- 1 SUBSTRATE HOLDI NG APPARATUS AND SUBSTRATE POLI SHI NG APPARATUS
BACKGROUND OF THE | NVENTI ON The present invention relates to a substrate
hol ding 5 apparatus in which a substrate is held when polished for
flattening a surface thereof. The present invention also relates to a
pol i shi ng apparatus conprising the above- nentioned substrate hol ding
apparatus. A sem conductor device fabrlcﬁtlng process conprises 10 formng
athinfilmlayer on a wafer and forming mnute patterns and holes in the
| ayer. This process is réﬁ@%ﬁ%@ATﬁnﬁ@LDéN@eéPPéEAﬁUﬁbéNDof circuit layers
are formed on the wafer. JURSERATE, PPRISBINGNYAPPABATYEd portions are
created on or added to the surface of the wafer after formati on of 15 each

circuit | apéFKGROUNE: &t TrEarBVVENEM @bnduct or devi ces have becone

i ncreasingly ningte ARyt UG] Wehtds 88N Conduet 8fe dRYIGEBghave
becone conpllcated urther, there is a tendenc% to i ncrease the nunber of
I

Circuitd | ApRATaIs gyt iSihed RRTEatasla hed VhePanéHSQﬁG $0Tr ecessed

portions of1:he esHHAGe ﬁr%é@nﬁlﬁ@f&b@tOYTH@V%)f?‘@sehﬁCiﬁﬁéﬁt!LBnnﬁm%r and a
difference in helght bet ween t hese ﬁgﬂtlons al so . increases. This leads to a

probl em sudRlE&S ‘Rurd RPFFHHERT APRATALET | AP BRT +HedatBf, 2BRAVEXt renel y
thin fil mienthiomeR fitestedt ¢incsl @lndgagpLeatast ai ni ng the 25 rai sed and
recessed portlonﬁhon t.he %ifer n electrica

i nsul ati on def ect® BERRET W?Qﬂﬁt&LY%®%r€a%¥%c?Fk%9ypf808§§u?omPgé&Fﬁg to a
| ower i hg off oxpriodyct tnmﬂ|ﬁyhmnﬂapetomnran@aﬁérya&ﬂdfoAhthgugmnute

senlconductor devi ces dutin n Lniti al i of
operati on, H%?Eﬂ%a%ﬁé: flab? %%d o@%rg 8F8§§SBe?%ogeBE%FF%g.
‘Rai sgd and mﬂness:ediqute@nsummer h@fv\aiecuat elaysos prebEemmedc onn tdhe

| i thogr aphy, FQces sy, ko 18, er&”an&XPQ§EEEgﬁggéégﬁoﬁé Lhe walelieq

contains raised and recessed’ 35 poriions an exposure system
partially bétdﬁ%<aQﬂﬁdcﬁOfﬁ%@s?ugﬁa$ﬁa9ffbhﬁaWﬁﬁﬂroﬁfﬁﬁﬁuﬁ@rmaﬁﬂ@mnéﬁbecones

15 each circuit layer. 1In recent years, semiconductor devices
have become increasingly minute and element structures of
semiconductor devices have become complicated. Further,
there is a tendency to increase the number of circuit
layers for logic type devices. As a result, raised and

20 recessed portions on the surface of a semiconductor device
increase in number and a difference in height between these
portions also increases. This leads to a problem such that
during formation of a £film on the wafer, an extremely thin
film is formed over an undulating area containing the

¢ )‘25 raised and recessed portions on the wafer and breaks in a
circuit and an electrical insulation defect between circuit
layers are likely to occur, leading to a lowering of
product quality and a lowering of yield. Although
semiconductor devices can operate normally during an

30 initial period of operation, they are not reliable when
used over a long period of time.

Raised and recessed portions on the wafer are also
problematic in a lithography process. That is, when an
exposure surface of the wafer contains raised and recessed

35 portions, the lenses of an exposure system partially become
out of focus, so that formation of minute patterns becomes
difficult.

For these reasons, the techniques for surface



difficult. For these reasons, the techniques for surface -2- flattening in
fabricating sem conduct or devices have been increasingly becom ng
inmportant. O various surface flattening techniques, the nost inportant
technique is CW (chem cal nechanical polishing), which conprises polishing
5 by using a polishing apparatus, in which while an abrasive Iliquid

contai ning abrasive particles of silicadSiQ2) or the like is supplied onto
a polishing surface of a polishing pad, a sem conductor wafer is slidably
engaged welhctbfipgl ishicadrsvatase. sbiceonverttioanddwi.cddaainl itsddmg
apparatus of the aboye nentloned ty nprises a polishing table including
a pollshlhﬁcBQBSHQQXHg &C&&H@@hﬁﬁ&ogﬁﬁpgce Shd VARLRYS SWYITRSS for hol di ng

a fsem COngQEQteW%hgr tethe i r, hﬂledﬁlﬁslts 1|m®dﬁfth taedt ttgald’lﬂhd%\ﬁe segn c@pduct or
waf er an ress.t g sttepo sln t abl.e under. a
pr edet er mi ﬁgaelﬂhﬁ?giu?‘&c(%a‘m@a\%a ?’lﬁ&llél1 p SIS S REb e moved
relati vie bpeg aadhgoheolishtimat alplparsa&mnsc;oriahu&ﬂnrcm/aﬁarle arslatdladnskyveengaged
with the polishi rf.ac r |.i t fe flat_and
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mirror-finisHed sar ol Shi )par]étus, when
a relativéhprédser asg@m@pdii@d l@@rttwe@n noﬁeSMmg:mmﬁﬁcm ofafeer and the

pol i shi ng A f 0 i U re
surface of E?%gg&gpg ptataieBsu féez({lgr%?ld%%%derf(gé%rve@po 'S J? &p?giée y to
occur, depeatiknghen poid shi2y pregamee acting on each part of the wafer.

Therefgge, in Obg%eml%ra'mya Wi fg ODiRESHL ot dseg;f Meh S WU EEE-

the wafer, an elastic nenbrané nade O IS provi on the wafer
hol der on &eBipacd (Hydce FFOMRILIRS dﬁ Wldsmdlfgertath]rﬁj nglydingressure such

as air pr e%%‘l&%h'ﬁn n?x@d Qﬁav:’i%gt ca %dlat@ﬁﬁll& faee Lle tdifa &d agd#&r MBIDAARE. | N

't hi sl case, circu renti al edgw waf er surface corresponds to a
boundary bé%@ﬁléilé’&ntaac"“te“ﬁ(ﬁqq %wé‘fl'?(}h comt&adatsiorie et i¥he waf er

rel ative teadahec@oltdcshdigl sirdaticondEidies: WeEqoldisdi e padthe whasti c, the
pressuig a%%%&%%tt%he polishing table under a predetermined pressure.
The wafer holder and the polishing table are moved relative
to each other so that the semiconductor wafer is slidably
engaged with the polishing surface, to thereby polish the
wafer to a flat and mirror-finished surface.

20 In the above-mentioned polishing apparatus, when a
relative pressure generated between the semiconductor wafer
and the polishing surface of the polishing pad is not
uniform over an entire surface of the wafer, insufficient
or excessive polishing is likely to occur, depending on the

) 25 pressure acting on each part of the wafer. Therefore, in
order to apply a uniform pressure to an entire surface of
the wafer, an elastic membrane made of rubber is provided
on the wafer holder on a surface thereof for holding a
wafer, and a fluid pressure such as air pressure is applied

30 to a back surface of the elastic membrane. In this case, a
circumferential edge of the wafer surface corresponds to a
boundary between a contact portion and a non-contact
portion of the wafer relative to the polishing surface.
Since the polishing pad is elastic, the pressure applied to

35 a portion around the circumferential edge of the wafer
surface becomes non-uniform, so that only the
circumferential edge of the wafer is polished in an

excessive amount, and the wafer is caused to have a "dull”’



35 a portion around the circunferential edge of the wafer surface becones
non-uni form so that only the circunferential edge of the wafer is polished
in an excessive anount, and the wafer is caused to have a "dull" 3 - edge.
As a counterneasure, it has been proposed to use a wafer holder in which a
guide ring or retainer ring for holding an outer circunferential edge of
the wafer presses 5 the polishing surface at a position outside the wafer.
In this wafer holder, the retainer ring is pressed against the polishing
surface undé@gefluid pressure such as air pressure. Fig. 12 is a schematic
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to the wafer hol gy bagy ;31 a4 and,aanted i N A @ wteryLEscund eqgenti al
edge of the wafer W and a retainer ring pressurizing mechani sm54 for
pressi ng t RE CBCaiaROV i BPfithi gte + Het phtiEhihdf ik REeSSB4TC 255 The

waf er 1y esspbilziddy tRhaRifen B & twughedwtthshaeF nagleimst, aconpri ses an
el asti c nenbrane nenber i ch Ihi'ﬂgge of an elastic nategial suih gs rubber
and is coRR&dEFND SHE 368 erdH qﬁﬂﬁé&ﬁfe§§%ﬁ%s%%r? Y #PHI4®%such as
pressuri zedoaiar rex s ireichd Gd hes imsipkead dhe 30t€l st i cingnhganasmenber
so that th mafer.VVisSPre§§ d _against the polishing surface 61 under fluid

pressure. H& H%hll rﬁ%ﬁ;?ﬁ%Esurizing mechani sm 54, al t hough not shown
As shown in Fig. 12, a wafer holder 50 comprises: a

15 wafer holder body 51 defining an inner space; a wafer
pressurizing mechanism 52 contained in the inner space of
the wafer holder body 51 and adapted to press a
semiconductor wafer W against a polishing surface 61 of a
polishing table 60; a retainer ring 53 provided so that it

20 is vertically movable relative to the wafer holder body 51
and adapted to hold an outer circumferential edge of the
wafer W; and a retainer ring pressurizing mechanism 54 for
pressing the retainer ring 53 against the polishing surface
61.

) 25 The wafer pressurizing mechanism 52, although not
shown in detail, comprises an elastic membrane member which
is made of an elastic material such as rubber and is
connected to the wafer holder body 51. A pressurized fluid
such as pressurized air is supplied to the inside of the

30 elastic membrane member so that the wafer W is pressed
against the polishing surface 61 under fluid pressure. The
retainer ring pressurizing mechanism 54, although not shown
in detail, also comprises an elastic membrane member which
is made of an elastic material such as rubber and is

35 connected to the wafer holder body S51. A pressurized fluid
such as pressurized air is supplied to the inside of the
elastic membrane member so that the retainer ring 53 is

pressed against the polishing surface 61 under fluid



in detail, also conprises an elastic nmenbrane nenber which is nmade of an

el astic material such as rubber and is 35 connected to the wafer hol der body
51. A pressurized fluid such as pressurized air is supplied to the inside
of the elastic nenbrane nenber so that the retainer ring 53 is pressed
agai nst the polishing surface 61 under fluid - 4 pressure. The wafer hol der
body 51 is connected to a drive shaft %5-and the drive shaft 55 is adapted
to be vertically noved by a lifting nechani smsuch as an air cylinder. The
lifting meghassafesuchhaswanieai hotiikirndedySsconsecbadetcaddhe drd wershaft 55
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across an entire surface of the wafer Wfromthe center to
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pressgﬂsun%géhanR%%F%gre %ub%%%n t%!&yh%%%alt%e pressurized fluid is
supplied under a predetermined pressure to the retainer
ring pressurizing mechanism 54, to thereby press the
retainer ring 53 against the polishing surface 61 of the
polishing table 60.

20 Since the wafer W is pressed against the polishing
surface 61 by using a fluid pressure, it is possible to
obtain a uniform pressure distribution across an entire
surface of the wafer W from the center to the
circumferential edge thereof. This enables uniform

) 25 polishing of the entire surface of the wafer W. Further,
during polishing, the pressure substantially equal to that
applied to the wafer W is applied to the retainer ring 53
through the retainer ring pressurizing mechanism 54, so
that the polishing surface of the polishing pad outside the

30 wafer W is pressed under a pressure substantially equal to
that of the wafer W. Therefore, a uniform pressure
distribution can be obtained continuously across an area
from the center of the wafer W to an outer circumferential
portion of the retainer ring 53 outside the wafer W.

35 Therefore, excessive or insufficient polishing at the
circumferential edge of the wafer W can be prevented.

In the above-mentioned conventional wafer holder in

which both the wafer and the retainer ring are pressed



that of the wafer W Therefore, a uniform pressure distribution can be
obt ai ned continuously across an area fromthe center of the wafer Wto an
outer circunferential portion of the retainer ring 53 outside the wafer W
35 Therefore, excessive or insufficient polishing at the circunferential
edge of the wafer Wcan be prevented. In the above-nentioned conventi onal
waf er holder in which both the wafer aﬁﬁ the retainer ring are pressed - 5
under fluid pressure, the retainer ring is capable of noving in either a
vertical (‘endgperpénddcoraspudieredhieoredraingd gtigvaliy srapadiaal 9f directi on
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Further, since t ect contact with the mafer hol der
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occur HIri RgrerarsieaRf. the wafer,

Further, in the conventional wafer holder, since the
surface of the wafer holder for holding a wafer is covered
with the elastic membrane, it is required to form, for
example, a suction cup-like configuration in the elastic

20 membrane so as to hold a wafer during transfer thereof.
When a wafer is held by the elastic membrane having a
suction cup-like configuration, warpage or deformation of
the wafer occurs. Due to warpage of the wafer, the wafer
can be broken during transfer thereof or a device structure

)'25 formed on the wafer can be damaged. Further, since the
wafer is held by indirect contact with the wafer holder
through the elastic membrane, defects in holding of the
wafer are likely to occur during transfer of the wafer,
leading to a lowering of operating rate of the wafer holder

30 and a lowering of yield of wafers.

Further, in chemical mechanical polishing (CMP)
utilizing an elastic polishing pad and an abrasive liquid
(slurry), the following problem arises. That is, when a
wafer surface having raised and recessed portions 1is

35 polished, the raised portions are polished in preference to
the recessed portions during an initial period of polishing,
but after the raised portions are polished by a certain

amount, the recessed portions are also gradually subjected



| eading to a | owering of operating rate of the wafer holder 30 and a

| onering of yield of wafers. Further, in chem cal mechanical polishing (CWP)
utilizing an elastic polishing pad and an abrasive liquid (slurry), the
followi ng problemarises. That is, when a wafer surface having rai sed and
recessed portions is 35 polished, the r%%sed portions are polished in
preference to the recessed portions during an initial period of polishing,
but after the raised portlons are polished by a certain anount, the
recessed p&pPt PeRdshiadal(gs yeddudlsl yheubjadstesd pogians pol @mr@f@eg wel | as

the raisedipar hii@2ekrentehiaf @ gntt MR tdiddrerenc a-dis el ght Dot yeghqgt he
rai sed portions and the recessed portions cannot be easily reduced. That
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surface is ﬁ%e& as'h ear e%eutrochteﬁe’ oq [ %‘ﬁt ngt poz];ltg onv:rh Sgna‘?l gsed in
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preference to the.d rt esﬁﬁg t10 eqynlikely
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obt ai ned. HOWEELNG hmf@lﬂgoladerolsmftm esynface eereppbsirgi Agxedur f ace
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conventional wafer holder for the hard polishing surfate conprises arigid

waf er hol d&OBEHPY81SH dh IR T SWHHtIdhg? e bvFeiedt on i[ﬂetFliLﬁl d wafer
hol der 1 §ody Adaptiad; t ahe @dgagethM ddrBav@f 8 Rordeadetémpared to the

polishing pad conventionally used in chemical mechanical

polishing, so that the raised portions are polished in

preference to the recessed portions and the recessed

portions are unlikely to be polished. Therefore, absolute
20 flatness of the wafer can be easily obtained.

However, a wafer holder suitable for a hard polishing
surface comprising fixed abrasive particles has not been
developed. Generally, a conventional wafer holder for the
hard polishing surface comprises a rigid wafer holder body

) 25 and an elastic backing pad provided on the rigid wafer
holder body adapted to be engaged with a wafer to be held
by the wafer holder. Although the elastic backing pad can
absorb shocks on the wafer, it is difficult for the elastic
backing pad to take care of undulations on the hard

30 polishing surface, whereby the undulations are transferred
to and affects the wafer surface to be polished.
SUMMARY OF THE INVENTION

In view of the above, the present invention has been
made.

35 In accordance with the present invention, there is
provided a substrate holding apparatus for holding a
substrate and bringing it into contact with a polishing

surface so that the substrate is subjected to polishing by



by the wafer hol der. Although the elastic backing pad can absorb shocks on
the wafer, it is difficult for the elastic backing pad to take care of

undul ations on the hard 30 polishing surface, whereby the undul ations are
transferred to and affects the wafer surface to be polished. SUWARY OF THE
| NVENTION I n view of the above, the present invention has been nmade. 35 In
accordance with the present invention, there is provided a substrate
hol di ng apparatus for holding a substrate and bringing it into contact with
a pol i shi ngausipgagelas ivieamavrdeiiibdataieen Sifjuatente® putisheng by 7

causi ng reF@lE&ﬁiH@Y%ﬁ%’fbé@t‘p&%‘éﬂﬁm i dden fddshing surface,
t he appar at us corrgrl sing a substrate holder body having a substrate hol di ng
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fluid peeswitéd chanperl itsthibg cdnefddali thdraekkyreuisi dppthedsubsheabat er

surface engggltﬁga#g:lﬁeskq%sg;ﬁt%@ f#@gtdr@eiﬂg ofbsStLat e plder body. In

accordance Wt ra e presen O Tnvention, there i's
provj ded assisdredtee hrdldimd ediparaitrrovidediire hthe nseeatratet heldendr ane

“whi ch covers gbhg1@ml id ?nen%%&r?&%&\fiﬁ@%&&@é{{é‘t&rf%eép%%&ingg”g;i Ses a

substrate support ring provided In the inner space and arranged ]
sealingly éRgaged amd pultfldrbxiFiees o Pee inside surface cooperating

15 with a surface of the substrate holder body to define a
fluid pressure chamber to which a fluid pressure is applied,
the outer surface engaging with the substrate held by the
substrate holder body.

In accordance with another aspect of the present

20 invention, there is provided a substrate holding apparatus
in which, instead of the membrane which covérs the entire
surface of the substrate, the apparatus comprises a
substrate support ring provided in the inner space and
arranged to be sealingly engaged with the substrate to be

) 25 held by the substrate holding apparatus, and a flexible
seal member sealingly connected between the substrate
support ring and the substrate holder body so that a fluid
pressure chamber is defined by the substrate holder body,
the flexible seal member and the substrate engaged with the

30 substrate support ring. The fluid pressure chamber 1is
arranged to be selectively connected to a pressurized fluid
source Or a vacuum source.

These substrate holding apparatuses eliminate a
relative movement between the retainer ring and the wafer

35 holder body whereby the behavior of the retainer ring can
be stabilized during polishing. A substrate is held on the
fluid pressure chamber so that the substrate can follow

undulations on a polishing surface.



25 hel d by the substrate hol ding apparatus, and a flexible seal nenber
sealingly connected between the substrate support ring and the substrate
hol der body so that a fluid pressure chanber is defined by the substrate
hol der body, the flexible seal nmenber and the substrate engaged with the 30
substrate support ring. The fluid pressuyre chanber is arranged to be

sel ectively connected to a pressurized fluid source or a vacuum source.

These substrate hol ding apparatuses elimnate a relative novenent between
the retainer ringPaf8cPREaRarelitBsansugéhesodpRftdr &y thfe ehE®®br of the

retainer ringegfiohe shabel izedrdufiged ROlPJoINigHInA Shwtd@aie is held on the
fluid pressure chanber so that the _substrate can follow undul ati ons on a

pol i shi ng 3BFHACENI- agsupgtaats, 89dddnd APPRTAUHES a8iRidd APPHe- present
ihn?/g_nt ion, thereriustResvi dgdaacbahhsébbnﬂzi&mp_&rr@ttu&r ijarpcﬂewﬁ rtgfh atlsélb?]t rate
(0] I N ap aratu as state a vVe. -urt her,. ] n. accor nce wt anot her
et Sor PBARSE RuRh TP Pentibre (e R v dst ) (oSl At (ot SORREE i g
appar at us appprasisgcambiristingola $hireg tpallliesthang ngael daiak ipgl 4 sShapg

f d_a.substrate_hol di tus. for_hol di trate and
br ngi ng | POTATHLBaneHEE it AAPnd e ord i ng et e Eibetvat e

hol di ng appaildting 20 scbspriases ands hsingitrey hidl dertdochynteavi ngithstbstrat e
hol di ng si agi pal i_shi suhfa ]Qng i S on the
substrate gFéi%Sngkgggn%ug%%é 'raﬁ%ﬁagﬁ%V| égg%ﬁkgﬁ%f%%b%$$%%g£ﬁglding

si de of0 t heompbiseat @ shdisdaa tisodypldehe beslibrietel Vi nguloppostee surfaces 15
i ncl udi ng LRAs| a utsj fa i i } NSl r ragting with
a surface %?iFﬁggsﬁgggrE?gqﬁ§f3§¥= 0 fj%gﬁg%g$%%§a§€f%ﬁ?gh%%ggggrg chanber
to V\{‘li ch ashbgitgageessurtde issibgigiated haliblnitekde @dce BYERGARG with the
substrate pheldqby bhe thebsiialte-tQl dgy1dady . silde harehposhsbhipgtd0 surface

has, for example, a nodulus of conpression of 19.6 MPa (200kg/cne) or nore.
In this appatdedsPodysufdte eMNrane&1ay g tRPIFHFE PRESREPE chanber which

i's suppdi edn#ltAidg inside and outside surfaces, the inside surface
cooperating with a surface of the substrate holder body to
define a fluid pressure chamber to which a fluid pressure
is applied, the outer surface engaging with the substrate
held by the substrate holder body. The hard polishing

20 surface has, for example, a modulus of compression of 19.6
MPa (200kg/cm?) or more. In this apparatus, a substrate is
held on the f£luid pressure chamber which is supplied with a
fluid pressure to press the substrate against the polishing
surface so that the substrate can follow undulations on a

) 25 polishing surface during its polishing operation.
The substrate polishing apparatus may further include
a second polishing table having a soft polishing surface
which is softer (or of smaller elastic module) than the
hard polishing of the first polishing table. The substrate

30 holder body is arranged such that the substrate holder body
holds a substrate and, then, bring the substrate into
contact with the hard polishing surface to effect a first
polishing of the substrate and, thereafter, bring the
substrate into contact with the soft polishing surface to

35 effect a second polishing of the substrate. By this
apparatus, a highly flattened wafer surface having less
scratch marks can be obtained.

This polishing apparatus may be modified as follows.



fluid pressure to press the substrate against the polishing surface so that
the substrate can follow undul ations on a 25 polishing surface during its
pol i shing operation. The substrate polishing apparatus may further include

a second polishing table having a soft polishing surface which is softer
(or of smaller elastic nodule) than the hard polishing of the first
polishing table. The substrate 30 hol der?body is arranged such that the
substrate hol der body holds a substrate and, then, bring the substrate into
contact wi tth tsheadarord pold stimg sy fcieet cefdrecttie fdirtsire pohrshcagodf the

substrate d, thereafter, bring th substrate into gontact with the soft
pol i shi ng gﬁﬁf 58§)Sttga§§ 'ef%ctapgoasre%ounsd Cpogfgrs S|ensg of° C?]Set%aﬁtb%t?%?%?rgy this
appar at us, rangi ghlow ifdest tienethenafrerers wdase draliaxgrdressd tseria¢ ch narks can
be obt ai neq., i ol i shi TRY. i fied lows, - 9 1In
stead of t éaa-rigﬁ%rl néan\%%gz:%i 3@\%}; ?rﬁe enst%)rreaetrgs)ﬁl&r abcee r?lé?%@ 1\é\%%st rate, the
appar atus cobsitirsdse aodisty @t atppost and iy Prawiled senl heemp@er space

and arranoed 4908y sealinalon cganesh WD 406 SRS AL 4o Do gl dofy he S

substrat e hol par at us, menber”~ seal Tngfy connect ed
bet ween t héhsulssxbsdirateugpokder ivedamP that subskuid o rrdelere boldgmBert hat a

fluid pressu @edaRehy Ihdefined-bye g aubsidd) e hiod defepodve £81

fl exi bl e seal nenber and the substrate engaged with the substrate sugport

10 ring. TREMIay @Ost ddsurdIRhamde? $-I3FANGEd: t DS e ekt t G eFYPRBARRECt ed

to a pr@ssyiiged fiHd ¢1SPU GEr&d s@re VAR SOl Ce-rdied OF €096 Ng and ot her
obj ects, features and advantages of the present_invention will be apparent

from 15 t$F&YARIRNY RALHT R de? i PEG O P Gt S 5F Frs°F aRen i n
connect i onwiddunt e w@aesonpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fig. 1 is a longitudinal se_tionq&.vieM/o substrate hol di ng
appar at us acconmﬁ%ft Eégq%Qﬁ ?ﬂﬂxﬁﬁhﬁﬁuo BE5 1P ?E%%n?ngnventlon
advantages of the present invention will be apparent from

15 the following detailed description and appended claims
taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a longitudinal sectional view of a
substrate holding apparatus according to a first embodiment

20 of the present invention.

Fig. 2 is a longitudinal sectional view showing how
the substrate holding apparatus of Fig. 1 is operated.
Fig. 3 is a longitudinal sectional view of a
substrate holding apparatus according to a second
') 25 embodiment of the present invention.
Fig. 4A is a bottom view of an example of a retainer
ring having grooves formed on a lower surface thereof.
Fig. 4B is a cross-sectional view, taken along the
line A-A in Fig. 4A.

30 Fig. 5A is a bottom view of another example of a
retainer ring having grooves formed on a lower surface
thereof.

Fig. 5B is a cross-sectional view, taken along the
line A-A in Fig. 5A.

35 Fig. 6A is a bottom view of a further example of a
retainer ring having grooves formed on a lower surface
thereof.

Fig. 6B is a cross-sectional view, taken along the



Fig. 2 is a longitudinal sectional view show ng how the substrate hol ding
apparatus of Fig. 1 is operated. Fig. 3 is a longitudinal sectional view of
a substrate hol di ng apparatus according to a second 25 enbodi mnent of the
present invention. Fig. 4Ais a bottomview of an exanple of a retainer

ring having grooves forned on a | ower surface thereof. Fig. 4Bis a
cross-sectional view, taken along the~ tPne A-Ain Fig. 4A. 30 Fig. 5Ais a
bottom vi ew of anot her exanple of a retainer ring having grooves forned on
a |l ower surimeeA-Bhénedfig.Fed.. 5B is a cross-sectional view, taken along the

line AA TN Fig pph 35:E 0 180qH%8:R00 QB el Adpidder exarple of a
retainer ring having grooves oPired on-a FPower “surface " thereof . Fig. 6B is
a cross-sestbohnbtei bwldiakeapakgagushe@ccor@ing itee tAiAd remiedimentFig. 7

is a |ongitpdinpal Lan Lew.gf a substrate hol di ng apparatus according
to third e%ﬁo%ﬁ%eﬁ?gg%bgt%évépgsgnt invention. 5 Fig. 8 is a schematic view

showi nd an entirBigst BuésupreseheRafldlci FHieqy siPpangt @ iandligs ng t he

substrate sbPhQEHQeaBEaﬁa?éii‘%fhi'rzligg%ppjarta‘?:u% HQudds hd agbsveapal
sectional view of a substrate holding apparatus according to a fourth 10
enbodi nent RBLAiRE BPESERTYUSNPENEIIGF - Fi © £O is a bottom view of the

substrate hol di ngjgappakat &s 18hdftitthdi%alFisketibiad arilandid udi nal sectiona

vi ew showi ng. how the substrate holding apparatus of Fig. 9 is operated. 15

Fig. 12 | sSHPSERBAE POLAIEN SRBRHAG Ui MHATENS U EBH a pol | Shi ng

appar atus kmsbudinegtt be subspralsenthalmidigiapparatus of Figs. 9 to 11. Fig.

13 is a plan Vie%&%ﬁ %Opggi%h%%%t%ﬁp%%%ky%fMgﬁg]Substrate holding

. apparatus of Fig. 9.

)» Fig. 11 is a longitudinal sectional view showing how
the substrate holding apparatus of Fig. 9 is operated.

15 Fig. 12 is a schematic view showing an entire
structure of a polishing apparatus including the substrate
holding apparatus of Figs. 9 to 1l1.

Fig. 13 is a plan view of a polishing apparatus which
is suitably used for two-stage polishing by using the

20 substrate holding apparatus of the present invention.

Fig. 14 is a schematic illustration of a conventional
substrate holding apparatus in which a fluid pressure is
applied to a wafer so as to press the wafer against a
polishing surface, and the fluid pressure is also applied

) 25 to a retainer ring so as to press the retainer ring against

the polishing surface.
DETAILED DESCRIPTION OF THE INVENTION

Hereinbelow, description is made with regard to
embodiments of the present invention, with reference to

30 Figs. 1 to 13.

Fig. 1 is a longitudinal sectional view of a
substrate holding apparatus 1 according to a first
embodiment of the present invention. Fig. 2 is a
longitudinal sectional view showing how the substrate

35 holding apparatus of Fig. 1 1is operated.

The substrate holding apparatus 1 is adapted to hold

a substrate or, in this embodiment, a semiconductor wafer W

o be polished and press the wafer against a polishing



is suitably used for two-stage polishing by using the 20 substrate hol ding
apparatus of the present invention. Fig. 14 is a schematic illustration of a
conventional substrate holding apparatus in which a fluid pressure is
applied to a wafer so as to press the wafer against a polishing surface,
and the fluid pressure is also applied §§ to a retainer ring so as to press
the retainer ring against the polishing surface. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Her ei nbel ow, description is made with regard to enbodi nents
of the preserfatavet roroluishingeft@bdgce A SBOWR §&. FLlat.o113.tIBg. 1 is a

| ongi tudi nglipsechik@Nab1KiRY bpdratwlS ori iRAsdiaNg 13pRaN&HS e &ccor ding to
a first enbodinent of the present invention. Fig. 2 is a |ongitudinal

sectional BPedeshBRdNg 2hORILRANSUBSt AFRPE B SIRGediaRg dppataldeofring. 31 is

operated. Fheegubst rake Agkd RG13RPARMS 2L | TrRAJRIRS: He 1l peggupstrate
or, in this enbodi ment, a sem conductor wafer W to be polished and press

the wafer a§alade Lfpd Maferdal Peviag fHd@d Strengdhi $MichdiHbl e. As shown
ihnI gi g. blar&g@gifwb_stsﬁl@he q@0|adin@adp&&fcﬁédl33&%ﬁm_rd Sesd@ dﬂnﬁﬂri:cé:é@da\/af er ]

0 er (0] . I NN an i1.nner pace, and a retalner ri.n | Xe tOt e
nat or . hol dbiFBEIET: DHRE RACEE A FER B gy s A S T vl LR 598 hat ng
hi gh strengBheamdnidiighy dowaiwdiridy .freucthas wpeat allard 28 .cermma ¢, and

conprises a _circul ar, upper. plate 2A and @a circunfer ial wall portion 2B
ext endi ng EWAWEFE 8% theSudpd® DI & fﬁweﬁeenrgefeiq:h]eer ring 3is fixed to
a | owero endiotutilfe rkm tdiarlc wafldr gntritalonnvedB . pdihtd oret2B.netherimeg a3 nes ring 3

is nmade o resi teri Hi_ng i gl di ty. . f..shoul ed t hat

t he retai né?érei %3 gl %f%ﬂleﬁ{@#%é&&l g{gevgirt}la(f Ir%gq{m%/ﬁ?]tile%f elﬁz h%?%lgjr?abody 2.

The )waf er bel detedodyhat dig tded adgteai neing ihgney 16 defrimesl amtiegealspace for

cont’ai ni ”gwﬁ@PELtﬁ%t LR fBTRIARR 4 b RAA An el astic menbrane supporting nember
ly

5in a genera
The wafer holder body 2 and the retainer ring 3

15 define an inner space for containing an elastic membrane 4
and an elastic membrane supporting member 5 in a generally
cylindrical form. The elastic membrane supporting member 5
holds an outer circumferential portion of the elastic
membrane 4. A flexible sheet 6 made of an elastic membrane

20 extends between the elastic membrane supporting member 5
and the wafer holder body 2. A fluid chamber 8 having a
sealable structure is formed by the wafer holder body 2,
the elastic membrane 4, the flexible sheet 6 and an inner
surface of the wafer holder body. Each of the elastic

) 25 membrane 4 and the flexible sheet 6 is formed from a rubber
material which is excellent in strength and durability,
such as an ethylene propylene rubber (EPDM), a polyurethane
rubber or a silicone rubber. A pressurized fluid such as
pressurized air is supplied to the fluid chamber 8 through

30 a fluid passage 10 comprising a tube and a connector. The
pressure of pressurized fluid supplied to the fluid chamber
8 can be vafied by means of a regulator. A slight gap is
formed between an outer circumferential surface of the
elastic membrane 4, and the wafer holder body 2 and the

35 retainer ring 3. The elastic membrane 4 and the elastic
membrane supporting member 5 are vertically movable
relative to the wafer holder body 2 and the retainer ring 3.

For insuring high polishing performance, it is



cylindrical form The elastic nenbrane supporting nenber 5 holds an outer
circunferential portion of the elastic nenbrane 4. A flexible sheet 6 nade
of an elastic nenbrane 20 extends between the elastic nmenbrane supporting
menber 5 and the wafer holder body 2. A fluid chanber 8 having a seal able
structure is fornmed by the wafer hol der ?oqu 2, the elastic nenbrane 4, the
fl exi ble sheet 6 and an inner surface Of the wafer hol der body. Each of the
elastic 25 nenbrane 4 and the flexible sheet 6 is forned froma rubber

materi al wWhAFehersedxsel feam ithestfiladgt whamPeguBaiiy iSAng st b&ShhCet hyl ene

propyl ene nulbebntERBMin ahRQl BeiRidiare t .F UbkRfewir @ id icpaet1gbber. A
pressurized fluid such as pressurized air is supplied to the fluid chanber
8 t hrough BBMBTAPGi 4 PAYsEGE PS &GRS iddihdhe t"{ﬁfgep%ﬁ?ja% RomPeetofrd Fhe

pressure ofiipeessubnzedtf kiitth swepliled d.0 Wied ltHd «hasbes mémbaankeqvari ed
by nmeans of a regul ator. A sli ap.is .fornmed between an outer

ci rcum‘anr ehti QP%SHFFgcet&e ?&ﬁ%l%b@r@ﬁb%% b%dtrhehew?\g?lér hol der
body 2 andhbhéed5bobéyainend ithg Featheswdfagid o Mertbs anef&r abe bde el astic
menbr ane suggo%h%ﬁ? menber 5 are vertically novable relative to the wafer

hol der bod¥ he retainer ring 3. For insuring high polishing
performance, it RAs anh?lapr eftempped tpdafter m3 hes fiikel clitandegh 8aby using an

el astic i is .e i t. er,,t st ] e 4
may not bgTsa ggégggng%tn}?e% gmg%rt%%o%eers e PS/ Zpdiér‘%cﬁ%o&r’l%g%{nﬁmg?ﬁg?he
f1 ui d.10Mhehotilye 2el adin aipp@tbreavte shirFdae nota ysfedthe hetépped phatbel3i s
formed by the fer; By rea; r er to be
19°ptSiRonlel . Doty eslqpydagecel Liepiat

pol i shed. An annular sto 3 1 support nenber 12
to the uppBlagratle PABLAafe pafestHeltdetd membriy Mhew thper end surface

13a of t heFQ%Ea%B@%’fiz@da_tﬁnﬂﬁi iS5 pasigl anedAttige PFRGEY esThedr hei ghheand the
stopper plate 13 provides a restricting nenber. Wien the pressurized fluid
i s suppl i e8les tiife MAMATR K dhifEtd &Ehe el a st Hs tReMPEdR? af@PROBRE"Ehe el asti c

menbr are SWRR®EH MY move as a unit downward relative to the wafer
holder body 2. In this instance, an upper end portion 5a
of the elastic membrane supporting member 5 engages the
upper end surface 13a of the stopper plate 13, thus
limiting the downward movement of the elastic membrane 4
20 and the elastic membrane supporting member 5 to a
predetermined range.

A chucking plate 14 including a plurality of through-
holes 14h is provided inside the elastic membrane
supporting member 5. In this embodiment, the chucking

‘)-25 plate 14 is fixed to an inner side of the elastic membrane
supporting member 5. However, the chucking plate 14 may be
formed integrally with the elastic membrane supporting
member 5. A number of spherical recesses l4a are formed on
a lower surface of the chucking plate 14. As shown in Fig.

30 2, when a negative pressure is applied to the fluid chamber
8 through the fluid passage 10 from a vacuum source, the
elastic membrane 4 is deformed along the spherical recesses
l4a of the chucking plate 14. That is, the portions of the
elastic membrane 4 corresponding to the spherical recesses
35 l4a of the chucking plate 14 form suction cups and hold the
wafer W on a lower surface of the elastic membrane 4.
A plurality of stoppers 17 operated by actuators 16

such as air cylinders is provided in the upper plate 2A of



15 menber 5 nove as a unit downward relative to the wafer holder body 2. In
this instance, an upper end portion 5a of the elastic nmenbrane supporting
menber 5 engages the upper end surface 13a of the stopper plate 13, thus
limting the dowmnward novenent of the elastic nmenbrane 4 20 and the elastic
menbrane supporting nenber 5 to a predeterm ned range. A chucking plate 14
including a plurality of through- holesl34h is provided inside the elastic
menbrane supporting nmenber S. In this enbodi nent, the chucking 25 plate 14
is fixed tehanwapser heilderobotiye 2el a8y epeeahiage theupEdidateg sTeder 5.

However, t chucking_plate_14 b far integrall t.h the elastic
nmenbr ane SEESOFEPRBegﬁE%geErg.pn%%ﬁgggg §P%§%ﬁéﬁi§| % cé%%g§FﬂﬁP%ée f or med
on a | owetengthaee showhe ichdidki-ng .pl @thenl4. nAgashiown pressure 305 2, when a

negative péﬁ?ﬂéﬁ L3 2RR! 8¢ 110 Mg Liuid %h%”%‘i%tﬁc”&{%te{e fluid
passage 10 oOm'a vacuum source, the “eldstic menbrane I's defornmed al ong

t he spheri esapppetésgesembay &f move schpwiirdg tplgatéers witlhatthes, etdetporti ons
of the el [ r 4 GOk eaRoRdisN ibhe sspheri s 35 14a of
t he chuckiﬁé&gﬁgggn?4% gfn{%hé%ﬁon %ﬁps%gkglﬁglg%tﬁﬁ'ﬁggeil oﬁga | ower
surface of MERETrangssSUPPPEINGNEelber 5 @batist @ gef nsttogpe sstiopspes at éd by

actuators 1f,sSY§hia9 n@y fen®Y WSS rov et ded tind e UPRemdlidt&ndA Of -
13 the wafer hol der boS&)Z.ﬁ%y operating the actuators 16, the stoppers 17
e éﬂ%ﬁ

are prot r u§e8Pe&hAREr a9 &9 fd@stHengembianshdmtI M Fig. 2. Wien a

negative Ppessidie rinS nedPRlamef@ .t o e filsui dnchamgpdhs tihe wtastde nmenbrane 5
supporting nenber 5 noves upward together with the elastic  nmenbrane 4 and

the upper &REPHFHGT FLTOEHHhANMIAH A AEMSTAv & dspdt i W Srenber 5 abut s

agai nst t hgostieppar.s When tonés ddtidtong ltehd supwarath gawy edteds ofo thevel asti c
menbr ane supporting nmepber 5 and the elastic nenghrane. 4 to

10
pr edet er mi REGPARAGES SHTA 3% ,2% 515 o7 QST r%esrfe?‘]?%Pth% Frenber s
havi ng an sdjirisbdlel e@ressgitenias]l fhesidtopper\dhdry taree gotatatwied 6dusiagr anged

S0 as f@ h%%%i%hing so as to press the elastic membrane supporting
member 5 in a downward direction, an outer circumferential
portion of the wafer W can be mechanically pressed against
the polishing surface. A wafer holder drive shaft 18 is
provided above the upper plate 2A of the wafer holder body

20 2. The drive shaft 18 and the wafer holder body 2 are
connected through a universal joint 19.

The universal joint 19 transmits pressure and torque
of the drive shaft 18 to the wafer holder body 2 while
permitting inclination of the drive shaft 18 and the wafer

‘) 25 holder body 2 relative to each other. The universal joint
19 comprises a spherical bearing mechanism which permits
inclination of the wafer holder body 2 and the drive shaft
18 relative to each other and a torque transmitting
mechanism which transmits rotation of the drive shaft 18 to

30 the wafer holder body 2. The spherical bearing mechanism
comprises a spherical recess 18a formed at a central
portion of a lower surface of the drive shaft 18, a
spherical recess 2a formed at a central portion of an upper
surface of the upper plate 2A and a bearing ball 21 made of

35 a material having high hardness, such as a ceramic,
provided between the spherical recess 18a and the spherical
recess 2a.

The torque transmitting mechanism comprises a drive



mechani sm such as an air cylinder capable of generating a variable pressure
and the stoppers 17 are protruded during 15 polishing so as to press the

el astic nenbrane supporting mnenber 5 in a downward direction, an outer
circunferential portion of the wafer Wcan be nechanically pressed agai nst
t he polishing surface. A wafer holder drive shaft 18 is provided above the
upper plate 2A of the wafer hol der body120-2. The drive shaft 18 and the
waf er hol der body 2 are connected through a universal joint 19. The

uni versal [Hohntnd? LhaRe S RESEIrenant- e Biegar©f14 hgndrivershaht 18 to

t he wafer holder body 2 while ermtting inclination of the drive shaft 18
and the waPé&P §§°ﬁo|5§@fmao<fyu%e<feﬁ%ﬁ% Fadh Bt hetd - ThEGnFY8r BAPS| oi nt
19 conpri sageacaphdliecalf bhearimy wectibdd STy W X pes nté Seatncbthaki andof the
waf er hol der body 2 and .t drive sh@ft 18 relative %o each _other and a

t or que trafi8HPEH ¥y 2 TS W TR T RrRIT 5908 at | ORSHETPRE  dffi ve shaft
18 to 3 therwakenfhahderdhiody $haflhel &pherd st 1l pearangmirecbantsmcheonpri ses
a spherical__recess a for at._a central, portion of .a_l r sur.face of
the drive YREFE %&?,l]dger sb&dér;raidzca Vel ngtah‘? of %rgrtlogd%ﬁn%\gy %orltsi on of an
upper surfacelametdhe upper plate 2A and a bearing ball 21 nade of 35 a

mat eri al havi ng hi har. S, S . as ram C vide 5 e
spheri cal recess%%%%’a%ﬁggﬁﬁugﬁﬁgfF%gﬂmﬁFggﬁgga A J g tgrgﬁgg%?gﬁgn#?ting
mechani sm ¢oeprades aadidare 1 azrapjed (adtmembiwedi gedveo the drive shaft

18 and;@ driven midh - SOWMYr T X8d 4 Qi dife UPPERoPE AL B024 pdBELEWR PI NS

are capable of noving vertically relative to each other and engaging at
di fferent &&t &2 EhigHE .2 THeFeF ofed &g fbrideCBRMPRE 8rife shaft 18 is

surely trapgiindadtd ad hthe WA QEuh 0t 88FcdH Ot rSu gy ethvheny i Repwakagehaloder

body) 2 is inclined. Next, explanation is made With regard to operation of
the waf er ROPFSAUEHHrIandst HOWRN R ohed- abovERe 191FALLGaMEMPRBRGe” 1Sas a

whol e i's maeedde@ NBIHdMs the wafer W on the lower surface thereof
15 due to the effect of suction cups formed along the recesses
l14a of the chucking plate 14. While holding the wafer W on
the elastic membrane 4, the wafer holder 1 as a whole is
moved to a position above a polishing table (designated by
reference numeral 30 in Fig. 8) having a polishing surface
20 (such as a polishing pad). The wafer W and the retainer
ring 3 are then pressed against the polishing surface, to
thereby start polishing. An outer circumferential edge of
the wafer W is held by the retainer ring 3, so that the
wafer W is not separated from the wafer holder 1.
) 25 For polishing the wafer W, an air cylinder
i (designated by reference numeral 33 in Fig. 8) connected to
the drive shaft 18 is operated, to thereby press the
retainer ring 3 fixed to the wafer holder body 2 against
the polishing surface of the polishing table under a
30 predetermined pressure. In this state, the pressurized
fluid is supplied under a predetermined pressure to the
fluid chamber 8, to thereby press the wafer W against the
polishing surface of the polishing table. The pressure
applied to the wafer W for polishing is adjusted to a
35 desired level by controlling the pressure of pressurized
fluid supplied to the fluid chamber 8. Thus, the pressure
of fluid in the fluid chamber 8 is applied to the wafer W,

so that it is possible to obtain a uniform pressure



for transferring a wafer and the fluid chanber 8 is connected to the vacuum
source through the fluid passage 10. Consequently, as shown in Fig. 2, the
elastic nmenbrane 4 is deformed and holds the wafer Won the | ower surface

t hereof 15 due to the effect of suction cups forned along the recesses 1l4a
of the chucking plate 14. Wiile holding_the wafer Won the elastic nenbrane
4, the wafer holder 1 as a whole is foved to a position above a polishing
tabl e (designated by reference nuneral 30 in Fig. 8) having a polishing
surface 20distchbasianpdlorsipiodg spady. athossafaer eWtdne tsherfatai mer thei ng 3
are then p dyagai.ns h l.Lshin ur f. b kshi ng.
An outer c?’rggégf gr g%to ?‘altthtgdggagfels? ﬁerr\%f é:rﬁi\%/f%l’msft e}%eﬁ&jig{/ft%%gé g%?gglr)kr‘i ng
3, so that regardlaser oW ithendhiskpesst of frhemwafemdat er Holelegnables. For

pol i shi ng (e ruaker, M ARl £ )thleN ek 1 Adesignated by feferencegnuneral 33

]
in Fig. 8) connected to the drive shaft 18 i's operated, to thereby press
the retainer ri BT3NP Redishinge "APePIRSISYEE I56F tAN G st eqwal pbPi shi ng
surface of 5hg1Rghit3k 'Pﬁtgﬁh%_til ensRden-a 3QAredetey imned, Presseres In this
state, the pressuarizéd luid is supplied under a predeterm ned pressure to
the flui d2BRaABEr 18 WE RERIMP sy thdhfsfh Wheyat HstCcYhEndpsl i §Ri ng
surface of thhe poll PilNGHiARY surkedd/Rasil® @RPliLtbt ovthe yaéeseW f or
polishing is aI(]j:j usted to a 35 desired level b controlling t he Vgressure of
pressur i ze§RIeyiAd PLGSFYEd SO THE iy £, thgly Ot Hee pvasenr 8- of
f|Uidb%@ tnﬁeHdﬂdieqhaM%yiﬁbﬂmsgnﬁﬁéunbtdldﬂﬁiwwﬁfﬁnVMan?@ethFahEeas

possi ble to obtain a.uniformpressure -_15 i stribution r poli.shi ng
across an &t rlémé)blrsf]é’ceacﬁosﬁqean Wt Woﬂﬁ HEE et e?ftgh? h‘éaker W

Ci rc)umc er ertoi @&n edget kemeoinf ereggaradl gesctafort hef ttheknessinért heéngaBer W
Thi s' enabl uny f i shihg t entire su e of L el 5
Duri ng pol ;%s t|Snlg?|t‘f,e 3{1]1(3'8 Bgéése?]ur“g' sgths %%c? al 1 ye}%%%%gfﬁf% 8%r££$}1§%§ﬁ§e i'gher

t han that @odlisdd g athehgafairagniferegppldlecedae tdle tlee avaterriWngad tkr ough
t he ai %Scylﬂl%q,%r +e30 that the polishing surface outside the wafer Wis

presse .
Fig. 3 is a vertical cross-sectional view of a

substrate holding apparatus according to a second
embodiment of the present invention. 1In this embodiment,
the chucking plate 14 is not provided and a space inside

20 the elastic membrane supporting member 5 is empty. Instead
of providing the chucking plate 14, a plurality of through-
holes 4h is formed in the elastic membrane 4 in an area
between the center and an outer circumferential portion
thereof. Therefore, when a negative pressure is applied

) 25 from the vacuum source through the fluid passage 10 to the
fluid chamber 8 for holding the wafer W on the lower
surface of the elastic membrane 4, the wafer W is held due
to the effect of vacuum force directly applied through the
through-holes 4h.

30 In the wafer holder 1 in this embodiment, during
polishing, as is in the first embodiment, a pressurized
fluid is supplied to the fluid chamber 8 so that a wafer W
is pressed against a polishing surface by the elastic
membrane 4 with the through-holes 4h in the membrane 4

35 Dbeing closed by the wafer W.

In the embodiments shown in Figs. 1 to 3, the
retainer ring 3 is fixedly connected to the wafer holder

body 2 having a rigid construction and the retainer ring 3



under a pressure substantially equal to that of the wafer W 10 Therefore, a
uni form pressure distribution can be obtained continuously across an area
fromthe center of the wafer W to an outer circunferential portion of the
retainer ring 3 outside the wafer W Therefore, excessive or insufficient
polishing at the circunferential edge of the wafer Wcan be 15 prevented.
Fig. 3 is a vertical cross-sectional viétw of a substrate hol di ng appar at us
according to a second enbodiment of the present invention. In this

enbodi nent 35 {rBetgbuakiynenoRledt %ylwz&lr&tll@r geety aik avéﬁ&eehd}méﬂe 20 the

el astic nmepbrane supporti.ng nmenber 5 is | nst ead ovi dj t he

chucki ng pggiig ?4 % | iR B9 e ug: qp%(ﬂr&ssﬁq SRR} Jn%ii h‘u% el astic

menbr ane 4waﬂeﬁnhaﬂel@r b)@tdyeezn dalne beenitar sl as cwt;efesmumlrﬁ@r enti al

portion thereof. Therefore, when.a n;gatlve essq}re is applied 25 fromthe
€

vacuum souPEESEHPSud et FEANE fadshge 1649 SR Thahber 8 for
hol di ng t heevwafieerWrdmd I8e ilsovErkeds wrd et afafidre lrejlai;etxr cbcmaymz ane 4, the

wafer Wis h | d.du ffect of ..V uumforc i ed through
the " thr ouBHaRSEEEDHE Taraneh HERara o BB it (o ST RAPREREY dur i ng
pol i shi ng, rasgi 8 icant e fomestendidsodi r‘mrrm:efaoqﬂ,estslw |¢mjta1i¢eu}detweeuppl i ed

to the 11 Uifchantond saddhay agahes WodsyRlasserd paglgston peLi shing

surface by e elastic rane 4 w S 4h'Tn e menbrane
4 35 bei ngvefesedapy deheonst@n iy Imii il zafbo e sl &Ehowhty rariigs. 1 to 3,

the rfjai BeLpinAGyS 1S tfﬂé%lyl%ﬂ{be%@%ﬂé’ chb@e%ffcnﬂﬁ%@'ﬁént?@ﬂy 2 having

a rigid construction and the retainer ring 3 - is vertically noved by

vertical | yPREFIRG tHe W é‘?aflﬁﬂ dercath Ry @SLBS/eCihl s arrangenent, the

pr essure appl i edstlgctehe;hé/\@feecralh@zd&rl dy & keI piddies &8¢ BoPERESUre
for ) pressi n% the retainer ring 3. Further, because the 5 retainer ring 3 is

fixed to t HeTREr dolsidiobodR. Lhe Lﬁﬁfé%’irf%rbl%lli‘%t%’i‘%lb? ot™"P2aBFat) WFrEUement

of the retaig® rigidity and the behavior of the retainer ring during

15 polishing can be stabilized. The wafer holding
pressurizing mechanism of a floating type structure follows
undulations in the polishing surface inside the retainer
ring which is stable and has high rigidity. Consequently,
the behavior of the retainer ring can be stabilized even on

20 a hard polishing surface, to thereby achieve excellent
stability of the polishing of the wafer.

By adjustably positioning the stoppers 17, upward
movement of the elastic membrane supporting member 5 is
restricted at a predetermined height, thus limiting upward

) 25 movement of the chucking plate 14 to a predetermined range.
This prevents warpage of the wafer held on the elastic
membrane 4 and a lowering of product quality such as
breakage of the wafer. Further, by protruding the stoppers
17 by using the cylinder mechanism and pressing the elastic

30 membrane supporting member 5 downward during polishing, the
pressure for pressing the wafer W against the polishing
surface can be varied on a part of the wafer surface, thus
making it possible to obtain desired polishing properties
in relation to the profile of the surface to be polished.

35 In the wafer holder shown in Fig. 3 in which the
through-holes 4h are formed in the elastic membrane 4, the
elastic membrane 4 directly holds the wafer W due to the

effect of vacuum force applied through the through-holes 4h.



ring 3 can be prevented. Therefore, the distance between the retainer ring
3 and the circunferential edge of the wafer can be constantly m nim zed,
and uniformty and 10 stability in the polishing of the outer

circunferential portion of the wafer Wcan be ensured. Since the retainer
ring 3 is fixedly connected to the wafer holder body 2, the retainer ring
can be inparted with high rigidity andi¥he behavior of the retainer ring
during 15 polishing can be stabilized. The wafer hol ding pressurizing
mechani sm Dheaefboat i hjetrgpe sshoupirwbd eloldfows chardd aitri gnsopeart hes poki shi ng

surface inside the retaiper _ring ich is stahle .and s hi igidity.
Cbnsequent??? e%ﬁ§t6§h§3ﬁ§Fa8F Phg%%e%& ﬁgpﬁﬁﬁﬁb%5%%W£§%H€hﬁ¢#£%% even on
20 a hard pbatshilagsbowhade, Ftig .t Aer efhisckindhvenaacaedtaitlistabi | ity of the

pol i shi ng . . adjcu b i tioni h 7 pwar d
overent ol tRacll BotE e Ao ind U ng e 5 T8 e the Balhr
pr edet €r m naefeRelWghtit tsusnhiegiesiseg yupward 125 zepvidreref fgct hef chucki ng pl ate

14 10 2 predetenti ned tatgea TN RS SHRIPAE Pfatde yafer held on the

el astic nenbrane 4 owering of” product quality such as breakage of
t he waf er. TRareRere . byhgret igdineg naesl sicopiearside 7thy eRidigirhepEgtender

mechani sm apd ;nEESS Y thie alaasthilC mhIRIFY alig IPPOLd | iknp@Rber; g dgunwar d
during polishing, thé pressure for pressing the wafer Wagainst the
pol i shi ng 280Pfake LOAR BE P&GSEFGW -a part of the wafer surface, thus

maki ngigt possi bkegkQ aht aion 6®%ihroﬁﬁ_e9@|1ﬂé}$l@§193ﬂ3r%iﬂ&5 rifgs ehatvigg to
the profile of the surface tq be polished. 35 In the wafer holder shown in

Fig. 3 in @RAPONeShE Ot oddh-Aiiisds SHF S rHFR S h- t Wel @l atti cF hBnbrane 4,
the | el ast hadnenlyr.ase 4Aréd meaidom Raleds tdre wed efetdthier toitdpe. effiget of
vacdun1fori a glie% thrau theI%hrqup-holps 4h. o 7 .Thereﬁg e, there is
no problen1§f E Shange 9 %Bébe#i DT Tt PR hehbr4he %ﬁg to
cont act w thohlye thleudlineg Aplratien i ghoun, iBidi oA landhifsgenfilances stability
of unigorqgg%gc%q%%quf the wafer. Further, for holding the
In the example of Figs. 4A and 4B, a plurality of
radial grooves 3g-1 (each extending in a radial direction
indicated by an arrow r) is formed on the lower surface of
the retainer ring 3.
20 In the example of Figs. 5A and 5B, a plurality of
grooves 3g-2 inclined at a predetermined angle 6 relative
to the radial direction r is formed on the lower surface of
the retainer ring 3.
In the example of Figs. 6A and 6B, a plurality of
) 25 radial grooves 3g-3 (each extending in the radial direction
/ r) is formed on the lower surface of the retainer ring 3.
The radial grooves 3g-3 extend from an outer
circumferential edge of the retainer ring 3 to an
intermediate position at a slight distance from an inner
30 circumferential edge of the retainer ring.
Because the retainer ring presses the polishing
surface (such as a polishing pad) outside the wafer, when
the entire lower surface of the retainer ring is flat, the
abrasive liquid (slurry) might not smoothly flow into an
35 area inside the retainer ring. That is, the amount of
abrasive liquid supplied to the wafer becomes insufficient,
leading to a lowering of uniformity in the polishing of the

wafer and a lowering of a rate of polishing. Further, the



5 wafer W it is unnecessary to utilize the effect of a suction cup forned
by using the chucking plate 14. Therefore, there is no need to provide the
chucking plate 14 and only the elastic nmenbrane supporting nmenber 5 in an
annular formis necessary. 10 Figs. 4A to 6B show exanpl es of retainer rings
having grooves formed on | ower surfaces thereof. Fig. 4A, Fig. 5A and Fig.
6A are bottomviews of the retainer rindg§. "-Fig. 4B, Fig. 5B and Fig. 6B are
cross-sectional views, taken along the lines AAAin Fig. 4A Fig. 5A and
Fig. 6A 1leafespeat téley pdllshhismexamiarecofadd gsib fctand 4B gl plurality of
radi al groQv -1 ( h _ext.end) Lh a radial, direction indi d_by an
arrow r) igr?(%F%e%{i"o%%{%ﬁa&nlgov%’r das rfoéacrleemdf nat“heeligeaf glllr%r% 9?%€93£§§§ PR the
exanpl e of thegpolsAhdmgyy BPpargdlug.al ity of grooves 3g-2 inclined at a

predet er mi ned anglee 0 ool At addd e ¢ 3dl alodifgctions deaforneg.on the

| ower surface of the retainer ring 3. 1n"the exanple o i gs. bAand 6B, a
pluraliiy efid2b odditdle groomres By q adt thextmaitd iner ncihe sadaal tdirection
L) is for the t etainer ri . - 1 adi

gr ooves BSﬁgng@tlteZ%d tgl%ﬁfaﬁﬂ{{)%?g LQ'ICEE rltcbﬁtrf{rlg%%ntl%ar}é e%l’geélo?t%‘ﬁtgl{lgt ‘éﬁ%er ring
3 to an i Angdeediodt @bges iveonl vl s i lghtthisteare. fhoreedr i nhlee 8dat

ci rcunf erenbirgli 2dGE Afhd W& Wt adefadd N BecausEaiker reigynes ring presses
t he pollshlng surface (such as a polishing pad) outside the wafer, when

the entireXl® &5 ir¥ e DfAUhet T SR HEH TGy Y2F | 2%, thpel O%BFasi ve |iquid
(slurryp msghiraR@ cHadne fd 0ver Nt @n mek Bi@ait Nel feidhetr ebail BRe ring.
That is, the anount of abrasive liquid f}ruﬁpl’;)l ied to_the wafer becones

i nsuf fi ci ef€LaYNEIdiTgd o % BTt i Ty J1° RHi TV FACE hER pdI F5APHE of the

waf er and aahowsri ngFuftier atthofamainshbNgvedntiréhethe t BEtaid8r wahgr and
the bollshing surlace are subisst Loallal, {kiction obeatingotg:g.probl em
ring.

15 In the present invention, as shown in Figs. 4A and 4B,
the grooves 3g-1 may be formed on the lower surface of the
retainer ring 3 which is brought into contact with the
polishing surface. By this arrangement, the abrasive
liquid smoothly flows into an area inside the retainer ring

20 3, to thereby secure the supply of abrasive liguid to the
wafer, thus preventing a lowering of uniformity in the
polishing of the wafer and a lowering of a rate of
polishing. As shown in Figs. 5A and 5B, the grooves 3g-2
inclined relative to the radial direction may be formed on

) 25 the lower surface of the retainer ring. The direction of

’ inclination of the grooves 3g-2 corresponds to a rotation
direction R of the retainer ring 3. This enhances smooth
flow of the abrasive liquid to the wafer. However, when
there is a high possibility of accelerating polishing on a

30 part of the wafer due to oversupply of the abrasive liquid,
the grooves 3g-3 in Figs. 6A and 6B may be formed on the
lower surface of the retainer ring. The grooves 3g-3 do
not extend to the inner circumferential edge of the
retainer ring 3, so as to leave a wall portion for

35 preventing oversupply of the abrasive liquid, thereby
preventing excessive polishing of a part of the wafer while
securing the supply of abrasive ligquid to the wafer inside

the retainer ring.



the polishing apparatus. As a counterneasure, it is considered to reduce the
5 width of the |ower surface of the retainer ring so as to mnimze the
effect of the retainer ring of disturbing the inflow of abrasive liquid. In
this case, however, the flat portion of the | ower surface of the retainer
ring is reduced in area due to non-uniformwear of the |ower 10 surface of
the retainer ring, making it difficult for the retainer ring to press the

Pol i shing surfacg, |y, sLAbLA BRI woEULLRgLe l B ammunt, gOf the

retainer ring bécores |arge I'’ng i’f ¢ “of" retainer
ring. 15 Ipeldre. pré¥bent thﬁvem)pcms &s<t§lmdv\nt0| rhei ganedA and 4B, t he grooves

3g- 1 may b@ﬁé?uﬂ?@r@ﬂt&ﬁ% %a% ro%“%%cﬁ‘:e@ 210G Hi%@?it e Edh do s Ch 1S

brought into contact wt olis surface. I's arrangenent, the
abrasive ProbliemsnasiaPy flI'B\ﬂé |lﬁtowélr¢narf@éaitﬁ§’edéqwlr<€t Daeveenng 20 3,

to therﬁbYtﬁécwéﬁeﬁ:hﬁoiﬁgw Wnel Bl agifes ldcird t o he dﬁﬁrpof{‘ﬂén
preventlngalowerlng uniformty in the polishing o % he wafer and a

| owering ofPfathat @usFr ﬁélricélﬁ‘ifﬁﬁen&éaslh&% fiareriads .thma %%B witheh gidoves

3g-2 incl faeﬁeaebzt Fventiagt he b&qleﬁlﬂtad:'lroﬁf‘ptf‘l%rt By dedesnredh ophd5 the
| ower surface of the retainer r|n The direction of inclination of the

grooves 3g¥2feBrr BEEERASONGAE Y &t e Fe8s GF RIS e et hi hdh9ring 3.

Thi's enhangaﬁsaqu@hh_lyf,l @Wp@frttlhﬁl alAasideHd Qidbued ddhecwaf efinetonever,
when there. is a_hi

igh.p [ of acceleratin oI IS 30 part of
e GatrrorEreiaty vige i Mt Gt S 4ol e tletos0- 5 i n
Figs. 6A andCBBemrhedﬁmrmdmatdte Immrorawrft&camf fhet resai ner ring.
The grooves 3 b‘ilx nd to the inner CI r cunf n%l al edge of the

‘retainer ri ﬁB 1a¢gy feave G WAl Isucortal o For Vent i ng oversupply

of the abraspbueuhicgdi ahousr@en@byavem @ﬁemnatgaé_)d:&sgl_weyrma@shwhgnotha part of
Lhe vafer BRbAca396H LA ReualPRloh Ol ANAN hd I68L0 1HhogLaE | Nside

t he retainer
15 at the groove of the retainer ring can be prevented by

leaving a wall portion at a terminal end of the groove of
the retainer ring as shown in Figs. 6A and 6B.

The formation of grooves on the lower surface of the
retainer ring can be applied to not only wafer holders such

20 as those shown in Figs. 1 to 3, but also various wafer

holders as long as they are capable of pressing the
retainer ring against the polishing surface. Fig. 7 shows
an illustrative example Qf a wafer holder other than that
shown in Figs. 1 to 3.

) 25 In the example of Fig. 7, a wafer holder 101
comprises a wafer holder body 102 and a holding plate 103
for holding an upper surface of a substrate to be polished,
such as a semiconductor wafer W. The holding plate 103 is
made of a material having high rigidity, such as a ceramic,

30 and has a wafer holding surface 103a which is adapted so as
not to be deformed. An elastic mat 106 is adhered to a
lower surface of the holding plate 103.

In order to hold the wafer W on the lower surface of
the holding plate 103, a retainer ring (or guide ring) 107

35 for holding an outer circumferential surface of the wafer W
is provided on an outer circumferential surface of the
wafer holder 101. A chamber C is formed between the
holding plate 103 and the wafer holder body 102. The



Anot her advantage of the grooves 3g-3 is explained below Wen the grooves
extend to the inner circunferential edge of the retainer ring, the
following problens arise. That is, when relative rotation between 5 the
waf er hol der and the wafer occurs, an angular portion of the outer
circunferential surface of the wafer, -.whipch is fornmed by formng an
orientation flat or a notch in the wafer, nakes contact wth the groove of

the retain I rt on Afr e 0 he i nner
10 circunf g%en%fggl S g% S%léter%teo]%/eatpg’ ﬁ& dr| ndﬁl gﬂi]%k ﬁ@ L?LE) %lgrcog& wor n due
to inpact. cwmmuomoa:mam o fdsatl 03 faspeesd dln ychla atﬂleiltrtg qalstee sLeh bowear .
Furt her, n n S ner %t%%@&

ori ent at| on ?E‘&?& %q%gs%cfzqiﬂact&wthgfhe%{oove ar 15 at %gégtr)gove of
t he ret ai neeansn@fcan Wweymevamed e watad i Caﬂfv\/abd hokd ign e a terninal
end of 4hey gFEQQV%o‘ifdlntJ‘esteﬁta?d@efojd rzﬂléstéw dfedd 9% r 6A a0, 6B. The

formation o grooves on | ower surface of retal ner ring can be

appl i ed t ofasteon| Vi tweferulih|Rfe o @t Hhakp fe%r t%ﬂgfer%qrﬂdvm $he FfgEer Wt o 3,

but al so varicpusneahelrolersi @ dohas 1Y o ectanadl &y pPreesi ng the
retainer ri n%wggal nst the polishing surface. Fig. 7 shows an illustrative

exanpl e of 18 waferl 1BHerSWithetS tHEF tHRteT sk Bl FGsto 161 ghamBern the
exanple of cFig. 7, a wafer hol der 101 conprises a wafer hol der body 102 and

a holdjng plate 103 for hol ding an pey sur a substrate to be
pol i shed, such & d:hferﬁ’??d'?ﬁjl&tclf er Waﬂ?%c%c}b‘?]r% Pt At 1BFEE  nade

of a rratel’lsaﬂrﬂaajé nef hdtgh wa@ﬂlﬁc}ﬂ,déﬁud's qmeassxecl ag£insSo e has a waf er

hol di ng surfgﬁ 103a Syvhr adar? S¢ Dot to nt?oevdef fn el astic
‘mat 1106 i s PRANEFEdY X Efco‘?/ve f3ice o¥ Jtrhde ot W ASCHHE e }1%3 order to
hol d t he waldrded girtthe stowkr Bairfmce vxﬁrtid:aal hbimcn’glcpxh at eTHO3, a retai ner

ring (or g q% I’Ié}_g) di]rpog 1@\5 ﬁé’&Jfljf'g? %rcu eren 3 CEL LY e&gn% ?{%ngrface of

t he waf er |s provi on an ou |aI surface waf er
hol der13101 sukfarangre®@ofs fordisbbsedesn tiet it surrounds the wafer.

The retainer ring 107 is independently pressed against the
polishing surface due to the effect of pressure of a
pressurized fluid supplied to a space 143. The space 143
is defined by a lower seal ring 140A and an upper seal ring

20 140B. The upper seal ring 140B comprises a ring 141b fixed
to a mounting flange portion 102a of the wafer holder body
102 and lip seals 142b for sealing spaces between the ring
141b and a mounting flange portion 102a of the wafer holder
body 102. The lower seal ring 140A comprises a ring l4la

) 25 for pressing the retainer ring 107 and lip seals 1l42a

provided radially inside and outside the retainer ring 1l4la
for sealing spaces between the ring 1l4la and the mounting
flange portion 102a of the wafer holder body 102. The
retainer ring 107 comprises a first retainer ring member

30 107a which is vertically movable and a second retainer ring
member 107b fixed to the wafer holder body 102. In the
embodiment of Fig. 7, even when the retainer ring 107 is
worn, the retainer ring can be pressed under a desired
pressure. The grooves 103g-3 formed in the retainer ring

35 107 are of the same type as the grooves 3g-3 in Figs. 6A
and 6B. That is, the grooves 103g-3 extends from the
radially outer peripheral edge of the retainer ring and

ends short of the radially inner peripheral edge of the



hol di ng plate 103 and the wafer holder body 102. The - 20 chanber Cis used
for applying a fluid pressure through conmunication holes 103mfornmed in
the holding plate 103 to a back side of the wafer W By evacuating the
chanber C by neans of a vacuum punp, the wafer Wcan be held on the 5 wafer
hol di ng surface 103a due to the effect of vacuum force. It should be noted
that for separating the wafer W fronthé wafer hol di ng surface 103a of the
hol ding plate 103, a liquid such as pure water is supplied to the chanber

C. 10 In tsmnexanPhe efffrys 3f ahwaberolvelsd 103d-e dmpwehe ssarhacasof the

waf er hol g e I g rf Lr,cyki nder
for novi ngﬁlt; o 8%%?]??& ? gbeg%l ég scﬁg@t &go:ﬁn@%\?e?cﬁ%c%%%%t?gn%'The
retai ner rTing 99q0ﬁ9$|h93gréomé§ P@Sgﬂglﬂ@ﬁ@e@iO@-@Hﬁﬂmﬁeﬂﬁi%ﬁdfénﬁl?hereof

is di Spose?(? )Soréféiér!zé gyr EHH“Qﬁd&QQ \&@fr%"ctloﬁh% r elsaldd@fwd 1119 119% | §
|ndependen y pressed against the polishing surface due to the e fect "of

pressufe of a pféSsufi z8daf FUPESsEFFItiedato Vd ¥p&Ee Wi s TheepbEe 143 s

defined bysarheveressal ar b@gl%ﬁq'ﬁga%‘ﬂ)fp%&altmerln%q_ajdlfdgpg:f?é) 498t rdbg upper
seal ring 140B conprises a rin ixed to _a mounting flange portion

102a of theohdies ﬁBPéE@t56d9f fd¥sand 11D Seal®S BABH ok Sek¥ i n§- spRees

between thgoliBHin 4%ab¢ad3@ mlsntd @ 1filsHigry RRId i0n dZacdqt be Maf er
hol der body 102. The Iomer r|n 140A co i.ses ring 141a 25 for
b essi ng. LHEPPE: SPREACE AGeT69 addd b5 SOAE D B Thu0 | Al FAEFA 1y i nei de

and outxsi drotlerr etai ner ring 141a for sealing spaces between the ring 141la

and the nounting.. flange_portion 102a of the de body 10

retainer ring 10?h80W8?F§e§ ;dPlrs e RS m@% eﬁiﬁﬁvioﬁ% éﬁlgﬁ is
vert.i cal | ythovabhe tarduaivecerd. rietiaitndrd Hlﬂpgrﬁrﬁxﬂ diet f L& edlst o t he
waf er_hol dgp Bady K02, Lot S - eRAQUIAIRNt D Fidh 7, £usheabenot fg.r etai ner

ring 107 is t he alner g can e presse der sire
pressure. mhédgﬁéoveghﬁoﬁglyq(ﬂhﬁﬁt|hﬁt1ﬁ3WQﬁ%ﬂ¢ﬁ#lY|m@V%® bp7mgpasof the

same type g5 tHe 9HPO%SS i3%ed 93 FiidrfA moving the wafer holder 1

as a whole in a vertical direction and pressing the
retainer ring 3 fixed to the wafer holder body 2 against
the polishing table 30.
The drive shaft 18 is connected to a rotary cylinder
20 34 through a key (not shown). The rotary cylinder 34 has a
timing pulley 35 on an outer circumferential surface
thereof. The timing pulley 35 is connected through a
timing belt 36 to a timing pulley 38 which is connected to
a wafer holder motor 37 fixed to the wafer holder head 32.
) 25 Therefore, the rotary cylinder 34 and the drive shaft 18
| are rotated as a unit by the wafer holder motor 37 through
the timing pulley 38, the timing belt 36 and the timing
pulley 35, to thereby rotate the wafer holder 1. The wafer
holder head 32 is supported by a wafer holder head shaft 39
30 fixedly supported by a frame (not shown).

The air cylinder 33 and the fluid chamber 8 are,
respectively, connected through a regulator R1 and a
regulator R2 to a pressurized alr source 24. The pressure
of pressurized air supplied to the air cylinder 33 is

35 controlled by the regulator R1l, to thereby adjust the
pressure for pressing the retainer ring 3 against the
polishing pad 31. The pressure of pressurized air supplied

to the fluid chamber 8 is controlled by the regulator R2,



and 6B. That is, the grooves 103g-3 extends fromthe radially outer

peri pheral edge of the retainer ring and ends short of the radially inner
peri pheral edge of the - 21 sane. The effects of the grooves 103g-3 are the
same as those described above in connection with the grooves 3g-3. The
grooves 103g-3 may be inclined at a preggternlned angle (0) relative to the
radial direction r, as showmn in Fig. 5A"°5 Fig. 8 is a cross-sectional view
showi ng an entire structure of a polishing apparatus including the
substrate t@oﬁﬁ@ﬂ?bﬂnﬂﬂlﬁﬁk;QﬁerﬁEﬁ§SQFQ(££¥ Dee shivh Fiae Fvgfes, Wt he

pol i shi ng %@gh%s%otn§§éﬁ, nehdpash 31 attached to an upper surface

t hereof and™i s provide belom/ e mafer 10 holder 1. The wafer holder 1 is
connect ed to the AdriaREasiare %%Hu%qw%ﬂﬁﬂﬁxfﬂ?%ﬁﬂ%ﬁﬁ%a}sj%FﬁYlﬁgd Fheverive

shaft 18 i shecacitithd ordee add. Cydn ndeFasddrd | xegui@ @ vwaf sappokdar head
32. The drive shaft 18 |s vertlcally noved by neans 15 of the air cylinder

33, thePebPFsVithp IR RAdet L 100 akhgy 1T at3BIEi ¢41 THFPEEN on
and pressi ighd hrd£tvd Nefquidds@pplxesoiHld heo waf er hol der body 2 agai nst
the polishing ta The drive shaft 18 is onnec ed to a rotary cylinder
20 34 through a Bey‘%ﬁﬁ R F DT HPRBTI A © ﬂd@? B had- aWhﬁiﬁlng pul | ey

35 on an OWﬂfmdxngcnnéew&feraw snr fae el dher eoirf Ibe bfntng pubkeyc3d5 is

connect ed th bel t tjm pulIe i s _connected
to a wafer™ %ﬁﬁ rﬁn flaéﬁrto ?%e m%f ?Q%o?ﬁEr &h 935 “Ther ef ore,
t he rofary apdnatost, 3@3aﬁ@br@@ydpraessha¢tra8ala¢e rmnatédfasea tioi tthiey t he

waf er holdehf%? ég%gp%g 5@%£&n{ﬂ8 e 1§§ t%g ngelt 36 and

the timng ere rotate t e waf er
,holger hea¢m§§Suixﬂﬂﬂxﬁiedleysepnhied hol tee ﬁb@@dsﬂb&mbeg QO tioxedl y

support ed b&h@rékff’%réé@ttﬁ@%erm‘eaﬁéin§t'l tﬂgeﬁoﬁsﬁmﬁgt Bedf bq' gnchanber

are, respecti connected through a regul at or
to a pressuiie &b ki $hiwgrtabba, 3Qhew%%§§sh$er°tatln9 On the ot

15 hand, the abrasive liquid Q is supplied from the abrasive

ulator R2

liquid supply nozzle 40 so as to retain the abrasive ligquid

Q on the polishing pad 31. Thus, polishing is conducted

while retaining the abrasive liquid Q between the wafer

surface to be polished (a lower surface of the wafer W) and
20 the polishing pad 31.

For polishing, the pressure for pressing the retainer
ring 3 against the polishing pad 31, which is applied
through the air cylinder 33, and the pressure for pressing
the wafer W against the polishing pad 31, which is applied

) 25 by means of pressurized air supplied to the fluid chamber 8,
are adjusted to a desired level. During polishing, the
pressure for pressing the retainer ring 3 against the
polishing pad 31 can be varied by means of the regulator R1,
and the pressure for pressing the wafer W against the

30 polishing pad 31 can be varied by means of the regulator R2.
Consequently, during polishing, by controlling the pressure
for pressing the retainer ring 3 against the polishing pad
31 and the pressure for pressing the wafer W against the
polishing pad 31, a uniform pressure distribution can be

35 obtained continuously across an area from the center of the
wafer W to an outer circumferential portion of the retainer
ring 3 outside the wafer W. Therefore, excessive or

insufficient polishing at the circumferential edge of the



of pressurized air supplied to the air cylinder 33 is 35 controlled by the
regulator R, to thereby adjust the pressure for pressing the retainer ring
3 against the polishing pad 31. The pressure of pressurized air supplied

to the fluid chanber 8 is controlled by the regulator R2, 22 to thereby
adjust the pressure for pressing the wafer W against the polishing pad 31.
An abrasive liquid supply nozzle 40 is pBovi ded above the polishing table
30. An abrasive liquid Qis supplied 5 onto the polishing pad 31 on the
pol i shing fabke ROchhAr eeghbrethatal@.asive liquid supply nozzle 40. In this

pol i shing apparatus, for polishing, while holdi he wafer_Won the | ower
surface of the ef3stPg p?ﬁ?ﬁﬁf%nén SO 1 Res M@epoﬁ%séblrrxgl,squfea%qr cyl i nder

33 is 10 operatdadpnt ahehealyshimes S dtie metyaitrerprdpuyred foxesl to the wafer
hol der bodé i.tgward t he E}g}l i shi r,}?latta %CB%beai]d nd! esc')suri zed air.is

suppl i ed t BOLHERFIT B3ENETRGE %8 T (SSBrP Dt SRt he Wt Bra Ry AghY fist t he
pol i shilng padtdlcomprtilsa ngplfiisdedgiiradiere3amhicles s rad athherg. On t he ot her
15 hand, the,a ive liquid.Qis | i far asjive, Jliquid supply
nozzl e 40 §15§B?§gr F&Wﬁ%ﬁ%g%ﬁﬁé%ﬁ@%ﬂéﬁ%ﬁ%ﬁnggiﬁ?%ﬁéfFéﬁf%ﬁ?ﬁ%gpad 31.
Thus, poli shidsg Eorcexdugtled SMEASD G et iy tdred abe aki V&/ $UBAE 00 Q( bet ween

the wafer .gurface Lo e Al ShedAmd el SH fa0g ofy Lsayel el and 20

t he polishing pa r polishing, the pressure or” pressi hg the'retainer
ring 3 agaPngt Sué igolxahin@shd I 1 Th nanwhpt teeed tardéughléheyai r
cylindgy 33%yjadd tReINRIGWE fn eSS, e Waisks Yy adahPBint Rex-5
polishing pad 31, which is applied 25 by nmeans of pressurized air supplied
to the fluP8dcRERFED §00 AT MATUNVER =40 s i Wbl YT ERe | HEPHEFI shi ng,
the)bpr eSS%baﬁnfSOIbyprﬁSi%Wga thdmetfrearleé néssih NY ﬂlﬁgmhnﬁéoce h@omp@fi'sébi ag pad 31
can’be varied by means of_the regqul at or and the pressure for pressing

t he wafer W&@&ienétaﬁ%%fort?oqdrshﬁ?@“%@%ﬁyﬁﬁt%n%arvgﬂc%yhﬁ%aﬂs of the

regul at or R3rouGonsagqiaiidey/,arturinglypdd d shimgubdy coONEinél tagetbespbessure

15 holes formed on a surface thereof.

The abrasive plate comprises fixed abrasive particles
which are bound by using a binder and formed into a plate.
Polishing is conducted by utilizing the abrasive particles
freed from the abrasive plate. The abrasive plate

20 comprises the abrasive particles, the binder and pores.
Examples of abrasive particles include particles of cerium
oxide (Ce0O,) having an average particle diameter of 0.5 um
or less. As the binder, for example, an epoxy resin is
used. The abrasive plate provides a hard polishing surface.

) 25 The abrasive plate may have a two-layered structure
comprising a thin layer of fixed abrasive particles and an
elastic polishing pad adhered to a lower side of the fixed
abrasive particles. The above-mentioned IC-1000 also
provides a hard polishing surface.

30 The wafer holder of the present invention is suitable
for use with a polishing member having a hard polishing
surface, especially suitable for a polishing surface having
a modulus of elasticity of compression of 19.6 MPa (200
kg/cmz) or more.

35 In a conventional wafer holder, a wafer is held on a
backing pad provided on a rigid wafer holder body. Because
the polishing pad is elastic, shocks on the wafer are

absorbed by the polishing pad. However, when a hard



for pressing the retainer ring 3 against the polishing pad 31 and the
pressure for pressing the wafer Wagai nst the polishing pad 31, a uniform
pressure distribution can be 35 obtained continuously across an area from
the center of the wafer Wto an outer circunferential portion of the
retainer ring 3 outside the wafer W Therefore, excessive or insufficient
polishing at the circunferential edge-oR4the - 23 - wafer Wcan be
prevented. In the present invention, the polishing surface formed on the

pol i shing pablenihy Berkheraneddyed wWeluishibe Rad tHechAsi diphgdescri bed
above or an abrasive 5 plate co r|s§$%'f|xed abrasive particles. As the
pol i shi ng pRAfagsr fsusregmfsrded 15 PgﬁﬁgtﬁoFP§hWW§%”béH§Ff?%? ERanpl e,
SU:BS\S(SO, RI gellga?i@m@dl‘c-d Sur. f "A@Qla(rg{ d S@ﬁrﬁdlc?glowm f @c&ureg and
SO y Rodel, Inc., .an urf, in xxx-. n urf in manuf act ured an

2ol d by 100PEBLRE PCERPORATISNEh Pk ‘s AT Pre OSUBASTR® ST FEx%- 5  and

Surfin 900 taeewagerwoven cl oths which conprise fibers bound by using a

urethane resin. The |G 1000 conprjses a, single |a of rd, foaned

pol yur et hane, mhﬁ@ht &sog%eﬁbgﬁﬁgtsﬁpugﬁﬁrga frd %ﬁ%1 ded Fe3fFi ne
recesses otnienitdloes imomiEdhora avasfied aice Heler eof .anlted sadir ias iwvemiptahe
conprises fi .ahrasi v rii i G u i bj nder and
formed int fé’é%gﬁgi? ezi gP%lIng'h&I r‘?&le?szsuc%'du%o?é&b%%uﬁef)ﬁén%é{]ﬁ%gabjfgs?ve
particl es hiarded undorhathia amcdsisrelng atusfafee calr &5 \ab phetved 20y cohpri ses
the abi@sie Oaf Jrdiird ROy kb RULS <, g8 Ofe abrasive
particles |nglud particles of cerium oxide (CeQ2) having an average
particl e difamsteeven ¥emthy neksshing t(wridgaridrs Hand exabihe, an epoxy

resin is 'ﬂ)%qq.-sh-m&h%té&%fﬁ?arm@t@arpr&’in%?ﬁmtaaihﬁardiaQQi!r?@irﬂerﬁurface- 25 The
abr aki ve pl'ate may have a two-layered structure conprising a thin |ayer of
fixed abraSorEesRANEINE hd it VaFHEt i POINSE Hishd Faee ddPier Bdet 62aeFower

side of the fixedyuralasi e RAd igdffentTher @ e i e dcn&- 20091 abso

rovides a hard polishing surface.
P 15 ring f% fixedIy connected to the wafer holder body. the

retainer ring can be imparted with high rigidity and
unstable movement of the retainer ring can be suppressed,
thereby stabilizing polishing performance.
Fig. 9 is a longitudinal sectional view of a
20 substrate holding apparatus 1 according to another
embodiment of the present invention. Fig. 10 is a bottom
view of the substrate holding apparatus of Fig. 9. Fig. 11
is a sectional view showing how the substrate holding
apparatus of Fig. 9 is operated.
) 25 The substrate holding apparatus 1 1s adapted to hold
a substrate to be polished, such as a semiconductor wafer,
and press the wafer against a polishing surface of a
polishing table. As shown in Fig. 9, the substrate holding
apparatus of this embodiment comprises a dish-1like wafer
30 holder body 2 defining an inner space and a retainer ring 3
fixed to a lower end of the wafer holder body 2. The wafer
holder body 2 is made of a material having high strength
and high rigidity, such as a metal and a ceramic, and
comprises a circular upper plate 2A and a circumferential
35 wall portion 2B extending downward from the upper plate 2A.
The retainer ring 3 is fixed to a lower end of the
circumferential wall portion 2B. The retainer ring 3 is

made of a resin material having high rigidity. It should



30 The wafer holder of the present invention is suitable for use with a
pol i shing nenber having a hard polishing surface, especially suitable for a
pol i shing surface having a nodulus of elasticity of conpression of 19.6 MPa
(200 kg/cnR) or nore. 35 In a conventional wafer holder, a wafer is held on
a backing pad provided on a rigid wafer hol der body. Because the polishing
pad is elastic, shocks on the wafer areZabsorbed by the polishing pad.
However, when a hard - 24 polishing surface is used, undulation on the

pol i shing bsunbaead ithattr amsf efdted dax anthq@fd egdy bderywhed snfégeglle be

pol i shed. Fur cqry espongi to a vacuum opening of the backing
pad is forWéahoﬁkg W@%%r &Fﬁﬁé‘ 8¥“ggqghe wafer. On the other hand, in the
waf er hol der of trhe ﬁb&@&ﬂhohd@ﬁﬂﬂddytjrhmﬂﬂﬂﬂbéte%ﬁfﬁeiSrrw¢d3on an

I [ I d hock . f d
ard, undubAEER A8) ey ST ARG HIOH 50 By hiS 1P hRAephessur o

acting ®n ahd aeaehaﬂﬂmnxmaMbndne\MﬁpﬂortﬂmysmemWQn whem ah@epeta$myng

surface |s d, g ol i |n P o mark
correspondi Egkt %lﬁgrtel%\?a:%uum opegallngértlT s for rre %’lﬁ%ﬁ@lﬁ%'\ﬁ%rﬁgg 5 in the
present inkeddisorn siutes thequmarertidb mm*glcprs ¢ xelk yetanhéct ad_ to the
waf er hol dgr hody,e the  elalngl; L 'étge&@r‘sbxﬁ 24 8P3E tef %&Qt?gg@gﬁg%%ty and

unst abl e novenent of the retainer ring can be suppressed,
st abi | i zi ngxpendshibegweaTf difarrlastH ¢ . membrane | ARPPLHLRGl mgBREFroRal Vi ew

of a 2§ sSubsl ralee i r}%ﬁﬁ}ar@éd‘f 4. acgofding LRaARPOLNST 1 seFBeghaent of

the present invention. %_ 10 is bottom view of the substrate hol di ng
appar atus &F Eh§ W?fQﬁgfo:ﬂ@r|QP%¥s%ct?%%a?l@$E%Fsﬁ%%Pﬁ@nﬁoﬁltﬁBesubstrate

hol di ng am@&atutse ofhddtg.6 hi® HPeiied. s&rﬁéca h@fsabétwat@rhﬁbdaag
‘apparatus 1 is adapted to hold a substrate to

sen conduc8¥netfer FadhPiprets ?tﬁ?ﬁb?é?e%ﬁﬁ?%§t4aaﬁglFgﬁlﬁge§&P$§ce of a

sheet 6 is formed from a rubber material which is excellent
15 in strength and durability, such as an ethylene propylene
rubber (EPDM), a polyurethane rubber or a silicone rubber.
A pressurized fluid such as pressurized air is supplied to
the fluid chamber 8 through a f£luid passage 10 comprising a
tube and a connector. The pressurized fluid supplied to
20 the fluid chamber 8 flows through through-holes 5h formed
in the elastic membrane supporting member 5 to a rear
surface of the elastic membrane 4, thus applying the
pressure of pressurized fluid to the rear surface of the
telastic membrane 4. The pressure of pressurized fluid
) 25 supplied to the fluid chamber 8 can be varied by means of a
| regulator. A slight gap is formed between an outer
circumferential surface of the elastic membrane 4, and the
wafer holder body 2 and the retainer ring 3. The elastic
membrane 4 and the elastic membrane supporting member 5 are
30 vertically movable relative to the wafer holder body 2 and
the retainer ring 3.

For insuring high polishing performance, it is
preferred to form the fluid chamber 8 by using an elastic
membrane as in this embodiment. However, the elastic

35 membrane 4 may not be used so that the wafer may be pressed
by direct contact with the fluid. When the elastic
membrane 4 is not used, the fluid chamber is formed by the

wafer holder body 2 and the rear surface of the wafer to be



polishing table. As shown in Fig. 9, the substrate hol ding apparatus of
this enbodi nent conprises a dish-1ike wafer 30 hol der body 2 defining an

i nner space and a retainer ring 3 fixed to a | ower end of the wafer hol der
body 2. The wafer holder body 2 is nade of a material having high strength
and high rigidity, such as a netal and asceram c, and conprises a circular
upper plate 2A and a circunferential 35 wall portion 2B extendi ng downward
fromthe uppe; pkate 2A. The retainer ring 3 is fixed to a |ower end of the
circunferential mall portion 2B. The retainer ring 3 is made of a resin

mat eri al havi ng Ahghnnigiagi sfoppersipdalte 13258 s a ¥rot ddhndigh tae retai ner

ring 3 mayg ggpg)%gn?n%n{b%&eqrzaltlov thd ngbp% & Jiolgery pody, 2 rTHSlW@frer

hol der body e retainer ring fine an | nner space cont ai ni ng
an el asti cbagifbane A UWpPeid ead Sughdce ﬁéﬁbﬂdﬁéﬂyhpﬁ@@EE%@ m%ﬂﬁérls ina

generaldy dissksy Isﬂtelofn%rdmatﬂaep@a@%tﬂecm{m@a N PR | 7% NBPBBHeP hol ds an

outer circunferential portion of the elastic nmenbrane 4. erX|bIe sheet 6
made of anPéP&st ilé MEMHASE o testids Bete &ERIRE el dH§R %@rbrane supporti ng

rre][rber h5I égr@E@gtﬂQéa?Lﬁrull@llt@ersmﬂm& t%4fﬂr%éhdfﬁ$t}adfb@é?r§béﬁ éfr gﬁ@ dby t he
waf er hol der body e elastic ne e exi bl e shee and an
i nner sur f @SR FiSHERSE %ﬂ%%ﬁngﬁb SIS PYHTIHe SYRROTELRENbr ane 4

and the fl exéindlee sShegte Gd 2 friredidwonmm®ed radheti vat €6 i ehe Wak€Bri s

excel | re rablllt such_as _an ethyl ene ro yl_ene
Fubber 0 EPBRY. A58 Fiarr nae HUBb e THATRT |90 PP LLBLE DOREHPBLSa | zed
fluid sucho#s tiee sslad tzied naanrbnamesmmpcmtimg hérebdt ub den@agbsrtaethrough a
fluid passa e 10 ¢ gy tube connec T ssurized fluid
supplied t& ?(? e Stﬁrflf C%aﬁ]b et QBtfﬁa}pe S ?ﬁ%ugh‘gf F%ug ﬁe% 5h formed in
t he eIast|dJmEnbnanahmuﬂnwnwaqﬂrmnnﬁme&ttmfemm@a¢lasu1¢amembtanhe4e|astlc
menbrane 4., s ARPIING, i A6 WS OF L PRESRURLZEdsT Lyi d Lo the Tear

surface of astlc menbr ane e press pressuri zed fluid 25
suppl i &9 t@m@@ﬁqm@%mw cHre b%l%ﬂ@d“?fybmﬁs‘l oingludes a

plurality of openings 4a formed therein. Vacuum portions
14 each having a communication hole 14h are exposed from
the respective openings 4a. The wvacuum portions 14 are
formed at a central portion of the elastic membrane
20 supporting member 5. In this embodiment, the wvacuum
portions 14 are formed integrally with the elastic membrane
supporting member 5. However, the elastic membrane
supporting member 5 may be formed into an annular form and
a disk-like chucking plate including a plurality of wvacuum
) 25 portions 14 may be employed so that the chucking plate is
fixed to an inner side of the elastic membrane supporting
member 5.
As shown in Fig. 10, five openings 4a are formed at a
central portion of the elastic membrane 4, and the wvacuum
30 portions 14 are exposed from the respective openings 4a.
As shown in Fig. 9, a lower end of the communication hole
l4h of each vacuum portion 14 is open. All the
communication holes 14h join inside the elastic membrane
supporting member 5 and are connected through a tube 11 in
35 the fluid chamber 8 to a vacuum source. When a negative
pressure is applied to the open ends of the communication
holes 14h through the wvacuum source, a semiconductor wafer

W is held on the vacuum portions 14 under wvacuum force. As



regul ator. A slight gap is fornmed between an outer circunferential surface
of the elastic nenbrane 4, and the wafer holder body 2 and the retainer
ring 3. The elastic nenbrane 4 and the el astic nenbrane supporting nenber 5
are 30 vertically novable relative to the wafer holder body 2 and the
retainer ring 3. For insuring high poIi%hing performance, it is preferred
to formthe fluid chanber 8 by using an élastic nenbrane as in this

enbodi ment. However, the elastic 35 nenbrane 4 nay not be used so that the
waf er may beopneisedighy 9di dagtingompoddtshiingh tthie fiaduhm \Wert idres el dsti ¢

nb 4] d, f | LH j t . hol d
Menbrane ai:%eﬂ%a'ﬂéa i plded W & aharmers i Ju‘}rf’é‘;% ?&%po‘%}f‘eshéé%%ln@o er

body 2 and t rear surface of the wafer to be - annul ar
st opper pl @e@branes4f préd dohnedgPLe tBdspdimomdiiserloren enheswiphree pl at e 2A

of the wafge RRLUAEA 4 sBEY membAAnePREr &b WHAGR: Aa3d wofid e B4 OpRgL- Pl ate

13 5 is positioned at a predeterm ned hei ght and the stopper plate 13
provi des aVResEm EPTR§ -mefhShowmen ttHe - prlessiisZe®d wurfacesppfied to

the fluid ehanbaeu8m et i@ndstic yriBMan s @it e el asidic Febr ane

supporting. nenber 5 nove as a unit downward relative to the wafer 10 hol der
body 2. | nlPHPE PR&t SHEE 2N Mppdre &R Tohd iR 4 t hebel @53 § &1 Frenbr ane

suppor ti ngsaeaken s5 ser@ages d eidipitbean et ace dtadied heo stiwpper plate
13, thus imting.the ommr?éfgﬁg}o\{gnent of the elastjc merg)rane 4 and the
el astic medBF&he S80pSOiATs Chy {a58uim At e i fred-rahgk?e The

el ast i 0 nexhcane £orel Udeapplipdirdld twafdr operdutgs e feHiedrtbesei n.
Vacuum port| Qns 14 each having a comruni cation hole 14h are exposed from
t he respectsl Ve openi ngs 4a. The vacuum portions 14 are fornmed at a central
portjon of the ehagnifermawikdere QRO wuppafit N neniperoBiddd ditwse entedi ment ,

t he Vacuu ti 14, are- f i i he . St e
npori: noURRRELP RS ARG SUAL) ) 416 Sletieaiiiges
be fornmed ilBt @ngdn tienwadief dravdexrl body 2 are connected through a

15 universal joint 19. The universal joint 19 transmits
pfessure and torque of the drive shaft 18 to the wafer
holder body 2 while permitting inclination of the drive
shaft 18 and the wafer holder body 2 relative to each other.
The universal joint 19 comprises a spherical bearing

20 mechanism which permits inclination of the wafer holder
body 2 and the drive shaft 18 relative to each other and a
torque transmitting mechanism which transmits rotation of
the drive shaft 18 to the wafer holder body 2. The
spherical bearing mechanism comprises a spherical recess

) 25 18a formed at a central portion of a lower surface of the
drive shaft 18, a spherical recess 2a formed at a central
portion of an upper surface of the upper plate 2A and a
bearing ball 21 made of a material having high hardness,
such as a ceramic, provided between the spherical recess

30 18a and the spherical recess 2a.

The torque transmitting mechanism comprises a drive
pin (not shown) fixed to the drive shaft 18 and a driven
pin (not shown) fixed to the upper plate 2A. The two pins
are capable of moving vertically relative to each other and

35 engaging at different contact positions. Therefore, a
torque of the drive shaft 18 is surely transmitted to the
wafer holder body 2 even when the wafer holder body 2 is

inclined.



a disk-1ike chucking plate including a plurality of vacuum 25 portions 14
may be enpl oyed so that the chucking plate is fixed to an inner side of the
el asti c nenbrane supporting mnenber 5. As shown in Fig. 10, five openings 4a
are formed at a central portion of the elastic nenbrane 4, and the vacuum
30 portions 14 are exposed fromthe respective openings 4a. As shown in Fig.
9, a lower end of the comunication hol @8 14h of each vacuum portion 14 is
open. Al the comrunication holes 14h join inside the elastic nmenbrane

SEpﬁgrti gg rrerrbemeﬁtansxpmngemaﬁc&gdmtahéowglﬂnarte@laecdlltoi rd)gﬁﬁ:élﬂh_%rf Y dh
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hol der body 2 are connected through uni versal | oint . The uni ver sal
joint 19 tFandfFi £ DPpEESHr &PHFF % FA eIt tHe the \ﬁé]-as‘h%ﬁ% ITl%“‘?’éalﬂﬁe waf er

hol der bodyug pWhitlie gPafeffitleld B39 dncldmatiddu@f ddecbnyers shadd 48ecand the
waf e hol der gody relative to each other. The universal joint, 19 conprises
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15 plate 13, to thereby hold the elastic membrane supporting
member 5 and the vacuum portions 14 at a predetermined
position. While holding the wafer W under vacuum force,
the wafer holder 1 is moved to a position above a polishing
table (designated by reference numeral 30 in Fig. 12)

20 having a polishing surface (such as a polishing pad). The
wafer W and the retainer ring 3 are then pressed against
the polishing surface, to thereby start polishing. An
outer circumferential edge of the wafer W is held by the
retainer ring 3, so that the wafer W is not separated from

25 the wafer holder 1.

—~—

For polishing the wafer W, an air cylinder
. (designated by reference numeral 33 in Fig. 12) connected
to the drive shaft 18 is operated, to thereby press the
retainer ring 3 fixed to the wafer holder body 2 against
30 the polishing surface of the polishing table under a
predetermined pressure. In this state, the pressurized
fluid is supplied under a predetermined pressure to the
fluid chamber 8, to thereby press the wafer W against the
polishing surface of the polishing table. The pressure
35 applied to the wafer W for polishing is adjusted to a
desired level by controlling the pressure of pressurized
fluid supplied to the fluid chamber 8. Thus, the fluid

pressure is directly applied to the wafer W at its portion



torque transmtting nmechani smwhich transmts rotation of the drive shaft
18 to the wafer holder body 2. The spherical bearing nmechani smconprises a
spherical recess 25 18a forned at a central portion of a | ower surface of
the drive shaft 18, a spherical recess 2a fornmed at a central portion of
an upper surface of the upper plate 2A and a bearing ball 21 nmade of a
mat eri al havi ng high hardness, such as28 ceram c, provi ded between the
spherical recess 30 18a and the spherical recess 2a. The torque

transm tti pgrreehaniasMqC AP HHEE DR/ Qa Pivhiotrshoyiid i yedss@réhe drive
shaft 18 and a driven in (not. shown) fixed to the upper plate 2A. The two
pins are (’:ﬁpéBFlérGFtHﬂ\ei%’é’l\?@rdt iR ARG PUAH Dt Per tRHdvaEeT
engagi ng aWw dhibegenttheorilacit RO Fidrtantme Ther efveren, tios gpee9futbe drive
shaft 18 is sEr.er tra@lsrritted to tthe vva'@fgir hol def;1 b()g}(,iy 2 even en the

waf er hol d8PPHo&EY 20 $NGSE 9P POLEIARS 1@kt TR e Hitat | ohF F sCHae wi t h
regard 3 0o @hatatiisqn sdinced henafrers hadederf If laxipd aimetthev £ hut @f eienvert e Fi gs.
9-11. The,wafer .holder 1 _as a whole is noved to aegtgsition.{or transferring

a wafer and®t REPEHRTUMC AT SH Hdi%eS R Et O e Aty pottidhs 14 are
connect ed posthdleacuwumtd@ince urirfough pgresdwie dilst Comsegorenfody, as shown

in Fig. 11 .he .wafer, Wis hel Nt I r e r f uum
portions 120&%2;%%\3% & et Sectill oefqlt\?lar}ceu%ﬁ]‘”?fgérl%ee Oa%g?r?éjedgg’f%?o@g#ﬁe)éﬁg
conmmuni cat centegl ¢ IAe dirdumfeirgmstiancesdge Ithetéeqght poserdiespreSsure i s

appl i ?Poto%get%'i@ﬁe“s*},afﬁ%ertrﬁa r@aqfealg WO PRENEN, UPVRL d, ipyeppnt of the
el astic nenbrane supporting nenber and the vacuum portions 14, and the
upper end POdiiskdnsn off thfe adltdsie cswefararet supporafely WrenberiBdengages

‘the upper ondisWifRce thda Ofadiie: HRPeInd 5 Pt £n 1BatiRatbersRYabe! d the
el astic menbrane supporting menber 5 and the vacuum portions 14 at a
predet er ni WedP &S At SWHTEhA i Hy trRtsmieraivunderR¢acBeiirgEcéa  t he

waf er hol degb khat: rMee tis GWRStdd ©la BBPVE a1 Hokh§bi g thabl e (designated
by reflegence nuneral 30 jn Fi

pressurized fluid ékoéjghe fluid chamber 8 to the outside.

During polishing, the pressure substantially equal to
or slightly higher than that applied to the wafer W is
applied to the retainer ring 3 through the air cylinder, so
that the polishing surface outside the wafer W is pressed

20 under a pressure substantially equal to that of the wafer W.
Therefore, a uniform pressure distribution can be obtained
continuously across an area from the center of the wafer W
to an outer circumferential portion of the retainer ring 3
outside the wafer W. Therefore, excessive or insufficient

H) 25 polishing at the circumferential edge of the wafer W can be
prevented.

In the wafer holder shown in Figs. 9 to 11, the
retainer ring 3 is fixedly connected to the wafer holder
body 2 having a rigid construction and the retainer ring 3

30 1s vertically moved by vertically moving the wafer holder
body 2. By this arrangement, the pressure applied to the
wafer holder body 2 can be utilized as a pressure for
pressing the retainer ring 3. Further, because the
retainer ring 3 is fixed to the wafer holder body 2,

35 undesirable lateral (or radial) movement of the retainer
ring 3 can be prevented. Therefore, the distance between
the retainer ring 3 and the circumferential edge of the

wafer surface can be constantly minimized, and uniformity



20 having a polishing surface (such as a polishing pad). The wafer Wand
the retainer ring 3 are then pressed against the polishing surface, to
thereby start polishing. An outer circunferential edge of the wafer Wis
held by the retainer ring 3, so that the wafer Wis not separated from 25
the wafer holder 1. For polishing the Mﬁfer W an air cylinder (designated
by reference nuneral 33 in Fig. 12) co 8cted to the drive shaft 18 is
operated, to thereby press the retainer ring 3 fixed to the wafer hol der
body 2 agadmdtsBabihatpolinsliibhrg poldfsidapfoft Hergpalutsdhi gl rewhBenadtiad

predeternlﬂggtpgﬁsggrehelQa%@&sweg%ﬁebéﬂg% Lgpurized fluid is supplied

under a predeterm ned pressure to chanber 8, to thereby press the
waf er W agai nst BhBCepsheshihgisert ad@ofd tise Paldd mpnngfecd The phessure

35 appl i edyfpebhgonaker tWELOR PAHes Hidith iink A Ui} Etdaﬁ B& i §t£§é Weyal by
controlllnﬁéthe pressure o pressurlzed fluid supplied to | ui d chanber

B. Thus gh| gitg1ditys emde the deecticr fipltihal rfebtweewwgwlampss

portion - g81isAkheSkRARdLRY sttating Qpeni nthdayatdit Ioidengl uid pressure s
indirectly applied to the renalnlnq%portlon of the wafer Wthrqugh the

el astic neRBPARBTAZIOGWERSRANISE Gile &5 (@ tifh I TIERF t DT ReERI e WbOpoPFSons of
the wafer Whaueaeqeal of5 tHeatpdlsisisimf &sitEady esssi @ ofhé | vétainethe fluid

chanber 8 is applied to an_.entire surface of the fer i ossi bl e
o btni o 5 PR et TH Wi i ar et o e o debbaBa il
SurfaCBDOfthbebmﬂbﬁﬁxﬂvkﬁbﬁﬁkh&etaﬂﬁ&ﬁ tindg hearci b€ unt & £bi zad edga olner eof

regardl ess_o thlckness f the f.er VV Thi,s. enables rm
pol i shi ng ofg? 8 gnt|Sth%f%ﬁ§3%) Tfugm%qe RM 1iPl?%F %%?? |n§, t he
el asti c negbranéidy of mhanpqﬁmshxngnqﬁnthemwafeme rear surface of the

e ehe "2 ounS IRCOREATIY %, S WAnPSLe L SuPRLeI el eggl aeiae
pollshlng,anﬁetbﬁeyﬁﬂuymnnﬁﬁﬁmﬂﬂsﬂ1%/hﬁﬂkﬂgtthecﬁO@mmgh@ﬁ?lhngh@ﬂeﬁhan t hat
appliegdstoiyhewaf /- MWided in the openings 4a. The wafer W is held

due to the effect of vacuum force applied through the

communication holes 14h connected to the vacuum source.

That is, the vacuum portions 14 directly hold the wafer W

due to the effect of vacuum force. Therefore, there is no

20 need to impart the elastic membrane 4 with a suction cup-
like configuration. Therefore, change in properties of the
elastic membrane 4 is unlikelyv to occur, so that uniformity
in the polishing of wafers can be stably maintained.

Fig. 12 is a cross-sectional view showing an entire
3 25 structure of a polishing apparatus including the substrate
/ holding apparatus of Figs. 9 to 10. As shown in Fig. 12,
the polishing table 30 has a polishing pad 31 attached to
an upper surface thereof and is provided below the wafer
holder 1.

30 The wafer holder 1 is connected to the drive shaft 18
through the universal joint 19. The drive shaft 18 is
connected to the air cylinder 33 fixed to a wafer holder
head 32. The drive shaft 18 is vertically moved by means
of the air cylinder 33, thereby moving the wafer holder 1

35 as a whole in a vertical direction and pressing the
retainer ring 3 fixed to the wafer holder body 2 against
the polishing table 30.

The drive shaft 18 is connected to a rotary cylinder



applied to the retainer ring 3 through the air cylinder, so that the
polishing surface outside the wafer Wis pressed 20 under a pressure
substantially equal to that of the wafer W Therefore, a uniform pressure
di stribution can be obtained continuously across an area fromthe center of
the wafer W to an outer circunferential portion of the retainer ring 3
outside the wafer W Therefore, excessivé or insufficient 25 polishing at
the circunferential edge of the wafer Wcan be prevented. In the wafer

hﬁl derfsho%mmI iéan'ugﬁ. a9 kg Yhott @ovfrﬂ;{jai Mele MRS icsjll‘jiin@il 3eamecsded to
the wafer hol der y 2. having a rigid constructiqn and t retainer ring 3
5071 5 ver t EBITY RAVAR o7y Aoy SR g TR AR A NG R Shody 5. By

thi s arrangaseerbf .t h@her essimng aplliegd 350 itsheconmdferechdderudiody 2 can be
utilized as.a.pressyre _for. pressi.ng the retajper_ring 3. Further ecause
the ' rotar naPiPEnERY Y S0 o foTHRD e Shalhar dhhS AR Pab! o

| at er al5 (on wadieal holmesnewitcaf Ihef inetdaititerthe iwafex darlder freavens 2d.

Ther ef or e, i.stan b taiper. rj 3 the circ erenti al
edge of thghg\%ﬁggfesUrcc éacglo\étga%%bé:ti;cl?nr{sofeearﬁt y arﬁdninéfzr}%ezed},rkqfaend'S uanéitf ofégty - 30
and st abi | ery notiehe G als shiurg. ofort Hheowadre Tirclddementarl 37 pdrtoeghof the
wafer Wca e r Sidced hedLetaihelq 3d Sadd xadl v cted to
the wafer [&R%I &gﬁ%‘égg’uz,géti’ﬁe Btr'e?ceﬁ ner Hgi ngg c%h%t bed |Sal darted ENI t 85 hi gh
rigidity aRdliiey Behawicorthsraltie ratidisend ivaf durhtglepol i shiltg) €ahebe

stabi | jgednolhe Mafela Ol diNG RIRISHA PG RN I Qi hdd Padnage t ype
structure follows undulation of the poljshing surface inside the retainer
ring whi chfilgedianseeans 4ok W gh a3t C%F%‘“é‘hhent ly, 10 the behavior of

the yet ai ner ringneanihe Stiakiddzerk e e @ diad kieldshiaigasalr face, to
t hereby achi eve excellent stability of the polishing of the wafer. The

openi ngs 4% SEPEFGMREY i FAIHE S S t FRE HHbranee L thk 3228 udm portions 14
havi ng t he regrulsicrati Dt dhal asreddudiddedreiprovitiesd 14. t lEhopené fgerda. The

waf er Ygiso?eg%essurized air supplied to the air cylinder 33 is
controlled by the regulator R1l, to thereby adjust the
pressure for pressing the retainer ring 3 against the
polishing pad 31. The pressure of pressurized air supplied
to the fluid chamber 8 is controlled by the regulator R2,
20 to thereby adjust the pressure for pressing the wafer W
against the polishing pad 31. The communication holes 14h
of the wvacuum portions 14 are connected through a valve V
to a vacuum source 25 such as a vacuum pump.
An abrasive liquid supply nozzle 40 is provided above
) 25 the polishing table 30. An abrasive liquid Q is supplied
onto the polishing pad 31 on the polishing table 30 through
the abrasive liquid supply nozzle 40.
In this polishing apparatus, for transferring the
wafer W, the communication holes 14h of the wvacuum portions
30 14 are communicated with the wvacuum source 25, to thereby
apply a vacuum force to the wafer W for holding the wafer W
on the vacuum portions 14. For polishing, the wvacuum force
applied to the wafer W through the vacuum portions 14 is
released and, while holding the wafer W on the lower end
35 surface of the elastic membrane 4 of the wafer holder 1,
the air cylinder 33 is operated, to thereby press the
retainer ring 3 fixed to the wafer holder body 2 toward the

polishing table 30, and pressurized air is supplied to the



due to the effect of vacuum force applied through the comunication hol es
14h connected to the vacuum source. That is, the vacuum portions 14
directly hold the wafer W due to the effect of vacuum force. Therefore,
there is no 20 need to inpart the elastic nenbrane 4 with a suction cup-

| i ke configuration. Therefore, change in properties of the elastic nenbrane
4 is unlikely to occur, so that uniform3y - in the polishing of wafers can
be stably maintained. Fig. 12 is a cross-sectional view showi ng an entire

25 structugguely eh;agllue&hlang taPPA{Atdisy Ig}céégﬂlﬂgetweféybﬁta@afnsholtﬁbng
apparatus of Fi 9 to 10. As shown in Fig. ,. the pollshlngtable 30 has

a pol i shi n§°pad SilgatPPé]cr?’eld qy thén Rijpeinidid f'%ﬂ:te-? he? eofhrly € provi ded

bel ow t he wakerinol den khe3®thher wadel, haldleindad sveonngei @dot @st he drive
shaft 18 thr ougrh t he uni versal Afm nt 109. The drive shaf{er18 is connected

to the air SEPPIAGEr TF9T &y aRF Sl HG YT PR 252 Land0 gFPyBSshRf t 18
i sf ver L:% f:gtcleytamvedlebxaummsfe afi duhied ap I’orlcyﬂdhéIQ%l:Bﬁnlrﬁ@epE@YB oovi mgutshe

waf er hol der 5 as .a ertical_directigon ressi

ret ai ner I‘Ipﬁ)d'l§ ined % £ u%ef‘% M%& oyt ﬁ?ﬁn% Ta¥hécp ggfl gng
tabl e 30. Théedmicem sthaf twa]iﬂa:r ssmte@ttad b paolmlae@{ cyl Loder su3facé4

t hr ough aC|rcu%¥%t §Q3ng éﬁl 415Eiﬁé($43pas a timng pulley 35 on

an outer rent T al sur ace ere imhg pulley 35 is connected
through a tim ngoelpol3Ghting, ttlrn:-. rrgrqsnﬁulee/ B8 v ehsisg cbnpecetdiners a

vater Dol deh POl gt JdXethd QA NEHRSTp P! SIET hERth 325 aggighore. he

rotary cylln are rotated unit by the
waf er hol dé&hnemady @ tdﬂrlb@»llm%rtwn n@ncbutmeypeessuhe £PrAi pgepeling36 and

the timngyRuUll % 3% at H‘@E ebYe ;? ﬂ@nﬂﬂ& ﬁﬁ‘@éeﬁlh%ﬁ%hllsTBEp\i@fe%f 10
hol der head 32 is sup hol der” head shaft 39 fixéed

Iy
supported BY &3O éﬁﬁﬁe%ﬁﬁﬁwﬁedT%bra??DE¥¥?%dE? QBeaﬁauﬁﬁeCFP@P@rbﬁanber
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15 pressure for pressing the retainer ring 3 against the
polishing pad 31 can be wvaried by means of the regulator R1,
and the pressure for pressing the wafer W against the
polishing pad 31 can be varied by means of the regulator R2.
Consequently, during polishing, by controlling the pressure

20 for pressing the retainer ring 3 against the polishing pad
31 and the pressure for pressing the wafer W against the
polishing pad 31, a uniform pressure distribution can be
obtained continuously acress an area from the center of the
wafer W to an outer circumferential portion of the retainer

j) 25 1ring 3 outside the wafer W. Therefore, excessive or
| insufficient polishing at the circumferential edge of the
wafer W can be prevented.
In this embodiment, the polishing surface formed on
the polishing table may be prepared by a polishing pad such

30 as that described above or fixed abrasives. As the
polishing pad, various commercially available polishing
pads, for example, SUBA800, IC-1000 and IC-1000/SUBA400 (a
two-layered cloth) manufactured and sold by Rodel, Inc.,
and Surfin xxx-5 and Surfin 000 manufactured and sold by

35 FUJIMI INCORPORATED can be used. The SUBA800, Surfin xxx-5
and Surfin 000 are non-woven cloths which comprise fibers
bound by using a urethane resin. The IC-1000 comprises a

single layer of hard, foamed polyurethane, which has a



regulator R2 to a pressurized air source 24. The pressure 15 of pressurized
air supplied to the air cylinder 33 is controlled by the regulator R, to

t hereby adjust the pressure for pressing the retainer ring 3 against the
polishing pad 31. The pressure of pressurized air supplied to the fluid
chanber 8 is controlled by the regulator R2, 20 to thereby adjust the
pressure for pressing the wafer W agai R#St "t he polishing pad 31. The

comuni cation holes 14h of the vacuum portions 14 are connected through a
valve V t @oaovat simsauiree a2hl sirell ke &/ aninbaIpuim. £ Ate abéassyes! bgui d
supply nozzle 40 is provided aha the olishing table 30. An abrasive
liquid Qi i“og‘l?ﬁplﬁoéfg%dgrﬂnoat et [flaﬁesh{}hegrepo 31 on the polishing table 30

t hrough the abrashievéﬂ}deamiaﬂbmmpiqs rumzﬂrasﬁs dar tt i = podh st ngrappar at us,
for transf rr| the )r!!g o] es, 14h of t he vacuum
portions e U n| Ot néqe ﬁe veggcu%% so%r o8 O?ﬁ@%{éw appl y
a vacuum fmsce:cxrrdudteed/vaiwmwlfmlrm)lmmgsxm eaf erc W s cmredzl@ faomurhe
portions 14 oI g, Q%HIL t hr ough
t he vacuum por %lrlg%s %\541 rfrrbgased andg 0‘\%% %IegSé%h{ﬁlg %VB %\Ilg\{r? t he

| oner end ¥ rdirdlese dfhe Reirdestand nkodR ane IKaipiee Q@f@brh@ider 1, the
air Cyli ndgl 3% d i OPR{ALREL Jo-dNTEbYo PrEss: ffiox 6421 086, | REvInGl xed Lo

body 2 toward the polishing table 30, and? ressurlzed air
i's suppliednt G¥eFRde FARIEIGEQ] SHUMDERT QT td- 1 et eby press the Waker W

agai nsiot he i ld shidyg dathdile Onad f@p&@}lﬁ@éﬂg iabhee 30, Whbchiksq rotating.
On the other hand, the abrasive |i qui d a%f' ied fromthe abrasive

liquid sup&ItSFE\’Folz‘éefse DRP S "foh%r‘?e?%}hﬂfﬁég 53#9%- | i §adEEX6A the

pol i.shi ng pﬁd:é’shvé@“@eneﬁ@llﬁhfcﬁlﬁné@ mﬂ@lwt@ﬂsmmmermat@l agdt heyabr asi ve
Ilqt}l d Q between the waf erep(iur ace o I shed surfa%e of the

wafer W amd%heé goiq iRy ds%ﬁuc%‘?e p%(F ]ﬁjr?fgngt% tlb?'lés @¥Y&Tf 8F pressing
t he retai nagixed abn‘tgsﬂfeagmmlsiclm pod i shi ebapatc 3go Likhthgi padppl i ed

throuQ?Sth%. éregllnder éraggdéhgfp£§§sg£§éé bgégfééngartlcles

The above-mentioned IC-1000 also provides a hard polishing
surface.

The wafer holder of this embodiment is suitable for
use with a polishing member having a hard polishing surface,

20 especially suitable for a polishing surface having a

modulus of elasticity of compression of 19.6 MPa (200
kg/cmz) Oor more.

In a conventional wafer holder, a wafer is held on a

backing pad provided on a rigid wafer holder body. Because

N’

25 the polishing pad is elastic, shocks on the wafer are
absorbed mainly by the polishing pad. However, when a hard
polishing surface is used, undulation on the polishing
surface 1s transferred to and affects the wafer surface to
be polished. Further, a mark corresponding to a wvacuum

30 opening of the backing pad is formed on a rear surface of
the wafer.

On the other hand, in the wafer holder of this
embodiment in which a wafer is held on an elastic membrane
by utilizing fluid pressure, shocks on the wafer due to a

35 hard, undulating polishing surface can be absorbed by the
fluid pressure acting on the rear surface of the wafer.
Thus, even when the polishing surface is hard, high

polishing performance can be maintained and no mark



the wafer Wagai nst the polishing pad 31, which is applied by neans of
pressurized air supplied to the fluid chanber 8, are adjusted to a desired
| evel . During polishing, the 15 pressure for pressing the retainer ring 3
agai nst the polishing pad 31 can be varied by neans of the regul ator RI,
and the pressure for pressing the wafer Wagai nst the polishing pad 31 can
be varied by nmeans of the regul ator R2. 34Censequently, during polishing, by
controlling the pressure 20 for pressing the retainer ring 3 against the

pol i shing padre3ddoddd nghe Press W I AN d oMREEroV 888l Rakethe
pol i shing pad 31, a uniform pressure distribution can be obtained.
continuously acr B85thRTar & fohdm MO AEMERt ofSiee Wl eFeVRiRCANTdDLer

ci rcunf er enti @li xpanti ednefedthal red ainerwdter iU &PUWsade the vatahnWr
Therefore, excessive or, insufficient ﬁ§|lshlﬂ at the circunferential edge
of the waFéPINEEEN PFe IFPARdREIIH RIFR %%&ké%?ﬁﬁﬂ?dt%%sbﬁpi§hing surface

fornmed Hn mbhempalt S AGd akd e irRyr bei g epad esk yuFoposs8ai ngneadpguch 30
as that.descrihed agbove ar. fixed abrasives. As the polishing pad, various
commer ci al Py 2&vaiZdhi% B %ﬁﬂﬁqﬁ;pﬁﬁéhfm?Qﬁeexanple, SUBA800, | C- 1000 and
| C- 1000/ SUBA400 @anhilgnhayl @lertacerd dtwyfamrinficy athantg sbéés bycRadeh, | nc.,
and Surfin xxx-5 and_ Surfin .000 gﬁgufac ured and solgag% 35. FUJL M

d

| NCORPORATEB ¢En & P&e PP "Hd SUBRBOC Gl F 11 X5X=% PRLFFIARE00 are
non- woven chatths swhifdhr soo nprmi e f i be r so 1 hatuindg byt ushegwaferebhaaehnedi n. The

| C- 1000, conprises a_.si.ngle layer. of hard,. f | yur et hane, , whi.ch has a
33 poir)%us astrra&é]’tvt?r(‘-f*jlaaﬁC iwﬁlc %’ydetsh% Y\%ﬁ%lgrl%&??lf%eg et\éggsvé%g%? hﬁ%ldeesr f or med
on a surfaog tther gofeserite frivedt &b abl ves. comprvaesr phelderewhwihch are

DU, Y, S DML A1 PR 02,018 eap oLl Bty gonchct o0
pl ate conphiged toed ighyiad af e twafes, or he BehbekrinadPpér eBicExdmpl es of
abrasive RYed dLTdnpdiide RATEAE! 8585168 UM OXi g1 (CeEBY havkrygisan
average particle diameter of 0.5 mor less. As the
15 held by the wafer holder of the present invention. It
should be noted that "soft” means having a low modulus of
elasticity.
Fig. 13 is a plan view of a polishing apparatus which
is suitably used for the above-mentioned two-stage
20 polishing by using the wafer holder of the present
invention. The polishing apparatus of Fig. 13 comprises
two polishing tables 30. An abrasive plate or fixed
abrasive polishing tool 29 is attached to one polishing
table 30, to thereby provide a first polishing unit 4la. A
) 25 polishing pad 31 is attached to the other polishing table
30, to thereby provide a second polishing unit 41b. The
second polishing unit 41b can be used for final polishing.
The polishing pad 31 of the second polishing unit 41b has a
lower elastic module than that of the polishing tool fixed
30 abrasive polishing tool of the first polishing unit 4la. A
wafer holder 1 has the same structure as that shown in Figs.
1 to Fig. 3 or Fig. 9 to Fig. 11. The single wafer holder
1 is common to the first polishing unit 4la and the second
polishing unit 41b. That is, as in the case of Fig. 8 or
35 Fig. 12, the wafer holder 1 is supported by a wafer holder
head 32. The wafer holder head is adapted to be pivotally
moved by a wafer holder head shaft, and the wafer holder 1

is capable of moving between the fixed abrasive polishing



10 binder, for exanple, an epoxy resin is used. The fixed abrasives

provi des a hard polishing surface. The fixed abrasives generally forned
into a disk-like plate and nay have a two-layered structure conprising a
thin layer of fixed abrasive particles and an el astic polishing pad 15
adhered to a | ower side of the fixed abrasive particles. The
above-nentioned | G- 1000 al so provides “as3Rard polishing surface. The wafer
hol der of this enbodinment is suitable for wuse with a polishing nenber

havi ng a haedlp@ld smdd surfalcdeshimn) mypetl al | in sthitsabdrbédimanpol itdlei ng
surface -hay, a | s bt qf)cgpi S 9 a (200

kg/ cnR) or'\urarlt%fgg. “ﬁ% ﬂé?r%%dnﬂ%% dea%ae%g%o er?lsai \i\.f/a}%{l %swﬁg%/g on a

backi ng paduppdvi dédtortZ% rihfind vieFead Héralefippidypo Beshaimg upstt Kdapdlo shi ng
pad is el aghiheuShecks: ,afy the e 8lg ase ahsarbed- el ntye byskhg pol i shing
pad. However, when a hard 'polishing surface is used, undulation on the

pol i shihg abiesdee PP kidhdteryet 1497 antheFeaktart heo weher segpndce to be
polished. KuntiRering JHBIMK £0f resRUHANGL t9 S VSl UST 3@19@@%891%1&1@6 _
backing pad is_ formed on a rear surface of the wafer. On the other "hand, in
the wafer RSl dée G CHRRTRTYS PIhi th #%afErtPEnaEl 8°0/N8n el astic
menbrane hy fut idd i ddnk feprigss el i sthotksaperthe vméeridue teya 35 hard,

undul ati ng palishing surface can. he absorbed by th fluid pressure acting
on the reart P BT HE wet g?l.&%uifa&/%eéﬂéﬂg?ﬁesbﬁfF‘Eﬁi ﬁ&"&&rgf ace is
hard, hogh Lep@l isstiaigpeandcksrerare wamntheamédt ai ned and no nmark 34
correspondi ng to _the.vacu openi ng Ji.s formed on the wafer, . Further, in
thi s enbodi ment . i RHSTHE FOU Y Hity 1S 1 Xethy LORRBEL8A ¢ TRE waf er
hol der bodyeddwsamtlay neimi tedgtcarhdef onpavied embbdhnghtsi pudi tynare
unstable 5 VLEIT, i n rl S $ , r

stabili zi nér{%oﬁ%{?;r% nié{ péer %#%ﬁ\yte& Awéﬁpghﬁﬁ$§¥tgﬁgég\7\gﬁgr fg:lt}?lf ggl)eé havi ng
| ess scrat@ist of the present invention.



mar ks can be obtai ned by conducting two-stage polishing, that is, first
conducting polishing of the wafer on a hard 10 abrasive plate while the
wafer is held by the wafer holder of the present invention (i.e., the wafer
hol der which holds a wafer under fluid pressure) and then conducting final
polishing of the wafer on a polishing pad which is soft as conpared to the
abrasive plate, while the wafer is 15 held by the wafer hol der of the
present invention. It should be noted that "soft" neans having a | ow
nodul us of elasticity. Fig. 13 is a pl/an view of a polishing apparatus
which 1is suitably used for the above-nentioned two-stage 20 polishing by
using the wafer hol der of the present invention. The polishing apparatus of
Fig. 13 cB#fise<CladDhoidshing tables 30. An abrasive plate or fixed
abrasive polishing tool 29 is attached to one polishing table 30, to
thereby provide a first polishing unit 41la. A 25 polishing pad 31 is
attached to the sbsrrated inshl il itnablappra3e fusocthpr ébyngr ovi de a second
pol i shing unit 4%b.sghe 1€ ogd o#h%hﬂﬂgfunit 41blcaﬁ.ge useg for f%gal

pol i shi ng. The p%FlshPﬁglp 4”31 6 theé Sé&%hdap%?lé 'hgguﬁPf 215’ ha8%a

| ower el astic sosh e ddten Hdlatinef e rpelissibaghb0alingi XeduBdr Bt asdnee
polishing tool of the first polishing unit 4la. A wafer holder 1 has the
sane strubfiRelns thattEhGaiGartFingsh thet Borighingofurfgced to Fig. 11. The

si ngl e wafer holdesypde 5 £HIRN AP P& rhiclist BRAbESBiAG, unit 4la and the
second polishing unit 41b. That 1's, 'as in the case of "Fig. 8 or 35 Fig. 12,

t he waf er hol dersubssraupgoridad bpdy wafréngholddrst dedad 32 diTige swaker hol der

head is adapted t.o be pivotall ved hy.a.wafer hol der head shaft, and the
nafer hor Jarie 1 R s Bat R tEhE pi SuhShEree w8 Bl f shing -
35 tool 28panthtdenpodimshinigipadndl. In this enbodi ment, the wafer Wis

pi cked up by a wafer holder 1 froma wafer supply lift 42, then, nopved the
first polishi ndufil@s4t& tBEMREMPUCPTRVEPPSL Yol iF6Ki ng ot ¥ hes wdPdFiB§ t he
fixed 5 aBrgsi verpolhshi Bg-10RL 29, ndNeeafdRly, taHhe ReEA%e having

opposite surfaces including inside and outside surfaces,

the elastic membrane has an opening at a central portion
thereof, from which opening a vacuum portion is exposed, the
vacuum portion being formed on the elastic membrane supporting
member and provided with a communication hole,

wherein the substrate is pressed against the polishing
surface by supplying the fluid chamber with a pressurized
fluid, then the lower end surface of the vacuum portion 1is
located inward of the 1lower end surface of the -elastic
membrane while the substrate is being polished, and

the substrate 1is held by the wvacuum portion under a
vacuum force by connecting the communication hole of the
vacuum portion to a vacuum source, then the lower end surface
of the vacuum portion is substantially flush with the lower
end surface of the elastic membrane while the vacuum force is

being applied to the substrate.



polishing unit 41b to conduct a second or final polishing of the sane by
the abrasive pad 31 and, returned to the 1lift 42 to transfer the polished
wafer to the |lift. By this arrangenent, a highly flattened wafer surface
having 10 | ess scratch marks can be obtained. It should be noted that the
present invention is not necessarily limted to the foregoi ng enbodi nents
but can be nodified in a variety of ways w thout departing fromthe gist
of the present invention. - 36 - WHAT IS CLAIMED IS: 1. A substrate
pol i shing apparatus conprising: a first”polishing table having a polishing
surface; and a substrate hol ding apparatus for holding a substrate and
bringing it into contact with the polishingﬂsurface' t he substrate hal ding

appar at us 2conpPi §PR§TrateuBet i 8P ENBOPERRTBEYY RAVFRG A°5GBsiPatd 2Bl dirng

side facipgrthg Rl ibshisag aurfacerand, hol ding, & sulistiat esondhc3uRstrate
hol di ng side; and an el astic nenbrane provided on the substrate hol di ng

si de of thbasabgt sat @shdlaerdbodly, at heeasube anadhavivhgchoppesitubd ssuaftaces

i ncl udi ng.inside_and_outside surfaces,. the elastic nenbrane has an opening
o cent 81 BsreEan 07 Hoy BTt i Sy acuum porti on | &

exposed, the vacuum portion being fornmed on the elastic nmenbrane supporting
menber and provided with a communi cation hole, wherein the substrate is
pressed adai nst PHRSpPRFEP AL SiRG AP ARP L FppISy iSRG ERETRI dPdCeRdfber with a

pressuri;gq 2§|threiﬂeﬁo&§ﬁéﬁ@W§ﬁ @HE’é%&%&%%ﬁn@&b&ﬁ%eVéﬁBBBEBOﬁEﬁBQriS
| ocated inward of the |ower end surface of the elastic nenbrane while the

subst r at e insthei ngr pota s hedreahion hee laiiste &ce the kabgthytehbovdedum porti on
under a %%gguggf9£ﬁ§tgg gyngegéé§$$éq¥%éxﬁgﬁ$ i.cation hol e of the vacuum
portion to a“vacuum source, then e lT'ower end surface of the vacuum
portion is substantially flush with the |ower end surface of the elastic
menbrane while the vacuumforce |s being applied to the substrate.

4. A substrate polishing apparatus as set forth in any one

of claims 1-3, wherein means for applying a pressing force to

the substrate holder body is a mechanism for moving the

substrate holder body in a vertical direction.

5. A substrate holding apparatus for holding a substrate and
bringing it into contact with a polishing surface of a
polishing table, the apparatus comprising:

a substrate holder body for holding a substrate;

a retainer ring integrally formed with or fixedly secured
to the substrate holder body for holding an outer periphery of
the substrate;

an elastic membrane and an elastic membrane supporting
member supporting an outer circumferential portion of the
elastic membrane, contained in a space defined in said
substrate holder body and the retainer ring:;

said elastic membrane supporting member being formed with
a through-hole, through which a pressurized fluid is supplied

from a fluid chamber, the fluid chamber being a space above



- 37 2. A substrate polishing apparatus as set forth in claim1l, wherein a
pressure of the pressurized fluid is adjustably changed so as to adjust a
pressure under which the substrate is pressed against the polishing
surface. 3. A substrate polishing apparatus as set forth in claim1l or 2,
wherei n novenent of the elastic nmenbrane support nenber in the vertica
direction relative to the substrate holder body is limted by a restriction
menber. 4. A substrate polishing apparajus as set forth in any one of
clainms 1-3, wherein nmeans for applying a pressing force to the substrate
hol der body is a nechanisn1for noving the substrate holder body in a

verti cal dhrec ion. A substrate hol.din IrE)paratus for holding a suhstrate

and brin§ ﬁge|FStﬁFo“@&ﬁﬁ%9?\ﬂqﬂ99§ o G Tsurface 6Ff24 SHOrRSRI 7

tabl e, thenapparatus fORPFisiNg: a substrate hol der body for holding a
substrate; a retainer ring |ntegrally formed with or fixedly secured to the
substrate hol der brBAingr Belaongf ermedit @t periqaigrsalof Porkéosubst r &he; an

el astic HEHE%@QS Qg?ggnglastlc menbrane supporting menmber supporting an
outer circunferéntial portion of the elastic menbrane, contained in a space

defined in said vadmﬂm%@mxﬁmﬂdehabﬂdg an¢ﬁmmmnun&nmmw moh@h gaidheliasti c

mb t b dwth, a th t hr ough_whi ch
2 proasur PEBR PGS L SUppI PRl PRONBa BRI Chatber 1t et il G HaRor

being a spaem aboNeopesBng}he el astic nenbrane supportlng nenber to a rear
surface of the elastic nenbrane, an opening being fornmed at a central
portion of thesaé¢a§?Féuﬁeﬁ§F§hén Bevagudrrpert ian Wheyisg s ico Ak Eas on
hol e, whi Ny, }s lower end, being provided so that it is exposed
fron1sa|d%g %Fﬁg?s é‘%ib%/acuumportlon being fornmed in the elastic nmenbrane
supporting nEnberelastlc sheet being attached to the lower end surface

of said vacuum portion,

wherein the substrate 1is pressed against the polishing
surface by applying a pressurized fluid to the fluid chamber,
then, the lower end surface of the elastic sheet is positioned
above the 1lower end surface of the elastic membrane upon
polishing of the substrate; and

a substrate 1is held under a vacuum force by connecting
the communication hole of said vacuum portion to a vacuum
source, then, the lower end surface of the vacuum portion
becomes substantially flush with the lower end surface of the

elastic membrane.

6. A substrate polishing apparatus comprising a polishing
table having a polishing surface and a substrate holder for
holding a substrate and bringing it 1into contact with the
polishing surface, wherein

the substrate holder is provided therein with a fluid
chamber defined by an elastic membrane having an opening,

a vacuum portion having a communication hole being

provided so that it is exposed from said opening,



an elastic sheet being attached to the |lower end surface of said vacuum
portion, wherein the substrate is pressed against the polishing surface by
applying a pressurized fluid to the fluid chanber, then, the | ower end
surface of the elastic sheet is positioned above the |ower end surface of
the elastic nmenbrane upon polishing of the substrate; and a substrate is
hel d under a vacuum force by connecting the comunication hole of said
vacuum portion to a vacuum source, th the | ower end surface of the
vacuum portion becones substantially fTush with the | ower end surface of
the elastic nenbrane. 6. A substrate polishing apparatus conprising a
polishing table having $O|IShln surface and a substrate hol der for

hol di ng a subs?PaPEtﬁﬁdch B REER H § hiRP okttt vﬁq%gtqﬁ?sﬁﬁﬂlﬁﬁWQﬁfne

surface, waengi Quf;ﬁ@r‘@é‘@sﬁ‘lja&@ &od defc In%nw&wed%@pw%%a WekBea, flui d
chanber defined by an elastic nenbrane havi ng an openi ng, a vacuum portion

having a connuﬁﬁédtEéﬁsh®¢em©@bﬁ@nep$@m@QﬁﬁﬂQﬁ)mtheﬁtkaﬁQH@m@@ﬂﬂﬁﬂéﬁlsald
openi ng, %rg%%ho%% Cl Ufﬁgr%&'c%' aP ”'s%’&r‘i 3@l 8lastd & CeL{Eg) re%l“e

bei ng suppor y an efa nbrane Su ort nenber said

menbr ane §mpmorh|nglm3@be¢himhqm)fum’nad mebh authaoagheﬁolthetrukngﬁ1cwhich
a pressurlzeg fluid is supplied froma fluid chanber to a rear surface of
t he el ast "€™°kBRGr ane, sai d vacuum portion being fornmed in said elastic

nmenbrane suppgrtingafBIREpor WEH EHOI hher SRS rat esd 5d Pk Bssert: agaidisine he
polishing surface by applying a pressurized fluid to the fluid chanber,

wher ei n t BEPPoRELnEndeBReface of said vacuum portion is |ocated inward of

the pol ishing setack ofotba,elpsii s nantyane Mke ! hecsubsteatagl S being

pol i shed; and a su ate 1s acuun1port|on andler a vacuum
force by summacblbg bb@lqdmgumi¢&@smmrhabd dfluddi do vaeuuimypial telemider ,a
vacuum soul {eln t he | ower, end . . .
ereln lower end surface of said wvacuum portion 1is
located inward of the polishing surface of the elastic
membrane while the substrate is being polished;
and a substrate is held by the wvacuum portion under a
vacuum force by connecting the communication hole of said
vacuum portion to a wvacuum source, wherein the lower end
surface of the wvacuum portion is substantially flush with the

polishing surface of the elastic membrane while the wvacuum

force is being added to the substrate.

7. A substrate polishing apparatus as set forth in claim 6,
wherein said substrate holder includes a retainer ring which
is integrally formed with or rigidly connected to a body of
the substrate holder for holding the outer periphery of the
substrate; and, the retainer ring 1s pressed against the
polishing surface by applying a pressing force to the

substrate holder body.



surface of the vacuum portion is substantially flush with the polishing
surface of the elastic nenbrane while the vacuum force is being added to
the substrate. 7. A substrate polishing apparatus as set forth in claimé,
wherein said substrate holder includes a retainer ring which is integrally
formed wth or rigidly connected to a body of the substrate hol der for

hol ding the outer periphery of the substrate; and, the retainer ring is
pressed agai nst the polishing surface Ry_applying a pressing force to the
substrate hol der body. - 40 8. A substrate polishing apparatus as set forth
in clain16 wherein the polishing surface is forned by a hard polishing
menber |ng nndubus of co sion of 19.6 Ng é200§%/c , nore. 9. A
substrate polléhFH S5ppafaba 15 lE%taPB?FﬂtFﬁ Parfm ﬁ@lﬁl§&Pd6

pol i shi ngysdi-tage the rmste; Hfian sbrastyei Bl FHoemeeOmy i 81 MA Xl X025 wiagy ve
particles bound by a binder. 10 A substrate polishing apparatus conprising;
a pollshlW&mPQEI@aW&%%nPQﬁ%kﬂﬁs%fngo§ﬂr¢%§é0naﬁé a9 -dup%a af 20RkY berig
apparatus as set forth in claimb5.

9. A substrate polishing apparatus as set forth in claim 6,
wherein said polishing surface is made of an abrasive plate

comprising fixed abrasive particles bound by a binder.

10. A substrate polishing apparatus comprising;
a polishing table having a polishing surface, and a

substrate holding apparatus as set forth in claim 5.





