; cdef ghe3eW W't ~6Tu" DESCRI PTI ON SUBSTRATE HOLDI NG APPARATUS AND POLI SHI NG
APPARATUS Technical Field 5 The present invention relates to a substrate
hol di ng apparatus for holding a substrate to be polished t he
substrate against a polishing surface, and nore partlculamM@mmmmamwmﬁ trate
hol di ng apparatus for holding a substrate such as a sem conductor wafrer in
a polishing apparatus for polishi nPESCRIRTEM}bstrate to a fIat”%Pnlsh The
present invention also relates to a polishing apparatus havi ng such a
Substrat e ol di SHPSHIATR HI:D R Ky RARUS (AN HOLISHN ARBHATUS

sem conduct or devi ces have becone nore |ntegrated, and structures of

sem conduct or elenents have becone nore conplicated. Further, the nunber of
| ayers in gul%ilagﬁ Srconnections used for a | ogical system has been

i ncr eased. “AEEBHG gF rregularities on a surface of a seniconductor

devi ce 20 becormerlncpcasedy SG Al St e el ght ¢ 0N t bensPLLage yah e

sem conduct or deg ar ger nanu act’uri ng

process of ﬁpé?g‘cﬁgnﬁﬁftﬁélgﬂ{%% s M&% ﬁanues rg méoora @fgef@s%q ctor

devi ce, t heRPri &Frorach ni R cesse such as patterning or rmng hol es,

are perforpgd %g%@éaas%gewwl%h%w §@rf§&g LRESHo PE 2E8398211308 v

repeated many tines to form subsequent thin filns on t he sem conduct or
device. Wep 5h§u}BHﬁP§Ee0}flold£@@Ué1§bSéﬁé@§s|§otVKH DDA RCeueh a
sem conductor device, the follow ng problens arise. The t hi ckness of a

filmfornmedsi & sepiardriductwmyiwvaged Shep pod irsdlialg ¥pbyratak| foher la shhiing fi |l m
is formed on a sem conductor device . An open circuit is caused by

di scorninect the safostrtadreconaddtitaiin i . a Thlegrnessnrtcimvensicaaded tplates
insufficient insulation between 5 interconnection |layers. As a result, good
products c@mnot peldbshdindedappaathe yiagliga epdcht @ beubativakd. gt |
even if a sem conductor device initially works normally, reliability of the
sem conducebPagéfiise is |lowered after a long-termuse. At the time of
exposure in a lithography process, if the irradiation 10 surface has
irregularities, then a lens unit in an exposure systemis locally

unf ocused. _Th refor if the irregularities of the surface of the

semi conducB8F &E?u § QF@ i ncreased, then it becones problematic that it is

2' ffic ét to forma Ll ngtpgégl‘?ér ééxﬁﬂ:én& cEQF 3&918%9%@&3 o‘{'z\ec‘?norje5
ccordihgly, in a manufactdring’ proces Sehi conduc evice, It
hgsrggs' _rl‘_ﬁleﬁ‘lrt%%?"r%rf%% | PR3Nkt @'@P%%M%Oﬁdﬁﬁ%é‘?@l&ﬁ?ﬂﬂ?hég@wt or

4rtant one o pl anari zing technologies is
(Cheni cal M%%@aebﬁ@hlegltbahl nmrtﬂ@rt hen& hemived! ofethgarsaln pRlitshifgsr Wi th
use of a polishing 20 apparatus, while a polishing Iiquid containing
abrasi ve pamntteticennstoas Skkdcof S QR)gildar ey ties happbé@d odreased.
pol i shing surface such as a polishing pad, a substrate such as a
sem conducarcorafierg liys turmamghitatint ioe sbn disng fare @t & swinti ke otnlde ol dshi inge
surface, so that the substrate is polished. 25 This type of polishin
appar a2 s bempmes égcrepaiddshisey tthatdl e treavibmg dh tpoldrs Hily Sirfagee of t
constituted by a polishing pad, and a substrate hol di ng apparatus, mhlch is
call ed as SGFINNEOTr sevacei Eenfehd, be ora FaR L n&hésséﬁ] BeRAUELOr i er .

Wen a 2 senlconductor wafer is ollshed wth su olligH aﬁgaratus
the seni coM@RtiGCiwridyd PEOREFS %%diﬁﬁ@§§8&d§§§Pﬁs eYh% pdti Pn@

d d h b
(e, the PO G % SOF oA h SHyTar 1 ROarh AP AR e Fved
relativel y tohﬁgcgo LRSE 108l 10 EOER PR GONUS! AL SRDEL bR d fite

contact wi th<a I'shirng~sdrface the 'sur

sem COEIgUCtS%rley%fn%{udt%rpgé{é?‘gd ahQ ehdd@brBLEEQE sfd §Q}tne£f'eéﬂ&l?xyatlmes

polishing apparatus, 1f are tive pressing force 10 between the

sen conducty Mahers g ighed @nGid h RAd SmitsHiiacs e .

polishing pad is not unitormover an entire surface of the sem conductor

wafer, then the sgrErcenduwti®e Waf & rday lians ififdscl € ntlor dae egiodh shedr faiceay
excessively be polished at sonme portions depending on the pressing force

appl i ed to dhesedudrdomisthr afeviile s eiiec dodlowingwafrebleliserefisee, Thehas
been attenpted
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to forma surface, for holding a sem conductor wafer, of a substrate
hol di ng apparatus by an el astic nenbrane nmade of an elastic material such
as rubber and to supply fluid pressure such as air pressure to a backside
surface of the elastic nenbrane to unform ze 20 pressing forces applied to
the sem conductor wafer over an entire surface of the sem conductor wafer.
Further, theipknpshiafgadddm Soxmediasa perthan peg agtapr tesedpgplived vt o a
peri pheral portion of the sem_ conductor wafer being polished becone

. . p .
non- uni f or ARRAAdVReR e Ly TERR perigmedionér FEBRCOBIBE LRI F @ ondtict or
waf er may excessjvely be polished, which is referred to as "edge roundi ng"
. In order OPERIFEVSM E difcFaBagE Y HATPRaATE LS RE st HeRhF UURF - Rbys tHrat e
hol di ng apparatus in which.a sem canduct.or fer. i s held.at .its ri pheral
or t 108 3 2 BHORT g GRAE N End Sor ShoFE: BindrHind CLERE ARSARICE Hooviteh o
t he pold shi [ . hat rresp st perl i f e
senicoﬁ%uc g?e%g éﬁgﬁéagﬁe%§88£gy ?%gEad%ﬁ%hﬁ?néﬁkgpﬁéﬁg?ﬁg%gf%ﬁﬁgnﬁ&ghe
thickness 8heaihBun LhUMASIVEA P ARMITALE dbafcsaM CARURL O NPT
varies fromposition to position in a radial direction of the sem conductor
vaf er depepdi &gk @ @udtdMARARY 1hopi AR YA Ofs 6BaRATLE I 8&1£op 0118y fdd M
deposition apparatus. Specifically, the thin filmhas a filmthickness 10
di stributi@Rel Belheohadtabrdi&ecté ois Afovidied afiteandutbng-vetRrusSl ngg a
conventional substrate hol di ng apparatus, as described above, for uniformy
pressi ng amhentinie oSuetpceudé ia &anittordueihor pnatess pdlf shesinrmeiiation
sem conduct or wafer uniformy over the entire surface thereof, it cannot
real i Ze0 a pokifskerppantourpudastitibeat itdrenls lemst un st egual ekposhee system
aforementioned filmthickness distribution on the surface of the
sem conductiér lageély Theeensed; tHensdinmnmt ildnghepbrredihar appas @ LiLheannot
sufficiently cope with the filmthickness distribution in the radi al
di recti on, shadacef Eneisemi condietosiel R PE SHINTT 958 scaueR 12 eaaater
the aforenmentiqned filmthickness distribution on the, surface of the
sem conduc®PséP tifarras Yepehdingt oittthea &Bémoﬁ 1R¢ | RR HepoRi ki £
met hod or a f% m de ositiontapp ratus. Specifically, positions and the
nunber of PO t1'6ns HAVCRG & "°4r §€VFi9%n t hi ckness in a radial direction and
di ffergnces in thi b %@Eﬂ ' id .Qns i '
porti _oﬁ%sl vary de%é:%g?ﬁ%%gﬁt@f hlgrji ype %@%4%*% gg%g%?tgiooﬁg%ee?ﬁo%&o@éa 5 1m
deposi ti on ARAUAL 1S nENURLIASy BesbREL AN Y ARRAAILS 2 ARA& Of
easily coping with various fil'mthickness distributions at |ow 4 cost has
been requi Lgd tial hedm i dsiiec b sl &ai €e hol ghagnappaiabys taapabne @ff cap ng
with only a specific filmthickness distribution. In a substrate hol di ng
appar at us hawnag iz isig tedhi el dPi e S 1 pICMES ( Cigerai Pal Meohanf ca 1rd 1 Ssdtiingy) .
surface that corresponds to a peripheral portion of a sem conductor wafer
by a gui de Ini npeochemtiaeiemerhrgicalopdéishongy ewihh esigeof carmh higghing
non-uni form pol i shing such as edge roundi ng cannot sufficiently be
suppr es¢ed appag@misoasesl &9 pedriahingoht 4wl d FagtpiesBu AP rRGiverBI t1¢ea 0
af orenent i oned guide.rin8$pr retainer ring. Generally, nQ devices are
formed on SUsty#pEdidicapbtiPdhtheraiseds eBRALERE OIS 2 PO NSRSt es3ce f or
t he purpose of prevenijng, el ution of tal or other defects, it is required
that a pol iséJi’ﬁhngs o @+ 31 @ﬁfji'o?lélupggtré‘&&c%ﬂc}élasaa Bgﬁlﬁ?ﬁélfj&FttBErvfai‘% of a
sem conduct.,or , 15 fer_so that.an underlayer .filmis.not.expose r,.on
the contrary, P4°H§ Fsﬁpﬁﬁ ?gi%l?% 95t %ﬁ?éﬁﬁﬁ1;hanP%éééangtS%?g%?gbﬁg?a
poti on of h%etmt%%n% tsq{ra\@‘ Iy }%l}%ﬁe%.r enove a filmon the peripheral

potion of the sen conductor wafe conventional polishing apparatus

cannot,suffi Ci enﬁﬂhﬁscwgéekp%1B§Hi§1@lartq;ar@éﬁl@éoﬁpgfes@@ypmel@i 49T of a
sem conductor wafer to a deSired |evel.” Disclosure of Invention e present
invention has;ibeer pBUeshAnY W Phcé heormdoMe sd Wy & bollikhisg bhey edmde, a
first object of the present 25 invention to provide a substrate hol di ng
appar at us angudspehitehhalddangaambarsa v Cfwitiash el tabladtds i fiopmrifigraed on
a surface of a workpiece such as a sem conductor wafer, having a film

t hi ckness di starhikr oheadd dar duilaima anskoipohduotoni elafess afithean 5a



polishing. Further, the present invention has been nade in view of the
above prior art in which a polishing rate at a peripheral portion of a

wor kpi ece cannot sufficiently be controlled to a 5 desired level. It is,
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 seshcasdacteriwedradud s aro Maghad Wilth o R WP N HePPSKRRYSr at e
at a peripheral portion of the workpiece to a desired level. 10_In qrder to
attai n t hethpsgmiggnedictofcvaier ig kol d andRreszpeagadhnsinehpPeddsting
invention, there is Provide a supstrate hol din par a UE %%r ngLn% and
pressing at3bbstPRERL 3 DCHOG SHEE gﬁﬁ?ﬁﬁuﬁfgﬁyi FYPS PaSe 2O AL

h ized i hat : . hal di.nqg . i i
O act o 260k Dbt MR SRR 6, Dol 10 APPRL gL US, SO SapRoLoR, 11 N0
whi ch 15 VEES hERL! XoIRYEP:E LML (REEIVLND SPAGR RaE hapyiling
body; an abu nen9 n% er "having an el astic ne ane 1s attached to a I'ower

surface of +hes Ser Lo hd ¥omRual:e s FEBDST s a1 le REAsidC, et Al poafi shiieg

abut nent nmenber conprises an abutnent portion, 20 having a flange

proj ecti nggQutwakdlsy L OugBts YRl £ 86t QRinilAHARI L Rt A s WAIN sy
substrate, and a connecting portion extending upwardly froma base portion
of the fl apgezofithemabubrerti npeght i on and bei ng connected to the vertically
novabl e menber; and the connecting portion is nade of a material having a
25 flexibility highercH Bawltilsh iakusppatapast iidha rWitat itvie sras s ing doerate
pressures to be applied to the substrate can i ndependently be controll ed,
and hente hepwessi e Semdeocagpkited wafer bieiickepo b shedfanad the polilshicwh be
made hi gher 6 than a pressing force applied to a thinner area of the thin
film therebyfeckext thelgeliridusrag ishropolnisinmyorar eroent hee hirdese ar ea
of the thin film Thus, an entire surface of a substrate can be polished
exactly too4 §8si sedicopductereysdetivében tthe semicandichiares@ter may

di stribution obtained at the Ln% the thin filmijs fo%ned..ﬁ§%%£e£, even | f
the verti caPSPIfd¢aBrs LB i SREARSBARYFHHRRFIIS ¥ BF Ribi i Hichgt some
excessive downward forces. are not applied to the suhstyate.which i.s hrought
into cl osePOSHEREE HRH %ﬁg38&%@&%%%ﬁﬁ??gﬁr88§£ﬁ$§%iébggﬁﬁg ?ﬁé}%ﬁﬁtion
is 10 glastically .Qr a Ul | i shi r o
achieV@% iﬁfa%hgrSgﬁégf%ggﬁtége&ggég'pgﬁéégégagg’tﬁglﬁgzgg%g?%ﬁﬂ¥%!éf?ieven
If a verti %%'f&'rxﬁ@\réﬁ@f%c@?mh Salhd hednfitorRRItHH W e £X6 @3S MSs iRy d
forces are not applied to the abutnent portion because the connecting
portion ispoikehy tpradant P &5 éhastacvaerbinhe natel ofmed neastihe
base portions of the flanges to achieve a uniformpolishing rate in an area
bet ween t henahasd apostithnss ridberdang t® sappdgoftiuadpecdsird Fachr esemntr
invention, there is provided a substrate hol ding apparatus for hol ding and
pressi ng 2@rassulrst t@bdack sielepohi Shedo Aghiensta st poheshirage Srdabermize
characterized in that: the substrate hol ding apparatus conprises a top ring
body haf@i ngpressdew fonges pard itideteithe @Ml coNdre feamaf eFovEdT anriihbere
which is vertically nmovable within the receiving space in the top ring body
an abut nentsurdiser Haihey sepicioasict o5 Wadifdr-ane is attached to a | ower
surface of the verti allx: nbrane of .t he

| nber;. th | i
abut ment member & sIggggghgﬁgﬁgpgéﬁf%%ﬁ?fﬂggi%éhg%ﬁﬁﬁﬁﬁiﬂﬁgﬁﬁﬁﬁ?ng
t dly, b ht . into di. t i ndi t t . Wit d
S o R Y £bTd Batub ek al pd TEL T &ir, ERRLA bl BURREIR fyg 27
fl f . t i i i :
mouant e e eI B oROhbhIln P0G LG FANEEH €0 che Jeba phidd it dhon

a thickpess, smald efplihan ke Rbukrent méP/inkaEQQiVWLPthhﬂ)élﬁéﬁéﬂgeﬁﬁ‘ﬂéh an

entire surface of a substrate can be polished exactly to a desired | evel

i rrespective ek rthechi ddnaht skfe s uBiasig-hut [an i akbesk @fettheuidhnedgde
thin filmis formed. Sinultaneously, even if the vertically novabl e nenber
10 i s pressefribwyartlerd baspoeeshisigd £xuestinatedboivdind bppeestaseimot
applied to the substrate which is brought into close contact with the

abut ment pattiadn deeaisendue tconmwadkirng spbefidoati $thi Retyrherbe pefbioed at
the thin portion, so that a uniform polishing rate can be achieved in an
area between the base portions of the
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15 flanges. Further, even if the vertically novable nmenber is lifted for

pol i shing, excessive upward forces are not applied to the abutnment portion
because the thin portion is likely to extend, so that a vacuumis not
fornmed near the base portions of the flanges to achieve a uniform polishing
rate in an area 20 between the base portions . Particularly, when the thin
portion isbfoangdide miEng ®he cefelinest sdngawandl Yhe rerngkas pogdddqrolt
these effects can effectively be achieved. According to a third aspect of

t he presenthpR@hishing sHEfacestRr o FogegsROSEESE? &DE PRT HPRYT 2p PGS f or
hol di ng and pressing 25 a substrate to be palished against a polishin
surface, cRardt epPseanincERaMa skl SRPSEFSEP MBI %ﬁpﬁfﬂ%f’gsrw%ses a
top ring bodx havi ng a receiving space therein, and a vertically novabl e
menber whi EARPs vertically novable within the receiving 8 space in the
top ring body; a@péb%%%e%m&% ahaeﬂig? A ! F&ixhcg%”‘é‘ﬂb&agﬁr'f%c%t bgched to
a |lower surface of ‘the vertically novabl e menber; e el asti c nenbrane of
the abut eglnTRARGNLCEBERA SE5 A1 RUEEBR LA A Lol 110 Jh ihalgadial
projecting outwardly, brought 5 into diréct or indirect contact wth the
substrate, japdcgi6QNNSEt ithG POEHL OPn@XEENdi NG repvesbyndiRg drbage Makt i on
of the flange of the abutnment portion and being connected to the vertically
novabl e neaiagbssi@a@&nadﬁ@ﬁw@n@%s Hamndtwerstsidd ase of Fhembarpdeardiican of
the flange of the abutnment portion is 10 weakened. Wth this arrangenent,
an entire appbaeeusl. aspubsfiasbtloanthe palinshHedmexact lay flidma thesikresd evel
irrespective of the filmthickness distribution obtained at the tine the
thin fi0 m idsstoribedios mlthaneadsay dieest lion ¢ hdheesemtabhguabvabiat emnber
15 is lifted for polishing, a vacuumis unlikely to be formed near the base
portion of Stheef baprpyericerel thbaed pbetiddadofPPAEaENEngRS ideaalibad y to
be brought into close contact with the substrate. Therefore, a uniform

pol i shi ng PRO¥SeaPHBNAEArBYEPLEFHdMIRRENET ReB fiafe HhSS PHIIGHEERD | n
this case, an interpedi ate nenber havipg a | ow adhesi veness to the |,
Substrat e Hay BB LHRSedT6NSPRLCPRART CORAALAF 3P ERERLAEY FoF ERGTGTS he

fl f the_.abutment portjon t dhesi ver f the | ur f
of the bas& BAEFOT G He! F FARGE" * SAITGAmabPUbry PA ARESR s S wisdh t he

base pprtiQp of s Lhe [lAange g2 éiﬁénb&’éfjcprﬁ%cf alie ”E%{ O &@Qk&i@%ﬂé’ut f
exanple, formng a(ﬁroove Ao the Tower surface of the base portion of the
flange, or by { %agféégob%whéugéﬁf@?ﬁéué@@r baggepor t iteR 2 A d,0udle

surface. According to a urth aspect of the present invention, there 9

i's provi ded o vamisioiriiepBoh dhiggaRPsd 24 tigs famdy dufigiandnpnessope with
substrate to be polished against a polishing surface, characterized in
that: the sestfidie thlakineg sappartatiks: henprirseshea taofi a1 ndji byl drgyviamd a
recei ving space therein, and a vertically 5 novabl e nmenber which is

verti cal | y imzvetflie iwintthior tehe asedsieviped. isphacw iirs tdaaistesh ring body; an

abut ment nenber having an elastic nenbrane is attached to a | ower surface
of the2Qertical | Funthaiy, e tirerbéprempntépasdi €1 bk bekness tdies bpihweien
menber conprises an abutnment portion, having a flange projecting outwardly,
br ought 10 9Mmttedisp&Ercsr Oﬁnﬁﬁﬁeéﬁmé%{l%?t%t‘Hafﬁé Cubke? depenthing on

connectin ortion extending upwardly from a bas ortiaon ,of the flange of
t he abutng %ﬁﬁ??B% IbggﬂagbBﬁﬂ%§F§ Wﬂ?ﬁ%glggﬁﬁﬂﬁﬂﬁg}QHRERﬁiﬁm% er;

and a hard nmaer, e of a.paterial rder .t han | ast r S
enbedded | ﬁ%&%&gﬁgﬂd’dr bpShETGES sty AL AURSE of bRz LR f%r%‘ﬁﬁ%%r %91
this case, d. I .d 4P Ve r; S L th
this arr angéelggnn??{‘gﬁlqg%?iqrneérs}%r gicl]'e&g &é@g% sa'?l ?ia(?%aff;%%g%gé%(%ﬁ ?ﬁfe)%(%%{%%t |y
to a degsir i ; LVEs t j tehi i G [ ' i ned
2t the Tl M ke AP on ) P gt T aneneEf ohT et pEnabig
vertical 'y Jpovald e ypursr 4 seoowaes sk it 1. e ehd @roP0d | ShiMgdeg3sEE5b e
downward forces are not applied to the substrate which is brought into

cl ose cont agdpamdtud .he Tabueremt , porsuent deaeans eddagrnss ar £ ol < eaphy lehef
connecting portion are dispersed by the hard nenber, so that a 25 uniform
pol i shi ng rest=l lgaropd ngchiiehedar hoas &rea thetaiess s ke shasddbutdonisons. low
Further, even if the vertically novable nenber is lifted for polishing, a
vacuumis not forned near the base portion of the flange because the hard
menber prevents deformation 10 4



of the vicinity of the base portion of the flange. Therefore, a uniform
polishing rate can be achieved in an area between the base portions.
According to a fifth aspect of the present invention, there 5 is provided a
substrate hol di ng apparatus for hol ding and pressing a substrate to be
pol i shed agai nst a polishing surface, characterized in that: the substrate
hol di ng appas&thss bespr regslved (mtrhefrgtb@nw rabistyg agerkekd o grppacsus
therein, and a vertically novable menber which is vertically novable w thin
t he recelvpﬁgabéespﬁée FaPing tWhthi nepbwvdye arsraniieht fddbertHakinggsan

el astic menbrane is attached to a |ower surface of the vertically novable
nmenber; an8ifkhE1BLE4PPe nenbrane of the abut ment nenber conprlses an

but t t h fl t t dl ht to di t

or i ndlrett cont KB v RSt Rt RS FHG SERREAE (G BT ER SR ng.
t f b ti f th fI t it do t

o he ! ahse s ingoRrp 8oLl et e ttiek swzeea@re ﬁ%ztrb%f?qog%“e“%ﬁo@q% ;ﬁge

of the abuggﬁghg%kgen%gggoﬁ gennegti g, ét&f‘ V@gf@@g@g% lbgyxgc[]edlrﬁ

an outward portron an e| ng conne

vertical | yo%OréTPé{f‘Qé?S:"‘f‘rg&)%% oWlEP E@'p%&fé&”@@&%”fouﬁ@lﬁ@t IS g, of a

substrate can be poli exactly to a desired level irrespective of the

filmthickpesssaiislrdiu horRRp pbmedi 2§ cbﬂ@.ort@@fﬁf@léﬂ‘&lgyf)b@ﬁﬁ dsyered.

Further, in a case where the vertically novabl e nmenber is lifted for

pol i shing aht eforthecs3bst pat aelrs 1§ Aeghird MNtinh ¢! P6Ss SONG acdbrveshottheche
abut ment portion, upward forces by the connecting portion are converted

i nto fooceafiorehenitdonical qriddl ripne dirr edtiansebyrihe. extGendirad 1yor tricon,
and the converted forces 11 are applied to the base portion of the
flange. Thelesfioes, aupwéodmedr crsa appt ipteral ther bhse @bra issmigondwsfdrange
can be nade extrenely snmall, so that excessive upward forces are not

appl i ed t oweerabuNaBartheiessn. £ o doraiiPigIPps caod sk taHeR S 1net © ok heR & near
t he base portlon so that_ a UnIfOI‘mEOHShI ng rate can be, achieved in an

area bet wed% teHeObReh®BrAq RS Addo aiﬁ%q‘t‘ %dﬁ'}baftelarealé%éeg 5te He

Frﬂisgﬂhn'erc‘ﬁ?%' Jeredm i ETErORaE ARy G Har ?311?9 o Skt oy
posi t | bhod VEEAFA] (R RARI AT %i%iﬁé@%t Faddh Cﬁgﬁﬁ%ﬁ'e”%o#ﬁéiﬁf

portion posi i (=18 of
t he presentSd F|E(%1J{'\3en ﬁ%@g@h 55 19113% e Jgér)%?lef?l ngglreggl aqitaa vvg nd t%
flange projogchidighildatiall Vla'f@‘ﬁ’aééﬂa)é haveelifd ar enim |o‘%ﬁ%85peﬂ Bbﬂé}éasl
case, it is desirable that the flange projecting radially outwardly has a

I ength | ar geftitthan £ hehd | sngicdidj@edd nea fadi ald yedmwatidl oha 1Bes@lissh ng
cylinder having a smaller curvature generally has a stiffness larger than a
cyl i nder haypagatusargemaursaf fit @l e20l v ventichl af pode shfipki edhtteo dthea base
portion of the flange by the connecting portion positioned radially

i nwar d2§ becorighdrarlgpottibancs & croel applictbt waflse tase gosired Hvehe

fl ange by the connecting portion positioned radially outwardly. Therefore,
wi th the above arrangenent, forces applied to the base 25 portions of the
fl ange positi oned radially inwardly and the flange positioned radially

out war dl y CdfPesiautedtVEHOsame | evel, or a seal ing capability can be

h d at the f] t dial |y out ., th f
ol 1ahing rat o cAihEcEaen Ziﬂif%ﬂaégvhﬁaﬁ oreh ‘Gt YEkt BhsErfotefie.

A di h f h
Subst rat e ?P%l ey S R M L e o

l'ish
Eﬁbfb_frg o %H} tl"aoanl.olmgéé1 Pzt%hrg@gzéléﬁﬁgﬁra&%‘i@ yq%&gﬂa%avshata M'fshln%g

nprises a top ri Ing a recelvi

space ther gjdha @t Awkedh eahl %ﬁoﬂ?%:bé etmtﬁlxﬂm'f@}n{e% wer hi salEycaoyabl e
within the réceiving space in the top ring body an abutnment nenber having
an el asti c ywebrkpPecuivch 48 absamigtdndui o liva€et, Qfav il &eGllnCONi @Rhedbt h
10 the substrate is attached to a | ower surface of the vertically novable
menber; andlitdte Nertiicral diyd mogablobtermbes tsifiade dfila matierkreds hawfogra

| arge stiffness. Wth this arrangenent, when the vertically novabl e nenber
is made of a material having a |large stiffness and a |ight weight,

5



15 e.g., epoxy resin, the vertically novabl e menber beconesunlikely to be
bent, so that polishing rates are prevented fronbeing locally increased.
Further, when a material having no nagnetismis selected as a material of
the vertically novable nenber, the filmthickness of a thin filmformed on
a surface of a sem conductor 20 wafer can be neasured wth a filmthickness
met hod usi RglégdByngurrent in such a state that the sem conductor wafer to
be polished is held. According to a seventh aspect of the present,

i nvention, thereFi5thesvi B8 RreE®RE r Y eehbl o R 2 RARRALT o HoleN ®f and

25 pressing a substrate to be polished against a polishing surface,
characteri g@& pROVRaPT 19k %Etfﬂ%n‘t’hh‘é‘ﬁb%?P‘?ﬂa%ﬁ*Hg“cngaeﬁeaﬁﬁ é r?@r?ﬁrpi]ﬁéails
attached to a, lower _surface of a top ring;_the elasti.c nemrane of .the
Bbut ment ERBEHSEoRr F SeST ERCSSE RO T bre LY SR S e o
proj ectd ng ;outwar.d rought _int.,0 direct aqr_indiregt. cantact, wi.th th
substrate, dgﬁgrgdc%%‘?\%gti h% %gfﬁ%%rdeeé %%’dianﬁeﬁ%\}\%rogﬂ/e r8%1 %h% sreeséecr)lr ion
of the flac - i i " i ng:
and the 1 opar s B PO T AL e Ao B T R L 1
abut ment ngpber-a W5t RiHihiss &k aRGEFERh1yaBogRkh! & sifiastef susHbskrate
can be polished exactly to a desired |level irrespective of the film

t hi ckness dieticbbdlicedrofizAidiedyatht Bente1ihg GhigbTidmnnd rstéonfed

Si mul t aneously, when a pressurized fluid is supplied into a space around

t he abut nepertiphbes]l bbetfibangE ithepweraptedef tomabeiesd reef aered .and
attached to a |l ower surface of the top ring, thereby achieving stable
polishithg. In this ceder tid aitsadesthabfershatbidw: ,sappordipgr toom fiasstls a
radial length larger than a radial length of the flange of the abutment
menber. W elSpegthod shupporeseit titorentilen f thege 6f Pheviaded nemubrdiisdre can
be supported nmore reliably, so that nore stable polishing can be achieved.
Accor di ng telaiprepePegdtaspder &0 LHE JrEce M §SHiE S0P UAF TR Ye (i Pe

i ntroduction_groove for introducing a fluid into an upper surface of the
fl ange of Pﬁé%ég@@n%%%l%%wo Slﬁg?grédllrifr?ct%ecéﬁﬁ%Fg b%?éi%hghv\ﬁ HFhhi s
arrangenent, .since a ssurized fluid can be introduced intq the upper
Surface of SPRE FrkigBs | dARSTUERESE BT 118 de 8 ¢ RBISUBSY it B AT be
enhanced t 9. 23360 eug.shaphe ol shidg, Aceording 4gyan & ghiil Apsch, of

t he present T nventi‘on, eré 15 provided a sabstrate hol'drng apparatus” for
hol di ng and ;pyessi pg) 2 iR iRe ROl Nad 30RLBALEA P Ul BORY: |

surf ace, 14° %ﬁaraete?ize q??tﬁat} t%e su stré?gﬁhgﬁgfng apﬁhra pgng
conpri ses o Eh b PEYN D RenbE rAhh €6 BlgVAN G ISRAGE: hifkbehRe 8s\eitd@addy
nmovabl e menber which is vertically novable within the receiving space in
the top ring bdbwerBdrZaseadr ingvbetngabt gughdalh ¢ membeant ahe &l 44t an
upper surface of a peripheral portion of the substrate and the vertically
novabl e memesbrizas afstppalkutpoent aerber sopparitsiesgahhebsenént ipuystidre
support portion having a radial length in a range of froml mmto 7 nm
Wth this deavimgererfilarge inm jaatfiage oftwersiiist retaigddn It dedjped d s e
exactly to a desired |evel i(resEective of the filmthickness distribution
obt ai ned atindi&egtmeonacthivathi Ehei sUPsERRES, SRRAI 2 FRIRRT HLRGURAT Bt on
pressurized fluid is supplied intqQ a space,around the seal _ring, the sea
ring is pr&%ﬁf’@&nﬁr‘%ﬁwg&%gﬁ%‘@%ﬁfﬁe ﬂﬁth‘f’?agﬁg‘tf gjoa%g? B et HRP b
the verticall .novablebnenber. 15 gurtger a e£t£he£gllgortifn qg tQ@,
substrate POOGKE §1Fo e ExEBBEFGEFY B8l FRRCUCT HouRYEY , WHan- T HESMeipior t
portion ha radi a 1N e t mn. 11 & ssi bl e
to prevent%¥ﬁ% %@%eégbgggggppsﬁ?ﬁgﬁQghcg%dﬁéggl%ﬁgq%rg?é??gglagfééfﬂgfgthe
presensci NGRLIi§11 5 Fdrdyd i QYL LR RHROR, ftQfo Nt roducing a fluid
into an _up\pég‘;é slgjpflai%gl gjfldtkﬁe sek{aé! ri ng_ag S ?%rreéﬁ)i n tohe_ support portion of
the vertically mpvapl &HEDEFra W dedt) SpAEESNBEEERL, bel REP 1A RF assUFhE ed
fluid can be introduced into the upper surface of the seal ring,

adhesi venessift rtdte saal ifdagetidet bty WHsbhare128d¢aindeeidacetksoing
achi eve stable polishing. In order to attain the second object, according
to a ninth faspectppl itHetpreeskntkenverda of, attiene fiidmpcanikdenadesbghent e
hol di ng apparatus for holding and pressing a substrate to be 15 pol i shed
agai nst a polishing surface, characterized in that: the substrate hol di ng
apparatus conprises a top ring body for holding the substrate, an edge bag
bei ng brought into contact with a periphéeral portion of the substrate, a
torque transmtting nenber



5 being brought into 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 independently controlled. Wth this

arrangenment, sufficient torque can be transmtted 10 to the substrate by the
t or que trahBahta prgsedmgefor Faradidried fe @hilnaegurfag® hthenth sufdtlmat e
except the peripheral portion thereof can be pressed against the polishing
surface at tAeGRPYOIMAFOFEEe by inrEeprasgutee or ligbisgconte pifeshetd ickerer ,
and the pressure of the first pressure chanber can be controlled 15

i ndependenF§2oP Tt Hae phley il LheSseBnB bt B sttt 2Farfberd SHvedRdRe, it

15,2051 D b SopL oL g AL SN 00 2L 5 2L L1 e PIet L pOr L on, e
bst YA\ i f d t. of , t i t 120 th
substiahe. chegordl nLe BPLel etk poRecl £y Ule Lestal Ve o g0 Lhe

| nside of thecbongie tignemlili MDA ANLA ARG UAIS Alodhs LY due

transmtting nmenber wt urt I'n Vi controlTing a

pol i shi ng F%@,seh GovdwPEE1 PIIrabo POERE RY, Ux ddis SAIMUEARAHEHOFo MBESTard T 1S
desirable that the edge bag defining the first pressure chanber conprises a

nmenber havihBg @ppatédltomHbhsubs rd 8098 i0h {5WRcdAR tatd0c1Fye ALY tO
a preferred aspect of the present invention, 16 t he substrate hol di ng

appar at us GORpr it$es sbuteiaithesort gh Slecudesle t ohor cbanaed ingt egraliloy wd h
the top ring body for holding a side edge portion of the substrate; and a
pressiy felestticaplgsdetfhemed;, asnethatng agafomst pdikl goinghaige st dee |1 s
controlled 5 i ndependently of a pressure of the pressure chanber. In this
manner, wheghtie¥egr éssingateackebieehethetbasrrreihipns &f stha dntanddsed,
nore detail ed control can be achieved. A polishing apparatus_according to
t he presenfUrfhenti GVdonbf i 8eyeifhd CafldreMoatdife NaNRRY r 48 e LRSIE8CNGOT
apparatus and . a 10 polishing table having a polishing surface. Brief
Descri pti oﬁogflsﬁl&\%i'r?d%ceiﬁség"%u@gaﬁd%%é’%ﬁsae‘g? PBRAPRAGR ShERERP HILE i r e
arrangenent of .a | i shing, apparatus having.a substrate.holdin

e 3%

. 15
appar at us 8855F8Pﬁ CEguth UM TR BB &5 §1¥ URrefighds so
ppadt et How s !
]?Ir ?Sts fefﬂ(::)ol ?1%%” Véafeéﬁ‘%tﬁneg‘é“ sk %o?:ﬁ%%itﬁgég J}Png'&Q%ﬁP@{&Eé‘%faﬁﬁgfﬂa ets?hg

present "I nvention, S a pbottom view

substrate hal QFHQeQQDerﬁﬁ%I%pp?HQ%iB EE% %x'? 4l Gred Bé%@egﬁr’&%&é%ase

cross-sectional view showi ng a first exanp aring tube Int
substrate hehdiipgsapparatus according to the first enbodiment of the
present invention;, FIG 5 is a vertical cross-sectional view show ng an
el astic According to a second aspect of the present invention, there

isprovided a substrate holding apparatus for holding and pressing
20 a substrate to be polished 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 a



25 menbrane of a ring tube shown in FIG 4; FIGS. 6A through 6C are
vertical cross-sectional views show ng defornation of the el astic nenbrane
of the ring tube; FIG 7 is a vertical cross-sectional view show ng a
second 17 exanpl e of an elastic nmenbrane of a ring tube in a substrate
hol di ng apparatus according to the present invention; FIG 8 is a vertical
cr oss- sect conakctil e o o1y ex tehidd d dewpimpt @1 vif nom alkesigd porsbnamke the a
ring tube in a substrate holding 5 apparatus according to the present

i nventi on; fEpegeg qfs Bh¢epbltarNEr ALK | BRI DElOE sHIWSRLRS f 60r the
exanple of an elastic nmenbrane of a ring . tube in a substrate hol din

appar at us SEESEFRAGYIRP YRRL § METSRE /i ﬂ%@%tk}%ﬁf’np?@tlm PRI QR GRS es

cross-sectional, view showing a fifth 10 exanple an_el astic rane of a
i ho T ube. P thioypa eSO o kRS aoetr ot RG EBefns e SHUERENT

i nventig)n; Fl %i 11 is a vertical cross-sectional view showi ng a sixth
exanpl € of PRAEPEsti ¢ menbrane of a ri ng tube in a substrate hol di ng

appar at us accor dijngyt QhFQeangﬁﬁﬁ%eﬁﬂy%i&%i%% gﬂgﬁd?%% throygh 123G are

vertical cross-sectional views W ng a seven exanp an elastic

menbrane ota@ HLNGol UPRed Nesta SEOF I ALE qRAK deR01 BHRAT B HEsBEEOL ¢l NYr tidd he
present invention; FIG 13 is a vertical cross-sectional view showing a 20

substrate Hohdi 6HiBRABEAtASsBELOEELNY d1ot AL Rasend tarbednaerihe ofh i ipresent
invention; FIG 14 is a bottomview of the substrate hol di ng apparat us

shown i n Fiefdidiedl Gsiknlitan@ovwellly, caferct 033resest t Do@l 1 ymewabhewendex ri ng
25 tube in the substrate hol ding apparatus according to the second
10 1is pressed downwardly for polishing, excessive downward forces
arenot appliedtothe substratewhichisbrought intoclose contact
with the abutment portionbecause the connectingportionislikely
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 not formed near the base portions
of the flanges to achieve a uniform polishing rate in an area
20 between the base portions. Particularly, when the thin portion
is formed so as to be constricted inwardly in a cross-section,
these effects can effectively be achieved.
According to a third aspect of the present invention, there
isprovided a substrate holding apparatus for holding and pressing
25 a substrate to be polished 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



enbodi mrent of the present invention; FIG 16 is a vertical cross-sectional
view show ng a ring tube w thout any support portions in a chucking plate;
28 FIG 17 is a partial perspective view show ng a support portion of a
chucking plate of FIG 15; FIG 18 is a vertical cross-sectional view
showi ng a seal ring without any support portions in a chucking plate; 5
FIG 19 isshagerinddle Eppssirgdadiiabnviewirdninegbersbavinpgmy iedasidc
substrate hol ding apparatus of FIG 15; FIG 20 is_a vertical

cr oss- sect PRRFaGRelw SRhERCRG IR @oser et SURdPEERL A5FaY aF biscattvmiivisy tto a
third enbodi nent o£ t he %esent inventiCSP; 10 FI

21 i ial .
o1 05s- Seot MEMERL Y| BUP SRbAF ELC aeBRENE {0t FI IR BHET, RErh e CoRRTd ses
tial - ti | i howi t 1 itti b f . FlIG
20. 15 BostURBRETIGN R T Y GROUL M0 Ae IFRASR T B A SUBSPEAESREY Brgy IRt
APpATISS 3RET YIS 9 TRRALAUS AGEAIA L SEROUIBNL O, | DRaPIeSent

invention w l e descri et ai ow W erence rraw ngs.

FIG 1is %oﬁh%%%iﬁ%ﬁéé?@fén \éix‘i‘c‘@nﬁfl?s‘é"e@ﬁgﬁg?ggtffo‘?n 2L gBQ"E;{EI to Pl

pol i shi ng apparatus  havi ng a substr at apparatus acco ng to the

present inyeghiz@n.ofIhensURSake thabshi i APRARAHES r3er ¥esnd L &9l o the
substrate such as a sem conductor wafer to be polished and to press the

substrate ggaitashlayPabiablagnstsdac e adlhRelivehieds babh e.ovisr Sawaden 25
FIG 1, a polishing table 100 having a polishing pad 101 attached on an
upper surf acethkebesk periion de&d tivedelreaich of tthe rangnkeropsidtivn ng a
substrate hol di ng apparatus according to the present invention. A polishing
| i qui dlGuppkepkeoed.e 102 is 19 provi ded above the polishing table 100,
and a polishing liquid Qis supplied onto the polishing pad 101 on the

pol i shing table WOOhf Ebift ALrpogeBanhg &1 e disapplyfaee A% a GrbsaEteus

ki nds of polishing pads are avail able on the nmarket ., 5 For exanple, sone
of these afFénsppABRblshed 19RCtindq @ degdrsophavel (ivwesageri¥e cth)the

manuf act ur ed by g&od | Inc., and Surfin xxx-5 and rfin 000 uf act.ured by
a1 e S aBLRBOGhaaRt e ERkoBt | GRS A FRaR G0 Chee ChBR- Wa aHpaHri s
bonded by ureohrane resi.n %nd | C- J_.LOOO \irs rrgq: o\ff rigié:l Loamvﬁgh%uree heane 10
(single-I aﬁgr . IIi‘—eoda‘m ST ETTENE Y epo(?rbﬁl d’ Fias Jr ¥88 &t %ine
recessgs or ;hol ;io (11) 1S, sur.f h t181q gy | 8 CPORAE, to a
top riﬁg gjrlisvg&gfig tf% dyﬂéghul?\r}c‘f/erafsg%g}lg%nfsl , la]énéd\‘_%]t #8 §8p9r| n%& _rlave
shaft 11 ispcoppledolpr fohoPs il Aidn gy Heldelsel hef bXed $Or8i QR £ ith head
110. The 15 top ring air cylinder 111 operates to nove the top ring drive
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
adhesiveness of the lower surfaceof thebaseportionof the flange.
Alternatively, adhesivenessbetween thebaseportionof the flange
25 and the substratemaybe 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 to a fourth aspect of the present invention, there



shaft 11 vertically to thereby lift and |lower the top ring 1 as a whol e and
to press a retainer ring 3 fixed to a |lower end of a top ring body 2

agai nst the polishing table 100. The top ring air cylinder 111 is connected
to a conpressed air source 120 via 20 a regulator Rl, which can regul ate
pressure of conpressed air or the like which is supplied to the top ring

ai r cyl i ndés prowidrtus sups tira tedssl dbing epradptivs fmhekbdingandmyessdne ess
t he polishing pad 101 with the retainer ring 3. The top ring drive shaft 11
i s connect & $@WPat¥atar tx| BevePobighed pyagringt (Aot PYhbWRINT THI GGGy

sl eeve 112 has a . timng pulley 113 fixedly disposed at a peripheral, portion
t her eof . ﬂh%ﬁclt?—ﬁézﬁgﬂd? thak:ithe ?%Eatfat?ﬁ@%d&mﬁaaaﬁgaasmpr % he
timng pulley 113 is coupled to a timng pulle 16 mounted on 2Q _.the top
ing Mot or S119P TRR9PITRRAYBEIA T2 58 VIR I IGARAT HE B 4 G Adtor
114 is gnerqi z for r i.oQ, .th | e 12 . t t.op, r.i rive
shaft 1§ are’r %?L gtlg%mll)ér)]}%}}lscgin i §%£g%§%¥% ﬁleosya\%lgié t% ﬁgﬂfq inmaﬁ% rpuﬁﬁlé;}qﬁo’?&
the timng [ 5 (49 ng P, L r top
ring 1 . Tﬁggtc %pﬁ}?cﬁg@%ggdrgﬁg l%dsags'u%80%%?%%&}%%pé$ﬁﬁggﬁga%2%11%%&%17

fixedly suppebt-adeols & thiaiRd POty SHQUR)suiiHe o8 tHbsELREea DOl i1 e
apparatus according to a first enbodi nent of the present invention wll be

descri bed heh®wr;Fkfke &0a2tis ReMBrhhEabf CEIOS SalS@Ehe RN Ahervd W SIMPM ik 4 he
top ring 1 of the substrate hol di ng apparatus according to the first

enbodi ment anach @t Sot5ién pabrong\d Evarofe bhejetopingobativashown brodid 2.
As shown in FIG 2, the top ring 1 constituting a substrate hol di ng

appar at@s datpridiseattop rimg deaty Qontathewfibhmtdfe asghstnatecaknts a
housing with a receiving space defined therein, and a retainer ring 3 fixed
to the | owsongedtdha pertbpn axigenshidyy 2pwFhdlyopron agodperlportiiomadchs a
mat eri al having high strength and rigidity, such as netal or ceramcs. The
retai ner rifdgngs ofmibeofaitgiant rpYrieynere: ike ks aonegerbafic§o drhe he
i ke. 20 The taop ring body._2 conprises cylindrical housing 2a, an annul ar
pressuriziH&r§H§@91§UB38?¥1?bm?$¥?EﬂE?Hf@'gﬂﬁddﬁgWQﬁﬁi € Bgr?ﬂ%ﬁF%ﬁlq e
housi ng 2a, and _an annul ar.seal 2c fitted.over, an outer _.circunferential
edge of anPEIPET SAFFAdS BF 3t hbCARINTRAIZAS SRS TISh s PAESPIE 19%%d to
the loyer 23 end S?Ea{n?g. DRUS| 0G5 O, ;be éﬁpor{,' ”angﬂxs2 dpe %ﬁé%é&e&.
ring 3 has & ["'ower "portion projecting r dia y inwar di'y. TRESt et ar net ring
3 may be f i ey | i t ri . top ring drive
shaft 11 ig{egﬁ)%gos%&gﬁal?o%e}t@heteﬁgﬁfrhaal%ann%;glg{r?%éorﬁ So the housi ng 2a of
the top ring bodyi2y apdst RerbABehkbnd, PaHYeRt i BeCOUREREt OF tEs IO Fd )
drive shaft 11 by the universal joint 10. The universal joint 10 has a
spheri cal hkear begpoeebaBdSEXAYt M €b 4 e dioed Legehodyr2spadttiie dOptlie ng
drive shaft 11 are 5 tiltable with respect to each other, and a rotation
transm tti rig lmechackamssodistanbottibhngbthtnedtat ithre dfireeh&heophinnfi bni ve
shaft 11 to the top ring body 2 . The spherical bearing mechani smand the
rotati2f trisnSermedng Smmrmﬂnqalahsﬁwnéfp‘ﬂagengim%éﬁ I@vabd reRIER ¢ g
force fromthe top ring drive shaft 11 to the top 10 ring body 2 while

al | owi ng t Hé EepnipaglioceyessaddiaheAlgBhiingy KCes SdNEf gomwaédb@wew ed
Wi th respect to each_other. The spheri cal bearinggnechanisn1conprises a

heni spher i e RoheBPé I PELESEN g FRPEEF PRE W SRt YHPFYUIRT ERECIDRTF® SR FacE of
the top rin ri shaft, 11, a_hem.spheri cal concave recess_2d defined 15
contrally Mhetippeb Lt oPBE L HE MOt F SHOMAHACE. bRer ey Byl | E42
made of a highl rial _sugtk ] | ed  he n,the
e O 2 S IO AURD -8 SERBY O LI s e gD 1
mechany§m GOJHY, ﬁ@Spoqri!s\fﬁngj S N arSRRMALh b¥ed 1A bheateR bipdedhi Ve
shaft 11, and driven pins 20 (not shown) fixed to the housing 2a. Even if
the top ri ghO@prEiichst.i | radtweth sespect dre bRettien1niNgodabye whabér1l,
the drive pins and the driven pins remain in engagenent with each ot her

whi | e cont aid 13 HES fRyre gdlspiberd kecausent e dbtveopmBdandathehdrbyea pin
are vertically novable relatively to each other. Thus, 25 the rotation
transm tti ngpreicheof siner £l aradd petnaperiiesha od atnbealpteraites défohmat dpnri ng
drive shaft 11 to the top ring body 2. The top ring body 2 and the retainer
ring 3 secured to the 22

10



top ring body 2 have a space defined therein, which acconmpdates therein a
seal ring 204 having a | ower surface brought into contact with a peripheral
portion of the sem conductor wafer Wheld by the top ring 1, an annul ar

hol der ring 205, and a di sk-shaped 5 chucking plate206 (vertically novabl e
menber) which is vertically novable within the receiving space in the top
ring body 2f The vkalniingpRdhehdasg paditabhyosutke ERRIS! afped ferfeen
the holder ring 205 and the chucking plate 206 secured to the | ower end of
t he hol der arpgfoUs md Hxknhdateagrdl Py IHWER RY 1o 2Rs2 ¥ B2 R¥Ereem

| ower surface of the chucking plate 206 near its outer circunferential
edge. The P&®€rPeRELSHPFace of the seal ring 204 i s brought into contact

ith th f .of th eni d f Wtaq b i shed. Th

i he uper syifscsof Lhe smeandicl o vale it begolighed e
i f d 15 to tch j tatl] f e X Lzi .

5 ot oA 8 2 O R SUELLOBILRL £ B (SEORRLEIM coing o,
houl d i.al i dl f | G- t

srould preter ailycextend s el by pge b b chyckd agupl ag 208 d fom

chucki ng plc%%ag%rri%dbﬁq ‘EBQ%:Oihér%hﬁ_lstr'é‘@@@iéﬁrdiﬂéjpgﬁpbggthgi&:'ﬁﬂﬁ%%ég a

thin filmformed on a surface of a sem conductor water is nmeasured by a

nmet hod usi lagt@@@‘mgtwd&ﬁhakrmnq Strateistiah dgwte thersen contuctart maflary t o
be polished is held by the top ring, the chucking plate 206 shoul d

pr ef er abl y mo&amademeibar 2 ivh-izagaet i cabby erdvablewdthianthastdadiwing

mat eri al such as fluororesin, epoxy resin, or ceram cs. A pressurizing
sheet 207 cepepe shnthatopl ashydaodnbranebeknentsndgiar baviing aoldestiag
205 and the top ring body 2. The 23 pressuri zing sheet 207 has a radially
out er edgeneimbrpeas betkdachddkethcusbongr zurdfiatea b€ Wreysutizehdystseble
support 2b of the top ring body 2, and a radially inner edge cl anped

bet ween anTgBper /e biet ¢ bas G Acabd aaest bpperaroBre mﬁﬁgeﬁcﬂ%@?rlrfi%

205. The 5 top ring body 2, the chucking plate, 206, the holder rin 05,
and the pr @&t AR E%éE%OI?O]?aj"épﬁﬁ 91%%%)‘? RECIACHF B PHEVER: erbré)gig % the

t [ bady 2...As shown i.n_FlI 2 fl ui 31 i Si ub
and connectle ShRRGHPALBE LhEh T B elire LR SR 2T Wi Sy e P
d [ 0, Y1 | ded
on thet F1 ur aes SRSt BLELRBHIGT ek 2 oitg ot ERRLECAE HBKSE
t d I : iak t yhbsy
(EPD , ol YAt SORAG FURBE  OF 21 Pelng e aREare T a4 JESe g sen

pressuri zi ng, She®lendi fg %o%%n_ofanéﬁtﬁe el astbCopBties i Abusheht asoruper, if
the pressurizing sheet 207 is fixedly clanped between the retainer ring 3
and the topdd BOckREyCcRing it 8 dlesiktetdion aphaall guffacancantwhrieend
mai nt ai ned on the |l ower surface of the retainer ring 3 because of elastic
def or mat i o ofthiehexperdsuyi gonyisheatd 2654 ras cannelcdsid tonmbhervettic2Dly n
order to prevent such a drawback, the pressurizing sheet 207 is cl anped

bet weed0t hendvalsliengne2dbenf. the top ring body 2 and the pressurizing sheet
support 2b provided as_a separate nmenber in the present enbodi nent. The
retai ner ring 3 eyl &hdiscarrangenesrabpe GREATPeS8PEERCEOCEhR THPSFTFYS body
2, or the retainer ring 25 3 naX have a eru%% re capabl e of pressing the
pol i shi ng §EF¥§Eprﬁ&égéﬁd@ﬁFF§ ¥ Lo e A1 45 3688 1zrepRegtdiiectetet he

R;ﬁaiffi Sg“&ﬁgﬁé %%‘sfsagiaﬁﬁﬁf?iéaéﬁééa%éﬁ%%'ﬁ%%‘%i%{e"%ﬁ%‘;ﬁh%ﬁzﬁ’gpoove
crrcunt er erld &P ERGHe VBT ohehet SEAN I O PRECEOR Y Ny Bty BTk
f11tedysThe £heaRLA0Ed AU SPARSANEZ0 TN CODTILCALRSHIbLENE iy d1pagsage

32 via a throug ole 2 or e e seal 2c, and is supplied wth a

cl eani ng |iufich dPHE €h WaleBADu tthén t BErth Bhd RARSR0L0Bes Aé;pdm:,r abhh¥ceing
communi cation holes 253 are defined in the housing 2a and the pressuri zing
sheet suppaidrtdon nagemaLvAveatiedn iwitdd fdeced eani ke riizguitd passagiel 2oile The
10 comruni cation hol es 253 communicate with a small gap G defined between

t he outer dimsmdiesrentbaltisuckaeadihg persdan,r eng 284 andveheednfierces
circunferential surface of the retainer ring 3. A central bag 208 and a
ring tube 209 which serve as abutnent nenbers brought into contact with the
sem conductor wafer Ware 15 nounted in A, space defi ned between the
chucking plate 206 and the sem conductor wafer W In the present

enbodi nent, as shown in FIGS. 2 and 3, the central bag 208 is di sposed
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 durabl e rubber
mat eri al such as ethyl ene propyl ene rubber (EPDM, pol yurethane rubber, or
silicone rubber. The space defined between the chucking plate 206 and the
25 sem conductor wafer Wis divided into a plurality of spaces by the
central bagredPrEnitd ke thehassmrotpon aéddieifAghge-a Pressieee chidmead 222
is defined between the central bag 208 and the ring tube 209, and a
pressure chanser 2pPBligddépi k8§ PadraPry tderwaiditre2glange e Hengadsbe

209. The central bag 208 co i ses an el.astic ne ane 281 brought .i.nto
Comi act i EREEAme ke bl AR B i BR AL e L AT A PR 1B o

Dag, Ol et 25 8pkot SERBEDBhY DO A SRl G SRIRL 408 28 e

her ei h I pﬂg- 8 J hahl f
:h:rFLQ%ragg?%a§%8§$£%%é)c uéﬁghdk%ﬁg§%a§oggggo£@$%§£fgggﬂgh&@gge ?E%g t he
t hr eaded hghﬁgeggéaggT?ﬁeggggrBEtQQQHZQthgég% gﬁg&&ghspressure chanmber 224

defined therein 1 el astic nmenbrane the central bag hol der
282. Simlarly, hheokhRflgtthe gPAreenBHI $85c@h A Bkl Sr SBIRF ankredth Ji,ought
into contact with the upper surface of the sem conductor wafer W and a
ring tube hakdejon2R2tfiery deiracihablyodiot dimen t hedehasyi enwarblgnanddkhen
position. The ring tube hol der 15 292 has threaded hol es 292a defi ned

t her ei n, ardnhketinggodtibieo? P9 siit idekachad] y1 I pstdgnect dly haee |divigie reurtf ace
of the chucking plate 206 by screws 256 threaded into the threaded hol es
292a. e thagknebee209 hasthhis icatserniédi bt degrigsdlretbhanbee 2B addfinged
therein by the elastic nenbrane 291 and the ring tube holder 292 . 20 In

t he presenbostboginamitiangd prdésad iy lawanstyy D23 a thigknres ppat herdihadt i c
menbrane 281 of the central bag 208 and the central bag hol der 282, and the
pressure chifpePnaestigdcs grkdd OBy PORd tarasd € 2ReREran@UEY R Yirhe ring tube
209 and the ring_tube holder 292. The gressure ﬁpsgpers 222t'223 y al so
be formed by an 25C8FEiPOctAenbBranerafd aSROFU&T FOF PYSPAYL tHY e ¢

nmb , tively..Furth Last i nb d ; .
appr opr | at 615 me iRl 6 KT bagBaT Ry MRS RS L R 26
Fluid P@SS%%‘?ﬁa:i:iP/ %ﬂwai‘lﬁlgnﬁa@g %gfrf’éf%‘gglé .a”qﬁCQHEIECEQ%é, it is
comunicate W th the pressare chanbers an 3, the central pressure

chanber 22ﬁesa&%bt1@ethattemed'f@aﬁger§§§5lé§ts?ﬂ§n9§a12£§y seeRecdiyelas alhe
pressure chanbers 222 to 225 are connected fo the conpressed air source

120 as a SURPIgEHS AUTGR 1V ithahe HPRC 1o el PHARRS g3 raldh .2 1Ry amthalR@ily .
connected respectively to the fluid passages 33 to 36. The fluid passages
31 to 36 are conpechedet @ theindspenbvvirgregithal bes Rirtat R tdurondi lay
rotary joint (not shown) nmounted on the upper end of the top ring shaft 10
110. The phessarsd idifardser 122denbdhen & hey lcindskd hgvphgtae l20geanbtvet pressur e
chanbers 222 to 225 are supplied with pressurized fluids such as

pressuf ze@d Fertdcadt kospreprplicd 6p ehachasedroytaorhel fthe df kekgades 31,
33, 34, 35 and 36 connected to the 15 respective pressure chanbers. As
shown in FméeJgoﬁqﬁ?q%%ﬁnE@Eﬁ%°¢0p961ﬁ$068ﬁnééﬁéélﬁd1ﬂﬂ¥434ﬁ%iﬁﬁﬁﬂﬁﬁﬁ5
31, 33, 34, 35 and_ 36 of _.the pressur happers 221 to 225 can_respectively
regul at e tﬁ@rﬁpéégaﬂ A OLfE BPBZ%S&i%Bd FuPEe SRBPH 2% ?g e g%?ﬁ%%tive

hanb . Th it i Aie] N d . h
br cesur os. Y ¢ RSy aebiretind BT *pb st ERY AR IR Ml

at mospher | Gyl le o SAGHNL 9oL DE RIEIMGEEAFDELSS 221 1HQ225 enbbddl o

manner, the pressurés 1n the pressure . are 1 ndependently
vari edy wi t 4§ Jrioyt ahars) %y d B0 B8t 1 SRRl 16N yPIRest 0y ERRGES £ PalGESS
t he sem conduct or wafer 25 Wwagainst the polishing pad 101 can be adjusted

in local arras tdforidteragihtopdictvdrdrf eanWe a3 BppliieakhafBsl e tdIE,
pressure chanbers 221 to 225 may be connected to a vacuum source 121. In
this case, drhe s£bing icagatfillditdy oantde eahrmspehbest cciad F12Rge projecting

radially outwardly, so that a uniform polishing rate can be

12



supplied to the pressure chanbers 222 to 225 may i ndependently be
controlled in tenperature. Wth this configuration, it is possible to
directly control the tenperature of a workpiece such as a sem conduct or

waf er fromthe backside of the surface to be 5 polished. Particularly, when
each of the gressure chanbers is independently controlled in tenperature,
the rate oficbheWedalnreaaceires batwbencsher besedprpriitiRa@scheni cal poli shing
process of CMP. The chucking plate 206 has radially inner suction portions
10 261 extended B6GARELEDEQ AsriefttoafBet dnthaPresantal npapt 2OB/ &A@ ehe
ring tube 209. The chuckinnglate 206 has radially quter, suction portions

262 ext endeéd RISHEGER 7 UPREFELrdR g aePaFatne formp dhno 258 PrasSing
iner | Suct Pont BEr 17618 51 Dand T heS BTt er Satet fonpoh T NG 363 TS
aapoct] veFl RS CRARY KUERFoh Hor EPBRea6s Ml e dhlr BARAERE ARk ekl o1
[1ui o paseace 57y DoAY TECT AT s e r e R T AT X e

26la, 262apgf bhe surbéPWHINH 18NFe2Blca 264 faipRNREEhed £Re R J4BLHEM
source 121, a negative pressure is devel oped at the | ower opening ends of

t he comunisgatieoin m{ee%oﬁ%@ngzﬁﬂﬂz;t har gioh thenatldmddr aasengcandiciari waf er
Wto the |l ower ends of the inner suction 25 portions 261 and the outer
suction pohmembeane2@RichThe bhirveshisueiticodipert opsiRéilrand ddretatt evith
suction portions 262 have el astic sheets 261b, 262b, such as thin rubber
sheet s1 0 at tthehedbstrthei is| awerckedis;o faod oweer ehyfebasof clabe wemmiteecltling
and holding the 28 sem conductor wafer Won the | ower surfaces thereof.
Si nce t her @oivabd esmaibegapad b ewest tira bl aoveleumeabert L&l madefata of
the seal ring 204 and the inner circunferential surface of the retainer
ring 3, th&akerded hgyghy 208 2rdke stRddRIeSS -pl at e 206, and the seal ring

204 attached to the_ chucking plate 206 can verti call e noved wi th respect
to the top ring Hédp *?hhﬁd*‘rt%?é‘qeé"t%%e}“’gﬁpn@%,Vearljfc}c%‘ésré’ema?’@bﬁ? eSSt i ng
structure with respect to th op.ring.bod . the retainer rin . The
Stopper 2085 BRI ROFIGE TG DHR0 FaL S £ AR ghare ¢ agrh MRt

proj ecting radi dl [ Gl i t-her.eof .
Bovnver i msvarent S RS henths LOPHLPaN R e st £ BBl SRR BN C
to a predeterid r ' t i hRe {YRPERS ST ace
of the radftgkf%ﬂ‘?ﬂ%?’g%%%‘ﬁggtéﬁggE%Et% Foﬁ%%ﬁ%%ggﬁe:&%ﬁ ng 3c.§1_5\;
Next, oper atirQfed.Ne QR HIMNY vhdhus gopstiyet advihll nbe regtiked i
detail below. In the polishing apparatus constructed above, when a

sem conductsey] ettfey a¥Vd saterbel def tuered ticdlie, polabhengrpnssr ahesti e
top ring 1 as a whole is noved to a position to which the 20 sem conduct or
waf er Wi s thriansifeers ed, a arfdirt Ife laoffpunedatn on swifesce?6faa XbRacmidudieor nner
suction portions 261 and the outer suction portions 262 are connected via
the fl120d pafeagesn3pe Bgasvredewigbuantsdur teigkness Thetkedi ¢ohewceddty
wafer Wis attracted under vacuumto the | ower ends of the inner suction
portions 26MrHeREn spehquebrte ddEompsERicrRIIPEEOBWaiRE FBR PP LESRE t he
communi cation _hal es 26la, 262a. Wth the sem conductor wafer Wattracted to
the top ring helidre top ring 1 as a whole is noved to a position above the

i shi bl e 100 having. the palishing 29 f i shi d 101
her con, “The out & SO L GPort Pl BABeR8PoThed bor EQRULATET TN WS
hel d by the.,ret ai ' '. f h§ingt
ramoved oMo Popr oV heed £ 3updat i R E AT Aol B BASARE o] e

attracsion ggfofs%ﬁrﬂgcgm atBhery il Sy EEHQtQpbB:lggﬁigélsugﬁgcé,s

rel eased, t he 'sem conductor wafér Wis held on the |ower surface of the
top ring lcrirgddaneus!iyn Rt oBnr bBAtAkhtCYempder nkkdi rprirecéedstpct he
top ring drive shaft 11 is actuated to press 10 the retainer ring 3 fixed
to the | owefengi¥hrf ikhetaghad By & 1agarnsir tdee pdl 4 shipngingy frheee Dast he
polishing table 100 under a predeterm ned pressure. In such a state,
pressuri zednenbtiaise arfethesgectmaet ynemippt icethitrd dde apr ebstimenthaobeien 222,
223, the central pressure chanber 224, and the internedi ate pressure

13



15 chanmber 225 under respective pressures, thereby pressing the

sem conduct or wafer Wagai nst the polishing surface on the polishing table
100. The polishing liquid supply nozzle 102 supplies a polishing liquid Q
onto the polishing pad 101 in advance, so that the polishing liquid Qis
hel d on the polishing pad 101. 20 Thus, the sem conductor wafer Wis

pol i shed bjavhagpsl igﬁngg paeJegt indt Buthe rgdlvi s hiregahitqdindg oQdidiesd Present
bet ween the (lower) surface, to be polished, of the sem conductor wafer W
and the polPghiragtpaantatt wheh| bealswreksale?, tand oA ERATETSE PRt

that are 25 positioned beneath the pressure ch ers 222, 223 are pressed
agai nst th@xE8P9§HHM§Wﬁﬁ4L¥: Uhd ﬁﬂﬂ?iﬁ%%%ﬂgggQﬁiﬁqﬁ§?f@ggﬁﬂ Y ui ds
supplied to t@e gresay%e.chanbers %2%, 223. ﬁ?e | ocal  are 1@% Hpe .

sem conducP8F thafePPd PRAPYT SOPBEFEFONER 30° TBREHY tHE i P Fr&Ssure
chanber: 224 is_p ia.t |.ast f t tr 208
against5th§a80?i% |ﬁ§9§éF$§€gﬁhg grééﬁ%ggggéggﬁgg%#agﬁg %?é%%gﬁqggﬁgghﬂd
supplied tg e central pressure chanber 224. The |ocal area of the

sem conductor wafer 5 Wthat is positioned beneath the internediate

pressure chanbery22f t8ipr&ss8dq¥hént hear! &stife BMPFANe 294 Qudhe atidg
tube 209 agai nst the polishing Surface under the pressure of the

pressuri zegahl béd?asyp@hé@dei@cﬁrge tidleeediratie] ptres SuF e SPadbeve 226 .t D
Therefore, the polishing pressures acting on the respective | ocal areas of
t he sem corfdaat ohiwvkhessVd Cabtr beuatpn sikech i mste pendéaet tymbyticeontiriol 1fiidgn t he
pressures of the pressurized fluids supplied to the respective pressure
chanbetr® 222 formed. Shevilfiageduslyheherspecesyeriegd|Eiordi RS upplRed

i ndependently 15 regul ate the pressures of the pressurized fluids supplied
to the predsioea drarsepsorngd the Zbsitment nenepy, ddiudtlionget he Prawssitag
forces applied to press the | ocal areas of the sem conductor wafer W

agai nst t hérpdl Pehpagdpherned pdtdeaBIediong Lapes 3vofaoptdftHhe top
pol i shing pressures on the ngﬁgective |.ocal _areas of the 20 sem conduct or

waf er W befAg9adthSrERYi REEFETAEM I5Fad S HEG¥S-ues, the seni conduct or
f W i d inst th | i shi, d,_10 th l.i shi tabl e 100
Uhat i's bei g ot DL SART ariyL® i grel FBR o W BrBE PP bt iR G
¥ . : ! . |
S0P 56,9 L83 P60, R TR SRS Byt ot

pol i shi ng . Lhe the LePN hS L g j sk t he
force mﬁtheﬁﬁ?%%%thgﬁg%gingﬁj??%g%%'%#ﬁ%@%ﬁﬂﬁﬁgEggﬁPsﬂgﬁg péﬁﬂ%%i gﬂgathe

pressing f QiR néintnodld SN chAS SAPEOREREhotr e Wal18E03Y, sIMhat RloeeSeehgai nst
the polishing pad 101 can appropriately be adjusted f or t her eby appl yi ng
pol i shing poadshiesy idandbdesidhd@vddassure distribution to a central area
(CLin FIG 3) , an inner area (C2) between the central area and an

i ntermedi ate ar edccolrelifigi ho ex peeifaireedr eapéCB)qf dhpeprphentl irareyst {d@,) of
the sem conductor wafer W and a peripheral portion of the retainer ring 3
whi ch 28 pesfiibdddtaadsiatd asf grhevedmic dbhfiuedoringfee f W dInthies wreser

t he sem conductor wafer Wis divided into 10 the four concentric circul ar
and annul asvgifege cdlthe EdpngenmRifchheapPrERpRE PEBPGTL bbsS pfesBed imdere

appi | od 0 SRR BRI WA WG Tt T i g ur BRss et 264 ¢

d i bed . [ t.h [ f lied to th 15

i ndependentiy 15k EonEPoIAEd RS IR RS PAPBS SPTEAEST Qhr LoF r CHIATe and
I h ] f W ' t b

contr ol | ot S BSRNAIEAT = 6ntt EEBR ol I Moblorle eRAnop PRRFRCRT £y B¢

pol i sheg on, 4 %G%qgg%g%éﬁpéﬂygﬁy§gponductor wafer Wsuffers radial
in fi

variations, the th m 20 on the surface of the sem conductor wafer W
can be polished widoaidiyy Wot Bﬁubi?ﬂtﬂgabﬁééffbﬁi €RE | proserX CRSSENE] 0N,
pol i shed over the entire surface of the sem conductor wafer. Mre

speci fi cal Iphereves pfovbh@edi i chibessatfe hbedi hragpdmatws fempabishad andt he
surface of the sem conductor wafer Wdiffers depending 25 on the radial
posi ti on orpudssisenaconthictare waflee PAl itshedrgasust a pod iphésguser Taeerber
positioned over a thicker area of the thin filmis nmade higher than the
pressure in other pressure chanbers, or the pressure in a pressure chanber
positioned over a thinner 32 14



area of the thin filmis nade |ower than the pressure in other pressure
chanbers. In this manner, the pressing force applied to the thicker area of
the thin filmagainst the polishing surface is made hi gher than the
pressing force applied to the thinner 5 area of the thin fil magainst the
polishing surface, thereby selectively increasing the polishing rate of the
t hi cker ar ehasfictBeieRPnitt that : ddiseybehrpye haeliag pppasat RaCONFT tSesS
sem conduct or wafer Wcan be polished exactly to a desired |evel over the
entire surfaBePofinhdadteohdist Por SRELF¥EA DY FPRES pERETSEN AR dfeTheEailvm

t hi ckness distribution produced at the tj the thin filmjs forned., Any
unwant ed eE‘@gaPéﬁn‘H‘?%egW%H‘Fél &Fr%%?ﬁ%?%Lf? FOVERIE B LPRB SRETEHTICTS

waf er Wcan_be prevented by controlling the pressing force .appli.ed.tq the
retainer riPR§S. P E}Pﬁet?]%irrfrfq Itbrﬂéf@ ta%dog Egl—’lﬁsﬁéﬁgolﬁe%rﬁ% bc]%?%q}% elrngcrﬂi al
edge of-th 1.60 t I ar t hi ck ard Atd;s.o £ hey t he
pressi nEg’g ngzlgg]S%pp’ﬁgg‘ t(‘)i(rr)1 }tﬁﬁ’g’%?:e:ég}ﬁ%réer io%g a?,rﬁe?%%%t%:rr?t\ﬁi c?r?gfﬁl% nocér eased or
reduced to LTl EHE ROl $RING L& EiHGUTEEHBRY g, of

t he senicoﬁggg?g%%%éfer %V V%enlthe %%essur?%ggﬁgfuiég 20_g§e s&%ﬁﬁﬁéd to
the pressurg CHRINSE 6122 2hle0s 82D ritRE NI ¥ 8& Bt 208 HaSyisiPhacdaichit 0
upward forces . 1n the present enbodinent, the pressurized fluid is
suppl i ed taeh@nhpriessukengapiFerrdal 1vima e 7f ki.d passage 31 to prevent

t he chucking plate 206 frombeing lifted under the forces due to the
pressure chanber ¥i2R2tRbstar 2Z2bgemden e sart hed sabvdfaee blfiea ps@sst nat & araae
applied by the top ring air cylinder 111 to press the retainer ring 3

agai nst0t hbeppbilshhad gpeact Dy tand daeipedskivryl fiomespeapdlvieed fhyhe Hel 138
pressurized air supplied to the pressure chanbers 222 to 225 to press the
| ocal ar ea$hdicknigs ssding leoieliict O ok drededgdinsime ket i hil by 15afProed ar e
appropriately adjusted to polish the sem conductor wafer W_Wen the

pol i shi ng SATUHE2PEHUSIYdUERIR 250 RS BT 1983 fHliudrshe § UPPhé edeth O AARAH
wafer Wis attracted to the | ower ends . of the inner ction . portions 261
and the 0PSO OAC Db G Foe BhAdR IR Fhe S hOL SRS LR RO Te
descri bed above,, At. this tine, the_ suppl the pressurized, fluids into
the pressuP@LAGHBEPED 2502 I9WessSEg ﬁegsc}s/f %8"'—5 %%%3{?’0?‘8?’51 Fé‘?e@%\eﬂv
againsi:th lLi shing . S d q?g r ur : r to
225 ar%5veﬁpgghf§ht%epggg%ggﬁggenggggg_|%g y,%P%gQF%a%}lgnggﬁg?gt %%%%ner
suction pordiQng 284 AR 1588 QUL SlioReFl PN WIS LEPS rd BolEQHENhas M O
contact with the semiconductor wafer W The pressure chanber 221 is vented
to 15 the atymsphalq @h evaauabadet 8 rdeyehop amnegatingg, plesssiigddraied n.
If the pressure chanber 221 is maintained at a high pressure, then the

sem conducttey prafesntWile Sixcesgliwepretseshiagai nst the polishing surface
only in areas brought into contact with the inner suction portions 261 and
t he outer sucti ohcuortdioyst862 pradcrredetopectiaf ithenpressatyinvenierrase
the pressure in the pressure chanber 221 imrediately. Accordingly, a relief
port 239 penélvadiingdadwattien gresyaror hnfedug2ngthfough 1heo EOPIRPP Y
body 2 may be provided for decreasing the pressure in the pressure chanber

221 i medi &WIfrCcasishbPeal FEBI 25 farmad dchBe, SHPRA RPTe 3y edstie
chanmber 221 is pressu it is necessary to continuousl§PguppLy t he

pressurizeﬁqqqﬁQF%%ﬁE#%ﬁ%bb?e?§ﬂpgrcha 2915 3T ERBIFM passage 31 .
Th I i ef t 239 i, heck | f.or ti i i
(rom 11 o AFR e e TR AR, BRCT ink BplBeb0t nBb Y RE IPHePlndh L8 [ e
i | i - ) i h
e conductaic vy TP e chaNiTREYSE SIERE spak rihhlha the MeameteRrel 1

which she sen gandigtflcey RS efciWdwe t 181 d nansfaiinggd, and then a fluid

(e.g., conpressed air or a mxture of nitrogen and pure water) is ejected
to the sen conductppraieto Witiad rf BRe CUBBHY edYic@t  habesrdbiga t262aivtnt he
i nner suction portions 261 and the outer suction portions 262 to rel ease
the sem cogipdar omatae Yrésentt hevéwpionndHerd A sTheopdldeshangubs tuate Q
used to polish the sem conductor wafer Wtends to flow through the snal
gap G bet waerldihey aagmaraius uiderlentdiabg samd aoee of indea seabstrage 204 had
the retainer ring 3. If the polishing liquid Qis firmy deposited in the
gap G then the holder ring 205, the chucking plate 206, and the

15



15 seal ring 204 are prevented from snoothly noving vertically with respect
to the top ring body 2 and the retainer ring 3. To avoid such a drawback, a
cleaning liquid (pure water) is supplied through the fluid passage 32 to
the cleaning |iquid passage 251. Accordingly, the pure water is supplied
via a plurality of 20 conmunication holes 253 to a region above the gap G

t hus cl eanPpd§ishedggridsbapelieshinheugdieceni phprieier 4 Aontbet h&gﬁ rmy
deposited in the gap G  The pure water shoul d preferabI% be supplied after
t he pol i shE¥PsERPESMAUIGGIY ARPBFaPME LHM ElRse 1P HHRY POLNMERE holding

sem conductor wafer to be olisheg IS attragted %g t.o the t%p rir‘}ﬁé%li It is
al so pref eFBBI §UPS§tdPSEnarfe 49 PRE SGIPY EFONGRE WRESr CORTaGT { 59
ring 1 before,the next enicgﬁ ctor wEfer S oIishgd and Eence t

brovi de t hESFAPAFRAT BYTg 08 GF (R R 57Ty Sof iAo hhRCRBE 5534 n
FIG 2..35,._.Furth il | S ' ' V. i 226
et nec® boPRbBH TRELTRE St Bristi Wi Fa bl GBstPaeiReRshL) dlRAt
pressuri zi ggeghfﬁag%%g;tgﬁ&A;B%@géérégf gyeat fhe AekhalLBL AT 3% fr om

bei ng el ev e top ring body 2 . Therefore, 5 1n order to allow the
chucki ng pliatie, LBEgL B REa Bl QVSE 86 $FOBIEN ¥ebBnber dDfl1Fd BHaRBEY d& £ ity

t hr ough- hol es 3a sﬁoul preferably be provided for equalizing the pressure
in the Spa@"@dla@lgi tiwd hel atasples dge MRS sueeindspaessnt bedatimedled.
according to a substrate holding 10 apparatus of the first enbodi nent, the
pressures in thewptashirea chandeten2221£Z231 ehhe quepssode betardremmizd4ed n
the central bag 208, and the pressure chanber 225 in the ring tube 209 are
i ndepeh@enttby tbentnbkked teobgohheotottee pteassngt t bngesemloer ng Ky tthwer,
sem conductor wafer W 15 A first exanple of the ring tube 209 in the
substrat e hdedmyl eppariegs @ktbediukpipthexrppstthimbedirBAradfPaielon
present invention will be described in detail below Al though only the ring
t ube 209 witherse fyeare bephe perd R Iaine i bhe RuligdePIptRER o WE TRt i ed

to the central b 208. 20 FIG 4_is a vertical cross-secti.onal vi
Show ng_t hEoRCRoBY BB BEoSRERR 1F B Secobd Prrbstes (atamidey af the

cross-sectional view show ng_.the, el astic nenbrane 291 of the ri t.ube, 209
shown in FP&ESFUTAs %ﬁo%el anf%. Bf “5fat's, ?ﬁ%né?gstciacn n%rerbrcaonnre%lﬁeoq t he
ring tube 2 in.t fi a rtJ 291 havi ng
fl angeggzgigl%ﬁ#%]ng%ﬁtr}d; %Lft %ragp%sgﬁgecgﬁﬁgg% ?%%é%lg(?té%é;%%%%c con_nec't ed
via the ring e Lol der ;295,40 16 GIEHNG Pl af & A06hiHe Lonnest idgk
portions 291c extend upwardly from base portions 291d of the flanges 291a.
A lover suifaa@nefraingo?€ ionabet tents iy tdaae ,291R i, Sa DEQOUOEH i h ity COIMtaCt
Wi th the upper surface of the sem conductor wafer W The flanges 291a, the
abut mrent porft ithie 241 phand 1t e radere i nhepaibsanst2Qlc are integral ly made
of the same material. 5 As described above, when the sem conductor wafer is
pol i shed, pressuiiccedding tds apeeefiepplededspect hef hespueeenhaipesn 22}, and
the pressure chanber 223 surrounding the ring tube 209. Thus, the flanges
291a afe brtdwghtordue ctpseswbhtiey wempahe i @éondorenigatepnwhsle he
pressurized fluids supplied to the 10 pressure chanbers 222, 223.

Accor di ngl EOmEWEY Gat ittt apFRASRr BN BEAR IRE (rhes §aFRAREdT T PSR ShpPRY IRRIRSF t he
pressure chanper 222 or 223 sur ndj ng the pressure chanber 225 |s

consi der abl3hPgRR7CE IR FHLe ﬁrf(raggﬁr Og(f{u‘f'h PreEs li%ﬂlef“ﬁ’ﬁrdwéﬁbp??%}ﬁ to
t he pressure.chanber 225 defined in the ring tube 209, the high-pressure
fluid 15 st ndi ng the pressure chanber 225 is prevented fromfl ow ng
into the |lower p j of rin u refara, I e 9la
can wi den the ra%lterlto rpSrelggﬁﬁé%g%frgﬁn?ggéégﬂsog %ﬁglgtrhgglgfjre C ;br%eér.s,

for thggeb 185 S tI8H 6@NENE tQtm Mad e YL Wl Y 1 £20s Qpes Ags1 291e
are fo?ﬁed*%ﬁhggﬁ?%%ib%o?t?ons of thelghutné%t portion Zélb gf the ring

tube 209, angi hus adpeassdderas ihlquitHeSEPPs ¢ @ ds@ire champeredb@b£ises
pressure chanber 225 directly contacts with the upper surface of the

senm conductpmewdker hiihgoughaditd epenthnga 2% qd otthérathul menttopdptmon
291b. Since 25 a pressurized fluid is supplied to the intermedi ate pressure
chanber 225 duri Bgquaddishy kg, a tdre fEresslieisped tf b fiitheppesses tt hevabuit ment
portion 291b of the ring tube 209 agai nst the upper surface of the

sem conductor wafer W Therefore, even if the openings 37

16



291e are formed in the abutnment portion 291b, a pressurized fluid in the

i nternedi ate pressure chanber 225 hardly flows out to the exterior of the

i nternedi ate pressure chanber 225. Further, when the seni conductor wafer W
is rel eased, a downward pressure can 5 be applied through the openings 291e
to the sem conductor wafer Wby a pressurized fluid, so that the

seni conducttde s Erravehaladpe anaastaiiys enpel 8as adt e e Réngredinded
fluid supplied to the intermediate pressure chanber 225 is controlled in

t enper at ur €°aR8 farEeth 1pERFERAL YR bt thifet QR idhRAEY oo oA 1Rg & side
controlled fromthe, backside of the surface to be polished, as descr,ibed
Cbove. t he SIEPHEELIRTE HHEnBUPPREE B AR AeRFSROTLY i DAL CPLERE g

t ube 209 cantjqprease.ﬁhe area En w@gch Ehe Qresgyri qgafLuid %IQFH_ll din
t enper at ur & "8 HSught™? nfIeEaRtact™ W PRIERETE SEH rtudtor Whrst
Therefoge, . rald ahbil i.n t ure 1.C r \W can
be inpr%ve&%ggkﬁgﬁgggl%kéﬁ ?hgkgggﬁé%iﬁg gggt%ggggﬁ?%og§8@§%?°mgggﬁﬁVb|s
finished agdrhe, SeHEORMC o ale WS I 43R deddid NAMPA AL oo
pressure chanber 225 is opened to the outside air via the openings 291e. 20
Thus, the fdowitdo3upRp, edraide the daimedilatanP RS siHhg shanber 225 is
prevented fromremaining in the internedi ate pressure chanber 225.
Therefore, even if pseirshonguadesr sl eracWrding et theopséyepol irshatkion
controllability in tenperature of the sem conductor wafer Wcan be

mai nt ai ned.cofpriises thseafbeerwen hiomédrsariesttroredhollddmgesppltataseapd avi ded
at the abutnent portion 291b of the ring tube 209, when a pressurized fluid
is suppfi edptld stiegpriedsier dactiatber PRAL sthd nor ey fidee .chucki ng pl ate 206
downwardly for polishing, downward forces may 38 excessively be applied
to portions of the sem conductor wafer Wnear the base portions 291d of the
fl anges 291a of_ the ring .tube 209 by the connecting portions 291c, so that
a polishin&q%QQBQﬂ%FQhéﬁHﬁﬁﬂq%/qqﬁﬁ%%ﬁ%d at those portions. 5 On the other

hand, h i FIGS, 6A th h 6C, i .wh ft th ,
sen conduct o vafde W s Bt olghit 4Tt o D Pont 4Et VI THE ABurdhiite

portion 291h of the rin ube 209, the pre r.e anmher i u j e
Wih o pressaredaiine Pt i it tad AR b RERY BT e s hrria R

pressuiﬁafQﬁﬁ%ﬁgﬁﬁgiﬁﬁégﬁ%gfégqx;qjﬁpgfggéﬁgafﬁygéygggptor wafer in such a

state t 206 1s I'ifted, upwar orces may be applied

to portions near g DHasg ROfIQNScEIL St fvhd] angpsndRlagwu @t Sate

brought into close contact with the sem conductor wafer Wby the connecting
portions 2%ka.dityapparvaclHecdHd ivey tbea frandedbodenent ke basep posdnions
291d (see FIG 6C), so that a polishing rate may be locally | owered at

t hose portiionsntir;he above viewpoints, in the present enbodi nent, the .
connecting portions 291c of the ring tube 209 are made of a soft material
havi ng a hi gher fHIgki Bils mybohaomtihieevabdt bieats yhorttiadre 201290k, appathatins s
configuration, even if the chucking plate 206 is downwardly pressed for

pol i shEfAg, sdenessivdglfowrvard forces are not applied to the sem conductor
waf er Wwhich is _brought into close contact with the abutnent portion 291b

because the connédtGn§ bora V6AS1861cCRPESTFREFVORBL DE M £OWCERA ¢ HEFDY ned,
25 t hat if | i shi . i d t ti f
of the aputTHANEYSE PO P EABSEe FHEe Fraht e 195 Pe SRR SeberaTHot he

hucki l.at 06..i i f i Shi i ward f t
2ppl e t b Tha Bbdia Bt ¥ S Br e g oor i one”
291c are |likely %ﬁﬁgx$?QQingggigfc%%%%u@éd%i®wéf&ﬁ@?gpeﬁﬁﬁﬂkﬂﬁep§§€ic

portions 291d of anges so that a uniformpolis g rate can be

achi eved ovamihg.end re siHd acsofsidig abutpent portion 291b except the 5
flanges 291a. Only a vertically extending portions 291f (see FIG 5) of the

connecting porti agnsR9lan rrgyHeste Die ar&of 1cAmt €F b 84 - Havt Den &1 h 9ws
flexibility, or, in addition thereto, portions 291g held by the ring tube
hol der 292 staywials aldfmmde cof cf $bfet efatseriicamehbriang afhthh fieyi bubety.
10 FIG 7 is a vertical cross-sectional view showi ng a second exanple of an
el astic nenbrane BHG.a7rihg vebeical amdsstyetts drd divagwappew Bnas aecondi ng
to the present invention. In the ring tube of the second exanple, the
connecting portions 291c have thin portions 294 having a thickness small er
than the thickness of 15 the abutment poy4ion 291b. The thin portions 294
are constricted



inwardly as showmn in FIG 7. Wth such thin portions 294, even if the
chucking plate 206 is pressed downwardly for polishing, excessive downward
forces are not applied to the sem conductor wafer Wwhich is brought into
cl ose contact with the abutnent 20 portion 291b because the connecting
portions 291c are likely to be deforned at the thin portions 294, so that a
uni f or m polexslipdg ¢ hee @ e nehbeyree of\eringdubet in @ ssipsttaed edio dving

abut ment portion 291b except the flanges 29l1a. Further, even if the

chucki ng pla@PRLAFES £9GF F dio péle $HiaRgnlexXdesditi®©nipward forces are not
25 applied to the aputnent portion_291b because the thin portions 294 are
likely to extendFIfhu8, 15 3/ YELGATAL REPSFOPREELPRAL HHRY FROVWIFGr 8ildhsr291d

Che. ont | 1 6 SELEE bR S HERR ROF EhE 100 LUB61H B e e 19 LgRe
291a. Particularloy. when thed D Bortlons, 294 e Joued so as to be

constrlctec?lnwargﬂy I a Cross-sec e ove eff€cts can effectively

be achi eved. FIG i § 1 i r - t | qvi SHOW i 5
exanpl e of an el gs%'cgﬁenésgéggg#ag%%%gsit%&ﬁﬁ%ﬁlaé gg%{gtrat eﬂﬁ;()?ﬁ%f@h

appar at us aGGREAINGs be dNEs 1 CReRh rAAN @HA 00n gty bt dtubg Of o tdeng hird
exanpl e, internedi ate nenbers 295 having a | ow adhesi veness to the

sem conducta%f aftefs W rtitmehed die tdie daweri sidtacas; of the base
portions 29 é)of the flanges 291a. Any nenbers 10 can be used as the
internedi ate menyac.296 &S al ¥t BSal teas-&ddi cadlesi ¥ensssy iy thei et er
W For exanple, a cellophane tape may be used as the internedi ate nenber
295. The i rbempedi af enneldreri @88mbhané d fpx efipgdhibe e aasiddtina tashpbdsndl e,
and preferably have a thickness of 0.2 mmor smaller. Wth this
ar r angenmentappiEs-aditeh ddcanthlnchuekitiy mraserpeinventiared for polishing, a
vacuumis unlikely to be forned near the base portions 291d of the flanges
291a because t he Héselpokd foVi8r b33l G asfe 9GS Y1 gV athOWN T ReF Y% E0 be
brought into close contact with the sem conductor wafer W Therefore, a
uni f or m pol S*ARF PEe e‘ihaan‘”bjec BEWPERRE R F IPAS S Je‘h?i%‘@%%%%&%e
abut nent portion 291b except tk‘ie flanges 291a.. |l nstead of nounting such

S

i nt er medi at® RS G QU ss PR THE By portions 291d of
the flanges 291a and, t E‘EAS%H}SBE‘;ﬁ“fé?rar‘“éafv%&t ' c%%yc;t%gs‘é@%ég@‘ignaioriews
exanpl & by formng a groove rn“the"Tower surfaces 0 he "base portions
291d 25 of f g , f 1N : . 1.h se
portions 29§1 alsdf%ug Véﬁ% a%gémﬁ%?gfg'nl gl%gséhl ca f%%g@%egépgngﬁﬁ%i ew
showi ng a furih Lxala Of héla eh@sbipp aRRbikane & rdi id Ndot WRR | Présent
substrate hol ding 41 apparatus according to the present invention. In the
ring tube ofntdrecf@urth exanple, ring-1like hard nenbers 296 nade of a

mat eri al harder than the elastic nenbrane 291 (e.g., stainless) are
enbedded in the [ESe pbBtiens 28ddtdfal herbbangest28tal Wittw SSHdwing a
arrangenment, even if the chucking plate 206 is downwardly pressed for

pol i shkfig, sxesssd e hddwivwagr dpparsessaecoiinppio edseeondenbediipenduet or
waf er Wwhich is brought into close contact with the abutnment portion 291b
because dovifvRrRrgsrlesimerheoronnecti ng portions 291c are di spersed by
the hard nenbers 296, 10 so that a uniform polishing rate can be achieved
over the entire sth9acé i 2PREEHUTHEM O hdHS 6@%@&%%)@@&&”&%@??‘%6’&
291a. Furth (s evend}]; thf chucking plate 206 is lifted for polishing, a
vacuum i s Yor e d Hear'the base portions 291d of the flanges 291a
because the hard S. 29 r.ev.ent nat..Qe t Vi.Gd. ity t he
base portions 291d of %tShJégf?(Sg%d::t\sﬂ%%gllg?E%%g?tg g?g%é ﬁﬁ?‘%gﬁhﬁ“@oﬂ tsahf%gr ate

can bepachi iV hé%é’f‘féf@ rﬁﬂr&ifffqe a@%aﬁrﬁ%u@b%g@? iRgTdd %ﬁégéeoﬁeﬂcept

t he flanges 291a. Fl 10 1s a vertica oss-sectional view show ng a
fifth examlg,oifdhel #tike rdsane Dlvéntimg; tube in a substrate hol ding
20 apparatus according to the present invention. The fifth exanple
corresponds to arFexam® €so0f vedtirGll dkesishsehitéBnalconeedhidvwi it FoAg291h
positioned radially inwardly, i . e . , near the center of the

sem conducttubavat ethdit hasy astppekngssr siahd ein t dhachackiommeciateg; porti on
291i positioned radially outwardly, in the 25 elastic nenbrane 291 of the
ring tube of the first exanple . Because a cylinder having a snaller
curvature generally has a stiffness Iargﬁé than a cylinder having a | arger
curvature, a vertical force applied to t base portion of the flange by
the connecting portion 42



positioned radially inwardly beconmes |arger than a force applied to the
base portion of the flange by the connecting portion positioned radially
outwardly. Therefore, as shown in the fifth exanple, when the connecting
portion 291h positioned radially 5 inwardly is thinner than the connecting
portion 291i positioned radially outwardly, vertical forces applied to the
base portions of FflRe filakg§ed bgrthesecrebapectig poe¥Wi DMWRDI R PKoRan be
adjusted to the sane |evel, and a _uniformpolishing rate can be achieved
over the e®Oititdosucface chuci@agapdERent ihdrliG-0d>291b 10 except the flanges
291a. When the connecting portion sitioned radial]y inwardly is made of a
materi al having &1f-exPbi¥ia VeHFéﬁgg EFAFSTRRCLH t SBP P8 po§ad oned
radial ly outwardly. in the ring tube of the first exanpl.e, the simlar
effects ar & ‘&HeBPUtFPEY fﬁ%ﬂ?r‘ VOGRS 8fb§%5§¥é§%%ﬂgap %&{ showi ng a
sixth 15 exanpl e_qf, an,el astic ane of a rin i t e
hoIdingéapparatugqgkcg?dvﬁf'ygrgﬁgg%r%g%% ?%%%ﬁ??%%. VgsgPQ#%%éég%%?%
corresponds.; qﬁ@ny f [ : j ' I e 1291j projecting
radi al ly oﬁftl\t/r\}g;r %%y as éﬁisgcrfgt d I@%ﬁﬁe@aﬁ ang)eff Z%rla% pl%o'j ecting
radially inwardl ys1d.n dde; gl sty tRIHIN abLo 29 1s 28 Pdnd hevh bR shidha@f 4 he
first exanple. Wth this arrangenent, a sealing capability can be enhanced
at the flang® 2%kt dPhejlaehigngppadhalikyaotd ¥@ity Yho 20thhat embsdieent of
polishing rate can be achi eved over the entire surface of the abutnent
portion 29iheexaepiertha iiartgesm ;291a. 25 FIGS. 12A through 12C are verti cal
cross-sectional views showi ng a seventh exanple of a ring tube in a
substrade hol di nd'Isppaiat sis pactidilngrossthecpiesahtviawehowing As sbhpswn in
FIG 12A, the elastic nenbrane 391 of the ring tube of the seventh 43
exanpl e haah cbilfent2@oraridon 391b havi ng fl anges 391a proj ecting
outwardly, extendin ortions 391d. extending outwardly from base portions
391c of the fIan&é@qsgialf’téP%H@%WWU&&%W?H@@H%P@OH@W% ons
391d and the flanges, 5 391a, and_connecting portions 391e connected via the
ring tube hdladEmBgaRG BPChkilng® pl4te 206. The extending portions 391d
extend outwardly fromthe base portions 391c of the flanges 391a to
positions inward of tips of the flanges 391a, and the connecting portions
391e exten 8H%¥ﬁ[ tendi ng portions 391d.
The f|§%ge§h%‘§4ﬁg‘§ﬁ$ me p%rﬁ%it%l%%étlﬁ%ﬁnnecti ng portions 391e,
and the extendin j 3 I ral L.y d ; Lal .
A openi ng 3911 5 TSrad i & Sanr & TRarTon o The BbUr bt Borton
391b. Wth thisrRdANg8MiAbodiheht&ASEE Wikl $hes&itiCkhianphahe whid 1206ei s
lifted for polishing after the sem conductor wafer Wis brought into close
contact wi tdeddel phutirerdetporl sl 39 Wi (s ese fd f2nd@B)q tipwadthdiniges by t he
connecting portions 391e are converted into forces in horizontal or oblique
directions by th&kxt ebdiig pordrosns- S9ddiocmnmd vhewcoshvewirmd faor cestare
applied 20 to the base portions 391c of the flanges 391a (see FIG 120C).
Ther ef 8Pe, ampuengenented app?lishing eppayadaspbavibas 39bstertehkoifdinges
391a can be nade extrenmely small, so that excessive upward forces are not
appli ed to ARRAEHHIEFECPORINONLBoURe REEBRPAEngRYerhioBeuuFh® sSHBECFBF fred

near the base portions 391d, 25 so that a uq%%orn1golishi§g rate can be
achi eved o3 14HRY o APRAEF 3L aE8TYRSt h® aitifene parPFboh2 5815 Eteft t fle

il 391a. | i he thick f th - - 1

anges S8ip L0 U3, Sese A0S (EKDSTS O R SOPRERLG, 4008 ol
ti di di_alla\ads I d.th i i di

Podi a1y outdarist Lo LR e SErERR e SIS S B0 DA ERBRRPEn

Furtheps therdength g%fl Jxé?ﬁﬂlésﬁ%npocf%%%sa $otd s'?‘ﬁ)hgt]ﬁaaalrd edtbgbwean

t he extendi ng porti I sposed radially 5 inwardly and e extending

portion di sposgd ysshaldwr eitaand neo FUrd Reioied uhgeirhicekness tep thag
fl anges 391a may be varied according to the type of a filmforned on the
sem conduct Dreyved € tutoi e Pahitdtachty Hdelipel iaphiara thad acdbedinketo the
resi stance or the polishing torque transmtted to the sem conductor wafer
is large, lfirédent hinkeessoni tRepblashesgl3diansibupmprefrrably be2made
| arger in order to prevent torsion of the flanges 391a. In the substrate
hol di ng apparatus according to the first enbodi ment described above, the
fluid passages 31, 33, 34, 35 and 36 arelBrovided as separat e passages.
However, these fluid 15 passages nmay be conbined with each other, or the
pressure chanbers may be communi cated with each other in accordance with
t he magni tude of the pressing force to be applied to the sem conduct or
waf er Wand the position to which the pressing force is applied. In the
first enbodi ment, the central bag 208 and the ring tube 20 209 are brought

o a o = o o Y



W However, the present invention is not limted to such a configuration.
For exanple, an elastic pad may be interposed between the central bag 208
and ring tube 209 and the sem conductor wafer Wso that the central bag 208
and the ring tube 209 are 25 brought into indirect contact with the

sem conductor wafer W Further, the above exanples nay appropriately be
conbi ned wirteglssd abkee. tha paklishbry raakldd i ngngdppaprat ushiedokdiwid t o
the first 45  enbodi nent descri bed above, the polishing surface is
constitut e® By EWRPHoET IRy Hhed Polid®Ed &, p?ﬁel‘gblqrbﬁhﬁgp%%ﬁlaéégi%aw
limted to this. For _exanple, the polishin urface may he constituted by a
fixed abr asjiqrbe.fr‘ﬂ’i‘b e C-(/e“i%”f‘gr Slé’ 7L 1% plate conprising
abrasive particl f.ixed by.a hinder. Wth the fixed ahrasive.for

ol | Shi ng' 1 he. poRTS R T oE BEd o S PARE S5y 4 et LY R PY S5 T AT b
sel f - geper d fr t-he fi abrasiyve._ The fiXx ive, e i ses

abr asi vg pgécfrl clee)és)afﬂpaletﬁ n eo?r?e ancgiélpotlf/%%s.e Foargéexgérjrup]%ggg@@er %%Og?%% dea?%eOZ)
having 10 an- avey@eqrEdidd .C('t‘%qod-'%%txercl%.fthg- ﬁaHg‘fh%t‘d%gﬂ B q8Prast ve
particle, and ‘epoxy resin is used-as a binder. Such a fixed abrasive forns
a harder polshingsurfaces Jhe Blxednabioasigumdides ay i nefiRbrastve
pad having a two-layer structure fornmed by a thin |layer of a fixed abrasive
and an el agyBagul,i Sht Agn Rask-55 ald 8GREINt0D BatOVWBH-FEKbaGRI 1 ddohayer of
the fixed abrasive. | C 1000 descri bed above may be used for another hard
pol i shi ng sy haeehaAs wesint,) bad BHoVe)0 dcamddk od t10g1deE onubsd T ot eetiodé ng
apparatus of the first enbodi nent of the present invention, 20 pressures to
be applbed tsoirntdie-sidystniat e Foam ipedeperaddraiey ire womuslded, handa hbacge a
pressing force applied to a thicker area of a thin filmcan be nmade hi gher
than a pregsimipd orfcef dpplieerisen athilmleas afaaned irthel thisufiagg. t her eby
selectively increasing the polishing rate of the thicker area of the thin
film Thus, 25 arféhttiore rdiof AcéSoforneEhld i & P BangorriNedskriEtliy to

a desired level irrespective of the filmthickness,distrilhutiaqn obtajned at
The ti ot HEY AT TSRS SOVBF At SRaEHOFOD S fFLHe SHAToLt 1F Sovabr
menber 1s pressed downwar.dl or ,polishing, 4 xcessive do rd rces
are ot appid EqtoB THE eudstrarhdB LR ed%eeohoin TERTETRY et diBlc, MR L
t he abugne i : t if | i_shi.n t ap_he i in
e DM P P 20 Ul DR S oG €580 anh sYerll
member s Sidfdad Lot cheblshl B0, ceEESS NG WRWR SoliECeSe Ap RaARPRE ed
to the abutment portion, so That a vacuumis not formed near 'the base
portions ofy tiRyifd aREET ot grachi QVﬁeﬁaﬂﬂéfofﬁhcﬁoi I 5 HAkE 1bWe@NeAREAE
bet ween the base portions. Next, a substrate hol ding apparatus according to
a second 1 enipodingrivody 2 hgaphesethe ipvleidh iony wiabll ebe0descrlidedpbel ng.
FIG 13 is a vertical cross-sectional view showing a top ring 1 as a

subst rat e haoldioyd iaygiear af lisi acoomdiatgd dotheompresseenbodi sramtcofl 2t0heia
present invention, and FIG 14 is a bottom view showing the top ring 1
shown 2R Fl&G reBil s fown Wi dh GanlZeguleteopressuirggof compresaetingia
substrate hol di ng_apparatus conprises a top ring body 2 in the formof a
cyl i ndri calohdds Ad ki vhighr b2 URMg &hace ther FoRd YHe it CYaRRI&TT &L AF ner
ring 3 fixed to the |ower end. of the top ring body 2. The tog ringrébodg 2
i s made of HW'WMatettats h%?/?ﬁbb%?gﬁos?‘ri%ﬁg?haa HeFPgnei FOTC8uER BESREt APCor
20 ceramics. The retainer.rjing.3 i de_of high rigid synthetic resin,
ceram cs, o‘?o%%sgmrril?(epa hle(Ht o‘%l’fsril n%l%}d?t"?{%%ﬂg#%%sﬁé cylindrical housing
2a, an annul ar pr rizj rqt i i i Lcal
portion of the hoﬁ?#&bzgﬁ%?}%% %ﬁ%ﬁ?alrl %ga%di%gg%é(?itt%t%g%(}\%gy ggégg?er
circunber ent fly,edge, URRRLSU f age obthhe BausiRg 2. nlke r et Ak ngr
ring 3 is fixed fo thée)glgr\%er endwo)f t he housi ng’_ 2a of the top riang bod?/ 2.
The retai n?éullé'@ 13 123 xadh QWEL sPOsEL It RY {@b@%hegan%@&idn!ﬂhw&ﬂm Ahe
retai ner 4 ring 3 my be fornmed integrally with the top ring body 2. A
top ring drtee shwed tmdtlot sl il sippseickeabave the tegntrialy hekd anoef ahbBethe
housi ng 2a of the top ring body 2, and the top ring body 2 is coupled to
the top ringiningeshiady 118 by aoupiledr sala timing pulley 116 mounted on

20



5 joint 10 . The universal joint 10 has a spherical bearing nechani sm by
which the top ring body 2 and the top ring drive shaft 11 are tiltable with
respect to each other, and a rotation transmtting nmechanism for
transmtting the rotation of the top ring drive shaft 11 to the top ring
body 2. The spherical bearing nechanism 10 and the rotation transmtting
mechani sm thansabt rangriessengl Foride andiainet Rethglior ceTHemARAlRy WY i ng
drive shaft 11 to the top ring body 2 while allowing the top ring body 2
and the tofheitRp H%FG@W¥1gIStQ§1W%4€I4 Bar wioltR tlesp e tataay v ineis .
The spherical beari hg nechani sm c,or%ri ses a_hem sgheri cal, 15 concave recess

11a definedl@eRfrally TP tHENY St drdde 1df 2Rt PERC PNy dIHAVRPS AE R 11,

he housi ng=ss, OBRA v bRar T gt HATS 3 Tade o o ChEGRH-Rar o PoCE Al Coch
other 20 natg CHREMTGREEREy R e e e AR R T T ik
Shown) 11 xE3 Fo FRa hbdei he ZE o Eren T thg apt reachany 2 T e e Y e

respect to ghReok@Rd ioRd diirkgesh@dlic Shownl)e drive pins and the driven pins
remain in engagenent with each other 25 while contact points are displ aced

because the drivgeRit) angubsersté el Piny appatertuscakloy rapvabte 4 efatdtvel y
to each other . Thus, the rotation transmtting nechanismreliably

transnmits rabadioealt ¢ OtHeerefsditei nivgntriogwdl i be ddwdtiddd beldhe tRFGri ng
48 body 2. The top ring body 2 and the retainer ring 3 secured to the top
ring bbdly 2 have wespacel defosedsedieimal witew shacdomrbdat Espt hengi h of seal
ring 404 having a lower surface brought into contact 5 with a peripheral
portion of theswet vorrinel dingabppraths|as gy ding topheifdd st emlr Gidta tar

hol der ring 405, and a di sk-shaped chucki ng pl at e406 &vertically novabl e
menber) whidd¥s F4Grept iEaf | HoBRALY e Wmidhithia ferr &d8pviingRePRcER i Rl E hef t op

i body 2. Th | _ri 404 ially .qut d I . 10
he hol der A TCURE R { Re CHRIERBIITA B0 e Rb e Ly S g et of
the hol der ri nq: 05 and extends,radi.al |?§ i,n r.dle/lrbs% as (’gfoacov rnérhecal1 wer
surface of K& FREPHIAEE UBBPHeRIY PPEYSutBr RS FRAM ST BrtY At Fdg& ! The

I d f f. . th I 4 | - [ |

upper St bwar o 8ehoE BEB LR, AOkke Bt Rl et R AT g
404 i de.. i:ghl t d b ter hal h I

or opyl enc. riber( BN TRl §ar St hahe:Fabbor or B I Cnerdbbar . TThe o ¢

seni conductom b gy 2Whasda Jresfasc dehi ed iny Riywdt eengdaadde @0ditwhi ch
is referred to as a notch or orientation flat, 20 for recognizing

(identifying)cH he mst£hioat conanicsbhe HMenmreandnetror inaflet s midve sdahighhyg 404
shoul d preferably extend radially inwardly of the chucking plate 406 from
t he i nner nositg ipbsd yritdre tofc steshirgs eereoticts oromrtitentlatieon flat. A
pressuri zing sheet 407 conprising an el astic nenbrane 25 extends between
t he hoRler ring 408 &ep ttHad dedyi AgcbupyigesThecylindrical housing 2a,
an annhular pressurizing sheet support 2b fitted into the
cylindrical portion of the housing 2a, and an annular seal 2c
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
3 has a lower portion projecting radially 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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pressuri zing sheet 407 has a radially outer edge clanped between the
housi ng 2a and the pressurizing sheet support 2b of the top ring body 2,
and a radially inner edge clanped between an upper 49 end portion 405a
and a stopper 405b of the holder ring 405. The top ring body 2, the
chucki ng pl ate 406, the holder ring 405, and the pressurizing sheet 407
jointly debpm&ianppé&sthechehaiber242dfiphe hieow oplad fepdivody 2ndadhshdwP i n
FIG 13, a fluid passage 5 31 conﬁrising.tubes and connectors communi cat es
with the pﬁé@ngc%émﬁlp423ﬁ,t% ghops idshdetyedbed td evnphesgdyesisal
source 120 via a reqgulator, R2 provided on the fluid ssage 31. The

pressuri zi 1§18kt 4§?eﬁ§%ﬁﬁﬁ§%ﬁj%ﬁ%?6HP@%§?E%@réﬁngﬁP BPRE e Is5EL ST

o 5111 conbYuboer. Ui Hoe CeABLD ARG Ao tp cedtn i SR ber 1400 15 Afde. of
i el y? ol SABSAP B HEER HERB i B T PRSS: dia Eres tBRL {1 rig By 3 hen a
the. 1ot ai nBFCRRAS S betatcanon ot sag: ERbor SFaEFrB o S et off doing i idee ©

sheet 407 @230 £] A% { fe MRYLPLLEAL bod P 20T O8fie P HAUFERNL b§!a.'9@n? i @haGm the

pressuri zing sheet 407 is clanpéd bétween the housing 2a of the top ring
body 2 andahlecHy essHEL shnd et tSURPREEh 201 Hin @atethidsa Brespangt renber
in 20 the present enbodinment. The retainer ring 3 may vertically be novabl e
Wi th respeeghd 8 tdeatOpy foighddym2thortdheinet arhee shapt 3 Imay tiee ecop
structure capable of pressing the polishing surface independently of the
top rihg baedng?2boly 2udhi basdsowingy rhessopi zimg sduet? 484 teenodp ring
necessarily fixed in the 25 aforenenti oned manner. A cleaning |iquid
passage 458rivet lsdaffer mloftoaeatiditad griddy e cispeddf itvedaicr & erpper
surface of the housing 2a near its outer circunferential edge over which
the seal 2c of tRbetsphepicalhegis@ymechani snGIPrilfe scpipPhegifal
passage 451 communi cates with a fluid passage 32 via a throu h-holg 452,

and i s suppIaRE@ VR FRCESEI BhitRd tPequr e Ehar &Y vidt EPF 17ueY RIIFARSIChasige

32. A pl lity, of ' [ hol 453 defined 5 i ' 2
and the. pr GSELY 157 A 9GS B bRt BoBL PRRREIHEh CAT U7 TRt ARG W1 BTy
l'i quid 451. Th ' ' I nuni-cat i el |
gap © HS1 ) Red Baen s HS GHAY. A eeborint e SETTHE 2551 Sl S T,
404 d the | [ t 5 : ' i : T
Chucki ng pAe 208 REeel Ford (i ohal ¢ 0h 1 i g0 G a1 buer L ack o a

central portjQnfsddBe Ehuekivte PLALSVEAQ caMdds aNaQRRNDAY 4f8andefimed at

a central portion of the central port 408. A ring tube 409 which serves as
an abut ment, giRIb€hebf OHGHI oh Nt 108 100N BET n Yinldt HarE e Foaprd delodr Waé esiy i S
nounted 15 in a space defined between the chucking plate 406 and the

sem conduct @otwahewnWEixed he phesen rénbodit mentshads $hpownd drEvES.pir8s and
14, the ring tube 409 is disposed radially outwardly of the central port
408 i n28ur riowidishgwne| i ked therles douBiaacRacki Figepl&f a406orasingdeddn
portions 440 extended downwardly 20 there from outside of the ring tube
409. In the presieriedbst respectite Shetiaphr bogtdcite shefhrkl pithei detive The
ring tube 409 conprises an el astic nenbrane 491 brought into contacf with
t he upper FUrFRc@Dbfthendrddfiic BidFcE6Panas &F 9@géﬁﬁmgnFiWbt?u%%cﬂo?ﬁﬁ?r492

for detachahly hol ding,the, el astic 25 nbrane 491 in pgsition. The ring

{ube 400 ht LhehCABLARE KRHRBEr U3 L ARAFRBY N 815 By SrevsI M PESEES ane

491 and the,ring tube haql der. 492. A e ch L Ng

pl ate 406 éﬁﬁj{ ep%%%Fggﬁaﬁ%¥%$EVk%£§a@§?§%&g$§g§§§ﬂ% %Xgﬁthggritgﬁg%’

spaces;8l tne  rotation transmitting mechanism reliably transmits
rotational torque 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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by the ring tube 409. Accordingly, a pressure chanber 423 is defined

radially inwardly of the ring tube 409, i . e. , around the central port
408, and a pressure chanber 424 is defined radially outwardly of the ring
tube 409, i . e . , around the suction portions 5 440. The el astic nmenbrane

491 of the ring tube 409 is nmade of a highly strong and durabl e rubber
mat eri al stich ebnetindveldc dropyseaece rdafbargErPDRY epol ywir beh ave ommisisat e sor
siliconerubber, as with the pressurizing sheet 407. A fluid passage 33
conpri si ng tb@ﬁéénaﬁqaeééﬁﬁé’@t%?%hwl@érﬁTgﬁW%Jétsé@f\ﬁcteH’?Wfﬁ eBE0 O GR s Hber
422 in the ring tube, 409. The gressure hanber, 42é iz conn?cte t?&ihe
conpr essedatP 8dRfEEPROPRYiRPE Iy ATl e REMEGRREREEQT BAERE W IRALF DY

passages 3

A fluid passage 34 ¢ ri sjng tubes conpect ar
connunicatggemFPﬁ Fﬁ@gogengﬂgaﬁ%%gggfh?%%gEéﬁ¥9%J r 2o é%é??ﬁgﬁﬂ%ﬂ
port 15 408.1s,connecte t he essed. air ur.ce I I, l.a} or
Re' conmbot CHUEE (A PG 4 pALalneeiEs TR den B bt fch bt
comuni cat | lLe 4 C | cat.i. i a.flu oxpr i-si Ng
t ubes and @%&ﬁggFOW§ﬁﬂ$ﬂe suc f%%AGbr g@%ge4ﬁ% g¢€1%§%%g%§%§598 ?Eetﬁkp
conpr essed sain SOU 694520k ik & Jegpbater 20 8615RpRaUEdddh Lhe Hddt
passages 35. The conpressed air source 120 devel ops a negative pressure at
t he openi ngiaRdsoefatde 10 BRHKEHG phakiel 266 4ddaurdd the tHeCt bRBr poid icms
440 to attract a sem conductor wafer Wto the suction portions 440. The
sucti on porhieORS1449 diawe 2@lcashd cexstheaeds r44dh,] 1guthwasdl higo asbbercsheet s,
25 attached to their | ower ends, for thereby elastically contacting and
hol di ng0 t hehsericcendustofae@f ef When dthediowerpkaird a2e6 thkeredfts. oiheer
pressure chanbers 421 to 424 are connected to the respective regulators R2
to R5 throughr canferany ijadi wdgenot Teaohpye roend esisbace onif tiHee gy Wi of
the top ring shaft 110. The pressure chanber 421 above the chucking plate
406 and t h@%ﬂr essubsorahfbdindoqponiyast Wphatles iR dsw EACHr Ofs e ed
fluids such as pressurized air or atnospheric air or evacuated, 5 viﬁgghe

fluid pass&§dcgpduggorsyairg Bste Rf@tleddes t hEPFeIPRLEPRBUDr 2 AR
hanb . h in FIG, 1, .th | at t 5 J t ed th
flord passibiass1teqals detinponinaan PRt eR Sidk, FhetRamp oo S e 0 thn
ass. | ; 1o JiCs
e okpoct i BS BBEERIE FRIRIIALIRC L 6° RPRRURLASE | e AED D)

control the,pra3sures iyt e Pﬁ&%é&ﬁfc&%ﬁ?@éé e 0 424 QL NAgpensien

tly
i ntroduce atnospheric air or vacuuminto the pressure chanmbers 421°to 424 .
I'n this manig,d Bee?é%@y?e&ﬁéb& bgdmaﬂgzgarr@qacﬂﬂ@@fsm@éhh@kﬁ@ Pl&te
i ndependently varied with the regulators to 15 °R5, so that the pressing
forces to poEssrbhelseihaentivgtoso st Bsn Wragathsts ke et bgho npepegt 164 can
be adjusted in | ocal areas of the sem conductor wafer W In this case, the
pressuri zedifdtui d or the atnospheric air supplied to the pressure chanbers
422 to 424 may independently 20 be controlled in tenperature. Wth this
config@Pation, itTheschoskibye takal?peatdybeardeob fitnrtalenpdoneves  ofhen
wor kpi ece such as a sem conductor wafer fromthe backside of the surface to
be pol i shed:hePhhrickneasIof a hdn ok forneAopr sdifracchbmpessl genductor
i ndependently controlled in tenperature, the rate of chenmcal 25 reactjon

can be cont¥&fi9%dsi ReRRUr AN CalehBPAF IRF FGYeSErErPEMP! SFRELS REFR i s
a small gap .G between the auter circunferential. surface of .the seal ring
404 and thgtl'iarﬁg:&l%§eml<‘ff’ gﬁﬁ%@FeH#ﬁF Eﬂr %cpeO]oJTSlh% lrse?‘gilﬁiegyr ?ﬁ% %?St he
hol der ring 405, i , h | _Fin 0 ed to
t he chucki :tzll'ﬁglZh fat%ﬁﬁo@wéﬁiﬁgr??%ﬁ é@%e S?rri%\gég %rf%h%rrgs%&égtb% gnt ‘%a(;}%pgri ng
body 258N0 AR HLLANL 4100 Fa1 ANY. HENCERANG O o 1 LiRALd I ISTEUEL VA8
wWith respect to the top ring body nd the retainer ring 3. The stopper
405b of ther el derediNg APxPaseP] Walddyawfcd eeth 405¢ proj ecting
radially outwardly fromthe outer circunferential edge thereof. Downward
nmovenent of the neMRIssUriclivd RGddte 200! dempiiBdnd05ni 8 1hE0itedendrane
predeterm ned 10 range by engaging the teeth 405¢c with the upper surface of
t he radi al laxtienwds dleywerea) €oé invd dear king 235 thel tleé daperingrigody 2For The
exanple, in a case where the chucking plate is made of PPS (pol yphenyl ene
sulfide), if the pressure in the pressure chanber 421 is higher than the
pressures in the pressure chanbers 15 4253to 424 bel ow t he chucki ng pl ate
406, the chucking plate is



bent so that the suction portions 440 press the sem conductor wafer Wto

i ncrease polishing rates at those | ocal areas. Accordingly, the chucking
plate 406 in the present enbodinent is made of a nmaterial having a | arger
stiffness and a lighter 20 weight than PPS, e.g., epoxy resin, preferably a
fiber reinforced material such as a glass fiber reinforced material. Thus,
with the chuekbngipliagesh@dst 2fdeha$ aaradialtlglouies rgoe ¢ bangecd biefthvesss,
even if the pressure in the pressure chanber 421 is higher than the
pressures thetheupiedsis @nchihbepseaorr i piaQ shre o wurpe réhdbke A telat e
406, the chucking plate 406 becones unlikely to be bent, so that polishing
rates are pirBgSRPen dr dchei Fydidthy | innsic cOuSedlaPReE REFUREY 2% WRES Tepoxy

resin has no nagnetis it is suitable for cases where the fil hi ckness
of a thin FP@@%BF%@H%%G‘@&i a HRRRR%e Zﬁébaogeﬁﬁ‘%@ﬁdﬁ&ro?‘lﬁﬁf&éi s%}%‘e
measur with a.filmthi gkness nethod usi e current in such a te
t hat tﬁg sgﬁpc'éﬁaﬁcg]Sfiyvng eEﬁ oc}Bléc%bﬁlgs%g%t? Sﬂ%%’l lEiLLkb‘?/%aOJté(;epr ring %53
mat eri al | 0, L .Q, j and, bt j t
other 5 rea PR IRS B atdaRe K P EELY By S St SR FrEFEHRIAREE
or ceram C%zﬂ?ﬁ%qé’&%&ﬁ&&% 185%9@. LR EhBEnLid Mg conshracl £4 piddadee
described in detail bel'ow I'n the polishing apparatus constructed above,
when a 10 serd&gnductos twBE8rany Esnhocbsr debinenad aire stitet iPehb P dikure
apparatus, the top ring 1 as a whole is noved to a position to which the
seni conductaramwaier2 VW ivh idransf esfigdet @idd BRe castipid £6dd an rhebesc44dx0 of
the suction portions 440 are connected via the fluid passage 35 to the
vacuumGourndea IR1lregibetsemR2ocpuhnctdsd waherthd i &laitd raeseagds 3dnderThaacuum
to the Il ower ends of the suction portions 440 by suction effect of the
comuni cat ipaeslsolrés iag0ahewitt BO0f7hé sseaileonfiuat ot glnhy est Wy tarattdtr alole he
top ring 1, the top ring 1 as a whole is noved to a position above the

pol i shi ng trabberiorterial shehpors skithylenef o PRIShiragbpad (ERDM) /
thereon. 20 The outer circunferential edge of the sem conductor wafer Wis
hel d by th®orletgietdans fybbeds Fats HEIEnteORGFct or wafer Wi's not

removed fromthe top,.ring 1. For polishing the sen conduc wafer W the
attraction of seﬁpcgﬁﬁusgﬁﬁ WgFE? géﬁypfﬁgsgﬁﬁ??gﬁ 5%???0%@54ﬂ% ade ot

rel eased, 25 and the sem conducto fer. Wis hel r of
t he toggriﬁﬁ'f&a§&&ﬁlpﬁﬁggﬁgﬁyFtheggoguP?%ﬁ’a%f g@%ﬁﬁ%£r5%§ME%3i%%%%%§ to
the top ri Live. I t r . s i Re i { xed
to the Iovvre}?#ejr% g%ﬁgﬁgglt%%afﬂé%g é%%%ls%egg%ﬁ%erpgﬁ% h?’nénéur agteg%n
the poli Shgqgmgt@@éfz%%etﬂﬂéiaésgrea%%tﬁro@@eaqulpf@éé@agnnbe peHEd 2 s,
pressuri ze |"ur ds™ are respectively supplied to the pressure chanber 422,
423, 424 unfernkespReti ¥er PAESSHE e traTAME DrESY BObkbausend £ ashet 0F
waf er 5 Wagai nst the polishing surface on the polishing table 100. The
pol i shi ng |defisirthaiip £ ndzzbeed6@r szppy isheex POV iashame lhisduicdnay @ntal t he
polishing pad 101 in advance, so that the polishing liquid Qis held on the
pol i sh2fg padolrder. tThussvare sswii eondercl otk ndfley Preissurdliziisigedhbgtt K7
polishing pad |01 with the polishing 10 [iquid Q being present between the
( | ower) surs géemped betpeen steal hoyts ifige28 ef ddved GOPoF 1N RGd\LanBdt Hee
pol i shing pad 101. The | ocal areas of the sem conductor wafer Wthat are
posi t i oned T 2INY sheedusBPERAKDEP PUPBLded £ SFPESEEE BEFEPRELIR he

Fo the proddif SremtierabRsiienss. The TOLa SF GAm 3§ MTeeRT ELROGLIORE -
o] e pre _ T , : S 0
bressed vi SRR E BAthC arEr Bl 30t S ERESTAEY Biar 400 SGaPAaE TR S

ol i shi C e S ry f 1 Wi i to
Phe 2075 cosird Shdmpor 605 BERITH B8 B e P ol ot o g B e o
the respectiyuedacfin@rgassoknhagentcegduskigr maf etn\Wegah Reysdi Ustrd

i ndependently by controdlling the pressurés of 'the pressurized fluids

suppl i ed t%ﬁé&dﬁ%@%%e@@sawe charker s i danri2dy Fpeeid i eal | yhet he
respective regul ators to R5 25 independently regul ate the pressures of
the pressurd #Zeebddnt dsnsdipprms- 1 0 the pressure chanbers 422 to 424 for
thereby adjusting the pressing forces applied to press the | ocal areas of
t he sem conduct or wafer Wagai nst the polishing pad 101 on the 56
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polishing table 100. Wth the polishing pressures on the respective | ocal
areas of the sem conductor wafer Wbeing adjusted independently to desired
Val ues, the sem conductor wafer Wis pressed against the polishing pad 101
on the polishing table 100 5 that is being rotated. Simlarly, the pressure
of the pressurized fluid suEglred to the tog ring air_cylinder 111 can be
regul ated by thePregapratpg RidnddaBpesadend-i okeeth tirihich athantatlamer
ring 3 presses the polishing pad 101. Wile the sem conductor wafer Wis
bei ng pol i §keQVet hé fieﬁ&eevtr t‘-ﬁ WRPCAPPAE PREbRFRIOt iR IPw neskedaate

olishin d 101 and the pressi force with which the s duct or wafer
& o oo g e T T T SaerBYoh A atn a5 SaaLiar Be- Lo s

o a contr 0ar dogd % nt B LI R Phiat iR B e el idter ol
1
o ti ohed SIFLEAS SRS %’*‘f?éﬁ%le%ﬁ%{%%?ga% ForibF Bl Reah? ﬁ‘-’fﬁesd

sem conduct;gry %@E%%l\&’d Saﬂa\‘,’bnsdEﬁpbﬂQdmechtQ%ﬁ%aﬁ‘i@&eﬂc@hfd ﬁE 'v?a[té%d

annul ar areas can respectivel sse

i ndependent;jpr ai @qruflar p88sadl@ A2poli ttgarftf &@Q&ﬁﬁ@r&%aﬁ:ﬁr@%ﬁﬂ&
force applied to a sem conductor wafer agai nst a polishing surface. As
descri bed aBovese géNCeelh tHEESLHNG 0hces Bipbredshoit hagehakeasuirt

i ndependently be controlled, the polishing rates of the three circular and
annul ar ar e&s iaClotmulL3yadioh el sieniloo decrdmondfieuidsbpdseagel aleperntisnt | y
be controlled. Consequently, even if the thickness of a thin filmto be
pol i shkd omommendgeftdoa bbleke2§3ncoumauttate weftdr aWssafifleggpr@diefiined
variations, the thin filmon the surface of the sem conductor wafer Wcan
be pol i shedesweenyiihporwut¢rvi i hownt ¢eemgla hsiifiade el Fher seatestiyedGA
polished over the entire surface of the sem conductor wafer. Mre

speci fi cal B3pd éi\benlrlrletrhelrﬁrlertﬁéeetéﬁlt RErfArA @f | talrl@ oF BeAHRRT K Gh t he
surface of the senlconduc% er Wdiffer 5 on the radia

posi tion mﬂthe Ortubagre re?%ﬂltﬁ§U§e %W lc %FEN%?§£Q¥?HﬁHber
positioned ov ]r_y ck area OJ éahcec tN tﬁ’ | |l mi conaeuchc her. £ haﬁ the
pressure i o % 8§g %%%ﬁblr e ?é%gﬁre map &8sire éﬁgﬁber
posi ti paed oy te% ELSX ang aereeaegtn%ttebttﬂ, Qeﬁ' £Hé'§hﬁ@ﬂfn!5ﬁe$‘%té% t

pressure In Ot er pre sure c ers n t hi's manner pressing torce

applied to t%@slefﬂh%ﬁ&ué&%% wirdPg Lhirg £hd rﬁﬁ&aéﬂﬁremb%llﬁt%h'ts%ggsl%%ﬁ ace

is made higher than the pressing force applied to the thinner area of the
thin film agaimels.t heaRgl 3 shimg sdft@age baddheneby ssgh epbbual ¥ehPeaERFiIdW the
polishing rate of the thicker area 15 of the thin film Consequently, the
entire surfmage lelvethsuseateonduch ©rcmadieim Mdait pe 0ol ealedhexalid yrlse a
desired | evel over the entire surface of the sem conductor wafer W

i rrespecti 2dfig Wk sfpudaad hackireglslsy diwsttwa oty af priogducett sl theeg t208 ite
thin filmis formed. 20 Any unwanted edge roundi ng on the circunferenti al
edge 0f0t hewarusshduc trerl akdiosr theggtobe Eﬁ@beﬁfeﬁh%ys%@hwmgl%@‘lt hehe
pressing force applied to the retainer ring If the thin filmto be

pol i shed of & e PEGn?(efre@tnrdthéd’g’él%ftupﬁez%%rﬁ%ﬁ‘ﬁé‘@c‘?%r‘a RhapBL YW HERDY ar ge
t hi ckness va i 0 t he pressin rce a Iredto he ret.ai ner
e aers A e ﬁﬁeffeae o L Sateas: STRRPERE GRE PRy L ehe DURTEE ng
rate of the E&ﬂaﬁum erentl ed e the sem. onductor fer W When the
pressuri zed ds PR WG ainedrt b[er'Fe fressure éia S22 to 424, the

chucking 58  plaig éﬁr.zea‘%?? egttgerr%dchu%r@%sqppla@tgéggaaﬁger -

enbodi nent, the press IS supplied tot essur

via thestl WdhiRRIRAGSE ot waG el ﬁvegtdwﬁd@@%&% Bhake14Q g%&ogggeéggoy
lifted under the forces due to the pressure chanbers 422 424. As

descri bed ahveenthgl PEESEINInHeneer aRptiBe 20w .t NRcEBRARhBIyRId pEYESRELT
111 to press the retainer ring 3 against the polishing pad VOl and t he
pressi ng f amedappbreds hye f hreedressigdrz ¢tleatensuppl heg 208 thel phessitie
chanbers 422 to 424 to 10 press the |ocal areas of the sem conductor wafer
W agai nst tthibegd0 P s lainaga pae skt eartearapgrr 8pBI it @& ¥indf ustdda ltly potwahdi he
sem conduct or wafer W Wen the polishing of the sem conductor wafer Wis
finished, the sem conductor wafer Wis attract ed again to the | ower ends of
the suction portions 440 under vacuum 15 this time, the supply of the
pressurized fluids into the pressure chan%ers 422 to 424 to press the

sem conduct or wafer Wagainst the polishing surface is stopped, and the
pressure chanbers 422 to 424 are vented to the atnosphere. Accordingly, the
| ower ends of the suction portions 440 are brought into contact with the



20 sem conductor wafer W The pressure chanber 421 is vented to the

at nosphere or evacuated to devel op a negative pressure therein. If the
pressure chanber 421 is maintained at a high pressure, then the

sem conductor wafer Wis strongly pressed agai nst the polishing surface
only in areas brought into contact with the 25 suction portions 440. After
attracti onodf theersagi coheued8r wafer W the top ring 1 as a whole is noved
to a position to which the sem conductor wafer Wis to be transferred, and
then a fluid (e.§he cearroddxad2 80 conpiri sge ap ¢4 3¢ ukenerbhnne 8§eé pravdhiur e
water) is ejected to the sem conductor wafer Wvia the conmunication hol es

{08, of the SHCERSH Bor e, MO KRET P SSE e Set Eohart ot Vel ot v rom
water W el 3 ia BRgmiReaen e e pBe R, FAF A

Che ol § shIREEFPad 4 orr P ) e pBel Tt 1o Tha "asel A pBrotnlbndion:
1109 405, e sk oG b ake 0P AN e, 10,363 b0 AR BLAENED

f rom snoot moving vertica wth respéct to't p Ting

retainer r if%%t%neﬁoté“t@:iedcl:éﬂ‘é@r%ﬂ"tﬁ\éb}?&lﬁer %u‘?clf%%:éi QE_HHethQckgHQ%lV?éeer)

is supplied through the fluid passage 32 to the eaning |1 quid passage

451. Accor giggdby, sthewBUneswahekaisastBRbi €HeVEArdafbyrabitY 28245 The
comuni cation holes 953 to a region above the gap G thus cleaning the gap
G to preverfenthaliodd 208hd bt rQ If p 68% Her @ ghlbimbelry? 2e desihed theddien gap
G The pure water should preferably be supplied after the polished

sem coh@ucthgr thef el avtiis meinbased 28d wmd the wextrednmbeagnduwdider w&2er to
be polished is attracted 20 to the top ring 1. It is also preferable to

di scharge all théizmipprilyd Phe &ingt eube 0 otomprisep anl agasthefmamonane next
sem conduct or wafer is polished, and hence to provide the retainer ring 3
with a plul®l t prepghhr okige hslds-agd shehh | Bhel PP FurdhReenopé, thea
pressure buildup is devel oped in a space 425 25 defi ned between the

retai ner riSRPLEONGNETRE HaFeFithg 2Bgh2 TiMP CHRE M RLIR 2N §OE TR LY hen
it acts to prevent, the. chucking. pl at 06 frombeing elevated in the top
g body 3PS o Fas=F RE bRt P 24T bnpPRA RNk ToE BrASE IR i

el evat S thl LNt i wrk Lhr hz hal oul d
preferg Iyg%% g9§v?8gﬁa?§9 %ﬁhggﬁ%é%quﬁgg%¥§§§€?§1%H gﬂg Eggcgfﬂgg“%?%h

t he at nosp j CP . v .
100 SPIEESL &) 5 AOSEILDRA BhoVE GESULND Lo muBWORS

hol di ng 5 apparatus o e pressures In

chanbers 422.,t4230648¢ 8¢ LeivBdependatddesamtcokhedtheca8BE Rb1EHE PELSSI NY
forces acting on the Sem conductor wafer W The ring tube 409 of the

substrate mMeledt Mgy &pPar20%badcoidtagmeai hbe receud cohatb 8220 5ode £ heed
present invention will 10 be described in detail below. FIG 15 is a

vertical crubssresecbiydiiad elaewishowhbngarnd@ Irli angd tthlzer 409 tSitowhoildekl 282 13.
As shown in FIG 15, the elastic nenbrane 491 of the ring tube 409 in the
presenOenbodi medn tHespaesebtembptiment, the pressure 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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portion 491b having flanges 491a projecting outwardly, and 15 connecting
portions 491c connected via the ring tube holder 492 to the chucking plate
406. The connecting portions 491c extend upwardly fromthe base portions
491d of the flanges 491a. A |lower surface of the abutment portion 491b is
brought into contact with the upper surface of the sem conductor wafer W
The flanges 491aFlpddt RasgpderesS pordsi otp 4%, 34ngorRE1IEdRAcELPR F& i ons
491c are integrally made of the sanme material. As described above, when the
seni conducFBRNRATEE S| SOPBPRLRREE %ﬁ%%§ﬁ¥i?é&sﬁpﬁﬁdghém€e§ﬁp%??éH“%829he

ressure chanber 422, and the essure anbe 423,. 424 surroundi ng t he
P e be. 158 Sonl Aol oY hani Bhoabercasd amad, thg thts ettt Lo el

ith th ' d f Wby th ized fluid N th

bressure CRARBERS 20 FIPCcALIBa maFye TOAns T PRENBFEScHRD 6 Thae
_ ré Az, A

G ount ngorREChFBEty EAE5obPE3B58 TECSAMATP R0 hevetinal e

pressure of;Lhe JPLSISUF E%g%iéit:'@ﬁgs KPR 4 ,eﬂSta%dtlf?chhﬁé%%a iAA%

defined in the ri'ng tube e high-pressure urd surrounding the

pressure champgs 32 d papsavent 8d 6 @y .fl enengl §id Basddied owetopos tiren of
the ring tube 409. Therefore, the flanges 491a can w den the range of
pressure ceshhektied eaahotekpecpl@ssteuiierbeRy, td W6 tthewelh gressmng the
sem conductor wafer nore stably. Openings 491e are forned at a plurality of
central porbians (A0t cdhdvre) adoutniet opotlie appé3lbndfof Hehe itng tirthe AL L and
thus a pressurized fluid supplied to the pressure chanber 422 directly
contact® wilflR.t he upper surface of the sem conductor wafer Wthrough the
openi ngs 491e of the abutment portion 491b. Since a pressurized fluid is
supplied to the PreskueeseharmdneE 2ddr phgve st ahsisikigy Phetprelewided
fluid presses the abutnment portion 491b of the ring, tube 409 agai nst the
upper surf &&€ BFe§ﬁ8r§eﬁ?%%9%ﬁ%t%%2ﬂﬁ¥@@5mﬁr?h§FBPg%%g Bieh REeIHE IF5chi ngs

491e are f%rne in tﬂe abut ment .portion 491 a pressuri.zed fluid inc%he
pressure cHhamges 950135 ALFSEURIL SSUE 1T P e TSERISTC 81Tt ik PEPrESr e

chanber 422.. Further, .when the senicogductor fer is released, a
downvar d pRagsiPE Skt HeBaREro8a Tht odgh Phe SO PG FTE e ahear the
sem ¢ uctar. f i.zed fluigd, . so: the 1

waf er Owca%%%\#%tg%%ﬁ%%%% ?é?g%gé%.' %r? _tor‘?’(?:l ?)Itrl ggtgdrll'zgggﬁ%d&s%%i ed
to the inteponedi Abe-dRnPELSEUES &t@m%&%%és%%ntsml ked bR, tegPei@tin e
and the tenperature of the sem conductor wafer is controlled fromthe

backsi de ofpft h@espibaeartochempekkshed, tas2aesean heskphowere 1er QAENH 1S
491e forned in the abutnment portion 491b of the ring 62 tube 409 can

i ncrease t hdeasess suradbE i Heher s sssiiz éd €d ufidgi shipgpdnitedt b ethel e daqtei~ad ur e
is brought into contact with the sem conductor wafer W Therefore,

cont r ol | abidretspune ¢leapesas ur €hofs,t hie isamssoidiect ol ndeendantdly dentrol

i nproved. Further, 5 when the polishing of the sem conductor wafer Wis
fini shé@ ardrepreeseatedididiopraaperewharayeddedo 252 opriaxderndsnber
422 is opened to the outside air via the openings 491e. Thus, the fluid
suppl i ed i PG HARRIGS BSRGPRNERARDRET 4225 31U dPdft EHefPB%??‘é%iq'had‘bb‘?rrﬁ t he

ressure c er 2. Therefore, evep if 10 sem conductor wafers W.,are
P ont muous BRI P2Rau. TR RS FArnA T 1 Ly® i SCaMEar AT BS o e e h TRt or

waf er Wca Zﬁg mai,nt.ai_ned., shawn.in FLG, 15, . Qe hugki n a 06 has
Spport . polaiold Adcacte: TEAsBERErNy Whaert ehout il orSeREaPo Ry R ook
R6, so that the pressing forces to press the semiconductor wafer
25 W against the polishing pad 101 can be adjusted in local 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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15 409. If the chucking plate 406 has no support portions 406a, then the

fl anges 491a may be defornmed and attached to the | ower surface of the
chucki ng plate 406 as shown in FIG 16 when pressurized fluids are supplied
to the pressure chanbers 423, 424 surrounding the ring tube 409. In such a
state, it is Zg.igpgsiégle to propgég%gfontégg %he %essunes of thetl
pressure cRBRBerSA4PR XL S SAEEO (G &S t he st ladepeneentlvt he
support portions 406a are provided on the chucking plate 406 for supporting
the flangeBe499RLEPLLRE FRNECTRBEAEBYEE - o dds it ise & AHIRIE AT Prrevéntt St he
fl anges 491a from bei attached to 25 | ower surface of the chucking

bl af o 206 BRASIBLE: GbALF 26 TReC o bEahAhe BPTPREABREE ] & HabEr e A5 o
424. In this case,. when the suppar ortions. have. radi | engths |.arger
Chan the 1281 &I SSBHUMRCOT MALAT, roBe bbdPaq il 3. 2h E0PEA SR bR s

t he fl ange re ' I.n ' e, f 49 i ng
tube 409 a 8i§%§8§2t ?%\?%i%g% ra%: ! v&sﬁﬁtﬁ%@sﬁgpgg? %%?%?%ﬂes %gaégéeo%%qhsé

chucki ng phﬂhégéﬁﬁenkggoagﬁww1sah§ﬂCéelﬂﬁ'@féwf@,es&@frg{@ J# anges 491a 5

to the sem conductor fer It 1s necessary to press the flanges 491a by
pressuri zedeblyids siRpld ednt@ihedPlasen e neharkar §oﬂ§hif{§4pr£@@9§ dmgly,
in the present enbodi nent, as shown in FIG 17, fluid introduction grooves
406b are foumped in the support portions 406a of the chucking plate 406 for
stably pressing the 10 flanges 491a by pressurized fluids supplied to the
pressure chanber §hé2Zfhudking plenkate hadhesd veheyg S nhetrwseot 1 e ddreniges 491a
and the sem conductor wafer W Simlarly, with respect to the seal ring
404, the sedll ekngnded deynperditvathedefoom petwederihe prentonl dfag 298
chucking plate 15 406 by a pressurized fluid supplied to the pressure
chamber 424ndashehdwmy troE14§2 .18 Thacewiek gy plate 20l hacesadiabhiboditient, a
support portion 406c is provided at the peripheral portion of the chucking
pl ate 406 FYCtd@ppBPLLAGNENESSeaktendgdsdawnuardhywpherefrer auwtsiqde taf s

case, as with the support_portions_ 406a, 20 fluid jntroduct. gr ooves may
be for med {HHe fa g i OR F86c FH6E Rl pHEe g QA SO TNy 404
by a pressurized f| iqi sg%gli%d to theepressure chanber 424 to enhance
adhesivene§?r%é9ﬂ€e% He “Séal* _&oﬁﬁg'gﬁd the semiconductor wafer W
Furthefs since sygh 4 %@ﬁc@%EBEEQQHE%6t1%cpﬁl?§5w:b?:%%cftlilé!n 39 ¥ 25

out ernost portion of the sem conductor wafer, a uniformpressing force can

be achi eveg ¢gt 4 He RemPNCEA 1 RORELE8 2H1d he e Rl &mmuMien diigy vetal fmiid i ng
3 is pressed against the polishing pad 101, the polishing pad 101 may be

rai sed (reboundeds Rear3f4 redpect bdiPer Mddndesostibation portsbhopgnat e
is locally increased at t he peri pheral portion of the sem conductor wafer
W In the pmeseht eubedi seotiohhsoriathrad dengide doahethedsuppoliié odudumn
406c of the chucking plate 406 is shortened to prevent the 5 sem conductor
waf er W fr coueiend2dxceshi asl § podushaiimgt wilze ther fphédabapeageen3? hed@of .
When the effects of the rebound are small, the length d is shortened to
concen?@at @nch&apgivessVhg Y3r cddiennrtheheomangilisad o hedgeshéhéd, t 9642 spler se
t he pressinglforces, for varying polishing rates . Specifically, the |ength
d is vari edFREOSHATAORARRYE- BN 2%%%%6? IR CONRERTEFt LS ¥écﬁé¥“i SPTE

rates. In the substrate hol di ng apparatus_accqrdi tq the second

enbodi ment *ddvcPi BEAR BT 1T i FAELABES 31, ey, O¥F TaRHC g s
provi ded as . separate passages. ver,, t.hes ui g e

conbi ned wiotﬁ @é%hc If“ﬁ‘é?,lcgfl?ﬂgg\éﬁggs&r@adhgzn%ie? sgl?tg%%é?} E:g) dr%)n(%‘r%rﬁtcaef ed
W th each r., i q§ﬂp { t.h t nag f r L g to
be applied eo%l%oé{hslgc&ncog)n ucetero\rlM wat er ?Nan%% ﬁ‘%?%sgs?% rﬁlgt%?cﬁﬁﬁg&
pressiag f ich£PP] LA tHdbLiTer 8heYeoaHRe4Ii BRR 62 Ne ThicNth{dibgu 409k S
br ought inggﬁﬁﬁ?ept cpntact‘%&fﬂ§gﬁe seﬁig%nd&ctor_mafer_vv However, ?he
present 20 ddmemrd<PM61 anAGihd bt éLEuk® isugdb i ey 2 @2ihakeql.a t0lc sKaaPps e,
an elastic pad may be interposed between the ring tube 409 and the

sem conductaglpyaberbW saochhad tiHie tubbetrubked08, i st tachughtto nheirndowert
contact with the sem conductor wafer W In the second enbodi nrent shown in
FIGS . 13 tdwdmyghf®, tlher@sy pelliastiingldyr f acetastingstarndit éélbynghethe
pol i shing pad. However, the polishing surface is not limted to this. The
polishing surface nay be constituted by a fixed abrasive as described in
the first enbodi ment shown in FIGS. 2 thyough 12. 65



As descri bed above, according to the substrate hol di ng apparatus of the
second enbodi nent of the present invention, pressures to be applied to the
substrate can i ndependently be controlled, and hence a pressing force
applied to a thicker area 5 of a thin filmcan be made hi gher than a
pressing force applied to a thinner area of the thin film thereby

sel ecti vel genacpadychgrt Wefpol Wshingheatewet sheferesk&hesred.of the thin
film Thus, an entire surface of a substrate can be polished exactly to a
desired | evel irféBpecttheref ife il skl ckirRs @i RGHURAT orFPED Bt EIThed
at the tinme the thin filmis fornmed. Further, with a verticaII% novabl e
menber mad€igFUBipgearial FWiSe 2hr e sErPinddd TP 4 FRYhERReilgRET

beni | 56 1 FAF CHFEHTRG Sat e Part G eogntBhSt Ref baThg 1 BRI g (9 Heraea.

Furt her 1 i V, i.Sm.i C i al

of the Verrea Fyenoninrtampirs 20 S e Pht P AL

t hi ckness a Lo Ei fs ] t h-d s
measurod weth Sh R P e D A e R R TR i e
that the segkcepduetgy w@égrztgn@etﬂelfé@sﬁnéis 2hbed d By g df rd .o MNext,
a substrate hol ding apparatus according to a third enbodi nent of the
present inyepibopinkldthe-tlescriiredrbshewt 4 %he?@opsrﬁn%(ﬁddf@ and the
cross-sectional view showng a top ring 1 according to the third enbodi nent
of the presertinkyertingn3.ASTSE0¥NopPe252 515 o 20chd o 1dr riivgy 2205 has
constituting a substrate hol di ng apparatus conprises a top ring body 2 in

t he fortn of pleydlidyicdatebbsd (g wirbh ea tieger ad gl by ace waafdliyefr olerts n,
and a retainer ring 3 fixed to the lower end of the top ring body 2. The
top ring botyresecirzundemgtsiofl gdgat hezkohaviPomvard sueespmt anfd the
rigidity, such as netal or ceram.cs . The retainer ring 3 is nmade of highly
rigid syntW@P@@ﬁﬁ%ﬁ?ﬂu@%ﬁ%ﬁh@@PLﬁeﬁWkﬁq?Qé%sﬂﬂﬂ%Qﬁﬂg@ﬁ&ﬂﬁﬁﬁﬁ%?%kﬂﬁ#ises
a cylindrical housing 2a, 5 an annul ar_pressurizing sheet support 2b fitted
into the cyPni& PaP BBt Nenthe E%tkh&fgﬁwliéz ChRURRCENANF BCS R he

fitted ter, Ci nf tial ed f, f f.th

housi ng 2a T st dFEr iing 9155 e d g ‘e Howde &RFoorehd Muding 2a
f th [ 2. _The.r ' [ 10.3 h ' .

o1 of oot ng 1 ad! ey o nRBFARY  CTng L EPAI K9P TLRG 5 Ty D rmee TRt 1y

with the tep NG Dedy; 2., AR rifad i ve 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 coupl ednt ocdepb0Pshing Appwd a3l tcddstMudtadi ¥Bpeal Ibenoiat 10
. The universal joint 10 has a spherical bearing nmechani sm by which the top
ring body 2Zeaniddidten wa figr Wrisveo Bbafdl ik rayet ¢ thealld shiitnky amspectus 0
each other, and a rotation transmtting nmechanismfor transmtting the
rotation ofthehecpopinignd dsi eewhbaét idimpoetiheot appos higidwodyo 2vhidiheche
spherical bearing mechanism 20 and the rotation transmtting nmechani sm
transn2® a semdssimpfcdraoewaher ¥ ¥ptashafetoede dcbphe komuyp iciatd carhiadeshaf t
11 to the top ring body 2 while allowing the top ring body 2 and the top
ring drive it 293ad bee tinneads W Hor 9FEdrNSo? eh@R ot e PULPES Y G  ng
body 2 and the retainer ring 3 secured to the_ 25 top ring haody have a
space defi MSF HidyerR?2 ﬁﬁ?dﬁ“&&ﬁﬁﬁﬁ%d%ﬁb§hﬁthEFﬂ Qé%%ﬁﬁﬁ?sﬁgb §§4tﬂa€#%g a
| ower surface brought into coptact with ripheral portion_of the

seni conduct'Gr~ Wt 88“6\??12'1%1 ‘byq‘ es?%bc??%ﬁgﬁ?r ef_;% Hers f"‘itﬁﬁa%?,d_ %m_ier

di Sk.' Shape%acchulﬁ%'t%g tRleaigwgz encgggof\?hceh i@%e\fersh'c%ﬁlobygg?\@?bg %i hé the
receiving space rnthetop ring body 2, and a'torqué transm ttirng rnenber
507 haykng o urd.ace bHyo RO sent W,LhiLhe sefdcondyct of

waf er attgu%agﬁgfﬁy %nmar pgg?%ﬁon of t%e%éége Ea§_504. 5 The chupk?ng
plate 506 maynhe e of HRlal 261Howeer,. WRehht PRet Hbrkesssuetor WaEE-film
formed on a surface of a sem conductor wafer is neasured by a nethod using
eddy currem aitRrseehdarstiate thbatih§el Semecengucing Makes W lkeipohdsded is
held by the top ring, the chucking plate 506 should preferably be nade of a
10 non- magnet acpo@ieiomlabmeregthegro 1 s g itzdp lreal @0 ited visur lthaspdl ushbnegsi n
or ceramcs. A pressurizing sheet 508 conprising an el astic nmenbrane

ext ends between the holder ring 505 and the top ring body 2. The

pressuri zing sheet 508 has a radially o 8" edge cl anped between 15 the
housi ng 2a and the pressurizing sheet support 2b of the top



ring body 2, and a radially inner edge clanped between an upper end portion
505a and a stopper 505b of the holder ring 505. The top ring body 2, the
chucki ng pl ate 506, the holder ring 505, and the pressurizing sheet 508
jointly define a pressure chanber 20 521 in the top ring body 2. As shown
in FIG 20, a fluid passage 31 conprising tubes and connectors conmuni cates
with the peesfare PahbshimepadhPth tiheranmecilag ewter commuedsagndiial
source 120 via a regulator R2 provided on the fluid passage 31. The
pressuri zi AGIshedt tEoseml saruGIoR Wil W 46r BR§AIPE Ehe ante e Jiner

mat eri al such as ethyl ene propyl ene rubber éEPDN@, Eolyurethane rubber, or
silicone rdbserthat dhessierd corgiicdopayaags %o et ReMPYRAH BF OB TePar
groove is defined in the upper surface of the housing 2a near 68 its

out er circEﬁP@rgntial edge over which the seal 2c of the top ring body 2 is

fitted.. The cleaning liguj assag 5 1.C gt Ly age
32 via %.throughgﬁglgo;%ghgagi%ﬁéhgeéééﬁggggyg%dﬁ%@ggﬁ&kJﬁéhj%Egé%éﬁﬁ%%

cl eani ng |iguid, ( r i £l ui a , rald ;
connunicatPgnS%gﬁggEggg%ggekgg %LghEﬁﬁt¥ﬁ%Eﬁ%ﬂgﬁﬁbggg%éﬁ t%gHﬁréggﬁﬂgiing
sheet suppeLh e2R N LRIPMOLEAL LORIWCEB e & waBinag d dfithd 1893sade Bl The
communi cation holes 553 comunicate with a small gap G defined between the
outer circiggf %@nftb?l rsugf ace ofmbihearsoes bpg 04 & anthd hei # Melinder
circunferential surtface of the retainer ring 3. FIG 21 is a parti al
Cross-sect ilQnatonhewt s8 W Rfet hep edaey 8agveFhaft ELG s 2GtuAs eshowprgss| G
21, the edge bag 504 has a radially outer edge cl anped between a stopper
505b o0f0t heéhlkateleainengihg™’ dhdedrtcetye lvag rhehderf 3064 0di sipos éddelnmt t he
hol der 15 ring 505, and a radially inner edge clanped between the edge bag
hol der 506&h&ndeal thlutky ngusiface berly thesto hehimweitabhd st avedset téhe
edge bag 504 is brought into contact with a peripheral portion_of the

seni conduc ParedpdeaineCtor bes er ¢ sheld! STRE %égétﬁag’lﬁﬁﬁ%@ﬁﬁq §duids aastic

menbrane nade of a highly strong 20 and durabl e rybber material_such as

et hyl ene prr@W%V%WW,t%&%r%%% TS 44 come ridbber .
The | ower surface of the edge b 504.i s brqught i.nto conf.act with the
peripheralﬁ§9§ﬁ%;13ﬁe§§ﬂ§%x§%%@% c?%%’mﬁpgr%&ﬁaﬁfﬁﬁﬁ§ﬂ Skt HF 1 Ange
541 projecting,radi i pwardly. The 2 4 '

pressu C élr?b%é)re%fa?; gdéchpneerd ’Vt%%@reecfér]iL ey%ﬁegsgsg?%:%’i %ﬁ%%@éé%ﬁ%i?e
passage 33 -S4 dC r i 1 e o essdre
chanber 52727. %%@gﬁﬁ%%ﬁbgr %E‘%%ﬁfs? itoyﬁé;feg%lg%é?}?%ﬁ héhggﬁ%rgeggled alr
source 69 Lh2QMigy &gl Er AL yMNeEaGd o itda d |High Ppssagese 3802 Upon
pol i shing, the sem™conductor wafer is rotated in accordance with rotation
of the top giipid iks Spoteshhagafiefarenbnhos et eqsde NaihdPddhas im sdwedhce,
contact area with the 5 sem conductor wafer W rotational torque may fails
to conpl et edoy thatt thagmtiddi i ltike ise@i ohdilct on wed gro \M/shAcepprddnly, the
torque transmtting nmenber 507 is secured to the chucking plate 506 for
transn2ft i Mphwsuf thei senicondueteo wafesin ¢ pediched hirftére Wby shbnonead

wi th the sem conductor wafer W The torque 10 transnmitting nmenber 507 is in
t he form of! Wnwakhuthe Ppadshaagi Jslqwd%;@ﬂ@emﬂ presgnideetiwesn ithe (lower)

senm conductor wafer Wwith a contact area | arge enou%h to tranénit
suffici ent YWHRRE® & e SotilchrducCdr ther SPMWFORPECT9S pPafgrp¥, ghg) the
cross-sectional ,view show ng the torque 15 transm tting menber 507 of FIG
20. As sholPHi+Emg Qﬁéwiﬁ%'torque transmtting menber 507 conprises an

el astic nmenbrane 571 br ht_into_ goptac s p f

sem conduct or Waf'I(%lre ocga;% %r%%ér q%g fn‘lflgntss% ﬁkpﬁgﬁ%ﬁesjah%%e@%f%?g

det achghl y di i 71 i bhen. e r

R e N e R it
nmenbrane S57lyan i henborghes 41 aig MstulrifAgcmeres r hehderpbddsurdge o ashec
menbrane 571 of the torque transmtting nmenber 507 is nade of a highly
strong and ghuahlel séablFn iRt eubsll isdcboashetgnd ene prcdvpylbenes caber23.
(EPDM), pol yurethane rubber, or 25 silicone rubber, as with the edge bag
504. As shaite ilvdd1lGar22, offhehel sshicomdubtanevdidr ¢f thiae tier goaeitioned
transmtting nmenber 507 has an abutnent portion 571b having flanges 571a
proj ecting outwardly, and connecting portions 571c 70

30



connected via the torque transmtting nmenber holder 572 to the chucking

pl ate 506. The connecting portions 571c extend upwardly fromthe base
portions 571d of the flanges 571a. A |l ower surface of the abutnent portion
571b is brought into contact with the 5 upper surface of the sem conduct or
wafer W The connecting portions 571c have a %ur ality of communication

hol es 573 peoerdbdhat cential byesruaedhab it 0hid Ryesixadnsa thagasdic
interior of the internal space 560 of the torque transmtting nmenber 507 is
communi cat BemRireReesd kpfafhe saads adcrag 388 agaippetheneol hbh £Bd fettiarg
portions 571c extending vertically are arranged at relativel y near

posi ti ons, upﬁl@rcté}ﬁﬁﬁ%ﬁ%r%mftﬁmgr%%%rha%%%iaflf-‘liSapéﬂtle&?%ﬁ&?ﬁ%ﬂral
transmt torque. Wth the flanges, 57la, jt _is ible to intain

contact ar 85g\§ﬁPﬁet‘ﬁ}éaI§%‘?ﬁ @321duc?5? Tedah a\lf\fial‘gg%%@ §?)15%%°Ig§1f1?%1%ﬁ ‘“ﬁie\ﬁeen

t he chucking, plate 506 .and _the,sem_¢on tor fer. Wi [ Vi |
plurality g’f tgﬁgc %,polsftleoqed,ebgnﬁrae%ssgﬁé %%Egn%ggé%%égfrg%%és‘%?dg rdzi%tng%ary
i nwardly of,,th jg_gg 4.4.Lh inthgtoF transpihl g
menber 507?2t§ J§|So ce %%%gggt%v\ggtﬁ ﬁ%%gﬁ%g)gﬂa%&aa%dgt ﬁéellleet or qge

transm tting. 20 syenber 50711 Hhf $RAEGE ce62ufhspPosadt r adealshiy ol nyar dine of

the torque transmtting nmenber 507. As descri bed above, the conmunication
hol es 573 @&%s@h@\ﬂz@@dfima%ggﬂm&ptbn@l@qme&mﬁ&@ ptebbert diGier
transmtting nmenber 507. Accordingly, the space 561, the space 560, and the
space 562 ape.conmuni cated with 25 each other through the conmuni cation

hol es 573, so that a (second) pressure chanber 523 is forned radially
inwardly of the @tgeecfage’ihe polishingapseagerdsd aunprd en et i eridre
connectors 71  conmuni cates with the space 560 in the torque transmtting
menber 507.1cTed spoeas 560 | sheoseadcendustole Wwohpr e¥setbii PesAA S U vi a
a regulator R4 connected to the fluid passages 34. A fluid passage 35

conpri si ng inglsPsnged tdohRyc cons rodriigi EBEeBTSSAITASTAE SRR SH1UbhktsRen
the edge bag 504 and the torque transm tting nenber 507. The szgacee%G% IS
connected tfdUis e8RBrasdetP dite S65PETEYE SF%S%HF%Q%I‘%]: 3 2€ohfl dto
the fluid . Aflud 36 i sing,t . and f
communt cat CORHIL PG Ysp kb8 56300r CpOser T a BT Fb P AT U oFRA I HE Lor que
t P Lt .. T i t : i
sour o6 120 L bEe B A THOE SRoveg PEomaattar s 5L erdt (e BLE S8 chest

The pressug eremekﬁaa%%gt@% %%V?:cmfrz% 5C 989%&%%@ ABRUSEHREL EhEEré §Q%?t ors

t hrough a Fot ary joint nount ed on the upper end of 15 the top
ring shaft fbbQ.eShPEeibheSPRESs 0L 1441 apPaES cx6Phe dRhildRABRRACE whLe Al €
comruni cated wi th each other, as described above, one fluid passage can
supply a presgeihgectHd wodisbiag pad uwilf onrdhe pobisblinyhealpressor.e withhe
pressure chanber 523 without a plurality of 20 fluid passages. However, in
order to olftad paiaoth ires parss steres somhtgie t hesye eisses elafal her paessfirthe
chanmber 523 is varied, it is desirable to provide a plurality of fluid
passage® 34 emg5orgBics mesdishéd bednghedihistddeibddbapdently te desired
necessary to provide regulators for the respective fluid passages 34, 35,
36, 25 and #Heidd ubhe pesdagasugsor3m f eV g P Hes st Aget ag titd onel + 834 @t or

to control the pressure. \Wen the senm conductor, wafer i s paolished
pressuri zed®dd h‘?ﬁ?n&h@ Rt e F%b%ﬁé%gr%’sasttﬁ%b‘éhﬁﬂﬁ&t%%ﬁl'anﬁ“flmaarly’

7 hanb 523, ively, The f 541 i iLded h
ovor end <19 REE RN Te 08 Bago bR Hfict TH khghtdis Tk By BUghEOPn 22! ose
tact with th ] f ' | l.Led t
The. pr esurtit RUHERe23 Jo R dhY gy oech By PRESIHILER Y il Poriifaee” 1

pressu c 3.J:S1P t f i i |0 E LA Qf
Phe edge bag oo™ el SrbPELes, Efe) LORMIREN RS 1 BBt o tRe PO L5 RTng
when the pressyngs ofhihe LRk cohivRer waZe AN ikhse DigTIIri@HepTBRE 523
are varied.” Here, the radial width d of the elastic nenbrane 10 defining

t he pressurgeharbah %3 dnntheeredgénbagr b¢ = hadshqy eher ablly shenignpad
range of fromabout 1 mmto about 10 nmin view of controlling a polishing
rate at a pedi phet ahep@rtdsaingf forees erdithomtiichotheatemiWpndndtbs wafero be
5 mmin the present enbodi nent.
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15 The pressure chanber 521 above the chucking plate 506 and the pressure
chanbers 522, 523 are supplied with pressurized fluids such as pressurized
air or atnospheric air or evacuated, via the fluid passages 31, 33, 34 to
36 connected to the respective pressure chanbers. Specifically, the

regul ators connected to 20 the fluid passages 31, 33, 34 to 36 of the
pressure cHahParresad tagasrdtchhereepeshingIBad d§dl sae avrepebaie by bsf t he
pressurized fluids supplied to the respective pressure chanbers. Thus, it

i s possi bl @djysitRdeperdert TSP YRR M INhPOGLESSHIeBr PASERESpR 5% (s Idieghber s
521 to 523 or independently introduce atnospheric air 25 or _vacuuminto the
pressure cRafbHEHEES isFﬁlgeé%?OWQ%atﬁ?%tﬁ? SFneht, 18 el Gor ddsurBsBIeY he
pressure chanberi 523 canéfrﬁss t he eftire su&face f thgﬁggnicondu or

vaf er W ex@&Ff {He/ pzi’eer‘?ber? Lo Yo AtEFedPdat” APNRTFEAALSr 3852 anld he
pressurge 7 re re er_5 on | ed. j\ndependent |y
of the %reggﬁthgbqgﬁg p?gggurgégﬂgnb%rzéagfgqgg?gfo%%égitfﬁé)pé@gib%gato

control a Behi;eBhag kake,atel e, Dol BNSLAI LROEL] b2l I8 eSERL Gl

wafer W i.e., a polishing profi e 5 peri pher portion of the

sem conduct@h af Ghi¥h Addbbsopabhya ¥hES §de PrEassidthiitdidon Rifer
retainer ring 3 is controlled, nore detailed control can be achieved. In
this case, wthe pressurized fluid or the atnospheric air supplied to the
pressure chanbers 522, 523 nmay i ndependently be 10 controlled in
tenperature. Wtlnt ths aeirien)r abiecoBemi toh8upossivd et O disr&cvlged anitool
the tenperature of a workpiece such as a sem conductor wafer fromthe
backsi e ofthiehfosurdamzentr e cpakcusdbedan®Parnudurapkgaswieh teaCh) pfwhiheh
pressure chanbers is independently controlled in tenperature, the rate of
chemi cal 1%anesespeatidalicoednaiddygndert hedenenienr poesshnaggrassess of
CWP. The chucking pl ate 506 has suction portions 540 extended_ downwardly

t her ef r om BetRRERHHE elgEehAFPSOLSartP t Re PESSFIE % rE<sf t BPRGLRENDEr 07.
In the present, enbodinment, four suction 20 portions 540 are_provided. The
Sucti on poRERGFOTENE o ks ESLATELEF bi ot bSh SRS ARG cRPITRY G TP

fluid 37 i si.ng tubes, and tors, The suct] tions 540
ar e ConnecPRTEs FHUNCoDESRET &1 19 SO B 120797 8a Pegtisto b ot Ebun)

dt f1 Ui A ed. .ai 0
Gevel o a AdgrErve eab iR Bk e A S IR T on

hol es 540a c‘lfgctu'l%rsﬁﬁ&ié}[thPﬁ ia‘%’éa,@‘%i‘l:c%h_r)ra&f theS SO EQBAHGLOL W £Lr WO

the | ower ends of the suction portions 540. The suction portions 540 have
el astic shgelanS548bBepbhdentighbas cbiitRolybber chestSuertlachesed oi t haid

| ower ends, for thereby elastically contacting and hol ding the

sem conducttori ckafears \foa thenl dwem surbacpslibredodn textsuopecatodnilod t he
top ring 1 thus constructed will 5 be described in detail below. In the
pol i shi ng ampercangsiaonstvafetred sabbiers weeh sal yemiedidnst othwatlein Wilmt o
be delivered to the polishing apparatus, the top ring 1 as a whole is noved
to a pa8iticon the wictfecheoEenheonduironduater Waifsrt Mamsirerreedo bighede
comuni cati on holes 10 540a of the suction portions 540 are connected via
the fluid pasidagala7wisheré Rohpd vl B¢l STt #r198CC The VS i ROMRREdr
wafer Wis attracted under vacuumto the | ower ends of the suction portions
540 by suctd§iF effecENGfIEhes i 85t iTF hBFRECSABICEY ¢ WaLRE - ore

' d . . b ' 1,.the.; i 15,
ohol o 15 RS g G0 T Bh Lanove ARG BRFPElf N LB x0b A g LR ©
|'i shi f |i_shi d . t I | al
Bge of ok mee ShaaErer Cunae B S eRBACE Tt KT Forhi Ter ¥ ha d Sathay

the segtconguet, ary WafLI p¥6L $ 1 BRlod HRVEL { EQMRT £ QB £l Jchegprg@éure
polishing the sem conductor wafer W the attraction of sem conductor wafer

Wby the sugt bopr£95E+Ohaar pokehkeaned ovaf 4 heisrpircandadOLheafRIinWi s
held on the | ower surface of the top ring 1. Sinmultaneously, the top ring
air cylinderihliseoent gletocHdre theppré st i vieo Shet brkk sis cach sratb€tls | 0
press 25 the retainer ring 3 fixed to the lower end of the top ring 1

agai nst t hepaheshbragssueface presharpothshbay pedi tel O wvder aathinner
predeterm ned pressure. In such a state, pressurized fluids are
respectively supplied to the pressure chanber 522 and the pressure 75
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chanber 523 under respective pressures, thereby pressing the sem conduct or
waf er Wagai nst the polishing surface on the polishing table 100. The
polishing liquid supply nozzle 102 supplies a polishing liquid Q onto the
polishing pad 101 in advance, 5 so that the polishing liquid Qis held on

t he polishing pad 101. Thus, the sem conductor wafer Wis polished by the
pol i shing padalof Whehthie icin sid mgdei dawerQrhennghprsestupRtife@there
(lower) surface, to be polished, of the sem conductor wafer Wand the

pol i shi ng pagssore ghamhersecall dhddssgnnefe 5BAI ROPTERGrIEGerPRARSE are
posi ti oned beneath the pressure chanber 522 and the pressure, chanber 523

. d .
are presse8oddis RELCKRE 37Ra Shithy EhiRddd mAder P hdhs BRSLFRNGSUTH&Ce

pressurized fluids su ressure_chanber 522 and the

lied to th ,
Chanber 5235 TREFORSPRETHENTE EBRIPEEFS hBT tFoF of dUR 1S ¢ | OH< RS od
to th h K22 d the . 52 h i i
D e L o AR A, B e R R ned Bl ke DN
th ti f \ i t i
T on  nERlERaS0k LA SETAANEHE BoLIBASR HEXESRE Ll BE QRN Rea

Si mul t aneoysl yoh & PRl SRi N M ak8ndk e the, | RIRS adnPOFd | 88r8hcbh@f the
sem conduct or wafer Wcan be controlled to control a polishing profile of

the peri phekali cReLic®d rofia EEE v eBhCeO @At atbREcW ySidrial @ekyrelilieevel
regul ator R2 regul ates the pressure of the pressurized fluid supplied to
the pressub&ezStichanher<SAir facebinge: shaipbadacngrivel fer Wa pyeassedtiere
retainer ring 3 against the polishing pad 101. In this manner, during

pol i shitg, otthehprisla ng itanee st @i ptesisut hen etcaiveerd aknthS tage hiée tthie

pol i shing pad 101 and the pressing force to press the 76 sem conduct or
waf er W agdiidst itshdopoleidshi ng pad 101 are properly adjusted to control the
polishing profile of the peripheral portion of the sem conductor wafer Win
great detail. Thényewhventadtestosarandindoeat'de sérewrtie sptdsdupdeinber
523 has 5 an area to which a pressin

, force is applied via the abutnent
portion 571HfePHEPSIGHOTt Mahski it gﬁﬂ %nﬁ‘é?v??gge%yb% ??Iht?]ﬁ‘?l]:ﬁbga Grea
to which a pressure_of the essyrized fluid is directly. lied. T
pressi ng fé’rr@eﬁss%l‘ffjﬁﬁet?ﬂ?#e% & ggg Hat % rslélrgegpregé&l?lg g%bnéﬁm
descri bged aboye,_ the_pressi f ped. Ln i ' r
111 1o procd PR Braled i ts SLEGuRRRFERRLEY 4 bRO e Bh B oo
pressing f i ug, i Ld hie ; ure
chanber 52 aan(si( ?%é“t’)ﬁ%stg%ertetﬂgﬁ%ﬁ%%% {géé?fggﬂﬁf#%é?t e&geen‘ls(r:%%%g?oféfmgfer wW
agai nst 15 f1ha jpof ighime pad 1Gle are apps opd 'ﬁi’@éﬂt?&hé‘ﬁ%}?diﬁ@r@é)ééékbf he
sem conductor wafer W Wen the polishing of the sem conductor wafer Wis
finished, theseH conducet 66nvederhd bsl aihingradc of the ¢ Dyeumdsntsntofal he
suction portions 540 under vacuum At this tine, the supply of the
pressuri zekddadibdsthatern hmompiestsur araZ@ rcHantighrerbs2hcapdesherpredsiiteids
chanber 523 is stopped, and the pressure chanber 522 and the pressure
chanbeR 0523 suppitied tto the premspherchanieeny dalty, 22Re thaeehepsnef
t he suction portions 540 are brought into contact with the sem conductor
waf er W THE 3ree386ie saldfsdiedbaupyayddosgeso t b themispirirtecmpogsment,
evacuated to devel op a negative pressure therein, This is because if %Pe
pressure cHa&ETSELLIZhiTHEhed SUPRARGh tRr EBEUPESSFHER thamber 2

sem conduct or fer. Wis strongl ressed agajnst .the polishing rface
only in ared€ %6%19@%5%%%%% I%\fﬁ Pﬁef’ﬁ897 € %%W S?)Lrattieo%éléS%. o
After attraction.aof..th ni_c u the i.ng eis
noved to aqbeolsrﬁ iléLnf eode\li\’)fiﬁ%gﬁ ?E’g g&e%%%ﬁ ﬁ%te(?{ tvl\}raéf g%%\%\lsﬁlg%t Sﬁggﬁeﬁ?s"‘@%
transfggre then a fluid (e.g., conpressed 5 air or a m xture of

ni trogen and’ pure water) is ejected to the sem conductor wafer Wvia the
comuni cati on holgs 32403 j8kdt BEcSHE LN AL i0RS féﬂ@e?@pﬁﬁi@@?}? the top
sem conduct or wafer Wfromthe top ring 1. The polishing liquid Q used to
pol i sh the sgd condughandtd wafleto VBt endstio Fdtaidr augly Bhegatmkk ghap G
between the outer circunferential surface of the edge bag 504 and the
retai ner ripwlishidgtbadpaldshang |t dr&sssnbi ridncedepappl eddi byt hehgap
G then the holder ring 505, the chucking plate 506, and the edge bag 504
are prevented fromsnoothly nmoving vertically with respect 15 to the top
ring body 2 and the retainer ring 3. To ?%oi d such a drawback, a cl eaning
liquid (pure water) is supplied through e fluid passage 32 to the
cleaning liquid passage 551. Accordingly, the pure water is supplied via a
plurality of communication holes 553 to a region above the gap G thus

cl eani ng



20 the gap Gto prevent the polishing liquid Qfrombeing firmy deposited
in the gap G The pure water should preferably be supplied after the
pol i shed sem conductor wafer Wis rel eased and until a next sem conductor
wafer to be polished is attracted to the top ring 1. 25 In the third

enbodi nent descri bed above, the fluid passages 31, 33 to 37 are provided as
separ at e pRssagesizedonky eruprn et to EF@ peesHyes ahayldes scérBi hedam te each
ot her, or the pressure chanbers may be comruni cated with each other in
accor danceP#rsl 7Be legrl migat ¢letde eRBiFPRAVFRGTIBRERT 1 AR PP i@ to

t he sem conducgtor wafer. Wand the positign

appl | od. | ROLAGCRRE: doEhbUbh naFE SRORAFFASEPGE. 5 SRAgH 2B LRR SPe
bol i shi ng SHPAABBUEERBR ot ePr a8 PAIS POMEAL s S iy 1o

Goscr | bba ABOYE Mabbor HRUTRd (IS SRTPE BABGaCtoR F Hott i prece =
Lor que (r afem LPTaG WRABTE ir DR FRGTaRr| Po™Sorrace ol T he Cubd ot o

except thegperkphesddtt Aokl bep LheLefatrm b tiessRE aRidIShs idies Aaldehi ng
surface at a uniformforce by the pressure of the second pressure chanber,

and the 15apeeesurgtafhide e, Stheregspl g chamepreapubezeantr@ldednto
i ndependently of the pressure of the second pressure chanber. Therefore, it

i s possi bl gehepcondtind chapbleirsh? 7g toaz 25 ato phespestiphenatopdutton vaffdthe
sem conductor wafer W i . e . , a polishing profile of the peripheral
porti oh0 of Wt lhgademsitc duneku gtodri sheifngr SWr f2@d ndusttargeddppina aliid inneskhere
present invention is suitable for use in a substrate hol ding apparatus for
hol di ng a shegbease2gdctr &2 aasenyenheld dioithaat Brosphargel At idghaiat us
for polishing the substrate to 25 a flat finish, and azgglishing appazgtus

havi ng suclbg sawstrandsnef dilkyy 1a¥ssr sigdiomporEiapfs? el and b itte
e L e i e 0 S g
Cherei o, - aRET COBAOCEA Yorsrabie TRRcRFiith aduset A 1T URRE 58 chin
o st | L5 meibiaSRAG e SRt A S 4l BATEI obte AL BB AR SRR RAANLLD, 2

menber; saig %%Sbifrlgs@%@%r anenRkrsabd §QUFnH|?H£a£b'HQHG£tC&nEP{&1§e;§r@§'s@sP@,t ment

portion, having a flange projecting outwardly, brought into direct or

indirect comeaCtnw tBnihEnaubsbralgreAM i %Qr@@@ugcpkagsaar&wﬂn_@ﬁtﬂwi ng
upwardly from a base portion of said flange of said abutnent portion and

bei ng conngeilddHings aud faefet btidll ¥ynmayabkebrenbit; iabd sehtaconnedt i tige
portion is made of a material having a flexibility higher than said

abut nent pdmrneansu2@ion portions 261 and the outer suction portions 262.

20 Therefore, it isnecessarytodecrease the pressure 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 221 viathe fluidpassage3l. Thereliefport239comprises

a check valve for preventing an outside air from flowing into
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2. A substrate holding apparatus for holding and pressing a substrate to be
pol i shed agai nst a polishing surface, characterized in that: said substrate
hol di ng apparatus conprises a top ring body 25 having a receiving space
therein, and a vertically novabl e menber which is vertically novable within
said receiving space in said tog ring body an abutnment menber having an

el astic neffbransepsusaet gepebdeB0221t ot athovieine e e gfedadi iy ey @ngseainey
novabl e menber; said elastic nenbrane of said abutnent nenber conprises an
abut nent pést FeNSL1RREENathraRgeSE sEe PR SUbRardl y, brought into direct
or indirect contact with the substrate, and a 5 connectin rtjon .,

ext endi ng upwar dﬁ%tFF@rﬁtéadﬂ%Jé)rbB%tﬁﬁns@F‘lEapau?]ga’ﬁd@ r‘gai €abob it
portion and being connected to, said verticall vabl e .nenber.; an ai d
onnect i ng pBFtF S Coer SRS T f POPLFORPhER Ll T et REGER nan
sai d abut t.ion, tra h i ratus a ' £
claim ? gﬁ%rkgé%%rllsgg %% %}aéfééseﬁfc[’h%ﬁdpgﬂrl | drlsgf?ggﬁo?%rb%' ’sgccogt{qult 0 beélo

constri ct eg%irrn O{%'Miﬂ%f‘uﬁe C&P%ﬁ:%‘g}é.rfs)l%glsdg-?u%e ﬁa%%??ti te;betding, the

appar at us ing and pressing a ate to be polished agai nst a

pol i shing suhfiacadueharasheslzedilanthbatomsah e Sthst ik hokdunog eppayat us
conprises a top ring body having a receiving space therein, and a

vertical | y tievabherneabet oROpwht ebnks2geringathy smveabliom tidi pe@iibns
receiving space in said top ring body; an abutnment nenber having an el astic
menbr ane i g6at tachedebsecathewsemsoohdoetot satfdrvierfiaml tlye novabd imgrenber
said elastic nenbrane of said abutnent nenber conprises
10 The polishing liquid Q used to polish the semiconductor
wafer W tends to flow through the small gap G between the outer
circumferential surface of the seal ring 204 and the retainer
ring 3. If the polishing liquid Q is firmly deposited in the
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 liquid 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
éupplied after the polished semiconductor wafer W is 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

semiconductor wafer is polished, and hence toprovide the retainer

ring 3 with a plurality of through-holes 3a shown in FIG. 2.

35



25 an abutnment portion, having a flange projecting outwardly, brought into
direct or indirect contact with the substrate, and a connecting portion
extending upwardly froma base portion of said flange of said abutnent
portion and being connected to said 81 vertically novabl e nenber; and
adhesi veness of a |ower surface of said base portion of said flange of said
abut ment pbBrrtbarnergeakEnedrBireAbnigsturaie Hevelapedpbaratira e @dldi ng
to claim4, characterized in that an internedi ate menber having a | ow
adhesi venedsfiBeghbetypspr bhe TetaiBpHsEH SN siltP |fm/§1éﬂferslrr%§%ﬁrf &%

beoe POt o0, AL 1L eng, Lol LT, PoC 0B L teoken Adlasleness
cubst{ate RoLLTA SRSl o Dl g, 0L Besssl 9Ll L AR
Soor S, SR RS ol et o8 SRR UL
Lo S G E6E1 VARG AREGRA 5Ll ERHADR-ROFY: S0 ANATE SRR

vertical | y,aoyabl,eqaBNeeE; c§8L8i 8t Agt Lhke §@§% of n s@idl uddents RERer
conpri ses an abutnent portion, having a flange projecting outwardly,

brought intaecditfekpderifdpteskugentact with the substrate, and a
connecting portion extending upwardly froma base portion of said 25 flange
of sai d abut nent Aporddsarr idvedl b&lhonge conneotrddnto txai @ vebsiteakky hudEbie
menber; and a hard nenber nade of a material harder than said elastic
menbr an® i speatteddedo f rtheaf drbhsenlpotimearns thesepresslmegenothggmks@lire
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
on the semiconductor wafer W.

15 A first 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-sectional
view showing the elastic membrane 291 of the ring tube 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
portions 291c connectedviathe ring tube holder 292 to the chucking

plate 206. The connecting portions 291c extend upwardly from

base portions 291d of the flanges 291a. A lower surface of the
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abut ment portion. 7. A substrate hol ding apparatus according to claim§6,
characterized in that said hard nenber has an annul ar shape. 5 8. A
substrate hol di ng apparatus for hol ding and pressing a substrate to be
pol i shed agai nst a polishing surface, characterized in that: said substrate
hol di ng apparatus conprises a top ring body 10 having a receiving space
therein, anBuimgsft PeArLpnnBYabl ésnbrpeghihiidko Sopdrcitcalith FeabIRPaF t hi n
sai d rece|V|ng space in said top ring body; an abutnent nenber having an

el astic nefBFaaee efathgcwemiconduchng:r "afiarade off h&aitd apsesi @alay bl e

nmenber; and rane. of, said abu ri ses an

1 d |
Abut rrgnt ePEBRA RO doalhf%r@%e s henAat band: O Erehsn e WA 63k et
L t 1 1 1 d d
SN T3 %Qﬁié’ems@ﬁ 35 TR SaRe rrRRa e e pasition i nvard of 5 tip
of sai d; flange 10 f e%reyl%e%r x?e 20 BE B0l hefie @) D8 POL O s sal d

flange of said a nent a connecting portion ext

upwardly f P20 QubweF s&bh 1?5&@&%&@ PR d 40 %B‘Ami%%'rn@z@o%rfﬁ?t ed
e nenber

to said vertical y nova 9. A substrate holding apparatus

accor di ng ttﬁea?i‘eggﬁr@f ckh@b8® d24 wﬂwﬁrﬁilrﬁﬁ%&@cwhbzegbenz@@at 981
connecting portion positioned radially inwardly and said connecti ng portlon

posi ti oned thadi &l drygout pandl yat@verdubher eiitd httkpessemtatst wifh Ahe
substrate hol di ng apparatus according to claim9, characterized in that
sai d connestimigopaduicitor paserivobgdthadbed s yur med dlyiles sapphiiekdnessthe
smal |l er than said connecting portion 5 positioned radially outwardly. 11. A
substrk® e boledisngeapbambeus 2a¢2orihhg Pecamyiogd vof even if the pressure
of the pressurized fluid supplied to the pressure chamber 222
or 223 surrounding the pressure chamber 225 is considerably higher
than the pressureof thepressurized fluid supplied to thepressure
chamber 225 defined in the ring tube 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 ineach of the pressure
chambers, for thereby pressing the semiconductor wafer more
stably.

20 Openings 291e 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 29le of the abutment portion 291b. Since

25 a pressurized fluid is supplied to the intermediate pressure
chamber 225 during polishing, the pressurized fluid presses the
abutment portion291bof thering tube 209 against the upper surface

of the semiconductor wafer W. Therefore, even if the openings
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claims 1 through 10, characterized in that said flange projecting radially
outwardly and said flange projecting radially inwardly 10 have different

| engt hs. 12. A substrate hol ding apparatus according to claim11,
characterized in that said flange projecting radially outwardly has a

| engt h Iarger than said flange projecting radially inwardly. 15 13 . A
substrat e RELEi age dopmest L aotmeny cord ipred8ihg aarsapsur azedtiol wiel
pol i shed agai nst a polishing surface, characterized in that: said substrate
hol di ng appar Bl G Slet arregsuracCraer@ Avabrrgly Flaws eiuigte gdre
therein, and a vertically novable nenber which is vertically npvable within
sai d recei $EAGTLPAET FRe At ISH AL TP BT QRRaBRERet® nefiBEFRRAY I an

el astic nenbrane mhicHBE%Pbrou ht into direct or _indirect contact with the

t
substrate I-UC28SR CAEHEGPE Yorohdl SUFFAEESSE Al SOVRVTFETS HovabI®
st 1 578t £8E) Surface T Al
Targe o711 DreapbLEEa LR TR BTRER ol S KR e O S R 40
. R StibsPrare Hof dr g apper aPUs” e
Char act or | FoaV e R e R O e B B RBer w con

attached tgoael QUMRLLIUNS Bee Rficasl@p ring; said elastic nenbrane of said
abut ment nenber conprises an abutnent portion, having a flange projecting

outwardly, brouglthenntBedpregkullzEAdEIEEH SOPHBLEIWES heride rSuhistidditase and
a 10 connecting portion extending upwardly froma base portion of said

flange of $aledsalyet nEdmipor t LaB anel behtgoldededinedt émp&ad thit®pahing;heéaind
said top ring has a support portion for supporting said flange of said
abut neh® neEmgrerature 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 is brought into contact with the
15 semiconductor wafer W. Therefore, controllability in
temperature of the semiconductorwaferWcanbe 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 outside air via the openings 291le.
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 polished, controllability in temperature of the
semiconductor wafer W can be maintained.
25 In a case where the aforementioned flanges 291la are provided
at the abutment portion29lbof theringtube 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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15 15. A substrate hol ding apparatus according to claim 14, characterized
in that said support portion has a radial length |arger than a radial

| ength of said flange of said abutnment nmenber. 20 16. A substrate hol ding
apparatus according to claim 14 or 15, characterized in that a fluid

i ntroduction groove for introducing a fluid into an upper surface of said
fl ange of s#r@sabuek¥nbenerbbiedste ol ¢oms saf dChauFsoricopsiuateor. weker7 . A

substrate hol di ng apparatus for hol di ng and pressing a substrate to be
pol i shed afjaRR3t EhPoPRSR| PRrsipRacedldmt ddterfanteth 4 hd oL&h¢ Sdbstrate

hol di t i top. ri body 85 havi i vi,ng

ther i, acU8Ft P03 Py FBYaBPRnRERbR? BT GHOPS AEHEA o 15 o Bion AR
id i Vi i id_t i dy, d l. ri bei b ht

Thto cont abE L PRVaRCURBER LN FAEEBRA Bb FBREPAPORSEEPan of the |

substrate; and Sosaldverdleallyy mvahe, JehekRas fasppoLly PaiLign £ of

supporting said seal ' ring, said Support portion-having a radral Tength in a

range of frfg@e]wﬂ@% ,oa%t%? tﬂg-séﬁi%‘g%?ilhlrjciac%‘i DOEOL 793 8RN AHYS1 A g‘r?;fl@'é%g i

claim17, characteriz I'n that i ntroduction groove

i ntroduci ngoathlw g tRHh ARLURRGLtSYS£8E6n Ao 13R0d ERAlr i PGube 205 Mdhd N
sai d support portion of said vertically novable nenber. 19. A substrate

hol di ng appaeakusef ehatibkdi Dg1and PHESEiOG bt suhsddale tamdia qroldrshed
agai nst a polishing surface, characterized in that: said substrate hol ding
appar at us c¢chepsusest prieysiriggolhady &poplihed dicghehpreabateratieantaer 2P bag
bei ng brought into contact with a peripheral portion of the substrate, a
t or quel @ r afteni26i hg ROldehbehebsemjcondughori waberoht agtcnia rsltatee Sl rat e
radially inwardly of said edge bag; and a pressure of a first pressure
chanber defttheeghbigkéagdrédfe Hag khd i tmdes sipraref farsesondy presRleied
chanber defined radially inwardly of said que bag are i ndependently.
control | edtogsortions néar 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 of a soft
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, excessive downward forces
are not applied to the semiconductor wafer W which is brought
into close contact with the abutment portion 291b because the
connecting portions 291c are likely to be elastically deformed,

25 so that a uniform polishing rate can be achieved over the entire
surface of the abutment portion 291b except the flanges 29la.
Further, even if the chucking plate 206 is lifted for polishing,

excessive upward forces are not applied to the abutment portion
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20. A substrate hol ding apparatus according to claim 19, characterized in
that said torque transmtting nmenber has a comruni cati on hol e comuni cating
a space inside of said torque 86 transmtting nenber and a space outside
of said torque transmtting nmenber with each other. 21. A substrate hol di ng
apparatus according to claim19 5 or 20, characterized in that said edge
bag defi ni A§lbabecaigettipg eosmestimanbertionpri¥es axrardivbsed yhewiaxftend.adi al
width in a range of from1l mmto 10 nm 22. A substrate holdi % ap aratus
accordi ng ffdugmyacrecein i giodi AsTRedt Reatidih @ baschreasierszedldre

sai d substrate hol ding apparatus conprises a retainer ring secured to or
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low adhesiveness to the wafer W. For example, a cellophane tape

may be used as the intermediate member 295. The intermediate

member 295 shouldpreferablybeas thinaspossible, andpreferably

have a thickness of 0.2 mm or smaller. With this arrangement,

15 even if the chucking plate 206 is 1lifted for polishing, a vacuum
isunlikely tobe formed near the base portions 221d of the flanges
29labecause thebaseportions291dof the flanges29laareunlikely
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 291a, or by forming the lower surfaces of the base
portions 291d as rough surfaces.

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

example of anelasticmembrane of a ring tube in a substrate holding
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U ()-y!'y " $10%JU& ()-y! Sy#10% U U& () -f!y#10%JU& ()-fP M1 d"! ###S#{ Y: ] :
10 of the fourthexample, ring-likehardmembers296madeof amaterial
harder than the elastic membrane 291 (e.g., stainless) are
embedded in the base portions 291d of the flanges 29la. With
5 this arrangement, even if the chucking plate 206 is downwardly
pressed for polishing, excessive downward forces are not applied
to the semiconductor wafer W which is brought into close contact
with the abutment portion 291b because downward forces by the
connecting portions 291c are dispersed by the hard members 296,
10 so that a uniform polishing rate can be achieved over the entire
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
291la because the hard members 296 prevent deformation of the
15 wvicinityofthebaseportions29ldof 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
example of anelasticmembrane of a ring 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 positioned radially inwardly, i.e., near the center
of the semiconductor wafer W, has a thickness smaller than a
connecting portion 291i positioned radially outwardly, in the
25 elasticmembrane29loftheringtubeofthe firstexample. 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 baseportion of the flange by the connectingportion
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to the base portion of the flange by the connecting portion
positioned radially outwardly. Therefore, as shown in the fifth
example, when the connecting portion 291h positioned radially
5 inwardly is thinner than the connecting portion 291i positioned
radially outwardly, vertical forces applied to the base portions
of the flanges by these connecting portions 291h, 291i can be
adjusted to the same level, and a uniform polishing rate can be
achieved over the entire surface of the abutment portion 291b
10 except the flanges 291a. When the connecting portion positioned
radially inwardly ismadeof amaterial havinga flexibilityhigher
than the connecting portion positioned radially outwardly in the
ring tube of the first example, the similar effects are expected.
FIG. 11 is a vertical cross-sectional view showing a sixth
15 exampleof anelasticmembraneof aringtube inasubstrateholding
apparatus according to the present invention. The sixth example
corresponds to an example of a ring tube in which a flange 291j
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,
a sealing capability can be enhanced at the flange 2917 projecting
radially outwardly, so that a uniform polishing rate can be
achieved over the entire surface of the abutment portion 291b
except the flanges 29la.
25 FIGS. 12A through 12C are vertical cross-sectional views
showing a seventh example of a ring tube in a substrate holding
apparatus according to the present invention. As shown in FIG.

123, the elastic membrane 391 of the ring tube of the seventh
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-<======}Agpggegtpngo outwardly, eXtending portions 391d extending

outwardly from base portions 391c of the flanges 391la to form
grooves 392 between the extending portions 391d and the flanges

5 §91a, and connecting portions 391e connected via the ring tube
holder 292 to the chucking plate 206. The extending portions
391d extend outwardly from the base portions 391c of the flanges
391la to positions inward of tips of the flanges 391a, and the
connecting portions 39le extend upwardly from outward ends of

10 the extending portions 391d. The flanges 391a, the abutment
portion 391b, the connecting portions 39le, and the extending
portions 391dareintegrallymadeof the samematerial. Anopening
391f is formed in a central portion of the abutment portion 391b.
With this arrangement, in a case where the chucking plate

15 206 is lifted for polishing after the semiconductor wafer W is
brought into close contact with the abutment portion 391b (see
FIG. 12B), upward forces by the connecting portions 39le are
converted into forces in horizontal or oblique directions by the
extending portions 391d, and the converted forces are applied

20 to the base portions 391lc of the flanges 3%la (see FIG. 12C).
Therefore, upward forces applied to the base portions 391lc of

the flanges 39la 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 39la.

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

the length of the flanges 391lamaybe varied between the connecting
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Furthermore, the thickness of the flanges 39la may be varied
according to the type of a £ilm formed on the semiconductor wafer
to be polished or the polishing pad. When the resistance or the
polishing torque transmitted to the semiconductor wafer is large,

10 the thickness of the flanges 391a should preferably be made larger
in order to prevent torsion of the flanges 39la.

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 passagesmay be combined with each other, or the pressure chambers
may be communicated with each other in accordance with the
magnitude of the pressing force to be 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 into direct contact with the semiconductor wafer
W. However, the present invention is not limited to such a
configuration. For example, an elastic pad may be interposed
between the central bag 208 and ring tube 209 and the semiconductor
wafer W so that the central bag 208 and the ring tube 209 are

25 brought into indirect contact with the semiconductor wafer W.
Further, the above examples may appropriately be combined with
each other.

In the substrate holding apparatus according to the first
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by the Ppolishing pad. owever, the polishing surface is not

limited to this. For example, the polishing surface may be

constituted by a fixed abrasive. The fixed abrasive is formed

5 intoaflatplate comprisingabrasiveparticles fixedby abinder.

With the fixed abrasive for polishing, the polishing process is

performed by the abrasive particles self-generated from the fixed

abrasive. The fixed abrasive comprises abrasive particles, a

binder, and pores. For example, cerium dioxide (Ce02) having

10 an average particle diameter of 0.5 um is used as an abrasive

particle, and epoxy resin is 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 another 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 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 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

a vertically movable member is pressed downwardly for polishing,
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excessive downward forces are not applied to the substrate which
is brought into close contact with the abutment portion, so that
a uniform polishing rate can be achieved in an area between the
base portions. Further, even if a vertically movable member is

5 1lifted for polishing, excessive upward forces are not applied
to the abutment portion, so that a vacuum is not formed near the
base portions of the flanges to achieve a uniform polishing rate
in an area between the base portions.

Next, a substrate holding apparatus according to a second

10 embodiment of thepresent inventionwill bedescribedbelow. FIG.
13 is a vertical cross-sectional view showing a top ring 1 as
a substrate holding apparatus according to the second embodiment
of the present invention, and FIG. 14 is a bottom view showing
the top ring 1 shown in FIG. 13. As shown in FIG. 13, the top

15 ring 1 constituting a substrate holding apparatus comprises a
topringbody2inthe 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 is fixed to the lower
end of the housing 2a of the top ring body 2. The retainer ring

3 has a lower portion projecting radially inwardly. The retainer
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ringbody 2 is coupled to the top ring drive shaft 11 by a universal
joint 10. Theuniversal jointlOhasaspherical bearingmechanism
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
and the rotation transmittingmechanism transmit 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 other.

The spherical bearing mechanism comprises a hemispherical
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 11a and 2d. On the other
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. Even if the top ring body
2 is 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
drivenpinareverticallymovable relatively toeachother. Thus,
the rotation transmitting mechanism reliably transmits

rotational torque of the top ring drive shaft 11 to the top ring
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the top ring 1, an annular holder ring 405, and a disk-shaped
chuckingplate 406 (verticallymovablemember) whichisvertically
movable within the receiving space in the top ring body 2.
The seal ring 404 has a radially outer edge clamped between
10 the holder ring 405 and the chucking plate 406 secured to the
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 of 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
madeofahighlystronganddurable rubbermaterial suchasethylene
propylene rubber (EPDM), polyurethane rubber, or silicone rubber.
The semiconductor wafer W has a recess defined in an outer edge
thereof, which is referred to as a notch or orientation 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 top 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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421 in the top ring body 2. As shown in FIG. 13, a fluid passage
5 31 comprising tubes and connectors communicates with the pressure
chamber 421, which is connected to a compressed air source 120
via a regulator R2 provided on the fluid passage 31. The
pressurizing sheet 407 is made of a highly strong and durable
rubber material such as ethylene propylene rubber (EPDM),
10 polyurethane rubber, or silicone rubber.
In the case where the pressurizing sheet 407 is made of
an elastic material such as rubber, if the pressurizing sheet
407 is fixedly clamped between the retainer ring 3 and the top
ringbody 2, thenadesiredhorizontal surface cannot bemaintained
15 on the lower surface of the retainer ring 3 because of elastic
deformation of the pressurizing sheet 407 as an elasticmaterial.
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 is not necessarily fixed in the
25 aforementioned 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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is supplied with a cleaning liquid (pure water) via the fluid
passage 32. A plurality of communication holes 453 are defined
5 in the housing 2a and the pressurizing sheet support 2b in
communication with the cleaning liquid passage 451. The
communication holes 453 communicate with a small gap G defined
between the outer circumferential surface of the seal ring 404
and the inner circumferential 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,
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 409 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 theringtube409. Inthepresentembodiment,
six suction portions 440 are provided.
The ring tube 409 comprises an elastic membrane 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 apressure 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 into apluralityof spaces
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defined radially inwardly of the ring tibe , 1.e., around the
central port 408, and a pressure chamber 424 is defined radially
outwardly of the ring tube 409, i.e., around the suction portions

5 440, The elastic membrane 491 of the ring tube 409 is made of
a highly strong and durable rubber material such as ethylene
propylene rubber (EPDM), polyurethane rubber, or silicone rubber,

as with the pressurizing sheet 407.

A fluid passage 33 comprising tubes and connectors

10 communicates with the pressure chamber 422 in the ring tube 409.
The pressure chamber 422 is connected to the compressed air source

120 via a regulator R3 connected to the fluid passages 33. A
fluid passage 34 comprising tubes and connectors communicates
with the opening 408a 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 source 120 via a regulator

20 R5 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 to their lower ends, for thereby elastically contacting
andholding the semiconductor waferWon 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
connected to the fluid passages 31, 33, 34 and 35 of the pressure
chambers 421 to 424 can respectively regulate the pressures of
the pressurized fluids supplied to the respective pressure

10 chambers. Thus, it is possible to independently control the
pressures in the pressure chambers 421 to 424 or independently
introduce atmospheric air or vacuum into the pressure chambers
421 to 424, Inthismanner, the pressures in the 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 1is a small gap G between the outer

circumferential surface of the seal ring 404 and the inner
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, the chucking plate 406, and the seal ring 404 attached to
the chucking plate 406 can vertically be moved with respect to
the top ring 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 405b of the holder ring 405 has
a plurality of teeth 405¢c projecting radially outwardly from the
outer circumferential edge thereof. Downward movement of the
members including theholderring 405islimited to apredetermined
range by engaging the teeth 405c with the upper surface of the
radially inwardly projecting portion of the retainer ring 3.

For example, in a case where the chucking plate is made
of PPS (polyphenylene sulfide), if the pressure in the pressure
chamber 421 is higher than the pressures in the pressure chambers
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
weight than PPS, e.qg., epoxy 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 inthepressure chambers 422 to 424 below the chucking
plate 406, the chucking plate 406 becomes unlikely to be bent,
so that polishingrates are prevented frombeing locally increased.
Particularly, since epoxy resin has no magnetism, it is suitable

for cases where the film thickness of a thin film formed on a
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method using eddy current in such a state that the semiconductor
wafer to be polished is held by a top ring. The material is not
limited to epoxy resin, and it is also effective to use other
resinhavingalargestiffness, fiberreinforcedmaterials thereof,
or ceramics.

Next, operation of the top ring 1 thus constructed will
be described in detail below.

In the polishing apparatus constructed above, when a
semiconductorwaferWis tobedelivered to thepolishingapparatus,
the top ring 1 as a whole is moved to a position to which the
semiconductor wafer W is transferred, and the communication holes
440aof thesuctionportions 440 are connectedviathe fluidpassage
35tothevacuumsourcel2l. ThesemiconductorwaferWisattracted
under vacuum to the lower ends of the suction portions 440 by
suction effect of the communication holes 440a. With the
semiconductor wafer W attracted 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 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.

For polishing the semiconductor wafer W, the attraction
of semiconductor wafer Wby the suction portions 440 is released,
and the semiconductor wafer W is held on the lower surface of
the top ring 1. Simultaneously, the top ring air cylinder 111
connected to the top ring drive shaft 11 is actuated to press

the retainer ring 3 fixed to the lower end of the top ring 1 against
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predetermined pressure. In such a state, pressurized fluids are
respectively supplied to the pressure chamber 422, 423, 424 under
respective pressures, thereby pressing the semiconductor wafer
5 W against the polishing surface on the polishing table 100. The
polishing liquid supply nozzle 102 supplies a polishing liquid
Q onto the polishing pad 101 in advance, so that the polishing
liquidQisheldonthepolishingpad10l. Thus, the semiconductor
wafer W is polished by the polishing pad 101 with the polishing
10 liguidQbeingpresentbetweenthe (lower) surface, tobepolished,
of the semiconductor wafer W and the polishing pad 101.

The local 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 semiconductor wafer W that is positioned
beneath the central pressure chamber 422 is pressedvia theelastic
membrane 491 of the ring tube 409 against the polishing surface
under the pressure of the pressurized fluid supplied to the

20 pressure chamber 422. Therefore, thepolishingpressures acting
on 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 reqgulators R3 to RS

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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polishing table 100. With the polishing pressures on the
respective local areas of the semiconductorwafer Wheingadjusted
independently to desired values, the semiconductor wafer W is
pressed against the polishing pad 101 on the polishing table 100
5 thatisbeingrotated. Similarly, thepressureof thepressurized
fluid supplied to the top ring air cylinder 111 can be regulated
by the regulator R1 to adjust the force with which the retainer
ring 3 presses the polishing pad 101. While the semiconductor
wafer W is being polished, the force with which the retainer ring
10 3 presses the polishing pad 101 and the pressing force with which
the semiconductor wafer W is pressed against the polishing pad
101 can appropriately be adjusted for thereby applying polishing
pressures in a desired pressure distribution to a central 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 outside of the semiconductor wafer W.

In this manner, the semiconductor wafer W is 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 a polishing surface. As described
above, since the pressing forces applied to those areas can
independently be controlled, the polishing rates of the three
circular and annular areas (Cl to C3) of the semiconductor wafer

25 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

on the surface of the semiconductor wafer W can be polished
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over 'the entire surface of the semiconductor wafer. More
specifically, even if the thickness of the thin filmtobepolished
on the surface of the semiconductor wafer W differs depending
5 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
area of the thin film is made lower than the pressure in other

10 pressure chambers. In this manner, the pressing force applied
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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he pressurlzed fluid 1s supplied to the pressure chamber 421
via the fluid passage 31 to prevent the chucking plate 406 from
being lifted under the forces due to the pressure chambers 422

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 pad 101 and the pressing forces applied by the
pressurized air supplied to the pressure chambers 422 to 424 to

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 polishing of the semiconductor
wafer W is finished, the semiconductor wafer W is attracted again
to the lower ends of the suction portions 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 to develop anegative pressure therein.
If the pressure chamber 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 to be transferred, and then a fluid (e.g., compressed
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5 The polishing liquid Q used to polish the semiconductor
wafer W tends to flow through the small gap G between the outer
circumferential surface of the seal ring 404 and the retainer
ring 3. If the polishing liquid Q is firmly deposited in the
gap G, then the holder ring 405, the chucking plate 406, and the

10 seal ring 404 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 liquid passage 451.
Accordingly, the pure water is supplied via a plurality of

15 communication holes 453 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 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
semiconductor wafer is polished, andhence to provide the retainer
ring 3 with a plurality of through-holes 3a shown in FIG. 13.
Furthermore, if 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 smoothly
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b@ 10 the atmospheric pressure.
As described above, according to a substrate holding
5 apparatus of the second embodiment, the pressures in the pressure
chambers 422, 423, 424 are independently controlled to control
the pressing forces acting on the semiconductor wafer W.
The ring tube 409 of the substrate holding apparatus
according to the second embodiment of the present invention will
10 be described in detail below.
FIG. 15 is a vertical cross-sectional view showing the ring
tube 409 shown in FIG. 13. AsshowninFIG. 15, theelasticmembrane
491 of the ring tube 409 in the present embodiment has an abutment
portion 491b having flanges 49la projecting outwardly, and
15 connecting portions 491c connected via the ring tube holder 492
to the chucking plate 406. The connecting portions 491c extend
upwardly from the base portions 491d of the flanges 491a. A lower
surface of the abutment portion 491b is brought into contact with
the upper surface of the semiconductor wafer W. The flanges 491a,
20 the abutment portion 491b, and the connecting portions 491c are
integrally made of the same material.
As described above, when the semiconductorwafer ispolished,
pressurized fluids are supplied to the pressure chamber 422, and
the pressure chambers 423, 424 surrounding the ring tube 409.
25 Thus, the flanges 49la 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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chamber 422 defined in the ring tube 409, the high-pressure fluid
sufrounding the pressure chamber 422 is prevented from flowing
5 1intothelowerportionoftheringtubed409. Therefore, the flanges
49la canwiden the range of pressure control ineach of the pressure
chambers, for thereby pressing the semiconductor wafer more
stably.
Openings 491e are formed at a plurality of central portions
10 of the abutment portion 491b 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 49le of the abutment portion 491b. 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 of the
semiconductor wafer W. Therefore, even if the openings 491e are
formed in the abutment portion 491b, a pressurized fluid in the
pressure chamber 422 hardly flows out to the exterior of the
20 pressure chamber 422. Further, when the semiconductor wafer W
is released, a downward pressure can be applied through the
openings 491e 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 is 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

openings 491e formed in the abutment portion 491b of the ring
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semiconductor wafer W. Therefore, <controllability in
temperature of the semiconductorwafer Wcanbe improved. Further,
5 when the polishing of the semiconductor wafer W is finished and
the semiconductor wafer W is released, the pressure chamber 422
is opened to the outside air via the openings 49le. Thus, the
fluid supplied into the pressure chamber 4225 is prevented from
remaining in the pressure chamber 422. Therefore, even if
10 semiconductor wafers W are continuously polished,
controllability in temperature of the semiconductor wafer W can

be maintained.
As shown in FIG. 15, the chucking plate 406 has support
portions 406a for supporting the flanges 49la 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 impossible 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 491a 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 semiconductor wafer W, it is necessary to press the flanges
491a by pressurized fluids supplied to the pressure chambers 423,
424, Accordingly, in the present embodiment, as shown in FIG.
17, fluid introduction grooves 406b are formed in the support
portions 406a of the chucking plate 406 for stably pressing the
10 flanges 49la by pressurized fluids supplied to the pressure
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 portion 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 406¢c is provided at the peripheral portion of
the chucking plate 406 for supporting the seal ring 404, as shown
in FIG. 19. 1In this case, as with the support portions 406a,
20 fluid introduction grooves 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 semiconductor wafer W. Further,
since such grooves can introduce the pressurized fluid to the
25 outermost portion of the semiconductor wafer, a uniform pressing
force can be achieved at the peripheral portion of the wafer.

When the retainer ring 3 is pressed against the polishing

pad 101, the polishing pad 101 may be raised (rebounded) near
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present embodiment, the radial length d of the support portion

406c of the chucking plate 406 is shortened to prevent the

5 semiconductor wafer W from being excessively polished at the

peripheral portion thereof. When the effects of the rebound are

small, the lengthd is shortened to concentrate the pressing forces,

or the length d is lengthened to disperse the pressing forces,

for varyingpolishingrates. Specifically, thelengthdisvaried

10 in a range of 1 mm to 7 mm to achieve desired polishing rates.

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 to be applied to the semiconductor

wafer W and the position to which the pressing force is applied.

In the above embodiment, the ring tube 409 is brought into direct

contact with the semiconductor wafer W. However, the present

20 invention is not limited to such a configuration. For example,

an elastic pad may be interposed between the ring tube 409 and

the semiconductor wafer W so that the ring tube 409 is brought
into indirect contact with the semiconductor wafer W.

In the second embodiment shown in FIGS. 13 through 19, the

25 polishing surface is constituted by the polishing pad. However,

the polishing surface is not limited to this. The polishing

surface may be constituted by a fixed abrasive as described in

the first embodiment shown in FIGS. 2 through 12.
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apparatus of the second embodiment of the present invention,
pressures to be applied to the substrate can independently be
controlled, and hence a pressing force applied to a thicker area
5 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,
an entire surface of a substrate can be polished exactly to a
desired level irrespective of the film thickness distribution
10 obtained at the time the thin film is formed. Further, 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 a material having no magnetism is selected as a material of the
vertically movable member, it is suitable for cases where the
filmthicknessof athin filmformedon a surface of a semiconductor
wafer is measured with a £ilm thickness method using eddy current
in such a state that the semiconductor wafer to be polished is
20 held by a top ring.

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

25 FIG. 20, the top ring 1l constituting a substrate holding apparatus
comprises a top ring body 2 in the form of a 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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1 s$109B& (S meadyey] opEEYINics . The retainér ring 3 is made of highly rigid

synthetic resin, ceramics, or the like.
The top ring body 2 comprises a cylindrical housing 2a,
5 an annular pressurizing sheet support 2b fitted into the
cylindrical portion of the housing 2a, and an annular seal 2c
fitted over an outer circumferential edge of an upper surface
of the housing 2a. The retainer ring 3 is fixed to the lower
end of the housing 2a of the top ring body 2. The retainer ring
10 3 has a lower portionprojectingradially inwardly. The retainer
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
ringbody 2 is coupled to the top ring drive shaft 11 by a universal

15 Jjoint10. Theuniversal jointl0hasasphericalbearingmechanism
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 andtherotation 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 other.

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 bag 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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a lower surface brought into contact with the semiconductor wafer
W at a radially inward position of the edge bag 504.

5 The chucking plate 506 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 such a state
that the semiconductor wafer to be polished is held by the top
ring, the chucking plate 506 should preferably be made of a

10 non-magnetic material, e.g., an insulating material such as
fluororesin or ceramics.

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

15 the housing 2a 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 connectors communicates with the pressure
chamber 521, which is connected to a compressed air source 120
via a regulator R2 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 is defined in the upper surface of the housing 2a near
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communicates with a fluid passage 32 via a through-hole formed
in the seal 2c, and is suppliedwith a cleaning liquid (pure water)
5 wvia the fluid passage 32. A plurality of communication holes
553 aredefinedinthehousing 2a andthepressurizing sheet support
2b in communication with the cleaning liquid passage 551. The
communication holes 553 communicate with a small gap G defined
between the outer circumferential surface of the edge bag 504
10 and the inner circumferential surface of the retainer ring 3.

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 505b of the holder
ring 505 and an edge bag holder 506a disposed below the holder

15 ring 505, and a radially inner edge clamped between the edge bag
holder 506a and a chucking plate body 506b. The lower end surface
of the edge bag 504 is brought into contact 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

20 and durable rubber material such as ethylene propylene rubber
(EPDM), polyurethane 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 air source
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Upon polishing, the semiconductor wafer W is rotated in
accordance with rotation of the top ring 1. Since the
aforementioned edge bag 504 has a small contact area with the
5 semiconductor wafer W, rotational torque may fails to completely
be transmitted to the semiconductor wafer W. Accordingly, the
torque transmitting member 507 is secured to the chucking plate
506 for transmitting sufficient torque to the semiconductor wafer
W by abutment with the semiconductor wafer W. The torque
10 transmitting member 507 is in the form of an annular bag and is
brought into contact with the semiconductor wafer Wwith a contact
area large enough to transmit sufficient torque 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
waferW, and a torque transmittingmember holder 572 for detachably
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 transmitting 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 507 has an abutment portion 571b having

flanges 571a projecting outwardly, and connecting portions 571c
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chuckingplate 506. The connectingportions 571cextendupwardly

from the base portions 571d of the flanges 57la. A lower surface
of the abutment portion 571b is brought into contact with the

5 upper surface of the semiconductor wafer W. The connecting
portions 571c have apluralityof communicationholes 573 provided
at radially inward and outward positions, and the interior of
the internal space 560 of the torque transmitting member 507 is
communicated with external spaces 561, 562.

10 When the two connecting portions 571c extending vertically
arearrangedatrelativelynearpositions, theconnectingportions
571c have sufficient strength to transmit torque. With the
flanges 571a, 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 apluralityof spaces, i.e.,
a pressure chamber 522 disposed radially inwardly of the edge
bag 504, the space 560 in the torque 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
torque transmitting member 507. As described above, the
communication holes 573 are provided in the connecting 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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507. The space 560 is connected to the compressed air source
120 via a requlator R4 connected to the fluid passages 34. A
fluid passage 35 comprising tubes and connectors communicates
with the space 561 between the edge bag 504 and the torque
transmitting member 507. The space 561 is connected to the
compressed air source 120 via a regulator R5 connected to the
fluid passages 35. A fluid passage 36 comprising tubes and
connectors communicates with the space 562 disposed radially
inwardly of the torque transmitting member 507. The space 562
is 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 rotary joint (not shown) mounted on the upper end of
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
passagde can supply a pressurized fluid so as to uniformly control
the pressure of the pressure chamber 523 without a plurality of
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 not necessary to
provide regulators for the respective fluid passages 34, 35, 36,
and the fluid passages 34, 35, 36 may be connected to one regulator
to control the pressure.

When the semiconductor wafer i1s polished, pressurized

fluids are supplied to the pressure chamber 522 and the pressure
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into close contact with the semiconductor wafer W by the
pressurized fluid supplied to the pressure chamber 523.

5 Accordingly, the pressurized fluid in the pressure chamber 523

is prevented from flowing into the lower portion of the edge bag
504. Therefore, the flange 541 can realize a stable control when
the pressures of the pressure chamber 522 and the pressure chamber
523 are varied. Here, the radial width d of the elastic membrane

10 defining the pressure chamber 522 in the edge 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
embodiment.

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 the pressures in the pressure
chambers 521 to 523 or independently introduce atmospheric air

25 or vacuum 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

73



U<10% U&' () -!| Y+s$10%UL () -! Y+s$10%U& () - s$10%
U& ()-!s$10%U& ()-! ~s$10%U&' () - LDdE= 10 U $10%
U ()-g'p $10%4 Ut U& ()-g $10% U& ()-!p $10% Ul U&' ()-!k $109%UxU& ()- 10 U
10 Uz[PE: 10 U 10 U 10 U 10 WK10%
U& ()-!xY+ $10%JU& ()-!yY+ $10%JUL ()-" $10% U& ()-T!~"" $10%JU& ()-Ta
yWBPE: 10 Ufstioeorigeggure -CWZ%) cpnNsa gpnfrolled independently of
O Y e e T T b s Enambar: bh3. iBrbkosbiFie!qs”
possible to control a polishing rate at the peripheral portion
of the semiconductor wafer W, i.e., a polishing profile of the
5 peripheral portion of the semiconductor wafer W. Additionally,
when the pressing force of the retainer ring 3 is controlled,
more detailed control can be achieved.

In this case, the pressurized fluid or the atmospheric air
supplied to the pressure chambers 522, 523 may independently be

10 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

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
transmittingmember 507. Inthepresent embodiment, four suction

20 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 source 120 via a regulator (not
shown) connected to the fluid 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 W to the lower ends of the suction

portions 540. The suctionportions 540 have elastic sheets 540D,
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thereby elastically contacting and holding the semiconductor
wafer W on the lower surfaces thereof.

Next, operation of the top ring 1 thus constructed will

5 Dbe described in detail below.

In the polishing apparatus constructed above, when a
semiconductorwaferWis tobedelivered to thepolishingapparatus,
the top ring 1 as a whole is moved to a position to which the
semiconductor wafer Wis transferred, and the communication holes

10 540aof thesuctionportions 540 areconnectedviathe fluidpassage
37 to the compressed air source 120. The semiconductor wafer
Wisattractedunder vacuumto the lower endsof the suctionportions
540 by suction effect of the communication holes 540a. With the
semiconductor wafer W attracted to the top ring 1, the top ring

15 1 as a whole is moved to a position above the polishing table
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. Simultaneously, the top ring air cylinder 111
connected to the top ring drive shaft 11 is actuated to press

25 the retainer ring 3 fixed to the lower 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
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chamber 523 under respective pressures, thereby pressing the
semiconductor wafer W against the polishing surface on the
polishing table 100. The polishing liquid supply nozzle 102
suppliesapolishingliquidQontothepolishingpad 101l inadvance,
so that the polishing liquid Q is held on the polishing pad 101.
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 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
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
uniform force. Simultaneously, a polishing rate at 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
chamber 521 to change the pressing force to press the retainer
ring 3 against the polishing pad 101. In this manner, during
polishing, the pressing force to press the retainer ring 3 against

the polishing pad 101 and the pressing force to press the
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semiconductor wafer W against the polishing pad 101 are properly
adjusted to control the polishing profile of the peripheral
portion of the semiconductor wafer W in great detail. The
semiconductor wafer W located below the pressure chamber 523 has
an area to which a pressing force is applied via the abutment
portion 571b of the torque transmitting member 507 by a fluid,
and an area towhich apressure of thepressurized fluidisdirectly
applied. The pressing forces applied to these areas have the
same pressure.

As 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
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 supply of the pressurized fluids into the pressure
chamber 522 and the pressure chamber 523 is stopped, and the
pressure chamber 522 and the pressure chamber 523 are vented to
the atmosphere. Accordingly, the lower ends of the suction
portions 540 are brought into contact with the semiconductor wafer
W. The pressure chamber 521 is vented to the atmosphere or
evacuated todevelop anegative pressure therein. This isbecause
if the pressure chamber 521 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
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suction portions 540.

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 to be transferred, and then a fluid (e.g., compressed
alr or a mixture of nitrogen and pure water) is ejected to the
semiconductor wafer W via the communication holes 540a of the
suction portions 540 to release the semiconductor wafer W from
the top ring 1.

The polishing liquid Q used to polish the semiconductor
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
to the top ring body 2 and the retainer ring 3. To avoid such
a drawback, a cleaning liquid (pure water) is supplied through
the fluid passage 32 to the cleaning liquid passage 551.
Accordingly, the pure water is supplied via a plurality of
communication holes 553 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 is released
and until a next semiconductor wafer to be polished is attracted
to the top ring 1.

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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the magnitude of the pressing force to be applied to the
semiconductor wafer W and the position to which the pressing force
is applied.
In the third embodiment shown in FIGS. 20 through 22, the
5 polishing surface is constituted by the polishing pad. However,
the polishing surface is not limited to this. The polishing
surface may be constituted by a fixed abrasive, as described in
the first embodiment.
As described above, according to 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 portion
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 controlled
independently of the pressure of the second pressure chamber.
Therefore, it is possible to control a polishing rate at the
peripheral portionof the semiconductor waferW, i.e., apolishing
profile of the peripheral portion of the semiconductor wafer W.
20
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 polishing apparatus having such a substrate

holding apparatus.

79



Us!
|11
U8
U8,

(
0
(
(

)-25$10% U& () - 0! 10% U& () -

% U& ()- MLO% U& ()-1 MLO% U& ()- 10 U 10 U 10 u<10%u&() y8|10%
)-b"d" """ (#mdEDC 10 U MB10% UE ()- 10% U ()-13:10% U& ()-1S! 10%
£10% U&' ()-y s10% U8 () - mi###03k$l YELC

) -

10

15

20

25

CLAIMS

1. 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 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
to a lower surface of said vertically movable member;

said elastic membrane of said 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 of said
flange of said abutment portion and being connected to said
vertically movable member; and

said connecting portion is made of a material having a

flexibility higher than said abutment portion.

2. A substrate holding apparatus for holding and pressing
a substrate to be polished against a polishing surface,
characterized in that:

sald 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
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to a lower surface of said vertically movable member;
said elastic membrane of said abutment member comprises
anabutment portion, havinga flangeprojectingoutwardly, brought
into direct or indirect contact with the substrate, and a
5 connecting portion extending upwardly from a base portion of said
flange of said abutment portion and being connected to said
vertically movable member; and

said connecting portion comprises a thin portion having

a thickness smaller than said abutment portion.

10
3. A substrate holding apparatus according to claim 2,
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 body
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;
sald 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 from a base portion of said

flange of said abutment portion and being connected to said

81



U& ()-6!10% U& ()-""(S((((dEbC 10 U ML0O% U&' ()-!10% U& ()-13!10% U& () -
St10% U& ()-y 10% U& ()-1110% U& ()-())i))))#*dEbC 10 U $!'10% U& ()- 3"10%
U& ()-f 10% U& ()-s!10% U& ()-!10% U& ()- 910% U&' ()-#*:*u***+@dEbC 10 U
@s10% U&' ()-s-10% U& ()-+!10% U& ()-) $10% U& () -
vertically movable member; and
adhesiveness of a lower surface of said base portion of

said flange of said abutment portion is weakened.

5 5. A substrate holding apparatus according to claim 4,
characterized in that an intermediate member having a low
adhesiveness to the substrate is disposed on said lower surface
of said base portion of said flange of said abutment portion to
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 said abutment member comprises
anabutmentportion, havinga flangeprojectingoutwardly, brought
into direct or indirect contact with the substrate, and a
connecting portion extending upwardly from a base portion of said

25 flange of said abutment portion and being connected to said
vertically movable member; and

a hard member made of a material harder than said elastic

membrane is embedded in said base portions of said flange of said
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7. A substrate holding apparatus according to claim 6,

characterized in that said hard member has an annular shape.

8. A substrate holding apparatus for holding and pressing
a substrate to be polished against a polishing surface,
characterized in that:
sald substrate holding apparatus comprises a top ring body
10 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
to a lower surface of said vertically movable member; and
15 said elastic membrane of said abutment member comprises
anabutment portion, 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 of a tip of said flange to form a groove
20 Dbetween said extending portion and said flange of said abutment
portion, 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 connecting portion
positioned radially inwardly and said connecting portion

positioned radially outwardly have different thicknesses.
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10. A substrate holding apparatus according to claim 9,
characterizedinthat saidconnectingportionpositionedradially
inwardly has a thickness smaller than said connecting portion

positioned radially outwardly.

11. A substrate holding apparatus according to any one of
claims 1 through 10, characterized in that said flange projecting
radially outwardly and said flange projecting radially inwardly

have different lengths.

12. A substrate holding apparatus according to claim 11,
characterized in that said flange projecting radially outwardly

has a length larger than said flangeprojectingradially inwardly.

13. A substrate holding apparatus for holding and pressing
a substrate to be polished against a polishing surface,
characterized in that:

sald 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 which is
brought into direct or indirect contact with the substrate is
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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to a lower surface of a top ring;
said elastic membrane of said abutment member comprises
anabutment portion, havinga flangeprojectingoutwardly, brought
into direct or indirect contact with the substrate, and a
10 connectingportion extending upwardly from a base portion of said
flange of said abutment portion and being connected to said top
ring; and
said 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 introduction 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 holding apparatus comprises a top ring body
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which i1s vertically movable within said receiving spac€ in said
top ring body, and a seal ring being brought into contact with
an upper surface of a peripheral portion of the substrate; and

sald vertically movable member has a support portion for
supporting said seal ring, said support portion having a radial

length in a range of from 1 mm to 7 mm.

18. A substrate holding apparatus according to claim 17,
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
a substrate to be polished against a 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
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.

20. A substrate holding apparatus according 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 other.

21. A substrate holding apparatus according to 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:

sald substrate holding apparatus comprises a retainer ring
secured to or formed integrallywith said 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 of claims 1

through 22, and a polishing table having a polishing surface.
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