01 APR 2005 SUBSTRATE HOLDI NG APPARATUS 5 BACKGROUND OF THE | NVENTION Field
of the Invention: The present invention relates to a substrate holding
apparatus for holding a substrate to be polished and pressing thﬁia@$zm%ate
agai nst a polishing surface, and nore particularly to a substrat g
apparatus for holding a substrate such as a sem conductor wafer in a

polishing 10 apparatus for $igdd ST Hoi® HebsppakRTugDescri ption of the
Rel ated Art: In a manufacturing process of a sem conductor device, a thin

filmis formed on a sem conductor device, and then m cromachining
processes, such as patterning or form ng 15 holes, are perforned.

Thereafter, the above proceSESGRORID EpgaredNvaNfoom thin filns on the

sem conductor device. Recently, sem conductor devices have becone nore

i nt egr at e@ieldndfsthacinventiosen conductor el enents has become nore
conplicated. In addition, the nunber of layers in nmultilayer 20

i nt ercbnnecti ons usedhior paresegitcalimsesttéwnhaseletrsi ntpeased subBtamaekor e,
irregularities on the surface of the sem conductor device are increased, so
that the $ddihgi gimpagatulse fsur fhrkding a hsubshiziondbet be delisbebeeodes

| arger. Wien the irregularities of the surface of the 25 sem conductor

devi ce ar @resei8gsdde tHEFHItEN R IVb| @npolashieg Fhefaaeckagdsmerea film
formed in a portion_having a step is relatively small. An open_circuit is

caused by P3gitdEHARELY| 6P or PHPEFEBRReNOIGHEY Arpprsaiget 9% chplding a

substrate such as a semiconductor wafer in a polishing
10 apparatus for polishing the substrate.
Description of the Related Art:

In a manufacturing process of a semiconductor
device, a thin film is formed on a semiconductor device;, and
then micromachining processes, such as patterning or forming

15 holes, are performed. Thereafter, the above processes are
repeated to form thin £films on the semiconductor device.
Recently, semiconductor devices have become more integrated,
and structure of semiconductor elements has become more
complicated. In addition, the number of layers in multilayer

20 interconnections used for a logical system has been increased.
Therefore, irregularities on the surface of the semiconductor
device are increased, so that the step height on the surface
of the semiconductor device becomes larger.

When the irreqularities of the surface of the

25 semiconductor device are increased, the following problems
arise. The thickness cf a film formed in a portion having a
step 1is relatively small. An open circuit is caused by

disconnection o©f interconnecticns, or a short circuit is



1 A APR ?U05 caused by insufficient insulation between the |ayers. As a
result, good products cannot be obtained, and the yield is reduc%q.qpﬁ 005
Further, even if a sem conductor device initially works normally, — °
reliability of the sem conductor device is 5 |lowered after a | ong-term use.
At the tinme of exposure in a |ithography process, if the irradiation

surface hasuged a9yl BhéhfescidREN;iAsliBASiSA beklle@l SHROSIAFeSYSteRLI $
| ocal |y unfocused.” Therefore, if the irregularities of the ™ surface of the

seni conduGledi:18§Vi god@r BrofaEeasednnohebé t obsaifed] f faneiul thd oyfienm ad i ne
pattern on the sem conductor device. Thus, in the manufacturing process of
a sen condidai-ed .devineesheét, | evencrifasa ngkyicopdut et devipkanatizien e
surface of the sem conductor device. The nobst inportant one of the

pl anari zi ngprikac hnotrogl Bg, | sedhebidakyloirethani satigoldeitiory &HLEE. dn the
chem cal nmechani cal polishing using a polishing apparatus, while a

pol i shbng laviegedd addugtraiani fgnarbreasi vesar tat| else stutheasfsiekpoauE8i 02) a
therein is supplied onto a polishing surface such as a polishing pad, a
subst r at e lSdéivgxaplyi condocess ., wafef | $hR0 bhisugHiathon slswifrreonttast with
the polishing surface, so that the substrate is polished. This type of

pol i shi ng lapsardegs téeapr ihan aa pAnshbpgtt afl eahavdiRPBiysol FEALEAY Siur f ace
constituted by a polishing pad, and a substrate hol di ng apparatus, such as
a 25 top HiatGidy AnEecusadheadhersforer ditig té’*%ehi’-’é%%‘dg@fb?l%f ef. thghen a
sem conduct or_. waf er ol i shed wt rg)rt rg s .type of ., polishing %ppar,at us, the

senicondu@W&#aﬁﬁféﬁ H}%ﬁﬁ%?%ﬁ?qﬁ%gt evice are increased,” then 1t 1s

10 difficult to form a fine pattern on the semiconductor device.
Thus, in the manufacturing process of a
semiconductor device, it 1is increasingly important to
planarize the surface of the semiconductor device. The most
important one of the planarizing technologies is chemical
15 mechanical polishing (CMP). In the chemical mechanical
polishing using a polishing apparatus, while a polishing
liguid containing abrasive particles such as silica (Si0,)
therein 1is supplied onto a polishing surface such as a
polishing pad, a substrate such a semiconductor wafer is
20 Dbrought into sliding contact with the polishing surface, so
that the substrate is polished.
This type of polishing apparatus comprises a
polishing table having a polishing surface constituted by a
polishing pad, and a substrate holding apparatus, such as a
25 top ring or a carrier head, for holding a semiconductor wafer.
When a semiconductor wafer is polished with this type of
polishing apparatus, the semiconductor wafer is held by the

substrate holding apparatus and pressed against the polishing



substrate hol di ng apparatus and pressed against the polishing 2 il i APR 205
tabl e under a predeterm ned pressure. At this tinme, the polishing,t g[be and
the substrate hol ding apparatus are noved relatively to each ot heg'ﬁ Btwﬁng
the sem conductor wafer into sliding contact with the polishing surface, so
that the 5 surface of the sem conductor wafer is polished to a flat mrror
finish. |frablpy eagdeg for g dacduadtedet peessihe. seat canddct oimdaf aheand

t he polishing surface of the polishing pad is not uniformover the entire
surface ofpdlhshlithgs epakd@ndarat orhaved iss titdten Hdlel iseym apgradhachier avef efovesl
insufficiently or excessively polished depending on the pressing force

appl i ed t oretllze: ismtiye duod ety ovhieer toTheiafothe senitandbesrr atafenptieda hat a
hol di ng surface of the substrate holding apparatus is fornmed by an elastic
menbr ane oflighins ebasect maithi athgugrkishingbesurdadea fsai diprtesdiee such
as 20 air pressure is applied to the backside surface of the elastic

menbr aRe tBUfAGOr Aft HEhr segilggnrloeterapmiam s tprelished céadudt drlakaf er
over the entire surface of the sem conductor wafer. The polishing pad is so
el astic t M 4e f3Mé$di-ng force applied to the peripheral portion of the
sem conductor wafer becones non-uniform and hence the perjpheral portion of
the semiconductor wafldr i@ exPEEEFVRIy piti%hed PEOIESREe Beeunditfy. 1 n

order 1o prevent. uah edde toundi ng, Lhete,bas 23 beer ypethd SIS

pad 1is not uniform over the entire surface of the

10 semiconductor wafer, then the semiconductor wafer is
ingufficiently or excessively polished depending on the
pressing force applied to the semiconductor wafer. Therefore,
it has been attempted that a holding surface of the substrate
holding apparatus 1is formed by an elastic membrane of an

15 elastic material such as rubber, and a fluid pressure such as
air pressure 1s applied to the backside surface of the elastic
membrane to uniform the pressing force applied to the
semiconductor wafer over the entire surface of the
semiconductor wafer.

20 The polishing pad is so elastic that the pressing
force applied to the peripheral portion of the semiconductor
wafer becomes non-uniform and hence the peripheral portion of
the semiconductor wafer is excessively polished to cause edge
rounding. In order to prevent such edge rounding, there has

25 been used a substrate holding apparatus in which the
semiconductor wafer is held at its peripheral portion by a

guide ring or a retainer ring, and the annular portion of the

polishing surface that corresponds to the peripheral portion



sem conductor wafer is held at its peripheral portion by a guide ring or a
retainer ring, and the annular portion of the polishing surface that
corresponds to the peripheral portion 3 rd | APR 2005 of the seni cdridarGt 166"
wafer is pressed by the guide ring or the retainer ring. The thickness of a
thin filmfornmed on the surface of the sem conductor wafer varies from

position ter RAS tdefidohduetioie wagdirali sdbreskk@nnef thlegseab congyicd oryaf er
depending on a filmdeposition nmethod or the characteristics of a film
deposi ti onrexyiaiedt USingSpecifically, the thin filmhas a film thickness
distribution in the radial direction of the sem conductor wafer. Wen a
conventi onal substratEhéhiitidiched: appat athbsn f O lnunfdafied Yopr€issi ogr £ e
entire surface of the sem conductor wafer is used for polishing the

sen conductbrthenefeari cdrivmcdnatd mafeur vacéesf frbe pesitbondutd oposvaf Bon i Bn
polished uniformy. Therefore, the conventional substrate hol ding apparatus
cannot 5r edfhie eadia@lpalirdtitngramduhel Segiisonidbatponwafer depegditing ton tdhe
filmthickness distribution on the surface of the sem conductor wafer, and
hence cannbtlm sdepiosiiddony mepbodi tart Hehe | |ghaRicserdssigest PEbudi obilm t he
radial direction to cause insufficient or _excessive polishing. As described
above, thed9RATHEIAT IGREAF aditdtr | RSt 1cad Lgn the $biradd 1oy grtaf?e a film
sem conduct or wafer varies, depending on the type of a film deposition

met hod or H¥GHNRRFepdit it orPYaiar atis. tBpecpfeal| y ALREIOS t iUn abke
nunber of portion having_a | ar filmthi ckness in the radial direction
and the  AFVERRESH tHFERRess W6 etn CCRVAERPRRBoITRSIE 2hed BRIk

10 apparatus for uniformly pressing the entire surface of the
semiconductor wafer is used for polishing the semiconductor
wafer, the entire surface of the semiconductor wafer is
polished uniformly. Therefore, the conventional substrate
holding apparatus cannot realize <the polishing amount

15 distribution that is equal tc the film thickness distribution
on the surface of the semiconductor wafer, and hence cannot
sufficiently cope with the film thickness distribution in the
radial direction to cause insufficient or excessive polishing.

As described above, the film thickness distribution

20 on the surface of the semiconductor wafer varies depending on
the type of a film deposition method or a film deposition
apparatus. Specifically, the position and number of portions
having a large film thickness in the radial direction and the
difference in thickness between thin film portions and thick

25 film portions vary depending on the type of a film deposition
method or a film deposition apparatus. Therefore, a substrate
holding apparatus capable of easily coping with various film

thickness distributions at low cost has been required rather



25 filmportions vary depending on the type of a filmdeposition nethod or
a fil mdeposition apparatus. Therefore, a substrate hol ding apparatus
capabl e of easily coping with various film thickness distributions]atPi &b
cost has been required rather 4 0 '1 VP HE 5 than a substrate hol di ng
apparatus capable of coping with only a specific filmthickness

di stri butitHan SUMBRE Gt el o IdNYEGNELON-Ahas pEgs el e | W exdp iy Rasttbeai yrade
in view of the above drawbacks. It is therefore an object of the present

i nventi on & asgwoaM ide fa lsuhdtickhesBolidsngibppasat us capable of polishing a
substrate such as a sem conductor wafer in accordance with a thickness
distribution of thin filmfornmed 10 on the surface of the substrate, and
obtaining uniformty of the filmthickness after polishing. It is another
obj ect of the present inventiSOWMARY PFoTHBeIMVENMBERN at e hol di ng appar at us
capabl e of easily coping wth not only a specific filmthickness

di striBution but al sélhelpragerdusinvyanhion dasedsed sadepdn siswatcf dheost .
According to an aspect of the present invention, there is provided a
substr at e 3V ngrapparatus fIdr Hol hRgeEOr8UBE RRIEXto BE HBRI IRRF S
pressing the substrate against a polishing surface, the substrate hol di ng
appar at us ORI GTheEC BF Y1) 3 i FPPYRESG HOMUIH RPRATATNSt CaRebLen & asti ¢
pad brou i nto contact w,th the substrate; a sug o%umenber f

ht_ int .
support i ngDCt]H'e‘B D&% pUPStEatsnt S8 neRBer @ nodfl oy ov%arfo%r‘hrfjébe of

the SUpmmécég% éﬂéé”wktlSQO%EgcergsSH%%gribution of thin film formed

10 on the surface of the substrate, and obtaining uniformity of
the film thickness after polishing.

It is another object of the present invention to
provide a substrate holding apparatus capable of easily coping
with not only a specific film thickness distribution but also

15 wvarious film thickness distributions at low cost.

According to an aspect of the present invention,
there is provided a substrate holding apparatus for holding a
substrate to be polished and pressing the substrate against a
polishing surface, the substrate holding apparatus comprising:

20 a top ring body for holding a substrate; an elastic pad
brought into contact with the substrate; a support member for
supporting the elastic pad; a contact member mounted on a
lower surface of the support member and disposed in a space
formed by the elastic pad and the support member, the contact

25 member having an elastic membrane brought into contact with
the elastic pad; a first pressure chamber defined in the
contact member; a second pressure chamber defined outside of

the contact member; and a fluid source for independently



formed by the elastic pad and the support nenber, the contact 25 nmenber
having an el astic nmenbrane brought into contact with the elastic pad; .
first pressure chanmber defined in the contact nenber; a second preﬁéugtpg 1005
chanber defined outside of the contact nenber; and a fluid source for

i ndependently 51 APR 7.t]05 supplying a fluid into or creating a vacuumin
the first suppdgdwge shatiherd ahdtbhersecpadt pngssir eachambem Aheorflimg:to
anot her aspect of the present invention, there is provided a substrate

hol di ng appasstwe tbambgrhehdi hheassobsed rptes swrdetpmibieshed and pressing the
substrate against a polishing surface, the substrate hol di ng apparat us
conprising: a top ridgasadiinior @l dengthesubsspeicd; aoSealther i rpréganight
into contact with an upper surface of a peripheral portion of the

subst r at e;2T¥eSGIPOrt thersedSf royodsdpposubarake kRetding mpparafomn aar
menber _nounted on a |l ower surface of the support nmenmber and di sposed in a
space Por fsddipy heufistate ke el iwhad ranh RERFIINY silpbotibsierted , the
contact nenber havi BS an elastic nbr ane brou%{n intQ contact wth the

subst r at e;29248ts 2 pPRELFHRENEhIHBERCRef FREd SUPSHTALES UG 3RBARAtLS

our ce T or TRIGHERAEnt y ORUBGTS! G Mich PO NTH or e PERPERG R v Ao it n
( Yy u | rc | V n.

(nehl" SSUP SPRRIHSY A0] eRRARC MRS SRR A g0 1
oL % ST bl ks USSR IR B0 e Aot gEs g e

10 supporting the seal ring; a contact member mounted on a lower

surface of the support member and disposed in a space formed

by the substrate and the seal ring and the support member, the

contact member having an elastic membrane brought into contact

with the substrate; a first pressure chamber defined in the

15 contact member; a second pressure chamber defined outside of

the contact member; and a fluid source for independently

supplying a fluid into or creating a vacuum in first pressure

chamber and the second pressure chamber.

According to still another aspect of the present

20 invention, there is provided a substrate holding apparatus for

holding a substrate to be polished and pressing the substrate

against a polishing surface, the substrate holding apparatus

comprising: a top ring body for holding a substrate; a support

member having a contact member mounted on a lower surface

25 thereof, the contact member being disposed in a space formed

by the substrate and the support member and having an elastic

membrane brought into contact with the substrate; a first

pressure chamber defined in +the contact member; a second



conprising: a top ring body for holding a substrate; a support nenber
havi ng a contact nenber nounted on a | ower surface 25 thereof, thercogﬁgﬁb
r{ud

menber bei

ng di sposed in a space forned by the substrate and the §Up

menber and having an el astic mnenbrane brought into contact with the
a first pressure chanber defined in the contact nenber; a second

substrate;

6 0 1 APR diSirepradssaiyer ahafiibrerd deftisned @ft silde mintddet aenttact; rerbe ;

a fluid source for independently supplying a fluid into or creating a

vacuum i n
Accordi ng
substrate

fheld i ssurpeessare oivarsardeartd vt heupptphnly pr e§3uid chabhderor

and

to anot her aspect of the present invention, there is provided a

duetati g @ppacats iprehehdligsfigraesavser ahamber bang othes st el

pressing the substrate against a polishing surface, the substrate hol ding

appar at us

PRI igMbe-op ring body for holding a substrate; an 10

el astic pad brought into contact wwth the substrate; a support nenber for

suppor 3 ng the el astiRCGREAINd BOpl GRRLNEY of2SRESH ac®t neibér s RIEAARM

| ower surface of the support nenher, the Blgrali&g ﬁé.contaot menbers each
A *Hot

havi ng an
15 being i
present i

Inyeptiqn. &nd SoPEoYHEeAn foSEBRTLRES

on a

_ _ e FPRETT P and
e T it v B MPout e B0 Sedilitnd R Wicther ©

bressure_chanber, can Be s ohodgPeNdRaLly Gal ol Rl INYAIRLE ADLEASIN0

force appl
20 hi gher

10

15

20

25

i icker aréa o thin fiTmon a substr

écg}f?g;}:fsi ge:SSiangtgﬁr Cﬁ@&p'ﬂo% teof tﬁgﬂﬂ?{g araeas%sﬁpgte; an
elastic pad brought into contact with the substrate; a support
member for supporting the elastic pad; and a plurality of
contact members mounted on a lower surface of the support
member, the plurality of contact members each having an
elastic membrane brought into contact with the elastic pad and
being independently pressed against the elastic pad.

According to the present invention, pressures in a
first pressure chamber and a second pressure chamber can be
independently controlled. Therefore, a pressing force applied
to a thicker area of a thin film on a substrate 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. Consequently, an entire
surface of a substrate can be polished exactly to a desired
level irrespective of the filﬁ thickness distribution obtained
at the time the thin film is formed. The pressing force is a
pressure per unit area for pressing the substrate against a
polishing surface.

In a preferred aspect of the present invention, the



thin film thereby selectively increasing the polishing rate of the thicker
area of the thin film Consequently, an entire surface of a substrate can
be polished exactly to a desired |level irrespective of the filmt 'c@gess
di stribution obtained 25 at the tine the thin filmis formed. The H 1y
force is a pressure per unit area for pressing the substrate against a

pol i shi ng syl udde as@@.]eifég ed zspeat cehtthBei1Bresentedupeadt@n idg, 7 01
APP 2005 fluid source supplies a fluid controlled in tenperature into the

first pressiwr ef chawbgreapdréhensaterd Esshk e sebapepregsesrRecthaeber,
Preferably, the plurality of contact nmenbers are spaced at predeterm ned

i nterval s.redsphetdrelyy t oPAabéhall pspeht fludsa ipyesefit contwert imdnbeérs
comuni cating portion for allowing the fluid supplied to the first pressure
chanber t @mompactdaatopradetesmihadeintethelsubstrate is forned in the

| ower surface of the elastic nenbrane of the contact nenber. Wen the
pressubi zed 10 fl ui ddcsypplingd toot hanptbesur esgiemtbersf ar éheontprtdest i n
tenperature and the tenperature of the substrate is controlled fromthe
backsi de cMveEndEion.f ade TP IHY Sedporhéonboler allgwdagentheant ivigt ease
the area in which a pressurized fluid controlled in tenperature is brought
i nto cont &PRAIER the thes BSfitatRy eSmEitefBrabaiont? oFF’gEfiFFtﬁ1 igpntact
tenperature of the substrate can he inproved. Further, when_ the polishing

of the sUB¥ti&te A HFPnifehed~ang the "OHBSEr &b e™RS 1RYRASYH L3R ChridRure
chanber's ane J.epeebively. opensd. to,the OULshils A1 fund] A%, S0y 02 1 ng

16 fluids supplied to the pressure chambers are controlled in
temperature and the temperature of the substrate is controlled
from the backside of the surface to be polished, the above
arrangement can increase the area in which a pressurized fluid
controlled in temperature 1is brought into contact with the
15 substrate. Therefore, controllability in temperature of the
substrate can be improved. Further, when the polishing of the
substrate is finished and +the substrate is released, the
pressure chambers are respectively opened to the outside air
via the communicating portion. Thus, fluids supplied into the
20 pressure chambers are prevented from remaining in the pressure
chambers. Therefore, even when substrates are continuously
polished, controllability in temperature of the substrate can

be maintained.
In a substrate holding apparatus comprising a seal
25 ring, the lower surface of the support member 1s not covered
after the substrate is released. Therefore, a large part of
the lower surface of the support member is exposed after the

substrate is released, so that the substrate holding apparatus



20 pressure chanbers are prevented fromremaining in the pressure chanbers.
Therefore, even when substrates are continuously polished, controllability
in tenperature of the substrate can be mmintained. In a substrate {4l XPRidls
apparatus conprising a seal 25 ring, the | ower surface of the support

menber is not covered after the substrate is released. Therefore, a |large
part of tden | eaeilpusd ackedied hersappetié PEIDEHing wrposes, aftiereifger
substrate is rel eased, so that the substrate hol di ng apparatus 8 01 APR 2005
can easi | yabsusteaanesl hblding heppaetasis ngoppocessgy &n eilbbeic @asulst rat e
hol di ng apparatus conprising an elastic pad or a substrate hol ding
appar at us swrgriaiang telsdaly riapparates sOpPpprishegber sheal d pirgder atly be
made of an insulating 5 nmaterial such as resin or ceram cs. The seal ring
shoul d predfepaitl ymerpend sheild | prefosraly feonvadei mier apstiposiations of a
recess, such as a notch or orientation flat, for recognizing or |dent|fy|ng
the oriSentTatexial BUSbsts a{f%Slllan&‘ p‘?%‘f@#lﬁﬁ} aspéet ral h&lpgesdmuld
invention, the 10 contact nenb conprises a_hol di ng, nenber for detachably
hol di ng t Hereferanly @éﬁ?&f@néawtlﬂw ARYaER L EnGEMR NN HHReIRPSE 1 RS Mkl ane
of the contact nenber can ea5|l be replaced wth another one, and hence
the positi®h dghd I§CEESof FHE fi#st apﬂE%%ﬁ% oChaRbiENEAR PRe Ek2BNd tessure

chanber can be 15 chan ed e.of _the elastic ne of the
cont act menBErI %R or t&é&%?%agg ?%ﬁ?ﬁf?ﬁﬁ&hr éﬁgg%éiehg to the
present i nvent i gnoﬁa[%eaas'gryefce%amatsPec\eagkogﬁetgkséegésigvéﬁac?#}' e of @

10 contact member comprises a holding member for detachably
holding the elastic membrane. With this arrangement, the
elastic membrane of the contact member can easily be replaced
with another one, and hence the position and size of the first
pressure chamber and the second pressure chamber can be

i5 changed simply by change of the elastic membrane of the
contact member. Therefore, a substrate holding apparatus
according to the present invention can easily cope with
various thickness distributions of a thin film formed on the
substrate to be polished at a low cost.

20 In another preferred aspect of the present
invention, the holding member of the contact member is
detachably mounted on the support member. With this
arrangement, the contact member can easily be replaced with
another one, and hence the position and size of the first

25 pressure chamber and the second pressure chamber c¢an be
changed simply by change of the contact member. Therefore, a

substrate holding apparatus according to the present invention

can easily cope with various thickness distributions of a thin



substrate to be polished at a | ow cost. 20 In another preferred aspect of
the present invention, the holding nmenber of the contact nenber is_.
det achabl y nounted on the support nenber. Wth this arrangenent, thhigAPR 2005
contact nenber can easily be replaced with another one, and hence the
position and size of the first 25 pressure chanber and the second pressure
chanber canilbe fochadged shapbybbyrsbange od pdieistant adi ambekostherefore, a
substrat e hol di ng apparatus according to the present invention can easily
cope with various thilocknetlssldi shothati prefefrradt ape@to of ABRe2(dddtm
formed on the substrate to be polished at a low cost. In still another
pref err ed laypactiool, t he presenrusiauent Fadiabipr otprsinordirai alfinpopr ota udi ng
froma circunferential edge of the elastic nenbrane of the contact 5 nenber
i s provi dedrepmErEenswal fgecef othehelasidc memhriaanet The mrantasion is
brought into close contact with an elastic pad or a substrate by a
pressuPi z8ETREE di§upBFreddedo ehe it od@®YstesStrEacRandEr e prdAsitia he
pressurized fluid frogmflow ng into,the |OV\§I’ Eortion of the contact 10
Fhicant

menber. HEFEErPRe r RjfO et T oREPY b8 Gil@8ReFONEChr 8<h he
aspoct of THe TR art 1 DS CHE STt AR Ak S F e
com ct L3IRS" JLROEeR B, RO oL SAING LBeR SR, g1 1
central confagt EFHHerflowing into the lower portion of the contact
10 member. Hence, the range of pressure control can be widened
to press the substrate against the polishing surface more
stably.
In another ©preferred aspect o0f the present
invention, the contact member includes a ¢entral contact
15 member disposed at a position corresponding to a central
portion of the substrate, and an outer contact member disposed
ocutside of the central contact member.
In still another preferred aspect of the present
invention, the outer contact member is mounted at a position
20 corresponding to an outer peripheral portion of the substrate.
With +this arrangement, the pressing force applied to the
peripheral portion o©of +the substrate 1s appropriately
controlled to suppress effects due to elastic deformation of a
polishing surface or entry of a polishing liquid into a space
25 between the polishing surface and the substrate, for thereby
uniformly polishing the peripheral portion of the substrate.

In another preferred aspect of the present

invention, the substrate holding apparatus further comprises a

10



in still another preferred aspect of the present invention, the outer
contact nenber is nounted at a position 20 corresponding to an outer
peripheral portion of the substrate. Wth this arrangenment, the predsi fW§ 700"
force applied to the peripheral portion of the substrate is appropriately
controlled to suppress effects due to elastic deformation of a polishing
surface omregatingrofriagpdlixshi g lirquindeiomredlg Spamed2yibet when tiope mgig shi ng
surface and the substrate, for thereby wuniformy polishing the peripheral
portion ofotlye foubbriding al penhoheral paftaarepfadpecsubbtrhtepr esent
invention, the substrate hol ding apparatus further conprises a 10 01 A 'R
290~ retainer ring fibtedtiollor aRptlRF aprpiesradd agpertt el t her irngsaivdy for
hol di ng a peri pheral Eortion of .the substrate. In still another preferred
aspect of ¥WEN5LE8ent “he nk&aR | 4RIt NeedBp GRS U56Fy RonPIFarsn S ciicarichg
liquid_ 5 passage defined therein_for supplying a cleaning.liqujd into a gap
defined bEPRSBHSAACOPER EPPERNT of 2T R EATAC BIEATIS a4t J5H® dhd the
retainer ring. en | eani ng_Li qui (pure ter) ..§ su ied fromthe
cl eani ng Iqatﬁ’ui%ev%e{%esagéelg%?%n ?ﬂe%éléc(érdec%%ce V%eerﬁ)(%‘é‘r? an® guraste °F The
circunferential. surfac f t | igc.pad a he_r iLn ring,..a
%ﬂas%& i9§§i§n8 ﬁ#& JE%ﬁ%%%?agégi W%éh a Sagan?égoﬁﬁﬁ%%d

polishing Tiquid i~ the gap is was to renove deposi .
o =1 BBt 15 9SBeLTUA Bk s 1 SR L SR e B LR ¢
respect tQquhe;40PqEkngeR08%ta8Ent he reialNer i rdinféiWnt i 2BQLREEPIES er red
aspect of the present
10 the elastic pad and the retainer ring, a polishing liquid in
the gap 1is washed away to remove deposits of the polishing'
liquid in the gap. Therefore, the support member, the elastic
pad, or the substrate can smoothly be moved in a vertical
direction with respect to the top ring body and the retainer
15 ring.

In another ©preferred aspect of the present
invention, the retainer ring is fixed to the top ring body
without interposing an elastic member between the retainer
ring and the top ring body. If an elastic member such as

20 rubber 1is clamped between the retainer ring and the top ring
body, then a desired horizontal surface cannot be maintained
on the lower surface of the retainer ring because of elastic
deformation of this elastic member. However, the above
arrangement c¢an maintain the desired horizontal surface on the

25 lower surface of the retainer ring.

In still another preferred aspect of the present

invention, the elastic membrane of the contact member has a

partially different thickness or partially includes an
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invention, the retainer ring is fixed to the top ring body wthout
interposing an el astic nenber between the retainer ring and the top; rﬁ'fﬂng%;
body. If an elastic nenber such as 20 rubber is clanped between the retainer
ring and the top ring body, then a desired horizontal surface cannot be

mai ntained on the |ower surface of the retainer ring because of elastic

def or mat i dnmedfastthics meingsin ¢ Mebhter thidewaveangbhenabpodefogmaabgrmett wian

mai ntain the desired horizontal surface on the 25 |lower surface of the
retai ner ralagtiken memiddanenatuwerter eher pedsaspecinotheh&ipsesamd sawention,
the el astic nmenbrane of the contact nenber has a partially different

t hi ckness pyessarei ghlaybensl gdosbanopti®ia@R 200, inel astic nenber. Wth this
arrangenent, deformation of the elastic nmenbrane due to the pressure in the
first and second préssardigisanbe?s éartBeroptds@esdd. FecotbPng RILIHIGT her
aspect of the present 5 invention, there is provided a polishing apparatus
conpri 8i ng"VERE 8oy ETE RS titRF HOIRh P aBpht et NI ARPIE NS IR 5%

havi ng a pqlishing surface. Accordi.ng to still another aspect .of the present
i nvent i on,t%ﬁe‘;éo‘?% BP%FH@Hea?Q&g‘H‘gataé’Wa&iuﬁg %Fﬁ%a?aﬁ’ﬁ’ lﬁgrmgld: ing a
substrate .t o .be pol ‘oiE% .andsﬁr (Jg_ssi ng the substrate against a polishing
surface, g'@ryplrnigsiané’: a &Sgrl 5 8883'/ for holding a substrate; a plurality

of annul ar nenbers faqr f e i C rial_ he i nto ntact w.,th the
substrate; a plural ?}C{/E%gf s‘?é:’ctalp%n%%?i%?'i fé ttg‘frt haegbéc(t}r a‘?#tf}'ﬁ%f p}ﬁensuei ff 15

menbers, URG UL, thede S8CLIR0S4RET R9s0BERPEL L dONWR Bl Yapparatus for
10 holding a substrate to be polished and pressing the substrate
against a polishing surface, comprising: a top ring body for
holding a substrate; a plurality of annular members formed of
an elastic material held into contact with the substrate; a
plurality of sections defined by the plurality of annular
15 members, the plurality of sections being opened downwardly;
and a fluid passage for supplying a £luid into the plurality

of sections.
According to another aspect o©of the present
invention, there is provided a polishing method for polishing
20 a substrate, comprising: pressing a substrate against a
polishing surface provided on a polishing table; and polishing
a substrate in such a state that a pressing force applied to a
thicker area of a thin film on the substrate is made higher
than a pressing force applied to a thinner area of the thin

25  film.

According to still another aspect of the present
invention, there 1s provided a polishing method for polishing

a substrate, comprising: pressing a substrate against a

12



and a fluid passage for supplying a fluid into the plurality of sections.
According to anot her aspect of the present invention, there is provided a
pol i shing nmethod for polishing 20 a substrate, conprising: pressind laifR 2005
substrate agai nst a polishing surface provided on a polishing table; and
polishing a substrate in such a state that a pressing force applied to a

t hi cker anedishiagt Burfddem pnothdedubat raatgol sshiade balgbhey delfdaniagpressi ng
force applied to a thinner area of the thin 25 film According to stil

anot her agpecgtldftyt hef prsssdritonsi nopatedn davmere dly pbpviadeglarpditghiom

met hod for polishing a substrate, conprising: pressing a substrate agai nst
a 12 0 | APRUI@rpomemhelg stefmee mbviaded edasiipol nshengat abield defritt ng a
plurality of sections opened downwardly by a plurality of annular nenbers
formed of Gemt@chst véthat@ristbsi@againt andeofitRRtY W9 haa §dbddr atetoamr
supplying a fluid into or 5 creating a vacuumin the plurality of sections.

The ab8ve SHfRtdiHer YBFEERs1nf EReuPELrabiey A\ERAHEGES of the present

invention will be apparent fromthe  follow ng descriptign when taken jn

conj unction with the "%ccofPRfSi ng 8 alt HEE whPRACFHT ust FEREELFFef erd ¥l

enbodi nents, 1Q of th resent inyention hy way.qf exanple. BRI EF

DESCR P11 VAR MR DRANHES FHIERE (A Ri55s "5dd: on APRAREN oo HOWFhGE whol o

Phe"or ot @ ARl *H08-3PPREA" Undf YD 4R 2cbhfiher 13n 0O M Of
accompanying drawings which illustrates preferred embodiments

10 of the present invention by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view showing a whole

structure of a polishing apparatus according to a first
15 embodiment of the present invention;

FIG. 2 is a vertical cross-sectional view showing a
substrate holding apparatus according to the first embodiment
of the present invention;

FIG. 3 is a bottom view of the substrate holding

20 apparatus shown in FIG. 2;

FIGS. 4A through 4E are vertical cross-secticnal
views showing other examples of contact members (central bag
and ring tube) in a substrate holding apparatus according to
the present invention;

25 FIG. 5 is a vertical cross-sectional view showing
another example of contact members {central bag and ring tube)
in a substrate holding apparatus according to the present

invention;

13



FIG 2 is a vertical cross-sectional view showing a substrate hol ding
apparatus according to the first enbodi nent of the present inventio.m/ﬂlr.l}‘—%gf‘,.q_E
3 is a bottomview of the substrate holding 20 apparatus shown in Fl G275
FI GS. 4A through 4E are vertical cross-sectional views show ng ot her

exanpl es of contact nmenbers (central bag and ring tube) in a substrate

hol di ng appar at us acGofd NGA Oand hgp PLESEPEr+ VANt L AN s Zadt {Gna IWidys
vertical cross-sectional view show ng another exanple of contact nenbers

(central bagangy rbbBet URSamg1Rs2 SEbsbhahet haletiveg sappasmttisl agegr dirig to
the present invention; 13 1; APR ?375 FIGS. 6A and 6B are verti cal

Cross- sectiiaipl twheWsin shOwURG tehlier eldipheapphrafibaciccarahags tHoceiid al
bag and ring tube) in a substrate hol ding apparatus according to the
present i nesddmn;invetGoné iS a vertical cross-sectional view show ng a
substrate hol di ng apparatus according to a second enbodi nent of the present
i nventibon; FIG 8 is ®RIG.er?iila oreodscedéctironalsgcenwoshbwigy snotiher a
exanpl e of contact nenbers (central bag and ring tube) 10 in a substrate
hol di ng appdrsitusteachokdiing &ppahatys esenvrdimyehti on;sefioBd FEnugodingstit om
view of the substrate holding apparatus shown in FIG 8 in such a state
that a serg@fdithudr@sentafigivendipgnpved:;

FIG. 8 is a vertical cross-sectional view showing
another example of contact members {(central bag and ring tube)

10 in a substrate holding apparatus according to the present
invention:;

FIG. 9 1is a bottom view of the substrate holding
apparatus shown in FIG. 8 in such a state that a semiconductor
wafer is removed;

15 FIG. 10 is a bottom view showing another example of
contact members (central bag and ring tube}) in a substrate
holding apparatus according to the present invention;

FIG. 11 is a vertical cross—sectional view showing
another example of contact members (central bag and ring tube)

20 in a substrate holding apparatus according to the present
invention;

FIG. 12 is a vertical cross-sectional view showing
a substrate holding apparatus according to a third embodiment
of the present invention;

25 FIG. 13 is a bottom view of the substrate holding
apparatus shown in FIG. 12; and

FIG. 14 is a vertical cross-sectional view showing

a substrate holding apparatus according to another embodiment

14



15 FIG 10 is a bottom view show ng anot her exanple of contact nenbers
(central bag and ring tube) in a substrate hol ding apparatus according to
the present invention;, FIG 11 is a vertical cross-sectional view sﬁdW&ﬁd%ﬁ
anot her exanpl e of contact nenbers (central bag and ring tube) 20 in a
substrate hol di ng apparatus according to the present invention; 25 FIG 12

is a vertb@akhgrﬁ§§5§§gtiw&hty‘j,@w showi ng a substrate hol di ng apparat us
according to a third enbodi nent of the present invention; FIG 13 is a

bottom vi ew of the substrate holding apparatus shown in FIG 12; and FIG
14 is a vertical cross-sectional view showing a substrate hol di ng apparatus
according to anchEEAIEEDTRIGREPTIAN OF ABRR PEESERREDhEMPOBEREMTS Nventi on.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A pol i shing apparat us
according to a firsta 5 mrhgtiirent apphahetys esantordyagti o W &l kErst
described below wth reference to FIGS. 1 through 6. FIG 1 is a

Cr 0ss- Seckembpdinenewathovhengpaenbnt e insentidbor evidfl abgoHeshirngedp felatwus
having a substrate hol ding apparatus according to the first enbodi nent of
the presemithorefesantento TREGSubbtteudivl@i ng apparatus serves to hold a
substrate such as a seni conductor wafer to be polished and to press the
substrate agai nst a Péfi-sHi n§S s@r fHRS osegtieRpdhiHEY t SpPelnfsasdid & n

FIG 1, a polishing table 100 is di sposed . ,
structure of a polishing apparatus having a substrate holding

apparatus according to the first embodiment of the present

10 invention. The substrate holding apparatus serves to hold a
substrate such as a semiconductor wafer to be polished and to
press the substrate against a polishing surface of a polishing
table. As shown in FIG. 1, a polishing table 100 is disposed
underneath a top ring 1 constituting the substrate holding

15 apparatus according to the present invention and has a
polishing pad 101 attached to an upper surface thereof. .\
polishing liquid supply nozzle 102 is disposed above the
polishing table 100 and supplies a polishing ligquid Q onto the
polishing pad 101 on the polishing table 100.

20 Various kinds of polishing pads are sold on the
market. For example, some of these are SUBAB00, IC-1000, and
IC-1000/SUBA400 (two-layer c¢loth)} manufactured by Rodel Inc.,
and Surfin xxx-5 and Surfin 000 manufactured by Fujimi Inc.
SUBABOQ, Surfin xxx-5, and Surfin 000 are non-woven fabrics

25 bonded by wurethane resin, and IC-1000 is rigid foam
polyurethane (single-layer). Foam polyurethane is porous and
has a large number of fine recesses or holes formed in its

surface.

15



underneath a top ring 1 constituting the substrate hol ding 15 appar at us
according to the present invention and has a 20 polishing pad 101 attached
to an upper surface thereof. A polishing liquid supply nozzle 102 gpApR? i
di sposed above the polishing table 100 and supplies a polishing |iQUId'éw
onto the polishing pad 101 on the polishing table 100. Various kinds of
polishing pads are saheé aibg heinguankels Eoin@xaspl €0 0P rihgserdre
SUBABOO, | C- 1000, and | C 1000/ SUBA400 (two-Ilayer cloth) manufactured by
Rodel | ncshafand1Sbyf anunixebsahdjSint Lé. OCtheveroyf adingr el iy Bhjpifmd 1llnc.
SUBABOO, Surf in xxx-5, and Surf in 000 are non-woven fabrics 25 bonded by
ur et hane resicoupded €G- BOGOP s imggiad f cyhindekydiét famed( $bngl éobayemy. Foam
pol yurethane is porous and has a |arge nunber of fine recesses or holes
formed i nhieeg ddPface. ThS atap APRIIXDOS2Ithe awpindery 1Llls emeredesd to a top
ring drive shaft 11 by a universal joint 10. The to ring drive shaft 11
i s coupl e¥ersigaddy MoNg die &AA nddrd 19nive x@hpdto Bl tBp EPHY LhEAdando. The
top ring air cylinder 111 operates to 5 vertically nove the top an%¥9rive
shaft 11 t'OYERUENS FRORNEENS ohe St Ke WHHLS+ ngt e a°R HkBY e 2LFh&YdHIng ai r
cyl i nder é 1 aJ so operates to press a_retginer ring 3 %i d to the _|ower
end of a tidp r? bSEﬁr?‘Eﬁ@aitﬁsthf%S p8Bl ir%arfé‘etrab‘flgjﬁo )%%ﬁ?g t9) H'8g air
cyl i nder a% i S nn cteg to & ed air . 1 ource (fl ig r % 120
via a regu %Fgre %,Oﬁh?c O?eﬁﬁvéggﬁayt é“%ﬁé?%h%@gogogﬁﬁﬁéﬂgp ?éggtgs he top
ring arr %%E'Qg%rr%ﬁ% air cylinder 111 is connected to a compressed air
10 source (fluid source) 120 via a regulator R1l, which regulates
the pressure of air supplied to the top ring air cylinder 111
for thereby adjusting a pressing force with which the retainer
ring 3 presses the polishing pad 101.
The top ring drive shaft 11 1is connected to a
15 rotary sleeve 112 by a key (not shown). The rotary sleeve 112
has a timing pulliey 113 fixedly disposed therearound. A top
ring motor 114 having a drive shaft is fixed to the upper
surface of the top ring head 110. The timing pulley 113 1is
operatively coupled to a timing pulley 116 mounted on the
20 drive shaft of the top ring motor 114 by a timing belt 115.
When the top ring motor 114 is energized, the timing pulley
116, the +timing belt 116, and the timing pulley 113 are
rotated to rotate the rotary sleeve 112 and the top ring drive
shaft 11 in unison with each other, thus rotating the top ring
25 1. The top ring head 110 is supported on a top ring head
shaft 117 fixedly supported on a frame (not shown).
The top ring 1 of the substrate holding apparatus

according to the first embodiment of the present invention
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for thereby adjusting a pressing force with which the retainer ring 3
presses the polishing pad 101. The top ring drive shaft 11 is connepteg to
15 rotary sleeve 112 by a key (not shown. The rotary sleeve 112 had ' & 2005
timng pulley 113 fixedly disposed therearound. A top ring notor 114 having
a drive shaft is fixed to the upper surface of the top ring head 110. The
timng puldigy bk3 descrapedabiedely cpupled 19 a véftigaPutleysddSctipmded on
the 20 drive shaft of the top ring notor 114 by a timng belt 115. \When the
top ring nuteor shb4ing eher gopedinghe tcobadipyl teythd 16irsdeetivad gedoe) t

116, and the timng pulley 113 are rotated to rotate the rotary sleeve 112
and t he tomd M§.ddi ve ashettomlviawuaf sbhe it waoh btdhawn tinud It &.i ng
the top ring 25 1. The top ring head 110 is supported on a top ring head
shaft 117 fixedly sugporskewmnin FL8me 2(ndiheshown) rifde 1t gpmamiges ofhe he
substrate hol ding apparatus according to the first enbodinment of the
presend i Mgntiig 1BodY | 2ARR 55 (@1 Bk deSyAiPegipaloRcusing Mith
vertical cross-sectional vjiew showing the top ring 1 according to the first
enbodi nentStOrAGe MRACS FRf bt Rt ew %‘?—thBet SFtALRET rdRewS i HiFE 2.
h

As shown in FIG 2, the top [ 1 conprsi ses e 5 top.ring body 2 in_the
form of a ‘& IGhurigr Iﬁﬂ%iché '&?‘?ht‘?f Tt %pzdteqaﬁpi% LI HHY ohd t he

body 2§ S RHEDITE SRR ha T B T U b T (VY S i Ras |
metal or ceraics JNCLELALOET TiNg FolfiRBHC PhgNhINLY matld U1 fi gy NetiC
10 rigid synthetic resin, ceramics, or the like.
The top ring body 2 comprises a cylindrical housing
2a, an annular pressurizing sheet support 2b fitted in the
cylindrical housing 2Za, and an annular seal 2c¢ fitted over an
outer circumferential edge of an upper surface of the
15 cylindrical housing 2a. The retainer ring 3 1is fixed to the
lower end of the cylindrical housing 2a and has a lower
portion projecting radially inwardly. The retainer ring 3 may
be integrally formed with the top ring body 2.
The top ring drive shaft 11 is disposed above the
20 center of the cylindrical housing 2a. The top ring body 2 is
coupled to the top ring drive shaft 11 by the universal joint
10. The universal joint 10 has a spherical bearing mechanism
by which the top ring body 2 and the top ring drive shaft 11
are tiltable with respect to each other, and a rotation
25 transmitting mechanism for transmitting the rotation of the
top ring drive shaft 11 to the top ring body 2. The rotation

transmitting mechanism and the spherical bearing mechanism

transmit pressing and rotating forces from the top ring drive
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The top ring body 2 conprises a cylindrical housing 2a, an annul ar

pressuri zing sheet support 2b fitted in the cylindrical housing 2a,raqgﬁa%ﬂ
annul ar seal 2c fitted over an outer circunferential edge of an uppéﬂ' -l
surface of the 15 cylindrical housing 2a. The retainer ring 3 is f ixed to
the lower end of the cylindrical housing 2a and has a |lower portion

proj ecti nghaadi alil yed e deyp Thagr elodiyney wihilge SalBywike tiéegbal Inf nlgor ned
with the top ring body 2. The top ring drive shaft 11 is di sposed above the
20 cent er palyt e ayhbi ntie cabphatisigngdPave Thaatrap Il ngobedy Riisedcedphed to
the top ring drive shaft 11 by the universal joint 10~ The universal joint
10 has a spEeeectakobeachngthechani 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 25 transmit ey neehenicsm f obPeaFangn maohgrilsa r otempoised tle top
ring drive shaft 11 to the top ring body 2. The rotation transmtting
mechanPsms@bgrikals preepeall 1pedef haedreedii sty thtaidd tlopieds siurg aged o
rotating forces fromthe top ring drive 17 0 i APR_70UR shaft 11 to the top
ring body 2w AENewdgveheShad rihg absiperigid trRCep Fingleddingd shaf t
11 to be tilted with, respect to each other. The spherical bearing nechani sm
conpri ses BN EaddKer iR althiGc 8BRS SHEtaGfed Ofenthel BPUSHPEhel f oweti S udf ace

Ohe Lhe | 90atkag GLYE, SIRT ol aesphenicalyf eqeey B dellnpd pcsntrally I
hard mt erigl, SUGN A8 1GELAEbER AL OLE 0P SEhRSI RSN A8 sR0° TG0y
10 2d. The rotation transmitting mechanism comprises a drive pin
{(not shown) fixed to the top ring drive shaft 11, and a driven
pin (not shown) fixed to the housing 2a. The drive pin is
held in driving engagement with the driven pin while the drive
pin and the driven pin are being vertically movable relatively
15 to each other. The rotation of the top ring drive shaft 11 is
transmitted to the top ring body 2 through the drive and
driven pins. Even when the top ring body 2 is tilted with
regspect to the top ring drive shaft 11, the drive and driven
pins remain in engagement with each other at a moving point of
20 contact, so that the torque of the top ring drive shaft 11 can
reliably be transmitted to the top ring body 2.

The top ring body 2 and the retainer ring 3 secured
to the top ring body 2 jointly have a space defined therein,
which accommodates therein an elastic pad 4 having a lower end

25 surface brought intc contact with the upper surface of the
semiconductor wafer W held by the top ring 1, an annular

holder ring 5, and a disk-shaped chucking plate {support

member) 6 for supporting the elastic pad 4. The elastic pad 4
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10 2d. The rotation transmtting nmechani smconprises a drive pin (not
shown) fixed to the top ring drive shaft 11, and a driven pin (not,gh&%qﬁ
fixed to the housing 2a. The drive pinis held in driving engageneh% ‘t 0%
the driven pin while the drive pin and the driven pin are being vertically
novabl e relatively 15 to each other. The rotation of the top ring drive

shaft 11 inss td apsidiegd backhechop rdl%p@@d%e%ﬁéyrpuﬁ!fbtﬂél@éfVﬁiﬁ?dB
driven pins. Even when the top ring body 2 is tilted with respect fo the

top ring dniverishathutkinghepiteyesansbdlida®ntoPidiie r eAReA idhdengagemnt

wi th each other at a noving point of 20 contact, so that the torque of the
top ring dwildershahty $laadnextehdabtydbeliy ahsmtded 40 dhead epuamagheody 2.
The top ring body 2 and the retainer ring 3 secured to the top ring body 2
jointly hdeeea spadmatefohethéheheichingwplelieadconumgat Esrmbeyg ean sace asti c
pad 4 having a | ower end 25 surface brought into contact with the upper
surfack otetweenséhecehdatior padf éramil hehal dhwakieg glatieng.1, an annul ar

hol der ring 5, and a di sk-shaped chucking plate (support nenber) 6 for
supporting the el ast Tkepaghsickihg elpdetiec padmayls bel ARRe2005 hawtal.

radi ally outer edge clanped between the holder ring 5 and the chucking

pl ate 6 s&owergryovwhga Irggﬁ/er”-héﬁhnéﬁst%% ahehberf Fimgfoned extaeriy fomd al |y

innardly so as to cover the |ower surface of the chucking plate 6, thus
form ng a%pateSeBIERANEPE hEaEPhstfc MFaFuFedndY e BREERANYSERGt €35Y The

Chim 1 mPorEeq off atShr foctCRTe atbahi CORIRHHSIFASSrs oir 0 BF a
nEthO?OUS%%gi%%g& is held by the top ring, the chucking plate 6 should
preferably be made of a non-magnetic material, e.g., an

insulating material such as fluororesin or ceramics.

A pressurizing sheet 7, which comprises an elastic
rmembrane, extends between the holder ring 5 and the top ring
15 body 2. The pressurizing sheet 7 is made of a highly strong
and durable rubber material such as ethylene propylene rubber
(ethylene~propylene terpolymer (EPDM)), polyurethane rubber,
silicone rubber, or the like. The pressurizing sheet 7 has a
radially outer edge clamped between the housing 2a and the
20 pressurizing sheet suppert 2b, and a radially inner edge
clamped hetween an upper portion 5a and a stopper 5b of the
holder ring 5. The top ring body 2, the chucking plate 6, the
holder ring 5, and the pressurizing sheet 7 jointly define a
pressure chamber 21 in the top ring body 2. As shown in FIG.
25 2, a fluid passage 31 comprising tubes and connectors
communicates with the pressure chamber 21, which is connected

to the compressed alr source 120 via a regulator R2 connected

to the fluid passage 31.
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current in such a state that the sem conductor wafer to be 10 polished is
held by the top ring, the chucking plate 6 should preferably be ma 1}?5 @
non- magnetic naterial, e.g., an insulating material such as fluorores rfe |ﬂ5
ceram cs. A pressurizing sheet 7, which conprises an elastic nenbrane,
extends between the holder ring 5 and the top ring 15 body 2. The
pressurizing sheet 7 irs tmelecageaocli ghlpreaisionigiand shuabl B rubbeofnadreri al
such as et hyl ene propyl ene rubber (ethyl ene-propyl ene terpolynmer (EPDV),
pol yur et harlastulbengtersidli consh rabbenbber, t hé khke prélssumiessyr ishieey sheet 7
has a radially outer edge clanped between the housing 2a and the 20
pressuri ziiy chuwmed dpporaerRbthendebainerl aring i hnandedbe topanped Beideen an
upper portion 5a and a stopper 5b of the_ holder ring 5. The top ring body
2, the chubkithpmlitdree pEesshg 1ZRBRdEReEENG BS ahalstirablesiefionned) ashemt 7
jointly define a pressure chanber 21 in the top ring body 2. As shown in
FIG 23 2elashis dfsdde ANLofprrsingdt HpEdZaRB2LofHEERERS Casmrue at es
with the pressure chanber 21, which is connected to the conpressed air
source 120MaAnEadinesy At BRE RAICWBANSHTERTS: STt H'T | TR P HRRSaEE"E13-10 0 1 APP

2005 I n the case of a. pressur,i zi sheet. 7 mad f an _elastic material such
as rubber P58k H® grELERHSYi HY < %Se][refie k}%“t?loé"%ﬁ‘gd POREEN FhE et ¥R ring

3 and th i 2..then th j Zi heet 7 is_glasticall
def or med ACHHGS QRoPE ARERPTAF. LAY & aceld o ReTIebAad “EbFFacd cimor
be maint 1”5‘3‘:?}&{‘ bteg:‘%ﬂale?l\’\etrhes g{of&‘?i Phat Iig rtﬁ%ea:to%&; 2y body 2 Hfhd ©

mai ntain the desire ori zont surf’ace on t
10 pressurizing sheet support 2b provided as a separate member in

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 2, as disclosed in

15 Japanese laid-open Patent Publication No. 9-168964 and
Japanese Patent Application No. 11-294503 (corresponding to
Singapore Patent Application No. 200004968-4}. 1In such cases,
the pressurizing sheet 7 1is not necessarily fixed in the
aforementioned manner.

20 A c¢leaning liquid passage 51 in the form of an
annular groove is defined in the upper surface of the housing
2a near its outer circumferential edge over which the seal 2c¢
is fitted. The cleaning liquid passage 51 communicates with a
fluid passage 32 via a through hole 52 formed in the seal 2c,

25 and is supplied with a cleaning liquid (pure water) via the
fluid passage 32. A plurality of communication holes 53 are
defined in the housing 2a and the pressurizing sheet support

2b in communication with the cleaning liguid passage 51. The

20



surface of the retainer ring 3, the pressurizing sheet 7 is clanped between
the housing 2a of the top ring body 2 and the 10 pressuri zi ng sheet U RBO s
2b provided as a separate nmenber in the present enbodi nent. The retal ner-
ring 3 may vertically be novable with respect to the top ring body 2, or
the retainer ring 3 may have a structure capable of pressing the polishing
surface i ndapendeathipnohotlee 56p commgnicaas diishbl asadall HaplapateSieed

| ai d- open Patent Publication No. 9-168964 and Japanese Patent Application
No. 11-294&@%eemolthespondirngitounsengapbat Partbate AphltileatelmstNe pad 4
20000496B-4) . In such cases, the pressurizing sheet 7 is not necessarily
fixed in tang tdfeorigmEn iOrmnfensstialo sarflaegniodg thiequiet agassagd ngl 3-.n t he
formof an annular groove is defined in the upper surface of the housing
2a near i tReodlerldeimaaeis et il *gechast thhixekapniden|lizid sqynaeed.
The cleaning |iquid passage 51 comunicates with a fluid passage 32 via a
t hrough hdiP@t5shogRtedhrRtEReasBFaty, 25 AN Sh@¥M)i-ed with a cl eani ng

l'i quid t ja the fluid 32. I ljt icati
oL doSPhr e VALED) et LSl HECRasRa0e 32 A LA el ot on
2b in co nication wth éhe cl eamidng Ii\(}#{depassage 5%. Thg} 20 ~1_| APR
Y095 conminitCACTEn Biotiss B3 ESHMINGESEE WiH SATs il FeBEh2E 4R id®Sbét ween

the outer GLeUTl SLentidl aulace, ol dlle ehastis.pade 41200 (Hhe e

ci rcunferential “surtace of eretainer rin passage (IS

connect ed 8 % o 4381 19, kacligou g, 2,(0k-SMAMALLDT QReR, 1A O

ne et ween e elastic pa
10 into contact with the elastic pad 4. These contact members
may be brought into abutment against the elastic pad 4. In

the present embodiment, as shown in FIGS. 2 and 3, the central

bag 8 having a circular contact surface is disposed centrally

on the lower surface of the chucking plate 6, and the ring

15 tube 9 having an annular contact surface is disposed radially

outwardly of the central bag 8 in surrounding relation thereto.

Specifically, the central bag 8 and the ring tube 9 are spaced

at predetermined intervals. Each of the elastic pad 4 and the

central bag 8 and the ring tube 9 is made of a highly strong

20 and durable rubber material such as ethylene propylene rubber

{ethylene-propylene terpolymer (EPDM)), polyurethane rubber,
silicone rubber, or the like.

The space defined between the chucking plate 6 and

the elastic pad 4 is divided into a plurality of spaces

25 (second pressure chambers) by the central bag 8 and the ring

tube 9. Specifically, a pressure chamber 22 is defined

between the central bag 8 and the ring tube 9, and a pressure

chamber 23 is defined radially outwardly of the ring tube 9.
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chucking plate 6 accommodates therein a central bag 8 as a central contact
menber brought into contact with the elastic pad 4, and a ring tubq] 1_?}«‘@37!@;1
out er contact nenber brought 10 into contact with the elastic pad 4. These -
contact nenbers may be brought into abutnment against the elastic pad 4. In
t he present enbodi ment, as shown in FIGS. 2 and 3, the central bag 8 having

a circular contact surHeacmedtxadi spased @andrialdsy arpreldwt dowesmistadeaacel of
the chucking plate 6, and the ring 15 tube 9 having an annul ar cont act
surface i Ssiwspasdatoadioalthyt euthatdeyuppethsuctade abf bigge 8elastsitr rgaddi ng
relation thereto. Specifically, the central bag 8 and the ring tube 9 are
spaced at4 praadetaercantecli agr hallserEdbblding heerbas] | 82 phor Adeatrachdel y
central bag 8 and the ring tube 9 is made of a highly strong 20 and durabl e
rubber matherlding udte aslastiiyg emmipraoy |Bneln upbeit iqret hylhenesgtomdl drey
terpol yner (EPDM ), polyurethane rubber, silicone rubber, or the |like. The
space Gef ilddiaset Réentathe thgekedg pplee &2anddefhecd| &hgreisad ands 8 vi ded

into a plurality of spaces 25 (second pressure chanbers) by the central bag

8 and t he Fa5RFhady pra%ﬁ@&df iCalp cenfeds i Ehadifser 2niackehethe

het e e S, 200 sl 08 b gy a0d, 2 pLessure, chanter, 23 1

S COMPLI SeR A Chasl I 20gBh brovghlLe coptact il e el

(5 et st Dol e SLARLS TRIRLADE Sl PESTEy Ohnd P EEILLAT D99
10 membrane 81 and the central bag holder 82,

Similarly, the ring tube 9 comprises an elastic
membrane 91 brought into contact with the upper surface of the
elastic pad 4, and a ring tube holder {holding member) 92 for
detachably holding the elastic membrane 91 in position. The

15 ring tube holder 92 has threaded holes 92a defined therein,
and 1s detachably fastened to the lower surface of the
chucking plate 6 by screws 56 threaded into the threaded holes
92a. The ring tube 9 has an intermediate pressure chamber 25
(first pressure chamber) defined <therein by the elastic

20 membrane 91 and the ring tube holder 92.

Fluid passages 33, 34, 35 and 36 comprising tubes
and connectors communicate with the pressure chambers 22, 23,
the central pressure chamber 24, and the intermediate pressure
chamber 25, respectively. The pressure chambers 22, 23, 24

25 and 25 are connected to the compressed air source 120 via
respective regulators R3, R4, R5 and R6 connected respectively

to the fluid passages 33, 34, 35 and 36. The fluid passages

31, 33, 34, 35 and 36 are connected to the respective
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detachably fastened to the center of the |ower surface of the chucking
plate 6 by screws 55 threaded into the threaded holes 82a. The central bag
8 has a central pressure chanber 24 (first pressure chanber) defindd APR 7005
therein by the elastic 10 nenbrane 81 and the central bag hol der 92.
Simlarly, the ring tube 9 conprises an elastic menbrane 91 brought into

contact Wy iRewBPH, SW¥,aces Ofrd hend €haStheoRgl 4. r8Rdrd Hbiatt ykethol der
(hol di ng nerber) 92 for detachably holding the el astic nenbrane 91 in

position. stRem3}SmbuAgetiuBa BREAEppSE bRs dhraadadholies Azavdekhaed therein,

and is detachably fastened to the | ower surface of the  chucking plate 6 by

screws 56 threaded i mhe tdieddureadetmperes1 SPavel @il idﬁ@lcklib? S1hase &N
i nternedi ate pressure chanber 25 (first pressure chanber) defined therein

by the el asid cth20 pesdswne Theamdrishe2ei ngot Wk hekdesufRlidd uivh grassages
33, 34, 35 and 36 conprising tubes and connectors conmmunicate with the
pressube cheasbardz2d, f£AAid tdeclceas r pkepsessued shanber aZdpsghdrtihe air

i nternedi ate pressure chanber 25, respectively. The pressure chanbers 22,
23, 24 25cancedEuwtediomnext et 6luhd pospressedlai r3kouwdte 120awnda 36.
respective rigglatOfs R3, R4, R5 and R6 connected respectively to the fluid
passages 3%, WISl @6. L Thehe| graupatergeB2 8¢, RE3coppecyg8daf® Idcare
connected to the respective 22 0 1 APR 7015 regulators R2, R3, R4, R5 and R6
t hrough a flddigr passiages(kétr Showf) roursd 3n ahehfppessndofchambarsp ring
drive shaft 11. The pressure chanber 21 above the chucking plate 6 and the
pressure ctanb@rs222 43 25e5PEddyplyed ¥t tpte the pressures of the

10 pressurized fluids supplied to the pressure chambers 21 to 25,
for thereby independently c¢ontrolling the pressures in the
pressure chambers 21 to 25 or independently introducing
atmospheric air or vacuum into the pressure chambers 21 to 25.
Thus, the pressures in the pressure chambers 21 to 25 are

15 independently varied with the regulators R2 to R6, so that the
pressing forces, which are pressures per unit area for
pressing the semiconductor wafer W against the polishing pad
101, can be adjusted in local areas of the semiconductor wafer
W via the elastic pad 4. 1In some applications, the pressure

20 chambers 21 to 25 may be connected to a vacuum source 121.

In this case, the pressurized fluid or the
atmospheric air supplied to the pressure chambers 22 to 25 may
independently be controlled in temperature, for thereby
directly controlling the temperature of the semiconductor

25 wafer from the backside of the surface to be polished.
Particularly, when each of the pressure chambers 1is
independently controlled in temperature, the rate of chemical

reaction can be controlled in the chemical polishing process
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5 pressurized fluid such as pressurized air or atnospheric air or evacuated,
via the fluid passages 31, 33, 34, 35 and 36. As shown in FIG 1, %Pﬁ? ;
regul ators R2 to R6 connected to the fluid passages 31, 33, 34, 35 a & )
of the pressure chanbers 21 to 25 can respectively regulate the pressures
of the 10 pressurized fluids supplied to the pressure chanbers 21 to 25,

for therelys iompependently controlling the pressures in the pressure
chanbers 21 to 25 or independently introducing atnospheric air or vacuum
into the pressure chagbeshmwal ifrp F2%. 3Thus,plidie AtEs B espdriddie 41 egsdir e
chanbers 21 to 25 are 15 independently varied with the regulators R2 to R6,
SO that thermedesshngcior edsstilt chadr et pr esthe eschperkiung t pdaea fOr has
pressi ng the sem conductor wafer Wagainst the polishing pad 101, can be
adj ust ed iTadigddly dmees cfuctthens guirmddedsctedr asaf erad Whdiya dihierel sasttiiomad 4.
In sone applications, the pressure 20 chanbers 21 to 25 may be connected to
a vaculm gwwtdens2162 | axtandedasowntiagdpy e Sharefadrf.| ui Ther opkeingsndspheri c
air supplied to the pressure chanbers 22 to 25 may independently be

cont r ol | ecpdsd i@mger HeGWeenf shet Hepebyl By eltayd cune rving gihehd tahigsr at ur e
of the sem conductor 25 wafer fromthe backside of the surface to be

pol i shed. thEar}iR]H af PGt LOMeROELERATEf OlhetDrB® sGrBOERENSELSNglly, and

i ndependently controlled in tenperature, the rate of chemi cal reaction can
be cont roli%d SREMHEShehi Eﬁ?lgg‘?flg i RYCErEReSE 4 ’Ll‘}!@Rtﬁheo? EVP-O%as

shown i1 FLG i PLUCRLLLY s00c2B8D1 09 A1 AL, OLIEY g 525t i, pad

10 the present embodiment, the elastic pad 4 has eight openings
41 for allowing the eight suction portions &1, 62 to be
exposed.

Each of.the inner suction portions 61 has a hole
6la communicating with a fluid passage 37, and each of the

15 outer suction portions 62 has a hole 62a communicating with a
fluid passage 38. Thus, the inner sucticon portion 61 and the
ocuter suction portion 62 are connected to the wvacuum source
121 such as a vacuum pump via the respective fluid passages
37, 38 and valves V1, V2. Wwhen the suction portions 61, 62

20 are evacuated by the wvacuum source 121 to develop a negative
pressure at the lower opening ends of the communicating holes
6la, 62a thereof, a semiconductor wafer W is attracted to the
lower ends of the suction portions 61, 62 by the negative
pressure. The suction portions 61, 62 have elastic sheets

25 6lb, 62b, such as thin rubber sheets, attached to their lower
ends, for thereby elastically contacting and holding the
semiconductor wafer W on the lower surfaces thereof.

As shown in FIG. 2, when the semiconductor wafer W
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radially inner suction portions 61 and radially outer suction 5 portions 62
ext ended downwardly therefrom The openings 41 positioned between the
central bag 6 and the ring tube 9 allow the inner suction portiond!6fRt#lhe
exposed externally, and the openings 41 positioned outside of the ring tube
9 allow the outer suction portions 62 to be exposed externally. In 10 the
present enbodpakighed hetled astwer madisd dfathei ghttapenpogsiord 6 by &2 | amé ng
the eight suction portions 61, 62 to be exposed. Each of the inner suction
portions 6dosisicendtb| @abogea themidweat i fgrfked «ff | thd palssdge 3Badand, each
of the 15 outer suction portions 62 has a hole 62a conmunicating with a

flui d passaf'@st PEO3SCEhRI| ARenvwagdly ofresr tilvh bawandsthréaceuodr Bt on
portion 62 are connected to the vacuum source 121 such as a vacuum punp vi a
the respect}a®tiq waf phssiyed e sspigradvatoeswder\B ipnakrtraetadicts on
portions 61, 62 20 are evacuated by the vacuum source 121 to devel op a
negati ve HesSHFELIAR BIREHORSr Shenfhg é’ﬁﬁs lgverheeREtmahi &S PRt

6la, 62a thereof, a semconductor wafer Wis attracted to the |ower ends of
Phe’ sucti GPTHoHTH oL o158 03t ByboRbt Hotht 1 etk AR cLevitle BucHIOn PERT s one
61, 62 have elastic %:eet%tZQPQLb, 6§b, such as thin rubber sheets, attached
to their |DWEr i, o e Shy3s dstical Iy contacting and hol ding t he

sen conduct or wafer h . _surfac t-he f in F 2,
when the semi conduc_t\(;grﬂ\?\%‘% e?h%\?%lﬁ 1hEPR§%JO]5 {J‘ggpgl %:eﬁg‘%@ﬁ?t#eh% o(%/\lle&re%nds
of the SUCéiPélgRPéEérPé?alﬁlsuQEaé‘éeofpaédé'8D§Qtf‘r?°‘§%dth£ Lauen paur { g of

the elastic pad 4,
10 circumferential surface of the retainer ring 3, the holder

ring 5, the chucking plate 6, and the elastic pad 4 attached
to the chucking plate 6 can vertically be moved with respect
tc 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
15 and the retainer ring 3. A plurality of teeth 5c¢ project
radially outwardly from the outer circumferential edge of the
stopper 5b of the holder ring 5. When the teeth 5¢ engage the
upper surface of the radially inwardly projecting portion of
the retainer ring 3 upon downward movement of the holder ring
20 5, the holder ring 5 1is limited against any further downward
movement.
Operation of the top ring 1 thus constructed will
be described below.
When the semiconductor wafer W is to be delivered
25 to the polishing apparatus, the top ring 1 is moved to a
position to which the semiconductor wafer W is transferred,
and the communicating holes 6la, 62a of the suction portions

6l, 62 are evacuated via the fluid passages 37, 38 by the
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wi t hout projecting downwardly fromthe | ower surface of the elastic pad 4.
When t he sem conductor wafer Wis attracted to 5 the suction portionﬁ &i, .
62, the |ower ends of the suction portions 61, 62 are positioned at’tH 2005
sane level as the lower surface of the elastic pad 4. Since there is the
smal | gap G between the outer circunferential surface of the elastic pad 4
and t he i nreuurl Goiroeunifer.entlitel swrifcareluoftotrherafetraivhers ra g B35tddhetdiol der
ring 5, the chucking plate 6, and the elastic pad 4 attached to the

chucki ng pitet elewenn argls | 04l | Yhedespovédnwindryiggwectl, t $2 hbyt opuetien body
2 and the retainer ring 3, and hence are of a floating structure with
respect t ¢ifisett optri ﬁglebod’@“@uﬂacéﬁénﬂhehiaéﬁﬁi nétari néZQ: A pfifhal ie8e of
teeth 5¢c project radially outwardly fromthe outer circunferential edge of
the stoppEfiBOnGuctRE MRS Vi AFtsachRen thetheetRPscidgabe the tRer
surface of the radially inwardly proLecting@gortion of . the retainer_ring 3
upon déwnvied® nbvefeRPVER e hoPoRtt19hgeReVS, thie PRELGEATEI ¢S 199 mit ed

agai nst a further do rd novenent. eration of top ring 1 thus
cgnstruct %‘Wﬁ“ﬂ rE’c‘?’ep&’ i458d Sblél%é’\ﬁ/? \WRe l?ﬁéngeﬂ?‘éomﬁ&%ﬁeﬁ%‘?‘gr Whe to

be Jel ver e i A BRI RPER L Lo 0P 111y Thgged o @

position to &6nddct of

commun! co g JER 12,508 o HPRSUCLLE LGRS BT B2 syaguaed

via the fluid passages vacuum 'source

sem conductfo MR &irol iehedkbpa¢ifd 19

10 For polishing the lower surface of the
semiconductor wafer W, the semiconductor wafer W is thus held
on the lower surface of the top ring 1, and 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

15 o©f the top ring 1 against the polishing surface on the
pelishing table 180 under a predetermined pressure. Then, the
pressurized fluids are respectively supplied to the pressure
chambers 22, 23, the central pressure chamber 24, and the
intermediate pressure chamber 25 under respective pressures,

20 thereby pressing the semiconductor wafer W against the
pelishing surface on the polishing table 100. The polishing
liquid supply nozzle 102 then supplies the polishing ligquid Q
onto the polishing pad 101. Thus, the semiconductor wafer W
is polished by the polishing pad 101 with the polishing liquid

25 Q0 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 chambers 22, 23 are
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the | ower ends of the suction portions 61, 62 by suction effect of the
comuni cating holes 6la, 62a. Wth the seniconductor wafer Wattractt 1
the top ring 1, the top 5ring 1 is noved to a position above the polishing
table 100 having the polishing surface (polishing pad 101) thereon. The
retainer ring 3 holds the outer circunferential edge of the sem conductor
waf er W seressted egasiardtc oritticpokisminy pud s1hbt undenovbe resstirest of ring
1. 10 For polishing the | ower surface of the semnmi conductor wafer W the
sem conduditér mEgEFURNIed t hlisidre| supphiehet oibe SUPPaBECOrhRRbErsp 22/ng 1,
and the top ring air_ cylinder 111 connected to the top ring drive shaft 11

is actuat®ed tolpfestothe RECA rMef bRy SEicapgucsothevatier Yenthat f t he

top ring 1 agai.nst the polishing surface on the polishing table 100 under a
predetezmﬁﬂgiﬁﬁQQﬁﬂnQ?HQWEhfﬁFh€e BEESEY TR G EFe%#e§ﬁe@ﬁ3ﬂ§%ﬁ

S lied to th ressure chanpers 2 23 e central, pressyre chanber 24,
aggpthg Pﬁfbrﬁ@giéﬁéy ssUr Eﬁ%%bép 2§§U%E8r‘¥¥§ﬁ@§tﬁg%gp es¥tes®0

th b i th ' d W i t h l.i,shi f

the. pol | S T TabIP8 01 30 SoTRE Bl REnPAY TPt o Eraubhl y s W g
Ui " R o " 00l i Shi T

Ff’hdfﬁe ‘3&5} gé‘*%é%sﬁ%di ?ﬁa%f&%@%&t & | %%Z%e%g%aw %J‘Seﬁ%ﬁ%

olishin S ﬂw¥¥% ;

Bol i shed%J 0 a‘iH!!:lt he %e'm’ cor%%cog)a?' \%[a}f‘eer EH’W and the lﬁ%}é@glﬁl%%é %%gefoﬁl. EJlet | ocal

areas of tﬂEEﬁﬁﬁﬂﬂiHHB&ﬂHEhéM&ﬁﬁgggytiHEerd@&iaEQSk&%@@ﬁgeb%ﬂ%ﬁbﬂrtQ% Rressure

chanbers 22, 23 are 26 U1l APR

10 pressed via the elastic membrane 91 of the ring tube 9 and the
elastic pad 4 against the polishing pad 101 under the pressure
of the pressurized fluid supplied to the intermediate pressure

chamber 25.
Therefore, the polishing pressures acting on the
15 respective local areas of the semiconductor wafer W can be
adjusted independently by controlling the pressures of the
pressurized fluids supplied to each of the pressure chambers
22 to 25. Specifically, each of the regulators R3 to R6
independently regulates the pressure of the pressurized fluid
20 supplied to the pressure chambers 22 to 25 for thereby
adjusting the pressing forces applied to press the local areas
of the semiconductor wafer W against the peolishing pad 101 on
the polishing table 100. With the polishing pressures on the
respective local areas of the semiconductor wafer W being
25 adjusted independently, the semiconductor wafer W is pressed
against the polishing pad 101 on the polishing table 140 that

is being rotated. Similarly, the pressure of the pressurized

fluid supplied to the top ring air cylinder 111 can be
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pressed agai nst the polishing pad 101 under the pressures of the
pressurized fluids supplied to the pressure chanbers 22, 23. The lpocglR Aiea
of the sem conductor wafer Wthat is positioned beneath the central
pressure chanber 24 is pressed 5 via the elastic nenbrane 81 of the central
bag 8 and the el astic pad 4 against the polishing pad 101 under the,
pressure Rﬁ9%4ﬁ¥ﬁﬂwkﬁth%eﬁegpb@HOEUBblF@da@duﬁﬁetg@nﬁpﬂcﬁnﬁkﬁhu%hhﬂhanber
24. The | ocal area of the sem conductor wafer. Wthat s positioned beneath

the inter HE P T DEFS 5 | Sha P edvidd wad tHEL el d8ti1@ ndhr ane
inder t he JPECSTREGE T bk 1 etnd | 0 L SR TR (R oo HEd L e
Pecpect v b rafias | drmg oS coneiSeuckiy Bt ShRITHL RGO IOl Dafdy e 10
| ndependent |y, C)hgg%trrcgl Wi GRS A Zi?}%ufsgﬁigén?lg%%fr@ﬁég i‘geg? }c‘l{/yé%%%% of

supplied to ea f"the pressuré ch er pecific

t he regul - Is n I e a . : urge, o

(e 1oOU SRR 4o otk BSRENIAA | V0! Sgub AgpbERLESIUER Oladliee
adj usting 41 gHBTHN QIANGEY HRlisBdnEOpPEESarbhe;ih0sale M £ES pRlsd e

sem conduct or waf er "W agai nst” the polishing pad 101 on the polishing table
100. Wt h dihe ReldtSRingtpr eSS Wk AN theear @SPechihvei hiedl safascef the

sem conduct or wafer Wbheing 25 adjusted i ndependently, the sem conduct or
waf er Wi sirfeassed atkgaiaisia t g ,polkinghi ag padipRdren theepolishicy tabde 100
that 1is being rotated. Simlarly, the pressure of the pressurized fluid
suppl i1éd txenitendw tamyadier eyl(isedeFIE1l1l3can be 27
The local areas of the semiconductor wafer W that
are positioned beneath the pressure chambers 22, 23 are
divided into areas to which a pressing force from a fluid is
applied via the elastic pad 4, and areas to which the pressure
15 of a pressurized fluid is directly applied, such as areas
positioned beneath the openings 41. However, the pressing
forces applied to these two areas are equal to each other.
When the semiconductor wafer W is polished, the elastic pad 4
is brought into close contact with the upper surface of the
20 semiconductor wafer W near the openings 41, so that the
pressurized fluids supplied to the pressure chambers 22, 23
are prevented from flowing out to the exterior.
In +this manner, the semiconductor wafer W 1is
divided into the concentric circular and annular areas Cl to
25 €4, which can be pressed under independent pressing forces.
The polishing rates of the circular and annular areas Cl to C4,

which depend on the pressing forces applied to those areas,

can independently be controlled because the pressing forces
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01 APR 2005 regul ated by the regulator R to adjust the force with which
the retainer ring 3 presses the polishing pad 101. Wile the seni cOndué 26
wafer Wis being polished, the force with which the retainer ring 3 presses
the polishing pad 101 and the 5 pressing force with which the sem conductor
wafer Wis pressed against the polishing pad 101 can appropriately be

adj ust ed FRRrLigtkr d18y dHSISA n@rﬁé‘lsl sRPRg PRESBEREINTH a Riesiqanftys
distribution to a central area an inner area C2, an |nterned|ate area

C3, and a AT VYar egvVen off tFBe HISEREESndRiE 6 F\E%‘ér faAfseBOFIRE  3) .
The | ocal arg§ﬂ§%£ t he, sem conduct or, fer W.that g |t|oned;§§§?ath
the press#E 1S 99¢ 53T F“ée 8er| &d SERL5°RFES OFO F’Eh Wa $it

force fro a f|UId éﬁ tlgglle Qe eI ﬁ%iccpadFﬁsdaggﬂ reas t eg@{ch t he

pressure 1 oJf a s&Urrz8d f UId P rec y gpp

posi ti %”Edsé?ﬁ’k%ﬁ{é‘uét%% Q‘{?ﬁar"% Sy x]%;ég éci‘ rPf?o%%dl t o%ecsmtg(ferd ed to

these two areas are equa eac e sem Wis

pol i shed, 116, g astdit Al do il %ﬁ‘% n;ns stereQﬁe C&e&act Pk L pper

surface of e 20 sem conduct or vva e openi ngs the

pressuri Zeé{zérl Uifjstﬁé'pgﬁiéﬂnéQstQE BRESEHER ¢RaDELS a2 cﬁis h@HE Sl RARD! ed

fromflowng out to the exterior. his manner, the sém conductor wafer W

is dividegd e tcr@ &%‘C%Eiéd?ncﬁld’&iﬂ afasand Pﬁ%@@rsarc%‘jrﬁmglntgo ore &

whi ch can be pressed under independent pressing forces he pol’i shing rates
of the cirgidiadl anshiafinH ain afiedss&hidahddbtorRiade rdanenthe0 e e ssi ng

forces applied to those areas, can independently he controlled because the
pressildg forgesssure chamber positioned over a thicker area of the thin
film is made higher than the pressure in a pressure chamber
positioned over a thinner area of the thin film, or the
pressure in a pressure chamber positioned over a thinner area
of the thin film is made lower than the pressure in a pressure
15 chamber positioned over a thicker area of the thin film. 1In
this manner, the pressing force applied to the thicker area of
the thin film is made higher than the pressing force applied
to the thinner area of the thin £ilm, thereby selectively
increasing the peclishing rate of the thicker area of the thin
20  £film. Consequently, the entire surface of the semiconductor
wafer W «can be polished exactly to a desired level
irrespective of the film thickness distribution obtained at

the time the thin film is formed.

Any unwanted edge rounding on the circumferential
25 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
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28 APR Nt~ applied to those areas can independently be controll ed.
Consequently, even if the thickness of a thin filmto be polished ¢ girengs
surface of the sem conductor wafer Wsuffers radial variations, the thin
filmon the surface of the 5 sem conductor wafer Wcan be polished uniformy
wi thout being insufficiently or excessively polished. Mre specifically,
even if thehd hipkaesingf fdwcd hidppliaa t cede qind | sheghiated herimpr faceiof the
sem conductor wafer Wdiffers depending on the radial position on the

sem conducirdremvtaifcera My t hiewqureesssaat e om  Ifedugedes suy e dhasrberorpasil | ottesl over
a thicker area of the thin filmis nade higher than the pressure in a
pressure ghalsEringosiraitenedodver thet highmrurdragerdfialhe ehige fidf orhe he
pressure in a pressure chanber positioned over a thinner area of the thin
filmis nmeRnigapsiuctesn wedepr e¥sur e Whem pihesspresssréradbef Lpbds t | drrRd
over a thicker area of the thin film In this manner, the pressing force
appl i e@ t ccURR ¥afl deerthe erassunenehapbgrei Ph £9 Aadetheghbickiem phete
pressing force applied to the thinner area of the thin film thereby

sel ectivel§ 1f néPgé§FH@dt ke PpEvesHi dPncsSe off 1t Hd'Q WPEREPN tar @BPRELRPRE £ hi n
20 film Consequentlg, the_entire surface gf t he sem conductor wafer_Wcan

be pol i shgﬁ’eex%’é‘?ﬁ/u “efl gb ‘il?"éqlﬁe\?é‘ﬂpp P e§ﬁe5ﬁe\/é3§ﬁsst% fGhamReT ckhess
A s L R, RN RIENT -, YT
Ca0 08 P ENET fhe PANLOL 1409 48 SORUBLOLEB BRI Bk L% ol et
10

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 chambers 22

15 to 25 to 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 to the lower ends of the suction portions 61, 62

20 under vacuum in the same manner as described above. At this

time, the supply of the pressurized fluids into the pressure

chambers 22 to 25 is stopped, and the pressure chambers 22 to

25 are vented to the atmosphere. Accordingly, the lower ends

of the suction portions 61, 62 are brought into contact with

25 the semiconductor wafer W. The pressure chamber 21 is vented

to the atmosphere or evacuated te develop a negative pressure

therein. If the pressure chamber 21 is maintained at a high

pressure, then the semiconductor wafer W is strongly pressed
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the sem conductor wafer Whas | arge thickness variations, then 29 | APR 7015
the pressing force applied to the retainer ring 3 is intentional l{yi APR 2005

i ncreased or reduced to thus control the polishing rate of the
circunferential edge of the sem conductor wafer W When the pressurized
fluids are 5 supplied to the pressure chanbers 22 to 25, the chucking plate
6 is subjegfeithdto wpwar gol DsieBsg Isurifheepr 68BNt iRMbagdeEBNt brotidie: prigasuri zed
fluid is supplied to the pressure chanber 21 via the fluid passage 31 to
prevent thermdudakiwvptlpl ehe 6ubtdsn heirmdohisf tead wwer theréosvces firomd he
pressure chanbers 22 to 10 25. As described above, the pressing force

appl i ed byneddessdryp tro nipatgassy | thedgrredklireo ipr ede tpreasetral édrankerg 3

agai nst the polishing pad 101 and the pressing forces applied by the
pressuri zeidmfddiiadeelguppl | édcogdiheglpr essureebimhberart2? A% tmeRSttarkipress
the |l ocal areas of the sem conductor wafer W against the polishing pad 101
are appr oprizaugly tdy dereding bpdli shmlebs epieoidrdt tor wigereaginsame he
polishing of the semiconductor wafer Wis finished, the sem conductor wafer
W is attrerassiine dhethowereaadse ofhameesyuéli onmgdiatohs, 685 GROM urer
vacuumin the same manner as described above. At this tine, the supply of
the pressiGed 2l ui d3t i §héSt HeagR esdthed Bhantgies 2re ochsmpgrst dbpels  and
the pressure chanmbers 22 to 25 are vented to the atnosphere. Accordingly,
the | ower RERESUOIZS%e difct i'6n PEFESEASY61E0 6 2R BlBrPiHE | FiRPcontd® wi t h

25 the seni conduct or fer W The pressure chanber 21 s vented to the
at nospher @GS AR s dbR? obg% REGEFFTR premlere<l via the fluid
10 passage 31. The relief port 39 comprises a check valve (not

shown) for preventing an outside air from flowing into the
pressure chamber 21 at the time when a negative pressure 1is
developed in the pressure chamber 21,
After the semiconductor wafer W is attracted to the
15 lower ends of the suction portions 61, 62, the entire top ring
1 is moved to a position to which the semiconductor wafer W is
to be transferred. Then, a fluid such as compressed air or a
mixture of nitrogen and pure water 1is ejected to the
semiconductor wafer W via the communicating holes 6la, 62a of
20 the suction portions 61, 62 to release the semiconductcer wafer
W from the top ring 1.

The polishing liquid @ wused to polish the
semiconductor wafer W tends to flow through the gap G between
the outer circumferential surface of the elastic pad 4 and the

25 retainer ring 3. If the polishing liquid Q 1is firmly
deposited in the gap G, then the holder ring 5, the chucking
plate 6, and the elastic pad 4 are prevented from smocthly

moving vertically with respect to the top ring body 2 and the
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therein. If the pressure chanber 21 is maintained at a high pressure, then
the sem conductor wafer Wis strongly pressed 30 0 11 APR 206, agaimstpi g
polishing surface only in areas brought into contact with the suction
portions 61, 62. Therefore, it is necessary to decrease the pressure in the
pressure chanber 21 imediately. Accordingly, a relief port 39 penetrating
5 through rfchainep ming Bady 12 e ilde guceyiadelt dudiaciecaeadidaginle 1ippassur e
in the pressure chanber 21 i mediately, as shown in FIG 2. In this case,
when the pgpessuratehgnbes Rdppliedrelssougly edthe | flubsd npaessgey3foto the
continuously supply the pressurized fluid into the pressure chanber 21 via
t he fl ui dcleapasgade.iid Thassaye eblpor tAc@relimglyseshe ok wakee (irsot
shown) for preventing an outside air fromflowing into the pressure chanber
21 at the suippd iwkdervia ridgatdomayriessdioe heoledebél dpead inedgtiba pbessurthe
chanmber 21. After the sem conductor wafer Wis attracted to the 15 |ower
ends of th@psuéti Ghugor¢iearisl, mepberfe deftindadt ophe i ggp B i sonamPuen a
position to which the sem conductor wafer, Wis to be transferred. Then, a
fluid sucklepesdésprasseheainolgshdng xkifeidbf Qni t MhgerParRl pFarerwdghsulids

ej ected to the sem conductor, wafer_ Wvia the conmuni cating hol es 6la, 62a of
20 the sudbEsRIEHIYi Gt BPPIEEd Ritardde BR!iahad GRRIGRAURECST Wakas om
the top ring.1. The poljshing liquid Q used to Eolish t he sem conductor
wafer Wt é&hdd®t & F4565WShr 80 h"trﬂﬂﬂgaﬁ GHEt WEBRICPRBUGIRer WatREunter &A%t i al

surface OEmhﬂ%h%baSHEC g%grgcggg th the top ring 1. It is also

10 preferable to discharge all the supplied pure water out of the
top ring 1 before the next semiconductor wafer is polished,
and hence to provide the retainer ring 3 with a plurality of
through holes 3a shown in FIG. 7 for discharging the pure
water. Furthermore, 1if a pressure buildup is developed in a

15 space 26 defined between the retainer ring 3, the holder ring
5, and the pressurizing sheet 7, then it acts to prevent the
chucking plate 6 from being elevated in the top ring body 2.
Therefore, in order to allow the chucking plate 6 to be
elevated smoothly in the top ring body 2, the through holes 3a

20 should preferably be provided for equalizing the pressure in
the space 26 with the atmospheric pressure.

As described above, according to the present
invention, the pressures 1in the pressure chambers 22, 23, the
pressure chamber 24 in the central bag 8, and the pressure

25 chamber 25 in the ring tube % are independently controlled to
control the pressing forces acting on the semiconductor wafer
W.

Further, according to the present invention,
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25 retainer ring 3. If the polishing liquid Qis firmy deposited in the
gap G then the holder ring 5, the chucking plate 6, and the el astd[-l_c d;pa% 4
are prevented fromsnoothly noving vertically with respect to the o%" Hg
body 2 and the 31 g ! VP 2BU retainer ring 3. To avoid such a drawback, a
cleaning liquid (pure water) is supplied through the fluid passage 32 to

t he cl eantagiidnguind wassage (fessAngoifdirngl gpplhedpuoethhat eemisonduppdt ed
via the conmuni cation holes 53 to a region above the 5 gap G thus cleaning
menber s defafemg W hesgapofictolledovan depssilys loé¢ tdarpeld sbiyngchanginhg Q
The pure water should preferably be supplied after the polished

sen conducpositwafies oNV Eszeel efistteandntnai| bagnéxtansie iheonducs orulvaf 2r to
be polished is attracted to the top ring 1. It is also 10 preferable to

di schar ge Bfdmples sopprhedgpogetiat segdansofint hrichopglvd nprdssisfor forde next
sem conductor_wafer is polished, and hence to provide the retainer ring 3
with a %l ureplisd of-o tHDUFEMHPRAUDP B hBARST nWFI B  Fopsrodiséharidilngee he
pure water. Furthernore, if a pressure buildup is developed in a 15 space
26 def i neddPENE el ¥t ai ner ring 3, the holder ring 5, and the

Being ol evated in thetop rihg Hotyets £ Wl i, 5 |7 or Uer ek hl PERPT R
i ough noFast senah CFRR CHIErEs SBTY e FRATI P o M GRaR T 31 hhepec TS
ccordi ng (5T br B86nt® 0Vont{Gh. SR pf LSSl bt n SRS HPEEa P e ChaTber o
22, Zsrothgpparatus accerding to the present invention.
As shown in FIGS. 4A and 4B, the area Cl in which
the pressing force applied to the semiconductor wafer is
controlled can be changed by another central bag 8 having a
different size. In this case, when the size and shape of a
15 hole 82b for allowing the pressure chamber 24 defined in the
central bag 8 to communicate with the fluid passage 35, and
the size and position of the threaded holes 82a for mounting
the central bag holder 82 on the chucking plate 6 are
predetermined, the range in which the pressing force applied
20 to the semiconductor wafer is controlled can be changed simply
by preparing a central bag holder 82 having a different size.
In this case, it is not necessary to modify the chucking plate
6.
As shown in FIGS. 4C and 4D, the width and/or
25 position of the area C3 in which the pressing force applied to
the semiconductor wafer 1is controlled can be changed by

another ring tube 9 having a different size and/or shape.

Further, as shown 1in FIG. 4E, a plurality of holes 57 and

33



pressure chanber 24 in the central bag B, and the pressure 25 chanber 25 in
the ring tube 9 are independently controlled to control the presmq;p ﬁﬁofﬂﬁfs
acting on the sem conductor wafer w. Further, according to the pres t!1
invention, 32 0 ~ AP~ regions in which a pressing force applied to the

sem conductor wafer Wis controlled can easily be changed by changi ng

posi ti ons tiresidees lofldéde (aent rslownag Maandet beokidgdt uhe Sreddbeifilresl of
changing the regions in which the pressing force 5 applied to the

sem conduataatiadafmeys Wiichsc onff r thé edhwckindgeplaeschi bednbehdw. cakes. wha

t hrough 4E and FIG 5 are vertical cross- sectional views show ng other
exanpl es cfonrh@micertiagt nbhoabers 9{entisal pegiBicmetri ag t ube Podititdre
substrate holding 10 apparatus according to the present invention. As shown
in FIGS. 4mrgwsnpBdinge i ean€l oifn e ceommune gevteig nigp ¥esr c27 apphded:heo t he
sem conduct or wafer is controlled can be changed by another central bag 8
havi ng”a e commugilrating frilesc4sad hhepaded Rekes hrrsHabddast witis hol e
82b for allow ng the pressure chanber 24 defined in the, central hag 8 to
conmmuni catsé’%"{sh phe At 8ephsRdgd a5 dsand TRHE site aRdNPodiond ofcathe

t hr eaded hgol es, or nmountipg, the central bag, hol der 82 on t he chucking
plate 6 ar ’ﬁkgﬁ' P i MR ?CE inangRei Fahiadn ghﬁe‘fﬁ'%‘%‘%n n§Of ob k&t afhs ed 20

e et el Getere o) e b oo 5 L pigpe
necessary ﬁeoc'ﬂ%dgfe)é.t he chucki ng plate
10 As shown in FIG. 5, a protrusion 8la protruding
radially outwardly from the circumferential edge of the
elastic membrane 81 may be provided on the lower surface of
the central bag 8, and protrusions 9la protruding radially
from the circumferential edges of the elastic membrane 91 may
15 be provided on the lower surface of the ring tube 9. The
protrusions 8la, 9la are made of the same material as the
central bag 8 and the ring tube 9. As described above, when
the semiconductor wafer 1is polished, pressurized fluids are
supplied to the pressure chamber 22 positioned between the
20 central bag 8 and the ring tube 9, and the pressure chamber 23
surrounding the ring tube 9. Therefore, the protrusions 81a,
91la are brought into close contact with the elastic pad 4 by
the pressurized fluids supplied to the pressure chambers 22,
23. Thus, even 1f the pressure o0of the pressurized £fluid
25 supplied to the pressure chamber 22 adjacent to the central
bag 8 1is considerably higher than the pressure of the
pressurized fluid supplied to the pressure chamber 24 defined

in the central bag 8, the high-pressure fluid adjacent to the
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6. As shown in FIGS. 4C and 4D, the width andfor 25 position of the area C3
in which the pressing force applied to the sem conductor wafer is cpntipphied
can be changed by another ring tube 9 having a different size and/or shape.
Further, as shown in FIG 4E, a plurality of holes 57 and 33 fl 1 APR 215

t hreaded hol es (not shown) may be provided in predeterm ned radial

posi tions Qintiraa ®RLciE g platenbed! Brbhi 516@50y 1M @MBICAAdE el e 92b
is positioned at a position corresponding to one of the communicating hol es

57, and t kg T keintemMbiEa | ngidlles 1yandvehr agdethdhgreskuaice Jf Idird with
screws 58 for sealing fluids. Thus, the ring tube 9 can flexibly be nounted
in the radiralsstirieet diluisb s$i@plid® toeghen preseureh dhmmbppress? ngrf @xe is
controlled can flexibly be changed. 10 As shown in FIG 5, a protrusion 8la
pr ot r udi ngad jaaetingl |90 otlh@ardhy fiude theisi considerablwl hédherofthihe thet asti c
menbrane 81 may be provided on the | ower surface of the central bag 8, and
prot r u§i orsreFEangr oof udiheg preBsutized r fhvidie suippdartertemt the augesswie t he

el astic nenbrane 91 may 15 be provided on the |ower surface of the ring tube
9. The pradmpsivoRs BEiingdaiar Ehpagéngf tvhe Santhephbohpressunee flawm ral
bag 8 and the ring tube 9. As described above, when the sem conductor wafer
i s polishedlliaseads§o 288 FraFdsukre? sfpprevented t freomrbkawiims diditbehe?
positi oned between the 20 central] bag 8 and the ring tube 9, and the
pressure ciRIRFePZF 18 odif Mgt thet i g’ t ubdrer e ftiéefidide, PEME WSt usi ons

Sla, . .
8la, 91a can widen the range of pressure control in each of

10 the pressure chambers, for thereby pressing the semiconductor
wafer more stably.

The elastic membrane 81, 91 may have a partially
different thickness or may partially include an inelastic
member . FIG. 6A shows an example in which the elastic

15 membrane 91 of the ring tube 9 has side surfaces 91b thicker
than the surface brought into contact with the elastic pad 4.
FIG. 6B shows an example in which the elastic membrane 91 of
the ring tube 9 partially includes inelastic members 91d in
the side surfaces thereof. In these examples, deformation of

20 the side surfaces of the elastic membrane due to the pressure
in the pressure chambers can appropriately be limited.

As described above, the distribution of the +thin
film formed on the surface of the semiconductor wafer varies
depending on a deposition method or a deposition apparatus.

25 BAccording to the present invention, a substrate holding
apparatus can change the position and size of the pressure
chambers for applying the pressing force to the semiconductor

wafer simply by change ©f the central bag 8 and the central
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9la are brought into close contact wwth the elastic pad 4 by the
pressurized fluids supplied to the pressure chanmbers 22, 23. Thus, B&VéenRi/ls
the pressure of the pressurized fluid 25 supplied to the pressure chamber 22
adj acent to the central bag B is considerably higher than the pressure of
the pressurized fluid supplied to the pressure chanber 24 defined in the
central bampd halgehidh- predser e ifnlquitdbedPaesdt the tieg 3dulte holaRR 2RD ~
central bag 8 is prevented fromflowing into the | ower portion of the
central hdtheBeQing,| &g pasidionf ande rggéosuin ehithetheresessinedidtas d
supplied to the Eressure chanber 22 or 23 adjacent to the ring tube 9 is
consi der abt§ BPEREPLLAAN cEife APk Bshre faNURE pHesaoePreéanee uiwdtiuppié ed to
the pressure chanber 25 defined in_the ring tube 9, the high-pressure fluid
adj acent t&-FHERITHER e B9 sthhievEhtRdtd riotn B bR i a4kt oldhecOFonerin
portion of the ringgtube 9. Therefore, the,grotrusions Sla, 91a can w den

the rarge VG e¥SHAS c IitG of UPHEERLR BHP1EHDTHQORAEESTHPe CHANBEPE, i

t her eby pressing the sen conductar  wafer stfably,.The_ el astic nbr ane
b 6y ey, R b one R ke e AP M TR cr e 157 el da an
inelastic _nmenber, EIG 6A shows an e e, in ich,the el asti.c 15 nenbr

91 of tlhe ?‘:anlfgc nudbuecwﬁa%&s?%et%us?ag)éggg&%dlt hi ﬁiér(zh?ﬁgﬁ £ etlél‘ﬁ'f e ane

orouant AL AT T She SLASE B 6o 6 BRSNS 3 AP

R L A R e e v

pressuipe between the central bag 8 and the ring tube 9, and the
pressure chamber 23 surrounding the ring tube 9.

A polishing apparatus according to a second
embodiment of the present invention will be described below
with reference to FIGS. 7 through 11. FIG. 7 is a vertical

15 cross-sectional view showing a top ring 1 according to the
second embodiment. Like parts and components are designated
by the same reference numerals and characters as those in the
first embodiment.

In the second embodiment, as shown in FIG. 7, the

20 top ring 1 has a seal ring 42 instead of an elastic pad. The
seal ring 42 comprises an elastic membrane covering only a
lower surface of a chucking plate 6 near its outer
circumferential edge. In the second embodiment, neither an
inner suction portion (indicated by the reference numeral 61

25 in FIG. 2) nor an outer suction portion (indicated by the
reference numeral 62 in FIG. 2) 1is provided on the chucking

plate 6, for a simple configuration. However, suction

portions for attracting a semiconductor wafer may be provided
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in the pressure chanbers can appropriately be Iimted. As described above,
the distribution of the thin filmformed on the surface of the 01 APP 2005
sem conductor wafer varies depending on a deposition nethod or a deposition
apparatus. 25 According to the present invention, a substrate hol ding
apparatus can change the position and size of the pressure chanbers for
appl yi ng tdme threesshugkingcelttet Ite sem edtiduther fiwafererbionimentty chetnge of
the central bag 8 and the central 35 i 1 PR 7(Q bag hol der 82, or the ring
tube 9 ancsele rimg #@bdshohalke 9f. a Thgheloretreme podi dumabded regiean in
which the pressing force is controlled can easily be changed in accordance
with the mitswdieBusiueh oF ehbyLRNg Prrayiengerpopesheatiaylerivrianylane 5

ot her words, the substrate hol di ng apparatus can cope with various

t hi ckness ‘RERALYBRL offEPI3E) hhePe AV WEPHIANG oF Welbeon ERAE1CSBAT EoMEEt oroMaf er
to be polished. The change of the shape and position of the central bag 8
or the>ri ecd-b‘é‘eQ | eads to the change of the size of the pressure chanber

22 iti d 10 bet th t dt be 9, dth
pressure chamber 23 S aﬁ%ﬁér‘q%i 79 PaRE 9edaipoPREhi g SHARR aiAE
di d di t th t |l be d bed
Dol ow w4 ARG R G 8 Mt D H &f Pre it fons et
. d
crboa monceL o 4o SR it ale BB 2‘@3%%383859#89 S5 PRe: S re ence

gﬁbﬁg{jmng&%agg hlz]%%tselraﬁ rgaaétaasﬁ,etokge&hsdgé' emsgaogéﬁ@@én 10, the, segepd

10 plate 6 and a holder ring 5, as with the elastic pad 4 in the
first embodiment. The semiconductor wafer W has a recess
defined in an outer edge thereof, which is referred to as a
notch or orientation flat, for recognizing or identifying the
orientation of the semiconductor wafer. Therefore, the seal

15 ring 42 should preferably extend radially inwardly from the
innermost position of the recess such a notch or orientation
flat.

A central bag 8 1is disposed centrally on the lower
surface of the chucking plate 6, and a ring tube 9 is disposed

20 radially outwardly of the central bag 8 in surrounding
relation thereto, as with the first embodiment.

In the second embodiment, a semiconductor wafer W
to be polished is held by the top ring 1 in such a state that
the semiconductor wafer W is brought into contact with the

25 seal ring 42, an elastic membrane 81 of the central bag 8, and
an elastic membrane 91 of the ring tube 9. Therefore, the

semiconductor wafer W, the chucking plate 6, and the seal ring

42 Jjointly define a space therebetween, instead of the space
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20 top ring 1 has a seal ring 42 instead of an elastic pad. The seal ring
42 conprises an el astic nmenbrane covering only a |ower surface of 1 APR 2005
chucking plate 6 near its outer circunferential edge. In the second Y
enbodi ment, neither an inner suction portion (indicated by the reference
nuneral 61 25 in FIG 2) nor an outer suction portion (indicated by the

ref erence dwiiatead 152 dhe HiGstA)k padpraodi drd ohutkhenghplkiagin pliad efistfor a
si npl e configuration. However, suction portions for attracting a

sem conductndsodiafesrt .mayrHies pEpadeded 3BiviHed ARRAMaE plorradlheye lufckdpeg-gd at e
6, as with the f irst enbodinent. The seal ring 42 is made of a highly
strong and{skawil eprefrbere cparrerd) shichtlas eehiyit@hebpygopylkede theblbeimg

(et hyl ene-propyl ene terpolynmer (FPDV ), polyurethane rubber, silicone
rubber, ortul®tife |ik¥pedhiadadly i ag BRessupe ovdlcerbem gdchia wedfiimadat
the |l ower surface of the seal ring 42 is brought into contact wth the
upper Sur RN tHhe EHRETHdRAD S iferthy THY delte i MU 2 mEestYsflial |y
out er edge cl anped between .t he chucking 10 plate 6 and a holder ring 5, as

with the efBARY fau £ detined fafdelikpodFiertly e S¥idaddebs: waf er W
has a recess defined i’fn.dam out er edgf tE rel%, ichis ref.er.red%%as a
notch or orientation 5t PJFSIEHgNT zi ‘g'o i GEft iy i IRPRTHE 16T i S i on
of the sem conductor, wafer. Therefore,. the seal 15 ring,42 . shoul.d preferably
oxtend T adts ISP, OB AH® AT E e Rocest Slioh a

not ch or ofi et Ati . ddAlre RrafB 228t 8pkasdhoRoSR SN A | d A dde

10 in the central bag 8, and an intermediate pressure chamber
(fEirst pressure chamber) 25 defined in the ring tube 9,
respectively. The pressure chambers 22, 23, 24 and 25 are
connected to the compressed air source via respective
regulators connected respectively to the fluld passages 33,

15 34, 35 and 36. The regulators connected to the fluid passages
31, 33, 34, 35 and 36 of the pressure chambers 21 to 25 can
respectively regqulate the pressures of the pressurized fluids
supplied to the pressure chambers 21 to 25, for thereby
independently controlling +the pressures in the pressure

20 chambers 21 to 25 or independently introducing atmospheric air
or vacuum into the pressure chambers 21 to 25. Thus, the
pressures in the pressure chambers 21 to 25 are independently
varied with the regulators, so that the pressing forces can be
adjusted in local areas of the semiconductor wafer W. In some

25 applications, the pressure chambers 21 to 25 may be connected
to a vacuum source 121.

Operation of the top ring 1 thus constructed will

be described below.
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surface of the chucking plate 6, and a ring tube 9 is disposed 20 radially
outwardly of the central bag 8 in surrounding relation thereto, as W #ff e
first enbodinment. in the second enbodi nent, a sem conductor wafer W to be
polished is held by the top ring 1 in such a state that the sem conductor
wafer Wis brought into contact wth the 25 seal ring 42, an elastic
menbrane 81 of the cédftigral thhags8niandduatoel asfex Werdsr are 181 déliheredng
tube 9. Therefore, the sem conductor wafer W the chucking plate 6, and the
seal ring tai2thei mdlislefrimeappgpates hahebetoweminignst edd ofiovdd $pace 37 P
1 APP HE defined by the elastic pad and the chucking plate in the first
enmbodi nmentposHHiisTs far evliichli Vel eglemirondugian afdfiar df Spadebivemetonand
pressure chanbers) by the central bag 8 and the ring tube 9. Specifically,
a pressurettthafBeEr2d Paddet i aBd Fhsetieh theecéntad® BHEPBigAd Witd rang
tube 9, and a pressure__ chanber 23 is defined radial I%/ outwardly of the ring

t ube 9_.5 ﬁ?qﬁﬁfuﬁf%e@% wndens? JRECIBELTMATE i PP HNd RERREERSr s
OO C g 4 B 234 TS B0 2 SO PSRRI chogbe
ntered! ale preaonl = Glagien G ek REESRULE ehanben) 20 deliasdia the
Comeot O e P2 ERAEA BSOS AT bRy LB 3L o, cogpect o
Connect o0 e ' SUSERE slrel Sl FouAllh Sasladdl 1SS
pressufg zegb fd1HfSa negative pressure in the pressure chambers 22, 23
for thereby attracting the semiconductor wafer W under vacuum.
For polishing the lower surface of the
semiconductor wafer W, the semiconductor wafer W is thus held
on the lower surface of the top ring 1, and the top ring air
15 c¢ylinder 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 the polishing surface on the
polishing table 100 under a predetermined pressure. Then, the
pressurized fluids are respectively supplied to the pressure
20 chambers 22, 23, the central pressure chamber 24, and the
intermediate pressure chamber 25 under respective pressures,
thereby pressing the semiconductor wafer W against the
polishing surface on the polishing table 100. The polishing
liquid supply nozzle 102 then supplies the polishing liquid Q
25 onto the polishing pad 101. Thus, the semiconductor wafer W
is polished by the polishing pad 101 with the polishing ligquid

Q being present between the lower surface, to be polished, of

the semiconductor wafer W and the polishing pad 101.
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supplied to the pressure chanbers 21 to 25, for thereby independently
controlling the pressures in the pressure 20 chambers 21 to 25 or 01°APR 2005
i ndependently introducing atnospheric air or vacuuminto the pressure
chanbers 21 to 25. Thus, the pressures in the pressure chanbers 21 to 25
are independently varied with the regulators, so that the pressing forces

can be adjusted in Iggal 18¢£RSapéas hersenkCeRAUehARUBRELE! WAk kN 1S 12D
applications, the pressure chanbers 21 to 25 nay be connected to a vacuum

sour ce 12larpgicatitdbnet t benkapnr i fige 1 grlutsgensthusbedsw pp, bes desed i bed
bel ow. 38 11i APR ?1]5 Wen the sem conductor wafer Wis to be delivered to

t he pol i shirgssppaidd isst ttiee t pplishgnd padmovedundes thesigriedsureswmofh the
sem conductor water Wis delivered, and the central bag 8 and the ring tube
9 are suppthedemetdual Zedr £bsins zedppl ued tndéhea pgresdatrer mhaadtbepsessiy e f or
bringing the lower surfaces of the central bag 8 and the ring tube 9 into
cl ose SontZaki withe t hecapparesurpbcdahel sericamunbmducwafer waf echgd 1is
Thereafter, the pressure chanbers 22, 23 are connected to a vacuum source
via the flpp9lpaymeydergntinihey amntgale B ss Weg@hapb eyt eds dre preg YR
pressure chanbers 22, 23 for thereby attracting the sem conductor wafer W
under vacu{ka tm%reb%ﬁt%%i%ﬁm?ﬁ%n¢o§£r°§th8c§eBFrﬁﬁeb§8nﬁcéﬁﬂﬂé¥%ﬁ i er W
t he sem conductor wafer Wis thus held on the | ower surface of the top ring
1, and thePoPiing Bad 10k wAshdde iprestife@ledhd RIRS P39S BHide

shaft 11 Iéﬁpplied to the central pressure chamber 24. The local area

10 of the semiconductor wafer W that is positioned beneath the
intermediate pressure chamber 25 1is pressed via the elastic
membrane 91 of the ring tube 9 against the polishing pad 101
under the pressure of the pressurized fluid supplied to the
intermediate pressure chamber 25.

15 Therefore, the polishing pressures acting on the
respective local areas of the semiconductor wafer W can be
adjusted independently by contrclling the pressures of the
pressurized fluids supplied to each of the pressure chambers
22 to 25. Thus, the semiconductor wafer W is divided into the

20 concentric circular and annular areas, which can be pressed
under independent pressing forces. The polishing rates of the
circular and annular areas, which depend on the pressing
forces applied to those areas, can independently be controlled
because the pressing forces applied to those areas can

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

on the surface of the semiconductor wafer W can be polished
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actuated to press the retainer ring 3 fixed to the lower end of the top
ring 1 against the polishing surface on the polishing table 100 undetPRa(;
predet erm ned pressure. Then, the pressurized fluids are respectively
supplied to the pressure 20 chanbers 22, 23, the central pressure chanber
24, and the internedi ate pressure chanber 25 under respective pressures,

thereby prgessi-Raithe; Leopdugto ﬁtgﬂai 11§ | ace on
t he poli s#?ﬁ'g tat% e%llgggb%he pg%’i %rﬁig\%gﬂclui\%ui gﬁ)[ﬁ%ﬁ%ﬁ%ﬂggﬁﬁﬁgﬁa

suppl i es e ePQldetiifiGal1gyi &vdr25i ONtRe t BRiPRAESA B9 BARE 181n Hium tde
sem conductor wafer W is polished by the polishing pad 101 with the

pol i shi ng Hd qpbdisRebei oy pieseaurfateeestt hd owemisbhliaeeort owdeePpolw shed,
of the sem conductor wafer Wand the polishing pad 101. 39 0 1 APR 20H The
| ocal ar eal fdfertshelepemdionduet dhewafatidl/ tgwatit imre qroside ol daenattdort he
pressure chanbers 22, 23 are pressed against the polishing pad 101 under

t he présswagsroW, tiie pmssuniez et fd ypwss suppldiethider thues ijriesedr evelramber s
22, 5 23. The local area of the sem conductor wafer Wthat is positioned
beneat h t Féickerr @repr efsthe thanbéilr4issmpdeshighewithamethsd gotdssunsnbr ane
81 of the central bag 8 against the polishing pad 101 under the pressure of
t he pressum zQadPW%‘élrengﬁmb@é postihaopedt oaerpreestiirnehagber 24, thse

| ocal area 10 of the sem conductor wafer Wthat is positioned beneath the

i nt er medi e priesSur eCEh&RBePIES U prEdsad Preasthe ahaswe masirianedl of
the ring tube 9 agai_ nst the gol i.shing pad 101 under the_pressure of the
pressuri z&YS @ dEREPPET e@FED Phe thenttdiimedt Hi® 15 c884R e LOHSRD &N 2SS the

10 pressure in a pressure chamber positioned over a thicker area
of the thin film. In this manner, the pressing force applied
to the thicker area of the thin film is made higher than the
pressing force applied to the thinner area of the thin £f£ilm,
thereby selectively increasing the polishing rate of the

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

When the semiconductor wafer W 1is polished, the

20 seal ring 42 is brought into close contact with a part of the
upper surface of the semiconductor wafer for thereby sealing
this space. Hence, the pressurized fluid is prevented from
flowing out to the exterior of the pressure chamber 23.

When the polishing of the semiconductor wafer W is

25 finished, the semiconductor wafer W is attracted under vacuum
in the same manner as described above, and then the pressure
chamber 21 is vented to the atmosphere or evacuated to develop

a negative pressure therein. After the semiconductor wafer W

41



15 Therefore, the polishing pressures acting on the respective |ocal areas
of the sem conductor wafer Wcan be adjusted independently by conw %ﬂuqﬁ
the pressures of the pressurized fluids supplied to each of the p

chanmbers 22 to 25. Thus, the sem conductor wafer Wis divided into the 20
concentric circular and annul ar areas, which can be pressed under

i ndependenfs pressidiged,orees. efberpoltiophifNighg al edsofmdvrl €b r aul @ss Bicbn
annul ar areas, which depend on the pressing forces applied to those areas,
can i ndepdmdant ¥yidle ddvet r ekinédontdecaus e wadferpressisng tboribes dgphlvackd 0

t hose areas can 25 independently be controlled. Consequently, even if the

t hi ckness Tafena tehifdufiid much Be Foinpsiessedn atiife osuef acetolret led wemiegaduct or
wafer Wsuffers radial variations, the thin film on the surface of the

seni condu@ner PHEReMaREEaASheIpeErehka e osamEmAuEamivadian W Wishdile bei ng
insufficiently or excessively polished., Mre specifjcally, even if the

t hi cknéss R ithePd$iasds | At o 34bet?)oFP§ﬁéﬁeaﬁ:h[ene5%r&¥‘¥%FE@Qﬁort hgafer W
senlcondugior mafer W differs dependln on t he radi al, positigon on the

sem condudtt&™ 5tR&f &Ry THRE HressJFé SASELGr &S|P?oﬂﬁﬁaover
a thicker_area.of the thi S nade her t he, pressure in
pressure éﬁﬁﬁﬁ@# 55 t dﬂ5£'9V%ria??ﬁ%H3 Q t tP% BLPE heRsy %he
pressure | RLESSUL e Qsi;tkon QV. a th|n of the thin
filmis rra(?ee1 ohrOu hg?%gb%fgrégs%}qe‘@?%l% ﬁ?"éesléur%r%%cerﬁfee&pom oned

over 2 Nl qled Nerd h?BP%kéa‘ cbn 4 Ss RIS edthct&ﬁe paLng hgy ce

applied to't area o e thin fi an t he
pressi;pg ft%rece émakaed Hbshhﬁgthltﬂ%ﬁgﬁr ea; s d hetmbﬂghl ! ”Blo}.es, the

semiconductor wafer W can be smoothly released from the top
ring 1. After the semiconductor wafer W is released from the
top ring 1, most of the lower surface of the top ring 1.is
exposed. Therefore, the lower surface of the top ring 1 can

15 be cleaned relatively easily after the semiconductor wafer W
is polished and released.

Other Examples of the central bag 8 and the ring
tube 9 in the substrate holding apparatus according to the
present invention will be described below. FIG. 8 is a

20 vertical cross-sectional view showing another example of the
present invention, and FIG. 9 is a bottom view of FIG. 8 in
such a state that a semiconductor wafer W is removed.

In this example, as shown in FIGS. 8 and 9, a
central bag 8 has an elastic membrane 81 only at the outer

25 c¢ircumferential edge of the central bag 8, and a circular hole
(communicating portion) 83 is formed in the lower surface of
the elastic membrane 81 of the central bag 8. A ring tube 9

has two elastic membranes, i.e., a radially inner elastic
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t hereby selectively increasing the polishing rate of the 15 thicker area of
the thin film Consequently, the entire surface of the sem conductor wafer
W can be polished exactly to a desired |evel irrespective of the filllmPk 205
t hi ckness distribution obtained at the tinme the thin filmis formed. Wen
t he sem conductor wafer Wis polished, the 20 seal ring 42 is brought into

cl ose cont@gibréineh saepaild af rhdgalupPeatsdr &858t 0F héifoSaiB ocorducRy amaf er
for thereby sealing this space. Hence, the pressurized fluid is prevented

from flowinmplewt dodhe ¢xbamuficatihdeppredsune chapbefoZzmed Winitidem

pol i shing of the sem conductor wafer Wis 25 finished, the sem conductor
waf er Wi schat timaetre b lamteirc weembumand M tehearshneharannsrr ast addsicr ingsab ey e,
and then the pressure chanber 21 is vented to the atnosphere or evacuated
to devel oflfa nedaeissarprzessuf duider eiupplAfter to hehsentenhdatt @rramsfuare W 41
01 &PN 2000 is attracted, the entire top ring 1 is noved to a position from
whi ch fhe d@mbesnddiect apdwdiher Wiernedipdaapiesgune cligmper a2f| Wahtawth as
conpressed air or a mxture of nitrogen and pure water is ejected to the
sem condudhér WEREer \ewirdacke 5Whighd passagegonBacB4 sy fadpase@f hdhe

sem conductor. wafer W framthe top ring 1. If the elastic nenbrane 81 of
the cent SE"YEARIECIRE WRESE ¥stic menbrane 91 of the ring tube 9 have

t hrough hol es defined_in their | ower surfaces, then since dqownward farces
are applied to the s%%ﬁﬁ’ﬁc?&r‘es\ﬁ&f:é?eg\/ gguiﬂstﬁ‘ép?fjcﬁ‘ﬁ 1 g h

hose. v oyl ke e ST SRICHEC! ARl SLalheRn BB s teet Hpgteeaned,
10 are controlied in temperature and the temperature of the
semiconductor wafer W is contrelled from the backside of the
surface to be polished, as described above, the communicating
portions 83, 93 formed in the lower surfaces of the elastic
rmembranes of the central bag 8 and the ring tube 9 can
15 1increase the area in which the pressurized fluid controlled in
temperature is brought into contact with the semiconductor
wafer W. Therefore, controllability in temperature of the
semiconductor wafer W can be improved. Further, when the
polishing of the semiconductor wafer W is finished and the
20 semiconductor wafer W 1is released, the central pressure
chamber 24 and +the intermediate pressure chamber 25 are
respectively opened to the outside air via the circular hole
83 and the annular groove 93. Thus, fluids supplied into the
central pressure chamber 24 and the intermediate pressure
25 chamber 25 are prevented from remaining in the central
pressure chamber 24 and the intermediate pressure chamber 25.
Therefore, even when semiconductor wafers W are continuously

polished, controllability in temperature of the semiconductor
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top ring 1, nost of the lower surface of the top ring 1 is exposed.

Therefore, the |l ower surface of the top ring 1 can 15 be cl eaned requtjll.}ﬁ,ej%
easily after the sem conductor water W is polished and rel eased. ahet " 00
Exanpl es of the central bag 8 and the ring tube 9 in the substrate hol ding
apparatus according to the present invention will be described below FIG

8 is a 20 MeLti galsfr ResmgertLonal, vi ew showi ng anot her exanple of the
a

present invention, and FIG 9 is a bottomview of FIG 8 in such a state

that a sem conductor wyahercf¥ i $ei@BBYadetbl LS EXRMEL, p8sisShOMN ivhd| GS.
8 and 9, a central bag 8 has an el astic nenbrane 81 only at the outer 25

ci rcunf er gitesauredea okltihascenteal shpgl Bed angb a ©idé CUaitOl € pressure
(communi cating portion) 83 is fornmed 1n the | ower surface of the elastic

menbr ane Shadbethe Xent aak bageS. Mmtemeedidie 9 phassiiv® ekbhshbernmerdy.anes,
i.e., aradially inner elastic 42 0 ~ APR 2005 nenbrane 91e and a radially
out er 8l aghiecefierbr, ankedlbweanduafacanofll elfte ge Dantel ¢ cosmhrreatd g HarHda on)
93 is forned between the inner elastic nenbrane 91e and the outer elastic
menbr ane cebtraPr éssurd zeddf [uiiadsicwgpl sedfacet bd cdrd r ahner essdr euaxhanber
24 and the internedi ate pressure chanber 25 contact the upper surface,

whi ch is @lesttactmabrfanas Blet hédlfseaf chhductiong whhoe W When pressed
pressurized fluids supplied to the central pressure chanber 24 and the

i nt er nedi @Ag8LpFEs Slye WhRfhepugbaceg mhachonts othedcppteewpenatare.amf t he

tenperature of the sem conductor wafer Wis contraolled fromthe backsi de of
t he the semiconductor wafer W. Accordingly, even though the

10 circular hole 83 and the annular groove 93 are formed in the
elastic membraneé, the pressurized £fluids supplied to the
central pressure chamber 24 and the intermediate pressure
chamber 25 are prevented from flowing out to the exterior.

In the example shown in FIGS. 8 and 9, a force that

15 causes the circular hole 83 to expand outwardly acts on the
elastic membrane 81 of +the central bag 8 due to the
pressurized fluid supplied to the central pressure chamber 24,
A force that causes the annular groove 93 to expand outwardly
acts on the elastic membranes 9le, 91f of the ring tube 9 due

20 to the pressurized fluid supplied to the intermediate pressure
chamber 25. In order to disperse these forces, a plurality of
circular holes (communicating portions) 84, 94 may be provided
on the lower surface cf the elastic membrane 81, 91 of the
central bag 8 and the ring tube 9, as shown in FIG. 10.

25 As shown in FIG. 11, an annular contacting portion
85 having a sealed fluid therein may be provided at the lower
end of the elastic membrane 81 of the central bag 8. Further,

an (inner) annular contacting portion 95a and an (outer)
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surface to be polished, as described above, the communicating portions 83,
93 fornmed in the |lower surfaces of the elastic nmenbranes of the cenfrapi hpy
8 and the ring tube 9 can 15 increase the area in which the pressurized
fluid controlled in tenperature is brought into contact with the .
sem conductor water W Therefore, controllability in tenperature of the

senj conduGin@h; 1waf eéox’vl’é@@ﬂir!i)c?_ ipHiFtQ\bﬁd-be”bla@h, P‘Mlﬁh hea $ohisdi TIQ__uQB the
sem conductor wafer Wis finished and the 20 sem conductor wafer Wis

rel eased, theed@nthay Wesptbeidedander ti¢ abdwéhe dnd ebediled € 1@l e
chanber 25 are respectively opened to the outside air via the circular hole
83 and t heneahrainer 9dr @dvec @3 . ridyistuldd M .ds Isuphliisecasat, 0 thiee congricrtding
pressure chanber 24 and the internedi ate pressure 25 chanber 25 are

pr event ed fdorgrmomsne i n§San Ohd cord rpresgprdssgatnsharber semigaddulodor

i ntermedi ate pressure chanber 25. Therefore, even when sem conductor wafers
W are Bontiafg@susWy byold siwessesaeed| | biid t puppliiedpetrat the obressure

sem conductor 43 tj | APR 20K wafer Wcan be nmintai ned. Wen the

seni conduhGabRAT e LW i @angolNefived, thEe PRIRESEIR | FEdTPREBds2ar e Suppltibed to
the central pressure chanber 24 and the internediate pressure chanber 25. 5
Ther ef or e COHE YLowRFeSERFAc ENGIPLRe €1 asfPE riEthr dREeBNedia e PrESFITS bag
8 and the lLower surface of the inner and outer . el astic nenbranes 9le, 91f

of the ri AGHWEE 9 % e esSRPPATH R t 6 r i add® WiPCH 3¢ e
SO aCt SULlatelps, L IRSIATINN el ll decortindltr ien iguan he

10 85, 95a, 95b pressed against the semiconductor wafer W are
deformed to increase the area in which the contacting portions
85, 95a, 95b are brought into contact with the semiconductor
wafer W, so that the force applied to the semiconductor wafer
W becomes larger. However, adjustment of the pressure in the
15 pressure chamber 21 can prevent an excessive force from being
applied to the semiconductor wafer W by the contacting
pertions 85, 95a and 95b. The examples shown in FIGS. 8

through 11 can be applied to the first embodiment.
A polishing apparatus according to a third
20 embodiment of the present invention will be described below
with reference to FIGS. 12 and 13. FIG. 12 is a vertical
cross—sectional view showing a top ring 1 according to the
third embodiment, and FIG. 13 is a bottom view showing the top
ring 1 of the FIG. 12 in such a state that a semiconductor
25 wafer W is removed. Like parts and components are designated
by the same reference numerals and characters as those in the

second embodiment.

In the third embodiment, as shown in FIG. 12, the
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el astic nenbranes, the pressurized fluids supplied to the central pressure
chanber 24 and the internedi ate pressure chanber 25 are prevented an&P 05
flowng out to the exterior. In the exanple shown in FIGS. 8 and 9, A foﬁc ’
that 15 causes the circular hole 83 to expand outwardly acts on the

el astic nenbrane 81 of the central bag 8 due to the pressurized fluid

supplied ggpt E‘@nge@t hak HBeéiH%iEh?HHeén&‘lno fed Oreend haty calpss It e
annul ar groove 93 to expand outwardly acts on the elastic nenbranes 9le,

91f of the hhBYahUBBnA18WecERctR1t By PREB@N i Zed drdiidh sRllpd d1adthe
i nternedi ate pressure chanber 25, In order to disperse these forces, a

pl uralitymehbrehecgharihalesd (£0MEei 6atbhAJcRoctinOB8EenBal 944G8Y olfe Hieovi ded
on the I ower surface of the elastic nenbrane 81, 91 of the central bag 8
and the ricegtirabe b3g aolstewngt n FAGeit@ulab Aslehasn i Fbfmedlinarchannul ar
contacting portion 85 having a sealed fluid therein may be provided at the
| oner 5endowkrt baréhast of thebehastBd roédmbiene it refl theg dnthalt herg, 8 ,an

(i nner) annul ar contacting portion 95a and an (outer) 44 ii i Arrl~ ?poll
annul ar cest aé¢thnghpoekanpl8SsheamhimadiGRy 8 seal &d fluid therein may be
provided at the |ower end of the elastic nenbrane 91 of the ring tube 9. In
this case, the conta@hieng riggtiowse 852 958, 9I8Mndresl prassed agaisistiarhe
sem conductor 5 wafer Wby a pressurized fluid supql ied to the pressure
chanmber 2ECrigErRBAEBIt héd-Pr eSRAr ecBRgHbemsipheral t HROrteah r aPfpr ddsur e
chanber 24, and the internedi ate pressure chanber 25 are respectively

seal ed wi ERPERENEBAREREL FRGSIpHi-t i RS S5 NDSPD5h. hag aRi dnPere elafdic

Contaféin%eggggkgngle and an outer elastic membrane 91f, and an annular
groove 93 is formed between the inner elastic membrane %9le and
the outer elastic membrane 91f, as with the example shown in
FIGS. 8 and 9. An annular auxiliary holder 96 i3 disposed
inside of a ring tube holder. The inner elastic membrane 9le

15 of the ring tube 9 has a protrusion protruding radially
inwardly from the upper end thereof. The protrusion is held
by the auxiliary holder 96, so thaﬁ the inner elastic membrane
91e is held securely.

The elastic membrane 81 of the central bag 8 has a

20 protrusion 81b protruding radially outwardly from the lower
circumferential edge therecf. The inner elastic membrane 9le
of the ring tube 9 has a protrusion 91g protruding radially
inwardly from the lower circumferential edge thereof. As
described in the example shown in FIG. 5, these protrusions

25 can widen the range of pressure control, for thereby pressing
the semiconductor wafer W against the polishing surface more
stably.

The chucking plate 6 has inner suction portions 61
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10 85, 95a, 95b pressed against the sem conductor wafer Ware deforned to
increase the area in which the contacting portions B5, 95a, 95b are br &tkghif}
into contact with the sem conductor wafer W so that the force applied to

t he sem conductor wafer Wbecones |arger. However, adjustnent of the
pressure in the 15 pressure chanber 21 can prevent an excessive force from

bei ng  appldehitet heuselt s oparel Ohs ek ekoW Q)ﬂti:ﬂ@tﬁﬁ?t aCtdeitd cdMRIdtRs 85,
95a and 95b. The exanples shown in FIGS. 8 through 11 can be applied to the

first enbggirmenty Aheelkitshi ngs appahatitse agLos€i Rgbbaindechhblrd TRO gheg ment
of the present invention will be described below with reference to FIGS. 12
and 13. Fls@ctlidn portiens ¢dl arer eisposetd dnalidei eW shewcegtaalopaki sy |
according to the third enbodinent, and FIG 13 is a bottom vi ew showi ng the
top ringadndfthdeckter khdtimuchoat it €62 hatrea dispasstubtbwedh walfeer W
is renoved. Like parts and conponents are designated by the sane reference
nuner abs amchtaladr batgeBs aasd theseing thee %econd enbodinent. In the third
enbodi mrent, as shown in FIG 12, the 45 1) ~ Ap~ 110T) top ring 1 has Do

el astic pad and no sdal thiengrreseentemiodiagnts hthe memdcondactoentwadlerbag
hol der 82, and an annular elastic nenbrane 81 is held at the outer

ci rcunf er éht{al bedgeléshede iscdmthchl bbagh@otapr rdng A din caieh Bolsda8® i s
formed in the 5 | ower surface of the elastic nenbrane 81 of the central bag

8, as witHathetkxafipmeceRIMFtIn KRERE & difd REOUHYE iR t G8BTOCES Wit ed

at a position corresponding to éhe 8'1“ er R%ri ;%heral ortiaon of the
the elastic membranes ‘ e, 9 of the central bag 8 and

10 the ring tube 9. Therefore, the central bag 8 and the ring
tube 9 Jjointly define a pressure chamber 22 between the
semiconductor wafer W and the chucking plate 6. As described
above, the ring tube 9 is mounted at a position corresponding
to the outer peripheral portion of the semiconductor wafer W,

15 and a pressure chamber (indicated by the reference numeral 23
in FIG. 7) is not defined outside of the ring tube 9.

Fluid passages 31, 33, 35 and 36 comprising tubes
and connectors communicate with a pressure chambers 21 defined
above the chucking plate 6, the pressure chamber 22, a central

20 pressure chamber (first pressure chamber) 24 defined in the
central bag 8, and an intermediate pressure chamber (first
pressure chamber) 25 defined in the ring tube 9, respectively.
The pressure chambers 21, 22, 24 and 25 are connected to a
compressed air source via respective regulators connected

25 respectively to the fluid passages 31, 33, 35 and 36. The
regulators connected to the fluid passages 31, 33, 35 and 36
of the pressure chambers 21, 22, 24 and 25 can respectively

regulate the pressures of the pressurized fluids supplied to
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sem conductor wafer W The ring tube 9 has an inner elastic 10 nenbrane 9l e
and an outer elastic nmenbrane 91f, and an annular groove 93 is forgeds wre
bet ween the inner elastic nenbrane 91e and the outer elastic nenbrane 91f,
as with the exanple shown in FIGS. 8 and 9. An annul ar auxiliary hol der 96
is disposed inside of a ring tube holder. The inner elastic nenbrane 9l e 15

of the ringet URRBshiae adiatewsi on1protnydi ng ragiqal 125, | e dlipaddapy the
upper end thereof. The protrusion is held by the auxiliary holder 96, so

t hat the iindepeadestile mewntanelifibe ithehelpdeseaweel yinThahe! asitasgidndr ane
81 of the central bag 8 has a 20 protrusion 81b protruding radially

out war dl y chamivetrse Rower22¢i rzaunfanrdent2sal oedgéntibperdént Tihe inmtnerdirdiast i C
menbrane 91e of the ring tube 9 has a protrusion 91g protruding radially

i nwar dl y fatowspherliowerdrcigr uvdewent into ethe phessofe Abkamblessri2ied A1 t he
exanple showmn in FIG 5, these protrusions 25 can w den the range of
pressube édntardl 25 or Tiwes ebyher presagres hénsshec preéssuoe whkewensaddi nst
the polishing surface nore stably. The chucking plate 6 has inner suction
portions @R,4@840anAPR52@rs andepgnrapntiyt Vonigdrvighstiep tegulatansot isy a
sem conductor wafer Wthereto, as with the first enbodi ment. The inner

sucti on pdh@tobes Prepsings 65E8S| AANdRS ordimEteE it aloqsely arcasamf tHe out er
suction porti,ons 62 are disposed between the 5 central bag 8 and the ring
tube 9. | FEHEPFESERE @ﬁ58giWent, t he sem conductor wafer Wto be polished

I's held by the top “W?l%nl tHe Ssljé:rrrl]igozlséu%tt%r wafer W is polished, it is

10 difficult to uniformly peclish the peripheral portion of the
semiconductor wafer W, because of elastic deformation of the
polishing pad or the like or entry of a polishing liquid into
a space between the polishing surface and the semiconductor
wafer W, regardless of the thickness distribution of a thin

15 film formed on the surface of the semiconductor wafer W to be
polished. In the present embodiment, the ring tube 9 is
mounted at a position corresponding to the outer peripheral
portion of the semiconductor wafer W. Further, the width D1
of the ring tube 9 is narrow, and the diameter D2 of the

20 central bag 8 is large. Hence, the pressing force applied to
the peripheral portion of the semiconductor wafer W 1is
controlled to uniformly polish the peripheral portion of the
semiconductor wafer W. Specifically, the ring tube 9 should
preferably have a width of 10 mm or less, more preferably 5 mm

25 or less. The distance D3 between the central bag 8 and the
ring tube 9 should preferably be in the range of 20 to 25 mm
inlthe case of a semiconductor wafer having a diameter of 200

mm, and in the range of 25 to 30 mm in the case of a
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that the sem conductor wafer Wis brought into contact wwth the elastic
menbranes 81, 9le, 91f of the central bag 8 and 10 the ring tube 9., . ., c
Therefore, the central bag 8 and the ring tube 9 jointly define a %}és%ﬁye
chanmber 22 between the sem conductor wafer Wand the chucking plate 6. As
descri bed above, the ring tube 9 is nounted at a position corresponding to
t he out er peRiidgdeiAaltponafer ahvihg sedieemtecteof 36f eimW 15 and a pressure
chanber (indicated by the reference nuneral 23 in FIG 7) is not defined
outside of the ring twhicle. tid updepastsagesedijod3has3baed e scambeidsi g
tubes and connectors comrunicate with a pressure chanbers 21 defined above
t he chuckidetaillatvel 8y ndferneness toe thhapbefe2fed aenbod imen2d theasseniff.e idhanber
(first pressure chanber) 24 defined in the central bag 8, and an
i nt er medi awaulst ebeur appidmler Yo | kbesepradsidiied chantidhg 25 tdethatd manyt he
ring tube 9, respectively. The pressure chanbers 21, 22, 24 and 25 are
connectied tadif idisnss séddai Fassakteny i ddves pect Mader ebiene b s widhmatkt ed 25
respectively to the fluid passages 31, 33, 35 and 36. The regul ators
connect ed 98PaHd- 09 fitPhidEa§edrat, and s3ePyRf Je Fraged tpleyamtd o®hanber s
21, 22, 24 and 25 can_respectively . regul ate the pressures of the )
pressurized fluids sudpl i*xa.'ﬁ3 t c‘?“ﬁ’?ydfﬂ@n:%ﬁ ngefﬁﬁllﬁg‘éss@%"%haﬁﬂb‘?s Bluidy 24
and 25, for_thereby.independently_controllLing the pressures_in the pressure
chanbers ﬂ?s‘cfég,esz43gﬁd g“g’ oﬁﬂi'ndggen Cﬁt £y i?ﬁ‘?od% V1§ dat ‘F’rﬁspﬁ%?afxgatae?r or
vacuum i nto the pressur hamq:%rfs% rzcré 24 cand 2 Thus, the pressures
in the pr e%%s[ﬁ'aegeg%'anb%eér“%v%f' : % mfgta?’éf :{g“ egfelhud‘édjntqayssva ei%eoa TWth
the rq_gbul al].:l'% Spré&?sure chambers may be modified 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. For example, these passages may be joined
to each other, or the pressure chambers may be connected to
15 each other.
The pressure chambers 22, 23 may be connected to
the pressure chamber 21 to form one pressure chamber, without
the fluid passage 33 communicating with the pressure chamber
22 and the fluid passage 34 communicating with the pressure
20 chamber 23. In this case, the pressures in the pressure
chambers 21, 22, 23 are controlled at an equal pressure by a
pressurized fluid supplied via the fluid passage 31. If it is
not necessary to provide a pressure difference between the
pressure chamber 22 and the pressure chamber 23, and the
25 pressures in the central pressure chamber 24 and the
intermediate pressure chamber 25 are not larger than the

pressures in the pressure chambers 21, 22, 23, then the above

arrangement can be adopted to dispense with the fluid passages
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that the pressing forces can be adjusted in |ocal areas of the

sem conductor wafer W Wen the sem conductor wafer Wis polished, itiigR 0
difficult to uniformy polish the peripheral portion of the sem conductor
waf er W because of elastic deformation of the polishing pad or the like or
entry of a polishing liquid into a space between the polishing surface and
t he sem c@ujuctiar, W@Eertﬂ\éréb?ar&léteﬁéasﬂifng? hehehi gkrbes dbst ridit igmief a
thin 15 filmformed on the surface of the sem conductor wafer Wto be

pol i shed. gdasdduespaesie st npiidgimgnthet Beuid noadsdeeO. is nounted at a
position corresponding to the outer peripheral portion of the sem conductor
wafer W Further, théherdtbh® inokrt Bectiog tpnoeei®nss fiar aod, taed diter
dianeter D2 of the 20 central bag 8 is large. Hence, the pressing force

appl i ed t cudthenpeapiers @brarenpobvided sem tbadebuckingf plavei §, as
controlled to uniformy polish the peripheral portion of the sem conductor
waf er W S%cthﬁcaﬂlllgﬁttﬁedrlﬁglltdlbéﬂ@oéhman’és prefter ably Maveaguwpdtits of 10
nmor |ess, nore preferably 5 mm 25 or | ess. The distance D3 between the
central bé’g‘%tz%ﬁ’d Yhethei AdulghePapsaans o pr ed8r SOMPUBACARing e WidRgd st 20
to 25 mm in the case of a g?m condyctor wafer having a d| aneter of 200 nmm

and in t héYHigL ROBELRS 3 bm t C%Js%o oPr&SAgr17¢d | LApRAFy may be

sem conduct or wafer di anet er of whi | the resent nventlon
as been” UETIEEN 1 b e b PP TS chibe 10 ¢ hE ARG rer&%ﬁ

t hereof, it N ul d beg{)ar%r}:t tothase Killed.n the art tt%alt r&n

modi f i cat i BnsKn P THTS A b Ehe‘s‘rueci SR HRFons

10 supply of the pressurized fluids to the pressure chambers 22,
23 can be performed with one respective passage. Hence, it is
not necessary to provide two fluid passages, i.e., the fluid
passages 33, 34, for thereby decreasing the number of the
fluid passages and simplifying the f£luid passages.

15 In the first and second embodiments, the chucking
plate 6 has a protuberance 63 projecting downwardly from the
outer circumferential edge therecof for maintaining the shape
of the lower peripheral portion of the elastic membrane 4 or
the seal ring 42 (see FIGS. 2 and 7). However, if it is not

20 necessary to maintain the shape of the elastic membrane 4 or
the seal ring 42 because of its material or the like, then the
chucking plate 6 does not need to have such a protuberance.
FIG. 14 is a vertical cross-sectional view showing a top ring
1 in which the chucking plate 6 has no protuberance 63 in the

25 first embodiment. In this case, the semiconductor wafer W can
uniformly be pressed from the central portion thereof to the
outer peripheral portion thereof. Further, the semiconductor

wafer can easily follow the large waviness or undulation on

50



departing fromthe spirit and scope of the present invention. 1In the

embodi ments described above, the fluid passages 31, 33, 34, 35 and 36124 s[5
provi ded as separate passages. However, the arrangenent of the fl ui(f '
passages and 10 the pressure chanbers may be nodified in accordance with

t he magni tude of the pressing force to be applied to the sem conductor

waf er W anrthe e 1pesiihigogut@aphl ch the pressing force is applied. For
exanpl e, these passages may be joined to each other, or the pressure
chanbers may he conneui eghd cembdd Aaeht ot hescr Thed pabssd| e thbaderisdzg 23
may be connected to the pressure chanber 21 to form one pressure chanber,

W t hout tshe fadcel dipassageiBB8tedmiyni ¢t | pgluwshhngheaar.essHoeechbapbathe 22
and the fluid passage 34 conmunicating with the pressure 20 chanber 23. In

t hi s case,pdlishgngs surefaden ihenpteddmieedchanbsris 21, F@R, e2a3mapide, cariter ol | ed
at an equal pressure by a pressurized fluid supplied via the fluid passage
31. if5it godishdngnesedagey ey provpratatpred shiy ea df ixed ederabictewefhche
pressure chanber 22 and the pressure chanber 23, and the 25 pressures in the
central pridsest @DEREHE: 154 LRRACHNENtP N2 of btk Rt At e reni s dhmRua i ar e

not | arger than thec%&%zsures in the pressure chanmpers 21, 22, 23, then the
above ar RIS Bioft SRR sp¥hER hilen tHeed| abgapa¥sagdd o ~
1~ VP H6 33,, .34,. for thereby decreasing the nunbher of the fluid passages
and si ol IS e BEPUEG op 485 BIELOTURRrPY HENG (G SR (RAF o IRe 9T and

the outer  SUSHQl PYLRONeNE? 31GcRM0¥LESS: 80, the fhucking plaks &: 38
10 comprises abrasive particles, a binder, and pores. For
example, cerium dioxide (CeO,) having an average particle
diameter of 0.5 gm 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

15 abrasive pad having a two-layer structure formed by a thin
layer of a fixed abrasive and an elastic polishing pad
attached to +the layer of the fixed abrasive. IC-1000
described above may be used for another hard polishing
surface.

20 As described above, according to the present
invention, pressures in a first pressure chambers and a second
pressure chamber can be independently controlled. Therefore,
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

25 of the thin film, thereby selectively increasing the polishing
rate of the thicker area of the thin film. Conseguently, an
entire surface of a substrate can be polished exactly to a

desired level irrespective of the film thickness distribution
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5inthe first and third enbodi nents, not only a vacuumis created in the
fluid passages 37, 38 communicating vmth the suction portions 61, 62 péﬁ
al so pressuri zed f1ui ds may be supplied to the fluid passages 37, 38! A 005
this case, suction of the sem conductor wafer in the suction portions 61,
62 and 10 supply of the pressurized fluids to the pressure chanbers 22, 23
can be perdyam@davaith teee tiegpeaki YRiRagsdgeis Hahe@dJdt IS not necessary to
provide two fluid passages, i.e., the fluid passages 33, 34, for thereby
decreasi ng the nunberFudftHdre &kvobddpagsages tird pirepentyi bagvéheidh pi d
Passages. 15 in the first and second enbodi nents, the chucking plate 6 has
a prot uberamiacdl3 peopect | aogndowsaar th y Holohinghemembeer f£or cudderablyt edge
thereof for mmintaining the shape of the |ower peripheral portion of the

el astic newdichmy 420r eldsdisearembrgnad? (Oseeti® GBol@iagd miymberHomBverhe i f it
is not 20 necessary to mamintain the shape of the elastic nenbrane 4 or the
seal rPng @nUsstauBember| tis ndeERFARPEY miNtade ORheh SHPPOERUAIGTED ate 6
does not need to have such a protuberance. FIG 14 is a vertical

cr oss- sectiesgs, iy & h‘?ﬁ\ﬂf@ HeRBpARe ngr Fhpn CRREERtt METERECIGARy Y G has

no protuberance 63 i 25 first enbodinment._ In this case, the
sem condud®orE S qN‘@a‘ﬁ‘ PR P Pe %%@&P%Hmrt ﬁé‘ecé?ﬁsﬂé:lloﬁbraﬂcbn

t hereof to the r V\);e heral ortr on ereof . Further, e sem conduct or
waf er can E&i 1Y Fowr % IBF@@ Vv’é‘r?r 6F i EF?OEEGHH 0 RGP0
t he poli shr surface di nent scrr ed aboy | i shi ng
surface is ri: & t (P8 by tﬁgaﬁg?ﬁqsh?ﬁgp%é Howe 8PS t g E ROlisHYd

10 membrane or the contact member. Therefore, a substrate

holding apparatus according to the present invention can
easily cope with various thickness distributions of a thin
film formed on the substrate to be polished at a low cost.
In a substrate holding apparatus comprising a seal
15 ring, the lower surface of the support member is not covered
after the semiconductor wafer is released. Therefore, a large
part of the lower surface of the support member is exposed
after the semiconductor wafer 1is released, so that the
substrate hclding apparatus can easily be cleaned after the
20 polishing process.
Furthermore, a protrusion radially protruding from
a circumferential edge of the elastic membrane of the contact
member 1is provided on the lower surface of the elastic
membrane. Therefore, the protrusion is brought 1into close
25 contact with an elastic pad or a substrate by a pressurized
fluid supplied to the second pressure chamber to prevent the
pressurized fluid from flowing into the lower portion of the

contact member. Hence, the range of pressure control can be
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polishing surface is not limted to this. For exanple, the 5 polishing
surface may be constituted by a fixed abrasive. The fixed abrasive is. . ...
formed into a flat plate conprising abrasive particles fixed by a il & 2005
Wth the fixed abrasive, the polishing process is perfornmed by the abrasive
particles self- generated fromthe fixed abrasive. The fixed abrasive 10
conpri ses AV P apésd eehe AshbBdLhteaRGaRAEES £hEO o IHIRIE ) s G BN

di oxi de (Ce@2) having an average particle “diameter of 0.5 amis used as an
abrasi ve pard @ltablgnd epoxy resin is used as a binder. Such a fixed
abrasive forns a harder polishing surface. The fixed abrasive includes a
fixed 15 abrasive padltdvugh a dex-aliayerpretfeucidr e drdiodrchealmysa tdd n tHeayer
of a fixed abrasive and an elastic polishing pad attached to the |ayer of

t he fixed miErsasity elnvie@-tiOR0 hades dreame s haboy exnth yddse nided fior detatiier tard
polishing surface. 20 As descri bed above, according to the present

i nvent Pon,shendsk upes updezstppdt thads surrleumnbbasgand aads evohtl Lpreswms e
chanmber can be independently controlled. Therefore, a pressing force

appl i ed t d\a¥ tbg cRafeaitlgrefing wifheuti |darsat inge e HigheropRa®fa Pressi ng
force applied to a thinner area 25 of the thin film thereby selectively

i ncr easi nPRAFRASS idRiA§- rate of the thicker area of the thin film
Consequently, an entire surface of a substrate can be polished exactly to a
desired |l evel irrespective of the filmthickness distribution 51 5 i APR
2905 obtained at the tine the thin filmis forned. Further, according to the
present invention, a
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contact nenber conprises a holding nmenber for detachably holding an elastic
menbrane, or the hol ding nenber of the 5 contact nenber is det achabll){ 2100
nount ed on a support nenber. Hence, the elastic nenbrane or the corqt aﬂ@E‘ £eed
menber can easily be replaced with another one. Specifically, the position
and size of the first pressure chanber and the second pressure chanber can
be changedisitmlyy hwigRangg.of the elastic 10 nenbrane or the contact
menber. Therefore, a substrate holding apparatus according to the present
invention can easily cope with various thickness distributions of a thin
filmformed on the substrate to be polished at a low cost. In a substrate
hol di ng appar atus comrpri &i ngulbstsetie hbldHing, dfeadaoner gotf atelding he
support nenber is not covered after the sem conductor wafer is rel eased.
Ther ef or e,subsitarage tpabe gbltibbedowed pueéateyofaidiessepportte rerbienst s
exposed after the sem conductor wafer is released, so that the substrate
hol di n§ aprdristuisgcan seafidog be cdasahed sfishratise 2 lgldinigshi mpparEdess.
Furthernore, a protrusion radially protruding from a circunferential edge
of the el &5WPRrLy$E®Irrane of the contact mnenber is provided on the | ower

surface of the elastic nenbrane. Therefore, the protrusion is brought into
close 25 contact Wit &Preltdsdi ogadfer Boldbay ratebst@siessurized fluid
supplied to the second pressure chanber to prevent the pressurized fluid
fromflowing into thé&n oﬁgrasﬁc‘JFt i Bad of PEMINCodtECt FERbRTt PEHde, S range
of pressure .control can be 52 ,11 APR 2aa5 wi dened to press the substrate

agai nst t FeF5EASfiing surface

10 a support member for supporting said elastic pad;

a contact member mounted on a lower surface of said
support member and disposed in a space formed by said elastic
pad and said support member, said contact member having an
elastic membrane brought into contact with said elastic pad;

15 a first pressure chamber defined in said contact
member ;

a second pressure chamber defined outside of said
contact member; and

a fluid source for independently supplying a £luid

20 into or creating a vacuum in said first pressure chamber and

salid second pressure chamber.

2. A substrate holding apparatus according to claim
1, wherein said fluid source supplies a fluid controlled in
25 temperature into said first pressure chamber and said second

pressure chamber, respectively.

3. A substrate holding apparatus according to claim
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nore stably. Although certain preferred enbodi nents of the present

i nventi on have been shown and described in detail, it 5 should be 11 APR 2004
understood that various changes and nodifications may be nade therein = :
wi t hout departing fromthe scope of the appended clains. 53 1 | APR What is

clainmed is: 1. A substrate holding apparatus for holding a substrate to be

polished and PA&SSin N 51 Sostlist rAbBoédatadir & & PP| he iy SHehise, £sai d
substrate hol di ng apparatus conprising: a top ring body for holding a

substr at e; d@ttacl a5ly hdlati ny gl clake ieonkatiame! h said 10 15 substrate;
support nmenber for supporting said elastic pad; contact nenber nounted on a
| ower surface of said support nenber and di sposed in a space forned by said
el astic pad and said support nenber, said contact nenber having an elastic
menbr ane brought intolcontatistwidtte swldislgaspperpads actordingressolaim
chanber defined in said contact nenber; a second pressure chanber defined
out si dé of 3 sawtherednt ageidremsdidingndmenbéni dfsoartd fapniameperdbar| yis
supplying a fluid 20 into or creating a vacuumin said first pressure
chanber andetachably mounted on said support member.

5. A substrate holding apparatus according to claim

1, wherein said contact member includes a central contact

10 member disposed at a position corresponding to a central
portion of said substrate, and an outer contact member

disposed outside of said central contact member.

6. A substrate holding apparatus according to claim
15 5, wherein said outer contact member is mounted at a position
corresponding to an outer peripheral portion of said

substrate.

7. A substrate holding apparatus according to claim
20 1, further comprising a retainer ring fixed to or integrally
formed with said top ring body for holding a peripheral

portion of said substrate.

8. A substrate holding apparatus according to claim

25 7, wherein said top ring body comprises a cleaning liquid
passage defined therein for supplying a c¢leaning liquid into a

gap defined between an outer circumferential surface of said

elastic pad and said retainer ring.
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sai d second pressure chanber. 2. A substrate hol ding apparatus according to
claim 1, wherein said fluid source supplies a fluid controlled in 25
tenperature into said first pressure chamber and said second pressuleAf 2003
chanber, respectively. 3. A substrate hol di ng apparatus according to claim
54 11 APRM'5 1, wherein said contact nenber conprises a hol ding nenber for
det achably hol ding said elastic nenbrane. 4. A substrate hol di ng apparat us
according to claim 5 3, wherein said holding nmenber of said contact nenber
is detachably nount el @n s@istratepoildiegbeppabatéds sabsdtdiny el diIgim
apparatus according to claim 1, wherein said contact nenber includes a
central coht adterdimesdisd déspbDsed ming pssfiked tor sespgondpnging dcehnt ral
portion of said substrate, and an outer contact nenber disposed outside of
sai d cent radthonnt atnteepdeing 6anA sldssticateemitnli hgtuppar sedd avtoyidian to
claim 15 5, wherein said outer contact nenber is nounted at a position

cor r espondi iy tandagaddt derp&EnghepPdl -portion of said substrate. 7. A
substrate hol di ng apparatus according to claim 20 1, further conprising a
retainer ring fixed to or integrally forned with said top ring body for

hol di ng a peri pheral ortion of said substrate. 8. A substrate_ hol ding
appar at us accordi ng t¥f ¢l & nPUbStyatGL UG APPEpALEIRg BIRT Etfbrites a

clreaning |1au ¢ passage, defined Lherel 0 L9r, Supplyl g, 2 YLSANAD LG g 1 nto

has a partially different thickness.

10
11. A substrate holding apparatus according to
claim 1, wherein said elastic membrane of said contact member
partially includes an inelastic member.
15 12. A substrate holding apparatus according to

claim 1, wherein said support member is made of an insulating

material.

13. A substrate holding apparatus for holding a
20 substrate to be polished and pressing said substrate against a
polishing surface, said substrate holding apparatus
comprising:
a top ring body for holding a substrate;
a seal ring brought into contact with an upper
25 surface of a peripheral portion of said substrate;
a support member for supporting said seal ring;
a contact member mounted on a lower surface of said

support member and disposed in a space formed by said
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gap defined between an outer circunferential surface of said elastic pad
and said retainer ring. 55 Gk M 9. A substrate hol di ng apparat us acaor Mgl
toclaim 7, wherein said retainer ring is fixed to said top ring body

Wi t hout interposing an el astic nmenber between said retainer 5 ring and said
top ring body. 10 15 10. A substrate hol di ng apparatus according to claim
1, wherei sBRitdtaeasand maidr areea 0f réagd at@nt&cid meapporthaemdeapgr tsaldy
different thickness. 11. A substrate hol ding apparatus according to claim
1, wher ei cgdiatttelmeestbier Mmeaviingnenoke lsaitdccorimbranaehbeughparttal ¢tgntact udes
an inelastic nmenber. 12. A substrate hol ding apparatus according to claim
1, wher ei wigdi gasgbpobstmerser is made of an insulating material. 13. A
substrate hol ding apparatus for holding a 20 substrate to be polished and
pressing sai d substra efagaknpreaspsri shiapsurdekinedaiy ﬁ?d;r%@fét%t di ng
apparat us conprising: top ring body for holding a substrate; seal ring
brought i MRSt act with an upper 25 surface of a peripheral portion of

said substrate; support er for supportjng said seal rin nt ac
menber nmounted on a I%m@?cgl{‘}?f Bﬁﬁsﬁ?rgafg‘ga’“@ﬁgp(éﬁflﬂﬁ é’r“téﬁ% dl%fg ina
space for rred tba}é:ts%{ember- and

a fluid source for independently supplying a fluid

into or creating a vacuum in first pressure chamber and said

10 second pressure chamber.

14. A substrate holding apparatus according to
claim 13, wherein said fluid source supplies a fluid
controlled in temperature into said first pressure chamber and

15 said second pressure chamber, respectively.

15. A substrate holding apparatus according to
claim 13, wherein a communicating portion for allowing said
fluid supplied to said first pressure chamber to contact a

20 contact surface of said substrate is formed in the lower

surface of said elastic membrane of said contact member.

16. A substrate holding apparatus according to
claim 13, wherein said contact member comprises a holding

25 member for detachably holding said elastic membrane.

17. A substrate holding apparatus according to

claim 16, wherein said holding member of said contact member
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56 J AP 1luo;j substrate and said seal ring and said support nenber, said
contact nenber having an el astic nenbrane brought into contact wth]sapr@ g
substrate; a first pressure chanber defined in said contact 5 nmenber; a
second pressure chanber defined outside of said contact nenber; and a fluid
source for independently supplying a fluid into or creating a vacuumin
first pressdirewdimidily aRthnteddonl@asacoagppresaeniserchanber. 14. A substrate
hol di ng apparatus according to claim13, wherein said fluid source supplies
a fluid controlled in tenperature into said first pressure chanber and 15
sai d second pressure chanber, respectively. 15. A substrate hol ding
appar at us accor di ng tlB. clAai subStraher eioldirch mappecatilag porerdingorto
allowng said fluid supplied to said first pressure chanber to contact a 20
contact swiaice d8,savkexedsst patRrotryviaredradiahdy| awatrugiingacéren said

el astic nmenbrane of said contact nenber. 16. A substrate hol di ng appar at us
accor di‘ng ercwkaranaalwrdas i gald kRl nEer agensh sl FteRTly 25
menber for detachably hol ding said elastic nmenbrane. 17. A substrate hol ding
appar at us BRRAGI AF tB’-'@Véiiﬁglfi?n wiei AOYST d HHTIRGTy RENDEFLISF LA tOnt act

menber 57 I;Amgra%%ﬁ go.~ is detachably nounted on said support nenber.

18. A substrate holding apparatus according to

10 c¢laim 13, wherein said contact member includes a central
contact member disposed at a position corresponding to a
central portion of said substrate, and an outer contact member

disposed outside of said central contact member.

15 20. A substrate holding apparatus according to
claim 19, wherein said outer contact member is mounted at a
position corresponding to an outer peripheral portion of said

substrate.

20 21. A substrate holding apparatus according to
claim 13, further comprising a retainer ring fixed to or
integrally formed with said top ring body for holding a

peripheral portion of said substrate.

25 22. A substrate holding apparatus according to
claim 21, wherein said top ring body comprises a cleaning
liquid passage defined therein for supplying a c¢leaning liquid

intc a gap defined between an outer circumferential surface of
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18. A substrate hol ding apparatus according to claim13, wherein a
protrusion radially protruding froma 5 circunferential edge of sai d!ePRgiic
menbrane of said contact nenber is provided on the | ower surface of said

el astic menbr ane. 19. A substrate hol di ng apparatus according to 10 claim
13, wherein said contact nenber includes a central contact nenber disposed
at a positdqinl ceralesponrdiang tsaid reeafinat pongi on of said substrate, and an
outer contact nenber disposed outside of said central contact nenber. is 20
25 20. A substrate hol ding apparatus according to claim19, wherein said
outer contact nenber is nmounted at a position corresponding to an outer

peri pheral portion of2kai & substrate. aldinguRpmamedulol aFagrappar at@s
according to claim13, further conprising a retainer ring fixed to or

i nt egr al | y¢Yaoihed mivhieredind gt rekgipsayring k8l §iKgdato peridherRIrPF ti on
of said substrate. 22. A substrate hol ding, apparatus according to claim 21,
wher ei B sdiE% o Wb tho dy {EERNSILESs 30¢ géﬁﬁgbc | FERPEE paReEiReR of §HER

therein for supplying a cleani.ng. liquid 'n%o a gap defined between an outer
circunferéﬁ??ﬁﬂﬁ§ﬁFF§@baﬁp §§l% APR 7688 é% §-seal ring and said retainer
ring. 23. A substrate hol di ng apparatus according to
24. A substrate holding apparatus according to
claim 13, wherein said elastic membrane of said contact member

10 has a partially different thickness.

25. A substrate holding apparatus according to
claim 13, wherein said elastic membrane of said contact member

partially includes an inelastic member.

15
26. A substrate holding apparatus according to
claim 13, wherein said support member is made of an insulating
material.

20 27. A substrate holding apparatus according to
claim 13, wherein said seal ring extends radially inwardly
from an innermost position of a recess for recognizing or
identifying the orientation of a substrate.

25 28. A substrate holding apparatus for holding a

substrate to be polished and pressing said substrate against a
polishing surface, said substrate holding apparatus

comprising:
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claim 21, wherein said retainer ring is fixed to said top ring 5 body

wi thout interposing an elastic nenber between said retainer ring ang g@i ﬁ‘IUS
top ring body. 24. A substrate hol ding apparatus according to claim13,
wherein said elastic nenbrane of said contact nenber 10 has a partially
different thickness. 15 20 25. A substrate hol di ng apparatus according to
claim 13, wherein saia wmaticy nedyr doe bbldahd somtlbstraweber partially

i ncludes an inelastic nmenber. 26. A substrate hol di ng apparatus according to
claim 13, wherein saia suggyort mesdeer hiayimgde ofnbact nsehiaer nopumetdroml .

27. A substrate hol ding apparatus according to claim13, wherein said seal
ri ng extenmtstawrl dusfaaendh@ngets,r 6aidn CPARBF FOBEMPRS| bebrg oligpgaatsisn f or
recogni zing or identifying the orientation of a substrate. 25 28. A
substrat e hoPRRFRY ﬁfaﬁae%t b¥ pERdnhsMESHgaRe 30HsBRECe SUPHSE th@Smhesd Al
pressing said substrate against a polishing surface, said substrate hol ding
appar atus D&EGHIF | §8ng® LB 2 MEPRI2ACNEPEPUDIF r FRGCh ARPFASE hBiBhngald
substrat e; alé%%pé)ort menber having a contact nenber nounted on a |ower
surface th&Y ; i d contact menber being disposed in a space forned by

said substrate and saf d oupport JTRTber AhR.MALARSY Shodllia MENRL AN

member ;
a second pressure chamber defined outside of said
10 contact member; and
a fluid source for independently supplying a fluid
into or creating a vacuum in said first pressure chamber and

said second pressure chamber.

15 29. A substrate holding apparatus according to
claim 28, wherein said fluid source supplies a fluid
controlled in temperature into said first pressure chamber and

sald second pressure chamber, respectively.

290 30. A substrate holding apparatus according to
claim 28, wherein a communicating portion for allowing said
fluid supplied to said first pressure chamber to contact a
contact surface of said substrate is formed in the lower
surface of said elastic membrane of said contact member.

25

31. A substrate holding apparatus according to
claim 28, wherein said contact member comprises a holding

member for detachably holding said elastic membrane.
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substrate; a first pressure chanber defined in said contact nmenber; a second
pressure chanber defined outside of said 10 contact nenber; and a fiulitk 705
source for independently supplying a fluid into or creating a vacuumin
said first pressure chanber and said second pressure chanber. 15 29. A
substrate hol di ng apparatus according to claim28, wherein said fluid
source supplies a fluid controlled in tenperature into said first pressure
chanber and said second pressure chanber, respectively. 20 25 30. A
substrate hol di ng apg@.at &s asubstdatg tlwldirg mapdarahesei aceoxdimynitcat i ng
portion for allowing said fluid supplied to said first pressure chanber to
contact acledm atk, sefdnrin ofatdi Hosdbrgraesbes P6r wedd wantacdtowmambeasur f ace
of said elastic nenbrane of said contact nmenber. 31. A substrate hol di ng
appar at us igc detdichgbly mepatafoen fALH e WPRAN W RMICt nenber conprises a
holding menber for detachably holding said elastic nenbrane. 60 O | APR HO5
32. A Substrate hol ding apparatus according to claim31l, wherein said

hol di ng nmenber of said contact nenber s detachably nounted on_said support
menber. 5 33. A subst¥at ePhofUPRETapparkfiifsing c6PBRAGERS according  to

claim 28, wherein a protrusion radially protruding from a
circumferential'edge of said elastic membrane of said contact
member 1is provided on the lower surface of said elastic

10 membrane.

34. A substrate holding apparatus according to
claim 28, wherein salid contact member includes a central
contact member disposed at a position corresponding to a

15 central portion of said substrate, and an outer contact member

disposed outside of said central contact member.

35. A substrate holding apparatus according to
claim 34, wherein said outer contact member is mounted at a
20 position corresponding to an outer peripheral portion of said

substrate.

36. A substrate holding apparatus according to
claim 28, further comprising a retainer ring fixed to or
25 integrally formed with said top ring body for holding a

peripheral portion of said substrate.

37. A substrate holding apparatus according to
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claim 28, wherein a protrusion radially protruding froma circunferenti al
edge of said elastic nenbrane of said contact nenber is provided onpghﬁw.

| ower surface of said elastic 10 menbrane. 34. A substrate holding "' 205
apparatus according to claim28, wherein said contact menber includes a
central contact nenber disposed at a position corresponding to a 15 central

port) o0 of SRLhoulst Bhece I AN WAL SORLACL P Thel L atosed oLl of

said central” contact ne 35. ng appar atus” accor

Corr Bandl DERELE AL QU L GO Ao TIPS 2RADLRE 8 302R1R%H 1500

correspondi hg*to er’i pheral portion

substrate hﬂllg# ?ge%gg%%i@%@%}%%a la&p fouctle%i 0; 8 Eakgﬂfgsifgﬁgkégggo?or

retainer ring ormed with sai

hol ding a Q;ﬂ&g?ﬂ%gﬁﬁ) %fééané%§§;§%ga§ﬁg§tE§é8; 37. A substrate hol ding

apparatus accor aim wherein said top ring body
conprises a cleaning |iquid passage defined therein for supplying a
cleaning liquid into a gap defined between an outer circunferential surface

Of oS3 d substrate andygal [ ehales bl o1 dfng A bstiale Roldid appapat us

according to claim 36, wherein said retailner Ixed to sard”top ring

body wi t houd1d ik e3POoSkr & & At iretBRARST YRebwesnr$rkd thekakRekopl RYngnd
said top ring body. 39. A substrate hol ding apparatus according to

body without interposing an elastic member between said

retainer ring and said top ring body.

39. A substrate holding apparatus according to
¢laim 28, wherein said elastic membrane of said contact member

has a partially different thickness.

40. A substrate holding apparatus according to
claim 2B, wherein said elastic membrane of said contact member

partially includes an inelastic member.

41. A substrate holding apparatus according to
claim 28, wherein said support member is made of an insulating

material.
42, B substrate holding apparatus for holding a

substrate to be polished and pressing said substrate against a
polishing surface, said substrate holding apparatus comprising:
a top ring body for holding a substrate;
an elastic pad brought into contaét with said
substrate;
a support member for supporting said elastic pad;
a plurality of contact members mounted on a lower
surface of said support member, said plurality of contact
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claim 28, wherein said elastic nenbrane of said contact menber has a
partially different thickness. 40. A substrate hol di ng apparatus acgorndy NES
to claim28, wherein said elastic nenbrane of said contact nenber o
partially includes an inelastic nmenber. 41. A substrate hol di ng appar at us
accordi ng toembcl ai m 2?1, wherein said support menber is made of an insul ating
material . 42 ATEUSECPatE VABP difRg SABRhaF at U PEmendhiusdta ingebstonakett o be
pol i shed angh 4 esSiang 158k ¢-S t e I ol ishing surface, said
substrate hol di ng appar glttgg g%ﬁpé?‘%.ﬁ%% gisr%dg%eplgﬁréé%‘6@9‘?5&6%&9&1{’1&a
substrate; saicekassiic pad;brought into contact with said substrate; *
support nenber for supporting said elastic pad; * plurality of contact
members nounted on &%l OREBFL SUPf dEESHf PEsNreUpPembemedbéinedaid phidal ity
of contact 62 | APR - r ch having an el astic nenbrane brought
into contact wth gilggasle st?cé%rg%cénﬁe%%? (i ndependent|y pressed agai nst

said el astic pad; attleastt obge fs&SIndPRSIYLE ChARG!, defd;ned 0. sS4k d
plurality of contact nmenbers; at |east one second pressure chanber def i ned

outside of said plGfaf3td réPrebhtvact aemtrersmeabers; fadndi d source for
i ndependent |y suppl yi r}qﬁgdf Is%iudci nto or. cr eating a vacuumin said at |east
one first pressure " chanber “and°Sai-d*at*19EREPd Ys e¥ R V3P gs sur Blwishnber .

1nto or creating a vacuum in said at least one first pressure

chamber and said at least one second pressure chamber,

43. A substrate holding apparatus according to
claim 42, wherein said plurality of contact members are spaced

at predetermined intervals.

44. A substrate holding apparatus according to claim
42, wherein said fluid source supplies a fluid controlled in
temperature into said at least one first pressure chamber and

said at least one second pressure chamber, respectively.

45. A substrate holding apparatus according to claim
42, wherein a communicating portion for allowing said fluid
supplied to said at least one first pressure chamber to contact
a contact surface of said substrate 1is formed in the lowexr

surface of said elastic membrane of said contact member.

46. A substrate holding apparatus according to

claim 42, wherein said contact member comprises a holding

member for detachably holding said elastic membrane.
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43. A substrate hol ding apparatus according to claim42, wherein said
plurality of contact menbers are spaced at predetermned interval g ?ﬂﬁ‘i
substrate hol di ng apparatus according to claim 42, wherein said fluid
source supplies a fluid controlled in tenperature into said at |east one
first pressure chanber and said at |east one second pressure chanber,
respectively. 45. A swhst pat subetdaty apgariaigus appaehdung idocetding 4
wherein a communicating portion for allowing said fluid supplied to said at
| east one dliarist 4F,esehrmeichasdod holdodmg anémbar colfit et ds urdnaee tofmesdiad:
substrate is fornmed in the |lower surface of said elastic nmenbrane of said
cont act nembeletadbabAysmbstitateohosdidgsapparatmsutasocording to claim 42,
wherein said contact menber conprises a holding nenber for detachably

hol ding said elastic nenbrane. 63 R 1 APR 2DF 5 10 47. A substrate hol di ng
apparatus according to claim46, wherein said holdi n% menber of said
contac® nmenber is déBachdbl juhdbhted diPlsHing sapperatienpeeconding, to

substrat e hol di ng apparatus according to claim42, wherein a protrusion
radi al |y prédfudiag fRGHRED cfr REASAERAt TadyRlsy R racdss cEr@fbraane of

said cont act er i,s_provided on .the | ower surface of said elastic
menbr ane. Cﬂcuﬂ%ﬁé‘ttrlé‘llg eﬁ@ledio%g AR T5c AETRTRG S ﬁfstﬁaéidmclf?'}t%ﬁer ein

sai d contact nenber includes.a central . X
member 1S prov1§%d on Eke lower surface of said elastic

membrane.
10
49. A substrate holding apparatus according to
claim 42, wherein said contact member includes a central
contact member disposed at a position corresponding to a
central portion of said substrate, and an outer contact member

15 disposed outside of said central contact member.

50. A substrate holding apparatus according to
claim 49, wherein said outer contact member 1is mounted at a
position corresponding to an outer peripheral portion of said

20 substrate.

51. A substrate holding apparatus according to
claim 50, further comprising a retainer ring fixed to or
integrally formed with said top ring body for holding a

25 peripheral portion of said substrate.

52. A substrate holding apparatus according to

claim 51, wherein said top ring boedy comprises a cleaning
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contact nenber disposed at a position corresponding to a central ponﬁigm ﬁﬁﬁ
sai d substrate, and an outer contact nenber 15 di sposed outside of sai '
central contact nenber. 50. A substrate hol di ng apparatus according to
claim49, wherein said outer contact nmenber is nounted at a position
corresponding to an outer peripheral portion of said 20 substrate. 51. A
subst r at e HalwichPasspacatdss iacsotdiengino for| ahppbping vzt hkeawionprisivig a
retainer ring fixed to or integrally formed with said top ring body for

hol di ng a 1% perggtheiadinsst thedivesn & eusgbstinturispential yrHcE® i di ng
apparatus according to claim51, wherein said top ring body conprises a

cl eani ng 6REPRIYIGRAT Fass £3ddErFALARE nE}RI n for suppl ying a cl eani ng
liquid into a gap defined between an outer circunferential surface of said
el astic pad and said retainer ring. 5 53. A substrate hol di ng apparat us

} s ring. 5 53. A substrate holding apparatus
body weLhout | nt or posi g 4n SPRSELE Rordor TSl WaBRACHEHS [ BCPFALAT i i and
idt NG . . . .00 ' | ai
32, whorei 1A & i abbn, Rl YR R thADL O ELEN B0 IR X0 g 1y

different gy k%sétm%- intRSsake Bal dpgsappar AbHSe ACCOL AL t O p 1

claim42, wherein said elastic nenbrane of said contact nenber partirally
incl udes ansidglastdiqdmeersaigbrop s¥R§t ba4g. hol ding apparatus according to

10 S4. A substrate holding apparatus according to
claim 42, wherein sald elastic membrane of said contact member

has a partially different thickness.

55. A substrate holding apparatus according to
15 «c¢laim 42, wherein said elastic membrane of said contact member

partially includes an inelastic member.

56. A substrate holding apparatus according to
claim 42, wherein said support member is made of an insulating

20 material.

57. A polishing apparatus for polishing a
substrate, cpmpris ing:
a polishing table having a polishing surface; and
25 a substrate holding apparatus for holding the
substrate to be polished and pressing the substrate against
said polishing surface, said substrate holding apparatus

comprising:
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claim42, wherein said support nenber is nade of an insulating 20 material.
57. A polishing apparatus for polishing a substrate, conprising:. a
polishing table having a polishing surface; and 25 a substrate thﬂi&p;gmﬂg
apparatus for holding the substrate to be polished and pressing the o
substrate against said polishing surface, said substrate hol di ng apparat us
conprising: 65 0 'l APRSPOWSng bodyr ifbg hollgifigra hohlsktugatee substrate; an

el astic pad brought into contact with said 5 substrate; a support nenber for
supporting sai d el astarc paddstaccopedctbrmendddr mogot edoohaat!| oweth swrdiate of
said support nenber and disposed in a space forned by said elastic pad and
sai d suppceuswEdber, said contact nenber having an el astic nmenbrane brought
into contact with said elastic pad; a first pressure chanber defined in said
contact 10 menber; a3 ECPROTSr BEERPE ERANBBPPAEETEF B FIRSIC LAY

contact nenber; and a fluid source for independent]ly supplying a fluid into
or credting a vacuumd FO8%RE Lt MeRPepr BeURERd cRRANbet O%id SUBLACH Pk sl

ressure chanber. 20 25 . . )
P support member and disposed in a space formed by said elastic

pad and said support member, said contact member having an
elastic membrane brought into contact with said elastic pad;

a first pressure chamber defined in said contact

10 member;

a second pressure chamber defined outside of said
contact member; and

a fluid source for independently supplying a fluid
into or creating a vacuum in said first pressure chamber and

15 said second pressure chamber.

58. A polishing apparatus for ©polishing a
gsubstrate, comprising:
a polishing table having a polishing surface; and
20 a substrate holding apparatus for holding the
substrate to be polished and pressing the substrate against
said polishing surface, said substrate holding apparatus
comprising:
a top ring body for holding a substrate;
25 a seal ring brought into contact with an upper
surface of a peripheral portion of said substrate;
a support member for supporting said seal ring;

a contact member mounted on a lower surface of said
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58. A polishing apparatus for polishing a substrate, conprising: a
pol i shing table having a polishing surface; and a substrate hol dingii APR 2005
apparatus for holding the substrate to be polished and pressing the
substrate against said polishing surface, said substrate hol di ng apparat us
conprising: a top ring body for holding a substrate; a seal ring brought
i nto cont &4PRATH &F r angyr f3eeceeda pBri phefBRCHorfeBIEdDf Bai ¢sald

sai d, seal ring; a contact nemnber

substrate; a support nmber, for supportin

nount ed or?ué’q1ﬂ%é:re sBPfaceitr &fl Eén‘ﬂt E‘?’dAFﬁ@l UFYPBCS T p PSP eRenttd 1 ind

di sposed in space formed hy said .substrate and said al. ring and said
support neci%gfr&f&sﬁe&‘be gﬁiaé(@%kgngﬁbg}aﬁ \}Fnlaelg}ﬁr%ﬁ‘%s ’f%u%ée‘?rblr%%%g%?rb ft into
cont act i 4 j 5 r .. a first pressure chanber defined in said

cont act rr\r/s%r%bée}lr ;Ssaa{eal%s}g%%%r%ﬁtgésu_re chanber defined outside of said contact
member s and a fluid spuEeesf o lRAGRENdaAllSURA U0 fufldid dhidio of
creating a vacuumin sai I rst” pressure chamber an sai d sécond pressure

chanber. 15,8% . A polishing apparatus for polishing a substrate,
conpri sing: ’

a second pressure chamber defined outside of said
contact member; and
a fluid source for independently supplying a fluid
10 into or creating a vacuum in said first pressure chamber and

said second pressure chamber.

59. A polishing apparatus for polishing a
substrate, comprising:
15 a polishing table having a polishing surface; and
a substrate holding apparatus for holding the
substrate to be polished and pressing the substrate against
said polishing surface, said substrate holding apparatus
comprising:
20 a top ring body for holding a substrate;
a support member having a contact member mounted on
a lower surface thereof, said contact member being disposed in
a space formed by said substrate and said support member and
having an elastic membrane brought into contact with said
25 substrate;
a first pressure chamber defined in said contact
member;

a second pressure chamher defined outside of said
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a polishing table having a polishing surface; and a substrate holdin%
apparatus for holding the substrate to be polished and pressing the 11 APR 2005
substrate against said polishing surface, said substrate hol di ng apparat us
conprising: 20 a top ring body for holding a substrate; a support nenber
havi ng a contact nmenber nounted on a |ower surface thereof, said contact
menber bei ng disposed in a space fornmed by said substrate and said support
menber andcChawFhgngnberaseéné menbrane brought into contact with said 25
substrate; a first pressure chanmber defined in said_contact nenber; a second
pressure chanber defi fedlddtsisgarsr Sord GreperdapPLlYQF5S FEINERSt Sndé® and
a fluid souyrce for independently supplying.a fluid into or creating a
vacuum i n S$BF8 O S Eure VEMRr 2Ang3iCafdrSEcBRESHPEES K RAnBEC. 60.
A substrate hglding apgaratus for holding a substrate to be polished and
pressi ng s&fd9s8BSPPAt BF 3HEFRSCH i shing surface, conprising: a top ring
body for holding a substrate; a plurality of annular nenbers forned of an
elastic material and brought into contact with said substrate; a plurality

o gections, defined byosalf BhUCSLLK b A BpoBEIbESS ect® Rophifl 1Y O
substrate to be polished and pressing said substrate against a
polishing surface, comprising:

a top ring body for holding a substrate;

a plurality of annular members formed of an elastic
material and brought into contact with said substrate;

a plurality of sections defined by said plurality
of annular members, said plurality of sections being opened
downwardly; and

a fluid passage for supplying a fluid inte said

plurality of sectiocns.

61. A pelishing method for polishing a substrate,
comprising:

pressing a substrate against a polishing surface
provided on a polishing table with a substrate holding

apparatus; and

supplying a fluid into or creating a vacuum in a
plurality of chamberz defined on a lower surface of the substrate
helding apparatus to pcoclish a substrate in such a state that

a pressing force applied to a thicker area of a thin
film on the substrate is made higher than a pressing force

applied to a thinner area of the thin film.
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a fluid passage for supplying a fluid into said plurality of sections. 61.
A polishing nmethod for polishing a substrate, conprising: pressing B AoR
substrate against a polishing surface provided on a polishing table \%I
substrate holding apparatus; and supplying a fluid into or creating a
vacuumin-a pluralitysof ACBanbﬁﬁslgdaétmﬁ £ Bol MANgSHI f@se Qfcet he
substrate holding apparatus to polish a substrate in such a state that a
pressing forweigppbred to a thicker area of athin filmon the substrate is
made hi gher than a pressm force lied to a thinner_area of the thin

film 68 if - ANMIb EsoA "BolF sﬁ‘ﬁ TREENGFHFBF pdl | BRHT B9 ubBET RS,
conpri si ng?a €881 BY 2 RHBshE eca%ﬁ@' Pstn & RabLshiig h%@aaiﬁg%pp% gvﬁged on a

pol i shi ng |'e with a substrate holding apparatus: defining a plurality of
sections opened downwaiﬁlyungnaaplloments,urcffac&cmfmhheossahecﬁrabmdmiddyng
apparatus by a lurality of annular nenbers forned of an elastic materi al
hel d i nt 0°CoRit ac?¥aki t FHEF2SEbsth atBe &ESELPH yPAYEF | BPRRTAHS Y creati ng

a Vacuun]IBl&?%fltypggrghﬁ&fﬁfﬁmé%%%kgoggrmégaof an elastic material held

inte contact with a substrate; and
supplying a fluid into or creating a vacuum in said

plurality of sections.
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