- 1 SUBSTRATE HOLDI NG APPARATUS AND SUBSTRATE POLI SHI NG APPARATUS
BACKGROUND OF THE | NVENTI ON The present invention relates to a substrate
~holding 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 di ng
apparatus. A sem conductor device fabrlcétlng process conprises 10 formng
athin filmlayer on a wafer and formng mnute patterns and holes in the
| ayer. This process is repeBbEBATENHPLDANGe8PPABARURDANDOf circuit |ayers
are formed on the wafer. FJUBEERATE, PPARLSHINGNAPPABATTEd portions are
created on or added to the surface of the wafer after formation of 15 each

circuit | ay@CRARPTNR R Titlar BNVERR{ @¥nduct or devices have becone

increasingly nmnuff S eeit v St £ Uk Uf@fa@és §§”&CQ@9§€£QEed§Mh8§§ghave
become conplicated. Further, there is a tend encigto i ncrease_the nunber of
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contains raised and recessed 35 portions, the | enses of an exposure system
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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 gquality 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



-2 flattening in fabricating sem conductor devices have been increasingly
becom ng inportant. O various surface flattening techniques, the npbst

i nportant technique is CMP (chem cal nechanical polishing), which conprises
polishing 5 by using a polishing apparatus, in which while an abrasive

| i quid containing abrasive particles of silica (SSQ2) or the like is
supplied onto a polishing surface of a- potishing pad, a sem conductor wafer
is slidably engaged wth the polishing surface. 10 Conventionally, the

pol i shing afipartadnisn@fin healsbbyet imend émheshdyPeocoapricses Bapel bebnng tabl e
including a_ polishi ad_ havi ng. lishin urface and a_wafer hol der

for hol di nglnacprseean%lcn&n%%(??%?or\?\l/a? r%rgq‘g%t%\ré?érg%%lﬁ%Fl?%s 5‘&55?88 to hold a
sem conductfdratwedrein@ante presguehe Wed enodt mgadmnsant heepohighengst @dPe under
a predeternifgd T r h i shin 2_are
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when a relative pressure generated be%wee_n t he sem conduct or fer and the
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occur, dependi ng on the, 25,$ressuze acting on each part of the wafer.

Ther ef ore, TR orRferPRbl Sphry SUEHEFDr m pressure to an entire surface of

the wafler, an el asdriee ieidxankey metee ofo Yidibeig | Sppd oyt dedof othé hebvatker

hol der on a surface.thereof for.holdi ngo . waf er ?g?% ‘fn{:g”i'd 8ressure such
e e

as air pre st l?%e%pa?%dc%rﬁplf%s%s bac ngu?lfla%% b ¢+ 8SnBnbrane. In

this case, molicshingfpaéntaainedgepolishengaserfaoefaceé govatspohdider a
boundary bef yeafy A 00t 2CLeROLEARR ATE FaFOR: CORLECYazBET hhPBoaT s LNe vafer
o the polTs e po

relative t ing surface. Since t Ishing pad 1s elastic, the
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of the wafer is polished in an_ excessive anount, and the wafer i s caused to
have a "dulfhe 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”



- 3 edge. As a counterneasure, it has been proposed to use a wafer hol der
in which a guide ring or retainer ring for holding an outer circunferenti al
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
pol i shi ng surface under f|UId pressure such as air pressure. Fig. 12 is a
schematic illustration f a wafer hol der 3of the above-nmentioned type, in
which a fluid pressure is 10 applied to a wafer so as to press the wafer
agai nst a paldeshing surface, and the fluid pressure is also applied to a

retainer ring so s 4%&5&@&&&%& é,al r%ée%r% aﬂr’rpéﬁ‘[’OSé&eth hhng

surface. As shown iIn ses
hol der body\’aifl”dé‘#q]rﬂ% Hh Winhel @p%l‘ébde ar g epT E@é@sn@rzrhggnﬁ@h‘am sm 52

cont ai ned gy itdihd LI oSO € PF cuhPerdet €51 hoh OPOQHeSQaQQg ﬁgé@%@g to
press a senlcon uct or wafer Wagai nst a polishing surface 61 of
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nmovabl e reltahlsvedafblt heove@éer hkdest Hoflyr 53ingnds agaptedat aghehdtarnaut er
circunferenti.al quf of he waf er and a retainer rin ressur|2|n%

mechani sm SR ¥ iF?h%n?%¥af 2+ PRYS ST AgaT ARt 2F halhoPF SAFHY
surface 61. 25 Thgy walf 2rifpressetiera hgc neChadt satb2n Al & hwagbrnpbl1abewn in

detail, co i.ses an el asti ne menber ich _.is.nade of an elastic
et ort i ol 8 Afafe ARLAL: JRORTB0G. T RR in YL Y F LR AoPhedbyER, E53° A
pressuibzecdadgdied Buchk m@f@Iesguaszed pressstepphfed agaiheti aside of the

30 elastic urr%{:ﬂ}g%. g ??u ﬂ&t tﬁ@efi‘@I&fr%i%é§u9é9§§991589§b8§3ehhe

pol i shi ng ressure retainer ring pressurizing
mechani sm 54 alTHhotighe Hof 1RHoM aﬁnt@eP§?$S anrgorebapResesinA apadnse
nmenbrane nmemer, WY &b nd sshpeg-of an elastlc materi al such as rubber and is
35 connect ed to t he wafer hol der body 51. A pressurized fluid, such as
pressurized air i%S stER etP tol¥ hel? nsPdeabeT tihelderasli cORBRBFSAE Aenmber so

that the reiaddernsidér S8od¢ spresseflingasnsinhbe pphishi Agwagekace 61 under
fluid 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 51. 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



- 4 pressure. The wafer holder body 51 is connected to a drive shaft 55
and the drive shaft 55 is adapted to be vertically noved by a lifting
mechani sm such as an air cylinder. The lifting mechani smsuch as an air
cylinder 5 connected to the drive shaft 55 is operated so as to nove the
waf er hol der body 51 as a whole to a position close to the polishing table
60. Wiile the wafer Wis held in proxintty to the polishing surface 61, the
pressurized fluid is supplied under a predeterm ned pressure to the 10

waf er pressurdsaung: nedisnivenida? hdladdhereby Fr eiss ddrena@fed tdVagarnst the

pol i shi ng rfac 0 e polishi 60, The. pre re appl.i to the
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surface 61 by using a fluid pressure, it is possible to obtain a uniform
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i shi the entire s f the vafer W Furth dur | i shi ng,
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54, so th t he. i.shi | i shi p i de 30 waf er
Wis pr essgvtj aﬁ#‘c}ersgéa %Pée suflggi‘ﬁrﬁ{t%ﬁél%?? E&eqouglg}?% &?Jﬁ%%%#lgt ﬁég%gf er W
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portion of the retainer ri gttg 53 outside the wafer 5 Therefore, excessive
or insuffidilentPiRATEHFRA af LUt SRR drenthial valkRe PFetherWafBg Wcan be

prevenied. fdrHdie sboye:- mesy i ened W aeddonaih el ess het desai p1uwhi g bot h

the wafer and the retainer ring. are ,rescfed ,
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, soO
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



- 5 wunder fluid pressure, the retainer ring is capable of noving in either
a vertical (or perpendicular) direction or a lateral (or radial) direction
relative to the wafer holder body. That is, the retainer ring is capabl e of
5 novi ng i ndependently of the wafer hol der body. Movenent of the retainer
ring affects uniformty in the polishing of an outer circunferential
portion of the wafer surface. Although Vertical novenent of the retainer
ring is necessary for polishing, |ateral novenent of the retainer 10 ring

i s unnecess@der Ratthel prlessyrd . nbvenentabfer heing etsi papablagofs
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stability ien latieeydol (FhitrflisH k HElereekori Felat EYent? afhpovafer of the 15
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transfer thereof. . fer is held ¥f eIa tic_mepbrane having a
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suction cuﬁqﬁqaaQﬁﬁﬁqTﬁﬁEﬁ v%ﬁﬁ%b%n d %r%% FonSBF*2tfie wafer occurs.
Due to war pagecofglt hesmiaf @], mdmemmﬁErofCHMebEebanken ﬂnngngstransfer

thereof o Adenlge UG £ 25,1 or tedoon, ths, dRler sncbe dapaged,

Furt her, srnce rec confact hol der
throughotheﬁekagm<ynnﬁﬁﬂ$ﬂﬁrydef%@t®ern hotelray mévehentwafethare Ilkely to

occur during hoﬁ% ef 1 0 fér%rr@éﬁrabi@&gé@sug@ ﬁtlwﬂéegtﬁé gpekahiag rate

of the wafer 30 and a | owering wafers. Further, in

chemical né@taifiedal thpl Tata ey a9 @rrqlrrl @n@leﬁureﬁ%@néleér pdEPngfpad and

an abrasiveHd GHbr (SIAFLYE  addeihphl oW Y1 PEBRE B9 ahdSesabInatyl $n When a
waf er surface havrng rai sed and recessed portions |s_35 gollshed t he rai sed

portions aré$dl9 0% P eflef ePeEST oS LT Rt ERRELY pBP T FLAR 8ar FAG an
initialspernarkofsypotdshi ng, but after the raised portions are polished by

a certain amount, the recgssgd POSLLONs; &8 alsL 9" 3draLly syRLgctfd
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 is

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



- 6 to polishing (as well as the raised portions). Therefore, the
difference in height between the raised portions and the recessed portions
cannot be easily reduced. That is, because polishing is conducted by using
arelatively soft, 5 elastic polishing pad and a slurry type abrasive liquid
containing a Iarge anount of free abrasive particles, chem cal nechani cal
polishing is effected on not only the “r i sed portions, but also the
recessed portions of the wafer surface. Further, the effect of polishing
vari es, 10 dependisipinn (e wehkiay die red beed apart torssed Bbetrebose .

Therefore, @ alicrdtelas Noa e Mhihed 8SPEEt rhPseRObLSREBYsPYLHSI NG a

polishing surface conprising fixed abrasive particles such as cerium oxide
(Ce@), whildt &receprmdPIN- 1t HCI MR hdee suehlasradpaefel FB3Eniskn this

15 pol i shi ngscdife R Sty syéf@&mmét@@r@ya@sgﬁgparﬁélgelwﬁ B%'f'tSh' ng
pad conventional | used in chem cal —nmechanical polishing ¥ hat_ t he

rai sed por t§chst PotFRHed B3 #pf_reheerY otYhe ?Eﬁééééﬁ béﬂ?ﬂ@ns and t he
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hard pol | shing. suriare. comiseeea rigldouler ol der bady 25.and an el astic

backi ng pad provi on the ri € ‘engaged
wi th al@af elependinhednl thy dwme@f hbad%@d a\\n@haagﬁS‘ﬁhé ebasticasbacki ng

pad can absorb W%th@nﬁ%m pt thd§ tt%h xfl'rﬁéx'&é &QEhtlﬂ@sBEé%t k6

backi ng pad to take care of un at1ons on e hard pol 1 shing surface,
wher eby t heP keI 829 oPis %ﬁ%ﬂgr%n@@b%?%ﬁ“gt%uﬁﬁﬂhaf?@@P§l€hé9méﬂéﬁdsurface to

be pol i shed;, SUMARY, £t il & NVENT T AN tar vieWoRiabhecabgye, whhenpkesent

i nvention has been made. 35 I n_accordance with the preSent invention, there
is prOV|ded“ﬁ“gﬁb%Yr%ﬁ%ﬁ%o?d?h@d%ﬁp%F%?uésf%rpﬁﬁpaﬁngeﬁlnsubgpr§Pésand
bringi ng i tpd i sh Lot atlie wd hi 8h poy i shihgce susf RaedSast Bammphlredstbstthat e i s
subj ect ed tO POlﬂfQéngagyconventionally 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



7 causing relative novenent between the substrate and the polishing
surface, the apparatus conprising a substrate holder body having a
substrate hol ding side facing the polishing surface and holding a substrate
on the substrate 5 holding side and a retainer ring integrally formed with
or fixedly secured to the substrate hol der body on the substrate hol ding
side, the retainer ring being arranged to “surround an outer periphery of
the substrate held by the substrate hol der body so that the retainer ring
engages 10 GAUHther Pt i 51e njosereatedebdean| yhousybatrahe 3nBsthate as the

pol i shing qfotithisipsd st £cd s @ﬁéeﬁﬁﬁg}:aﬂ-@§ céﬂdﬁﬁé%é gokdgEtbady is
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surfaces||ﬂ9%ﬂﬁ?mPoq%éW%%l%ﬂdaoﬁFE?HEaEur?%%ééngtﬁéd?ngPaénguFPﬁce
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accor dance fiixddlanctdrrradpect thé shespresenho2@etrnuvedti on, thbere is

provi ded 2 Suisrate holdlng apRar atye LD ILEN, 1 L0Shead ol Lhe gRmLane

whi ch covers’ iTe ace of ate he ap aratus~conpri ses a
substrate supporundiay eubeidedriphehe oﬁnehespabetaade beidnggdthe be

seal i ngl v enganech vl b Lher SUbsyT abeck: Den2S- ek dnby Lhqsubsheate hol ding

apparatus sea nmenber se connecte ween the
substrafe wiigpdite rpol aning héugﬁ%@ra@@mbme@uﬁéweséh@hatlbatr-a@ied

pressure chanmbele isodelhned 8y the substrate hel dercbedy. the flexible seal
menber and t he substrate engaged with the 30 substrate support ring. The

fluid pr essi]%%s%%erﬂo}%erap?%ﬁgéa PEOBEdeE| 8t FU8l FubBhhetteloLd1Rg

preSSUflZedsifc}é'“sdltﬁOalrrﬁ@meaﬁeVBEUMﬁ?gS@pp@ﬁltf{hgﬁEfﬁubstiﬁb&ub@h@l ng en
apparatuses ell at ative_novene etween the_retalner rin ana the
waf er TS DR SHEF 585 PHECBRNRY! bheofh RaSr BUEFAGE PPAGeERALEE
stabiIﬂZednduﬂ1ng potfadengt Bheubsbsateteshbilidronotpetof Hafdnpressure
chamber so dRaty the SUPSLT BhEmEAR £8! LAYCHURAEE 35 50PF00uRePOL! SBbY e,

surface.
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 covers 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 is
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.



- 8 1In accordance with a further aspect of the present invention, there is
provi ded a polishing apparatus including a substrate hol di ng apparatus as
stated above. Further, in accordance with another aspect of the 5 present
invention, there is provided a substrate polishing apparatus conprising a
first polishing table having a hard pgl%sbing surface and a substrate
hol di ng apparatus for holding a substrate and bringing it into contact with

the hard polishing surface. The substrate hol di ng apparatus 10 conprises a
substrate hol der IBodFrIPRAIMF A "Shildstd ot & tIHOT R TRE ST def f BefnBreRENRSol i shi ng

surface andRelndiing a trdhstiateronidde §Uﬁﬁiiﬂﬁﬁn§\0£ﬁb89aﬁﬁ§e and a
menbrane provided on the substrate hol ding side of the substrate hol der
body, the %aﬁ/i%@%fpfp%%?ﬁ?eo% ?%c%gpa%ammai A§2FAgi 88°¥Ad out si de

surfaces, the ingudeteur faice acoopdede Ngi vh tdnatiser f acpeot dhetmubstrate

hol der ?Od%rt%en‘ﬁ£ﬂ¥%n fgﬁnck éggngeDchaf$e Lo &Fighageflugq r.essure
is applied~the out'er surface engaging WIHTHe SuBsrrare-“nBPatsy e
substrat e hkgipdera thodyconphel sierg pof isht ngoROsim§atebhashavongexrahplrd, a

modul us of %ﬁg@rﬁgf%%ﬁ%%@ﬁ?nd W%&@Q@Mé&r@%gén%égﬁakgthgi Fogpparatus,

a substraté _ on t urd pressure cha I's supplied with a
fluid presswleling pr s steatebznd apeirgbnasitt hetporPBRRAF Wi GHf 48€ so t hat

the substrafg £ab 0 QW UWdut ALd ONSTRE Sub<Pr Rk ﬁBiHQnéUéPéﬁ%aQWsi ng its
pol i shing operation. The substrate gollshlng apparatus nay further include

a secohfl pSlAEHIIRES bl B HEFHES oieT poPiEhitayLledr faEBPSHWRAER is softer
(or of smalHArgelasdide st ey thanpd hesnhag ds@erh&Bi Aedohot Benki &St

pol i shi ng taqgg. The suqiﬁrate 30 holggr godg i s_arranged sugh t hat the
substrate I8 PoUYPD hotusS W IUBRET dtetGhyd $hen, 2B Ag™EHB 8lfstrate into
contact w tgrdvhieidtarah pale sdhungt saté acelddnef §edé aff thst supekiralteng of the

substrate %%ﬂidélheoiogﬂgt e{q? 2@%@&51@@ h%y%%{glr(g% O%g%g gﬁ%gg SV\,ith t he soft

pol i shi ng surface 5 e a secon n € substrate. By this
appar atbs, imdiiughing firgidnethdadetssde f sieef haesngthessnsideasehfmacks can

be obt ai ned., Hu S PAd S g aPpF LS HRYLRE SRdLiisdeanolabkowsay 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.



- 9 In stead of the nmenbrane which covers the entire surface of the
substrate, the apparatus conprises a substrate support ring provided in the
i nner space and arranged to be sealingly engaged with the substrate to be
held by the 5 substrate hol ding apparatus, and a fl exi ble seal nenber

seal ingly connected between the substrat support ring and the substrate
hol der body so that a fluid pressure cha is defined by the substrate
hol der body, the flexible seal nenber and the substrate engaged with the
substrate suppdreadoofi Bge TRBPFRpDRJWPiEBsOpéeEhakber ensizer aigédceoohe

sel ectivel yrieonnest edato, atpeespphiraedst byhgreousce 9&b§tr&@€ugﬁb§89%03 The
foregoi ng and other objects, features and advantages of the present

i nventi on wi}mgb%r%bb%?%n%anBﬁ1lTBthépFGFI%ﬂFn@rHéPQPﬂe8°d€§crlptlon and

appended cl@é@ﬁlﬁ@kyneh@ageanegthomnmnghbgheaa@ceapaayhegddb§Mtﬁgs BRI EF
DESCRI PT1 ON THE Dﬂ@”ghms Fig. 1 glt ? %% sectional view of a
subst rate HOLYF g hpparattitdat B?HFﬁﬂstoaﬁ f?r 08i AEAL MOBOSF t he
present invexdlomglyi gonRecsed bengketundihal sabstiranal suppvershewnggahaw the

substrate Nolg 00, apRarat s, 8L L, Lobo cRRET 81 89 aFhoe uls aulogait udina

sectional view of a substra apparat us—accor econd 25
enbodi nent b$ @@él@eésbﬂtthﬁvenbsbnatﬁlgoldﬁrlbOéYbotheanﬁembéﬁ apadxanpl e

of, @ et &l Nkl NG RaKHDO= R 0PKES o BRRG-ANy AhoYEE SHELRERLENENERbr: FI O

4B is a cross-sectional view, en a ong the ine A-A
5A is éObotmbmgvue%h@fféﬁéﬂhéreéﬁaﬁﬁl@hémbar #étéFﬁéﬂgﬁﬂnﬁohﬁﬁlng gr ooves

formed on aséPé!\@fl§é’H/a§§nnEB%é@0fto Ei Bre8Bub$zaaCERE$aS86hi-eBabrvinew, taken
along the line AAAin Fig. 5A. 35 Fig. 6Ais a bottomview of a further

exanpl e of BCHEtaPABFFi ng haV|ng grooves forned on a | ower surface
thereof. Fig. 6B Tisear6re§sisgchhanakhy¥trevbjéaken abkangrébeand

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 1s 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



- 10 line AAin Fig. 6A. Fig. 7 is a longitudinal sectional view of a
substrate hol ding apparatus according to third enbodi nent of the present
invention. 5 Fig. 8 is a schematic view showing an entire structure of a
pol i shing apparatus including the substrate holding apparatus of Figs. 1 to
3. Fig. 9 is a longitudinal sectional view of a substrate hol di ng apparat us
according to a fourth 10 enbodi nent of Yhe present invention. Fig. 10 is a
bottom view of the substrate holding apparatus of Fig. 9. Fig. 11 is a

| ongi t udi ndlinged-i%onat Kigew ®howi ng how the substrate hol di ng apparatus of

Fig. 9 is operategtgls Hg. a4 Insi @;SLNSRLLEL VoMM SPPY, Ngrap entire
structure of a polishing apparatus including the substrate hol ding

appar at us U igEte rt‘blgq N9 MRPAAL S ACHPRALYY eliP oFNATBoPMBRAAG SRS par at us
which is g tad porsesh ofndavwr sdage polishing by using the 20 substrate
hol di ng_appar atus, of the present invention. Fig..14 is a schematic

il lustration of a cbnvent dhatClYbsts af £ hof PR Appar &R B Fn which a fluid
pressure i strapphied dH a paf eshSog aspparptessihbeudahgr tagasndstaate

polishing surface, and the fl uj ressure is also applied 25 to a retainer
ring so as Ool%irré%sag%aerarl% i %%?F%%'g ggg?ngt t he polishing surface.

DETAI LED DESCRI PHiIGN OF IHE | NVENTE ONLiHet esabelonal desevi pfioan is made with
regard to ghadi t §idbe SePtsi i Lth egfepgnce to 30 Figs.
1to 13. Fig. 1 .|ag@@a %ﬁgﬁ%d?ﬁ%? secfi o%gﬁ%v?lg g%) a sugstrate hol di ng
appar atis erHrrbitihg ¢ Bhe i pseserhbsdvaRrhiondf the present invention. Fig.

2 is a longitudipal seetiOnalpyt i SROM, NGr heMe t bgpsebstEahe13%nl¥ol di ng
apparatus of Fig. 1 is_operated. The substrate hol di ng apparat us is
adapted to AP 2HSUBStFH8e Or, in this enbodinent, a sem conductor wafer W

to be polished argligress idea wedediagdinst ePdloshingiew 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 11.

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 i1s 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 is operated.

The substrate holding apparatus 1 is adapted to hold
a substrate or, in this embodiment, a semiconductor wafer W

to be polished and press the wafer against a polishing



- 11 surface of a polishing table. As shown in Fig. 1, the substrate
hol di ng apparatus conprises a dish-like wafer holder body 2 defining an

i nner space and a retainer ring 3 fixed to the wafer holder body 2. The
waf er holder body 2 5 is nade of a material having high strength and high
rigidity, such as a netal and a ceramc, ﬁnd conprises a circular upper
plate 2A and a circunferential wall port% 2B extendi ng downward fromthe
upper plate 2A. The retainer ring 3 is fixed to a |ower end of the 10

ci rcunt er ertiafacml of pdree bhsRBIg Thab et ai Aershowy BniBignmmle 6hea resin

materi al hayigg: /e ﬁé%ﬂﬂ@Yapﬂ)éréb@glQom?ﬁlﬁé@ ed ahah-iheerghakper ring 3
may be fornmed |ntegraII¥ th the wafer holder body 2. The wafer hol der

body 2 and tHel§etHer r@%@l@lgg YRf FRREANSPATRr 2_Pak eT $BR1IRBAL ALAING an

el astlf: mendiradte o arméi @@f@faﬁél@eﬁeﬁbﬁﬁng sum@@rntzaﬂ@rmeab@ér%ba an
gener al |

lindric for el astic n r nber 5 holds
an out er cﬂﬁ%dﬁ? T et |%Im g%? ﬁ BEVing EFggtFﬁrﬁ%%ﬁﬁ %é4hg%£$leX|ble sheet
6 made of anieldasbtyc swcihranea ﬁ@tektendsabeém&mﬁcth&n@lesmpﬁ159§baane
supportin t f der d r..8 having a
segFable gfgﬁ 1§§é§|5 ananﬁg ?ﬁegﬁgfgr ﬁg?%%% {lgi W%Efngﬁas X )
menbr ane 4,28 hexfériiby edghineard ﬁn@mahhennepersnlaa@e2bf t Beewaf er hol der
body. EaChf@téiﬁ%P'??%gm% neppLane 4 adngdythe.fhextblg.sheet 6 is forned

froma rubber nmateri IS exce ent In strength and durability, such
as an é@hyd%#ﬁ?%ﬁ%@?¢@héalu%@bi PEPDMPT Bpol Ve eF bt eF ubbe® 8r 1& silicone

rubber. A pressustzgdrilyh dnstshias nRUE8§URLERIr 8h{al By Suppti 8dokadt he
fluid chanber 8 through 30 a fluid passage 10 conprising a tube and_a

connect or . EPOEW%SE%?E B?epF%Egﬁ??EeHngu?dm§%p5?|%ﬂr 8t et ERGRd I¢hanber
8 can be vafiet Biye R@NSrOhoBdé&egubayor. A sl|ght gap is forned between an

outer circunferent. al rface f the ast c e and t he waf er
hol der body 2 anng%e %%%?2? %6 % ?ag?f%l%%r 2 and the

el asti @5 netdf ame amppmmerngpaeabéorSCaneawemngcahIglaEVabI@embebaBime to
the wafer Nglflels bolyse:8MlehbEahE! 2hPFE-tRG fembOE 5NEHTLNGeRbGRIRY T ShiNg

per f or mance,
cyllndrlcal 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 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

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



- 12 preferred to formthe fluid chanber 8 by using an elastic nenbrane as
in this enbodi nent. However, the elastic nenbrane 4 may not be used and the
waf er nmay be pressed by direct contact with the fluid. Wen the elastic
menbrane 4 5 is not used, the fluid chanber is formed by the wafer hol der
body 2 and the rear surface of the wafer. to be polished. An annul ar stopper
plate 13 is fixed through a support menfer” 12 to the upper plate 2A of the
waf er hol der 10 body 2. An upper end surface 13a of the stopper plate 13 is
posi ti oned Patefeqnedcterivmedthei gheidnehameest Bpp¥r usphat anl18lpsdvicdes a

restrictingypiefe el tHg) s PERSSHLHMZEE. || hflelSrSUPRLI 8dateithe fluid
chanber 8, the elastic menbrane 4 and the el astic nmenbrane supporting 15

menber 5 nBEELILTREL vhitedowhhaPe FePatdne toctHetfQaf BRY R8l BERSB6My bY. I'n
thh; |ngta@@%edﬂ1%ﬁﬁ%ﬁc@nﬂlﬂ@aih@n¥5@ldig Wﬂfnetﬁété@aaembr?eﬂb§%§@0mLIng
menber engages t he .surface 13a of the _stopper ate t hus
limting tﬁg gﬁﬂh%ﬁ?ﬂdnb@% tu % thEMRPast F ot AERBRaRE E ﬁﬁarthe el astic
menbr ane swpRadd g denbesind tmeare@fed@fﬁa@eneﬂ taegeaférchucbeng plate 14
i ncl udi ng aﬁg}urah%ty of through- holes 14h is provided inside the elastic

menbr ane g menber 5. In this enbodi nent, the chucking 25 plate 14
is fixed to an i mreramukanfstdppet astate nedrbianéixesdppbrougy aenber 5.

Hovever, Q&g%?#ﬁ%”ﬂgn@%%tfz1€o”§ﬁeﬁ§%?é HEQEE“&EQ @lkxemMEQe%hﬁoﬁb%

nenbrane sup erical "recesses 14a are for med
on a lowerbxsiy face i @prerheo®i pgrphaecelid. OﬁstbﬁoﬁﬁOpneFlglage 23 when a

negative PreSUNs: i fo20p!iedat 9rihebiideghaubehs BninEAUIBbBR L Ui d

passage 10 from a vacuum source, the elastic nenbrane 4 ?orned al ong
t he spheri ®lid%cedsREoVides of ¥%§tEhGEkPﬂgm%WB?é 14Wh¢ﬁth?s the portions

of the el astdgsuenbi@neldigoisespppuing to the ﬁmhﬁﬂléﬁhmb@@esseih%5 14a of
t he chuckln |l ate 14 forn1suct|§n cup waf er Qn a

surface of S BATEOMRNDr and™ t%?p?ﬁ?ﬁg}Fym8W£§?8ﬁp§P§pT?t&B§rated by
act uat 06s hfemtsuchs asoaé rasyai ndet sdosnpaoidi dedaithveheéoupper wplfatre 2A of

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



- 13 the wafer holder body 2. By operating the actuators 16, the stoppers
17 are protruded downward by a predetermned |ength as shown in Fig. 2.
When a negative pressure is applied to the fluid chanber 8, the elastic
menbrane 5 supporting nenber 5 noves upward together with the elastic
menbrane 4 and the upper end portion 5a of the elastic nenbrane supporting
menber 5 abuts agai nst the stoppers 17, 13 hus liniti ng the upward novenent
of the elastic nmenbrane supporting nenber 5 and the elastic nmenbrane 4 to a
10 predet ertfimeafamngeoldématoody I he BY opperatilyg ptlowi detuaestsi ¢bi,ng

menbers having %Lﬂ;@éf@tf‘@'&% gﬁg@{m &9&5&&9@-bggpgfégseégmgﬁ@ 16 is

arranged so as to have a nechanl sm suc as an air t capabl € of
generati ng kenydriabh| ehgressureiand? t heWistoppersgdiveeppessnudedsduring 15

pol 1 SNing Sgp@eLde Y Ceie L APy Phashifio SENBY AN, SUPROLE LNoniEARET S [N 2

downward direction, an outer circunferenti portion o waf er Wcan be
mechani &al I%}JRH%@'SJ(-:IHQ ABRMPRE S tRRVED| FRWEFG Se9¢tleer witaf theheldetidri ve

shaft 18 ispenifoyhdled abovens hep @peén@ld@&@t%%atbﬁ water 1 hgkder body 20
2. The drive shaft 18 and the wa er hol der 2 are connected through a

uni ver sal jeRTRTARS %%P%F%‘égs‘ﬁ‘?m?%%fn? "1@‘1??a%%%%‘%tppé@sﬁ?iépaﬁast ér'que of

the drive shaid ﬂﬁni@lﬁ@etmgf@pwaﬁadﬁév@@@ytZOmhtm@ epeEHi tt hB@birAgki nation
of the drive shaft. 18 and%t he vvaf der bod tive to each other.

25 rel
She: uni ver SIOT 475 (G0 RRt, P oaed e BRnEF el o pRD Rah e hhi: 2w oh
perm tso i nutédateanioédt hengaf erT}h]@tdE$ body 2teppetbeldrprevshaft 18

relative to_each. other and a_ torgu s'tt' ismwhich transmts
rotation of"Th r%?%%gs%%l%?eﬁﬁ I{Iavg?)é %e %\% eérP%%f'%‘eafr%Qgggéwé.seThe spheri cal
beari ng mectasi shen convp)mesesha scpheatcal% etesari8agédr pedaat ta bener &
portion of ﬁeét?é{\‘?{?rﬁ%&é‘ﬁeagf h&?%g& tca}f?a fe 89“35}18%&% s 2a

formed at a cen portion of ‘an upp ace the u I"at A and a
beari ng balvYariaphelepptssBEe aangt éh?a‘ﬁtm‘?ﬁ@ hy ghrﬁapﬁﬁé§§de§uéhra§lga

ceram gg p;gﬁﬁ Vi ded, hetyegs thepspberigal «185e8s H8anaRdet BeppRRekincal
recess 2a. e torque transm tting_nmechani smconprises a drive
member 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 spherjical 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



- 14 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 noving
vertically relative to each other and engaging at different contact
positions. Therefore, a 5 torque of the drive shaft 18 is surely transmtted
to the wafer holder body 2 even when the wafer holder body 2 is inclined.
Next, explanation is nade with regard toléperation of the wafer holder 1
arranged as nentioned above. 10 The wafer holder 1 as a whole is noved to a
posi tion fmint(reasfeniciny Aiwatietoandet heifkustdaghaniBernd ias draemrected to

t he vacuum sour hrough, the fl.uid ssage 10. quently, as shown in
Fig. 2, théxg?ag??é %@ nglﬁed todgg Hegnalﬁ%?d§%t &P NEIHS he
| ower surfanﬁat@@p@bie15fdmevuogthereﬁtemlyofeiamuvent@umaCEODWEdnaknn@ t he

recesses %ﬁgﬁiiﬁge?ﬁggfk Qge ka%gn%%ctwgbgetl csilngT er VVon t he

elastic ne as’a wiole i's ane S ‘a p05|t|on
above aSpoltishiug @ﬁbtbe(desvgnaha@tbQB ief enendeg muaesalitlde@d rroFitghe 8)

having & Pokisiing SHL£aE6aZ0,(SUEN afch BART SUERS Aadl. Theduater W and the

retai ner rlndgé are essed agal nst the poF?S i'ng sur o t her eby
start pol i shiablnad. outer C|rcunferent|al edge of the wafer VVis hel d by

the retainer r'rENé&tSOe&ﬁﬁénEB@on“@EeﬁaM%'§1BHtr§§B%ﬁa%%dob%9@ﬂﬂH%‘Mﬁ‘”
hol der 1. 25 For PO|IShIn the wafer W an air cylinder (designated by

ref erence ntifer4%®ies Ralery. lgpresnAedt 88 mentiRBedr APOVehaft 18 is

gpgr ated, to therlﬁ@y @éﬁéﬁ hb@def?labﬁeé Whﬂge?)llEl ?ﬁl@deﬁotg)lhé \p@;sqrtlw der
ody 2 agali the polishing surface ol.l.s t abl e .under a 30
predeternlh@ﬁrpFﬁggﬁE%rrFﬂgtgl¥a§F5t§n8tﬁ Fggéﬁrl%g%befié'& Sis supplied
under a preﬂemmé@t@@dtpressuvacnamtbeurbbutdroh@nbeheBflmadtmasdangmms t he
waf er W agal nst the ol i shing surfac f the l'i.shin bl The Pressure
applied tcfﬁ?ﬁ?%%?%?tsyfo?s Sﬁlsﬁlng ?égadéustgg iaStgg gggﬁ¥e&“iev€f;by
controlHluﬁafmmmeéssudehoidprESsuwaied Wf boi ¢hsuppkieed sturfidee fdhamxeathanber

S e BB E0SUE Ll Lok LU Shanbr 5.5, op bl
l4a 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
(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



- 15 distribution for polishing across an entire surface of the wafer W
fromthe center to the circunferential edge thereof, regardless of the

t hi ckness of the wafer W This enables wuniformpolishing of the entire
surface of the wafer W 5 During polishing, the pressure substantially equal
to or slightly higher than that applied to the wafer Wis applied to the
retainer ring 3 through the air cylinderi>so that the polishing surface
outside the wafer Wis pressed under a pressure substantially equal to that
of the mefeii@Vrﬂ@uﬂh@mef@repohimmim@rampmessumeeﬂtsteibutfaaecam ke

obt ai ned | S r ron1the center,.of .the wafer W to an
out er C|rcuﬁ$ef€ﬁ€|af a€§$0§e0€ fhggré %i Ret S %r§ntbﬁ%s?§getﬁ§qﬁﬁﬁﬁ
Ther ef or e, EB@&E@&@@Somfth@fthccbmeasp@flBhengaﬁerthe cTthtentenentisal edge
OT the maf 5531%§ ﬁ egen{ﬁg e £9r838%§fgc eg% Eﬁe %éggs %ECtlona

view of a sdbstrat appar at us accor 0 a Ssecon enbaodi ment of
the preSent inverRUning IprlhsRlrgrbotherepressuhe %@U@k@m@l@léYeegdaﬂstnot

provi ded a 0 t rane p n nber 5 is
et y. |ns%%ﬁ%%%%ﬁﬁﬁﬁeﬁ%%thﬁ%ﬁ‘?ngﬁg;%?% B e T thr ough-

hol es 4h i S2BRFHRE F% e %@5%%P%rn€h%9a rPﬁggntﬁﬁeﬁlrbévﬁeéﬁeﬁheS@Enter

and an out efh&t rﬂ‘x@fﬁéﬁﬂﬂlﬁﬂlgpguif@@e bhes et . tHbewgkgrey m@e@res@%@atl ve
pressure |slgggﬁled 25 fromthe vacuum source through the fluid passage

to the fluf ARTCBSYHT AOPAFAYCLALI haferadv bR that| ehelrRestiffsde Yo the
el asti QonerrM@ﬁ@félret he waiesriV pﬁeﬁehﬂe d@lestt:@bu’aeoef tast vef opéeuwdd or ce

directly ap ed through_the throu es 4 n fer hold lin
Chi o enbod| MM LRURITHG SporPSHRRGT 88 FESRntRRe PR FSF BRboPnERLETa
pressurizedtoféM|dutersupp&umﬂerenthelfpurdlohadﬁethB setahaerarmakem W is

pressed aga p S syr f e LG, . menbr i t. e
t hr ough- hoI%s g?n9$% QAEQ rgn a§§§€¥Eé?§g % %é%%lg§ 5%e§§§Png§}%P#hth
enbodlnentsp@hbvm1m® &igehe101ecemf@hent1eia¢ﬂeﬁ pEnghs wsefeirx#dloprncdnect ed
to thelgafeﬁrgggﬁ@gd body 2 having a rigid construction and the retainer

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

substrate holding apparatus according to a second
embodiment of the present invention. In 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 wvacuum 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 being 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



- 16 is vertically noved by vertically noving the wafer holder body 2. By
this arrangenent, the pressure applied to the wafer hol der body 2 can be
utilized as a pressure for pressing the retainer ring 3. Further, because
the 5 retainer ring 3 is fixed to the wafer hol der body 2, wundesirable

| ateral (or radial) novement of the retainer ring 3 can be prevented.
Therefore, the distance between the retkner ring 3 and the circunferenti al
edge of the wafer can be constantly minimzed, and uniformty and 10
stability iis td“li?cmi)d:aﬂshjr ngovoédtbe eeieicellgurbeirgt thk wpgeki polakrt he

f wW b Si th t i 3 f . ted t
the  waf or HOLAG- body 7L rert SRAFRGRLr | hG- cRRCBE T RpAPPLACH R thrgh
rigidity amﬁﬂdmaﬂmﬂ@wrobo@y 2heanebai neilizad dsrhngrei5upelfshing can be
stablI|zedin%¥%v§@§e{hgo£€£ggng£e§?ﬁé §|ngFﬁ§gHgglsE;Cauge ggtlng type

structure fo uhdulatrons 1n ng sur e insidé the retainer
ri ng whbpch destasirabt er and haSShfghedlgodthy wgbasehaéderybodyhé, behavi or of

the retainem 4d 10-£80 DEL 8L ARY | | 5§dr§?i§91?:em39 ﬂersfp ESPEQQ%ﬁHgace to

t her eby achieve excellent stabil the wa
adj ust abl y Tpgxd t3 oPRgPe her Y epped s 1?heagﬁara e ﬁtaéﬁetﬁét€?§§t|c

nmenbrane supROrtd 119 ABADLING BSanfeshéi 6ipdunkedeRtedet eaRENEE RBEgGht, thus
limting upward 25 novenent of the chucking plate 14 to a redeternlned

range. TmW?ﬁﬁﬁnEﬁﬁsb%a?%%ﬁEa%FlYh%lﬂéméFeﬂelGngnuPHEOEWé§Y|én menmbr ane 4

and a howerd i 0f i Py oduiCthgupbliyhsnughoasthbr eakagecotctiheewaherialFurt her,
by protrudi ng the stoppers 7 by using the cylinder mechani sm and pressing
the el asti @ g ghguﬁﬁé?flﬁg nﬁ%r ©BS H%ﬁﬂmard during polishing, the
pressure for preSSimgpthmemaéealwéagnimgtBthe pokedhiyngonsactadetoanhke

varied on a par r,su o ng,it RO o] ain
desired p0|FHﬁH%&9%%%Q§ &?éz fnﬁl;'g £ F%Eng Eﬁhb bin Eﬁbgkgeéur gbé to
be polishedi®b 1ihgihéetviasied hbedbeh@m;vm PR Fhg. rstﬁihnwm chnghduring

t hr oughshol d&qfr‘i& (f:Q ngd é@aﬁbfﬁéés“@?g‘;WQEéﬂehéld‘iHS el astic menbrane

4 dlrectly t he ma er Wdue ct of vacuumforce applied
t hr ough trmpqqﬁqﬂgﬁ@h@ge@eqhanlsm 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 gquality 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.



- 17 Therefore, there is no problemof a change in properties of the

el astic nenbrane 4 due to contact with the chucking plate 14 shown in Fig.
1. This enhances stability of uniformpolishing of the wafer. Further, for
holding the 5 wafer W it is unnecessary to utilize the effect of a suction
cup formed by using the chucking plate 14. Therefore, there is no need to
provi de the chucking plate 14 and only the el astic menbrane supporting
menber 5 in an annular formis necessary. 10 Figs. 4A to 6B show exanpl es
of retai nerrhdmgfotayitiergriooves postresn ovf | awehasyef ageprovbereaks kifg. 4A,

Fig. 5A a Fig. _6A are hottomyiews of the retfain jngs, Fig. 4B, Fig.
5B and Fi g& eglraesetclrcosné%ng%%: Tonal c(?L\lfia eg ,c?%&%ﬁ gf'gégrtbﬁecpluﬁke(g'nﬂ-A in Fig.
4A, Fig. S5Alatte H4.sieyn 1 riespect i vellyis | anbhaecexanphbidfitFi g§. 4A and 4B,
a plurality, of i a . esSe 3g- x ex i i i di_rection

i ndi cat ed buynqafnoén??éo%vhf:)g{% sélf%t; ng%éoﬁgf%g I o%/\gggfslg‘rgf agggoﬁgg? ﬁégr LetEh % ner
ring 3.520 Wwafamhel exahple Wingggssasn badubBliaepkheabftgctdf ofgrooves 3g-2

el i ned ate i pr adal gs M aieang) ©0: A8! Bkl venubRihhepiadhal odi rection r s
formed on the |ower surface of "the retainer ring 3. In the exanple of Figs.
6A and 6B, EHEAG ¢ yERATD5L§ P aPCYE 0BV eBT BH1 3¢ ( ERENCBREEARPNE Lt & he

radial direciifg dn1y stiOrdedsencthenboygs suppoceinl hbBRoeet ai agr 4n ng 3.
The radi al grooves 3g-3 extend froman outer circunferential edge of the
retai ner ridPBldo HFmitE HHEUF2EEY position at a slight distance from an

inner 30 circunferiefd] oda edges®fstide eedmpnes ofngetBenadseihbe hetvainrer
ring presses the polishing surface (such as ol i.shi pa out.si de .t he
waf er, V\hergr?%"eeﬁn%(ﬁ%ecﬁ]o%r ﬁ??a%‘érg?c?ﬁetﬁgfgf’%ér rgigﬁg ?%’f at, tAe

abrasive |iapui d*{s! WA ygren ght t oot vewst bf ytheonetatioeanr3bgar eaFiigsi de t he
becorme | ot iErEnt e TR At al Buary o orCht T arm Ly P CRECBol | shi ng.
of the wafakorthdthe | bires niy-bdfia Fhge 4. pbigshPAganRuFiber 6Athe

15 respectively.

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 0O 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



- 18 wafer and the polishing surface are subject to high friction, |eading
to a problem nanely a high power | oad on the polishing apparatus. As a
countermeasure, 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

di sturbing the inflow of abrasive liquid. In this case, however, the flat
portion of the lower surface of the retather ring is reduced in area due to
non-uni form wear of the |ower 10 surface of the retainer ring, making it
difficult fw&fémeandetménpolmbhgn90sprESSethEepghbshbngtsuhﬁ@ne in a stable

renner. Furifiety she popyntoof cveap ofyLhe 1ehatper Ligg BeeaTes large

thereby re UC|ng tarner ring resent
i nvention, @yaghmhnsmnnglgspanAtaﬁd 4B, the grooves 3g-1 may be forned on

the [over SurfaCE‘Aff té‘&énEé‘ ALASL-L NGt 1¥"“&8ﬂsi<§ brgualt - {eBEBeC‘EWeaCt W th

the polishing surface IS arrangenent ra5|ye Iquid snoothly
flows iRto %@e%flh%@déovﬁé Eéféﬁﬁ@roﬁlﬁ@ezgeBalﬂértﬁéﬂéb?osééuﬁ@ t he

supply of %Pi@ﬁhi’@e'i:ﬂé“ Qf*fec&h@f %}Eef:etabﬂérpfﬁﬁgnbfnaléth%%lgngh%f
uniformty in the polishing of the wafer and a lowering of a rate of

pol i shing. IRESHOWAT i APFRFEVESALGRYAsB, IRhENGF 06388 - 3§99CVPRC| ithéd frléitat i ve

to the radl@irﬂiéﬁcéfoﬂhQHYobérf@ﬁﬂ?gc@n025thBeré@&@he§UEﬁﬁ§e1@f t he
ret ai ner The directio inclination of the % gg E g 2 corresponds
Thi 8Hcés

to a rotallEﬁgufﬁ etti dh°R aFetHB PeRarRLT OF ' nyear snoot h
f1 ow oflot heswbf @sé ver | thai detalhhe wafgr . mbkweyert dhedictiher €oirs thehi gh

pOSSIbI|Ity of acceleratl al i shi Qn,a art _aof th f to
over suppl y d?t?h%eﬁbFéggve I 58? tﬁ%h é%%gve §8 n nm%'%gﬂggﬁﬂ 6B may

be fornmed omnmer. !oﬂnrtbartatheoﬁmbhetrefaWﬁer ﬂfngheThetgaO@we§1®@;3 do
not extend §Q ({,rﬁ s'f&fﬁ gggﬁgg@%gegga%lﬁgg%hgf 1&?%6@ %he%eﬁ:a&%e% SO as

to |l eave a wa portio eventi ng oversupp he abrasive |iquid,
t her eby prielRs;t i ng excessive pollshlng of a part of the waf er whil e

securing the suppty @heabrasede hhauhdibe, 1A YRHRR 1ASFHEs.tha Bel@igmer
ring. 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
liguid smoothly flows into an area inside the retainer ring

20 3, to thereby secure the supply of abrasive liquid 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 liquid to the wafer inside

the retainer ring.



- 19 Another 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, which is fornmed by formng an
orientation flat or a notch in the mafé¥ Trakes contact with the groove of
the retainer ring. Consequently, a portlon around the groove at the inner
10 circunferenti Anedyer dddtaetage advhethei ggoosesi kely e eketadmedorn due

to i"paCt'6@¥%§Vieﬁﬁéﬁ'fﬁbféﬁéobés g§ggﬁ? ggythgag e lo cause such a wear.
e

Further, pronounc noi se is even generated due to |npact when t he
ori ent at i oreifieumirkest tohtedge wt hthhergrodner Thegweahel5oafowtiaggr oove of

the retai negrcrmr@n&a&p@e Preveqt eds bywhéﬁayéﬂgtﬁvwkbteeabhoge%ge% ot er m nal
end of the groove of he retainer ring as shown 1 n Fi B.

formati 8n ofRYrevRes Qﬁ#@%ﬁ fodeEn8uYRBRE BFCHRSE. @étanﬁé#aﬁ|@@r@a@nbe

applied to doteionl yuvet eci RehdeEss4€81 2QrascthesetaBowarir Fi@iSchl it0 3,
but al so various wafer holders as |on S thgi?are capabl e _of pressing the

ret ai ner ri@&f%&ﬁﬂ?%tf?Fﬁﬁﬁ%l?%h?ﬁbegg?Féeﬁ §.°% enBR&chadni Hgstrati ve
exanpl e of waam&af ermdiod sleconthet &han that grSh@éﬂofntﬁngetblh@LG ridg ln the

exanpl e of fer hol der ise ol der. body 102 and
S holding piitsedieftFBr ShoPar b an GRBER EOFTECeOsr ATsbhSt FEPE S o be
pol i shed, cuctureteresenatoadget of watereWaimhe hohdi ng phiaeédyld®d® is nade

of a_naterug%éﬂﬂ% grglgg r£g|gﬁgggtsuc@hgsoglgﬁggghée gqpqnqshas a waf er

hol di ng sur a which s a ed so as ormeéd. An elastic
mat 106 is estesedlip hlabbﬂetOsgﬂﬁa@esbﬁhthewh@rdlnQUEtéﬁé 103. In order to

hol d the waf&sn Wb hﬁoigé‘eissé{réﬁcgeﬁferaEQ§ aegdteglabatce 183n aHeet ai ner
ring (or guide ring) 107 an outer circunferential surface of

t he waf er VVW%?%W%N%@%dfbﬁtama59§e?OBF?€EnVéFEnFF§I9§GPV§ce e e atpaf er

hol der 1301.5A ehanbesotei 6 OhBEde bt NBENrEHE chAl dengrekaheck0%vand the

waf er holder body 102. The
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 of 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 1is
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



- 20 chanmber Cis used for applying a fluid pressure through conmmunication
hol es 103mfornmed in the holding plate 103 to a back side of the wafer W
By evacuating the chanber C by nmeans of a vacuum punp, the wafer Wcan be
held on the 5 wafer hol ding surface 103a due to the effect of vacuum force.
It should be noted that for separating the wafer W fromthe wafer holding
surface 103a of the holding plate 103; #°1iquid such as pure water is
supplied to the chanber C. 10 In the exanple of Fig. 7, a wafer held on the
| ower surf@n&mmért@eimateedhﬁbdeapp$ypngsaeﬂlagaipsésshee pokbsbhng surface

by an air ihde ol de ri shaf i rtical
di rection. %% r%%%?%%gvg?ggs13§3ﬁ§%§ﬁﬁe§r%gv52g1%§g9gngo?%ég ogog %gher 15
surface t het dvfckssiifispofetihsowahar Wt sByrevadsathegwaher chamherr €t diyner

ring 107 '%né&@@p8§d§”§£¥u8&e§§ﬁ9 agﬁé”§8fé99w eghléalﬂglausﬁaEﬁedue to the
effect of pressure of pressurtzed fluid ggﬁ to a space 143. The

space 123 W%f%%fm%b@lﬁg aursaee é@éP @Pﬁgt94 afffaftupperasesm ring 20

140B. The uppese seak+rsRuid0B-CABPELSERal fbﬂgséﬁébathﬁgdtngowafggumtlng
flange portion 102a of the wafer hol der bod seal s_142b for

seal i ng spaced b GeBAt thelPLAgRI13YHT AT égﬁﬁuﬂflHﬁefpaﬁaénBoPﬂﬁéﬁ 102a of

the wafer hpdslera boguidO2uchhes| puee seakrriisgsdgpAieanpsbi 888 ankimd@rldla
25 for pressing the retainer ring 107 and |ip seals 142a provided radially
i nside and ovutside the retainer ring 14l1a for sealing spaces between the
ring 14%a and theImnuneiagampLangé pogti on d0Rafef hbhédwahethholdeerbody

102 The  relaLne LEngy107.80IPFL3AS .01 Eobobehabat stngymember 30 107a

which is vertica and a secon tal ner _ 107b fixed to
t he waf er Hm$b@$hb@9ysm©ﬁaCEnbyhén aibodl bneesf LPrgmoyingyERewnad etthe

retainer ripng dO4 B?lV@DEHafEhQBr@BahngérEheglcéﬂrgétEBESSEQthder a desired
pressure. The grooves ornmed in the retainer ring 35 107 are of the

same type a§e¥%bn@¥069é§ 397ShPHlpgggFoeﬁﬁsaﬁ93GB3 frRaPSHs 0Nt Re 1§68V es

103g- 31gxte@@ﬁféé@nthéeeofaﬂgahhgp@gbars@ethahenalsaeg@uaﬁstmﬁerah@b&er ring

and ends short of the radiallv_inner erigg %H
The retainer ring 107 is indepe v

essed agalnst 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 1lip 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 l4la
for sealing spaces between the ring l4la 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. 1In 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



- 21 sane. The effects of the grooves 103g-3 are the sane as those

descri bed above in connection with the grooves 3g-3. The grooves 103g-3 may
be inclined at a predeterm ned angle (6) relative to the radial direction
r, as shown in Fig. 5A. 5 Fig. 8 is a cross-sectional view show ng an entire
structure of a polishing apparatus including the substrate holding
apparatus of Figs. 1 to 3. As shown im H¥%.” 8, the polishing table 30 has a
polishing pad 31 attached to an upper surface thereof and is provided bel ow
t he waf er aneol dethd.e flhecwafef hiod dgrodves toBgest edet ahtheadie v shaft 18

t hrough th Y ] .0l nt oa 1. ' t [ c dto . the air
cyl i nder 3%hh xeegiefsgérail%a et %6? dglr? gé]féﬁzggcggaﬂfﬁ%%ar?l\}g §E§§'§te%8 3igs 3.
vertical | y Tieveadrdawvearan33d453 giay hee alrctyne¢dder 33prefetebpimed mgalee

wafer hol deig)l red$ 3 MU S Kk 2-Y@I41 CRlrdif £641 PN 2DdsREESSHATFLRE sp
retainer ring 3 fixed to the wafer hol der body 2 against the polishing

tabl e 30. The drif& sHaf1s 1B ¢5O¢dNTREEEREbd Gle6t BRYWEDHi AlepntiFe3q

through a !%@lﬁ!r\{dtQIreg@NWﬁ-pJf'ﬁslﬁPﬁ%rapﬁéH:&ﬂQ@ri§élbé§n§ thbMs0® sRHdy 35 on
an outer circunferential surface thereof, The tlnlngﬂgglley 35 is connected
S

through a 9P RARAZELED Af tTH¥hg puFPey- 382%hF 1BoAR8ct &d tide a
waf er hol dgfo INM¥OIMB 7t db Xed30 chaheavwpbeishohdepaliead 32tadhedherefwre, the
rotary cylinder 34:%pd the%driv§ shaft 18 arﬁ roéa&ed %ﬁ a u%it by the

waf er  hol détPRSt ST 87 hr blgh®Ct nd i hf ng=put ey 381 °Vn&"ei Hh§ beit 36 and
the timdng hquldeyl 35, to thereby rotate the wafer holder 1. The wafer

hol der head 32 i s,sU f S t 539,30 ki B
supported by a fﬁgﬁ%g%%%%ggﬁg%%§?mﬁh§£a?€$€§§F%§Z€OSgH%n8§?H§ F%ﬁ?ggcé%nber
8 are, respestigieljhe comheeredlt hedughla- refueadsivRishadtalsdr dgul ator R2

to a presswdzpd-ald SOUELE 2fr TheipaessyseriQbaPEgsauyhzed alJdifupplied to
the air cylinder 33 is 35 controlTed by the regulator R1, to thereby adjust
€3

the pressdre®d ot? pr e8¢ ngrivie seehFntf +Fnyge3tagalhdt PHed by Mgy pad
31. Thespresswi ofiPr&psunagedzal rteeppbyedlovifgt baef Wiird rchamryr 8. i s

controlled abgl aE hv?hgfguir?tgrvgtical 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 1s connected through a
timing belt 36 to a timing pulley 38 which 1s 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 air 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.



- 22 to thereby adjust the pressure for pressing the wafer W agai nst the
polishing pad 31. An abrasive liquid supply nozzle 40 is provided above the
polishing table 30. An abrasive liquid Qis supplied 5 onto the polishing
pad 31 on the polishing table 30 through the abrasive liquid supply nozzle
40. In this polishing apparatus, for pQL%Ehing, while holding the wafer W
on the lower surface of the elastic nenbrane 4 of the wafer holder 1, the
air cylinder 33 is 10 operated, to thereby press the retainer ring 3 fixed
to the wafe? HePHRPYhLBRJUS bRar ATeREURE £SKi RGeEaBRE 3be WadeTpiessuri zed

air is suppidethée the pbuidnehanpan 81.to thereby press the wafer W
agai nst the polishing gad_31 on the olgshing table 30, which is rotating.
On the other 15 HahdiP ﬂ%lgﬁr£§g9édlﬁgﬁp YPPEZLGppPi &8 ProinttRe 8BRS ve

| i qui d supptiye nezzieh4fgseasset gor.et annabhesabeasiveili Quid sQppn itdwe ,
polishing pad_31,. Thus, .polishing iL.s conducted. . whi.le retaining.the ahrasive
li quid % bethe nt?ﬁepﬂé%g ln@uPF%cé t8nbgH50PP§ﬁ§glF§ F6\Rer é@rﬁ%ﬁ%’ t he
waf er W anthe 28btasipel ishing padpdy. nBarlpokdshi ng, the pressure for
pressing the retaiper, .Li in i ghi.n whi is applied
through the air c%ﬁi%%%% §§}§3ﬁ%g?hébﬁ%g§§§?é ?gk nggngég'tﬁéﬁagfer w

agai nst t hehpbilirai ahepudfsr, Wwhnclthes lapplri edr28chy offedhs eflamtdssuri zed

air suppliedohgrife &l yedcahanher Bno1aee adj ¥aked; 1o g1988iredd avel .
Duri ng pO|IS%Ing, the pressure for pressing the retainer ring 3 against the

pol i shilfy peRleBitedn be GRPFeBYbPrRE&nsDE6f TEhELIREFUIFALEr SREIXSENG T Hdre
pressure fowa@é§8§bmeekhsoa?fertwha@ai@ab bbBei30ipel iksbilag 3pad a3y can be
vari ed by neans of  the regu_ator Ri" COnseﬁuegﬁlé, dgri%%rp i shing, by
control || ngPTRESPF&EStr 8121 6F SREBLIRG THe PEt AMHGR FRAGDSTadai &t the
pol i shi ng pederddyapdetbetpeesatiee Wongpiassi nget be 1wahah gWpagaixistord he
polishing pad 31, a unifor ressure. distribution.can be_35. abt ai ned
continuouslgh%cp%éésgﬁngrEghﬁ?oéﬁfhghégﬁtéF 5Pt9ﬁéngWaf§P %)é} Sut er
ci r cunflér enbhamdl, pohei ebrefivke liguadn@r isr sngpliedt sirde tthe whirers iWe

Ipe:ﬁgore’ £XG&38! ¥EpBLy hBsYhLl dhent pal k§hing 3t the GH-GWTLRr antd.plq edge
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



- 23 wafer Wcan be prevented. In the present invention, the polishing
surface fornmed on the polishing table may be prepared by a polishing pad
such as that described above or an abrasive 5 plate conprising fixed
abrasive particles. As the polishing pad, various commercially avail able
polishing pads, for exanple, SUBA800, !C 1000 and | C 1000/ SUBA400 (a

two- | ayered cl oth) manufactured and son~%y Rodel , Inc. and Surfin xxx-5
and Surfin 000 manufactured and sold by 10 FUJIM | NCORPORATED can be used.
The SUBA8OOyafSur fW ncaxxbsd pmadestefiin 000 are non-woven cl ot hs which

conpri se fibers ﬂ@um? DYrdstig nbLatlane ﬁgi{:ﬁo%ggﬁéhg £00Q canprises a

single layer of hard oaned pol yur et hane, Orous structure and
i ncl udes a et of thperpbiebing 6abls hévebefﬁrﬁédr@ﬁ aysar f ace t hereof.

The abr asi vg?opi@tfng%mal§@éhfa§e@ha@raég&§leéat Lebes owhizgh .3 %b Qund by

using a binder and Tornmed into a plate Pol i shing is conducted by utilizing
the abrasi L& tFeTREISiRgelikPEnrPRESABPaBAVE LAl aPe. TRe tABrasive plate 20

conpri ses thel abk 8shvea@arLhehess EB@kaBQQ&l?nQVBQﬁﬁ%le q&%b&%go
abrasive particles iInclude_particles of cerium oxid havi ng

aver age parRi¢Fe HPEne¥@PPLE- 0SBBABRP  ofCréleo ﬂgdtﬁg OH&éﬁUBﬁ&POe%éhple
an ]gpoxy I’G&V@—lé%eﬁé@dclahﬁ)adﬁaﬁ&IEMEtﬁkatieaﬁﬂOEbdaS (tj;gr lRaKe 19olringhi ng
surface. 25 The_abrasive p ave ere tur onpri si ng
S hin i ay A b SR HBr oe OB RFFT '8 08nHaaH P EEgrRL Bl Fornd Yhad
adher edOt o BEUJDYier ISCORPORATHE fhrelde abedsi vEhpafUBalBes., Bnefln XXX -5

above-ment ggeds |G 100003 30oPROX U858 AL ROLShinGospichace.s 3. The val er

hol der of t resent 1nvention Is sul use wt polishing nmenber
havi ng a.rmeMQQHb%huﬁgngsarﬂﬁ@éhaégpééﬁanly ?bﬁtéﬁléoﬂ@rQmeﬂhSﬂﬂ IRy

surface havifig;; @ gkUéfoﬁaghaSEbafngm ngggertﬁgabonwﬂflcwh@sNPaa (200
kg/ CMR) or nore. 35 Tn a convenfional wa a wafer is held on a

backi ng pacPPFoNF debTBAtAre aRd warePIRS| aePUBBAY. OBe&dtSe TeCRE SSH i%hi ng
pad i s18l asidLes Shoeksdoont heswakareatpeabser bed by the polishing pad.

However, when a hﬁﬂg 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 (CeOy) having an averade 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/cm?) 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



- 24 polishing surface is used, undulation on the polishing surface is
transferred to and affects the wafer surface to be polished. Further, a
mar k corresponding to a vacuum opening of the backing pad is fornmed on a
rear surface of 5 the wafer. On the other hand, in the wafer holder of the
present invention in which a wafer is held on an el astic nenbrane by
utilizing fluid pressure, shocks on the 4afer due to a hard, undul ating
pol i shing surface can be absorbed by the 10 fluid pressure acting on the
rear surfaq&dﬁsmimgmamEfaceThususedenumﬂenath@np@hishéngo$mshaﬁg is hard,

hi gh pollﬁnn%gyperigr gggfggpeghtgaé aaépﬁgrﬁﬁdtgg Qg%ﬁe corres%ondlng to

t he vacuum™opening 1S rned on preseﬁt
i nvention, & meeliskedet afnerhe5 aimgrkscérresipygndongetved vecune waf er

hol der body, pdilifag [£EAL0ET oL LRG, §aP. 001 L TPALAES M1 DLgh gitlgiggig%o%“d

unst abl e novenent e retalne I ng can be suppresse
st abi | i 2i ngtlpwlvaheéng performance. Fig. 9 is a |longitudinal sectional view

of a 20 Substrat@nh&h@h@gh@pp@é@ausl& ase oL oy ﬁ@m@gtberth@ odisarpt of
t he present invention is a bottom _view of the substrate hol di ng

appar at us ofFRtion F?gwg&qh Pswéf%éc%Fo%%}dv?%mﬁgh%%ﬁﬁﬁlﬁowﬁﬂﬁéa§@bstrate

hol di ng apparat usi #ingi gLuddi §r@9§ﬁﬁéedsh85k§ hen stiRst waterhabdi re %ppar atus
1 is adapted t holﬁ 18 substrgte to be Ff i shed, such_as a ge % uctor
2 g &

waf er, and“%? ssURHRLRAFRY BYAFARITE POFTeRT g RuPFacRSEF
tabl e. 1As showhd i pr&sgurd, atheéngubst the erdat dsugf aapparaths @hfbh1s

enbodi nent it r|§§gnawgé§ht£%k§ g@%§£ngosggkggé bgd % deB hng an i nner
e

space and a retaiher ring 3 | Ower “end of e ma%gr hol der body
2. The waf evolhohteg bedfo2masceandenobpeamahteaiaddhandngohingirkstrength and

high rigl d'é%rréé’}ggné‘%ngc%t @heaogcﬁurﬁeéﬁgﬁl% %apgl £S5 PP gﬁstgleﬁiwra ar

upper plate a circunferenti a ortion exten ownwar d
fromthe upper plEtetRar. IpethetBrpgenti HYvenTLEoR x@dnNEd éhﬁoW@ﬁaéﬁ@Ibf t he

ci rcumher entq gy y\@'hﬁ@&iyoaoaﬁec%@ t6t ghoekafbAOnd146r BBEG Ofcna resin
materi al haVInngé rlhglgg%ybelgmggrteg 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 is 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



- 25 be noted that the retainer ring 3 may be fornmed integrally wth the
waf er hol der body 2. The wafer hol der body 2 and the retainer ring 3 define
an inner space for containing an elastic nenbrane 4 5 and an el astic
menbrane supporting nenber 5 in a generally disk-like form The elastic
menbrane supporting nenber 5 holds an outer circunferential portion of the
elastic nembrane 4. A flexible sheet B frade of an el astic nembrane extends
bet ween the el astic nenbrane supporting nenber 5 10 and the wafer hol der
body 2. A fhainpbtddnbeat 8ths ferasderbyinbe3wakgr brolfdemeldody t2graid vel astic

membrane 4, {he +fdeyiple shegL-6p,88¢ an inner surface of the wafer holder
body 2. Each of the elastic nenbrane”4 and the flexible sheet 6 is forned

from a rubber mat®r¢avafdt choideexbeflvedt 218 thesreéaghhrafdndusability,

such as an & fwh&ngn P{RRYLeBgacEURBer cel%I%QMma Ral wanekhang mshbele o a
silicone rubber. A pressurized fluid such as pressurized air is supplied to

the fluPd HRFRR BLERFSGgREEPFROPISPRESAGENEOMEBREE Si ig & JeMSE Y a
connect or. Jf@{plﬂséube@d frHbdesupplicefetn®rddet B@piybwtdn@hal@ﬂ@reﬁsflows

th h thro hol d th | ast t nb 5
torgu?ear r %f %c%ng$u fie gﬁ%%??éggﬁﬂﬁﬁﬁﬁeaérkgﬁﬁsngpggg SE r Iggeggurgrof

pressurizedmémMIdnéo4theAréaex$bﬂéaeeeet thaadel ast aa ﬁ&ﬁhma@em@mﬁﬁune

pressure ofpresaurizede Lhui 28, 5uppll dnt@abhe ofd e can

vari ed by nean ween an outer
cir cum‘l@r emnal tlsgrflaﬁerohowerebaém @ neﬁ:bﬁéneMcham@etrh@ iwafferrresl der

body 2 and &heck et Bhegk Rbifed: pIle ol ashico MR ARL Lhe least i c

menbr ane supporting are 30 veérticall nova ative to the wafer
hol der body &h@letﬁee%t éu agf ﬁiﬂn@n}}erFéﬂrifﬁ@@r pﬁgtﬁﬁgwaﬁ@m S lnlpT

perfornanceboa§ »s Eé@ﬁebfe@héoeﬁaéﬁhhhﬁehb%bﬁechaﬁhﬁrt%ebfl%%ﬂﬂléﬂ1
elastic nmenbrane as in this enbodi nent. However, the elastic 35 nenbrane 4

may not be L s® iRatcFHedwaFer ﬁa?uBQeﬁr@§§§HlaﬁyW&FF§cﬂscéﬁ¥%Ek &%t h the
fluid. 18henit hetebéagthcandeairaneidtys Baichusedant ke hfylwing @hwmarené f or med
by the wafer, ol derpBRdv 2 889,L08th&3E SULEAES o9 o 1§ MRl L%
A pressurized fluid such as pressurized air is supplied to
the fluid chamber 8 through a fluid 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
elastic 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



- 26 polished. An annular stopper plate 13 is fixed through a support
menber 12 to the upper plate 2A of the wafer holder body 2. An upper end
surface 13a of the stopper plate 13 5 is positioned at a predeterm ned

hei ght and the stopper plate 13 provides a restricting nenber. \Wen the
pressurized fluid is supplied to the fluid chanber 8, the elastic nenbrane
4 and the el astic menmbrane supporting ~nefber 5 nmove as a unit downward
relative to the wafer 10 holder body 2. In this instance, an upper end
portion 5a pofishedel asti c nenbrane supporting nenber S engages the upper

end surface 13a of ,t p e thys. _| o Liyn ownwar d
novenent of the e%%s%?%§%§%b§%%££§£ %%%t?hgge gskgggﬁeng%gﬁggsggporting
menber 5 tos@pnSrpredeberninetor 8hgeupPhs plasei eAnefbiiuee wafierc hadeberm
plurality epi ngg4a,Lormedat LA agu oLt 4 ing a
connunicat?%% ole 14R g % ezgose§8¥?on$ ¥hé ?g;QegtFggiggéhfﬁgﬁﬂﬁgeyThe
vacuum Por t}1®nBogitipredf aEnadraedateeningl peionsnadfl the éeltepmear menbr ane

20 supportifngs pENDer pBovifethhsregbedbiBAY, nkR8e¥aCuyMenP@hld ons 14 are
formed integrally with the el astic nenbrane supporting nmenber S. However,

the el asti cPRefbrahEedstippoft tAgSHERBARIS tRafFe Flot e RAAOS Tarf -arfitft ar for m
and a diskelikeiehuekbngnpl at eninehedengsaipl neabirbyieofsupg@itnn2p portions

14 may be enpl oyed_so that the chuckin late is _.fixed to an inner side of
the ol asti CUBRAF ane elBnoRt Prgit hebaRvBraagelAsine) For g 16 T ve
openi ng® 4ahar@etobodg at aIncehfisalinpoahcen ah tuppeel astd poreniwrarea 4, and

t he vacuum rii .14 o] h ecti ings 4a. As
shown in Fi%g 5$8agF%ag%éeﬁg&gfgﬁgegggﬁé%ggkgt%gh%%%lé e%%ﬁgggpeac vacuum
portion 14 uspepeandAshrfhee édmmuAi tAei ehobokas plaktej di3n ithgisde the el astic

menbr ane SPPngE%LhBQtHE”E%néaéﬁdmé'{/ eaRNeEt gt RNQUEN A rlddfif-ale 149 35 the

&
fluid chanber 0~ a_vacuum sour ce. vﬁen a negative pressure is applied to
t he open end@dofhehelashitinMeBPraRe FBPRSTIARIt RERGE thdva&cuum source, a

sem conduct greMatemiMeasraghd . onThRecvacuum pehbirans 44 iwdeidamcaum force.
As plurality of openings 4a formed therein. Vacuum portions
14 each having a communication hole 14h are exposed from
the respective openings 4a. The vacuum 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 vacuum
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 vacuum
30 portions 14 are exposed from the respective openings 4a.
As shown in Fig. 9, a lower end of the communication hole
1l4h 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 vacuum source, a semiconductor wafer

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



- 27 shown in Fig. 9, during polishing, the vacuum portions 14 are |ocated
innmard of a lower end surface of the elastic nenbrane 4 and do not protrude
fromthe | ower end surface of the elastic nenbrane 4. Wen the wafer Wis
hel d under 5 vacuum force, as shown in Fig. 11, |ower end surfaces of the
vacuum portions 14 becone substantially {;ush with the |ower end surface of
the elastic nmenbrane 4. An elastic sheet’ 15 such as a thin rubber sheet is
attached to the |lower end surface of each vacuum portion 14 so that the 10
vacuum f or 9% agpl T84 the daFerJt Apdblighinge thenvpobper poshéens Adwaf er

hol der dri \ee:éruaséatl@dlﬁnm]@al@Iﬁdaap@wertéﬁd HQPEACE! a%etﬁé glakhewaf er
hol der body 2. The drive_shaft 18 and the wafer_ hol der % 2 are connected
S

through a TSRERARG shI2dide A9t BRethniGefsarm FB?n%OYgrt?a fPESacEr essure

and torque off tihe drdsyeichadmbi8néost hewnshethehohder Rody ReWhi LAder
pernitt ng |ncI|n§%|on of _the drive haf }} nd t he aag hol der body 2

relativ t o Bath" otherS - THe ﬁ%?V%r%%l 8 n CBfipr PREsSHTERREFI €4l beari ng
20 nechanl&manaﬂuqmnpnrsl®msl1mabeoomefsubetmatealmplﬁenshbwdthtaﬁd t he

drive shaft EE% '3@%%9 ga§ﬁegggeélggﬂa?tm%@gggg?trans g%ogén%chanlsm

whi ch transn1 S rotation o rive s hée "wafér er body 2
The spheri cdledeard ngnalechani shihtonprbbes ahspheiscaktaebedsto25hg8a f or ned

A 3, SCntr Ao Ror dan Glefalov6E SUERa0RQLnt Borr dohy ey sSR! Enk?, Bespher cal

recess 2a formed at a central ortion of an upper surface of the upper
pl ate 28 am?QPu%m§9¥%© b%l@Pleﬁﬁd§h©fW9fﬁﬁt§$F9P9ha§hﬂgthighrHQPGﬁESs
such as a cgtadw c, provided between the spherical recess 30 18a and the
spherical recess 2a. The torque transmtting mechani smconprises a drlve

pin (not shown) fﬁk%%ﬁ?%)Q?%@%Wl@%lgﬁa??aﬁﬁ L3ats BFPYVERedprRCY ot Ehown)
fixed to thq)p@pegsl@t@tEAZéf The #wpepi R61darebeapabl. e vhemavikg weaffitcal |y

relative to §ach of.her 3@ engagj ng_at, different Bltlons
Therefore, & $8Fqu® dvafﬁﬁ ?ﬁ@grshggy %8aF§ SOPery ? aﬁg ﬁ?ed %o the
waf er 06l demboslys2l eyeihn wheh. t hEheabeivhobkdér jbody 29i srahawliitsed.
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 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
torgque 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 torgue 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.



- 28 Next, explanation is nade with regard to operation of the wafer

hol der 1 explained with reference to Figs. 9-11. The wafer holder 1 as a
whole is noved to a position for transferring a wafer and the communi cation
hol es 14h of 5 the vacuum portions 14 are connected to the vacuum source

t hrough the tube 11. Consequently, as shown in Fig. 11, the wafer Wis held
on the | ower end surfaces of the vacuuﬁ12%oftions 14 due to the effect of
vacuum force applied through the comunication holes 14h. In this instance,
a 10 slight positieetprespuaratsonppki mddeowthi tbgbddch@nb@eﬁ&tr@m ag to
prevent upwgid VUQE’SPEH&BE rtheesg i‘é&h a"GIRRARE e%‘é&&%r tNG % and the
vacuum portions 14, and upp port|on the elastic r ane
supporting menbefhs @@éggeéolﬁérubpéﬁ énﬂhgéﬁfaéem93§do¢0tﬁep§ﬁdﬁpeﬁl15
plate 13, tgotherghyrbokdnthg ghast gnaemeae%mmﬁa%ttu%gl HERmen ;, ay the
vacuum portions 14 at a predetermned position. Wile | ding the water W
under vacuubf®of@eUumt RRThAPRE h4I d&F f°P§eﬁ6§€dtPot§ep8§FHq§h%ﬂ&ﬁﬂ?za

po: ! SE! ng tl@?b@gﬁdmﬂéﬁﬂabédlmyl reEaeeqeenmmwrab 30, olwitn \I;l\llng Fl:bz% 120, having a
pol i shing s ace_(su as a.polis er t he retainer
PP 3 are Hhnioreteid oarndy ot RECPREk: AatearricEes Gk Hovoty St

pol i shi ng. ﬁ@rtbunerlélduanterenblaEfedgeodfvﬁbeuwaﬁemdﬁha$dﬂmaﬁ.by t he
retainer ri a t par atedq.f.ro t fer

ol der 1. ForronPiohbagcehatadRaria) h1as, 1R dur tise s s oyt

r ef er edde nmhlsglat Besnhlﬁﬁgprﬂ)sucenmécta@@llteei ttlee téhei \féushiafqhalr@ars 8
operated, t0other eBYoPLESAL! NByakfl AblehchiN:S chixed Ja sk yfeln ol der
body 2 against- 30 the polishing surface o pol |sh|n% tabl e (F

predet er mi n@@PPPESSDPeNePReFhPs a8dattee Vﬁ@uﬁme§§ﬁﬁﬂf@§ ﬂluﬁﬂ“ﬁ§ﬂ§hpplled

under a predgperntnadppressHr eat ot hee Ehuisd icharherabe t@ﬁﬁ&rﬁbyg pr ess the
waf er Wagai nst the BO|IShIn surface of the pollshln% tag e. The pressure

35 appl i ed PoPRE wafBP2APForllfolPERTNG s SHEfGSECed 2P0 °4 iSTPISvel by
controhkingpLHEepnessubetﬁérpbgsﬁuadzede Ellaisd isupeimbedinieo stupe dd tuirdy chanber
8. Thus, the fLU|d gressure LS dir%%gkxo%gplled tq thecﬂgjer W at its

portion e~ vacuum 147 at re ermine
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



- 29 corresponding to the opening 4a, while the fluid pressure is
indirectly applied to the remaining portion of the wafer W through the

el astic nenbrane 4. However, the pressures applied to these two portions of
the wafer Ware equal. 5 That is, since the pressure of fluid in the fluid
chanber 8 is applied to an entire surface of the wafer W it is possible
to obtain a uniformpressure distributiof®for polishing across an entire
surface of the wafer Wfromthe center to the circunferential edge thereof,
regar dl ess aafrrddspdred 1ig ckoesise obptheéngafter WMhiThi shenabhes pretenme

pol i shing af_ the.enti S of t r.W_During. polishing he
Bl astic ety s a st Fn Wb FEEe oo ohfsct Rk g Bo PR RO T 208 sr bR
waf er W ar duridhadigglopeme ngsadbhic sembhanet hier eHowewabst dhei pickgsnoelseakage

of the 15 ﬁ%%%g'z j : i deC t hde. During
poIishing,Q{he pf%ggﬂréﬂgigs%ggg%éfﬁiégﬁug ?ggbg%fgfigh%Pg %#g%gf t han t hat
appl i ed>t o T wed ersi¢e thppPredsuect @b févadnén £hagf3uipr ebghbereBair

cylinder, s ddtidderpohhsbhngrsushiagg-QuLsi dret herumf gr Wi gspressed 20
under a pressure substantially equal to that of the wafer W Therefore, a
uni f or m pr &P HF st i PREFBR 2aR bECEBt BFReEUT oAt FRHSOHEFYBcEBSs an area

fromthe cegderswing hecreseralVeh0iad outeacei beuher gateal wpgrbmorhef the
retainer ring 3 outsjde the wafer .Therefore, excessive or_insuff.icient
hier SEPUEHAL Of

25 pol i shifg’ he® cHPRurntereh IEhERRAPRF - W EHRTBE=SEr &¥ent ed.
I n t helvaf ethdhotiderksdosnof ntkegsatfOrt®W. 11Thiheenablasnenifbny 3 is fixedly

connected to th er-h e y png.-a. fLgi ngt rugt.l and the
ret ai ner ri%%}%ga%ﬁgségeg%?cé F§9%03§59%§éngtF%%Ikgfggv?hg Phggagfer hol der
body 2. By Rdikskakr@ngehentlashecpresbiuaecappisednt éntheateatenthglitder body
2 can be utjiized,as-r&aPressehbel 9F tRECRSERY WNerhEhAl RBRE bhARE 3 gsFurt her
because the retainer ring 3 i1s fixed to the wafer hol der body 2, 35

undesi r abl €9 dtlktfal tReFe r hdi arPShBVEHBALY oROt heakasgi Aér thRing 3 can be

prevented. ghesaiel£edt heudastanaethet peend thembetaBneb kthBJgodtandet.he
circunterential edde of Lhp cMeler BHLT2C8 53N, P, EONSLRNLLY, LA, Th28d, and
uniformty
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
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 is 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



- 30 and 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 5 highrigidity and the behavior of the retainer ring during
polishing can be stabilized. The wafer holding pressurizing nechanismof a
floating type structure follows undul at?®n of the pol i shing surface inside
the retainer ring which is stable and has high rigidity. Consequently, 10
t he behavi cindfstaeitetdi her thengodashbagsrdbithez od tevrerigwumd dragmtial

pol i shing syrface, &8 thergh¥eachi eus gxcehkenbg stability of the polishing
of the wafer. The openings 4a are forned in the elastic nenbrane 4 and the

vacuum portions 191ha%i Rget hetedRftinréadi nifoféxedly £HRNHCESS A didek i n

the openi ngsafer HbeawafsbaW bs hekdrduaihert henef taet vof ivasruwnd arten
appl i ed throagg the, communicati on hol es 14h connected to the vacuum source.

That is? t cthHi PoFYi BRE ERedPPEBEVIYThOIEd tiRe TREPEMOW TddW tH EHeT ef f ect

of vacuum fesTeshTher eharee thebelized 2@hee@dflee hparing he el astic
nmenbrane 4 with a suction cup-.like_confiquration. Therefore, ch in
oroper {1 es BFCTHAT L 4LRS: PECRBRBFENETA % S LIATRE yIPS SR tURS thiag Lovs
uniformty undutaeipol bs§hithg pbluwaheny camfleestialliylendihat atatedindrg. 12 is
a Cross-sect] |, view. showi a ntire, . T . of i shi

Sone st e’ L RD A LR SNaELBI S ABn S LLE n B0 SHEIGE O RSN |
shown il Fithe 1RehavherpoFi shengetabiner3dihgs canpdlel shiavg gk Blewdn aehed to

an upper SLHfﬁ&fdtBsiﬁgﬁiﬁgdsh§fEE@YiQ%th%E%Wyt@%H%@Vg'eﬂHHEKHné~ 30 The
waf er holder 1 is connected to the drive shaft "18 through the universal

joint 19. TheaRiiieyshbf thegrrdisbdRfeCfed oVt & air cylinder 33 fixed to a
waf er hol der heaghd2cpdhengtsi ¥ shaf Folfheds ivethieCalllay tiey enyraeans  of
the air cylinder 33, therebé novinglthgﬁmafertgflder 1 35 q? a ﬂgo eina
vertical di?edt 3% YRGUBPeBRFAGOLRe 1 4 BAXIREr Hen§OFHNEH Pt HEC waf er

hol der 1Body1 £h agaéngtrovtibedpahi shiengpeahihegs3@a.Thahdr imag exhalf tid&é Bd

connect ed tghg £8t%£¥ 8¥%g@ e%f vacuum force applied through the
communication holes 1l4h connected to the wvacuum source.
That is, the wvacuum 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 unlikely to occur, so that uniformity
in the polishing of wafers can be stably maintained.

Fig. 12 1s a cross-sectional view showing an entire

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



- 31 34 through a key (not shown). The rotary cylinder 34 has a timng
pulley 35 on an outer circunferential surface thereof. The timng pulley 35
is connected through a timng belt 36 to a timng pulley 38 which is
connected to 5 a wafer holder notor 37 fixed to the wafer hol der head 32.
Therefore, the rotary cylinder 34 and the drive shaft 18 are rotated as a
unit by the wafer holder notor 37 throught the timing pulley 38, the timng
belt 36 and the timng pulley 35, to thereby rotate the wafer holder 1. The
waf er 10 hohdandmmthQ keysup@ertedwby a maéerohefﬁe@thﬁdeshaﬁthag a

fixedly supported b not shown)..The air der 3 and the fluid
chanber 8 é?e nge%yl ?Yv ?E Iqc%rrlm%%ged ? F%ﬂ% ere?ggﬁ at of ?ﬁeand a
regul at or RmﬂxﬁqureEB@rtzmdnalPHSbQYCQSZﬂs dheanESéuterEgnfapressurized

ai 1 SUPP"eﬁuﬁfhigﬁéf%f3&y££“§e£iﬁ§n'S?ugfgﬁf9b'$ﬂléﬂ iQecagggL@gaf

t hereby adj ust t pressure for pressin e retarner rin st th
pollshlﬁg padweﬂerTMel@¢eseetero$7pfese@rtgeahe|waﬁepph®e@erohehe BRui d

chanber I@hé%%%éf%'GQ%er$@§r§egyi§ﬁQérR@4 agd %Het@§£€stﬁQ%Hs%ethe

pressure for pressing the wafer ai nst _the polishing pad
connunlcail%ﬁﬁrﬁﬁ%%tQQhaso@ thétvREuGhe pBRf £BNBOAdeRr BOERRNEEt EATPHABUgh a

val ve V tcm@bve@Myﬁ@seﬁiﬁey2§ssueﬁeaﬁl@lﬁgcuemtpyapanéntﬁereﬁmyﬁglIQUId
supply nozzle 40 is provid pol i_shi ngﬁtabl 30. An abrasive

liquid Qi PELppYidu- BﬂtBh?ﬁ%bﬁoFPEﬂFﬁgtB%dwgieBnh @eﬁoirshTﬁﬁ VabeE 30
t hr ougho thﬁaB@éﬂShd&dquuid suppbytaazeyeadafén hbigepohesdi spadppavat us,

for transfe rln the the c ication holes 14h of the vacuum
portions ﬁ?%!ﬁgda f% % negcuﬁn1sgurce 25, to thereby apply

a vacuun1force thmmeamaerlﬂm@er B3l andgtihdef Walér chgmbert Heavacuum
porti ons 14 £0LcPebLED! NonhDE-XACKHILEGRCE rBRRNAEC: Ryt Eavaler W ihr ough

t he vacuum portions eased and, “whi | e wafer Won the
| ower end 3Eurebe® B theaebPAsSFUTABABrans 40BFCehadvaf BRehBraEsUTe t he

ai r cyhisndess é§sQP§Eé&tertQuEB§EEQYt8r€ﬁ§ bhe cy@iAagBer3sing 3 fixed to
the wafer hol der bodg 2 toward polish |ng tabl e 30, _and pressurlzed air
is Supplled3?%¢¥%%le by the regulator R1, td 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 vacuum 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 vacuum portions
30 14 are communicated with the vacuum 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



- 32 fluid chanber 8, to thereby press the wafer Wagainst the polishing
pad 31 on the polishing table 30, which is rotating. On the other hand, the
abrasive liquid Qis supplied fromthe abrasive liquid supply nozzle 40 so
as to 5 retain the abrasive liquid Q on the polishing pad 31. Thus,
polishing is conducted while retaining the abrasive liquid Q between the
waf er surface to be polished (a |ower sufface of the wafer W and the
polishing pad 31. For polishing, the pressure for pressing the retainer 10
ring 3 agaihttidhehpobeshBngtpadhaiebwhipclsiss thppiager twhramaghdthetted r
cylinder 33 ssure _f p [ t fer, W st the

pol i shi ng p%%ﬁg%?iaﬁi§%8i§¥a§8|?éﬁ 5§§§§@gﬁg g?bg%e§QUrﬁ§%§hhﬁf;supplied to
the fluid chahpeing; Qrethd) eshed hang . dédier edhriasvete. 1baviidy Gald shing, the
15 pfeSSUf?s&B%lPé&S&BH the hetaknek rl'i%%i%l YN niche 1Pl S ngs pagd 31
can be varied by nmeans of the regul ator , ~and the pressure for pressing
the waf & WabainsthehePrasivehilagupdd B Picdheh@odmhd@ bpateans of Thure.
regul ator Rgo1ifRnsgauentbududitedngniall sRitRAnikY GoRt @Idddgd he pregsure
20 for pFESSIng t he retainer rln%fB a%alnst t he polishing pad 31 and the
pressure fof PFEYSPRgLPRe“Rarer SWFAGSENIC ORe POPIISPSH NG J&FeTL, SWLAFS or m

pressure distrthytiveneean)bandokhal ped icbnhignyadsi3y .across an area fromthe
center of the ma;er v&;o En out%é circunferegtial portiont%%rthq:retainer
25 ring 3 outside thePRaf&r W ThePeP5E>"EXc&SSi V&G M Fnsuft i'€ et ="
pol i shiltg atitbe3chpgeaiunkeér énki ploledhe nof prkie 3 wafwdridl dan dpp Jpresvented. I n
this enbodi h oL i shi .surfa far n | ishi may be
pr epar ed byggpéngsﬁngg%gdCg%éﬁﬁe%b%gé t“Efqﬁggg?%%§ﬁ3§3§§§4g%*%?gé?
abrasi ves. peetWafpol Wshioadgnsad thearioddshdowmmadi 31 .y winigh alsl eeqivlishi ng
pads, for exangbgn<SYBAGOQS G120 aRd ohGph0Y SWBA4RO diarid Wardayer ed,
cloth) manufactured and sold by Rodel, Inc., _and Surfin xxx-5 and Surfin
000 nmanuf ackteedddnated §oby S5 SEOPAMLSVRECRPERAIEY #4415 iiked. tithe
SUBABOQ,5 SupféBsux¥- Borapeeddinigh thR0 rafte ifeA- WaveN 3Clafdis sthithe conpri se

fibers bound. by usin ret hane resin. The 1 C 1000 ¢ rises a . si e
| aver of haPB}lgaéﬁﬁdgﬁgléﬁrEFﬁa &, VREH fhds Mgans of T regulatorn@i'

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 across an area from the center of the
wafer W to an outer circumferential portion of the retainer
25 ring 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, SUBAB800, 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 laver of hard, foamed polvurethane. which has a



- 33 porous structure and includes a nunber of fine recesses or holes
formed on a surface thereof. The fixed abrasives conprises particles which
are bound by using a binder and forned into a plate. Polishing 5 is
conducted by utilizing abrasive particles freed fromthe abrasive plate. The
abrasive plate conprises the abrasive particles, the binder and pores.
Exanpl es of abrasive particles include %%rtlcles of cerium oxide (CeQ2)
having an average particle dianeter of 0.5 rimor |less. As the 10 binder,
for exanpl epompuepexyucesrra hsdusedludke hi xedbeabpdsifies preoeistes arhard

pol i shi ng SHéiéﬁefoEHSdfbéeg Sﬁggggbvgﬁeggg%rally formed into a disk-Iike

pl ate and na ave a two-layered structure conprising a thin |ayer of
fixed abra5|ve pafhe cfésedndbansalast cempolisshi ngrpadles adhiehedrteo a | ower

si de_of thebéhﬁedb?bﬁ%hgeapa&hagkeand %B%@@O\iﬁt%e%t'p ned . 'C?%qqgjﬁéf

provi des a hard i sh |ng surface he waf er holder of thi's enbo
sui t abl & f ots GQEdHFFﬁda poltdAilgg nFeABERSREG RGTA 18dLE §éﬁﬁ§hﬁﬁ§msdﬂﬁace,

20 especi al byrgyit-abpeater arpel b@%@g@ugﬁa% BawbRd s sl U 1Qfsive
el asticity of conpression of 19.6 MPa or nore. In a

convent i onaP2HatErCRol §BF, bén@ﬁFePnPspﬁéﬁa on%éamﬁé@fiﬁé FRFIFARAA ded on a

rigid Wafel’pﬁﬁtd@lebodMClBﬁéagaet125e@h©fp@|elr&hmng>x§_@@ |($ee>lza;su1|aaflrﬁdﬂocks on
the wafer are absorbed mainl % bﬁ the oI| hln F wever , n a hard
dula g s Rin

pol i shi ng sﬁ?f%ggr?geuggatlﬁ FPS eS§Urf§€e P@

transf érr edbindand abkeeksmphe. m@heepguwfaeelm013b@sp@l|sﬁ@@ fRwetdher, a
k . 3 f. th d
mar CorreSQBPgEQ?ﬁéoagggﬁﬁgg;%tﬂaQBEQSEQﬁBl gheubacklang Ra %hE§ &Y Mead on a

rear surface o e ot i'n the wafer of this
enbodi ment BRraAivhASadearenlily Keramesn iamoeka Stk -Aaisr @d@teb@n@t mam ng

fluid pressypge §h@§55188ekge %@E%Et@%% tomdr32ihar &, twnduhating 4ol i shing
surface can be absorbed pressure acting on the'rear surface of

the wafer. f£¥raE, aE?éﬁlﬁﬁeﬁaFﬁécﬁéﬁl§ﬁ@n6ns@ﬁ?§6écl§oﬁéﬁﬁlqﬁgﬂ@d~pollshlng
per f or nenceagaarbe BBi At abhed @RdeN@fMthk fixed abrasive particles.

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/cm?) or more.
In a conventional wafer holder, a wafer is held on a
backing pad provided on a rigid wafer holder body. Because
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 is transferred to and affects the wafer surface to
be polished. Further, a mark corresponding to a vacuum
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



- 34 corresponding to the vacuumopening is formed on the wafer. Further,
in this enbodi nent, since the retainer ring is fixedly connected to the
waf er hol der body, the retainer ring can be inparted with high rigidity and
unstabl e 5 novenent of the retainer ring can be suppressed, thereby
stabilizing polishing performance. A highly flattened wafer surface having

| ess scratch marks can be obtai ned by~ c%ﬁductlng t wo- st age polishing, that
is, first conducting polishing of the wafer on a hard 10 abrasive plate
whi | e the waieresgomdl g byot heewafenunopdeningf ishéopmesertn itheentatmr .(i. e.,

the wafer hol der mhiche - hoiﬁstﬁlwﬁﬁoéﬂﬂéﬁtf I ukdopr ‘E‘ﬁé“&%ﬁa%@ﬂ hehg

conducting final polishing of the wafer a polishin which is™ soft
as conpar ed ¥ of 1 FRABHra_rvecpeat £0 ﬁh?l@afﬁé hafderi oy, héP@ B @ sAaf er

hol der of thenpresenbei MSAELOA. whtn ﬁE§H|ng§dﬂeyeQthﬁhs %%HE' means
having a | ow nodul us of elasticity g c13 is a plan view of pol i shi ng
e

appar at s Vi E¢eRE %@l?%%l?eﬁgéHeFoFlP 3Bobe- ﬁEﬁPFSﬁé&dtm5h§Fé§é’20
pol i shi ng bytawsingzihe M@igghﬂﬁbdpérgbrmhﬁcgresent i nvention. The polishing

apparatus of Fig 3.¢C e ol.i shing_tabl An abr asi ve pl ate
or fixed abra5|¢%%b £p|%£ fB%nggg EeﬁtFﬁgﬁﬁﬁet§a3ﬁ89p&ﬁﬁ§hﬁﬁ§atfﬁble 30,
to thereby qaovs deam Hersbvtpohedhbpgcunidticdiag AwﬁSsmaQBSMDﬂgsmamgal i's

At ached touihe piher, pol| SBAGCEahepo30uni gt B! ehY BRRukd.e Serand

pol i shi ng uhi secon uni b can bé use
pol i shilfg. ahespotishithg whﬂlsltbﬁ Wh§e§e¢§ndeédlb§h¢ﬁg wrifte ™4 e sk a

|over el astie FROUbLLLAR LhaknPlohhe: DALl SRLBgLbeRL Hibied 3qrabiasi ve

pol i shing tool first polishing unit 1a waf er hol der 1 has the
sane structQﬁ%@%sat%%fe§h%ﬂﬁanfﬁPég PTESEYTR) an§ SRep §OM9ucd iM%, 11. The

singl e waf efihol des1idnis cgﬁmenet QaEEQ bhr at pl@thﬁHh@gpﬁ@l tyrddkdh angd the
second pollshlngiunlt 41% i,n th cas or_ 35 Fig. 12,

Che varf of 1t e 44 PANEIRRDr LRALHY AORAPAThBNAGE. HOAd I neTHE KR e ol der
head i 3-adapied by bieepivydtal hyldeoved bneapwaéenthmhdemth©@d shaft, and the

wafer holder, 1,,55,52R8PLE OhafOVERGPelWEEn 1AG:1hL*Gd 18R a8l ROldShi ng
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



- 35 tool 29 and the polishing pad 31. in this enbodinent, the wafer Wis
pi cked up by a wafer holder 1 froma wafer supply lift 42, then, noved the
first polishing unit 4l1a to conduct a first polishing of the wafer by the
fixed 5 abrasive polishing tool 29, thereafter, to the second polishing
unit 41b to conduct a second or final polishing of the sane by the abrasive
pad 31 and, returned to the |lift 42 to fransfer the polished wafer to the
lift. By this arrangenent, a highly flattened wafer surface having 10 | ess
scrat ch nmark@otaddbangbthenedlishishonkd Beé -notad thhst embe qimesent iheventi on
I's not nﬁcﬁéééf'WYiE'B&Eﬁ@dtQpFﬁg boragairng epahedi menig, Qut,Gan. be

modified in a variety of ways wi thout departing fromthe gist of the
present i nveRPPon. 1186 KRAT thSnCLAPNED |tg.e firAtsprdipRia@Ppolnishidigp to
apparat us cgspahstng: £5rkicr ghipehishi 0g tabl eakavi Bg ankard o i shing
surface; and a substrate holding apparatus for holding a substrate and
bringi ng i t2PRESLEBNPLLE SHLPA §§P& %grdtﬁﬁFﬁéﬁFﬁ§' $Qr friGe s Subst rat e
beibng subj eﬁb;eﬂsh@ngolhhsﬁi ngbbytof causiuag hels@Eiovla IEE&V%IIFldI&Fl heimesan dde
substrate an e polishing sutface; sai strate hol di appar at us
conprising:og éﬁﬁsfgﬂ?egﬁoFggrab58§lﬁgvpﬁ§ §%5389tr§F§Uﬁ@Fg?ﬁﬁP1§Vﬁe faci ng
t he polishihgfsuttate amdnbdkdi ngeapsulisted eafer sal dheulsitfitat e Byl di ng

si de; and ided _on.sai r iLn j of '
Substrate holaer “bodyoeing” et Bhc T, AAtce s Wl d ik At L ha i ng

i nsi de l&nd bessi dersarhameskst kani RS @étagneflace cooperating with a surface
of said Substraterhokderigbsdynbeedethne ank! BirdsBLeSIHLRnGhYREls t, thich a
fluid- pressure Is applied, the outer surface ~-engaging wth the substrate
hol d by Sai @IeS@%PFéEéf Aérdéedpsay the. TRTEIRINParBDRGIITSHI YTy Pabp &3t U as
set forth igoghaigy 1n wheweiintsabd hakd palthshitndepurftace s tmeul us of

corpr ession, of 10,6, Mbe. (200cg/ g o e



3. A substrate polishing apparatus as set forth in claim 1, wherein said.
hard polishing table I's provided with fixed abrasives conprising abrasive
particles an ' d a binder binding said abrasive particles and the fixed
abrasives provides said hard polishing surface. 4. A substrate polishing
apparatus as sell forth in claim 1, , wherein said substrate hol ding
apparatus further conprises a retaingd6+ring integrally fornmed with or
fixedly secured to said substrate hol der body on said substrate hol ding

si de, the waba ReCLAMEDPE: Ng arranged to surround 0. 37_ an outer periphery
of the substrate held by said substrate holder body so that the retainer

ring engages with the hard polishing surface radially outside said
substrate ps thea pobsthiaRe @foltiﬁ&i&lgb%tﬁlﬁv%‘dxﬁh efdmgstehing: A substrate

pol i shing apparatu set forth in Salg&f urt her
"includes a seconft %&Irl thPRgt lhaLB‘Ige glﬂa’ )]ptg %[Jy?ﬁi?%ce which is
softer thasarsace :hamd polishing of said first polishing table and said

substrat e hol der b%@%s%%}%rrﬁﬂﬁ%p :ﬂhﬁgygt&;ﬂ?éﬁﬂﬁ%f&gﬁ% Qo%ggg + PP ﬁg hol ds

a substrate and, rate into contact”wth sal ard

pol i shi ng &wéf hEdPEdng dftf éeftth qantﬂo'cpd“{il@hlﬁ'ﬁ’gi%fh%% Rebsthhng and
t her eaf t ergihur£REENT thite sHEiales Wiy @,fﬁy@até/u t4o Sgob 0 i kg PeY i shi ng

surface to effect a nd pO|IShI of, t he sybstr 6. A sybsirate

pol i shi ng %ﬁﬁﬁi&tgu 3’5“ g‘ %cq fRers ¢ ai?%t‘s%’f?i %‘B‘thlbﬁl i shi ng
surface hasoluehingxhﬂnﬂ;qﬁ conpre55|on t han said hard polishing, surface.
7. Asubstrate Nglding ARRAIALIHAR S prygm& g1 dynyherein said

retai ner ring has an _annul ar face havi'n dially inner and outer edges and
to be engaged wi £h SE tIF3S Qﬂlﬁj’rsmdé'cé’a‘a?ﬁﬂ S PRAALE RUtERe s
provi ded wiélk @rReigig rvee pgﬂ’]ﬂmtﬂmg’;‘)ﬁ\ﬁfﬂhm drdmsnithe asi abbycouter edge

t owar ds sald r I i ubs te hol di ng apparatus es set
EAdLf 4ok e e ST HADLS

forth in-cPai i rein sai VEs reac sai d radi al i nner 9.
A substrate hol digngempsanst ap§°afsid§é3c grorgtild FulsdiTatey, homé?@mi%a
grooves engashohitdfrrsdidd vadsd edyna&faid membrane having opposite '

surfaces i1nocluding inside and ocutside surfaces, the inside
surfece cooperuting with a surface of seld substrate holder
body to define a fluild pressure chamber to which a fluid
pressure 1ls applied, the outer surface engaging with the
substrate held by sald substrats holder body.

2. A substrate polishing spparatus as set forth in claim
1, wherein aaid hard pclishing surface has & modulgs of
compression of 19.6 MPa (200kg/cm?) cr more.

3. A substrate polishing apparatus as zet forth in claim o
1, wherein said hard polishing table is provided with
fixed abrusives comprising abrasive particles and a binder
binding sald azbrasive particles end the fixed abrasives
provides sald hard polilishing surface.

4. A substrate polishing apparatus as set forth in claim
1,  wherein sald substrate holding apparatus further
comprises z retainer ring Integrally formed with or fixedly
sacured to said substrate holder bedy on sald substrate

holding =ide, the :etaiher ring being arranged to surrocund



edge. 10. A substrate polishing apparatus conprising: a first polishing
tabl e having a hard polishing surface; and a substrate hol ding apparat us
for holding a substrate and bringing it into contact with said hard
polishing surface, the substrate being subjected to polishing by causing
rel ati ve novenent between the substrate and the polishing surface; said
substrate hol di ng apparatus conprising:37a substrate hol der body having a
substrate hol ding -38 Bide facing the polishing surface and hol ding a
substrate on said substrate holding side;, and a substrate support nenber
provided on aa'@u%ggsbr?a@ Qg'@%”&n% a2 82l naubs biakt 120lcds ot and
arranged to be sealinfg d wth the substrate td be held by said
substrate hohéﬂﬁ@raQGQWaﬁﬂst &id TR ef FetpBine Is @& Inersad eSe Miithg I §h ¢ dviviekt ed
bet ween Sa'ﬁo%ﬂ@%&h@t%u%%@%%rEaﬁ&@QL%”@us%&@esﬂﬁihf%L%s@@d*ﬁ adTBIfRer so
that a fluid pressure chanber is defined by said substrate holder body,
sai d flexi bl Boddghipgntér thed suke tradssiraed fefEaged with said substrate

support nenber, sapdsubkii-etpr g@amrsm%am?@&raeuagaargalﬁge@rtm Re  claim
sel ectively conne ted to a re§sur%§ source or a v?ﬂy m sour ce,
% 3

11. A subsirdto ORFSRRRGTAGAT SLAE be eGeRnt RcParne ein said
hard pol i shi agbser hacanhas aowmdpbu&caﬂngcammfee3|@nioh 19. GolRa A 200kg/ cnl)
or nore. 12. A u rat e i appar atus.a fart cl

wherel n’sat d°RATA BGR, LATA AR 8% SRBPosraRd hoER i Fed e a g b <t
conpri si ng abna§¢vetpahpﬂdbésbaﬁd QShmmd@ngeﬂlﬁdbhgtbaﬁdtabréymﬁ§q%Waicles

and the fixego3REaskes hB&@%'Qe§u%%%QaQ%r%nB0|k%@hn9b§ﬁh%aQ%e 13. A
substrate pO|IShIn paratus as set forth in claim wherein said |,

substrat e hoFHlﬁ§rgﬁﬁaF FSSCPGFFﬁérWi&énﬁFH§e§35dr@P&Fﬂbﬁnﬁiﬁ& RSy |y
formed with erffkicted ¥irsecpoedshdngaiod stlestsuakecadkdendyodyeare esiied-,
substrat e hBEﬁhg ?hd%ubEQ§aE%t hQ%rcohm%erMEQBakkﬁﬁgg%f%op%ﬁﬁ%ﬁHm% an

out er periphery e substrate held by said su
surface to effect & second vollshing of the substrate.

6. A subetrate polishing apperatus es set forth in cleim
5, wherein éaid.soft polishing surface has less modulus of

compression than sald hard polishing. surface.

7. A substrate holding epparatus as set forth in claim

1, ‘Iwherein gald retainex ring has an annular face having

redially inner and outer edges and to be engaged with the

polishing surface; mnd =sgid aﬂnular surface is provided
wilth one or more grooves extending from seid rmd*ally ocuter

edge towards said radielly inner edge.

8. 2 substrate holding epparatus =s set forth in claim

7, whereln sald grooves reach. sald radielly Iinnexr edge.

9. A substraté holding apparatus &s set forth in oleim
7’, wherein said grooves end short of seld radially inner

edge. ' '

10. 2 substrate polishing apparetus comprising:

a f£irst polishing table heaving a hard polishing
surface; and i .

a substrate holdlng apparxatus for holding a substrate -
and bringing it into contact with saild hard polishing
surface, the substrate being subjected to polishing by
causing relative movement between tﬁe substrate and the
polishing surfeace;

sald substrate holding apparatus comprising:

e substrate holder body ‘having a substrate helding



hol der body so that the retainer ring engages wth the hard polishing
surface radially outside said substrate as the polishing of the substrate
is effected. 14. A substrate polishing apparatus as set forth in claim 10,
sai d apparatus further includes a second. polishing table having a soft
pol i shing surface which is softer than said hard polishing of said first
polishing table; and, said substrate-38Fder body is arranged such that the
substrate hol der body holds a substrate and, then bring the substrate into

contact with i d ol. shij c t I sl of t he
substrate anﬁ?%gédng%gtié?%%r#Qg%?ﬁikghgugﬁgs ﬁﬁ P%%o c ntag?hVn h dai d
sof t poIishbng&aﬁﬁzﬁM#%tr@¢¢eb@léin9eééﬁd pehﬂshlng of the substrate. 15.

Asubstrate hol ding, apRAralLis, 5sEb:t dhbpbl. EEBLTe00nrRgnEl B afitecs

retainer ring has an ann ace aV|n radi a I nner and outer edges and
to be engagedodiding tavede sof |%ﬁiﬁgs§hPF£é§9 BRUASAI AN @rgr equmaged ity

provided w.p %%:thng@f eergéﬁ)@é(@sw@éﬁeﬁgbngufvé@%%@' dor 3di Al At Amicedge
t owar ds sai d radla 1zﬁ]lnner . A substrate hol ding apparatus as set

forth in cl aPHPefsa eﬁ%ﬁqﬁ%%lﬁpa?ﬁﬁgggfréﬁ h said radially inner edge.
17. A substrate hmdmﬂmpxnnmmameaasmsmbef05&hltngmyabﬁhnkﬁtewhchamne&ald

grooves end sh of. sai d radla I i nper tr t holdlng
appar at us fof" fﬂﬁf%i%ﬂ%s% ¥tdu%?ﬁga39 F}éhFHQS%%&%at% 5 t he
substrate, salethkesubss rigdtet hol ﬂnugdappasat:us chapbesi dg: defdmest. r’oat sdia der

pody hol di N0 2 {8161 00 Hobgl kRER ELBA;BiGVLAeRY @ n@m%:o%%r AR phery

of the subs r der substrate held strate
hol der body ﬁ§9ﬁiﬁ%¥%ﬁﬁ%ﬂ?%ﬁ¢avﬁyhlﬁé?@esﬁhétrFEPaFHPﬁﬁ'Flﬁ@mb@ﬁélﬁﬁ ner
'ring havlng ran@nmt&ssussréaganekobbghgengagdatden kth B n@Msﬁﬂﬂﬁkgynface

radlally out si de t ubstr e_when_the tr i.S _braou i.nto contact
with the po |§m%é}sur Yack $r?spoF?§ﬁ|n6i§?at ghgﬁ trate%3ﬁ1umaﬁﬂ%ﬁ

surface havi ig. radﬂb]qwbiﬁﬁ%ﬁean@llnhéngp@FPphéFaFIaﬂeé@ésf@ﬁﬁﬂa1@r@d@ém
ext endi ng ermtf%héﬁﬁﬂﬁjéﬂi@Uhgfq polishing surface has & modulus of

compression of 19.6 MPa (200kg/cm®) or more.

12. A substrate polishing apparatus as set forth in olaim
10, wherein said hard polishing table is provided with
Lixea abrasives comprising abrasive particles and a binder
binding said abrasive partloles and the fixed abrasives
provides szld hard polishing surface. .

13. ' A substrate polishing apparatus as set Forth in cleim
10, wherein said substrate holding spperatus .further A
comprises & retaliner ring integrelly formed w*th or fiwedly
secured to seld suvbstrate holdex bedvy on szid substrate
holding side, the reteiner ring being arranged to surround
an outér reriphery of the substrrte held by =zaild substrate
holder body sco that the retainer ring engages with the haxrd
polishing surface redlially outside s=id substrate @s the
pollshlng cf the substrate is effected.

14. A substrate polishing apparatus as ‘set forth in oclaim
10, ssild epperatus further includes a second polishing
table having a socft polishing surface which is softer than
sald haxd polishing of sald first polishing teble; &and,
sald substrate holder body is mrranged such that the
substrate holder body holds a substrate and, then, bring
the substrate into contact with said hard polishing surface

to effect & filrst polishing of the substrate and,



peri pheral edge~ towards the~ radially Inner peripheral edge. 19. A
substrate hol ding apparatus as set forth in claim 18. in which the grove
ends short of the radially outer peripheral edge

-39 -

thereafter, bring the substrate Ilnto contact with said soft
polishing surface to effect a seoond polishing of the
substrate. '

15. A substrate holding spparatus as set forth in claim
10, wherein sa&ld retainer ring has an annular face having
radially inner and outer edges and to be engaged wlith the
polishing curfaCQ- end sald annular surface is provided
with one or more grooves extending from seid radially outer
edge towards said radlally inner edge.

16. A subptrzte holding apparatus as set forth 1n claim
15, wherein seid grooves reach saild radileally inner edge '
. A substrate holding apparatus as set forth in claim

15, wherein sald grooves end sghort of sald radially inner

edge.

18. A substrate holding apparatus for holding a substrate
during a polishing operation of the substrate, sald
gubetrete holding epparatus comprising: | ’

a substrate holder body holding a substrate; and

a reftalner ring provided on en outer periphery of the
substrate holder body so thet the substrate held by the
geubstrats holder bddy 1s positioned radlally inside the
retaining ring, the retainer ring having an.annular.surfaoe

- to be engaged with a peclishing surface radielly outside the
substrate when the substrate is_bfought into contact with
the polishing surface for ﬁolishing of the substrate, the
annular surfasce heving radially oﬁter and inner peripheral
cedges and & groove extending from.the radially outer
peripheral edge towards the radielly inner peripheral edge.
19‘, A substrete holding apparatus s set forth in claim
18, in which the grpcve ends short of the radially cuter
- peripheral edge. ‘



