁﬁééﬁr%{ei%& and

the top rin en a desir ori zon surface cannot nt ai ned

on the |owey syrtagg HisLthedet @itegbg;fi g3 obfe%lé_SﬁP%Zeg' ?gﬁ'ngogef oFmt i on

of the pressurizing sheet 207 as an astic materia rder to prevent
such as dr awback ot BaRr st%'gz'c%%c%'l%%t pAQfe b9 ecl amped Jigfareen fhe drwusi ng

2a of the top ring body and the preéssurizing sheet support 2b provided as

a separ at gL HdE s e IHE S8Rl tepBod B 1 v Hog ihel ai}f@s Sh R haer
vertically be novable with rTespect to the top ring body 2, or the retainer

ring 25 3omayiRhayge & rueiubedeapabl £s ofndiessi ract he, poli Shidg=sWdpce
i ndependently of the top ring body 2. In such cases, the pressurizing sheet

207 is noBi1nenessadiny thiveedand cbie e cabesermmnilonedt sBRNah t R4 e HMN 2006 A
cleaning liquid passage 251 in the formof an annular groove is defined in

t he upper chunbacezdt, tWiei llouss rgnAacnear to iths: euhercGisceuatf erentrae Ege
over which the seal 2c of the top ring body 2 is fitted. The cleaning
| i quil passagex 26&gulator R2 provided on the fluid passage 31. The
pressurizing sheet 207 is made of a highly strong and durable
rubber material such as ethylene propylene rubber (EPDM},

polyurethane rubber, or silicone rubber.

In the case where the pressurizing sheet 207 is made of
15 an elastic material such as rubber, if the pressurizing sheet
207 is fixedly clamped between the retainer ring 3 and the top
ringbody 2, thenadesiredhorizontal surface cannotbemaintained
on the lower surface of the retainer ring 3 because of elastic
deformation cf the pressurizing sheet 207 as an elasticmaterial.
20 In order to prevent such a drawback, the pressurizing sheet 207
is clamped between the housing 2a of the top ring body 2 and the
pressurizing sheet support 2b provided as a separate member in
the present embodiment. The retainer ring 3 may vertically be
novable with respect o the top ring body 2, or the retainer ring
25 3 may have a structure capable of pressing the polishing surface
independently of the top ring body 2. In such cases, the

pressurizing sheet 207 1is nolt necessarily fixed in the

aforementioned manner.
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5 communi cates with a fluid passage 32 via a through-hole 252 forned G#QV&EE
seal 2c, and is supplied with a cleaning liquid (pure water) via the VU|
passage 32. A plurality of conmunication holes 253 are defined in the
housi ng 2a and the pressurizing sheet support 2b in conmunication with the
cleaning liquid passage 251. The 10 communi cation hol es 253 conmmuni cate with

a smell gap G defLoedy bet ween Lhe Qulefs sigounf erentiah i tace o the seal

ring 204 and the inner circ ntial” surface of the retainer ring 3.

central bag.208 3ndqa s LWbe 1209 hi,Cly seTve as abutl BRAL i JIREReS: r ought

into contact with the sem conductor wafer Ware 15 nounted in a space

defined between:khe chuektfgeRt ake A B i sam KONALCT o wafefe Wod N the
present enbodi nent, as showmn in FIGS. 2 and 3, the central bag 208 is

di sposed genyr abbyyorr the fovmeegsurface of daha rehuckbngdpl sl €5 206, zand the
ring tube 209 is disposed radially outwardly of the central bag 208 in 20

surroundi agmhehaidaer sthet Btzof 1 Eag b aefsddesseals 4 ithg o20dh-niche 2seraraledag
208, and the ring tube 209 is made of a highly strong and durable rubber

materi al sucth#asealnyd eaadpr Hpypene cklubbel 2 & ERIMng palyudet hane watlgr , or
silicone rubber. The space defined between the chucking plate 206 and the

25 sem condactaor faher Yhissadievisded Rnpouazphtrabift yoofiuapaeds doy hdllees
central bag 208 and the ring tube 209. Accordingly, a pressure chanber 222
i s defi ned>Betrwedafiheddentirahobadn2C®® amd thhe mdgwpr itaibey 208¢t @ughravrt
pressure chamber 223 is defined radially outwardly 25 6 JUN 2006 of the ring
t ube 209. ZPhencenrranipagienowstbohbeicteasinn bidasdipas sendrane. 2 Thel
brought into contact with the upper surface of the sem conductor wafer W
and a tentrafubpagafslodero282 £6F deraBRabRyehul 8hng $trel kbl%st T defined

between the outer circumferential surface of the seal ring 204

and the inner circumferential surface of the retainer ring 3.

A central pag 208 and a ring tube 203 which serve as abutment

members brought into contact with the semiconductor wafer W are

15 mounted in a space defined between the chucking plate 206 and

the semiconductor wafer W. In the present embodiment, as shown

in FIGS. 2 and 3, the central bag 208 is disposed centrally on

the lower surface of the chucking plate 206, and the ring tube

209 is disposed radially outwardly of the central bag 208 in

20 surrounding relation thereto. Each of the seal ring 204, the

central bag 208, and the ring tube 209 is made of a highly strong

and durable rubber material such as ethylene propylene rubber
(EPDM) , polyurethane rubber, or silicone rubber.

The space defined between the chucking plate 206 and the

25 semiconductor wafer W is divided into a plurality of spaces by

the central bag 208 and thering tube 209. Accordingly, apressure

chamber 222 is defined between the central bag 208 and the ring

tube 209, and a pressure chamber 223 is defined radially cutwardly
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5 nmenbrane 281 in position. The central bag hol der 282 has threaded hol es
282a defined therein, and the central bag 208 is detachably fastened®t/gNAY
center of the |ower surface of the chucking plate 206 by screws 255
threaded into the threaded hol es 282a. The central bag 208 has a central
pressure chanber 224 defined therein 10 by the elastic nenbrane 281 and the
central ba | der. 28 Simlarly, the ring tube 209 conprises an el astic
menbr ane C%é??%%ﬁﬁﬁﬁ:%%ﬁ% %%ﬁtact wi th the upper surface of the

' duct f ' . f '
fE?egggzﬁfc°Lg“nﬁfﬁaﬁ%é@iﬁg?ﬁag?zf{?f%ﬁ?ﬁ%%%%Legf%:%%le%sﬂjﬁ%?ﬁ%?@%%ﬁ%@‘c:‘g
f ast ened pgh%hg%ﬁg%é%eggg agggopgkﬁg %ﬁggé?%géfp?%%59%%%@§§d%§Fg§s@§§§P Y

threaded imté’n&%ecéﬂﬁféﬁ%fj‘%@ae%% 2 fo @efé@ﬁab&'g%@ﬂ% th@lelastic

i ntermedi ate pressure chanber 225 defined therein by the elastic nmenbrane

291 andg t ' - : .2 r 1! & Pents, + L he ssure
chanbe? ZQ%m?E%%E%%ggJngégsagggﬁast?%éEﬁ%%%gﬁggg ?kbﬁnﬁﬁg cenff%l b%gé§08

and the cepliral 2abadidol dled 283 dNdahhe s eesu@ 1chaghers 285t saE0inRd by
the elastic nenbrane 291 of the ring tube 209 and the ring tube hol der

292. The HRIENR ehanhercerdd o228 fayvliseubeaker sed iy canc2ingl gsite
menbrane and a holder for fixing the elastic nmenbrane, respectively.

Further, elmstiC strdwaness atitr dod der snray-happhopatdatehylbe addaed tohe
i ncrease the nunber of the pressure chanbers. 26 6 JUN 2006 Fl uid passages
33, 34, 3 eandDB6raeqird Beag tahesaand e conechard ccodPdiniefatredMhdr & he
pressure chanbers 222 and 223, the central pressure chanber 224, and the
i nt er hedi dtye Yhreesslrst i cheeblerales528t espectheekpntTiad frees Surledathahbers 222
to 225 are Similarly, the ring tube 209 comprises an elastic membrane
291 Dbrought into contact with the upper surface of the
semiconductor wafer W, and a ring tube holder 292 for detachably
heolding theelasticmembrane29] inposition. Theringtubeholder
15 292 has threaded holes 292z defined therein, and the ring tube
209 is detachably fastened tc the lower surface of the chucking
plate 206 by screws 256 threaded into the threaded holes 2%2a.
The ring tube 202 has an intermediate pressure chamber 225 defined
therein by the elastic membrane 291 and the ring tube holder 292.
20 Inthepresent embodiment, thepressure chamber 224 is formed
by the elastic membrane 281 of the central bag 208 and the central
bag holder 282, and the pressure chamber 225 is formed by the
elastic membrane 291 of the ring tube 209 and the ring tube holder
292. The pressure chambers 222, 223 may also be formed by an
25 elastic membrane and a holder for fixing the elastic membrane,
respectively. Further, elastic membranes and holders may

appropriately be added to increase the number of the pressure

chambers.
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5 connected to the conpressed air source 120 as a supply source via
respective regulators R3, R4, R5 and R6 connected respectively to t h& THNGPY
passages 33 to 36. The fluid passages 31 to 36 are connected to the
respective regulators Rl to R6 through a rotary joint (not shown) nounted
on the upper end of the top ring shaft 10 110. The pressure chanber 221

above the chucki - an t he pres ; 822~1 r
T80 SEA0R SN0, LIS Pt e Shanbeps, 882y 0,880 e

supplied with pressurize alr of atnospheric air

or evacuateghne A4 el ik RS984S 1L pB8ss3te SPaP8-36 £ONNRCHEd to the
15 respective pressure chanbers. As shown in FIG 1, the regulators R2 to

R6 connectgd tenthai1f bubdspassagas-St.2 88, a2d, 88 @k 3fdiaftd he fpressure
chanbers 221 to 225 can respectively regulate the pressures of the

pressuri zed fldddgosupplégd-t ovi he  r espeelrbwe urlr essuber ehanbensz2 Fhus it
is possible to independently control 20 the pressures in the pressure

chanbeps 22hrie-1220 &y dHwdepeidentdad 4 roduce: ataosgher istpilly @hukaeuum
into the pressure chanbers 221 to 225. In this manner, the pressures in the

pressure chanbessec22etre @2% ta/s RBdegerieahbR vashedcved rehe gtdgdlat or s

R2 to R6, so that the pressing forces to press the sem conductor wafer 25 W
agai nst the paki shihg passd9ds cah the3ad] uBted liutd pealsagreasl ob Ithere

sem conductor wafer W In sonme applications, the pressure chanbers 221 to
225 may beoccomtasicedot bha vemprmt soriregul2todanRi his Réasbroubb prredsuni zed
fluid or the atnospheric air 27 6 JUN 2006 supplied to the pressure chanbers
222 to 225atmfr ilndépehdent | yobetedmrr dhicedppartenparfatieetomwning mibaft
configuration, it is possible to directly control the tenperature of a

wor kptece Is¥ch as a semiconductor wafer fromthe backside of the surface to

be
The pressure chamber 221 above the chucking plate 206 and

the pressure chambers 222 to 225 are supplied with pressurized
fluids such as pressurized air or atmospheric air or evacuated,
via the fluid passages 31, 33, 34, 35 and 36 cecnnected to the
15 respective pressure chambers. As shown in FIG. 1, the reqgulators
R2 to R6 connected to the fluid passages 31, 33, 34, 35 and 36
of the pressure chambers 221 to 225 can respectively regulate
the pressures of the pressurized fluids supplied to the respective
pressure chambers. Thus, it ispossible to independently control
20 the pressures in the pressure chambers 221 tc 225 or independently
introduce atmospheric air or vacuum into the pressure chambers
221 to225. Inthismanner, thepressures in the pressure chambers
221 to 225 are independently varied with the regulators R2 to
R6, so that the pressing forces to press the semiconducter wafer
25 W against the polishing pad 101 can be adjusted in lccal areas
of the semiconductor waferW. In some applications, the pressure
chambers 221 to 225 may be connected to a vacuum source 121.

In this case, the pressurized fluid or the atmospheric air
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5 polished. Particularly, when each of the pressure chanbers is

i ndependently controlled in tenperature, the rate of chem cal reacti@ousame
be controlled in the chem cal polishing process of CWMP. The chucking pl ate
206 has radially inner suction portions 10 261 extended downwardly

t herefrom between the central bag 208 and the ring tube 209. The chucking

pl ate 206 has radially outer suction portions 262 extended downwardly

t her ef r omsousliidet ¢fo thikeprriengurebeh209cren2ERetpreasema e nyotimardsntel yht
suction portions 261, 262 are provided. 15 The inner suctionportions 261
and the odtercoidtdlofpbrittt grsir 6Pt Wee dGrhfurfiteet im holeisa DBdR, De2ks
communicating wwth fluid passages 37, 38, respectively. The inner suction
portions ZOEsNE thedbifer!l € stitgrP bobE bpBPobatire ¢omeerbeiesetHeEERacuum
source 121 such as a vacuum punp via the fluid passages 37, 38 20 and val ves
V1, V2. \Weenat hemEBRTTERFEAri BAthBI B5onaale bredes te athénsuErréAcpoleilths
261, 262 are connected to the vacuum source 121, a negative pressure is
devel oped P e owEB R TSPEM G lehd &R egr eerd ednkiiRi BREFORT RoFleamBeis, 19624,
thereof tq aftract a . sem con g%gr,mafer w to the |ower ends_of the ifner

suction 25T56HS Dl it te RRTGHEpoRL i OHE 282° Thehfiera
suction portians 261 and the outer, sugtion portiqns 262. have el astic sheets
261, 2628 L3O G PHER FUBDES L Lhets T FRORAG ToPeRArFF L GVBF CCBRL 1 or
t her eby el ically contacting and holding the 28 6 JUN 2006 sem conduct or
wafer Won"the | ower surfaces thereof. Since there is a small gap G between
the outer <circ e i se i 4 - i nne
circunferenti al l’tg%er {:g{g%kg#gt egﬁéé?&.%ﬁl%%g%ancgla%l,hf Egm%gfl agggh&ﬁg}émgns

16 261 extended downwardly therefrom between the central bag 208

and the ring tube 209. The chucking plate 206 has radially outer
suction portions 262 extended downwardly therefrom outside of
the ring tube 20%. In the present embodiment, eight suction
portions 2€1l, 262 are provided.

15 The inner suctionportions 261 andtheouter sucticnportions
262 have communication holes 26la, 262a communicating with fluid
passages 37, 38, respectively. The inner suction porticns 261
and the cuter suction portions 262 are connected to the vacuum
source 121 such as a vacuum pump via the fluid passages 37, 38

20 and valves V1, V2. When the communication holes 26la, 262a of
the suction portions 261, 262 are connected to the vacuum source
121, a negative pressure is developed at the lower opening ends
of the communication holes 26la, 262a thereof to attract a
semiconductor wafer W to the lower ends of the inner suction

25 porticons 26l andthecuter suctionportions262. The inner suction
portions 261 and the cuter suctionportions 262 haveelastic sheets
261b, 262b, such as thin rubber sheets, attached to their lower

ends, for thereby elastically contacting and holding the
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5 205, the chucking plate 206, and the seal ring 204 attached to the
chucking plate 206 can vertically be noved with respect to the top ri®d§N?2006
body 2 and the retainer ring 3, and hence are of a floating structure with
respect to the top ring body 2 and the retainer ring 3. The stopper 205b of
the holder ring 205 has 10 a plurality of teeth 205c projecting radially

out v dly JLAMA G, oM &L el cuter enli gl edog,tberecf  nDoungard moverent of

the nmenbers in ol der 'ring 0 a predet erm ned

range by engaging fhe tigeth 205¢ vg't@tﬁm URRS! g%;_rfb%g%ﬁgxqt%e radjal ly

inwardly projecting portion of the retainer oper ati1on of

the top ringcfdus,construstedoai Le e, desgsi bedgi ndletall helowyn the

pol i shi ng apparatus constructe en a sSem-conductor wa Is to

e del i verad &g 16,014 S ARPBIALHS. o L ORSEING, 1S ool & i, moved

to a position to e 20 sem conductor water Wis transterred, and the

conmmung caticy) helLenu2gliag 204200 okNeahBNEhe SHEL1 0P POTLd ONS 2RI and d he
outer suction portions 262 are connected via the fluid passages 37, 38 to

the VaCUlﬂHeSQ%ﬁl%@{il%lﬁlEﬂ:% ser eandustok cwaf orpWihsvad tv aeh etk dpwler toracuum
to the Il ower ends of the inner suction portions 261 and 25 the outer suction

portions 262 Bysuciipmeif ectaref tthe reaQmeY catiPr, heles Kokas &62af Wth
the semi conductor wafer Wattracted to the top ring 1, the top ring 1 as a
whol e is np¥edattiagaspesctien aboNerddiee poldcshhagt st ind o dhari agd the:
polishing 29 6 JUN 2006 surface (polishing pad 101) thereon. The outer
ci rcunf er erttadneredgenf3 t h& heemtegnduc tbarsSbwaffert W ine el rd hivng B0 5 étaad ner
ring 3 so that the sem conductor wafer Wis not renoved fromthe top ring
1. 10 aplurality of teeth 205c projecting radially outwardly from the
outer circumferential edge thereof. Downward movement of the
members including theholderring205islimitedto apredetermined
range by engaging the teeth 205c with the upper surface of the
radially inwardly projecting portion of the retainer ring 3.
15 Next, operation of the top ring 1 thus constructed will
e described in detail below.
In the polishing apparatus constructed above, when a
semiconductorwaferWistobedeliveredtothepeolishingapparatus,
the top ring 1 as a whole is moved to a position to which the
20 semiconductorwafer Wis transferred, and the communicationholes
26la, 262a of the inner suction portions 261 and the outer suction
pertions 262 are connected via the fluid passages 37, 38 to the
vacuum source 121. The semiconductor wafer W is attracted under
vacuum to the lower ends of the inner suction portions 261 and
25 the outer suction portions 262 by suction effect of the
communication holes 26la, 262a. With the semiconductor wafer

Wattracted to the top ring 1, the top ring 1 as a whole is moved

to a position above the polishing table 100 having the polishing
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5 For polishing the sem conductor wafer W the attraction of sem conductor
wafer Wby the suction portions 261, 262 is released, and the seni cofdldt8%
wafer Wis held on the | ower surface of the top ring 1. Sinultaneously, the
top ring air cylinder 111 connected to the top ring drive shaft 11 is
actuated to press 10 the retainer ring 3 fixed to the lower end of the top

ring 1 ag%h acék]oﬁggh H% llec% %Qe%%? p?%%%ﬂi %ﬁléﬁﬁgg}éHEKQla
ég ?n g%%% a gtape, JH%TUI S are

pr edet er mi néd “pressure. préssurt ze

S TR OS2, 0 L O,

pressure C rntermediate pressure anmber

respectiv e t ! j 1,.€60N i.nst
he pol | Sh S SFF gt o R ATy g L Sbiis 200, T The” 4l St {1t d
suppl y no%§5% %02 supplies a polishing liquid Q onto the polishing pad 101
in advance, “so that the polishing liquid Qis held on the polishing pad

101. 29 Thus, the sepicanduet ehmakers Wi shed Dyt hePaldishing aad

101 with the polishing liqui'd Q being present between the (lower) surface,

to be pol ib¥hedniforidhif: M eondrch oF y weher sV-andnt B8 rtRehisshiglg pagh 10d. The
| ocal areas of the sem conductor wafer Wthat are ~ 25 positioned beneath the

pressure Ghamkels,247d tBE3 i dHassesk wagakmsis hbeqres] 1150 Bgesu e dinder
the pressures of the pressurized fluids supplied to the pressure chanbers

222, 223. ofThed eead rdmea10f bhfuseaneendust orhwafelr Witdtataiirs positdeoned 30
6 JUN 2006 beneath the central pressure chanber 224 is pressed via the
el astic manbcanee28&dofo tthe teptriabg lkiad v2Z08hadai nstid hetpakieshtagprsagd ace
under the pressure of the pressurized fluid supplied to the central
pressli e c¢chanmbetral@dr ring } déaledatedahef 1¢her seni cbridectop niafeet against
the polishing surface on the polishing table 100 under a
predetermined pressure. 1In such a state, pressurized fluids are
respectively supplied to the pressure chambers 222, 223, the
central pressure chamber 224, and the intermediate pressure
15 chamber 225 under respective pressures, thereby pressing the
semiconductor wafer W against the pclishing surface on the
polishing table 100. The polishing liguid supply nozzle 102
suppliesapolishingliguidQecntothepolishingpadlCl inadvance,
so that the polishing ligquid Q is held on the polishing pad 101.
20 Thus, the semiconductor wafer W is polished by the polishing pad
101 with the polishing liquid Q being present between the (lower)
surface, to be polished, of the semiconductor wafer W and the
polishing pad 101.
The local areas of the semiconducter wafer W that are
25 positioned beneath the pressure chambers 222, 223 are pressed
against the polishing surface under the pressures of the

pressurized fluids supplied to the pressure chambers 222, 223.

The local area cof the semiconductor wafer W that is positioned
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5 Wthat is positioned beneath the internmedi ate pressure chanber 225 is
pressed via the elastic nenbrane 291 of the ring tube 209 against t h& JUN 2006
pol i shing surface under the pressure of the pressurized fluid supplied to
the internmedi ate pressure chanber 225. 10 Therefore, the polishing

pressures acting on the respective |ocal areas of the sem conductor wafer W

can be adbuibefn lgReppentlu b conhiollLng ot e pressunas oo MSsic s

pressurize s supp ere ti"ve prasstre-cha

Spect {1 calL i Lhe sesRective. Loaul Ators) B8 La7e J odenendent]y; 19.e0ul at e

the pressures o pressuri z S Su ressure ch ers

222 to ZzénBQF %T%:ﬁf@gsﬁggg)%’h@gpq:gg'g?tg:%%\%idg@lui]cc?gf[ﬁﬁgl%gp:ﬂ.segh&%eplgq‘%glt he

| ocal areas o sem conduct or “wa agal ns 1 Nng pa on

the polis gag;&e@' En R0 WAN  trhe p@é%mrrvsa\%berfeéﬁyf i%é-fclﬁ?chcﬁst Glive

| ocal are the 20 sem conductor wafer ei ng adj uste ndependently to

desireq M%H&@i% hes Sieim Sonducsor; Mafiefe Woirs MLHSAE 30QIASE I be apelShi ng
pad 101 on the polishing table 100 that Is being rotated. Simlarly, the

pressure obsthe Pressy h2ed thlbub g2 SHPRIA&EL £ 0 N1 EhBOr i@ It igyd der 111
can be regulated by the regulator Rl to adjust 25 the force with which the

retai ner EyREndtPressesod Nespohy shiviradad k@l Vahke §hes sept condueter
waf er Wis being polished, the force with which the retainer ring 3 presses

the polispiagspadzetOiland i PIEs Songhé orces whd di b Jr dhairserhcanduct or
wafer 31 6 JUN 2006 Wis pressed agai nst the polishing pad 101 can
appropri aeceby be adjusted for thereby applying polishing pressures in a
desired pressure distribution to a central area (O in FIG 3), an inner
area J(0C2) bet weBhetrhéocenttrtad pafi éahand raredntmersedt Ahg car Eee rekpective
local areas of the semiconductor wafer W can be adjusted
independently by contrclling the pressures of the pressurized
fluids supplied to the respective pressure chambers 222 fo 225.
Specifically, the respective regulators R3 to R6 independently
15 regulate the pressures of the pressurized fluids supplied to the
pressure chambers 222 to 225 for thereby adjusting the pressing
forces applied to press the local areas of the semiconductorwafer
W agalinst the polishing pad 101 on the polishing table 100. With
the polishing pressures con the respective local areas of the
20 semiceonductor wafer W being adjusted independently to desired
values, the semiconductorwaferWispressedagainst thepolishing
padlllonthepolishingtablel00that isbeingrotated. Similarly,
the pressure of the pressurized fluid supplied fto the top ring
alr cylinder 111 can be regulated by the regulator R1 to adjust
25 the force with which the retainer ring 3 presses the polishing
pad 101. While the semiconductor wafer W is being‘pblished, the

force with which the retainer ring 3 presses the polishing pad

101 and the pressing force with which the semiconductor wafer

31



5 internmedi ate area (C3), a peripheral area (C4) of the sem conductor wafer
W and a peripheral portion of the retainer ring 3 which is positioneédUN2006
outside of the sem conductor wafer W In this nanner, the sem conduct or
wafer Wis divided into 10 the four concentric circular and annul ar areas
(d to CA) whi ch can respectively be pressed under independent pressing
forces. O|IShIn ate_de ends on .a, pressing. force applled to

sem condu@]t P %?%? %@quslﬁflﬁ@gsﬁﬁfla%é @g]bb\Pee
since the pressing forces a to those, areas can 15 |nd, endentl pbe
control | edSIERE® ﬁpghiﬁﬂarﬁﬁgegpaiym FoutSLRE AUt 57 SUHEE aihiA 4F SATEss (O
to C4) of the senlg or mafE n i.nde enﬂf LH% gg cg troll.ed.
Consequentty > S&vEn“i P FF’I utllﬁlnc ﬂeas§e(51f 2l AF Raf FRE - pdl 1 SHed "F 1 he
surface of the f conduct XVsuffers radla vari.at jons th|n
il m 20 of Ehe Gof A ST (1 CERCaNUETD A TP g %alﬁewtm%%aefd

un|f0r§1 thout hei ng |nsuff3§§ently or, €X eSS|veI O|I%ﬁ Qver
diet 5

entire surP&ge Flﬁﬁe sém-Con dr waf &°° sp§C|F’caI ven PF the

hi ckness (of Lhg i, LuLogbe, g@%gghgga o3ps 6808 nd D coiner

seni condu&t8F CRAFEr r's depen |aI positionon

sem condugtgr, ?a%ﬁg.cw"l 5?. Aaeheye oo : ﬁﬂd@ S%S%% %Eﬁﬂ*&%dﬁ‘&%‘o&‘ O rg‘r’er

t hi cker aréa o Fis na i gher than e pressure in ot
pressure ghanmbers, or the pressure in a pressure chanmber positioned over a
thinner 32 6 JUN 2006 area of the thin filmis nmade | ower than the pressure

ety STSAFS AR A e sRR e Brng Lpnsiapier (o
hi ghero t haRet heupreassd 4o f DF Go -appldednboa kel 4 RidWALs (C1 to C4), which
can respectively be pressed under independent pressing forces.
A polishing rate depends on a pressing force applied to a
semiconductor wafer W against a polishing surface. As described
above, since the pressing forces applied to those areas can
15 independently be ccontrolled, the polishing rates of the four
circular and annular areas (Cl to C4) cof the semiconductor wafer
W can independently be controlled. Consequently, even if the
thickness of a thin film to be polished on the surface of the
semiconductor wafer W suffers radial variations, the thin film
20 on the surface of the semiconductor wafer W can be polished
uniformly without being insufficiently or excessively polished
over the entire surface of the semiconductor wafer. More
specifically, even if the thickness of the thin filmto bepolished
on the surface of the semiconductor wafer W differs depending
25 on the radial position on the semiconductor wafer W, the pressure
in a pressure chamber positioned over a thicker area of the thin

film is made higher than the pressure in other pressure chambers,

or the pressure in a pressure chamber positioned over a thinner



5 area of the thin filmagainst the polishing surface, thereby selec%h¥§5&m
increasing the polishing rate of the thicker area of the thin film
Consequently, the entire surface of the sem conductor wafer Wcan be
pol i shed exactly to a desired | evel over the entire surface of the

sem conductor wafer Wirrespective 10 of the filmthickness distribution

produced atr e, iR, tha ol by KLl mLbs {0raed: ANV paniand el £dge: raund ng on

the circunferential edge o t he sem conduct or wafer an be prevented by

control I'i Rg-der PI@sSIdGd Or 68 apRkI fnkOrt hendalaleinging G ddotheathin
film215 to be polished on the circunferential edge of the sem conductor

waf er Whas, tREQ8ildliokpess yaEhat 100 £ihenyd hes Pre; '@Diéﬁiﬁ? siaded to
the retainer ring 3 is intentionally increased or reduced to fhus control

the polishinendcat @ idfhdherdd aHe eneniddlg Rdge efydiheseam condudtgmewf er
W Wien the pressurized fluids 20 are supplied to the pressure chanbers 222

to 2255 theechuckitle tphatef206 h§asubpeehedpboiupwand shorees, Ithdiheoy
present enbodi nent, the pressurized fluid is supplied to the pressure
chanber 22k]led@ vdiey filngxkpaigsage Slpdlo gHaventatde £ hlokithg q{at ear206 from
being lifted under the forces due to the pressure chanbers 222 25 to 225.
As descri bed @bevehinhe igressi topfegeenappl | edebyerttherd opurfang aifr Wy i nder
111 to press the retainer ring 3 against the polishing pad 101 and the
pressi ng fserdes rahptticed wiaf erhd 331 eJPNL 26D6dpresctl v Zed aadles supplliestet o t he
pressure chambers 222 to 225 to press the |ocal areas of the sem conductor
waf er W agaiarsthematips pehifagepad thelsenecappuopet atadlar Wdjrrstsabatol ol i sh
the sem conductor wafer W Wen the polishing of the sem conduct or
10 of the film thickness distribution produced at the time the thin
film is formed.
Any unwanted edge rounding on the circumferential edge of
the semiconductor wafer W can be prevented by controlling the
pressing force applied to the retainer ring 3. If the thin film
15 to be polished on the circumferential edge of the semiconductor
wafer W has large thickness variations, then the pressing feorce
applied to the retainer ring 3 1is intentionally increased or
reduced to thus contrel the polishing rate of the circumferential
edge of the semiconductor wafer W. When the pressurized fluids
20 are supplied to the pressure chambers 222 to 225, the chucking
plate206issubjectedtoupwardforces. Inthepresentembodiment,
the pressurized fluid is supplied to the pressure chamber 221
via the fluid passage 31 to prevent the chucking plate 206 from
being lifted under the forces due to the pressure chambers 222
25 to 225,
As described above, the pressing force appliied by the top

ring air cylinder 111 to press the retainer ring 3 against the

polishing pad 101 and the pressing forces applied by the
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5 wafer Wis finished, the sem conductor wafer Wis attracted to the |ower
ends of the inner suction portions 261 and the outer suction portiondJ¥§2006
under vacuumin the sane manner as described above. At this tinme, the
supply of the pressurized fluids into the pressure chanbers 222 to 225 to
press the sem conductor wafer 10 Wagai nst the polishing surface is stopped,

and the pressure . ch er .t 25 . are vented t e _at nosphere,
Ry T R S S R P i

. g Lo
Accor di ngl i ANer 'suct1on “portions %he out er

suction perlions 262 arg brought, J ohe copt aghowiih, thee, sqpiconduc qr, waf er

W The pressure chanber I'S ven nospher e or” evacuated to

devel op ag%g%agﬂiﬁ?ggﬁﬁgés'f'bel thes figﬁrgéhé%lgg%ﬁ%ﬁ&eﬁh e%@ﬁzéhi The

mai nt ai ne a pressure, e sem ctor wa i's strongly

pressed agafi$lodg. - POLLFUNG  Supface ka)ﬂliigh‘i‘ﬁﬁaéf brought, s can.act

with the ‘inner suction portions 261 an he outer suction portions 262. 20

Therefgre e % RECESPALYHO HREr 88RE-LNQUBEEPSHE Bet My The JAESSW & Chamber
221 immedi ately. Accordingly, a relief port 239 penetrating fromthe

pressure ehamiefyed2knllr g¥ghnkhenhop £h08:ioRAsr 2idBy e piYided filer
decreasing the pressure in the pressure chanber 221 inmmediately, as shown

in FIG 2sudtildi pog@sensWhen uZeidrheaphessi enehamenadatr s plessuteed, it
is necessary to continuously supply the pressurized fluid into the pressure

chanmber 22bcvwica the thukdpasspagehdkuplisy pel té Posds 128D €ONPIiBES irsccheck
val ve for preventing an outside air fromflowng into 34 6 JUN 2006 the
pressure chanmbees2Rteathdriects e 20Wherrt 28 negatd e thressut @ondsctdevelaped in
the pressure chamber 221. After attraction of the sem conductor wafer W the
top ritg Wl aasimsthdiltes imo hbvledng osar paset i.enstopphileh anhle thenmipomwuctor
chambers 222 to 225 are vented to the atmosphere. Accordingly,
the lower ends of the inner suction porticns 261 and the outer
suction portions 262 are DPbrought into contact with the
semiconductor wafer W. The pressure chamber 221 is vented to
15 the atmosphere or evacuated te developanegative pressure therein.
If the pressure chamber 221 is maintained at a high pressure,
then the semiconductor wafer W is strongly pressed against the
polishing surface only in areas brought into contact with the
inner suction portions 261 and the outer sucticn portions 262.

20 Therefore, it isnecessary todecrease thepressure inthepressure
chamber 221 immediately. Accordingly, a relief port 239
penetrating from the pressure chamber 221 through the top ring
body 2 may be provided for decreasing the pressure in the pressure
chamber 221 immediately, as shown in FIG. 2. In this case, when

25 the pressure chamber 221 is pressurized, it 1s necessary to
continuously supply the pressurized fluid into the pressure

chamber 221viathe fluidpassage3l. Thereliefport23%comprises

a check valve for preventing an outside air from flowing into
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5 wafer Wis to be transferred, and then a fluid (e.g., conpressed air ﬁr 3
m xture of nitrogen and pure water) is ejected to the sem conductor r2 006
via the conmuni cation holes 26la, 262a of the inner suction portions 261
and the outer suction portions 262 to release the sem conductor wafer W
fromthe top ring 1. 10 The polishing liquid Qused to polish the

sem condugtor _wafer Wtends t | ow t.hrough the small_gap .G between.the
outer ci (r:%ll?r’r#jerreesnst ial Cs‘fllfrn?jaecrecbo * the WAl G S04 aaﬁlé%taﬁtel rethd en%ﬂ”%i ng
3. If the .polj.shi, [ ' ited,in the gap G then the
hol der ri r%% ﬁ%?}?‘t eé(%:ﬂlﬁjlcckiﬂlhn% %%%@%6&%@6%2235 seal ring 204 are
prevented from smmat Walo [V | . \M t i body
2 and the retai %‘er r]{]%llgtgfgx#gggvﬁ ghgzgu%: l#%%%%ﬁ%%tae%ﬁéaéﬁ%nggpi%uﬁ

(pure water),is sHRRLI ed through, g[}goéwwn p@é%ﬁ%@%ﬂ{éégﬁféﬁcﬁm -

| i qui d passage 251. Accordingly, t pure water 1s supplied via a plurality

of 20 somucall 0O thokest 233skRrachedlon @RQYVe kNG gap G . [ RusySteaniag
the gap Gto prevent the polishing liquid Qfrombeing firmy eposited in

the gap Gyitherpurgivwatee shoykdrppehenall yube wsuppl i £d &fdefelihes pold shed
sem conductor wafer Wis released "and until a next sem conductor wafer to

be polishedrisidiadedadta ¥he oD domthnk cadtlidrs halise peekerabbe 4€

di scharge all the supplied pure water out of the top ring 1 before the next
senm conducther ivwafeer sustpeld ghed iqand JuEnced aHy evitde thetietraidiertidndig 3
with a plurality of through-holes 3a shown in FIG 2. 35 6 JUN 2006

Furt her more? ith adgircessurcd dwdrdumndadeve lwopfed: ih frapade: 226 diefd ned
between the retainer ring 3, the holder ring 205, and the pressuri zing
sheetl®07, thenTite actls sthd my eventid lge vewmek kiongo 1plsdt e 206 efrigmribiatge r

el evated in the top ring body 2. Therefore,
wafer W tends to flow through the small gap G between the outer

circumferential surface of the seal ring 204 and the retainer

D

ring 3. If the polishing liguid Q is firmly deposited in th
gap G, then the holder ring 205, the chucking plate 206, and the
15 seal ring 204 are prevented from smoothly moving vertically with
respect to the top ring body 2 and the retainer ring 3. To avoid
such adrawback, acleaningliquid (purewater) is supplied through
the fluid passage 32 to the cleaning ligquid passage 251.
Accordingly, the pure water is supplied via a plurality of
20 communication holes 253 to a region above the gap G, thus cleaning
the gap G to prevent the polishing liquid Q from being firmly
deposited in the gap G. The pure water should preferably be
supplied after the polished semiconductor wafer W 1s released
and until a next semiconductor wafer to be polished is attracted
25 to the top ring 1. It is also preferable to discharge all the
supplied pure water out of the top ring 1 before the next
semiconductorwafer ispolished, andhence toprovide the retainer

ring 3 with a plurality of through-hcles 3a shown in FIG. 2.
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5 in order to allow the chucking plate 206 to be elevated snoothly in the
top ring body 2, the through-holes 3a should preferably be provided N 2006
equalizing the pressure in the space 226 with the atnospheric pressure. As
descri bed above, according to a substrate holding 10 apparatus of the first
enbodi ment, the pressures in the pressure chanbers 222, 223, the pressure

hanmb 2 iRt raal, , 1AL : | 3ot
Fing tube 300 Ar B HadReRdBnEr S CCan RO B 16 Ronty R The. b Geei Far ces

acting O@letf@gmgﬁlre%'ecﬁ%%l%mt@{e wafier; Wy 15 A B 1 35 LXAMRE ofi rihe OrEj,n%,lnthbe

209 in the su ate holding apparatus according to the first enbodi nent of

the present,. gﬁgmglgl%meiw shber descrithed 1p ad;fclt@itb ﬁ?é@@ht_@ﬁé"%%ﬂﬂ&}&@ﬂgﬁet he

ring tube 20 be described below, the follow ng description can

appl i ed t%zﬁaka_% £68tf@in Bagnd08: e 2R ELGn #nkstdb Yehlg 688y O 0S§Heeelieral Vi ew
showi ng the ring tube 209 shown in FIG 2, and FI 51s a vertical

cross-sectinofaker Vi €W 1SRG ERECcREASHD Ca e TicaRg B9k 1afvdthe) ke thulke 209
shown in FIG 4. As shown in FIGS. 4 and 5, the elastic nmenbrane 291 of

the ring tubend09cphnrihg Hoast2 exaidlig Ay AhAME MRNsHRANY o e22radlly
havi ng fl anges 291a projecting outwardly, and connecting portions 291c
connect edp¢i arbhe dedngdrulkepzalidem I d @riheuchudki nge plpaikce 206 wike

connecting portions 291c extend upwardly from base portions 291d of the

fl anges 2%hta. aAmcewdre rsiur fraces0frd he 36 6 JUN 2006 abut ment portion 291b is
brought into contact with the upper surface of the sem conductor wafer W
The fl anges 291as tdwscrbwdenbopert iarc@8ling ahd tehesdosineet & ngopolitioons
291c are integrally made of the same nmaterial .

10 apparatus of the first embodiment, the pressures in the pressure
chambers 222, 223, the pressure chamber 224 in the central bag
208, and the pressure chamber 225 in the ring tube 209 are
independently controlled to control the pressing forces acting
cn the semiconductor wafer W.

15 Afirst example of the ring tube 209 in the substrate holding
apparatus according to the first embodiment of the present
invention will be described in detail below. Although only the
ring tube 209 will be described below, the following description
can be applied to the central bag 208.

20 FIG. 4 is a vertical cross-sectional view showing the ring
tube 209 shown in FIG. 2, and FIG. 5 is a vertical cross—sectiocnal
view showing the elastic membrane 291 of the ring tuke 209 shown
in FIG. 4. As shown in FIGS. 4 and 5, the elastic membrane 291
of the ring tube 209 in the first example has an abutment portion

25 291b having flanges 29la projecting outwardly, and connecting
portions29lc connectedviathe ringtubeholder 292 to the chucking

plate 206. The connecting portions 291c extend upwardly from

base portions 291d of the flanges 29la. A lower surface cf the
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5 As descri bed above, when the sem conductor wafer is polished, pressurized
fluids are supplied to the pressure chanber 222, and the pressure chamarzoos
223 surrounding the ring tube 209. Thus, the flanges 291a are brought into
cl ose contact with the sem conductor wafer Wby the pressurized fluids
supplied to the 10 pressure chanbers 222, 223. Accordingly, even if the
pressure of the pressurized fluid supplied to the pressure chanber 222 or
223 sur r owrditong ntthe@ pridissurs® thahbepr 228h  sivbasidatablly wAitghdhe turmet he
pressure of the pressurized fluid supplied to the pressure chanber 225
defined i suhecs wf tilbe 299icenduatgh- préssube fT‘BEd tisngger @didi ng-ihe
pressure chanber 225 is prevented fromflowng into the |ower portion of
the ring BHWET20S. P for é91bhe afdaides cOURE g Wwathiphe rdige ofe
pressure control in each of the pressure chanbers, for thereby pressing the
seni condudfdeaiafldy mede oSt ably . sFe kil 291e are formed in centra
portions of the abutnment portion 291b of the ring tube 209, and thus a
pressuri zed fl GESIpRTRaLLEer B9t le ABBLSPEIBFESS T Thafber! ed,

Sy SoLY, gERDLICLe M 40,0 mpet sutisbe. oL L he semconduel ot yalr,

i fluid i | i ed the_ i nternedi at nb 225
preseur s60 [LUd e SHRELLS0 U051 DE,LILEATR e BISTEMS, FOIOGZES,
f th i t 209 i.nst _th  f f th i d f
o he £ B8gt U2 0%, St Do uPRET St ecs 41 e SongueLor T

abut rent AgkiLen 20th. apeesiusy 2ed Lhtduin e chntacediat ecr essiy s

chanber har ows out xt'eri or ernter iate pressure

chambey 229 SEULNehaaen obbe 5681 CORAUGE QI n YRl ere Wi s: £ elashds dire

downwar d pressure can
of the pressurized fluid supplied tc the pressure chamber 222

or 223 surrounding the pressure chamber 225 is considerably higher
than the pressure of thepressurized fluidsuppliedto thepressure
chamber 225 defined in the ring tukbe 209, the high~-pressure fluid

15 surrounding the pressure chamber 225 is prevented from flowing
intothe lowerportionoftheringtube209. Therefore, the flanges
29la canwiden the range of pressure control ineachof the pressure
chambers, for thereby pressing the semiconductor wafer more
stably.

20 Openings 291le are formed in central portions of the abutment
portion 291b of the ring tube 209, and thus a pressurized fluid
supplied to the intermediate pressure chamber 225 directly
contacts with the upper surface of the semiconductor wafer W
through the openings 2%le of the abutment portion 2%91b. Since

25 & pressurized fluid is supplied to the intermediate pressure
chamber 225 during polishing, the pressurized fluid presses the
abutment portion29lbofthering tube20%against the upper surface

cf the semiconductor wafer W. Therefore, even if the openings
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5 be applied through the openings 291e to the sem conductor wafer Wby a
pressurized fluid, so that the sem conductor wafer Wcan nore snoot hbkyuleoos
rel eased. When the pressurized fluid supplied to the internediate pressure
chanber 225 is controlled in tenperature and the 10 tenperature of the

sem conductor wafer Wis controlled fromthe backside of the surface to be
polished,,gs descri bed above, the openings 291e fornmed in the abutnent
portion 2910 OEIENECFTRG 11t bbe TVU RN PRé‘FeRSe? THe &rBECFAURAFEH tHe A
pressurized fluid controlled in tenperature is broug?; into contact, with

the 15 senift&AGuL?bE TREFER VP TREF T Brdiamsi FoPl BBT Fi¥yf 13S CaltpePdirf e of
t he sem conduct or fer Wcan be.inproved. Further, en the polishing of
Lhe sor COMRTG Hafde FeTRPri& hBb ARF 1ehSBHE E Sruct AL RaREY WS

rel eased, ,the internediate pressure. chanber 525 is opened to the outside
AT Vet OFENGEIYTE T HE AT, LEnBof PaPads BT T i & 1HE Tt Gribdi at o

hamber, . 2 [ d f i i ' he i di
bt essure Xnambar 528 SHBRGY B PR 1 BonRCT TR Sl V<Ll die
s ér 225, e R . e
vl or W oanHRS e P A ROA o 1A NN RETh B GRGRPF orehr | gt 201

are provi%gqf%?%?%nﬁgfgqggnpglg%%é%on 291b of the ring tube 209, when a

pressuri ze uppl 1 ed he pressure chanber 221 to press the

chuckin | at e : i,s:hj f ; : JUN
g p ;;@f%g, qounvar s)hxfloiecpoéhﬁ*l% %ﬁg%cg&h@ GeS ST $8 10

2006 excessi vel applied to portions o uctor warer Wnear

the base pAIIJIONS 28hdmekrt N 4| 88065 A A 10dg LA M dihe A4t LO0nBY dilie

connecting portions 291c, so that a polishing rate may be locally increased
at thpse RQEkIONS:ure of the semiconductor wafer W is controlled from the

backside of the surface to be polished, as described above, the
openings 29le formed in the abutment portion 291b of the ring
tube 209 can increase the area in which the pressurized fluid
controlled in temperature 1s brought into centact with the

15 semiconductecr wafer W. Therefore, controllability in
temperature of the semiconductorwafer Wcanbe improved. Further,
when the polishing of the semiconductor wafer W is finished and
the semiconductor wafer W is released, the intermediate pressure
chamber 225 is opened to the cutside alir via the openings 29le.

20 Thus, the fluid supplied into the intermediate pressure chamber
225 is prevented from remaining in the intermediate pressure
chamber 225. Therefore, even if semiconductor wafers W are
continuously peclished, controllability in temperature of the
semiconductor wafer W can be maintained.

25 Inacasewhere theaforementioned flanges 29la are provided
at the abutmentportion29iboftheringtube 209, whenapressurized
fluid is supplied to the pressure chamber 221 to press the chucking

plate 206 downwardly for polishing, downward forces may
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5 On the other hand, as shown in FIGS. 6A through 6C, in a case where,
after the sem conductor wafer Wis brought into close contact with t 1§ UN 2006
abut ment portion 291b of the ring tube 209, the pressure chanber 221 is
supplied with a pressure smaller than the sumof pressing forces applied to
the pressure chanbers 222 10 to 225 to polish the sem conductor wafer in

h h h h i. | Q6 is |Jifted, d f b
2P i o0 PSR TSy PN Th FOrTIRS 59146t SN TG DIt Ui ch
i ht  int tact .wi th i t w he.
I(:Znn:ag;J ?ng Iﬁ%lat%i %hges g_\%ge.n p%cﬁ&#)/lng \;taggte?u?%ef;ﬂ o %Blgqrefsor (rzi_:l 1%Pﬁt§1ae£ x[ejﬁég base

ti F 6 t. | i ’ -
Power odatt PHoSDZ0bi e orn e o st mpa s U TRt 3 scdfiPing

enbodi rrentr,atter%ﬁaf/?)n%gel;é%ﬁgﬁg?irrﬁLogn;%%?i]%%/o%%éggt#égg%wge 209 are made of a

soft materia exl an utnment portion 20

291b. MWL thi S ORKCOUEALLOa8Y Ds! Lrbla £hUPKEA @Aamrgggﬂéé, d rdly

pressed for polishing, excessive down forces are not ap ed to the

sem conductQl, YRLeE, W#&%ﬁ*ﬂhk%@rﬁf&@x@&uc%&%a@é&sﬁ f@%trl%%tgh}@ EHtEEtei@éaé’t ment

portion 291b because t connecting portions 291c are liKely to be

el asti cal lyyndefqr fedn 28 S ithadn @ gnidimepebl §hi ik At eancbeoachiryed
over the entire surface of the abutnent portion 291b except the flanges

291a. FurdrRelsirey ehanbdhe 2ahuekisng ol iate w8 iss driddad & aimdnold s hiHgh
excessive upward forces are not applied to the abutnment portion 39 6 JUN

2006 291b thecauseo £ her eoaneg tide: RoOEHpANS2ctBeeptékehyet chaxtend. 22 Thus,
a vacuumis not forned near the base portions 291d of the flanges 291a, so
t hat B0 unitboemSpalol philighr ahe camilbernatitevedafererin ea@nta ret s faeset of
t he abutnent portion 291b except the

the chucking plate 206 is lifted, upward forces may be applied

to portions near the base portions 291d of the flanges 291a which

is brought into close contact with the semiconductor wafer W by

the connecting portions 291c. Thus, a vacuum 293 may be formed

15 near the base portions 291d {(see FIG. 6C), so that a polishing

rate may be locally lowered at those portions.

In the above viewpoints, in the present embodiment, the
connecting portions 291c of the ring tube 209 are made c¢f a scft
material having a higher flexibility than the abutment portion

20 291b. With this configuration, even if the chucking plate 206
is downwardly pressed for polishing, exXcessive downward forces
are not applied to the semiconductor wafer W which is brought
into close contact with the abutment portion 291b because the
connecting pertions 291c are likely to be elastically deformed,

25 5o that a uniform polishing rate can be achieved over the entire
surface of the abutment portion 291b except the flanges 2%1a.
Further, even if the chucking plate 206 is lifted for peolishing,

excessive upward forces are not applied to the abutment portion
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5 flanges 291a. Only a vertically extending portions 291f (see FIG 5) of
the connecting portions 291c nay be made of a soft material having ashugRoos
flexibility, or, in addition thereto, portions 291g held by the ring tube
hol der 292 may al so be made of a soft material having a high flexibility.
10 FIG 7 is a vertical cross-sectional view showi ng a second exanple of an
el astic nenbrane of a ring tube in a substrate hol ding apparatus according
to the preéséntoeaueptitne doantdet ingganiliensoP Stlkea sechiide Bx anp ket enle
connecting portions 291c have thin portions 294 having a thickness snaller
t han t he fThiucknessaofiulbi ¢ hreo taliutmremt npart tba 293b. pdhiel ¢ ¥ Plot tdfon$e294
are constricted inwardly as shown in FIG 7. Wth such thin portions 294,
even if tfRengkeckPhg,pbateh2062 i bfewsarb dovinivag dfat d grampolel skhihigved
excessive downward forces are not applied to the sem conductor wafer W
whi ch is bivedghheienil et ovor Torr act thet Abvhreabupeeht 02X Py tExsre20 tipe
because the connecting portions 291c are likely to be deforned at the thin
porti ohs 294nces ERae.a Gni¥oRnVpsEishlay ekheadéag periérnevédlovdserhe
entire surface of the abutnment portion 291b except the flanges 291a.
Further, &ven Pf PRetBRUERNAGCHILACePCZGEONS Ki%lCedaorepBiidséhriga ervdéssi ve
upward forces are not 25 applied to the abutnment portiaon, 291b because the
thin portP6R€r1294 havd NG i ¢ ket L Thus, 08 vaBudffit 51 ABt thErREQ near
the base portions_291d of the flanges 291a, so tha uni f or m pol i shi ng
rate can B@ré&ﬁpévéalsv]%?iflhkéyetrﬁﬁfrr %FFE@ehBQd?ﬁeﬁggdP%érﬁ PoMS 8A°%0 6

JUN 2006 291b except the .fl.anges 29l1a. Particul arl when the thin portions
294 are f8 r’r@‘dSgg%aglattgrﬁélcg’%s‘flﬂ%taeduiﬁ?/vaﬁ]u?%/ﬁ?hyﬁtyCross-secti on, the

g?gg;@;i?f;ﬁaf?‘@pgw g_h%gémy\ﬁ%f/%:l??%?%h'oesvse—ds'ecEcl i%na81 'vie% gﬁé\&:iﬁ‘gla second

P
example of anelasticmembraneof a ring tube inasubstrateholding
apparatus according tc the present invention. In the ring tube
of the second exanple, the connecting porticns 2Z9lc have thin
portions 294 having a thickness smaller than the thickness of

15 the abutment portion 291b. The thin portions 2394 are constricted
inwardly as shown in FIG. 7. With such thin portions 294, even
if the chucking plate 206 is pressed downwardly for polishing,
excessive downward forces are not applied to the semiconductor
wafer W which is brought into close contact with the abutment

20 portion 291b because the connecting portions 291c are likely to
be deformed at the thin portions 294, so that a uniform polishing
ratecanbeachievedover theentire surface of the abutment portion
291b except the flanges 291a. Further, even if the chuckingplate
206 is lifted for polishing, exXcessive upward forces are not

25 applied to the abutment portion 291lb because the thin portions
294 are likely to extend. Thus, a vacuum is not formed near the
base portions 291d of the flanges 2%21a, so that auniformpolishing

rate canbe achievedover theentiresurfaceof the abutment portion
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5 exanple of an elastic nenbrane of a ring tube in a substrate holdin
apparatus according to the present invention. In the ring tube of th TR H08p
exanpl e, internedi ate nmenbers 295 having a | ow adhesiveness to the

sem conductor wafer Wis attached to the |ower surfaces of the base
portions 291d of the flanges 291a. Anynenbers 10 can be used as the

| s f / - waf
7S S IEL, 2988 o ae by Des Lo adhis) vapess (gt

W For exarp | 6phane as I'nt er nedi-ate e

295. The i : ' h f iy t hi | bl
! %tr;',trl d 3l JPRmher a3b S %% dpre %%]%ltgrr 12"‘%?@? Hrhdk Sy P Sal €

andpreferébl ave a thickness of 0 mm or sna enent,

15 even [ f-,tfie_chuaking phal 81208 ict dded Lok MAld SN, o2 VARIUY.d S

unlikely to be ear the base portions 291d of the flanges 291la

because the baserporgipns ¢814 1001t he kkaggesig9la %][i%wué‘fu!:\k@hbj a li% &

brought into close contact with the sem conductor water W Thérefore, a

uni foran plyi-giing, f ahe 1At henarbir-amed oy eh nhhen20 iend shBssuhtagk, ofiddqe
abut ment portion 291b except the flanges 291a. |Instead of nounting such

i nter medi gt FRITRES 8:-292d1nddPESt VERESS Hft WeeR fhe Dase nperki o 29#k of
the flanges 291a and the sém conductor wafer Wmay be weakened, for

exanmpl e, By e g-@ Q}E@Iﬁyﬁei,nih'ﬂ@rh@f&&ét%urnfe@ﬁ%r@fZQBehEiﬁﬁ?pQJtlicQ«ﬂS
291d 25 of the flanges 291a, or by form ng the | ower surfaces of the base

portions 29hesdseneght stheasesi cbh@ucBot waxarewticak tatnes-tseehanatewi ew
showing a fourth exanple of an elasticnenbrane of a ring tube in a
subst r at e shalfdiceg it he N 2006 appak al ds fadoof dangek@ Ae pResernbers
invention. In the ring tube of the fourth exanple, ring-Iike hardnenbers
296 nptle eknabratiepdabs haedentehapdtbhécchesber ABAbrankoR9lageiy.has a
stainless) are enbedded in the base portions 291d of the flanges 291a. Wth
low adhesiveness to the wafer W. For example, a cellophane tape
may be used as the intermediate member 295. The intermediate
membber 295 shouldpreferablybeasthinaspossible, andpreferably
have a thickness of 0.2 mm or smaller. With this arrangement,
15 even if the chucking plate 206 is lifted for polishing, a vacuum
isunlikely tobe formednear the base portions 291dof the flanges
29labecausethebaseporticonsZ29ldoftheflanges28laareunlikely
to be brought into close contact with the semiconductor wafer
W. Therefore, a uniform polishing rate can be achieved over the
20 entire surface of the abutment portion 291b except the flanges
291a. Instead of mounting such intermediate members 295,
adhesiveness between the base portions 291d of the flanges 291a
and the semiconductor wafer W may be weakened, for example, by
forming a groove in the lower surfaces of the base portions 291d
25 of the flanges 2%1a, or by forming the lower surfaces of the base
portions 291d as rough surfaces.

FIG. 9 is a vertical cross-secticnal view showing a fourth

exampleof anelasticmembraneofaring tube inasubstrate holding
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5 this arrangenent, even if the chucking plate 206 is dowwardly pressed
for polishing, excessive dowward forces are not applied to the 6 JUN 2006
sem conductor wafer Wwhich is brought into close contact wth the abutnent
portion 291b because downward forces by the connecting portions 291c are

di spersed by the hard nenbers 296, 10 so that a uniform polishing rate can
be achieved over the entire surface of the abutnent portion 291b gﬁ&gpt t he

flanges 28PRAT3EYS REFOTEvEA FP tihe HHRAG g yiEatd ©%06 18 Frfted d
langes 2610 ERARER SRETHEof DERDLY £° 596 JHCVEHE HoF BPa ¢ bR "o e 15
Uni 1 or m pOFFREng 115 6CRAn SHE Ieih dURHVBTRT NG, e sifFRaLoonl PR

o oS SecllBRATSH o SROWERS 8 TR el & oft o HSTE AChbr a0t o
et} on T TcEPFRTR SRESDI € E0: Fbsponde (oA Sats ¢ & % PRRGEuba U n

L

the cente (0] or war er as a CKNness sm an a

n the”sem condic W e han
renr ane 381G TR T KA Bbe "1 The TSt ek arae e B bRt oS S Pader

having a sehl eheCUbYRkdLe geReniall ¥ NES 1a Shidd _ReSfiward Goirddam.a gy i nder

having a | arger curvature, a vertical tforce applied to the base portion of

t he flang%otaﬁetc*&qln@oﬂa%tﬂﬁﬂg POt ORe 42 §, HINLBY6+Rash 4 FQnedus Ak aldqy,

i nwardly beconmes |arger than a force applied to the base portion of the
f1 angeo by sbhenhgenneetiimgmpebliiehinposht kongd vaadiah by caubvar die cHianef ore,

as shown in the fifth exanple, when the connecting portion 291h positioned
radially surface of the abutment portion 291b except the flanges 29la.
Further, even if the chucking plate 206 is lifted for polishing,
a vacuum is not formed near the base portions 291d of the flanges
291a because the hard members 296 prevent deformation of the
15 wvicinityof thebaseporticns 221ldef the flanges29la. Therefore,
a uniform polishing rate can be achieved over the entire surface
of the abutment portion 291b except the flanges 29la.
FIG. 10 is a vertical cross—sectional view showing a fifth
exampleof anelasticmembraneof aring tube in a substrate holding
20 apparatus according to the present invention. The fifth example
corresponds to an example of a ring tube in which a connecting
portion 291h positicned radially inwardly, i.e., near the center
of the semiconductor wafer W, has a thickness smaller than a
connecting portion 2211 positioned radially outwardly, in the
25 elasticmembrane29l of theringtubeofthefirstexample. Because
a cylinder having a smaller curvature generally has a stiffness

larger than a cylinder having a larger curvature, a vertical force

applied to the baseportionof the flangeby the connecting portion
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5 inwardly is thinner than the connecting portion 2911 positioned radlallg
outwardly, vertical forces applied to the base portions of the flangé&dURy0e
t hese connecting portions 291h, 291i can be adjusted to the sane |evel, and
a uniform polishing rate can be achieved over the entire surface of t he
abutment portion 291b 10 except the flanges 291a. \Wen the connecting

portion P?é%%;&gﬁg‘r&d S* Q{Lkg Al Y Ls ade of (2! ta%régf J‘ﬁé’ %%ﬁm

flexibili connect’ ng ‘portion p05| I one

outward'ytbp&k@efa@@gﬁy@oﬁf EheLi 1S oAl & d heosholtay, goef%tl% Are

expect ed Vertjcal cross-sect VIEM/S OW ng xth

exapl @ obo8liekasl £aapabi ang @le. Ay NOckihe A SUbsly Al %Wq{éilf@q

apparatus - according t resent entlon he 'sT xt exanp e corr esponds

to an exagﬁgﬁ ot awﬁbﬂgth%bﬁohﬂe%'lﬁ f?ofrlt%ﬂeﬁ%l oE&‘Eh%ﬁE‘d”Qngal%'ﬁU y

outwardly has”a fength l'argér than a flangé 1k projecting ra
inwardy, 1hﬂaEB§yei§%ﬂ§rxrﬁ@ﬁ&@?&@?t%@%&@n@étiﬁ@ ﬁdf&&ﬁl%ﬂf pbR8 thioh$ls

exanple. Wth this arrangenent, a sealing capability can be enhanced at the

flange 29%1h4pRQi§CdhHdaraadi ald st it mapelys aﬁﬁpib@@ 2 HALTRIIB pelicshinng rate
can be achieved over the entire surface of the abutnment portion 291b

except therfftrragesadfda. ngStheEs. cdAActhnoygbol2Ccake 2vemnt i 0&8l1i can be
cross-sectional views showing a seventh exanple of a ring tube in a

substrat ezholidicag tappies aldite Ac1di AGd 8 HRESPFrRSENL i sMveRttOfe A% skown in
FIG 12A, the elastic nenbrane 391 of the ring tube of the seventh 43 6 JUN

2006 exanpteribasdabvabutimentnparti enr39te havihg thangeat39dat iphojedi ng
outwardly, extending portions 391d extending outwardly from base portions
391c ldf thecébanges f39bgetsozfbam VWioovhs SO2nbet weepdiie experditngngar ti ons
391d and the fl anges
radially inwardlyismadecfamaterial havinga flexibilityhigher
than the connecting portion positioned radially cutwardly in the
ring tube of the first example, the similar effects are expected.
FIG. 11 is a vertical cross—-secticnal view showing a sixth
15 exampleofanelasticmembranecfaringtube inasubstrateholding
apparatus according to the present invention. The sixth example
corresponds to an example of a ring tube in which a flange 291)
projecting radially outwardly has a length larger than a flange
291k projecting radially inwardly, in the elastic membrane 291
20 of the ring tube of the first example. With this arrangement,
asealing capability canbe enhanced at the flange‘29lj projecting
radially outwardly, so¢ that a uniform polishing rate can be
achieved over the entire surface of the abutment portion 291b
except the flanges 291a.
25 FIGS. 12A through 12C are vertical cross-sectional views
showing a seventh example of a ring tube in a substrate holding

apparatus accerding to the present invention. As shown in FIG.

122, the elastic membrane 391 of the ring tube of the seventh
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5 391a, and connecting portions 391e connected via the ring tube holder 292
to the chucking plate 206. The extending portions 391d extend outwar dI*N 2006
fromthe base portions 391c of the flanges 391a to positions inward of tips
of the flanges 391a, and the connecting portions 391e extend upwardly from

outward ends of 10 the extending portions 391d. The flanges 391a, the

chul En BOGHAPD 2510, e SEESt D9,BOLL] o 9% a0 Ui extendiy |
B A e T e

pol 5110 ANy R I op bl et Sy epuoplod e slese:£ont o
comect . parILENs e, Bhe CEBNEELeR AR IENGEs J faCLgnld) plogbli ue

appl i e 20,410, ! nepase. ot ans Ate of sbhe thanges 399, (see Fl G %@]-ges

Ther ef ore, upwar orces app to the base portion

391a can bempde 2 resml. SRl 59 Shate OX6ESSIME MR fPrRes: AL not

applied to the abutnent portion 391b.” Accordingly, a vacuumi1s not forned

near the bage @Q&@n@néugaggd1%5f§&ntﬁ]@é pRsknbd PELREI IS BE Eﬁé%P@z‘fkg@@
achi eved over the entire surface of the abutnent portion 391b excepit the

flanges 3%ka.a dd dddis Case, itderd b ekngss of dihe conecd | e Pordh@nsns89le
or the length of the flanges 391a nmaybe vari ed between the connecting 44 6
JUN 2006 p@iri @t s posed dadi 3¢y 4 nvardhypwaed 1 fef eannactvagd pofid s ost
di sposed radially outwardy, as with the ring tube in the fifth or sixth
exanple. Furd hertendiend engthiohst A@lext efdendlpokkison®la39tharmibetwvant ed
bet ween the extendi ng portion disposed radially
portion 391k, the connecting portions 39le, and the extending
portions 391dare integrallymadeof the samematerial. Anopening
391f is formed in a central portion of the abutment portion 3%1b.
With this arrangement, in a case where the chucking plate
15 206 is lifted for polishing after the semicenductor wafer W is
brought into close contact with the abutment porticn 391b (see
FIG. 12B), upward forces by the connecting portions 39le are
converted into forces in horizontal or obligque directions by the
extending portions 391d, and the converted forces are applied
20 to the base peortions 3%9lc of the flanges 39la (see FIG. 12C).
Therefore, upward forces applied to the base porticns 391c of
the flanges 3%1a can be made extremely small, so that excessive
upward forces are not applied to the abutment portion 391b.
Accordingly, a vacuum is not formed near the base portions 391d,
25 so that a uniform polishing rate can be achieved over the entire
surface of the abutment portion 391b except the flanges 3%1la.

In this case, the thickness of the connecting portions 39le or

the length of the flanges 321lamay be varied between the ccnnecting
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5 inwardly and the extending portion disposed radially outwardly.
Furthermore, the thickness of the flanges 391a may be varied accordi rfig/UN2006
the type of a filmformed on the sem conductor wafer to be polished or the
pol i shing pad. When the resistance or the polishing torque transmtted to

t he sem conduct or waf er is Iarge 10 the thickness of the flanges 391a

shoul d preferabl cfe made er, |nllohr}drer to d}g{event tarsion of the. flanges
391a. In cher a%po“ch g ap]p%\r a% s Cé ctot nfgh? o THE ?H%? p%lf'r%lo%ln ment
descri bed QaLb VoeSeé t}e Jlal“h F%f dsi thB%he?’%ln%ag gg ?‘ne RL oY P&q as
Separ at e passages. wever passa €s e co i he

each ot her, re S i.C k er i
accordance rvmgéﬁrtph }%lﬁéf%l tude o &E’hethg‘ri}e{gg I?l %Eg%&%% I"i e tégjit he

serm conduci iy n1p%.ery A A8 1S 0 S‘&ﬂ%%@tkﬂd‘ﬁ’%‘gﬁﬁbﬁ@a‘? peessbagforee ity

appl i ed. Int irst e i ment e central 8an the ring

209 arg br%&ﬁi’ktdlwa?iddtﬁg“éx*@é}ﬁ’ti% p@ﬂtﬁéﬁﬁééﬁ%%@n%&wi1%19&«511\/&{1

However, the present | nvention i1s not limte 0 such confi gur at | on. For

exanpl e, &R, &lastidr Pad MBY:ReckRb8EPegednehet waeR o e 1centdaln dags 20&; and
ring tube 209 and the semiconductor wafer Wso that the central bag 208 and

the ring tahe 20hate 20 br@igbt 4 Mian pdiheatoc@MagtmWebRdtiBeor wafer
sem conductor wafer W Further, the above exanples may appropriately be

conbi ned wid Bbe pathsnthesxr die pbelsubsltgrpae hate o rappasatsitsnaecordiig to
the first 45 6 JUN 2006 enbodi nent descri bed above, the polishing surface is
consti t ut eebl imh itrhe t pokueht ran pad: t ¢dweviere sthe cpakbustiongysik f dacel d syaot
limted to this. For exanple, the polishing surface may be constituted by a
fi xedl@abr dgievehiTheebexedthbritlsinges $% ergtedild preferably be made larger
in order to prevent torsion of the flanges 391la.
In the substrate holding apparatus according to the first
embodiment described above, the fluid passages 31, 33, 34, 35
and 36 are provided as separate passages. However, these fluid
15 passages may be combinedwith each other, or the pressure chambers
may be communicated with each other in accordance with the
magnitude of the pressing force tobe applied to the semiconductor
wafer W and the position to which the pressing force is applied.
In the first embodiment, the central bag 208 and the ring tube
20 209 are brought intc direct contact with the semiconductor wafer
W. However, the present invention is not iimited to such a
configuration. For example, an elastic pad may be interposed
between the central bhag 208 and ring tube 202 and the semiconductor
wafer W so that the central bag 208 and the ring tube 209 are
25 brought into indirect contact with the semiccnductor wafer W.
Further, the abcove examples may appropriately be combined with

each other.

In the substrate holding apparatus accerding to the first



5into a flat plate conprising abrasive particles fixed by a binder. y%th
the fixed abrasive for polishing, the polishing process is _performed6 N 2006
byt heabr asi veparticl essel f-generated fromthe fixed abrasive. The fixed
abrasive conprises abrasive particles, a binder, and pores. For exanple,
cerium di oxi de (Ce02) having 10 an average particle dianeter of 0.5 pmis

used as aR@BLAKNE dPSEEIELE aRAE EPAXYL I BSIHY AP sUSed -aSi & RiRderutIch a
fixed abrasive forns a harder polishing surface. The fixed abrasive

includes a.f ivred e ey Q@éj:iha\ﬂcﬂ&x@eﬁMﬂtﬂlélylﬁél§£lﬁ9ﬁ@;urs@rff9&@eq$ Bta thin
| ayer of a fixed abrasive and an elastic polishing pad 15 attached to a

| ower surflageteld te tiayer ofothexhixed, akhasipe.isdGid 090r deser ivhed rabove
may be used for another hard polishing surface. As described above,

accor di ng chasthe uswsbraterhakdi Agragppar atuse of it i rsdiwirbiadinmmdeOf the
present invention, 20 pressures to be applied to the substrate can

i ndepehdentky He&laantTotd ednpand inenger as prepsintd dlerscei applbved dimdaert.hi cker
area of athin filmcan be made hi gher than a pressing force applied to a
t hi nner aWeahothehtitdd midndanvd ferrebyldeheéati vehy palri eashggrddes pald shi ng
rate of the thicker area of the thin film Thus, 25 an entire surface of a
subst r at epeaficlveiegob ¥ shehlexasi vy pho ta cldess e bi- deverat eddypecthed iofed he
filmthickness distribution obtained at the time the thin filmis forned.
Further, epeasiive.a Vbet fédEPyabvasblie rembedses pbassededparmiaradias f 6r
polishing, 46 6 JUN 2006 excessive downward forces are not applied to the
subst r at ebdhidelf . egdopeugist- | Aes ekeseleeontasti Ui HhorAclcad Gefdnt NForii%n, so
that a uniformpolishing rate can be achieved in an area between the base
port ildhs. BRuPVRERICePer M 18 Werfmeddd w ImfvrabPE! msnbised @S an abrasive

particle, and epoxy resin i1s used as a binder. Such a fixed

abrasive forms a harder polishing surface. The fixed abrasive

includes a fixed abrasive pad having a two-layer structure formed

by a thin layer of a fixed abrasive and an elastic polishing pad

15 attached to a lower surface of the layer of the fixed abrasive.

IC-1000 described above may be used for ancther hard polishing
surface.

As described above, according to the substrate holding

apparatus of the first embodiment of the present invention,

20 pressures to be applied tc the substrate can independently be

controlled, and hence a pressing force applied to a thicker area

of a thin film can be made higher than a pressing force applied

to a thinner area of the thin film, thereby selectively increasing

the polishing rate of the thicker area of the thin film. Thus,

25 an entire surface of a substrate can be polished exactly to a

desired level irrespective of the film thickness distribution

obtained at the time the thin film is formed. Further, even if

avertically movable member is pressed downwardly for polishing,

46



5 lifted for polishing, excessive upward forces are not applied to the

abut nent portion, so that a vacuumis not formed near the base porti cndNo¥06
the flanges to achieve a uniformpolishing rate in an area between the base
portions. Next, a substrate hol ding apparatus according to a second 10
enbodi nent of thepr esent invention will be described below FIG 13 is a

vertical crpsscse q%@%%%%@g@ 10 3081 Dol 232 substLaLe ol i ng

apparatus accor e secon resenf rnvéntion, and

FIG 14 LG, 1 h
= éPhe to”@ %g‘%’ 398 LR rtﬂguat])%tra A %r iGn 13, A3, shown

in FIG 15‘ I ng cons uting a I'ng apparatus

conpri ses 2, £ap, .neﬁ% i ckhe g%énaoéhfe&é/é'm hcg#l houstngemi thea

rece|V|ng space ern a retalner rin xed to t

end of th%é@ﬂdr‘%&o@ﬂdy Zurthed, Ogvéhngfbao%ér%l'c%lr[%ﬁo%bﬁe H@fmﬁél’ais

havi ng hi gh strength and rigidity, such as metal or ceram cs.

retaingr rifgcediid f“EBﬂfghf%@h|ékéé£%£b§YE5WE%&Cfof@§érhré*ﬁéﬁ“éﬁblf%dthe
|ike. The top ring body 2 conprises a cylindrical housing 2a, an annul ar

pressuri zidg t3keabusHpper boZBibht t &6 1HHO at HecueM! i HddiCcabrpeidt hearofné he
housi ng 2a, and an annul ar seal 2c 25 fitted over an outer circunferential

edge of amdfpeorsudmeces dhetilampiusicdgaZRictben netidonerpsl Dgh3nysrdtxed to
the lower end of the housing 2a of the top ring body 2. The retainer ring
3 has a | awerarpaite®roprwpest thg badeapbytibwardly. The retainer 47 6 JUN
2006 ring 3 may be fornmed integrally with the top ring body 2. Atop ring
drive shaft 11 iMNexdisposetisébbeve hbediegtambarpons iacrafditte thoassexp2d of
the top ring body 2, and the top ring body 2 is coupled to the top ring
drivel@haﬁmmnﬁimemtgﬁhkggabsentinventionwillbedescribedbelow. FIG.
13 is a vertical cross-secticonal view showing a top ring 1 as
a substrate holding apparatus according to the second embodiment
of the present inventiocn, and FIG. 14 is a bottom view showing
the top ring 1 shown in FIG. 132. As shown in FIG. 13, the top
15 ring 1 constituting a substrate holding apparatus comprises a
tepringbody 2 inthe formofacylindrical housingwithareceiving
space defined therein, and a retainer ring 3 fixed to the lower
end of the top ring body 2. The top ring body 2 is made of a
material having high strength and rigidity, such as metal or
20 ceramics. The retainer ring 3 is made of highly rigid synthetic
resin, ceramics, or the like.
The top ring body 2 comprises a cylindrical housing 2a,
an annular pressurizing sheet support 2b fitted into the
cylindrical portion of the housing 2a, and an annular seal 2c
25 fitted over an outer circumferential edge of an upper surface
of the housing 2a. The retainer ring 3 1s fixed to the lower

end of the housing 2a of the top ring body 2. The retainer ring

3has a lower portion projecting radially inwardly. The retainer
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5 joint 10. The universal joint 10 has a spherical bearing nechanism b
which the top ring body 2 and the top ring drive shaft 11 are tiltab?ﬂxﬁﬁmm
respect to each other, and a rotation transmtting mechanismfor '
transmtting the rotation of the top ring drive shaft 11 to the top ring
body 2. The spherical bearing nmechanism 10 and the rotation transmtting
mechani sm t.ransmt a.pressing.force a a rotating force fromthe top rin
S :é ﬁfg%| £ g % p g

drive shagﬁnf; tgw?he op -} ngﬁEﬂF _'V% If%ﬁﬁﬁﬁptﬁéngo O?Vn ‘body 2
and the top r'n%t%r'vﬁn%ﬂﬁkﬁv%}s%%pﬁfé ;H%pﬁégkﬁgﬁéfﬁcﬁﬁ% %%éa%ghé¥aer.

The spheri cal bearlﬁgrne Ni"sm co

12 defi ngd Sonts ald ¥l e daper, sur fiace ol the g Lamy bng did va,shaft 11

a hem spherical” concave recess defi ne e upper surtace of

the housing, ndoé‘)?% 85 l&%%g;i&%%l +9ae 4 qgtg) 8F 5 8 gy, lryda %@J&szégaéa such

as ceramncs nt er pos bet ween t he cave recesses a an t he

ot her 20 %aggt tde rz%eaﬁﬂnpvei«gsm%@i%ti1;w§gggg%}{1ewa MPE 5588 HI MBI 18

(not shown) fixed to the top ring driv nd driven pins (not

shown) fixgdyhochhenboush NG Zpbdaen hfigties top Ling Bedye 2nisrtiitadwith

respect to'the top ring drive shaft 11, the drive pins and the driven pins

remai n incgngagerent W tdseach tof BEENZo i | @ neoRtanta PRIt s afen idi S qced
because the drive pin and the driven pin are verticallynovable relatively

to each othRehankibus.fort ke arndttd tdhd nans Mddd Nig irechates Mdeldialy ydiransm ts
rotational torque of the top ring drive shaft 11 to the top ring 48 6 JUN
2006 body s2afthel ttap thiengopadyn2bang 1 he met apbheritblp S secgnetianide top
ring body 2 have a space defined therein, which accoormbdates therein a seal
ri ng 404 hav tge aoltawsonstr asel bt dug e dhatrd stontagémit a pressing force
and a rotating force from the top ring drive shaft 11 te the top
ring body 2 while allowing the top ring bedy 2 and the top ring
drive shaft 11 to be tilted with respect to each other.
The spherical bearing mechanism comprises a hemispherical
15 concave recess lla defined centrally in the lower surface of the
top ringdrive shaft 11, a hemispherical concave recess 2d defined
centrally in the upper surface of the housing 2a, and a bearing
ball 12 made of a highly hard material such as ceramics and
interposed between the concave recesses 1la and 2d. On the other
20 hand, the rotation transmitting mechanism comprises drive pins
(not shown) fixed to the top ring drive shaft 11, and driven pins
{(not shown) fixed to the housing 2a. ZEven if the top ring body
2is tilted with respect to the top ring drive shaft 11, the drive
pins and the driven pins remain in engagement with each other
25 while contact points are displaced because the drive pin and the
drivenpinareverticallymovable relativelytoeachother. Thus,

the rotation transmitting mechanism reliably transmits

rotational torgque of the top ring drive shaft 11 to the top ring
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5 with a peripheral portion of the sem conductor wafer Wheld by the to
ring 1, an annul ar holder ring 405, and a di sk-shaped chuckingpl ate N 2006
(vertical |l ynovabl ernenber) which is vertically novable within the receiving
space in the top ring body 2. The seal ring 404 has a radially outer edge

cl anped between 10 the holder ring 405 and the chucking plate 406 secured
to the |ower end of the holder ring 405 and extends radially inwardly so
as to cover®he?t ower surface of the chucki ng plate 406 near its outer

"t o contact i tTIEHPRGHEN SarH e ol 18 TRESSBATChHdAC GFOMEFEr “WEeE e
ateral sUeh S0 b PRYVERC™ i S5 ane TULDH LEBSRY Mol b BHanE oBBERS or
e et BOPEL i athe L ETROPLG-P5niEl Shdl BRS A EOERalF Pl 80 0ot
Goal T Png Hod shatt' heret abr SR o P g PR P AR DogR R BN R ng
Plat A preaeios et o it M Ble S o Fo i AT BB LG
207 has & Tt S TS Puarer aba T nmea Boaags e S e RN G oy sheet
pressuri ziﬂ@v%%twwﬁpﬁrEh@br@f:e&k}@ntgoggat’:lengm% 2o iy kRl Y i nner

edge cl anped between an upper 49 6 JUN 2006 end portion 405a and "a stopper

405b of the hol defe Isie?a ﬂ@ﬁﬁ e hakoP reidn@ 1hedyu e r thRy L RUBkbBA HéBlE406,
the hol der ring 405, and the pressurizing sheet 407 jointly define a

pressupe ctiodesldd2lringthest opdring Eoadyk 2ng ASl SHOWI 6 Nnsdd€xred 3to azd ui d
passag® lower end of the holder ring 405 and extends radially inwardly
so as to cover the lower surface of the chucking plate 406 near
its outer circumferential edge. The lower end surface cf the
seal ring 404 is brought into contact with the upper surface of
15 the semiconductor wafer W to be polished. The seal ring 404 is
made ofahighlystronganddurable rubbermaterial suchas ethylene
propylene rubber (EPDM), polyurethane rubber, or silicone rubber.
The semiconductor wafer W has a recess defined in an cuter edge
thereof, which is referred to as a notch or ocrientation flat,
20 for recognizing (identifying) the orientation of the
semiconductor wafer. The seal ring 404 should preferably extend
radially inwardly of the chucking plate 406 from the innermost

position of such as a notch or orientation flat.

A pressurizing sheet 407 comprising an elastic membrane
25 extends between the holder ring 405 and the tep ring body 2.  The
pressurizing sheet 407 has a radially outer edge clamped between

the housing 2a and the pressurizing sheet support 2b of the top

ring body 2, and a radially inner edge clamped between an upper
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5 31 conprising tubes and connectors comrmuni cates with the pressure chanber
421, which is connected to a conpressed air source 120 via a regul at 6/UKR2006
provi ded on the fluid passage 31. The pressurizing sheet 407 is made of a
hi ghly strong and durable rubber material such as ethyl ene propyl ene rubber
(EPDM, 10 pol yurethane rubber, or silicone rubber. In the case where the
pressuri zi ng sheet 407 is made of an elastic material such as rubber, if

the press@izPAgtiRBet 02203 & Fitgedry &Pahpel P& hedrlethé 1pet 4P Rer Theg 3
dthe t i, d , t desi red _hari t al f t

i nt & ned BF5 Fod R Hower 00t 006 o I T ATer Tiehg ) B UGS of S ast i ¢

detor | o OF L1, B sssly) 109, shegl 407 85, o Gl astLE maLer o or der

(e ToUSI 19128, 1,1 e 8,1 O, gy 2 andthe, s ncgesur 2ng, Shaelsupert 20
i 3 icall | it t to t t o I bod

1100, 3 e L LY, G TR AN £ SSBegl L0 LIELORTLES RO R o

surface 'dﬁ%ﬁg%'}d%}' ywﬂgckh i st 88n5'e992?§g¥i %é#%ﬁ%’%%e&%%f?’sé@?ce 120

pressuri zing eet 407 'I'S "not "necessari af or enmentioned

menner . Agleani pgqli guid Rassgagydatal md heylormah ap, annulan, grogye i

defined in the upp surface of the housing 2a near its ou

ci rcunf er efldsah, /8496, LLele MGy LNe BRA AC Ohilhe | P R P MM 2008,1d ng

body 2 is fitted. The cleaning liquid passage 451 ‘conmunicates with a fluid
passage 3Zupirdrd hif &HYR haJe:-153s aftthylSnSUpRblbed oMd hrappkeanimemk) qui d

(pure water) via the fluid passage 32. A plurality of comunication hol es
453 are dehilRedethane rubber, or silicone rubber.
In the case where the pressurizing sheet 407 is made of
an elastic material such as rubbker, if the pressurizing sheet
407 is fixedly clamped between the retainer ring 3 and the top
ringbody 2, thenadesiredhoeorizontal surface cannot bemaintained
15 on the lower surface of the retainer ring 3 because of elastic
deformation of the pressurizing sheet 407 as anelasticmaterial.
In order to prevent such a drawback, the pressurizing sheet 407
is clamped between the housing 2a of the top ring body 2 and the
pressurizing sheet support 2b provided as a separate member in
20 the present embodiment. The retainer ring 3 may vertically be
movable with respect to the top ring body 2, or the retainer ring
3 may have a structure capable of pressing the polishing surface
independently of the top ring body 2. In such cases, the
pressurizing sheet 407 1is not necessarily fixed in the
25 aforementicned manner.
A cleaning liquid passage 451 in the form of an annular

groove is defined in the upper surface of the housing Z2a near

its outer circumferential edge over which the seal 2c of the top
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5 in the housing 2a and the pressurizing sheet support 2b in comunication
with the cleaning liquid passage 451. The communication holes 453  ¢JUN2006
communicate with a small gap G defined between the outer circunferential
surface of the seal ring 404 and the inner circunferential surface of the
retainer ring 3. 10 The chucking plate 406 has a central port 408 provided
on a lower surface of a central portion of the chucking plate 406, wth an
openi ng 4084 YePrR¥d at & cénti8F-por t1'8n ofedhe Eedtfail S pBFrEsaa8. ¥ Ying

t ube 409 which serves as an nt menber,_ brought int tact with the
seni conduct O ikt et WIW§' an HESDQW%%%C@%I& %@8“8 t&%@g EEIEI@ @Atidki ng

E'fhitwﬁ o 5 GEPHS S 1 TG [abllqy?ecfg fher(ﬁ: S o 3 fr:%}’”%mérw y
40
306 has SHATH DA o spﬁﬁ%gi,&g o O T2 TR 420 Bt GRS of

h be 409, | h nbodi 440
or ovi d8q. efmaoy%&t&i ri%ﬁ%h@ss%gﬁ%%@?x {72ino 4R0bFoddhnt i nt o

t act t f W d
tube hol Yj“eér'*ﬂ@rg“ o SReETy ol TS erashie 2o nerBrans ho1 TS
posi t on. rane% A9 3%%&%%%%% § o, 551 o50%0 ddergla by

t he elastlc ne e ring tube i hed

bet ween t he, Ghugki I m t e i d
into a p|E%%|.ty S?QEEE%Eg'%%QE“%EQI%%gé%gyS?%gg%%ng%tﬁ@% %%%Y %@%%ré?ﬁgly,

a pressur e hamer vt IS r Al diachd ot ad e d swad dl oh Ofr 4161 Hd NG f:44hes 409,
i.e., around the <central port 408, and a pressure chanber 424 is defined
radi alby outwarleyy cefuctihiend bnatlubesdO9s 4 certraar puRd the sSHsti@adpaitions
a lower surface of a central portion of the chucking plate 406,
with an opening 408a defined at a central portion of the central
port 408. A ring tube 409 which serves as an abutment member
brought into contact with the semiconductor wafer W is mounted
15 in a space defined between the chucking plate 406 and the
semiconductor wafer W. In the present embodiment, as shown in
FIGS. 13 and 14, the ring tube 40% is disposed radially outwardly
of the central port 408 in surrounding relation thereto. The
chucking plate 406 has suction portions 440 extended downwardly
20 therefromoutsideof theringtube 409. Inthepresent embodiment,
six suction portions 440 are provided.
The ring tube 409 comprises an elasticmembrane 491 brought
into contact with the upper surface of the semiconductor wafer
W, and a ring tube holder 492 for detachably holding the elastic
25 membrane 491 inposition. Theringtube 409 has a pressure chamber
422 defined therein by the elastic membrane 491 and the ring tube
holder 492. The space defined between the chucking plate 406

and the semiconductor waferWisdivided intoapluralityof spaces
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5 440. The el astic nenbrane 491 of the ring tube 409 is nade of a hi%hI%
strong and durabl e rubber material such as ethylene propylene rubber JUN 2006
(EPDM , pol yur et hane rubber, or silicone rubber, as with the pressurizing
sheet 407. A fluid passage 33 conprising tubes and connectors 10

conmmuni cates with the pressure chanber 422 in the ring tube 409. The

h 422 i d ai 1
oo ettt ST A e e 7
i Si hes . s i s Wi i
cezFraI pg??ﬁﬁ5§%r %éaggﬁi%QWaﬁgﬁnggQﬁﬁér%gch%?%é%%% ﬁgerheQESHB%egg%d air
120 vi | ted to the fluj 34,..T
sucton poitl B e thEb%h Bl ARPRSERER MO SR RIER R ARy

fluid pas%ﬂ&g«atzgoﬁt;ﬁfi%@‘p{ﬂéiﬂ% 65983 AN E‘?@r.‘eg%%&ndﬁee EH{E%@% ;%8{%&% 440

are connecte e conpres arr sdurce’'1 via a regu

connected 4 thewll uhd passades 5. Tae conphesserleally,S0upe; o 1g0qdeyel ops

a negative pressure at the opening ends o ni cation es 440a of

the sucti o Roili pns: 440 9081 hath1 carsREbEORAYEar Mafier WS o L syeti on

portions 440. The suction portions 44 ave el astic sheets 440b, such as

thin rubbeyyrgheelite rdbnatt @ahed 1901 BetEthoaner Badls,, h?%litlﬂ%b%@/m%@éﬂcm ly

contacting ard hol ding the sem conductor wafer Wn the | ower surfaces

thereof. zheypressiy & ehaobel si421sh0-4240are connected to the respective
regulators R2 to R5 through a rotary joint (not shown) nmounted 52 6 JUN 2006

on the upper endy ofi1bhe tppsshge sh@f cohpdisEhey pressud eaghabeind2do apove
the chucking plate 406 and the pressure chanbers 422, 423, 424 are supplied

W th peessummad cdidB dd 3ucheasr s @sseirdizadat ¥ 2Qr iat s phierg cubker 4 08 .
evacuat ed, .
The pressure chamber 422 is connected to the compressed air source
120 via a regulator R3 ceonnected to the fluid passages 33. A
fluid passage 34 comprising tubes and connectors communicates
with the opening 4C8a of the central port 408. The central port
15 408 is connected to the compressed air source 120 via a regulator
R4 connected to the fluid passages 34. The suction portion 440
has a communication hole 440a communicating with a fluid passage
35 comprising tubes and connectors. The suction portions 440
are connected to the compressed air scurce 120 via a regulator
20 RS connected to the fluid passages 35. The compressed air source
120 develops a negative pressure at the opening ends of the
communication holes 440a of the suction portions 440 to attract
a semiconductor wafer W to the suction portions 440. The suction
portions 440 have elastic sheets 440b, such as thin rubber sheets,
25 attached toc their lower ends, for thereby elastically contacting
andholding the semiconductorwaferWon the lower surfaces thereof.

The pressure chambers 421 to 424 are connected to the respective

regulators R2 to R5 through a rotary joint (not shown) mounted
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5 via the fluidpassages 31, 33, 34 and 35 connected to the respective
pressure chambers. As shown in FIG 1, the regulators R2 to R5 connedtl&d 2006
the fluid passages 31, 33, 34 and 35 of the pressure chanbers 421 to 424
can respectively regulate the pressures of the pressurized fluids supplied
to the respective pressure 10 chanbers. Thus, it is possible to

i ndependent |y control the essures in.the press chanbers 421 to 424 or
independeﬁF1thrHHQﬁﬁuﬁP%I%%s %r?%pa¥?n%r88§tbuxﬁﬁnto the pressure

421 to 424 aro NRISRERABHEY SUAPPEA 471 ARG FOgur BEGId PRoPEOC 5! pB <00 hat
po1 1 Shi ng AP 0T SRR D ted | 11 onar 4t eareror 4hel SRR at er
he pressor e aRaibars A3 Lo g oh iy 4 naSpBueRT Ty 20" bb ool Fatt T

L empor 3t 0T 5 A See CUeR i AR R auEoF &) PEai THE backsi do

of the surfacgk Q l&‘?ﬁm&@ﬂéheﬁs E’F}P%Cﬁkaﬂ‘ié’a when £2eh,0L tERG REESSU S

chanbers i's 1 ndependently controlled in tenperature, the rate of chem ca

25 reacti Qihreafe &y Q%ﬁﬁ@'ﬂl@ﬂd akB8qeRem cal3 paly shi e BrOEEs S 1fs s (P

Since there is a snall gap G between"the outer circunferential surface of

the seal rdmenA04 and ttBe4E@n_@ﬁn5§e§aoééJbﬁ*29Qﬁ etgeunt erend ide sélifec e ©f the
retainer ring 3, the holder ring 405, the chucking plate 406, and the seal

ring 404 atteachedséoritbe ahuckisngspbpl eed06ocathyertkpatkyvbe prmsed.m t h
respect to the top ring body 2 and the retainer ring 3, and hence are of
10 chambers. Thus, it 1s possible to independently control the
pressures in the pressure chambers 421 to 424 or independently
intreduce atmospheric air or vacuum into the pressure chambers
421 to424. Inthismanner, thepressures inthe pressure chambers
421 to 424 are independently varied with the regulators R2 to
15 R5, so that the pressing forces to press the semiconductor wafer
W against.the polishing pad 101 can be adjusted in local areas
of the semiconductor wafer W.
In this case, the pressurized fluid or the atmospheric air
supplied to the pressure chambers 422 to 424 may independently
20 Dbe controlled in temperature. With this configuration, it is
possible to directly control the temperature of a workpiece such
as a semiconductor wafer from the backside of the surface to be
polished. Particularly, when each of the pressure chambers is
independently controlled in temperature, the rate of chemical
25 reaction can be controlled in the chemical polishing process of
CMP.

Since there is a small gap G between the ocuter

circumferential surface of the seal ring 404 and the inner
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5 a floating structure with respect to the top ring body 2 and the rzt@hg&%
ring 3. The stopper 405b of the holder ring 405 has a plurality of t d

405c projecting radially outwardly fromthe outer circunferential edge

t her eof . Downward novenent of the nenbers including the holder ring 405 is
limted to a predeterm ned 10 range by engaging the teeth 405c with the

upper SUF%f%%%f%%%ﬂ%&%ﬁ%’aéé‘% dhy %%gg%r&%&’é’g{f %Re%o%@%rrﬁ,g@é”er

ring 3. ase Wwhere the c 'ng p e i's nade of

(pol yphenyj gne st fd.hqlec)kj:n# ];Ilalta% RICRS SUL&y Eﬁgﬁ%@a&r E_§L§BV§84 tc%@gggﬁ%éztloi >

hi gher than t’he pressures pressure c ers 4 el ow t he

chucking pliad €408 10 1Ghuckioyg d%lnab%ritad%qag 52 k %ﬁtnﬁtﬁw@égﬁ@c@o%éi ons

440 press the sem conductor wafer Wto increase polishing rates at those

local areas,e AGErHhOPYay thenhuckd ngepl aler 406,y N3 f henpriesent epbogdi ment

is made of a material having a larger stiffness and a |i1ghter 20 wel ght

thanPP§, & §1028A% et ReLl@EablysBEbero RINEBRCRINg r@éﬁ iakngueheas a
gl ass fiber reinforced material. Thus, with the chucking plate 406 nmade of

a materi aly fhayi ddr arl g ge. stidd nessopeevemsh fot henPressae Fmgheopressure
chanber 421 is higher than the pressures in the pressure chanbers 422 to

424 bel ow 4 heuehuakiyngr 2 raue 5406rc § betehyckd s Pl ploe: t4QG ecemes tindi kel y
to be bent, so that polishing rates are prevented f ronbeing

| ocal l yi naseasedcirfaiféeceathi &Y, eSgacehepony. r asiwnwasd o vageet i M thé 1S
suitable for cases where the filmthickness of a thin filmformed on a 54 6
JUN 2006 swatfleeres oficausenocddndoct derwafrer 49S i sgasurted] o hpeedetermimekness
met hod using eddy current in such a state that the sem conductor wafer to
be polPshethrige Het cerigadE ndphe ngethhd Ofmt wiital the npper| $nt fadet of epoxy
resin, and it is also effective to use other .
radially inwardly projecting portion of the retainer ring 3.
For example, in a case where the chucking plate is made
of PP3 (polyphenylene sulfide}, if the pressure in the pressure
chamber 421 is higher than the pressures in the pressure chambers
15 422 to 424 below the chucking plate 406, the chucking plate is
bent so that the suction portions 440 press the semiconductor
wafer W to increase polishing rates at those local areas.
Accordingly, the chucking plate 406 in the present embodiment
is made of a material having a larger stiffness and a lighter
20 weight than PPS, e.qg., epcxy resin, preferably a fiber reinforced
material such as a glass fiber reinforced material. Thus, with
the chuckingplate 406 made of amaterial havinga large stiffness,
even if the pressure in the pressure chamber 421 is higher than
thepressures in thepressure chambers 422 to 424 below the chucking
25 plate 406, the chucking plate 406 becomes unlikely to be bent,
so that polishing rates areprevented frombeing leccally increased.

Particularly, since epcxy resin has no magnetism, it is suitable

for cases where the film thickness of a thin film formed on a
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5 resin having a large stiffness, fiber reinforcedmaterials thereof, or
ceram cs. Next, operation of the top ring 1 thus constructed will besgJuN 2006
described in detail below. In the polishing apparatus constructed above,
when a 10 sem conductor waferWis to be delivered to the polishing
apparatus, the top ring 1 as a whole is noved to a position to which the
sem conductor waferWis transferred, and the conmuni cati on holes 440a of

t he sucti Gvipferad ohs 440l gpadechpscialEvi § s iad diphs: Sage L85 eghe
vacuum source 121. The sem conductor wafer Wis attracted 15 under vacuumto
the | ower TdDESLRG SHEYi O POt § ilonsuaB(R By ateuthpbntleg fsemi Gmndetor
communi cation holes 440a., Wth the_  sem conductor wafer Wattracted to the
top ring ¥afsie tPoBerbtylshedst ahfddl BYia tived % aThesiefehliabove e
polishing table 100 having the polishing surface (polishing pad 101)

t hereon. 20TEHEDRBECRINdFEentddl ddge é*flston@fg%rﬁtcldfﬁjlf& oS Swfidie Wi s
held by the retainer ring 3 so. that the sem conductor wafer W is not

removed fr&RITHRAYHRI Fli]ﬁ%gf. STEbt TPBF P s ARGt eth CohBiac ol 2nafdie ifPtme
attraction of sem conductor wafer Wby the suction portions 440 is

rel eased, °25 i tHe sem conductor wafer Wis held on the lower surface of

the top ring 1.  Sinmultaneoysl t top ring air |inder 111 connected to
the top ring dril\éé‘rp;hé’ﬂer U“l%i aoc{ﬁanee%qpo ng‘é?sé rcé’tneﬁ]tr?élr(:treicﬂd‘} ¥ixed
to the lower end of the to i 1 inst 55 6 JUN 2006 the polishing

surface o\#eet ﬁ%spco Jibs Crnlgn tcgebtlrae:L Oka)eg%gér a predeterm ned pressure. In such

e (25 St S g TEMESLLYE Ko AUBRLLEL Susl, praRE S
sem cORAUGLQr; WRfRlctor wafer Wis tobedelivered to the polishing apparatus,
the top ring 1 as a whole is moved to a position to which the
semiconductor wafer Wis transferred, and the communicationhcles
440aof the suctionportions 440areconnectedviathe fiuidpassage
35tothevacuumsource12l. ThesemiconductorwaferWisattracted
15 under vacuum to the lower ends of the suction portions 440 by
suction effect of the communication hcles 440a. With the
semiconductor wafer W attracted to the top ring 1, the top ring
1 as a whole 1s moved to a position above the polishing table
100 having the polishing surface (polishing pad 101) thereon.
20 The outer circumferential edge of the semiconductor wafer W is
held by the retainer ring 3 sco that the semiconductor wafer W

is not removed from the top ring 1.
For polishing the semiconductor wafer W, the attraction
of semiconductor wafer Wby the suction portions 440 is released,
25 and the semiconductor wafer W is held on the lower surface of
the top ring 1. Simultaneocusly, the fteop ring air cylinder 111

connected to the top ring drive shaft 11 is actuated to press

the retainer ring 3 fixed tc the lower end of the top ring 1 against
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5 Wagai nst the polishing surface on the polishing table 100. The polishing
| i quid supply nozzle 102 supplies a polishing liquid Q onto the pol ieshiNrgos
pad 101 in advance, so that the polishing liquid Qis held on the polishing
pad 101. Thus, the sem conductor wafer Wis polished by the polishing pad
101 with the polishing 10 liquid Q being present between the (Il ower)

surface, tobepolished, of the sem conductor wafer Wand the polishing pad
101. The tlorabodiehdngf el sedi eondulet o oddsEin t hablar el 0poshntdeoned
beneath the pressure chanbers 423, 424 are pressed against the polishing
surface e e el PyesS Ugte -t héN1B P éssiat e rRlSEuds i pl Pédstare he
pressure chanbers 423, 424. The | ocal area of the sem conductor wafer W
that is pEsIRGONEE L HEHERLA eChied (M PAES pree shived&rakbér 42h Adipreiaed via
the elastic nenbrane 491 of the ring tube 409 agai nst the polishing surface
under t he" PTRRGUYEE G aF Gies SHAFEY PEGFALREppIE e'"tP“EJoC‘?rF%u‘?@OEr”@sgqﬁ e

hanb 422. Th f , th | i shi i th ti
| ocal Sar ¢85 Detret BEH S Ui OroaiF PBa Lty 0%t SACRALBEndeIRT y by
trolling the sures of th ized fluid lied ta the
et Ve Utul SR stor 5B T N0 e b PN R Pt
| at to,R5 _25.ind d Late th f the .
b Sasur | SRETHUIE Pedpsiiey Paoy ha pr BT ehantor S o o LM F5m Y her eby
dj usti : . i i t I | . f
Seht conduc B e T sk i B REhs A PEESS TGS PR RSl r O 6
ne 0w _PO! M |
e of s B Rt e B e R o e
val ueg, thenSEIbeRNUCE AL s ¥Maf Bk t Wbl +HY €3588r PRIV d, o BRldshi sl pad 101
on the polishing tabl'e 100

of the semiconductor wafer W and the polishing pad 101.

The lccal areas of the semiconductor wafer W that are
positioned beneath the pressure chambers 423, 424 are pressed
against the polishing surface under the pressures of the

15 pressurized fluids supplied to the pressure chambers 423, 424,
The local area of the semiconductcor wafer W that is positioned
beneath the central pressure chamber 422 ispressedviatheelastic
membrane 491 of the ring tube 409 against the polishing surface
under the pressure of the pressurized fluid supplied tc the

20 pressure chamber 422. Therefore, thepolishing pressures acting
ocn the respective local areas of the semiconductor wafer W can
be adjusted independently by controlling the pressures of the
pressurized fluids supplied to the respective pressure chambers
422 to 424. Specifically, the respective regulatcrs R3 to Rb

25 independently regulate the pressures of the pressurized fluids
supplied to the pressure chambers 422 to 424 for thereby adjusting
the pressing forces applied to press the local areas of the

semiconductor wafer W against the polishing pad 101 on the
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S that is being rotated. Simlarly, thepressureof thepressurized fluid
supplied to the top ring air cylinder 111 can be regul ated by the re@dpﬁﬁgp
Rl to adjust the force with which the retainer ring 3 presses the polishing
pad 101. Wiile the sem conductor wafer Wis being polished, the force with
which the retainer ring 10 3 presses the polishing pad 101 and the pressing

force w thahighnd heaser canduct gr wafiels ssed,agal t | 4 shing
pad 101 Egh appgbpr?gtegyjbe adjusgggtgger%Z%ggg Epgfylngﬁﬁ%$lgﬁiﬂg%é

pressur es ddy e 4aSid 8dcRT @SN Lo ditsler d dH LRk Ot §r GaFIak b@&%g adfstdqFl G
14), an internediate area (C2), a peripheral area 15 (C3) a peri pheral

portion ofindhgdreiaidlef dd Nk} M Ghalies pogid !m&&a&@@r fatdE W is
sem conductor wafer W In this manner, the sem conductor wafer Wis divided

into thedriyseecageentsti cheigell s iangannolasn ateapo(@sHiagCBablehiech can
respectively be pressed under independent pressing forces. 20 A polishing
rate deperds tons BepheSss thgh & &1 C e iappld€ld; t oha preemesifichepmead ir Wagai nst
a polishing surface. As described above, since the pressing forces applied
to those &ledsl eappliirdependentiop beéngoair oty lethdéhd ldokershtageqiested t he
three circular and annular areas (O to C3) of the sem conductor wafer 25 W
can i ndepéndéhel yepelebntr®l| ed.adorsedgenttbyceewéihi #hibe thdimokiessof a
thin filmto be polished on the surface of the sem conductor wafer W

suf fers radirgl 3vareatsiesnshet helthhangi pad 001t héllsur 4 ddee gfentiheonductor

sem conductor wafer Wcan be polished 57 6 JUN 2006 uniformy w thout being
i nsuf fici édey Briekedssi pelysheri sherl fogwer Wi kb vantGh &hsureheénst Thed

sem conductor wafer. Mre  specificall even if the thickness of the thin
filntbbe pBFESAHca th# W%W%Eédﬁogﬁ@%Eﬂﬁmw Evatcsr WNERI 1 eF

dependlngthe semiconductor wafer W is pressed against the polishing pad

101 can appropriately be adjusted for thereby applying pelishing

pressures in a desired pressure distribution to a céntral area

(Cl in FIG. 14), an intermediate area (C2), a peripheral area

15 (C3), and a peripheral portion of the retainer ring 3 which is
positioned ocutside of the semiconductor wafer W.

In this manner, the semiconductor wafer W 1s divided into
the three concentric circular and annular areas (Cl to C3), which
can respectively be pressed under independent pressing forces.

20 A polishing rate depends on a pressing force applied to a
semiconductor wafer W against & pelishing surface. As described
above, since the pressing forces applied to those areas can
independently be contrclled, the polishing rates ¢f the three
circular and annular areas (Cl to C3) of the semiconductor wafer

25 W can independently be ceontrolled. Consequently, even if the
thickness of a thin film to be polished on the surface of the
semiconductor wafer W suffers radial variations, the thin film

on the surface of the semiconductor wafer W can be polished
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5 on the radial position on the sem conductor wafer W the pressure
pressure chanber positioned over a thicker area of the thin filmis
hi gher than the pressure in other pressure chanbers, or the pressure in a
pressure chanber positioned over a thinner area of the thin filmis nade
| ower than the pressure in other 10 pressure chanbers. In this manner, the

pressing {,qnce aRR) !Az?thogg ﬁ@?n&hir?kﬁff £anof ythe etx}@eréssfiix}emfg‘?:g'l%thetcﬂg

polishing surface” I's na I ghér than the pressing force appliedto t

thinner area ofnd henthie fikrradai pst 4he pehiisbhpg suhf agefethereye
selectively increasing the polishing rate of the thicker area 15 of the thin

film Congegeemtlw ltﬁee@é@ﬁ'ir@tﬁélFcﬁﬁ%%n@fsstcﬁ‘ﬁthéet_rﬂi?&@@%ﬁtt%bé\%fo%ﬁsWéhan be
polished exactly to a desired level over the entire surface of the

sem condughokhwat gl ribier bespeet k¥Ricehdtibe o Wifh akaesgedissteidautdion,
produced at the tine the thin filmis formed. 20 Any unwanted edge roundi ng
or, the cobhctid ezentilabosd@ecafon tthe sen conduet or widear WYV aad e spravent ed
by controlling the pressing force applied to the retainer ring 3. If the
thin fil minte de olishetinoiedt e sditicwridesent i alt redge: 0k rithec seth€ arduct or
waf er Whas | arge thickness variations, then the pressing force 25 applied
to the retfailmef s mangp Bigheirntleat itbrapt s s tce dasedher preducss chandeus:,
control the polishing rate of the circunferential edge of the sem conduct or
waf er W Whrehheher¢sessearinzedpirkegistdse anembappbdedt f onefieopress e roleamber s
422 to 424, the chucking 58 6 JUN 2006 plate 406 is subjected to upward
forces. | arehecprebenthenbbdimens, nadhel pressurdnr ddd Innas 9w supplatéet o t he
pressure chanber 421 via the fluid passage 31 to prevent the chucking plate
406 f¥om pbeisngriei Fheabgrder LRethof deanure, tidia ML Grdgslife rasamipeld e4p2

6 JU2006
made

to the thicker area of the thin filmagainst the polishing surface
is made higher than the pressing force applied to the thinner
area of the thin film against the polishing surface, thereby
selectively increasing the polishing rate of the thicker area

15 of the thin film. Consequently, the entire surface of the
semiconductor wafer W can be polished exactly to a desired level
over the entire surface of the semiconductor wafer W irrespective
of the film thickness distribution produced at the time the thin
film is formed.

20 Any unwanted edge rounding on the circumferential edge of
the semiconductor wafer W can be prevented by controlling the
pressing force applied to the retainer ring 3. If the thin film
to be polished on the circumferential edge of the semiconductor
wafer W has large thickness variations, then the pressing force

25 applied to the retainer ring 3 is intentionally increased or
reduced to thus control the polishing rate of the circumferential
edge of the semiconductor wafer W. When the pressurized fluids

are supplied to the pressure chambers 422 to 424, the chucking
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5 to 424. As described above, the pressing force applied by the top ring
air cylinder 111 to press the retainer ring 3 against the polishing pauN2ob
and the pressing forces applied by the pressurized air supplied to the
pressure chanbers 422 to 424 to 10 press the |ocal areas of the
sem conduct or wafer Wagainst the polishing pad 101 are appropriately
adjusted to polish the sem conductor wafer W Wen the polishing of the
sem condudtigite Yof e Wk e gt e shagwardel sepg conduct ve pweben tWilm ditngratt ed
again to the |lower ends of the suction portions 440 under vacuum At 15
this timetheh®regepint 7od tHelish ess uwibidd: 4 didsH et asfa g edsiteer cvanber s
422 to 424 to press the sem conductor wafer Wagainst the_ polishing surface
i's stopped}aaﬁgetﬁéubﬁe%%®$@g@h%hﬁé?§W¢??fﬂt§h$2@hdﬁél@§npé@t®o4@ﬁ rom
at nosphere. Accordingly, the |ower ends of the suction portions 440 are
br ought i W&dcortdctemriethéheofegrirsoftaetorthafere WU TR IIERRTF & ©hanber
421 is_vented to the atnosphere or evacuated to devel op a negative pressure
therein. o d4fe pressure chanber 421 is maintained at a high pressure,
t hen the sem conductor wafer Wis sirongl ressed against. the polishing

5 R 5% d

surface only in’ar B8§°BrEGGhEPPREe EBRt % §HES 25°3d6F BY bt tiths
440. After_ .attraction.of, th em conduct waf er . the top rin 1l as a
whol o 15 OVEd 06 BVRdOREFon 1o RhPERSEhEPSert LBARBEL biPo Wi WTs T3 be
(ranst or S NoDR T e Sy SOTULESRRS P5EANAIB AL |,
T e oD A0 10 85108 £L1 D SHBLLL RALILAI, 490 L9 s5hesse the
10 press the local areas of the semiconductor wafer W against the
polishing pad 101 are appropriately adjusted to polish the
semiconductor wafer W. When the peclishing of the semiconductor
wafer Wis finished, the semiconductor wafer W is attracted again
to the lower ends of the suction porticns 440 under vacuum. At
15 this time, the supply of the pressurized fluids into the pressure
chambers 422 to 424 to press the semiconductor wafer W against
the polishing surface is stopped, and the pressure chambers 422
to 424 are vented to the atmosphere. Accordingly, the lower ends
of the suction portions 440 are brought into contact with the
20 semiconductor wafer W. The pressure chamber 421 is vented to
the atmosphere or evacuated todevelop anegative pressure therein.
If the pressure champber 421 is maintained at a high pressure,
then the semiconductor wafer W is strongly pressed against the
polishing surface only in areas brought into contact with the
25 suction portions 440.
After attraction of the semiconductor wafer W, the top ring

1 as a whole is moved to a position to which the semiconductor

wafer W is toc be transferred, and then a fluid (e.g., compressed

59



5 The polishing Iiquid Qused to polish the sem conductor wafer Wtends to
flow through the small gap G between the outer circunferential surfacdeUbf2006
the seal ring 404 and the retainer ring 3. If the polishing liquid Qis
firmy deposited in the gap G then the holder ring 405, the chucking plate
406, and the 10 seal ring 404 are prevented fromsnoothly noving vertically

ith t tothe.t [ body 2 and th t aj ing.3.. T i.d h
B cubeshERh P ity 0 0R A oe) BRESh AL BRL L naden 8 AL, 5
32_to. th I [ | iquid. 451. . i ngly, t
Pasa0e 320 DR G ERLI RPN RaRRAC Ak o A0t Aty o e Bpe, dater
th G I i ; t | i.shi i gquj f
bei ng i iy e e e oap tae LR e e harePOen St A el i pe
supplied agﬁeertégerﬂg) i shed sem conductor wafer Wis released and until a

next sem conduct’'or wafer to be polished is attracted 20 to the top ring 1.

It is also prefepable, 1o seharge @ld e HpRlied, %ﬁgﬁi‘;{? ctQr the

top ring 1 before the next Sem conductor wafer is polis ence to

provi de the, #&t ai Rehas LRI Boli £ Sush Wiad idhs 1af g%@r@ug@tﬁgéﬁ%ﬁé Sfigyn i n

FIG 13. Furthernore, if a pressure buildup is developed in a space 425 25
defined betyeamtderiefal NQirfads St the é’@épeﬁrm%r@é%dm dd@®iner

pressurizing sheet 407, then it acts to prevent the chucking plate 406 from
bei ng el evadrad 3 n tiFe thep gdingHiady 12 quiherefior &1 rly afddeys teedl irowrde

chucking plate 406 to be el evated snmoothly 60 6 JUN 2006 in the top ring
body 2, theap Iy, ougbnhohetBadshaulmdy poéf etablahude oy eiaded 4her, egoalnigi ng
the pressure in the space 425 with the atnospheric pressure. As described
abovelfaccorali mgnityod @4 sudes praventelddf ngm smoothly moving vertically with
respect to the top ring body 2 and the retainer ring 3. To avoid
suchadrawback, acleaningliquid (purewater) is supplied through
the fluid passage 32 to the cleaning liguid passage 451.
Accordingly, the pure water is supplied via a plurality of
15  communicaticon holes 453 Lo a region above the gap G, thus ¢leaning
the gap G to prevent the polishing liquid Q from being firmly
deposited in the gap G. The pure water should preferabkly be
supplied after the polished semiconductor wafer W is released
and until a next semiconductor wafer to be polished is attracted
20 to the top ring 1. It is also preferable to discharge all the
supplied pure water out of the top ring 1 before the next
semiconductorwafer ispolished, andhence toprovide the retainer
ring 3 with a plurality of threough-holes 3a shown in FIG. 13.
Furthermore, 1f a pressure buildup is developed in a space 425
25 defined between the retainer ring 3, the holder ring 405, and
the pressurizing sheet 407, then it acts to prevent the chucking

plate 406 from being elevated in the top ring body 2. Therefore,

in order to allow the chucking plate 406 to be elevated smcothly
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5 apparatus of the second enbodi nent, the pressures in the pressure

chanbers 422, 423, 424 are independently controlled to control the pFéEEFW@
forces acting on the sem conductor wafer W The ring tube 409 of the
substrate hol di ng apparatus according to the second enbodi nent of the
present invention will 10 be described in detail below FIG 15 is a

vertical cross: j | showi pg Iy b R v13.
A shoan (1 BTG 5 tRg Br Sl PUnenbr e et e e 406 T e

present enhogimptgdascan Meng PO 119Fe 4910 hayi Nge 4 aN9es1491p: tn
projecting outwardly, and 15 connecting portions 491c connected via the ring

t ube hol deth A% md SHprdrei €hpeki Hgrpl ate 406. The connecting portions 491c
extend upwardly fromthe base portions 491d of the flanges 491la. A | ower

surface of the abutaestrpeedi ebAXLD hscbraught tonto eomiachtw tholdhegupper
surface of the sem conductor wafer W The flanges 491a, 20 the abut nent

porti obh 4%Hpamdid bé onpeebndgeposdinest 43he pressuptedirakhy gesgeswfet he
sanme nmaterial. As described above, when the sem conductor wafer is polished,
pressuri zethaads 482 4appl Hed soet hedppesdanel ghapberod22d and-oriteol
pressure chanbers 423, 424 surrounding the ring tube 409. 25 Thus, the

fl anges 49tee gredwioughforeoe® at0segcont abt senhhcthductem eafductior wafer W
by the pressurized fluids supplied to the pressure chanbers 423, 424.
Accordingly, evdhd frihe puesst@® of tthe psdssurazedhbllyiicas ygpasdiyes t he
pressure chanber 423 61 6 JUN 2006 or 424 surrounding the pressure chanber
422 is comsiErcilYy thi ghe s e qdivh eiihe dafesdup € tdTe phe sendssuveredon|wi bl
supplied to the pressure chanber 422 defined in the ring tube 409, the

hi gh- bf esffr dF3%i P ed ukt Ak bl PRECHr essure chanber 422 is prevented from

flow n , . : ) : .
9 FIG. 15is a vertical cross—secticnal view showing the ring

tube 409 shownin FIG. 13. AsshewninFIG. 15, theelasticmembrane

491 of the ring tube 409 in the present embodiment has an abutment

portion 491b having flanges 49la projecting cutwardly, and

15 connecting portions 491¢c connected via the ring tube holder 492

to the chucking plate 406. The connecting portions 4%1c extend

upwardly from the base portions 421d of the flanges 491a. A lower

surface of the abutment portion 491b is brought into contact with

the upper surface of the semiconductecr wafer W. The flanges 491la,

20  the abutment portion 4%91b, and thc connecting portions 491c are
integrally made of the same material.

As describedabove, when the semiconductorwafer ispolished,

pressurized fluids are supplied teo the pressure chamber 422, and

the pressure chambers 423, 424 surrounding the ring tube 409.

25 Thus, the flanges 4%la are brought into close contact with the

semiconductor wafer W by the pressurized fluids supplied to the

pressure chambers 423, 424. Accordingly, even if the pressure

of the pressurized fluid supplied to the pressure chamber 423
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5into the lower portion of the ring tube 409. Therefore, the flanges 491la
can wi den the range of pressure control in each of the pressure chantfel§ 2006
for thereby pressing the sem conductor wafer nore stably. Openings 491e are
formed at a plurality of central portions 10 of the abutnment portion 491b
of the ring tube 409, and thus a pressurized fluid supplied to the pressure

v or W B bR B BROO GRS BOES b HEVGRR NEAC DOTET bRCASIY TUEE &
[ fluid i | i h A hanber. .422 duri 15 .
ol 1 shi no ety BeEaRT 28 1 &4 eebed Th: ALOCRERT |porid bAC ST BE® t he

ring tube 409, agaipstydhe, upRer - surface, of the, semconductor.vafen Wy
e o e e 1e 1%:}1% ? Ll[

Ther ef ore,” even i h peni ngs ormed in ut Ment “portion

4910, o pressuizadd Luidol Bt Bressuce, sharber 422 ik di f lgwe ot to

the exterior o ressureé cha € sém conduct or

waf er yv Lj(galtget'[kg@ﬁger oJuny Ptﬂé%ﬁﬁﬁﬁﬁfgog? 2Pl L ed, L hr ﬂig{%dlta'}l es

openi ngs sem conduct or wa a pressurized S0 t hat

the sem CQ@q%f%%w‘ﬂ@feﬁrtﬁ/g Eéﬂgwﬁpfé@gﬁpgxopﬁﬂo gRegdy W@Hﬁ?ﬂ%ssure

I
pressurized supplied to“the Tnternediate 5 pressure c er 422 is

control | edyipenperadurenapdh e roLenper atdy es &f i theaser sondyetommaf er W
is controlled fromthe backside of the surface to be polished, as described

above, theta@peni ngs 49le formed in the abutnent portion 491b of the ring 62
6 JUN 2006 tube 409 can increase the area in which the pressurized fluid
controlled in temeeriaidy €518 drcoaghhetint0aganiracti v bl ¢de:r SEmceanduet or

waf er W Therefore, controllability in tenperature of the sem conductor
waf er1 W carf hee apuawecht Bwrtthem 4%1b of the ring tube 409, and thus a
pressurized fluid supplied to the pressure chamber 422 directly
contacts with the upper surface of the semiconductor wafer W
through the openings 4%le of the abutment porticn 4%lb. Since
apressurized fluid is supplied to the pressure chamber 422 during
15 polishing, the pressurized fluid presses the abutment portion
491b of the ring tube 409 against the upper surface cf the
semiconductor wafer W. Therefore, even if the openings 4891le are
formed in the abutment portion 4%1lb, a pressurized fiuid in the
* pressure chamber 422 hardly flows out to the exterior of the
20 pressure chamber 422. Ffurther, when the semiconductor wafer W
is released, a downward pressure can be applied through the
openings 491le to the semiconductor wafer Wby a pressurized fluid,
so that the semiconductor wafer W can more smoothly be released.
When the pressurized fluid supplied to the intermediate
25 pressure chamber 422 1is controlled in temperature and the
temperature of the semiconductor wafer W is controlled from the

backside of the surface to be polished, as described above, the

operiings 49le formed in the abutment porticn 421b of the ring
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5 when the polishing of the sem conductor wafer Wis finished and the

semi conductor wafer Wis rel eased, the pressure chamber 422 is opened ¥y 2006
the outside air via the openings 491e. Thus, the fluid supplied into the
pressure chanber 4225 is prevented from remaining in the pressure chamnber
422. Therefore, even if 10 sem conductor wafers Ware continuously polished,

i nt i ned Rs L RORAT P GE s ha SRuckl A bt aLUo406 RAL SSpbrn b1

mai nt ai ne own i n , te support

po s, 058 AR LLARGCIE S anees R0l 06 48 Juboy 19 408

t he chucki'ng § No support po e anges 491a

may be defs%gﬁgn%@gt%&f aghed, o fhe lo%rerf?é;r];eace Q%rlx%{églggﬂgﬁﬁe{?g pligte 406

as shown in when pressurized fl Ui € sup ressure

chanbers fefper42t 2t PHRAAG ddeald 00 LUbE, 400, LD &%g:%\ﬁeé.t Ay il A S 20

i npossi ble t0 properly contr pressures of ressure chanbers 422

to 4245 A@ﬁghdmglyolwhms &fw%eﬁm&g{ tor whit@ rSHPPOTd; Panid ong, £06a

are provided on the chucking plate 406 or supporting the flanges 491a of

the ring tyhesdfdcongueeser hhedr whavee1La sREeVERL ¢hesdlangasdida dorom
being attached to the 25 | ower surface of the chucking plate 406 and to

stabilizeikhepeRbaSsYr EBeObut BedRr 856U a Chigdrhessn A2ds tao AR4. THu 4, hithecase,
when the support portions have radial |lengths larger than the radial

| engt hs off1bhea §hppyesddPias tHe T PSSP BNBeSUPROBL L 6P 16 HIN 2DFG drhe
flanges 491a nore reliably. In this case, the flanges 491a of the ring tube
409 are beaaght nignti;m cohtacgiradsiird heh swippor 4 2gar t iTnsr d6ee of etrha dhucki ng
pl ate 406. In order to enhance adhesi veness of the flanges 491a
10 semiconductor wafers W are continuously polished,
controllakility in temperature of the semiconductor wafer W can
be maintained.
As shown in FIG. 13, the chucking plate 406 has support
portions 406a for supporting the flanges 491la of the ring tube
15 409. If the chucking plate 406 has no support portions 406a,
then the flanges 491a may be deformed and attached to the lower
surface of the chucking plate 406 as shown in FIG. 16 when
pressurized fluids are supplied to the pressure chambers 423,
424 surrounding the ring tube 409. In such a state, it is
20 1impossible to properly control the pressures of the pressure
chambers 422 to 424. Accordingly, in the present embodiment,
the support portions 406a are provided on the chucking plate 406
for supporting the flanges 421a of the ring tube 409, as described
above, to prevent the flanges 49la from being attached to the
25 lower surface of the chucking plate 406 and to stabilize the
pressures of the pressure chambers 422 to 424. 1In this case,

when the support portions have radial lengths larger than the

radial lengths of the flanges 49la, it is possible to support
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5 to the sem conductor wafer W it is necessary to press the flanges 491la
by pressurized fluids supplied to the pressure chanbers 423, 424. 6 JUN 2006
Accordingly, in the present enbodi nent, 'as shown in FIG 17, fluid

i ntroduction grooves 406b are fornmed in the support portions 406a of the
chucking plate 406 for stably pressing the 10 fl anges 491a by pressurized
fluids supplied to the pressure chanbers 423, 424 to enhance adhesi veness
bet ween t héef [fangeres 4Hke andr¢ hee sembtonductor wafer W Sinmilarly, with
respect to the seal ring 404, the seal ring 404 nay be attached to a

peri pheral portilen toft st k@ schudRiend lginates 495 404 hyrea rprgs Soibiez d § lariad
supplied to the pressure chanber 424, as shown in FIG 18. Accordingly, in

t he preseRirosEhdo Wedtonta cuphbldr EhperirmT 4Bt + enpAdviededthe aveking

peri pheral portion of the chucking plate 406 for supporting the seal ring
404, as shéwie AR6FI Gn 1 deh toherhease, adsesd tene he ofupperil peves disl 4064,
20 fluid introduction grooves may be forned in the support portion 406c for
st abl y° pr é8si g SeHe CSaRIVGiHgWabR T, AtpreBeGesSed YiiuPdessuppt ifddNgES he
pressure chanber 424 to enhance adhesi veness between the seal ring 404 and
the seni condactHPIREEHT WS FEhF her, SURR nedd §8cW%P68\§é§r€a?P?W%El%@éft he

ressuriz flurd to the_ 25 outernost portion of.the sem cqnduct.or fer, a
it or m oEadsi nocpercatidn o8 Ehf Bbesohl ThaSoubPororar S ot af G he

rRler . 80 VIBELS SIS 5 LS e 9 L, ol Lol g e 01
ot et I8 Aea0abpa o2 0L SHIOB TR I3 LGPy Lngensastudlng
itges[]lgﬁf't 2% %{&%tsgribvlgintﬁ{?ﬁg%@g%ﬁ 289" 100} 4 A00G01 s dher Shygk! g L&, 406
chambers 423, 424 to enhance adhesiveness between the flanges
491a and the semiconductor wafer W.
Similarly, with respect to the seal ring 404, the seal ring
404 may be attached to a peripheral porticn of the chucking plate

15 406 by a pressurized fluid supplied to the pressure chamber 424,
as shown in FIG. 18. Accordingly, in the present embodiment,

a support portion 406c is provided at the peripheral portion of
the chucking plate 4C6 for supporting the seal ring 404, as shown
in FIG. 19. 1In this case, as with the support pcrtions 406a,

20 fluid introduction grcoves may be formed in the support portion
406c for stably pressing the seal ring 404 by a pressurized fluid
supplied to the pressure chamber 424 to enhance adhesiveness
between the seal ring 404 and the semiceonductor waferW. Further,
since such grooves can introduce the pressurized fluid to the

25 outermost portion of the semiconducter wafer, 2 uniform pressing
force can be achieved at the peripheral portion of the wafer.

When the retainer ring 3 1s pressed against the polishing

pad 101, the polishing pad 101 may be raised {(rebounded) near
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5 seni conductor wafer Wfrom being excessively polished at the peripheral
portion thereof. Wen the effects of the rebound are snall, the |enghus 2o
shortened to concentrate the pressing forces, or the length d is |engthened
to di sperse the pressing forces, for varying polishing rates. Specifically,
the length dis varied 10 in a range of 1 nmto 7 mmto achi eve desired
polishing rates. In the substrate hol ding apparatus according to the second
enbodi nenttideserkbag rabbve,3 shetlfd luiedopasshyes 3te 33, L 3da hhd 1185 cae=d
provided as separate passages. However, these fluid passages may be
conbi ned Wit kheaphrorheiralopor heopres silve sehdmioards cr® e fleg Wornmiini Gat ed
with each other in accordance with the nmagnitude of the pressing force to
be appl i edres atfe e¥dddsraduot dhe watdplw aRathhd pbsihe oy Wihicsh v
pressing force is agplied. In the above enbodinent, the ring tube 409 is
br ought i ft%®di?ectnecoimigding thiate 4BA dendiGrend ek oW TRYREFertg he
present 20 invention is not limted to such a configuratiaqn. For exanple,
an eIa%ti@ﬁ&%fQﬁ%FQﬁ?qrﬂ%ﬁ%@s@dfﬁ%¥méﬁhn9h%XFPﬁé1?86@ 299 1a7¢d tafe the
sem conduct or, wafer. Wso .that, the ring_tube 409_iLs brough into indirect
cont act Wi Y GenPES aAGB: bR HEREr WITh RS CES6RE Bhibbei HERCUSHGHT | n
FIGS. 13 thraugh 19, th (%5 polishing, surface iis constituted.b he
pol 1 shi ng 40 L R VERT B e SpON-a TG, CUFPACE S onet 1% R E8a-0Y 191 S5 The
polishing surface ge.co stituted by a,fixed ahrasive as described in
The 115t Sanbod HeRE tohavac hom EEoE54 Yo Siatp o8 4% e St6 TAY Fevor | bed
above, accordi - t ol di . Apparat u f @& S Qgh.
enbodi mnﬁ%gg’%ig?gggﬁéﬁq% e%%?%%} cﬁ ;%sls%rcgazl]%’ g}égéﬁtﬁ ehdgtc[% t reled
subst{@at e jcan h@ﬂ%@%‘%eﬂt}nﬁ P& 7 cRRtYPld e RN NENGE BANEIRINY [ EE,
applied to a thicKer area
In the substrate holding apparatus according to the second
embodiment described above, the fluid passages 31, 33, 34 and
35 are provided as separate passages. However, these fluid
passages may be combined with each other, or the pressure chambers
15 may be communicated with each other in accordance with the
magnitude of the pressing force tobe applied fo the semiceonductor
wafer W and the position to which the pressing force is applied.
In the above embodiment, the ring tube 409 is brought inte direct
contact with the semiconductor wafer W. However, the present
20 invention is not limited to such a configuration. For exanple,
an elastic pad may be interposed between the ring tube 409 and
the semiconductcr wafer W so that the ring tube 4038 is brought
into indirect contact with the semiconductcr wafer W.
In the second embodiment shown in FIGS. 13 through 19, the
25 polishing surface is constituted by the peclishing pad. However,
the polishing surface is not limited to this. The polishing

surface may be constituted by a fixed zbrasive as described in

the first embodiment shown in FIGS. 2 through 12.
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5 of athin filmcan be made hi gher than a pressing force applied to a
thinner area of the thin film thereby selectively increasing the poPfYEN2fRe
rate of the thicker area of the thin film Thus, an entire surface of a
substrate can be polished exactly to a desired |level irrespective of the
filmthickness distribution 10 obtained at the time the thin filmis forned.

Curther, WU anverlically mshle Jenber, rede oLy mangl Pavng oo e
et becass ) ke Yoko BE-RER! o8tk ookl NG dates i revent o
regnel s S5l 38,85 ALY 3 thl oy ot ally el Tt 1
Sur1ace ol SSMGANIUBLOL o BT S RGP B0 D, S L ppep sl o

pol i shed i aZQhEﬁ'fiiﬂg ot O WA nSXkr %éﬂ%?ﬁ@é%f@i%ﬁ@@gﬁfﬁé&

according to a third odi nent of the present i'nventi escri bed

bel ow. Fl Gy a2 iihed ¥EEL GO HEHPSSr SEEH! PRl WiyENE AW H1 @ bR ddJithd
according to the third enbodi nent of the present invention. As shown 1n 25

FIG 20, the benikhAgglr6@Bshit tihé Nth A 1edbsiical @ thehdi pei ApPATAl USThys,
conprises a top ring body 2 in the formof a cylindrical housing with a

recei vi ng s5pace idef isned dRers i AMb A8 dRebd iRd iFhdd x8ddol e [pwer
end of the top ring body 2. The top ring body 66 6 JUN 2006 2 is nade of a
mat eri al hsingdilgivedt nengidbattth vé gi fitdhs f90eh thas kil ddrstqetamicsn The
retainer ring 3 is made of highly rigid synthetic resin, ceramcs, or the
| i ke.1The dbdpz imeng altodhe? taowplthseeshancyliindi s cBbrihedsi ngu2gher, with a
vertically movable member made of a material having a large
stiffness and a light weight, e.g., epoxy resin, the vertically
movable member becomes unlikely to be bent, so that polishing
rates are prevented frombeing locally increased. Further, when
15 amaterial having no magnetism is selected as a material of the
vertically movakle member, it is suitable for cases where the
filmthicknessofﬁathinfilmformedonjisurfaceofﬁasemiconductor
wafer is measured with a film thickness method using eddy current
in such a state that the semiconcuctor wafer to be polished is
20 held by a top ring.

Next, a substrate holding apparatus according to a thirad
embodiment of the present inventionwill bedescribedbelow. FIG.
20isavertical cross~sectional viewshowingatopringl acceording
to the third embodiment of the present invention. As shown in

25 FIG. 20, thetopringl constituting a substrate holding apparatus
comprises a top ring body 2 in the form of a2 cylindrical housing

with a receiving space defined therein, and a retainer ring 3

fixed to the lower end of the top ring body 2. The top ring body
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5 an annul ar pressurizing sheet support 2b fitted into the cylindrical
portion of the housing 2a, and an annular seal 2c fitted over an out €0UN 2006
circunferential edge of an upper surface of the housing 2a. The retainer
ring 3is fixed to the lower end of the housing 2a of the top ring body 2.
The retainer ring 10 3has a Iovver portion projecting radially |nwardly The

b f d | h b
e 7 O G TG Bt e R P
f the t th 2 I
vees,-hiﬁsr*&ﬁgs?"odfy&%ﬁ%??gl Al s

spheri cal SQ%?J ch_th Op;Lng body 2 and the top ring
drive shaft 1 are t ablr%eevvléﬁ'é1 %eso}é-c?ht&o éa%h other, and a rotation

transmtting meghanigm rflbodtﬂmrg tddopg ithes rot ﬂl%zofcatlh%é@é)lrﬁz%”ﬂa drive

shaft 11 to the top rin y 2.” The s erlcal beari ng nmechani sm and the
rotatign faAngAhhiLRg ;S‘P&é@«tﬁ'ﬁﬂlﬁ ang{idt astB%%‘t”%@”ﬁtt@%ﬂ ankgt aty g

force fromthe top ring drive shaft 11 to the top ring body 2 while

al | owi ng tha {ip 1ddg Rody; h andl the HABsIidka drdve shalindlat osdey td ted

Wi th respect to each other. The top ring body 2 and the retainer ring 3

secured tcitthed 2 dOR idit 20 r2 Uherker éh SiRac e dipd idedird hgimdn, swhi £de

accomodates therein an edge bag 504 having a | ower surface brought into
contact wift ke penigiher @a pormhieon afs itthe semcaonductfirxanhfies Wdeldvdy the

top ring 1, an holder ring 505, a disk-shaped chucking plate 67 6 JUN 2006
506 whi ch drmsl ver thedhdys imydhd @ fwthbi top heln@ebeidy Bg sPhceremaitde diapyri ng
body 2, and a torque transmtting nmenber 507 having a |ower surface brought
i nto tont achasia hovhe reariiconduct ertwaberadWaty anwadiddlyl.y Thwearekpiostt i on
of the edge bag 504.

ring 3 may be formed integrally with the top ring body 2.

A top ring drive shaft 11 is disposed above the central
portion of the housing 2a of the top ring body 2, and the top
ring body 2 is coupled to the top ring drive shaft 11 by a universal

15 Joint10. Theuniversal jointl0Ohasasphericalbearingmechanisn
by which the top ring body 2 and the top ring drive shaft 11 are
tiltable with respect to each other, and a rotation transmitting
mechanism for transmitting the rotation of the top ring drive
shaft 11 to the top ring body 2. The spherical bearing mechanism

20 and therotation transmittingmechanismtransmit a pressing force
and a rotating force from the top ring drive shaft 11 to the top
ring body 2 while allowing the top ring body 2 and the top ring
drive shaft 11 to be tilted with respect to each cther.

The top ring body 2 and the retainer ring 3 secured to the

25 top ring body 2 have a space defined therein, which accommodates
therein an edge pag 504 having a lower surface brought into contact

with a peripheral portion of the semiconductor wafer W held by

the top ring 1, an holder ring 505, a disk-shaped chucking plate
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5 The chucking plate 506 may be nmade of netal. However, when the thickness
of athin filmformed on a surface of a seniconductor wafer is measufdHNBYo
a nmethod using eddy current in such a state that the sem conductor wafer to
be polished is held by the top ring, the chucking plate 506 should
preferably be nade of a 10 non-nmagnetic material, e.g., an insulating

i al . I, i 1 CS. I zi ng. sh 508 .
BT B T R R e TE R
t i d Th i_zi heet 508 h radi
(o0 1110, bl 2 i RSO LEln0 sl S0R55 & rfhalbr ot orcougy
(he'top, 1458 Body . a0da,padl pLLY Lomer ede, o amed Delvee i, ypper

body 2, t@?a@%?é&%ﬂn@eiéﬁgrdt gsgﬁgﬁﬁgoki gggg%agﬁ ?)%g the pressuri zing

sheet 508 j ol nt a pressure c r 2 t'op ring body 2.

As shown in Fl G%}?eo hﬁcﬁ(lﬂ%ﬂegﬁggﬁgg}gﬁ@%?%ﬂ%ettﬁgqs ﬁBQeg%?r,‘engQﬁs

comuni cates wit the pres I'sS connecte (0]

conpressed 1l 1 $0VHEE 5120 t\Hi%S%iEﬁ%ﬁ&é?:][ oR% pheyLded 0] dhe fdhd-passage

31. The pressurizing sheet 508 is made of a highly strong and durable 25

rubber material isufRBadsrebhyl enedieRyLigng ol 48BercUERIM in ROlKUEES hane
rubber, or silicone rubber. A cleaning liquid passage 551 in the formof an

annul ar  giReve Hes sdafiicedudtdheamperosyef peeieheiheshrysingy 2enaeasp 68 6
JUN 2006 its outer circunferential edge over which the seal 2c of the top

ring body 2ncs filid edhudhengl eanitrg 30 auith\pias seger5bidn ] gorBumicat est Wat h a

fluid passage 32 via a through-hole forned in the seal 2c, and is supplied

wi th a0cl eam-mgadricfuicd fipueeindl er).g., an insulating material such as
fluorcresin or ceramics.

A pressurizing sheet 508 comprising an elastic membrane
extends between the holder ring 505 and the fop ring body 2. The
pressurizing sheet 508 has a radially cuter edge clamped between

15 the housing Za and the pressurizing sheet support 2b of the top
ring body 2, and a radially inner edge clamped between an upper
end portion 505a and a stopper 505b of the holder ring 505. The
top ring body 2, the chucking plate 506, the holder ring 505,
and the pressurizing sheet 508 jointly define a pressure chamber

20 521 in the top ring body 2. As shown in FIG. 20, a fluid passage
31 comprising tubes and connecters communicates with the pressure
chamber 521, which is connected to a compressed air source 120
via a regulator RZ provided on the fluid passage 31. The
pressurizing sheet 508 is made of a highly strong and durable

25 rubber material such as ethylene propylene rubber (EPDM),
polyurethane rubber, or silicone rubber.

A cleaning liquid passage 551 in the form of an annular

groove 1s defined in the upper surface of the housing 2a near
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5 via the fluid passage 32. A plurality of comrunication holes 553 are
defined in the housing 2a and the pressurizing sheet support 2b in 6JUN2006
comuni cation with the cleaning |iquid passage 551. The comrunication hol es
553 communicate with a small gap G defined between the outer
circunferential surface of the edge bag 504 10 and the inner circunferenti al

surface of; thgutetateFuhkBYedtiall&Zglbdey AnRehttRl LS9 Seetanal,view
showi ng the edge bag 504 of FIG 20." As shown in FIG 21, the edge bag 504

has a radiiald ypeuiero edge eiappgd betyeeniastiopper:al%h %aé@%@o!ﬁf
ring 505 and "an edge bag hol der 506a di sposed bel’ow the holder 15 ring 505,

and a radicdiniele £dge Champeddbes wegpeat fie edge hagoukel-gel1 S&amnd a
chucki ng pl ate body 506b. The | ower end surface of the edge bag 504 is

brought i ntoricorkaAt2¥ i Peiippheral wi Poktd Da®ing he e cpaduciterwal er W
to be polished. The edge bag 504 conprises an el astic nmenbrane made of a

hi ghl y5st rdrg t2@ andiduralisagaildzer mapenirall 1sych rasoaihyliene iphopyllene
rubber (EPDM), pol yurethane rubber, or silicone rubber. The | ower surface
of the edds3bag: 804 1ihedhnrotighhoust agcansad t hew rids dithel piard pheralsupotdton of

t he sem conductor wafer Wand provided with a flange 541 projecting

radi al |y izwandbpmmiihe c25 iedgeilbhgtb4chasnandflist)dpreassage chhnbdhes522
defined therein by the elastic nenbrane. A fluid passage 33 conpri sing

t ubes andovommdctadriorn e cattescwinuhithé epwéssua esiehbhbpap 52 2e fThed
pressure chanber 522 is connected to the conpressed air source 69 6 JUN 2006

120 vi a abedgigleat dheRYUGEThedreymie nemd ifd luis paswages 38 edgsoiasolS0shi ng,
the sem conductor wafer Wis rotated in accordance with rotation of the top
ring 10 siamce thife 1NaRET EREFIPGFEGTEdge 158y 504 wds thes m@iti2 igwht 4dincar’ea wit h
the FIG. 21 is a partial cross-sectional view showing the edge
bag 504 of FIG. 20. As shown in FIG. 21, the edge bag 504 has
aradially outer edge clamped between a stopper 505k of the holder
ring 505 and an edge bag holder 506a disposed below the hcider
15 ring 505, and a radially inner edge clamped between the edge bag
holder 506a and a chuckingplate body 506b. The lower end surface
of the edge bag 504 is brought into centact with a peripheral

portion of the semiconductor wafer W to be polished. The edge

bag 504 comprises an elastic membrane made of a highly strong

(EPDM) , pclyurethane rubber, or silicone rubber.

The lower surface of the edge bag 504 is brought into contact
with the peripheral portion of the semiconductor wafer W and
provided with a flange 541 projecting radially inwardly. The

25 edge bag 504 has a (first) pressure chamber 522 defined therein
by the elastic membrane. A fluid passage 33 comprising tubes
and connectors communicates with the pressure chamber 522. The

pressure chamber 522 is connected to the compressed alr source
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5 sem conductor wafer W rotational torque may fails to conpletely be
transmtted to the sem conductor wafer W Accordingly, the torque  ¢JUN2006
transmtting nmenber 507 is secured to the chucking plate 506 for
transmtting sufficient torque to the sem conductor wafer Wby abut nent
with the sem conductor wafer W The torque 10 transmtting nenber 507 is in

the form gfagan %u'%ﬂﬁo@% cofl QUL Lot coBtagh wLLDLhE 5.

sem COI’]dUCt or a cont a area | arge enoug nsmt

sufficient tor q%% 10 obh8 srS ¢ r% rf'l[%u%te%ric &l Ny EJat%erz%\l 1% aroocaqét%;?

Ccross-sectional WEShowi ng ransmtti ng menb FI G

20. As shqun. r’&a%scg %%thth otéEESHe dfansptt 1207 onpL| a”
ne 1

el astic nenbra rou i nto cont act WlthBt he u per surface of

sem conduglar o %%ng t8lond A YL R HANSMSHLINg IRt hglden, 52 1{}95

det achably hol the el astic menbrane 571 i n position. The torque 20

transm t tisRg ; RRHRRIC 120}/ whasran S%%té@%aqeéwséetﬂw ¢an 1kyr & ke mBlastie
menbrane 571 and the torque transmtting nmenbe der 572. The elastic

menbrane pélieotnkhertendus th@%éﬂdééﬂ@u@‘?@?%afé@ﬁﬂl s prede- Pfngl i aley
strong and durabl e rubber material such as ethylene propylene ru ber

(EPDV), pelyufet hapashibbehy fembad 501 iicpRe chitkbets aBe WHikheg edge dag
504. As shown in FIG 22, the elastic nenbrane 571 of the torque

transm tticng fenbeans0l thdscaniabut tent tpaicicoto Thkbs raveéogduttangess/la
projecting outwardly, and connecting portions 571c 70 6 JUN 2006 connected
via the tardque sbansantt iwvigcinmether seolidemditXdio whéerchucki Afepltatent06.
The connecting portions 571c extend upwardly fromthe base portions 571d of
t he fl@ngésab?id.t tAndowembsar PACels ofn tthe dlogtmedt aportnohas7hagiandricught
into contact with the
brought into contact with the semiconductor wafer Wwith a contact
area large enough to ftransmit suifificient torgque to the
semiconductor wafer W.
FIG. 22 isapartial cross—sectional view showing the torque
15 transmitting member 507 of FIG. 20. As shown in FIG. 22, the
torque transmitting member 507 comprises an elastic membrane 571
brought into contact with the upper surface of the semiconductor
wafer W, anda torque transmittingmember holder 572 fordetachably
holding the elastic membrane 571 in position. The torque
20 transmitting member 507 has a space 560 defined therein by the
elastic membrane 571 and the torque transmitting member holder
572. The elastic membrane 571 of the torque fransmitting member
507 is made of a highly strong and durable rubber material such
as ethylene propylene rubber (EPDM}, polyurethane rubber, or
25 silicone rubber, as with the edge bag 504.
As shown in FIG. 22, the elastic membrane 571 of the torque

transmitting member 5C7 has an abutment portion 571b having

flanges 571a projecting cutwardly, and connecting porticns 571c
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5 upper surface of the sem conductor wafer W The connecting portions 571c
have a plurality of communication holes 573 provided at radially inwdrNaAY
outward positions, and the interior of the internal space 560 of the torque
transmtting nmenber 507 is comunicated with external spaces 561, 562. 10
When the two connecting portions 571c extending vertically are arranged at

rel ativel y-digadc RO$4il:0R%e EhegtanheahsREtPORY QB8he P /M6 Haves pidd Girgnt
strength to transmt torque. th the flangeS 571a, it is possible to

mai ntain %miaﬁgi]p@aeas\aet.h rhe csad condyst ot 1 vaker7 W « 1bedheiHRACE v
defined between the chucking plate 506 and the sem conductor wafer Wis

di vi ded i trpratpeUWadé B rofi c3Ra68sd df the. flande PEEISUr e AChabers \b2Zice

di sposed radially inwardly of the edge bag 504, the space 560 in the torque
transmttidfy grenkgruta@at parpace BAb het weemdHie iedge deag H04 wairth titee
torque transmtting 20 nmenber 507, and a space 562 disposed radially

i nwar dby afpddre stoffue ¢ fankpi tdamgarehhero 507afds descrhbed cameve, irtche
comuni cation holes 573 are provided in the connecting portions 571c of the
torque tr asriitdring7 e e HOTurAdddyd hgbynutheatspade 561 5 78w cspabsd 560,
and the space 562 are comuni cated with 25 each other through the

comuni catatonratalaglsl Y5 73wagel enat caltiwecbmd)s 1 firessureed Harbem 523 drs dor ned
radially inwardly of the edge bag 504. A fluid passage 34 conprising tubes
and connedttoy snTEr&alUsP2006° cormititcates auet hrahemspadagssenbart He’ tior que
transmtting nmenber 507. The space 560 is connected to the conpressed air
source 1ZFPWIUICatefllvhtdr RULormectRdcEDd Phe fP62d passages 34. A fluid

passa?e 35 conprising t ubes and connectors conmuni cates . ,
0 When the two connecting portions 571¢ extending vertically

arearrangedat relativelynearpositions, the connectingportions
571¢c have sufficient strength to transmit torque. With the
flanges 571la, it is possible to maintain a contact area with the
semiconductor wafer W.

15 The space defined between the chucking plate 506 and the
semiconductor wafer Wis divided into a pluralityof spaces, i.e.,
a pressure chamber 522 disposed radially inwardly of the edge
bag 504, the space 560 in the torgue transmitting member 507,
a space 561 between the edge bag 504 and the torque transmitting

20 member 507, and a space 562 disposed radially inwardly of the
torgue transmitting member 507. As described above, the
communication holes 573 are provided in the connrecting portions
571c of the torque transmitting member 507. Accordingly, the
space 561, the space 560, and the space 562 are communicated with

25 each other through the communicationholes 573, so that a {(second)
pressure chamber 523 is formed radially inwardly of the edge bag
504.

A fluid passage 34 comprising tubes and connectors
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5 wth the space 561 between the edge bag 504 and the torque transmtting
menber 507. The space 561 is connected to the conpressed air source »2@Nioee
a regulator R5 connected to the fluid passages 35. A fluid passage 36
conprising tubes and connectors comunicates with the space 562 di sposed
radially 10 inwardly of the torque transmtting nmenber 507. The space 562
is connected to the conpressed air source 120 via a regulator (not shown)
connect ed QOFMRE A iAW phBSHesP36e The 1pridss iog duchbhbefBlibRingdnaE3ar e
connected to the respective regulators throu arotary 10|nt (not shown)
nmount ed ort’he lipgefPafrg of0 15 crenestad g gﬁ@r {COT € 551 41t eaﬂtlﬁescslp%% 561,
t he space 560, and the space 562 are communi cated with each other

descri bed l&@5ové2 énéfeﬂ%ad:orpaps%e&j@rk%t%%pﬁﬂ yERE phEssdrPz 82 e ai a‘hso fas to
uniformy ressure of thelﬁgessure chanber 523 wi t hout a

ontrol the
plurality éﬂlﬁopﬂ%a@epg*éséﬁé‘?r% 2 TS St r?od%ﬂ“lca €5
respon |vene s _.when the ure of the pressure c is varied, it
o deair S o ORREE 3l LsPreatl”Yetef‘ otfh?f)ﬁﬁaep%gag‘i@ SAndagnes o iamts

descrlbed inthe third e od| lt.is not n ssary Qv

Fegul at or £ TR Pl JESRTYE PPU o Eassggggee?%waém%@&ﬁ& e %1 d
passages 34 35 36 nay_ be conn to one r tQ contr

pressure. & S S i e ST ofﬁtmc/gsfer % gaﬁc d, precsosnur} agt%cf ui'ds are
supplied tq anbegr ress 6 nber
523, respectl veIFpJSeﬁ%é% ag §4f§%§d§%§%§a§ 10 ﬁéﬁngv\g?&end&%& fagrgg of
the edge %&n@%‘%or@%& é@és'élm?ﬁo'éﬂgt pO: §E05%'20%1“:‘L tr yitdy the
sem conduct or waf er by the pressurized f urd-supplied'to the pressure

chanbes 523wardly of the torque transmitting member 507. The space 562
1s connected to the compressed air source 120 via a regulator
(not shown) connected to the fluid passages 36. The pressure
chambers 521 to 523 are connected to the respective regulators
through a rcoctary joint (not shown) mounted on the upper end of
15 the top ring shaft 110.

Since the space 561, the space 560, and the space 562 are
communicated with each other, as described above, one fluid
passage can supply a pressurized fluid so as touniformly control
the pressure of the pressure chamber 523 withcut a plurality of

20 fluid passages. However, in order to obtain good responsiveness
when the pressure of the pressure chamber 523 is varied, it is
desirable to provide a plurality of fluid passages 34, 35, 36
as described in the third embodiment. It is ncet necessary to
provide regulators for the respective fluid passages 34, 35, 36,

25 andthefluidpassagé534,35,36maybecmnnectedtooneregulator
to control the pressure.

When the semiconductor wafer 1is polished, pressurized

fluids are supplied to the pressure chamber 522 and the pressure
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5 Accordingly, the pressurized fluid in the pressure chanber 523 is
prevented fromflowng into the |lower portion of the edge bag 504. 6JUNZ2006
Therefore, the flange 541 can realize a stable control when the pressures
of the pressure chanber 522 and the pressure chanber 523 are varied. Here,
the radial wwdth d of the elastic nenbrane 10 defining the pressure chanber

522 i he, edge bag.504 shoul d f bl y.be i f .f b 1
o about T6IERn Ty e SOf COMaN 1 nd 8 PORISR i it aCerhr A 5 pner
port1.0n 0f oublIecS8TLAIUELO L UBT S BNl s Sal 19 Re. Sl 4 0, fresen

enbodi ment. € pressur e chanber ove chu and

the pressyce chanbers S2%aci23,ate suapl LediwhhhupEsssurd zed Wf Lyl dg auc as

pressurizéd air of atnospheric alr or evacuate via t ui d ‘passages 31,

33,34 1o 38 cqnneated g Lhe reapechi ve, RSy shabers . Sact hoal |y,

t he regulgtors connected to 2 ui d passag to 36 of the

. . i f th
Pressud € %g%?ﬁ&lﬁgﬁ%l +hQ E?és%ﬁ?h%éﬁpf%ié{?ﬂ Hk@?s%%%ﬁﬁgﬁra%ﬁa%ﬁ g or the

pressuri ze s Supplied to the respective pre ers. Thus, it

i s possiblig {p-|,0AeRaneedt Ip) KA AhtlhenBr RSSUF 8% ith I8 rPERS UG Ehpnber s
521 to 523 or independently introduce atnospheriC air 25 or vacuuminto the

pressure ghanbergepdiote, ik fWehbet i cadf FARYEREY sthBeeiASSHE ESHRh t he
pressure chanbers 523 can press the entire surface of the sem conductor

waf er W exeeptrd Higur P 0ifphies plr Rericorh 4ies £60 2adn @ tuBi .08 3§ 6& ¢@amdnd t he
pressure 73 6 JUN 2006 of the pressure chanber 522 can be controlled

i ndependentByapé vdhieedr esiguke dhethiliprlessdta & hanbre HaFtilhereloge it is
possible to control a polishing rate at the peripheral portion of the
sem conhduckdr ndafgert W pressure pdidmbengcd2 ofn | ehof etibe bag 504 should
preferably be in a range of from about 1 mm to about 10 mm in
view of controlling a polishing rate at a peripheral portion of
the semiconductor wafer W, and is set to be 5 mm in the present
enbodiment.

15 The pressure chamber 521 above the chucking plate 506 and
the pressure chambers 522, 523 are supplied with pressurized
fluids such as pressurized air or atmospheric air or evacuated,
via the fluid passages 31, 33, 34 to 36 connected to the respective
pressure chambers. Specifically, the regulators connected to

20 the fluid passages 31, 33, 34 to 36 of the pressure chambers 521
to 523 can respectively regulate the pressures of the pressurized
fluids supplied to the respective pressure chambers. Thus, it
is possible to independently control thepressures in the pressure
chambers 521 to 523 or independently introduce atmospheric air

25 or wvacuum into the pressure chambers 521 to 523. With this
arrangement, the pressures of the pressure chambers 523 can press

the entire surface of the semiconductor wafer W except the

peripheral portion thereof at a uniform force, and the pressure
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5 peripheral portion of the sem conductor wafer W Additionally, when the
pressing force of the retainer ring 3 is controlled, nore detailed codtUNabos
can be achieved. In this case, the pressurized fluid or the atnospheric air
supplied to the pressure chanbers 522, 523 nmay i ndependently be 10
controlled in tenperature. Wth this configuration, it is possible to
directly caontrol the tenperature of a workpiece such as a sem conductor

vaf er fromt RECLRERSFHE CoFNERRSSUPEACEBER P DO 9 Ehed. 1 THigReRAGRAF LY, O hen
each of tgg pressure cha?bg s is indepe dentl¥ éontrolled i_n tenperature,
the rate OFCcAREATHIA5CHedEF G ot ot 1 8d>in THETERBHFeal® ot F shi ng

rocess of CMP.. The chucki | ate 506 has suctiaon portjiaqgns 540 extended
Hownvar di PRI ot COINBE EhBobu5E Bag: 858 Shd THETHIRra T M 411 ng

nb 507. th t enbodi , f ti 0 ti 54 )
e 0% LR RERBLSSERL STy (our suelion. 20 port ong =40 a5
lcati ith fluid 37. i,Si b d t . Th
commng caL 1o M 2L g assage 30, ol slog by endconasgors, The
| at t h t ta-t flu.d /.. Th d
200 2tor gt ashawn), sonpected, Lo Ui Ui passage, 7 M camregged air

t he connu%bggﬂdy%gyﬁﬁﬁ;5§%E?§E éggeﬁﬁcg& gepgagion 540 to attract a

sem conduct or wafer 0 ower s of the suction portions 540. The

suction portiongnSafR;Baves el asid 5{%@%@&% 2ef0P1u 74 S tWN 20065 5HEP; s ihin

rubber sheets, attached to their | ower ends, for thereby elastically

fﬁgﬁ 2&5' n%g)%?ﬂii%@ dbnghk her Se5: EONGGINE r s Wizer 5%0ﬁa§/hﬁqchegg\!@zﬁ sutfgaes
) , operation of the top ring 1 thus constructed w ||

16 controlled in temperature. With this configuration, it is
pessible to directly contreol the temperature of a workpiece such
as a semiconductor wafer from the backside of the surface to be
polished. Particularly, when each of the pressure chambers is
independently contrclled in temperature, the rate of chemical
15 reaction can be controlled in the chemical polishing process of

CMP.
The chucking plate 506 has suction portions 540 extended

downwardly therefrom between the edge bag 504 and the torque

transmitting member 507. Inthepresent embodiment, four suction

N
(@]

portions 540 are provided. The suction portions 540 have
communication holes 540a communicating with a fluid passage 37
comprising tubes and connectors. The suction portions 540 are
connected to the compressed air scurce 12C via a regulatcr (not
shown) connected to the fluld passage 37. The compressed air
25 source 120 can develop a negative pressure at the lower opening
ends of the communication holes 540a of the suction portion 540
to attract a semiconductor wafer Wto the lower ends of the suction

portions 540. The suctionporticns 540 have elastic sheets 540D,
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5 be described in detail below In the polishing apparatus constructed
above, when a seniconductor wafer Wis to be delivered to the polishfrjN 2006
apparatus, the top ring 1 as a whole is noved to a position to which the
sem conductor wafer Wis transferred, and the conmuni cati onholes 10 540a of
the suction portions 540 are connected via the fluid passage 37 to the

conpr esseds iy la%OLl:rl’Pﬁq %béﬁhesﬁ@é%gpn@@@é&ﬁea%?rthﬂ%sm&éf acted under

vacuumto the | ower ends of the suction portions 540 by suction effect of

the communicatdiop bpoles; 9498y Whhathengsapcondugt-or af elepWaitdacted to

the top ring 1, the top ring 15 1 as a whole is noved to a position above

the polishixkdablen 40O hawkRgshheapeki shbpgogurface (polishing pad 101)
thereon. The outer circunferential edge of the sem conductor wafer Wis

hel d by the retaidigf, rdgwr3: s6n thattidecgen sanduatinrs Wyt et & netr 1
removed fromthe top ring 1. 20 For polishing the sem conductor wafer W the

attracti onpe afe semisonduct o&twaf eseVWohy the suction portions 540 is

rel eased, and the sem conductor wafer wis held on the | ower surface of

the top ring 1. IS nuhtapedusihind heppapating cans tayldtederaddde, comrected to
the top ring drive shaft 11 is actuated to press 25 the retainer ring 3
fixed to tdemilowsiuenor ehfeldl i spcrbaegeliagaedsto thdpopakhsbigrgpsardtace, on
the polishing table 100 under a predeterm ned pressure. In such a state,
pressuri zethd [omsiare 1 raspeothiodad yi suppleedd @ tovss ipriews ure vdhiartberh 22
and the pressure 75 6 JUN 2006 chanber 523 under respective pressures,

t her eby preessi grpdueto s emiteaidlastioraneierr N agadridte covmpolcshing sukdsaice on
t he olishing table 100, The polishing liquid supply nozzle 102 supplies a
pol i shPng A4GAPE RS t HeBBPFSAPRG ‘PHUAXE FANBAGAREE] A Lhe 1uid passage

37 to the compressed air source 120. The semiconductor wafer
Wisattractedunder vacuumto the lowerends of thesuctionportions
540 by suction effect of the communication holes 540a. With the
semiconductor wafer W attracted to the teop ring 1, the top ring

15 1 as a whole is moved to a position above the peolishing fable
100 having the polishing surface (polishing pad 101) thereon.
The outer circumferential edge of the semiconductor wafer W is
held by the retainer ring 3 so that the semiconductor wafer W
is not removed from the top ring 1.

20 For polishing the semiconductor wafer W, the attraction
of semiconductor wafer Wby the suction portions 540 is released,
and the semiconductor wafer W is held on the lower surface of
the top ring 1. Simultanecusly, the top ring air cylinder 111
connected to the top ring drive shaft 11 is actuated to press

25 theretainer ring 3 fixed to the iower end of the top ring 1 against
the polishing surface on the polishing table 100 under a
predetermined pressure. In such a state, pressurized fluids are

respectively supplied to the pressure chamber 522 and the pressure

15



5 so that the polishing liquid Qis held on the polishing pad 101. Thus,
t he sem conductor wafer Wis polished by the polishing pad 101 with ®HEN2006
polishing liquid Q being present between the (lower) surface, to be
pol i shed, of the sem conductor wafer Wand the polishing pad 101. 10 The

| ocal areas of the sem conductor wafer Wthat are positioned beneath the
pressure chanber 522 and the pressure chanber 523 are pressed agai nst the
pol i shi ngC8aRPEce Wndéndqe TpFRRSHEE] BFCERBIBFesElfrF 28y PINGSEs "SUHlS ed to
the pressure, chanber 522 and the pressure chanber 523. Therefore, by 15
controlIiﬁ&mﬁﬁgﬁa%%gﬂﬁi%% FI Ui fO%Ub i Bt BOLRENINEs stF el achaRBert 522 and

0 L R B P e A 0 e
sem condug) o uater W exgept Lhe: periahenal por U onuner 601 esinstdhe
the Reriaheral nordicon of, the Semcorducton yater w san; be, canirelied to

contr a~polishi ng 9 eral portion o em conduct or

b casur zGUFT o DL SR T S oo R e ot Toe valinal 98 HE- kg nas

bressing £0iGg; £ tweegal%gﬁ;sﬁtm&%ﬁ b0 AN LGB0l 501 NG,Rag 101,

In this manner, durin i ng, € pressing force to press the retainer

ring 3 agaipst ot he peld $hingRad LK and dhe Jhessing: fIas P Heshd he 76
6 JUN 2006 sem conductor wafer Wagainst the polishing pad 101 are properly

adj usted t016@RLNQ e 1Al i shing profile of the peripheral portion of the
sem conductor wafer Win great detail. The sem conductor wafer W/I ocated
bel owd he pressghe qhaiHierabdsdsh@s the semiconductor wafer W that are
positioned beneath the pressure chamber 522 and the pressure
chamber 523 are pressed against the polishing surface under the
pressures of the pressurized fluids supplied to the pressure
chamber 522 and the pressure chamber 523. Therefore, by
15 controlling the pressurized fluids supplied to the pressure
chamber 522 and the pressure chamber 523, the polishing pressure
applied to the semiconductor wafer W is adjusted so as to press
the entire surface of the semiconductor wafer W except the
peripheral portion thereof against the polishing surface at a
20 uniform force. Simultanecusly, a polishing rate ait the
peripheral portion of the semiconductor wafer W can be controlled
to control a polishing profile ¢of the peripheral portion ¢of the
semiconductor wafer W. Similarly, the regulator R2 regulates
the pressure of the pressurized fluid supplied to the pressure
25 chamber 521 to change the pressing force to press the retainer
ring 3 against the polishing pad 101. In this manner, during

pelishing, the pressing force topress the retainer ring 3 against

the polishing pad 101 and the pressing force to press the
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5 an area to which a pressing force is applied via the abutnent portion
571b of the torque transmitting nenber 507 by a fluid, and an area t & Jwhi2obs
a pressure of the pressurized fluid is directly applied. The pressing
forces applied to these areas have the sane pressure. 10 As descri bed
above, the pressing force applied by the top ring air cylinder 111 to press
the retainer ring 3 against the polishing pad 101 and the pressing forces
appl i ed by FHECTHHEEEUF W2d@ rf I i Tist st Sihiedeld t b5 hed rask $ Gk e2 B dnFgre B2 and
the pressure chanber 523 to_press the sem conductor wafer Wagainst 15 the
pol i shi ng 3PS aFe apPPEERLi &'l Yol Usitetl ReP bl ¢ sAft KBS S&H gt or
wafer W Wen the polishing of the sem conductor L wafer Wis finished, the

senm condu@GE Wit e L WHE S TP L t HelPowdr Ehdereftt Aeteddti ont e

port Lo, S4B AL tac, My ULE LR, L0 OB Lig, prespygized
vent 6abt o 3% A S g BRArE: SABEGRAITE yEO e o REP o (0P (HE SR BANT

P essure SHAer: ST1H 8% bREehEea EnET ARHBSbhEPE BT S8 cvbalal dt A0 devel op
el ntai ned S E8 g prBCstre LS ReRe e rLERr Sorutecsr TaTe Tl S Srrohgly

pressed against. {he ol.i.shi rf ] re r.o | Rt ct
with the %%ng%\] 236% %E%tgisg%g;gﬂr%geﬁss%%%}e% t%éjr %}tet%reac%%né 0 a%%gdﬂ@
sem condugl.gfe wWafers Wethe top ring 1 as a whole is noved to a position to

whi ch the sem conductor wafer Wis to be transferred, and then a fluid
(e.g.3pconpressed described above, the pressing force applied by the top

ring air cylinder 111 to press the retainer ring 3 against the
polishing pad 101 and the pressing forces applied by the
pressurized fluids supplied to the pressure chamber 522 and the
pressure chamber 523 to press the semiconductor wafer W against
15 the polishing pad 101 are appropriately adjusted to polish the
semiconductor wafer W. When the polishing of the semiconductor
wafer W is finished, the semiconductor wafer W is attracted to
the lower ends of the suction portions 540 under vacuum. At this
time, the supprly of the pressurized fluids into the pressure
20 chamber 522 and the pressure chamber 523 1is stcopped, and the
pressure chamber 522 and the pressure chamber 523 are vented to
the atmosphere. Accordingly, the lower ends of the suction
portions 540 arebrought into contact with the semiconductorwafer
W. The pressure chamber 521 is vented to the atmosphere or
25 evacuatedtodevelopanegativepressuretherein. Thisisbecause
if the pressure chamber 521 is maintained at a‘high pressure,
then the semiconductor wafer W is strengly pressed against the

polishing surface only in areas brought intoc contact with the
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5 air or a mxture of nitrogen and pure water) is ejected to the

seni conduct or wafer Wvia the comunication hol es S40a of the sucti offJUN2006
portions 540 to rel ease the sem conductor wafer Wfrom the top ring 1. The
polishing liquid Q used to polish the sem conductor 10 wafer Wtends to
flow through the small gap G between the outer circunferential surface of

t he edge bggt504 angtth% ret iner ring 3. If the polishing liquid Qis
firmy de%05|%88 PR tné Sap é{ then the holder ring 505, the chucking plate

506, and the edge.obag B ars, Brevented Lam ot l v oml 09 vert ball v

Wi th respect 1 op ring € retarner ri'n

such —a diaé(\@a%‘éﬂ}%cgl%igégr}&%dit%“iad &f%é{rt‘io‘{’{attg)r %Ei%%hs'ﬂﬁg' L& iEBF@!ﬂ%ﬁEﬁgt he

fluid passage h eani ng |1 passage ccordi ng pure

water is @QP@ki&'@quita @? géaﬁr?%f.éz%r%,e a&;&g?ga@hc&tf1%&“{'&.%?2%&&%%@%@ on

above the gap thus c ng to prevent t ing liquid

Q from being &irimy;, depostf %%}%b%%fiagﬁgg%reT%t%gti‘g’f% ettt the

preferably be supplied after t sem con fer Wis rel eased

and untilsanpexhagerbeonduetofy vahetnhto-Bampaki-akedn soakkr aghad,rt enkhe top
ring 1. 25 In the third enbodi nent descri bed above, the fluid passages 31,

33 to 37 aket phAVhaeeHiafsseparad & Passagehe Hawavemaddiese walfled o passages
may be conbined with each other, or the pressure chanbers nay be

communi cated wbbhreaghiother in accordance with 78 6 JUN 2006 the magnitude
of the pressing force to be applied to the sem conductor wafer Wand the
position to whiThethelpsrsapgndifatdeg usedppbipdlibn the sbmnidordhadbment
shown in FIGS. 20 through 22, the
10 wafer W tends to flow through the small gap G between the outer
circumferential surface of the edge bag 504 and the retainer ring
3. If the polishing liquid Q is firmly deposited in the gap G,
then the holder ring 505, the chucking plate 506, and the edge
bag 504 are prevented from smoothlymoving verticallywith respect
15 toc the top ring body 2 and the retainer ring 3. To avoid such
a drawback, a cleaning ligquid (pure water) is supplied through
the fluild passage 32 to the cleaning liquid passage 551.
Accordingly, the pure water 1s supplied via a plurality of
communication holes 553 to a region above the gap G, thus cleaning
20 the gap G to prevent the polishing liquid Q from being firmly
deposited in the gap G. The pure water should preferably be
supplied after the polished semiconductor wafer W is released
and until a next semiconductor wafer to be polished is attracted
to the top ring 1.
25 In the third embodiment described above, the fluid passages
31, 33 to 37 are provided as separate passages. However, these

fluid passages may be combined with each other, or the pressure

chambers may be communicated with each other in accordance with
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5 polishing surface is constituted by the polishing pad. However, the
polishing surface is not limted to this. The polishing surface nay BdUN 2006
constituted by a fixed abrasive, as described in the first enbodi nent. As
descri bed above, according to the third enbodi nent of 10 the present
invention, sufficient torque can be transmtted to the substrate by the

t or que transnlttln? ngnber Further the entire surface of the substrate
except théiFerPpfathp Boﬁﬁ ohNet ﬁb‘ree%?l%nfﬁécﬁré&eﬁea@é?%e hépoti&hi ng

surface at a.uniform force ressure of the. secqnd pressure_chanber,
ond the 15 BHESSETRT PRESH abOpABar L SAlrsb i oh S BOREEPHeTCs
|ndependently of th pressure of the second pressure chanber. Therefore, it
i s possi bl*é¢ £§°ddfTol a polishing rate at the perlpheral portion of the

of "t ho. sem onade 6F Cuel oF NE TSI REOE L TTAP AR Eabi PO 5 TRHORr eentie
| nvent son s syltable, oL use k3 syhstial e, ehglgoppgﬁlgﬁgo AFL ug,d. o1, ol di ng

a substrate suc sem conductor appara

Pavi ng. Sudt e Sinet T aig é\ﬁ%ﬁ%?%giéé‘%a%; ﬁﬁt‘?@”% aﬁﬁﬁfoég'%% %%@?ﬁ%?g
subst rat o ol xappagatyss  ory holdip, and.br sesbagyca suhslarents

pol i shed agai nst ing surface aracteri ze sa

substrat e :hQl Hing rARRATAL Use,CONPri ses a top ring body having a rece|V|ng
space therein, and a vertically novabl e nmenber

As described above, according tc the third embodiment of

10 the present invention, sufficient torque can be transmitted to
the substrate by the torque transmitting member. Further, the
entire surface of the substrate except the peripheral pcrtion
thereof can be pressed against the polishing surface at a uniform
force by the pressure of the second pressure chamber, and the

15 pressure of the first pressure chamber can be contrclled
independently of the pressure of the second préssure chamber.
Therefore, it is possible to control a polishing rate at the
peripheral portion of the semiconductorwaferW, i.e., apolishing

profile of the peripheral portion of the semiconductor wafer W.

Industrial Applicability
The present invention is suitable for use in a substrate
holding apparatus for holding a substrate such as a semiconductor
wafer in a polishing apparatus for polishing the substrate to
25 a flat finish, and a poclishing apparatus having such a substrate

holding apparatus.

19



which is vertically novable within said receiving space in said top %hﬂﬂzmm
body; 10 an abut nent nenber having an elastic nenbrane is attached to"a

| ower surface of said vertically novabl e nmenber; said el astic nenbrane of
sai d abut ment nenber conprises an abutnent portion, having a f |ange proj
ecting outwardly, brought into direct or indirect contact with the
substrate, and a 15 connecting portiogrgxigndi ng upwardly from a base
portion of said flange of said abutnent portion and being connected to said
vertically novabl e nenber; and said connecting portion is nmade of a materi al
having a flexibility higher than said abutnment portion. 20 2. A substrate

hol di ng appar at ys hogubet diPg RIE P ST a tRi =SBt hat 8149 D&y ?ﬁ'é;[s%lh g
rat e (6] 1 ng

agai nst a polishing surface, characterized in that: said subs

appar at us £ogpbk$esta t 0 rnbdg gadshe2d Baukingta &eqel M N sPagridherei n,
and a vertically novable nenber which is vertically novable wthin said

recei ving space-tdrisasd it othdt ng body; an abutnent nenber having an el astic
menbrane is attached so 6 JUN 2006 to a | ower surface of said vertically

novabl e nmenber; ssdidsebastheernenbd ane appasaitthsabuhpentegeaiep cONPHERs an
abut ment portion, having a f |angeproj ecting outwardly, brought into
di rect or hawdirreetr cconitwaiotg wokhet tiee seyst naties vand iaa3 lganoresld 1 agegpdrdy on
extending upwardly froma base portion of said flange of said abutnent
porti on andtildi ng venhéctédytmogable wicthicslaliyl mecabive ngeabece amdsaid
top ring body;
10 an abutment member having an elastic membrane is attached
to a lower surface of said vertically movable member;
said elastic membrane of said abutment member comprises
anabutmentportion, havinga flangeprojectingoutwardly, brought
into direct or indirect contact with the substrate, and a
15 connecting portion extending upwardly from a base portionof said
flange of said abutment portion and being connected to said
vertically movable member; and
sald connecting portion is made of a material having a
flexibility higher than said abutment portion.
20
2. A substrate holding apparatus fcr holding and pressing
a substrate to be peolished against a polishing surface,
characterized in that:
said substrate holding apparatus comprises a top ring body
25 having a receiving space therein, and a vertically movable member
which is vertically movable within said receiving space in said
top ring body:

an abutment member having an elastic membrane is attached

30



sai d connecting portion conprises a thin portion having a thickness snaller
than sai d abutnent portion. 10 3. A substrate hol di ng apparatus accor 87HY 0%
claim?2, characterized in that said thin portion is forned so as to be
constricted inwardly in a cross-section. 15 4. A substrate hol di ng appar at us
for holding and pressing a substrate to be polished against a polishing

surface, sharacharl zed 1n-shat sphd.oubstiats holding amagrasus comprises

a top ring body aving a recelving space a vertldally novabl e

nenber | 20 whi Clbd;sy VAT Gal iy aﬁpévwstgwa%aat%mg%rane spags: ] 4, sai d

top ring body; an abutnment ne ing an elastic ne ed to

a lower surd e 0ln sgbdryert Imm  g9uablee wmphece s sabdeshastly, WRABgRAe of

sai d abutment ne conprises 25 an a

havi ngaf | %@&%Or@iﬁé&t”%%tMFJ:é(ct breopghtc- 'iﬁ‘i@hd't'h%CtSI%stPgtéeCt rPnf act
with the substrate, and a connecting portion extending upwardly from a base

portiog Ofcoiﬁié&tﬂﬂgaﬁgthEnSét@eﬁ@ ng%@ma&qmy pRoANILREENh Coeekresh 1 sai d
81 6 JUN 2006 vertically novab adhesi veness of a | ower surface

of said baseqe tédenseid §Bh€mfeh@n%r&flo%ﬁ|&1cﬁbéléﬂﬁ@t chehkic@rd scveakeqed. 5
5. A substrate hol ding apparatus according to claim4, characterized in
that an i Risardedilane fmereY e heathingr A hew adhesiveness to the substrate is
di sposed on said |lower surface of said base portion of said flange of said
abut ment portiomdial cwealeert iadhesi meines Scfp siad ¢k |DWeTis udBicioofhsai kg base
portion

a thickness smaller than said abutment portion.

10
3. A substrate heolding apparatus according to claim Z,
characterized in that said thin portion is formed so as to be
constricted inwardly in a cross-section.
15 4. A substrate holding apparatus for holding and pressing

a substrate to be polished against a polishing surface,
characterized in that:
said substrate holding apparatus comprises a top ring bedy
having a receiving space therein, and a vertically movable member
20 which is vertically movable within said receiving space in said
top ring body;
an abutment member having an elastic membrane is attached
to a lower surface of said vertically movable member;
said elastic membrane of said abutment member comprises
25 anabutmentportion, havinga flangeprojectingoutwardly, brought
into direct or indirect contact with the substrate, and a
connecting portion extending upwardly froma base portioncf said

flange of said abutment portion and being connected to said

§1



10 of said flange. 6. A substrate hol ding apparatus for hol ding and prgﬁsin
a substrate to be polished against a polishing surface, characteri zef YN0
that: 15 said substrate hol di ng apparatus conprises a top ring body having
a receiving space therein, and a vertically novable nenber which is
vertically novable within said receiving space in said top ring body; an

abut nent r i i ‘ ne is attached 20 to a | ower
FRatica02Y RORRIC SRhide T Be

surface of sai er; said elastic nenbrane of said

abut ment nmenber ,geERALESS s AR raBUL BRAL BARELER, JFavhRgaLklsangeRajoLeld Ng
outwardly, brought into direct or indirect contact wwth the substrate, and

a conneckizAg BAGhGRN c8Xl@Nd Rl AR & Daseapontyon of said 25
fl ange of said abutnent portion and being connected to said vertically

novabl e menber; and a hard nenber nade of a material harder than said
elastic menbrane is enbedded in said base portions of said flange of said

82 6 JAN 2006 abut pmertipR@iiaiten.hol.d e Wigdded i ok dbhgd apgat at ug aagcar,di ng
to claim®6, characterized in that said hard nmenber has an annul ar shape. 5
6. A substhatechelrdizeg appatatts 4:0r ihekdagiane passéNgha&isigpsarabes to be
pol i shed agai nst a polishing surface, characterized in that: said substrate
hol di ng apparatiweneaspt o Steise as oyt rd 1y ilsody spd B elayn rngk 2d rleced wisng fspace
therein, and a vertically novable nmenber which is vertically novable within
sai d recep¥i ngidpagee ippgaiah of said flange of said abutment portion te
weaken adhesiveness of said lower surface of said base portion

10 of said flange.

6. A substrate holding apparatus for holding and pressing
a substrate to be polished against a polishing surface,
characterized in that:

15 said substrate holding apparatus comprises a top ring body
having a receiving space therein, and a vertically movable member
which is vertically movable within said receiving space in said
top ring body:

an abutment member having an elastic membrane is attached

20 to a lower surface of said vertically movable member;
sald elastic membrane of salid abutment member comprises
anabutment portion, havinga flangeprojectingoutwardly, brought
into direct or indirect contact with the substrate, and a
connecting portion extending upwardly from a base portion cof said

25 flange of said abutment portion and being connected to said
vertically movable member; and

a hard member made ¢f a material harder than said elastic

membrane is embedded in said base portions of said flange c¢f said
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top ring body; an abutnment nmenber having an elastic nenbrane is attached to
a |l ower surface of said vertically novabl e menber; and 15 said el asti 8JUN2006
menbrane of said abutnment nenber conprises an abutnent portion,

havi ngaf | angepr oj ecti ngoutwardly, brought into direct or indirect contact
with the substrate, an extending portion extending outwardly from a base

portion of i.d fl . to a position inward of a tip of said flange to form
a groove EBEEggﬁgeﬁQggﬁé&gxtending portion and said flange of said abutnent

portion, and a connecting portion extending upwardly froman outward end of
sai d extendi ng portion and being connected to said vertically novable

nmber. 25 9. A i I | ai
A e

1 through 8, characterize posi ti oned

radial |y (pwatdhy and said onnecting, nol thon,e PogLLi onednfadhal Ly gut wardly
have differen? thicknesség. 83 6 JUN 2006 10.€i su%stratenﬁo?é?né g%paratus
according to claim9, characterized in that said connecting portion

positioned radially inwardly has a thickness smaller than said connecting

portion 5 posigi onedyadiatd hAw e dbyarhiusArsubss1al g heldipne sanpry at us

according to any one of <clains 1 through 10, characterized in that said
flange prajesthogrataditd | peoupwandhedandgsahdtf langs prayacd i rairtadial |y

inwardly 10 have different |lengths. 12. A substrate hol di ng apparat us
accor di ngcharaekaiemikkd iehayacterized in that said flange projecting
radially outwardly has a length larger than said flange projecting radially
inwardly. 15 sald substrate holding apparatus comprises a top ring body
10 having a receiving space therein, and a vertically movable member
which is vertically mevable within said receiving space in said
top ring body:;
an abutment member having an elastic membrane is attached
to a lower surface of said vertically movable member; and
15 said elastic membrane cof said abutment member comprises
anabutmentportion, havinga flangeprojectingoutwardly, brought
into direct or indirect contact with the substrate, an extending
portion extending outwardly from a base portion of said flange
to a position inward cof a tip of said flange to form a groove
20 Dbetween said extending portion and said flange of said abutment
porticn, and a connecting portion extending upwardly from an

outward end of said extending portion and being connected to said

vertically movable member.

25 9. A substrate holding apparatus according to any one of
claims 1 through 8, characterized in that said connectingportion
positioned radially inwardly and said connecting portion

positioned radially outwardly have different thicknesses.
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13. A substrate hol ding apparatus for holding and pressing a substrate to
be polished against a polishing surface, characterized in that: sai d6JUN2006
substrate hol di ng apparatus conprises a top ring body 20 raving a

recei vingspace therein, and a vertically novable nenber which is vertically
novable within said receiving space in said top ring body; an abutnent
menber having an el astic nmenbrane which is brought into direct or indirect
contact with the substrate is 25 attached to a | ower surface of said

material baving 4 éfg'é%%étff%f@%eii?l HS6 R 2505 27 oA el PatdHIgl ding
t di. trate t.o b h

D01 1 <hi ng CCFFALE | Kl ALLET JHAI PRECRGE S "8 Bt ‘dout Wemt ¢ haNbar A g, an

I I f f d el

enbr ane. 01 VESa Y %S%ﬁ%ﬁ?r% 5%5?8%%?1‘?%&2% A SRR RGP Oroh PRy o 1

| ange pr oj o%ﬁ%ﬁ% ggp& f%ﬁﬁ tq nto direct or |nd|rect contact with
t he substrateé, con ectlng por ion extending upwardly from a base

portion of sald fl ange of said abutnent portion and being connected to said
top ring; and said top ring has a support portion for supporting said

flange of said @QUtﬂﬁéﬁbé@Pg’% ‘hoRi Ry aPpEstdsAbe Bekdnddt 8PRAY AMS o f

according to claim1l
clalms]_throughllL characterized in that said flange projecting

radially outwardly and said flange projecting radially inwardly

10 have different lengths.

12. A substrate holding apparatus according to claim 11,
characterized in that said flange projecting radially cutwardly
has alength larger than said flangeprojectingradially inwardly.

15

13. A substrate holding apparatus for holding and pressing
a substrate to be peclished against a polishing surface,
characterized in that:

said substrate holding apparatus comprises a top ring body

20 having a receiving space therein, anda verticallymovable member
which is vertically movable within said receiving space in said
top ring body;

an abutment member having an elastic membrane which is
brought into direct or indirect contact with the substrate is

25 attached to a lower surface of said vertically movable member:
and

said vertically movable member is made of amaterial having

a large stiffness.
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characterized in that said support portion has a radial length |[|arger than
a radial length of said flange of said abutnentnenber. 20 10. A subst b ¥R 2006
hol di ng apparatus according to claim 14 or 15, characterized in that a
fluid introduction groove for introducing a fluid into an upper surface of
said flange of said abutnent nmenber is fornmed in said support portion. 25
17. A substrate hol ding apparatus for holding and pressing a substrate to
be polished agai nst a polishing surface, characterized in that: said

bstrate hol di to 5 6 JUN 2006 .h
"ecel ving space. Ench BEHC L N LPCHITY SOVADY E- ﬂéﬁ eI RS 1y

novabl e wit hi id rece|V|ng spac sai d. t and aS eal ring
bei ng broﬁgh?'ﬂ??f aE%ntta b\% tﬁgtﬁit ﬁhl?%’p ?gngF ce of 3{%%erajlr ﬁloretl on of
t he S“bStEﬁ%?ac@@glgeﬁa'% %%r%!cally novabl e menber has a support portion

for suppor seal” ring, said support portlon having a radial I|ength

to ol amir. féﬂ”%a P e v L A B P PR, St pppr i o
i ntroduci of sald seal ring is formed in
sai d supg%rt %E%F?oﬁ%%? salgﬁeer5§#%ﬁ$§ %Dvable menber . 18 A substra;e

hol di ng appar at ys: £oE1 AOLAENARARY PLESH 89 ol EnfeAUbS! FALELO Bhyphalduhed

agai nst a polishing surface, characterized in that: sai ubstrate hol di ng

appar at Usa £ QmRItnees So t ©Pok | RAvROEYA figﬁ%e%%r&:ttﬂfg SbsiFal §, LA uREge bag
bei ng brought into contact wth a peripheral "portion of the substrate, a

tO{jQUﬁ transgi diing:- 200 Fenbeli heingcbhodght Windto enat agfbmrddrd heagsdbsirate
raléioy connecting portion extending upwardly from a base portion of said
flange of said abutment portion and being connected to said top
ring; and
sald top ring has a support portion for supporting said
flange of said abutment member.
15
15. A substrate holding apparatus according to claim 14,

characterized in that said support portion has a radial length

larger than a radial length of said flange of said abutment. member.

20 16. A substrate holding apparatus according to claim 14
or 15, characterized in that a fluid introductiocn groove for
introducing a fluid into an upper surface of said flange of said

abutment member is formed in said support portion.

25 17. A substrate holding apparatus for holding and pressing
a substrate to be polished against a polishing surface,
characterized in that:

said substrate hoclding apparatus comprises a top ring body
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inwardly of said edge bag; and a pressure of a first pressure chanber
defined in said edge bag and a pressure of a second pressure chanber ¢ JUN2006
defined radially inwardly of said edge bag are independently controlled. 25
20. A substrate hol di ng apparatus according to claim 19, characterized in
that said torque transmtting nenber has a communication hol e conmmuni cating
a space inside of said.tor 86 6

ue AUN 2006_tran niti'ng neng r and. a_space

outside ofSLhIE Eof GEE-YFARSHPEEEnb RbbRl i TRE BAERLOPNBP 7951 RCURBEL v at o

nol ding apparatys pecarding, (o elaim 19, 8 or; 20, chayacterized jin Lhat said
|

edge bag dérining sai pressur e chamnber conprises aving a
dial w j 1 : A. '

appar at st Bcbr il R G I e TR Sush A1 B cl e Zed i n

t hat : [ [ : [ [ [ . dt

or 1 or moc T ERor B ToT T Th o s W oty o hal drag- trdesaand = 1

portien of the t : i p i t:ai.n ring
2 The "SRR LB ELCAN, B eSeL Machitr o CERRA, foRg AN

agai nst the 15 polishing sur ent a pressure

of said pressuLenghagberse L3 r iMPOLLIR BLFRPANR 1isi ShAIALHERS 1228d4RY 1
conprising a substrate hol ding apparatus according to any one of clains 1

20 througheggrhand a RahyehioRg il @ Ravideg 7@nmeel | shing surface. 87

18. A substrate holding apparatus according to claim 17,
10 characterized in that a fluid introduction groove for introducing
a fluid into an upper surface of said seal ring is formed in said

support portion of said vertically movable member.

19. A substrate holding apparatus for holding and pressing
15 a substrate to be polished against & polishing surface,
characterized in that:
said substrate holding apparatus comprises a top ring body
for holding the substrate, an edge bag being brought into contact
with a peripheral portion of the substrate, a torque transmitting
20 member being brought into contact with the substrate radially
inwardly of said edge bag:; and
a pressure of a first pressure chamber defined in said edge
bag and a pressure of a second pressure chamber defined radially
inwardly of said edge bag are independently controlled.
25
20. A substrate holding apparatus accerding to claim 19,
characterized in that said torque transmitting member has a

communication hole communicating a space inside of said torque
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transmitting member and a space outside of said torque

transmitting member with each cther.

21. A substrate holding apparatus according tc claim 19
or 20, characterized in that said edge bag defining said first
pressure chamber comprises a member having a radial width in a

range of from 1 mm to 10 mm.

22. A substrate holding apparatus according to any one of
claims 19 through 21, characterized in that:

said substrate holding apparatus comprises a retainer ring
secured to or formed integrallywithsaid top ringbody for holding
a side edge portion of the substrate; and

a pressing force to press said retainer ring against the
polishing surface is controlled independently of a pressure of

sald pressure chamber.

23. A polishing apparatus characterized by comprising a

substrate holding apparatus according to any one c¢f claims 1

through 22, and a polishing table having a polishing surface.
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