- 1 SUBSTRATE HOLDI NG APPARATUS AND SUBSTRATE POLI SHI NG APPARATUS
BACKGROUND OF THE | NVENTI ON The present invention relates to a substrate
hol ding 5 apparatus in which a substrate is held when polished for
flattening a surface thereof. The present invention also relates to a
pol i shi ng apparatus conprising the abover nentioned substrate hol ding
apparatus. A seniconductor device fabricating process conprises 10 form ng
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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 defeét between circuit
layers are likely to occur, leading to a lowering of
product quality and a lowering of yield. Although
semiconductor devices can operate normally during an

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

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

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

For these reasons, the techniques for surface



- 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
suppl i ed onto a polishing surface of & %olishing pad, a sem conductor wafer
is slidably engaged wth the polishing surface. 10 Conventionally, the
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have a "dullhe 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
polishing surface under fluid pressure such as air pressure. Fig. 12 is a
schematic illustration f a wafer hol der 3of the above-nentioned type, in
which a fluid pressure is 10 applied to a wafer so as to press the wafer
agai nst a palkshing surface, and the fluid pressure is also applied to a

retainer ring so_as to press the retaine ai nst ol i shi ng
surface. As showhSi & ﬁoﬁntﬁmef%‘e'r 1% Qg??rg(ﬁﬁﬂl?%%% (P 4%° W&f er

hol der bodwai?ezdelfdlruen:g ian wWhninett apﬁcﬁie am\maj & mreassmer zi tigg neéchani sm 52
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detail, conprises easjtrc rre rane nenber i's ma an elastic
mat eri al swdh the ralybes - renit igned otiyieet edntwhid:re &vafbulﬂo]l)d@%bndylsl A

pressuihzedifditich sych @sedk esUaL 268 Bieod seoupphied hoatfigcinside of the
30 elastic rane nmenber so t |s presse agai nst the
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mechani sm &4, @'ﬁ%f\%ﬁ@%@ ak ”tgeﬁﬁéés ahSor&PaPhESesiRP 8hashisE
nmenbr ane nenber which is nade of an elastic nmaterial such as rubber and is

35 connect édta P st ErsWof @€ - body 51. A pressurized fluid such as

pressurized air izss sypbd eth teigher s Nsh dgafdrtii1 o€k ashi SofipAbEape aenmber so

that the retainer ring 53 is Pressed agai nst the polishing surface 61 under
fluid 15> wafer holder body 51 defining an inner space; a wafer

pressurizing mechanism 52 contained in the inner space of
the wafer holder body 51 and adapted to press a

semiconductor wafer W against a polishing surface 61 of a
polishing table 60; a retainer ring 53 provided so that it

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

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

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

35 connected to the wafer holder body 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 proxi#ity to the polishing surface 61, the
pressurized fluid is supplied under a predeterm ned pressure to the 10
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across an area fromthe center of the wafer Wtio an outér circunferential
portion oflﬁhédﬂéﬁéﬁﬁeﬁorPnée53r@Gt§?ééetﬁ& Rapas DANBE e ieg Fee eXEessi ve

or insuffighentreakiushized 2t utile suphbns el @erhlealvagdge ffederigy Wcan be
prevented. In the above- nentloned conventional wafer holder_in mhlch bot h

the vat®r BRANPRGSReORi-nePnr ithG RFBefr 868¢y the pressurized fluid Is

supplied under a predetermined pressure to the retainer
ring pressurizing mechanism 54, to thereby press the
retainer ring 53 against the polishing surface 61 of the
polishing table 60.

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

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

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

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

In the above-mentioned conventional wafer holder in

which both the wafer and the retainer ring are pressed



- 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-ertical novenent of the retainer
ring is necessary for polishing, |ateral novenent of the retainer 10 ring
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Due to war Raggo@hnt berwatan. mbRemeaftelor aafe be tirigkan I.dil-i'f%% transfer
thereof or a device structure 25 fornmed on the wafer can be damaged.

Further, sPREBSEREY ﬁﬁFePoﬁésﬁéP@'b}qqﬁ£Q%aﬂ9WﬁﬂﬁQ£noﬁmqn?t?ﬁﬁ@%ﬁ%ﬁ hol der

thr Ougnh) t heighasti aniedRisaney . defR%G:h%ﬂ N heledidlg nfveniteh t waf_f eth@re likely to
occur durlng transfer of .the fer, %glgg%to a lowerin ﬁgeratlng rate
of the waf&F tRSPGEr T38%dF &1 of ¢ Jft WIErSS ?ﬁﬁ ptapge

cheni cal Weélﬂ&@eaakhléokie&lallﬁh@r( G,Mﬂ)g antd Iuhza g radune S €1 9D & G n@f pad and
an abrasive_ |iquid sluyrry), the follown robl em arises., Tha when a
waf er surfgeg %§€Fﬁg FEi& é%géﬁﬁpfggggggb GRS & ?ﬁﬁ?%ﬂ%ﬁ? the raised
portions amheppbﬂahhdmgnmﬂeﬂeremm@n(mindumﬂ&mﬂﬂgﬁmwpnrtxmm dfirthg an

|n|t|%_ peu ggr c%hlng, but after the raised portions are polished by

a certaln the recessed portions are also gradually subjected
Further in the conventional wafer holder, since the

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

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

25 formed on the wafer can be damaged. Further, since the
wafer i1is 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 portionsrare 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 |large anmount of free abrasive particles, chem cal mechani cal
polishing is effected on not only the” Pai sed portions, but also the
recessed portions of the wafer surface. Further, the effect of polishing
vari es, 10 aegpenidshiignan( etmewedlehsm ytlod raised LacndtienessedTperreif@nr@
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has not beey; sdevebppesns Cepet ahl Yo BhEOR¥EAELEBAaLoYRBhshekkdenhd or the
hard polishing surface conprises a rigid wafer holder body 25 and an el astic

backi ng patfprovFaetReR- t NEUFHyPa. waker et heflePtbBay 1§8apPed 3 d S5 engaged

with aowaf@péeabeghehdcndyaéheivaf et hal ded. aAht hedghsthe pelrastdngs backi ng
pad can absorb shocks on the wafer, it is difficylt for the elastic

backi ng pad to tHKeTEEPES of 2nAbFETPbns2BnCeRR Rafd Y6tRoFPSRESS d f ace,
wher eby th@oUDQMiﬁ@IB@Suﬁiﬁgtaapsiﬁﬁhﬁﬂg bﬁraadeabba@&ishhg wabemisurface to
be polished. n.view of. t present
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polishing pad conventionally used in chemical mechanical

polishing, so that the raised portions are polished in

preference to the recessed portions and the recessed

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

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

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

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

SUMMARY OF THE INVENTION

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

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

surface so that the substrate is subjected to polishing by



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 holder body on the substrate hol ding
side, the retainer ring being arranged’tB “surround an outer periphery of
the substrate held by the substrate holder body so that the retainer ring
engages l1lO0caushngheepaltiiste mpvsundrac dgtadiaal IhheowE derate substirate as the

pol i shi ng .he.substr I S ﬁHQ%t 0, i's
provi ded oﬁg%%gﬁéﬁgsgpé?%%ﬁ%l&?%%%ﬁéﬁggﬂ%#fﬁ:a neﬁ%?g éyﬁégf%gggg%osite
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fluid presSure charber to which a fluid pressure is applied, the outer
sur f aced enbadglagIwistildet I ds whsigtaiandie| Hiny khe IBubsY rseeEed| vkkhbedy. In

accordance Wi bl 19Nk RERRPIL IS IS rLseNo Rk TYSE 1 97, thbere is
provi ded a substrate hol ding apparatus in which, instead of the nenbrane

whi ch covepsbek&ags: ihod Adig\e f of theheretpnentelng Hee lpPparBraRIednpPi ses a

substrate SURRRunA Iahg dHt@4 4Rt-1iphd e dMnele SPaserPice RET@NERAthe be
sealingly en g%ed with the substrate to be 25 held by the substrate hol ding

appar at us, SHRE T e RFAeT RAY bt s s et P E Nt R PRINBRA t he
substrage rv]v&lmp%_te rpg]%s&mgl% mausﬁ&zséh Lﬁé@iilphﬁedls%@@ﬁd/be Zﬂhé h@%bgﬂ:hu;egl |
pressure chanher is define t he substrate ho ody, e flexible sea
erber . and Send ey B Hh i cth e T1E3 HES B0 Lobst 1of B uppbhe 1ing. The
fluid pressubstelardérolidcer assdnges probidsd| @ct tivel yusonnetéedol diag
‘pressurized . fluid,.source or a vacuum source., These substraéguaolding

€

apparatuse§%&% ﬁﬁ%ﬁe?ETGWQﬁ%R?v%?%%&%H%%Roiﬁﬁﬁwiﬁff%%e?ef%| lP?ng and t he
waf er 35 Holsdele Rody omterisly < defdedayvi tre ofns hée retnface coogeranibg
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sur f ace. fluid pressure chamber to which a fluid pressure is applied,
the outer surface engaging with the substrate held by the
substrate holder body.
In accordance with another aspect of the present
20 invention, there is provided a substrate holding apparatus
in which, instead of the membrane which covérs the entire
surface of the substrate, the apparatus comprises a
substrate support ring provided in the inner space and
arranged to be sealingly engaged with the substrate to be
25 held by the substrate holding apparatus, and a flexible
seal member sealingly connected between the substrate
support ring and the substrate holder body so that a f£luid
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 polishing surface and a substrate

hol di ng apparatus for holding a substTdt e and bri nging it into contact with
the hard polishing surface. The substrate hol di ng apparatus 10 conprises a
substrate hol derIﬂnoaigcdmadhngeawwbsar ﬁ'uethlaml dispg c3i o ftzbca' mradenipol i shing

surface an s r.a r.at. [de and a
rrgnbrane grrlow degg t?% s%gs%)?g?’gd% %' 211%(%1%[ e su s%rate hol der
body, the mabu@neghavsngsmpp(bsl h@léumfga@mamtmmlaﬂjlsigiﬁmlmomd out si de
surfaces, the inghflensi T 362 60RRAL! 09 LRI IAGRAl dheysubstrate

hol der body to Ine a pressure chanber to pressure
is appls edpr@ﬁ@n‘éutlévegﬁmbace thegegilisg DECVH delfle as s aEate P Hiphinge
substrate Eabgfatagdxom§k}gsaagd ap%l Ir%ba 121%r§H{J A% Mhad OF t%eéaﬂgi—& a

nodul us of ¢conpression /ch or nore. In i s appar at us,

a substrat éoiéShhéBdSé}ﬁfﬁﬁ@ g Gl |§ ﬁ’éﬂf@rﬂ%\kﬁ@ﬁ“?%‘c‘é@p@@Fed with a
fluid presgyigihg B %ﬁgs&%t%ufa%fdr %trelr@a@igﬁtt tihe P dStadg wsHhfagg so that
the substrate can _follow undul ations on a_ 25 polishing surface during its

pol i shi ng BpEFRaPPeAShiRE SWFLECat-e FAS ssrﬂbrﬁré&r?arré{ﬂ%l%ya?%‘?ﬁ%ﬁlsl ncl ude

a seconyl pebmphiiBgst abl@pRaHate doSefdr PRIdy Mg s3I agebshhed is softer
(or of smaller elastic duleg t han the hal’dquHShl of the first
pol i shi ng fRbAENITREASUE WBE RSBy YL 3G AULHEhEt t he

substrate babdetrakhedyn holedsubstitsda Al @indy 4, abd | agnéheranbstrate into
substrat e BAGYIARA, 8GR AT A1 OUBAT e rp ont SES RSt e Sof t
pol i shi ng &uﬂﬂacrebb@ySS téfef eembtarasec dredripgd icgipowitod $hefsobstrate. By this
apparaiys dc i%ql n%t%Fn%p(fﬁg rsf&gfé% Q§¥'ngkﬂgsfns & agﬁgfngrks can
be obtai ne& $H| S éol Shi ng apparatus may modi fied as ? %
cooperating with a surface of the substrate holder body to
define a fluid pressure chamber to which a fluid pressure
is applied, the outer surface engaging with the substrate
held by the substrate holder body. The hard polishing
20 surface has, for example, a modulus of compression of 19.6
MPa (200kg/cm®) or more. In this apparatus, a substrate is
held on the fluid 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
hel d by the 5 substrate hol di ng apparatus, and a flexible seal nenber

seal ingly connected between the substrate support ring and the substrate
hol der body so that a fluid pressure chanber is defined by the substrate
hol der body, the flexible seal nenber and the substrate engaged with the
substrate $opptead o mmmemafdwi@i{mhemre@sch@mb@mﬁis:%ﬁwmet@f be

sel ectivel ¥h§°§ E%tt%‘étteo i Za?élr”es 0 ‘%d_%%lér @e s%rbsf’crahe uymsou ce. The

f oregoi ng an er objécts vant ages o present
i nventi on ®iihg béoaﬁﬁéﬁeﬁﬂlﬂﬁ%ﬁnlqﬁﬁqiﬁPﬂQﬂI&R@rﬁfﬁﬂﬂ&ﬁQ(ﬂf d&scription and

appended CgéhﬁnE@L'&e%n\%’v&ﬁ%ﬁr‘%@H Qi Ml R 1RCQYMRANH NG BpWHYS. BRI EF
DESCRI PTI ON OF 1 is a longitudinal sectional view of a

substrate ﬁébéﬁﬁgtépbéﬁﬂﬁksaﬁﬂﬂﬂﬁﬁﬁﬂfmtﬁngqrﬁﬁe&%ﬁ%ﬁnﬁﬁﬁﬁ mEFPF t he

present 'n‘é%&&hﬁ@ly':'c%nn%dt%d?‘H%é&@ﬂ@'suﬁ%ﬁH%@'sdﬂ;ﬁWts@L%g?gamW the
substrate holdin aratus of Fig. 1 is operated Fi is a Tongitudinal

sectional ¥Péwsy Sé?rﬁﬁstqod{d@%d?%%ggoaﬁﬁ‘aﬁat%sf%&rﬂﬁwl%ﬁac%%%%’a 25

enbodi ment jgf del#e nRfEIFNtHNRIBY Ot itD 1A ivody, bQiHéJTEl\é}&VbPé 2&a £xanpl e
of aretainer_ rin havln rooves fornmed on a .l ower rface thereof. Fig.

4B is a cr BEEPEE: ANGh RS i8R S tikeh B e th it A? ﬁ‘}Fﬁi‘i%.s‘ﬁ&PO% Fig.
5A i s B0 botrtiam. vi ﬁ\md)fflaﬁﬂi I‘paj’es@iﬁn‘mlcﬁla?rfb@? Iretairmiged ng heying grooves
formed on a |0 rface 0ss-sectional view, taken

al ong the SEYRE ,&VE i7n Cﬁrﬁlecg}%r 31-55 ﬁ %ﬁq%lzaa%og%% VEW St & fart her

exanpl e of vacuuet aawrce. ng havi ng grooves formed on a | ower surface
thereof. Fig. 6815% & %éﬁ%ﬁng(§ﬂé"g¥her &%Jé&#gﬁlfkéygkégland
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 1s a cross-sectional view, taken along the



- 10 - line AAAin 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 appar at us
according to a fourth 10 enbodi nent of 1fhe present invention. Fig. 10 is a
bottom view of the substrate holding apparatus of Fig. 9. Fig. 11 is a

| ongi t udi ngi hsest Aonal ryyewsahowi ng how the substrate hol ding apparatus of
Fig. 9 is operated. 15 Fi [ nati% vi ew showi ng. an entire

Flg. 12 is a._sch .
structure of a p%??sh?nbsgﬁpéP89&§uﬁﬁEP diSRG HEREAUEEMat%E Shol di ng

appar at us efivktgate9hbedihg BpparkIuss axdir@ing ew afhixdpanisdd nge@ppar at us
which 1is sgiggblg used faor tm&§§tage polishing by using the 20 substrate
hol di ng apPar 5t 8sPEPSERE PrE&Et™vention. Fig. 14 is a schematic
illustrati on of Rigongehti angkhesahdicr atiewhehdwiggappareattis-d n which a fluid
pressure is agglied %o a mgfe S0 as tao RE§SI}QEKﬂ@feQ:%gaiq§t a

pol i shing ShFFEEETCaRE PhEOHTIE AT SROFETE Ao Wipld ed' 25" 13° W FERai ner
ring so ashbvaddpngsapbheataisaioferrirgsng lagad rist  t he pol i shing surface.

DETAI LED DESCRI PTl . THE | rej | Qw, iion is made with
regard to errbodlﬂ‘ nt gzé Eh%%%&%\llqléﬁvgﬁﬁéﬁ%\gv]ﬁ Sﬁ‘%ﬁéf% eaﬁce to 30 Figs.
1 to 13. Fegbstriageahjoddgingudipraragast iagvardiingy tof aa faubstrat e hol di ng
appar at4s iLag f st e bodidmnt,of the present invention. Fig.
21s ?‘y|o%8?§§§ﬁ%§? ggg;%fhIf%ﬁiﬁvsqgaﬁng(ﬁ§M/the substrate 35 hol di ng
appar atus of Fi gFig.i $0oper &t &¢.t thye vdighs fattdehdwdisigaiparatdsng is

adapt ed toaggggatﬁssggsgﬁﬁgpggr, in this enbodi ment, a sem conductor wafer W

to be polished and press the wafer against a polishing _
Fig. 11 is a longitudinal sectional view showing how

the substrate holding apparatus of Fig. 9 is operated.

15 Fig. 12 is a schematic view showing an entire
structure of a polishing apparatus including the substrate
holding apparatus of Figs. 9 to 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 1s 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 ceramic,,and conprises a circular upper
plate 2A and a circunferential wall por%lon 2B extendi ng downward fromthe
upper plate 2A. The_ retainer rin is fixed to a_|ower end of the 10

ci rcunf er T BRCHRP PoPPLbANERY %ﬁ@lﬁetaﬁﬁthPWHglg Fd9-mde & a resin

mat eri al mgﬂratghnbwmgta phtasheukdmpbesaet addibat 1t ke wetraier ring 3
may be fornmed_ integrally ﬁ t he waf er hol der bog 2. The wafer holder

body 2 and*?hee¥ ebafifer @?EQHSHQSaBeﬂpﬁéraﬁpFﬁﬁePn pAcESLEEPEEN M Y a

el astic nefbxasetd tpadwafeel asligermesayane smnpowtahf@g render »ddy @
general ly . cylindri

form ,The. el astic. or.t n nmenber 5 hol ds
an out er c??cﬂﬂ?%r@%t?awaﬁSFﬂF hBVlPﬁe%éggsFFEeﬁgﬁgpg h R flexible sheet
6 nade of ﬁﬂgeﬁasy|053enbaana m2@aexthedds betwaen tbedeb@mbmasmﬁﬂhiane
supporti ng_ne 5 _and the wafter _h Ider .I id anber, 8 having a
SonPobl o T e e reBRE, hiGhs o ahL For RatebreRngad bl o B! "
menbr ane 42Bt dgtéhdingl dowheet-d6 fana ane|mw@er QaatacéAof e waf er hol der
body. Ea0h58£a£ﬁ§ g%ggp S gg %EQQEQQ% % §%@eghgpflg¥lQh% sheet 6 is fornmed

froma rubber chis excell ins thand durability, such
as anJélhyCéneupfepyhémelrwbﬁérp@EP@Wp 28 . poﬂ@@r@ﬁﬁ@n@errmmag Yris silicone

r ubber . n@gggsg%lgegeﬁg§oﬂa%gﬁﬁa ShaHﬁ%&§%f nghst% supp!l igg,fngthe

fluid cha 8 throu passag rising a tube and a
connect or. b¢h@0t9ﬂe§§@¢etbﬁ 5@@@&@@%26&“@!@l@a§uﬁﬁhﬁ9§mﬁ§tﬂﬂiqgﬁﬁkﬂzhanber

8 can be vgrigdiRy wRRS fbiacredwladtor. A slight gap is formed between an
outer circunferential surface of théeé elastic nenbrane 4, and the wafer

hol der body 2 andheh¥a3sry Bpafsar bPdHg 23 anthéhel Zetad neEnBid% 34 and t he
el astis naabhaBeafURRRkL RpaFeTFer ZTorteiany el ley avabemyeiad iye to

the waf er holdeg Rastlca%%mgggn%?%%fn%&egdq ﬁimgég |@§Pr|n Agég&folishing
per f or manc@dj g0 & pp Y

cylindrical form. The elastic membrane supporting member 5
holds an outer circumferential portion of the elastic
membrane 4. A flexible sheet 6 made of an elastic membrane

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

25 membrane 4 and the flexible sheet 6 is formed from a rubber
material which is excellent in strength and durability,
such as an ethylene propylene rubber (EPDM), a polyvurethane
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. Wien 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 watefoto be polished. An annul ar stopper
plate 13 is fixed through a support nenber 12 to the upper plate 2A of the

waf er hol der .10 body 2 er, I 3 f. .the stop te 13 is
posi ti onedpﬁ?f%gﬁ?gd)é e;%éﬁegﬂﬁeféﬁpgaﬁga&%%%s#o% erus’lr|c§’|egataen 1e§€£psr€%/?des a
restricti ngemendee. avhén thds prnbosimendd f Howgvies .supyd ieeldattoiche fluid
chanber 8, ast| r ane n h I j I ting 15
menber 5 n%%lﬂggggé Enlhltgi Yggﬁqgm%rgd u%ee?la%n?e%th (;% ?7h%teflev%/a e tﬂé]ofpﬁ%@%%%yﬁg. In
thi s i nst adteecancappectemd tporthicod 1544 .of Whied dihestel@sheibrgebsappotti ng

menber eﬂgangE hg‘ég,“%%r f‘?.%‘idfs‘é:r{]a?n%%rl%% Ho s PRRR! PAALE 13, thus

limting t ownwar d novenent o e elastic nenbrane 4 20 and the elastic
menbr ane sppeeri hgdiveRba@nds the aeagr sdafaas vdd teng@fex chrucdkeéng pl ate 14
including gopkuhahkity of through- holes 14h is provided inside the elastic
menbrane Supporting nenber S. In this enbodi nent, the chucking 25 plate 14
is fixed to an i ARePPEdETof toRPed R4EE AentafexeshigfrAuHy Frenmber 5.

However, tBapgBuekimdeoRriratie k4 reme t@@pefzo;gmei ntegaldte Wdfet hgoehast i c
menbr ane supgortlng menber 5. A nunber aof spherical recesses 14a are forned

e
on a 1bwePOS¥r Race A0F UPRE T Rk SV F5Cs 384 O A RGP ERE Fi 288 23 when a
negat i velgiesgumtii@n@@plajte& tgretdva;efﬂmﬁrdsd:_h&rmn% ahd hwﬂfmgégcbﬂfa@efl gi dI
passage rom vacuum source the .elastic ne r e | S er or ne al ong
ORI IACU O ot TV o e R ot e R Sy O T RN
of the el agskseumdmardarfd vl ary esyppidiad to e Sphet | cdedmbece8seshd5 14a of

U f ace. of SLAS oAl B Ebr At & L B 11 O S pa P17 559 at ed by
act uatldr s mémbeucly awva rascyd iundier dddvenyaoVinelh tive hieo upperwafare 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 17,13thus liniting the upward novenent

of the elastic nmenbrane supporting nenber 5 and the elastic nmenbrane 4 to a
10 predet eenenedreangeldéhaboidy, 2t heBgt oppensihg pheviade uatesis ildj ng

menber s hayj ng_an_adj ustabl_e _hei ght wi.s osi tian. Wien t actuator 16 is
arranged s§h338?8p33%5 ;E} %@hgﬁlgstmugﬁghdggngﬁrgi PYC)‘?I ipﬁ:(?regr%tceé:p%]brf%é of
gener ati nglangthar eabkbopnesauregand .t hdhshoppeegalivar enersstunedeids duri ng 15

pol i shing so 0. press .el L ¢ nerbr r.ti er 5in a
downwar d d??gg?faén,tgaﬁigu%gﬁlg %%é#%gr‘eg?i gﬁ% |c§53§rI%Lt%|c%c}r<lJ %%n{ & waf er Wcan be
mechanital kyppresded agabest 5 tmeyesolipsairdg togeftace. WA thaftdre olaetidri ve
shaft 18 i ided 0 t p ; f r body 20
> “he dri JS"SRAFE Toand the Shrar ol Gor hody 8 Ste MRUNIA et hr ough
uni ver sal emprane. sTR@OFHING F@mbedi Bt abg tisr agsinss fites SUraPrRewds t b que  of

the drive ghakt A%ﬁtinfghgn\@afu%;waw AR cRRIE 2MHHE o IRAITHJ thdlghd AGL 1 nati on

of the drive shaft 18 and the wafer 25 holder body 2 relative to each other.
The uni ver SHPPPEILANG PEMOSFS S8l dNSpifdAisdaic BeainfgarecHehiZm whi ch
perm tsy i RelkliRabiran nRfy thegeaf errrhal der, hedy 2 ypbdhe dring, shaft 18

relative to each other and a torque transmttin mechani sm whi ch transmts
rotation ofeEk&iIFting SPANCTEs Nyl Ofe AdiVSEahdidd &y BHyv 52 The spheri cal

bearing meghanitsWn .COMYLS el aieiticaall f aeesrrydordEhatt @ Kensr al
portion of a |ower surface of the drive shaft 1%8%laet rﬂsaé)herlcal [ecess 2a

formed at &€ " 5 GF G0 Stuspert &% HPETPE RS 2A and a
beari ng baklarihvrederefssuie anmtterd atdppensy 1 glrhagrmhnassiesudtirasga

eI R R L O L
member 5 in a downward direction, an outer circumferential
portion of the wafer W can be mechanically pressed against
the polishing surface. A wafer holder drive shaft 18 is
provided above the upper plate 22 of the wafer holder body

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

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

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

30 the wafer holder body 2. The spherical bearing mechanism
comprises a spherical recess 1l8a 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 made with regard-tad4operation of the wafer holder 1
arranged as nentioned above. 10 The wafer holder 1 as a whole is noved to a
position $Hon thanrskabkinng raxeal afo amk tdieWd wihfthardein® 4 sirtosnected to

t he vacuum source through the f]uyid passage 10.. Consequeptly, as_shown in
Fig. 2, thBBl 43P Sh@ﬁ’g‘:}a é‘xi?4 gco d&%r‘ﬁg)c?%@dlantoef @t he Naf BYC WERSt he

| ower surfaee thepadoke bF derilny theertefdLdy afelsatcivont € upsch os tieerakndg t he
recesses 14a of the chuckin | at e .14. Wi le hol di ng..t he fer Won the

el astic neﬁB?ﬁﬁéng,th§<ﬁ§%§% (ﬂ%ﬁﬁtﬁ?gﬁ?%féaﬁﬂﬁ§isgmﬁ%5%§@¥%'aaposition
above & pokbshuegoffalthe @ddasiegreataitc W8 iefsrmzice twermesel tB88dI hoFthe 8)
havi ng a poli.shi rfac ( ol i.shi T, et _\Wand the
retai ner g?ﬁég3%%%§%thﬁﬁﬁfg%§%§§g§§§%§ﬁﬁF%3&%% S ?ﬁ%egu$§%%2? ES t her eby
start poli g$hicagne@n outer circunferential edge of the wafer Wis held by

t he retainer rin%e%t S%ﬁ&h%h%ﬁy%n\%gewﬁégiﬁi{ﬁnﬁéﬁ%ﬁ%gégd?%éfg{Egﬁ fer

hol der 1. 25. For pol'i shing the wafer an air esi gnat ed by
ref erence hbwem@lifez3 Holdey.l Hrrorgrdtas nentidredrabevehaft 18 is

operatgg, to thengly JurRss Hdies of Alde fidie 3 4 inssedocbhg yabershal der
body 2 agai nst the EO|IShIng surface of the polishing table under a 30

predet er ni A&F ¥ TIng tthivwrsemtand t e pfbasdre@Bber| 8i 8Si s suppl i ed

under a predehIdidiet PrassUrLoden t §urdd uikk-chanbene 81004t paEghyepress the
waf er Wagai nst the polishing surface of the ollshlnggtable. The pressure

appl i ed t o “CRESFENTN 1 &S pIISEhi By § 19 adf ustidd $528t35 BEEPFaRe| éveéf by
control | i n@getfigmyessid eancfdpreassuwrazed widni theupphveedstiortbe theirdoghanber

8. Thus, the pressuyre fluid in %he fluid chamber is lied to the

varer 5 SBTE WA IR Pt DR ar#PS T ToineipbdsBRE e0etles
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 wuniform polishing of the entire
surface of the wafer W 5 During polishing, the pressure substantially equal
to or slightly higher than that appliegsto the wafer Wis applied to the
retainer ring 3 through the air cylinder, so that the polishing surface

out side the wafe s essed . under a pressure substantially equ to that
oF " he el G SR LRt ey e B0 LI oA oGl 1St | U 4HE coh- Bhe

obt ai ned gaffernWosloyn atieos®narerartea theomitdindeintaart ifl tddgaatrerdb£ o an
outer circunferential rtion.aof .the retainer ri ouyt.si de the wafer W
Ther ef or e, r&)‘?@@? Ve 3&Oitﬁ?seuf TERESSS §6 i rSf’gafJ;l‘?Cir '?'ffe gﬁ%ﬂrﬁ%?‘ﬁﬁ??al edge
of the waf anifibcan plod ishi ny eMerithed . etfiigre Jurfara/arfl itded wabss-®ecti onal
view of_a subst ol di r S i_n Q C i pent of
t he pressent i nvelri?{ﬁlE gﬁl@ ng)l{l%ih;i%%aﬁbggll%rrg%%%%r#lﬁe%é%busc |n§§l% e&g:gglgsgﬁot
provi ded ard ldgadd ¥ Asidhe 20 hdre tdladstany imtbranetisippof¢xr ng menber 5 i s
enpty. Ins . of j di ; i ralj t hrough-
hol es 4h |Fsa% grlr(r%d tP{\QCt\fLee e é%h}eecﬁ%% geﬁlﬁlﬁgé#%e?e%flbggf\i/vie%(%ggheggent er
and an out éhadi rdenfeerlaimtiialg pormtfiasie aleriels thherafor & wWheprasaedati ve
pressure i [ 7N & s ARG UL t l&ﬁk fiyid > 10
to the flﬁ‘lln %glhgen%e]:r?e%8&¥ or s:ml di ng ﬁ?elslpv\;%cfet?a%lvh%cﬁ't etE P%fme{r:HésVJrg?ggggﬂgf t he
el asti é0mehesaf oge t e WkffarmVRze $RIEE dlis tiipuhorfeart bof obhadnrdf or ce

directly appjdiehddyoughdigss tdi eugdy holgs dhe 3tdcthe vRbegahekdgr 1 in

this enbodiment, during polishing, as is in the first enbodi nent, a
pressuri zed© fAtuiWPHE SUFFIRETG tifel fRUT o Chatbetn® SBtehBeTalhdfer W is
pressed agajutsdide Pld shifyr Sur f aneelyrdhe, edasdd€ivaesbr ansudtctintthe

t hrough-hol es 4h in the nbrane 4_35 bej cl osed_by, t he fer, W In the

enbodi ment spoiﬂoﬁ%%qgn F g"i}?e 1CJtJf)CL§T,’fec‘T"|eentJragfa‘?$%? ?F néh% Y’@%Fx&dl‘:?nc&?nect ed

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

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

35 Dbeing closed by the wafer W.

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

body 2 having a rigid construction and the retainer ring 3



- 10 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) novenent of the rgtflner ring 3 can be prevented.
Therefore, the distance between the retiiner ring 3 and the circunferenti al
edge of the wafer can be constantly minimzed, and uniformty and 10
stability i veetpoilsti ngved PHeveutaradilyc mavansnthal wagem ihed- 4T t he
waf er W cagyd @nsugﬁdth§gns§rsﬁgeﬁ@h%'n%herb%gséuk% bibpadley qennafd ed to
the wafer der bod , the refainer ring can be inparted with high
rigidity dﬁﬁf%ﬁeh%éﬁ9V|deﬁf2tﬁénr8?apﬁéﬁlﬁﬁﬁga§uﬁlﬁ§esf§rﬁoﬁQﬂn ng can be

stabili Zed;%ré@@ﬂ@f eﬁeh%@amaeer %iﬁ%f ¥4 n@u&?%ﬁa%m scalisa feating type
structure follows™ undulations in_t pol i shing surface inside the retainer

ring Wii chr¢sasp@p| E18Ad3nh4S ﬁ#&ﬁdrFﬁlGpﬁywaéﬁﬁSQQJQﬁF]FO % e behavi or of

the retai ngiqa&sNgap2B batstabi bzedaayuan jomod@mantad ROld Sithg iy face, to
t hereby achi eve_excel | ent stablllt of the poli shing of the wafer. By

adjustablyrb%%|§|GﬁPnBetﬁ€e¥?8§6§rs T?GIESWéPd they Ehstense Bfdwaslsti c

menbr ane SHpPPOrEtAUnBRNMREhg5 3i Sndr sl icGiretindle r@niriedetedgs rad thed ght, thus
limting u&mard 25 npvenent of the Qhuckln%hplate 14 to Je{grredeéernined
range. AL BF eGBRt DOWSPPIGEREE Yt R DAEEEE the PR MEHE TE St i nenbr ane 4
and a loowestapidf tpr aducheqpalliithisdc I@fa&hebroeﬁleage:mfcdrmnmfwal Furt her,
by protrudln the S ers 7 by using the ¢ nder mechani sm and pressing
t he elastle %a% SWSSSFt%nSaﬁe el Lﬂ%ﬁ%mard during polishing, the
pressure for preS$nng tthe wafteindtagangst3 tilse fialeiddlyi mgpnnsurtfeal e carhde

‘varied on a gﬁi%thgfldter%ebv\%fer SLE'hfa?:%tam Inl?',lkl ’E%nftq gr?pl%] .4 O Opﬁal n

desired poY| ng propert| Fel ati on to t pro e suftace to
be poI|sheU1gBSrhglﬁh¢ywam@rth@l@ehayh@wnqﬁ1ﬂﬁq;rétaumaﬂnnﬂngrﬁurlng

t hrou ho refLor ped | ast i el asti c nmenbrane
4 dlrggilybﬁ ﬁgglg %% ﬁf%téﬁgb%dﬁ g?%bébuu force applied

t hr ough thgreasggghln@|g@c¢nn1sm of a floatlng type structure follows
undulations in the polishing surface inside the retainer
ring which is stable and has high rigidity. Consequently,
the behavior of the retainer ring can be stabilized even on

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

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

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

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

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

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



- 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 ontyl?fhe el astic nmenbrane supporting
menber 5 in an annular formis necessary. 10 Figs. 4A to 6B show exanpl es
of retainerheregsrbavingregigovies probIket @F IaO\mrarﬁ;uar fiacasrdherenés &Eg. 4A

Fig. 5A an A are bottomyviews of the retai, r|n Ei 4B, Fig.
5B and Figt gSBegF‘EQ&FOE@- EéPortal i &Ws © Qt"%?é% SIH Jgn% Ain Fig.
4A, Fig. Smané EngshGAn ih rasgpeat.i veihyLs Iermriahfceexerntpimnhfl@s 4A and 4B,
a pluralit radi al. groove -1 ch e direction
"l cat ed. DY LERTH PBATFIILRG. £ 0E OMiie | awethshr A ST Mo L ERE ner
ring 3.5 20whfietrhd, exannbeuﬁhdaqysaﬂyAﬁnuhﬁﬂlw2£[ﬁhﬁéﬂﬁﬁg@tﬁofgaooves 3g-2
inclined at_a predeterglnedde reI t|v§m the #at aL4d|rect|on ris
formed on tHE TH8ReF BuFPARE fﬁ?‘ 1K S P 1% exanpl e of Figs.
6A and 6B, Taembﬁpabhtyhetezasrmmeﬂe@ﬂdnv@&dX}dh(Eﬂ&ﬁnmu@kam@nglanethe

radi al dlreﬁtng o é&ii 1%;%}%¥Etﬂ5%ﬂf£ rcu % tglggra ing 3.

The radi al “grooves roman ou er edge of the
retainer riangudatro famm uﬁtaﬁmaﬁSﬂﬂy'pOS|tlon at a sllght dlstance from an

inner 30 circunt gn g@t' aly A9 OIS HARE LHEIANES J¢ QUSe; the el ahger

ring presses the polishing surface (such as a po |s I ng pad)” outside’the
waf er, wheSToonesedormed eRerl oNgT B fFCqhe e her ?l%g 5. fFa8,. Phe

abr asi ve i g @§|%%F%kémdﬂﬁth“vfgﬁgnéﬁ)%ﬁé(¥%téﬁﬁe§nr§§?§reth gsi de the
‘retainer ring. That i s, the anmount of abrasive liquid supplied to the waf er

becomes i nddhf FdidentSB ardadilty &P RTOVEFISRT FC LIRS Wi§WFn EASPol i shi ng
of the wafs@lbpndre haweyd no-0fip Faje of, pold shéNdan&kurifereat he

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. 5SA and 5B, a plurality of
grooves 3g-2 inclined at a predetermined angle 8 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 Iigugg._ln this case, however, the flat
portion of the | ower surface of the retarner ring is reduced in area due to
non-uni form wear of the |ower 10 surface of the retainer ring, making it
difficult wefernhendr ghgi Polishiga surifesce efe solbiddthgdsdridte in a stable

manner. Fu EEE'Eiohhellé Unly ¥o Vel e nagleaiyner H[J!Qﬂ'g DREEONESad a5 Q€.

thereby reducing the life of the retainer ring.” 15 I'n the present
i nvention, the BRéWAhARIFEPPaT@AUsnd 4B, the grooves 3g-1 may be forned on

the [ower surfacggol, tRenteStRidi®ire’ | 1¢ 3 MG iige RIPUINt-ddie cod act Wi th
t he pO|IShI%% surface. By this arrangenent, the abrasive liquid snoothly

flows intovadtar €4 ithsi dovHe FEtHAGReCT (e ZBBINY tHtBhIP stEuke the
supply of aBhasiive kh@Uisd i her ﬁ&@er][etatim% RFGMEN £ NS S hOveR § Ngn &f

uniformty in_ the polishing of the wafer and a lowering of a rate of
pol i shi ng. 1ASL8Wowh iEPTESHse SABRE 5B, I H&igr SR FREVehel tRedftafati ve

to the radigktdioheels ahdmabs: farmREon2THhedtriesuifagei of the
retainer ring. The direction of inclination of the grooves 3g-2 corresponds

to a rotat FEAUCED ddt iBFFR BFe the TR AHEPT MpaE Ohi enhdfces snoot h
flow ofot hgualtaas W ldH@lirk d0itde mafer mdlowryert ahenicthereotrsthehi gh
ESZELBiIit¥ %f_ac%eleratingE?olisq5pg onggggggart gf_the.mafg% gge to
ppl y TEf- RS TaFidd V&€ IR S, e Re SY2TH H g3.56A afd 6B may
be formed eanhlke . | ewartisas f agee aimdurer reet adenar dff Nghe Thetginevesilg- 3 do
o I oave T Sor eIol? T O SIS BF UL HEF QWi Skbet y>bf C¥he- b7 B8Fbe 11 qui .
t hereby prewenti ng excessive polishing of a part of the wafer while
securi g the suphly gl YUARINE AR dP, We JREST 10555 LB ARhTUBST
the grooves 3g-1 may be formed on the lower surface of the
retainer ring 3 which is brought into contact with the
polishing surface. By this arrangement, the abrasive
liquid smoothly flows into an area inside the retainer ring
20 3, to thereby secure the supply of abrasive ligquid 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 ligquid,
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 liguid, 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 mafer m@ chis forned by formng an
orientation flat or a notch in the waf “nmakes contact with the groove of
the retainer ring. Consequently, a portlon around the groove at the inner
10 circunferentiahotdge afivehéaget afnéher igmgoivesl BkieBy itso edpdaoimedwr n due

to i npact. or| t | li ghl 0 cause such a wear.
bgﬁgw. ﬁ EB@ EE@EV@% e%&%%% % ﬁhe i%d%ﬁ

Furt her, pronounc noi S€ s even generate ue fo inpact when the
orientati opiftanfemkasiednedge Wit Abehaegedoes. ring wddre I akowheggroove of

the retal ”ﬁfoﬁi@ﬁlsc??lgé Pr eugnt 6d b%he'ne%\é&%l%e"‘@]&tao&réd P @ledpterm nal

end of the groove o he retainer ring as own in Figs. 6A and 6B. The
f or mat i%on Blte gvadeeshon dere andwdh es wiaffede O@fcwrm arnetaa:iqxeralhp@r*éa@nbe

applied tOoPOEhanﬁt@@f%&r%%h@%%%ﬁ%ﬁal SR ra%d hasemhoedn Rigscnhliko 3,
but al so various wafer holders as long as they are capable of pressing the

retai ner rfpgmagaPisfOrmd ngolns Krig @tiede £ 17t 017 S HRWCh sl | Fi@istrati ve

exanpl e of yaruaf efnaﬁl@sd%’bn‘%ta%%r W@ dalgrov@Mb A tHd GSetdid@r 3rigg. I N the
exanple of Fig. 7, a wafer holder 101 conprises a wafer holder body 102 and

a hol di ng bPRFEALe3t or ShErdtHPraR TPt e ROVt afF ssstiarert o be
pol i shed, cik‘@ﬂm@%r@n&@@lc%@@‘écw e &fe Wi nHie rh.Qiqj'erJ ]PJ.}@é 198 is nude

of a material having high rigidity, such as a ceramc, 30 has a wafer
hol di ng suPFé@@elU§§“M%Wﬂ1qQ;%w%%ﬁed §3ma§rﬁﬂﬂtQQ}Qﬁa%%ﬁBrh%d An el astic

mat 106 i seaghened 10 1a ab1ewelo YadRE esuth thedwt di rrgmaﬁr@é@ 103. In order to
hold the wafer Won the | ower surface of theé?oldln | ate 103, a retainer
ring (or gBFABOPPRGS DOAS355 &V Hol HNRF e D s @t HR?RI T8Gr f ace of
t he waf er ¥Ytisnpaavioded lerit afa}mﬁ eforcidcuidistetiaal gisasFace Dhet hearwaf er

hol der, 101, ABIATREL & L5 Tl SN (P Dokl g ) £ 408, 2nd 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 Qf a wafer holder other than that
shown in Figs. 1 to 3.

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

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

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

35 for holding an outer circumferential surface of the wafer W
is provided on an outer circumferential surface of the
wafer holder 101. A chamber C is formed between the

holding plate 103 and the wafer holder body 102. The



- 20 chanmber Cis used for applying a fluid pressure through conmmunication
hol es 103m fornmed 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.
I't should be noted that for separating EQe wafer W fromthe wafer hol ding
surface 103a of the holding plate 103, [iquid such as pure water is
supplied to the chanber C. 10 In the exanple of Fig. 7, a wafer held on the
| ower  surfhasber théswased Kolrdeprnlyimdesséduddaiprsssure Yalqudii ng surface

by an al 1 CuhQA%EakGbn YIRS YRS Ehed AhdtholHAR: AT S b werti cal

di rection. retainer ring avi ng grooves 103g-3°f on a omer 15
surface thereafki sidespdsétteswafieat Wt Sur cyasds ilng wdfeechampber ety ner

ring 107 i fohndependenblon il gaseA a9al NaledinG il iehiad Wil age due to the

effect of pressure o pressurized fluid supplied to a space 143. The
space ™3 waﬁeaehpﬁéanlsy sanfomer 9@ quendo14ba &id et Wpease@ ring 20

140B. The gppep_Segh LhR@ @R GRMYd 8812 frdrn@ Jz@tfmgecthet QuE gyt i ng
flange portion i02a of the wafer hol der body 10 nd |ip seals 142b for

seal i ng spA&es Beewyas erh&olidigg §¥H§QQﬁi%9%ﬁm9ﬁlqﬂ?1“9%%%?%xﬁ%4?ﬁl102a of

the wafer hghden 1heEhY dlQ%cnThe |RWRS WwRRIr HiNGUANA LOMY 18RS chdmpdr 141a
25 for preSS|ng the retainer ring 107 and |lip seals 142a provided radially

i nsi de andoutside the retainer ring 141a for sealing spaces between the

ring 11;1]ola and t hgnnawat Ie&gam;flleawe Ryt i7]9n al Q& eaf Hehel waf aih&g.{j&@ér body
102. The retainer ring 107 comprises a first retainer menber 30 107a
which is vEPETESH vh nﬁg’a?ol“@ffrrd G5nd RREESRS arqarfdls‘he r 107b fixed to
‘the wafer @D.d%hlb@iiysul:%cd I‘byt heen arﬂao@rmmemffda gnovfi,nevigie Whefe t he

i 107 wor, n r.et ai ner press under a desired

t
[)(raeglsz(ra(ra r%ﬁgd&ro ésvel(f‘g’gf{fst gze)‘% med & n’ %Hﬁalc?agt ; Jﬁ:e%' etrjror{b 35 107 are of the
sane type astbheegr (Immﬁ B hawing gsrodles ABHER fated syn tdhel gwepves

1030 St SIS  A Apll petl el Lk CabpLper rino
The retainer ring 107 is independently pressed against the
polishing surface due to the effect of pressure of a
pressurized fluid supplied to a space 143. The space 143
is defined by a lower seal ring 140A and an upper seal ring

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

25 for pressing the retainer ring 107 and lip seals 142a
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. In the
embodiment of Fig. 7, even when the retainer ring 107 is
worn, the retainer ring can be pressed under a desired
pressure. The grooves 103g-3 formed in the retainer ring

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

ends short of the radially inner peripheral edge of the



- 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 (0) relative to the radial direction
1:, as shown in Fig. 5A. 5 Fig. 8 is a cross-sectional view show ng an
entire structure of a polishing apparaé?s i ncludi ng the substrate hol ding
apparatus of Figs. 1 to 3. As shown in the polishing table 30 has a
polishing pad 31 attached to an upper surface t hereof and is provided bel ow
the wafer 3@u@ol d€heleffret@aPdr thel dacovess IdatTectake tide ea®ei 88 shaft 18

through thenygkvaesakib@dnhbbYe The c@;nn\é%t%@f tyikth Ithe CORRGEE 3503t he air
cylinder 33 fixed to a wafer hol der head . The drive shaft 18 is

vertical | yThBvBHOBYCRedRS 9IS SRYt he éinﬂléﬂei%d%tr BPTIHTTHYL MDY AGILRe

waf er hol dep) lredgt@vwhebe thd favehlli alre@itiRet | |10n ANEHYEsSiMgrige sa.
retainer ring 3 fixed to the wafer hol der bod ng.l nst the IE)O|IShIn

table 30. The drf¥8-sRaff fBQrQSéoﬁﬁé&lé)dlatlo aler”bt MR i FHYer tDBe34

through a keyutRaireshews) polienigi@appardiigeri il idsng tihé nsagspeblitey 35 on
an outer CI rcumc erential surf ce thereof. The tim }%h uI | ey_35 i s connected

through a DPPLALRE BEPETSEYS oF (il pdid & 3g s “E:ol'ﬁh%ct 8d ft5€ a
waf er hol dgb1ABhehg3taeedd mdhe waflerstidldefadiend S2tadbedhebetare, the

rotary cylinder 34 and t drive shaft 18 ar tated as a it by the
waf er ~ hol d8PPREt ST %?Ct%rtgifgq?ofﬁélr}fﬁﬁ rngOp"Lﬁr‘?eee@o‘é@g{,OY h@l?i‘ﬁ?ﬁarbeu 36 and
the tind nghopdelrey .35, to thereby rotate the wafer holder 1. The wafer

hol der head 32 i §,Supporte Y. a f.er Ider d shaft ;39 30 dI
supported by a fr%gr?‘e (a(r‘%or g‘r?g‘vgmr. he ai rnne m%gtr an%rjf%e ?%18% chanber
8 are, re$p@ougheltyge cnrﬁnemm t Jwigughl % rérjmailmve?lsla@ﬂtawr égul ator R2

to a pressur Ge ssur i F lied to
t he a:or cyllél lrrllé‘l % |s 3 coaﬁlﬁ oﬁqﬁd—% f%jeefrle}g% gﬁgrééﬁ%fgg ?%&P%ggpadj ust
the presstneadf @r2 prélglsﬁ F e sheafdl n]e& ¥s neeBt begal hstmewed pwl mekinsg pad
31. Thﬁa Pregsyie of;i Prceyslsﬂ{dezle%?' FerRRRy GhbviQg thee fh HEdrchaRke: § 1S

controlled by the regulator Rz,
as a whole in a vertical direction and pressing the

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

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

35 controlled by the regulator R1, 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 polishing, while holding the wafer W
on the lower surface of the elastic nerBrane 4 of the wafer holder 1, the
air cylinder 33 is 10 operated, to thereby press the retainer ring 3 fixed
to the wafter thelrdery hddyst tthwandtddmiqpolicahipng:dsable 30 wnfler pwessuri zed

air is supplied to.the fluid.chanh , to thereby press the wafer W

agai nst thggﬁﬁpf hﬁhﬁ ﬁ&%%ﬁ%%ﬁéiQiia%;ﬂishing table 30, which is rotating.
On the other 15 handbrasdvabrldsguwid |suprly Qdzzlsupd iied gromdéd abowsi ve
liquid sup | & .40 S, tp retaj e . ive 1iqui . L he

pol i shi ng %%% %%Zﬁ‘ﬁnt}sfl,g ;S)C?ﬁblals%i%g' i sﬂco%ngdttt}l&lg%r alsvﬁﬁele(i r@%?n?‘%g?ﬁégabr asive’
i qui d 8 benweerthteheoddfsdring wddcHl tan bhepadlsidiia taowes 3Qrthreugh t he

wafer W and . ol4i:shj; Qgﬂ; ) old shing, the pressure for

pr essi ng t%gl“r ét%alfa%gr‘}% r]il%%gag | nI;’l I%(%:ée)zrlpeglLilds’ni ng pad 31, which is applied
t hrough the air &yl ithder B3, 1N g RogREEES1E ¢ far gulesHiing ., tweihafer W
against the poli-ehiig, Ragketl .y WH clhd SLappl | St 2R blofreans ofapessuri zed
air suppligﬁﬁﬁ%jﬁﬂéﬁ??U| €%%anber 8, are a&?%%ted f% a de§?r%d Fevel.

Duri ng pol imeAibFgne He ofpridss ufalf orhipkdasihg e 36t FNEkNH¢Rg33 aFai nst the
pol i shifg Rel3kLAN R Mptad, ré@@n&@fré{@iﬁ@ﬁuﬁﬂ%ra REixed@ndot hee
pressure for pressing the wafer agai nst the 30 polishing pad 31 can be
varied by ° JFOkGRE RPN ot o OB d Byt 139 EEP}%93§OIP§ﬁing, by
control I'i ngAdieyressyrir fo8 PigsSsidd thethetfiwed EhagosSragai pst the
polishing pad 31 and the pressure for gressiq? t he ma%er W against the

pol i shing pAFTPPY PRATT ol prastr® IS butiorPehhs b 85P38t ditned

cont i nuousltheAQySSsIath qrego 16 030 § hehtemt 5 ©dtdtengwafen Wéooaneeut er
circu renti partign of the retainer. rin .outside the fer W
There?i?e,kEKSLsgﬁV% %ﬁra§+¥ﬁﬁ*+%?%%t pb?.%%?%ﬁl%§ fﬁ%mcf?%uﬁgﬁﬁﬁﬁyﬁal edge
of the liquid supply nozzle 40 so as to retain the abrasive liquid

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 RZ.
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, I|IC 1000 and | C 1000/ SUBA400 (a
two- | ayered cl oth) manufactured and sol @3by Rodel, Inc., and Surfin xxx-5
and Surfin 000 manufactured and sold by 10 FUJIM | NCORPORATED can be used.
The SUBABOQarS¥r iy kBnX¥¥- Hreaditd fin 000 are non-woven cl oths which
conprise fibers _bound bg usi ng .a urethane resin.. The | C 1000 conprises a

single | ayer of HK&rdherd ﬁ@&nﬁoﬁﬁﬁ%ﬂ Rﬂﬁ(ﬁ?#ﬁﬁ?%?gdﬁ+ C$tructure and

i ncl udes arpufbar odf thien®J18cesSRE m&bLgiduy(ﬁhfpﬁdgak@m ey sair f ace thereof.
The abrasive Blate conprlsgﬁkflxe aabr S|ve ticles which are bound by

using a bi RA&FSEAGY &ace es?ﬁﬁ iHPTS %BHﬂ%c?%ﬂa%§VEt|I|Z|ng

t he abrmsi wamar tdowiped. s iffge efi dgdnavihes iaky gedmel pled e, Adetiadr aSI ve plate 20
COfT'pI’I ses t rasi ve

articles, the hind and pores | es of
or s ve pAPLASRAH Raad s I St i S 1 F et Rabh g an
aver age pa@bﬁelef@mam&ampkﬁ EUBaBOo®r 1@sK00Asaidel ®+ holed /stBa4eganpl e, an
epoxy resi n is used Ls t’i %bSvasa'ﬁ/efé)é ate pro ddes harﬁl (Qoilsfn ng surface.
FfRAE ay AL & - T

25 The abra¥ive ay eredlstruc conpf|5|ng athin
| ayer of fmm@dSMmﬁxn\nxxﬁﬁtanﬂeﬁmmﬁmheﬂﬂoew@amf@cp@tﬁéham@ patidadliered to a

| ower ?8%% i t S. n 1Q00
al so prOV|5Qi a har polfaﬁﬁﬂz %%?ﬁ%%gh&%% The maﬁ@gx éhP ghgggrgsent
i nventi on iands Gurdhine Oqcbramenwlth\aefp)oM@mfthm%e@Ollﬂﬁviﬁg &ihard

‘polishing HfAGH, &%'@'dﬂe@ﬁ’éﬁ@%@si&r ampgltéhwsoseasﬁgfﬁsgevgng a
modul us of elasticity of” conpression of . (20 or nore. 35

In a convertingdal hafesr HolkRerd. af o@med P%lYMW%F%ﬁng Bﬁéﬁhn@aéaé provi ded

on a rigidpmfRis haldesepadyanBecadsdes he r@t%béf"@ﬁ P@Helﬁe@é%&bcoﬁhocks

on the mafer are absorbed by the polishing Pa However, when a hard
15 holes formed on a surface thereéo

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

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

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

30 The wafer holder of the present invention is suitable
for use with a polishing member having a hard polishing
surface, especially suitable for a polishing surface having
a modulus of elasticity of compression of 19.6 MPa (200
kg/cm2) 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 Qggd on an el astic nenbrane by
utilizing fluid pressure, shocks on the fer due to a hard, undul ating
pol i shing surface can be absorbed by the 10 fluid pressure acting on the
rear surfapelofhtihg waffdece Thussedvenn@uentiibe pol itdle mplsistiae® is hard,

hi gh poli §B£?Qc8‘3&fs°"t?%%‘% ‘i%'%db%o”%h t%'f%g@t@n%@c’mé& LOrELspopding to

t he vacuum opening is urther, in the present
i nventi on, bei peéishedr.et £Uﬁéher156r mngh sorrredon dddIndet ¢ facuyie waf er

hol der body ehfiﬁ gt %h@erbac'k'lgxgc%%dbeis' HeRMed of th L gh srdngere%yo@nd

unst abl e no erren retainér ‘ring can be suppressed,
st abi | iZi n§hpolagRirng performance. Fig. 9 is a |ongitudi naI secti onal Vi ew

of a 20 substrapg t&%dbwe%pa%@t Ug nl tAGC AadeRd nbd deiotderchenpodiappt  of
the present invention. Fig. 10 is a bottom_ view of the substrate hol di ng

appar atus épvpRgiog im ghith § gafededs digdid ﬂ%@%%ﬂ%%mm?@%%bst rate

hol di ng appapatius 2ahdFifdui% ipreeReiral edhotksThe JHestiatsr hohdi ng apparat us
1 is adapted to hoId a substrate to be pollshed such as a sem conductor

wafer, an#3presd I5oSK (55T (er AR Foed Y61 FR%i ng
table.1ds shawa ip&e@sﬁhreg,adﬂlelgsubﬁtt&ﬁ e:elam @u&QfacﬁJQﬁf adrus wdréhi s

enbodi nent corrprl ses a_dish-like wafer hal der d i ng an inner
space and aRMSrae¥&” MR ghef |B?elolstnd‘n69 IS A%nd-% T('jryatrrﬁe %élf%f‘ hol der body

2. The waf @l’oll@@lgﬁl@ ;iazdsoﬁarﬁ;errarml e aneniaitﬁmrﬁs]d kand ngp gtk st rengt h - and
hi gh I‘Igldlt% sucnéia and ceram.c, £ n%{ ses amrgular
upper pl at EZAEHS lé’igrc ta[cqurrgéngﬁéﬁngp&rs“ SHWH X8 e nf2E56nwar d
fromthe upper pIFaJtre:hM 1Thet1'reetpa]er$@rnu iimyedtiiorf,i xeichde whe ometaendrof the

ci rC“”{ere'}&? %1)&0&18} r?r% e!s}ﬁotlrﬂeffrlé‘%a{éxn%oidér BB4§, ofna resin

material havil rigrdity
retalner ring can be imparted with high rigidity and

unstable movement of the retainer ring can be suppressed,
thereby stabilizing polishing performance.
Fig. 9 is a longitudinal sectional view of a

20 substrate holding apparatus 1 according to another
embodiment of the present invention. Fig. 10 is a bottom
view of the substrate holding apparatus of Fig. 9. Fig. 11
is a sectional view showing how the substrate holding
apparatus of Fig. 9 is operated.

25 The substrate holding apparatus 1 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-like 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 nenbrane 4. A flexible sheet -62%ade of an el astic nmenbrane extends
bet ween the el astic nenbrane supporting nenber 5 10 and the wafer hol der

body 2. A BlaUh@t%GarflP@ﬁ: & Hes dea/dBbr Biddes Vh?éyerbémﬂcdﬁﬁe@oﬁﬂtggr&m@%e' astic

nmenbrane 4, the flexible sheet 6 and an 1 nner surface of the wafer hol der
body 2. EaWhtHf thfe “efsst NOLEeR oty £ and the flexible sheet 6 is forned

froma rubber nateel alarel Gldiiae reXRlY emtanleﬁ tiHe tdengidyr anthglugability,
such as an eth%Iene propyl ene rubber DNLgl éggl ur et hane rubber or a
silicone r36beRe 3R FRESI,SPASE QHCF%Hﬁﬁ% Dr IS dNPMPEAREPHI i ed to

the flud @hanbﬁr e&atsitrlwg{maarfalnu obmmglﬁn@w@lng & génbeaang a
connect or. r. |zed f! ui d %Hngled t.o chanber 8 _fl ows

t hr ough thP&E B f or ?a@ﬁ@ﬁﬁ???rﬁﬁﬁﬁ%ﬁll%%p%%wp?ﬁg nenber 5
to a rear hsurdfsam @futiehe c&lmﬁnﬁen‘mmbtaanepdh:tidsm&ﬁpuhql@gasbﬁc pressure of
pressurized fluid to the rear rface of tic nbrane 4. The
pressure oF‘SVEEgYﬁ‘Eed ﬁ%(f%ﬁ# %ﬁ) a?%e $|%Rdg§%§%%%rm§m8£ﬁn8e

vari ed by mmammdﬁ betweqpﬂ&h&neldssimgmem@mqnessdpp@ndi@gtmemhean50uter

ci r cunf o7 eqtiAly surf ace ofo fdie- Ghast i ¢ MebEANE 4. gl Lhe 4 vater gl der

body 2 and % e T 6t al ner ring menbrane. 4 asti
menbr ane sippditd npimntferldenreo®) Yertheatlyswbvahembrehat ¢vethe the waf er

hol der body: 12,806 o the gﬂ@u%ﬁg éngnge egé$fg§grﬁpg%ﬁg aﬁgklﬁgﬁegr

perfornance It 1s preferre ormt urd c usi ng an
el astic ndasivarke afdan tH st fiehe . nepREIRE 4tﬁ@deth§tfé635b mbr ane 4

may not be d3ed P fdhatotiies Wt & wu@@eprrﬁ%@ﬂlapywﬁieﬁcasce%@qtlewtth the
fluid. When the elastic nmenbrane 4 is not used, the fluid chanber is forned

by theldwafigr HARIthARA AwrRP1hety eafUShir #acen of tRKéeDAf BFOPF 1B8E

rubber (EPDM), a polyurethane rubber or a silicone rubber.
A pressurized fluid such as pressurized air is supplied to
the fluid chamber 8 through a 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 annul ar 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 nenbrane supporting- @@énber 5 nove as a unit downward
relative to the wafer 10 holder body 2. In this instance, an upper end
portion 5apoq58%@%delastic menbrane supporting nenber 5 engages the upper
end surface 13a of the stopper plate 13, thus Ilimting the downward
novenent of the AFaditdFEnFtaRPer Rtk hed etsstirehemdFane s@ipporti ng

nenber 5 t@u@pbr PRGN NiNed rageaippdie ©l asd | 2a nefbrpaey4rinchydas ra
plurality of openings 4a fornmed therein. Vacuum portions 14 each having a

communi cat P8R Yhdl-e UHRe T g PRt PlshrRtFVRPBPENPHEEC443 The
vacuum por tjisops shi4 iddried for recbddac cemtiead Rordhonaed the stappee nenbrane

20 supporting nenber 5. In this enbodi nent, the vacuuym portions 14 are
formed int é’dw%a{th ;&b%RWW%fge%laasﬁ?%t%%%é“e‘g ortuliluﬁnnﬁ}rgrﬁer 5. However,

the el asti preydinmsingd stppod tingsueitbesd St oreyhdef fof aedhamberan , annel ar form
and a disk-like chuckin | at e i ncl udi . plurality of vacuum 25 portions
14 may be Sy RGNS ( feAUT el PTaLe TROFPYeaSPRBGR I Rer i de of

t he el asti enamdyr dhenswuppos ta non i treddbenwdrd Ase shvimei hoFtpge #Afefri ve

openi n 4 re faroed at cent ral rtion of the el i hrane 4, and
t he vaggum%(gdfepro???n&o%sflfg? ea&épolsrégg Yon the ?%g%]éc?ﬁ@e&(%%gggﬁgs%%a. As
shown in Figf the selasierc enehlpfandesepponnicat nenbéol @ etghges &aeh vacuum

portion 14 j e mAi i S ] ohn ipsi.de the elastic
menbr ane sd p%?t%\%%n%%cg?e;gnd argﬁ%oﬁﬂgg?%g ?%égﬁg bé H}g(‘g 11 in 35 the
fluid chanbemigt ing athecdeirn vaud ceovement achethei ¢daspiesngnbrideadpl ied to

the open engds; ofpd he1 LOMUNLEREEQRe HQpSSrifAgt hepyaR theovacuum source, a
sem conductor wafer Wis held on the vacuum portions 14 under vacuum force.
As 15 predetermined range. The elastic membrane 4 includes a

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-1like chucking plate including a plurality of wvacuum
25 portions 14 may be employed so that the chucking plate is
fixed to an inner side of the elastic membrane supporting
member 5.
As shown in Fig. 10, five openings 4a are formed at a
central portion of the elastic membrane 4, and the wvacuum
30 portions 14 are exposed from the respective openings 4a.
As shown in Fig. 9, a lower end of the communication hole
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 1l4h through the wvacuum 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 |l ower end surface of the elastic nenbrane 4. \When the wafer Wis
hel d under 5 vacuum force, as shown in Fig. 11, |ower end surfaces of the
vacuum portions 14 becone substantial Ly,flush with the |ower end surface of
the elastic nmenbrane 4. An elastic sheet 15 such as a thin rubber sheet is

attached to the _|ower end surface of each va(%:#}l%m ortion 14 so thai the 10
vacuum f or 8BVE APpFiéd fhe W&Eo tprﬂldﬁg’r’r“t%e IR POTHERS It waf er
hol der dri ¥eeshatht28 Hawatdvioded dlomes tdigl sujyFcedlat e edfad thiec waf er

hol der body 2. The qgriv haft . 18 and i he wafer hal der body 2 e connected
t hrough a %%‘“BHF‘{}& galanj%o?iﬁ’t DPg PFR rdlrﬂtev A e(‘hcﬂ ﬁtowﬁ terrh%ssrﬁrt ac%r essure
and torqueosf thheednisveacshefbrbfet a .t hélheaf ethe halftber Waidy Hewhitdmeder

perm tting_ingclination of the drive .shaft, .18 .an h fer. hol der_body 2
rel ati vée t 32eHeR %P %re.’ e Sglr%w\?erlsnall:squgi n]’tl ’191ao£er#preﬁlsdé\25uarfsap %Sri%%l beari ng
20 nechani shewkachupe poirtts onrsc |1i4n ate camenfs et ametf ierl ol fdiersh baidyh 2taad t he

drive shaft 18 relative_ tao e t her tqrque transm tting nechani sm
whi ch transm'ts rggt%atsil%ga%fe %t(\fhhé:c%l rievlea%s lacfltm‘:’)fg3 o1 h4(re‘ wafer® Hot der body 2.

The spheri sakeliedbi sgcmecisari sthigonpritses shesphers catitadoabsto 26hd 8a for med
at a central, oo Li,an s%frf%[éeow S agg tgbertldéd V&, SMWh%@,’[%ﬁeSphe“ cal

recess 2a formed at a central portion o % upper surface o e upper

pl at e A andcaumb&griceg isaldprdi athddrofwat emt@rialgthathia gty hrhbehess,
such as a ¢gkawi c, provided between the spherical recess 30 18a and the
spherical recess 2a. The torque transmtting nmechani smconprises a drive
pin (not shown) Ai ¥édero hoHeledr AR shaFhatls ldhdl s REGKAGRd AP {$#0ER8hown)

fixed to the uppen aHaha 24 Hie e PINS1adF ©s@pabl e Ble noving yeaktcally
relative to each other and 35 engaging at different contact positions.

Therefore, 18 angr dhe ofafiade RpLdRT ¥ 42T QREGLeE a9 d@t o t he
vafer hol dein ikeesad ewamtwhen t hemavaleivdedderibogy 2o ieransiel toed.

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
torque transmitting mechanism which transmits rotation of
the drive shaft 18 to the wafer holder body 2. The
spherical bearing mechanism comprises a spherical recess

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

30 18a and the spherical recess 2a.

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

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

inclined.



- 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 commruni cati on
hol es 14h of 5 the vacuum portions 14 are connected to the vacuum source
through the tube 11. Consequently, as_shpwn in Fig. 11, the wafer Wis held
on the | ower end surfaces of the vacuum portions 14 due to the effect of
vacuum force applied through the comunication holes 14h. In this instance,
a 10 slight posiYe¥k. ppEBsaRaLLSNapHI Madet withe TRIOGIE dRaiP@TaE 1D &5 to

prevent upygsdyap¥enBRidel thexghashee WBABr 28¢cr@WRROMd Noidember; b and the
vacuum portions 14, and the _upper end portion 5a of the el astic nenbrane

supporting nenberesv@RgagRSLIHRE dpper 2eWlOLhr LEcBOVEL O thPXibphdt 15

plate 13, tertherngbyehelidgt Rewalfast aadmemlr ademspRAtidi) hdEsderq® and the
vacuum portions 14 at a %redeternlned posi tion. Wiile holding the wafer W

under vaculfff BREBUT PRELHAPEr lHoPdEr CPIPESHSPeda Fhe PRGBS ABEYR a

DO: ! SE! ng th@fbh@h( dasi %tmbedlbyl mﬁg@@g&@@gu@nﬁﬁ@ s'irQ)fv\irfl il\'/_ri\'/g?igjl-Z%]lﬂp having a
pol i shing surface (such a pol i shing pad). e er nd the retainer
ring 3 aretPﬁeWagF%sgé&sa§ﬁﬁﬁsPn R 38%6 hiehg SRS (4 t HeT By LS r ¢
pOIiShing.péﬂtiﬁubeﬂ4ﬁHUQUEbet®?tbﬂfeﬂtﬂbﬁﬁvddmmmMﬁdﬁiéNdppImé@hby tpe
retainer ri 3,.s0.that the wafer Wis not. separated from 25 the wafer

ol der 1. EBROHEP: ShEnG PP ASAS Ry Peom r YT b Hiedt SRR R b
reference Bmmghalp&&ikavﬁi@reb%%uﬁﬂﬁﬁﬁ@@@@idﬂ)uduxhhiﬁbuﬁmadmamﬂerSB

operat ed, 1g theg%%r%ﬂf%ﬁsc 06 o TP LA Y [Zﬁfe%rf' X aé@ic% gﬁ?x}{‘@ﬁg ehogder

body 2 agaFﬁsFSS € polishing surtace o pol ishi'ng e undeér
pr edet er m segppréssugr eembert 5 aanst dthee wawmiynr gesuriomesl 14] ukaddi shsuppl i ed

under a pr 1_ne ure tgt il QQ$B££ press the
waf er Wagggﬁtgtg gﬁeﬁ %Sgtﬁz’ﬁﬁ ﬁr’% so(u%r féz’illgee eoJTawt e('cpo I'S él”%@ %‘g%ﬁg(gﬁ?ﬁé pressure
35 appl i edmembelre Sweingie ISt dhepaldpsty mpd sunrfjasst elBa 0f thiessfedpkevel by

. ; ; | ui . id chanb
controfsin éfa][%;%ufir eSS ech%re%fve%ﬁwdéﬁfia é‘lalgtokéthpé}ﬁhﬁ%né OswﬁoHHthS anber

8. Thus, t pressure i's directly applied to t waf er” Wat i

portion member 5 and the vacuum portions 14 at a predetermined
position. While holding the wafer W under vacuum force,
the wafer holder 1 is moved to a position above a polishing
table (designated by reference numeral 30 in Fig. 12)

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

25 the wafer holder 1.

For polishing the wafer W, an air cylinder
. {designated by reference numeral 33 in Fig. 12) connected
to the drive shaft 18 is operated, to thereby press the
retainer ring 3 fixed to the wafer holder body 2 against

30 the polishing surface of the polishing table under a
predetermined pressure. In this state, the pressurized
fluid is supplied under a predetermined pressure to the
fluid chamber 8, to thereby press the wafer W against the
polishing surface of the polishing table. The pressure

35 applied to the wafer W for polishing is adjusted to a
desired level by controlling the pressure of pressurized
fluid supplied to the fluid chamber 8. Thus, the fluid

pressure is directly applied to the wafer W at its portion



- 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 uniform pressure distributi@e for polishing across an entire
surface of the wafer Wfromthe center to the circunferential edge thereof,

regardl ess .thi gkn fer .+ Thi i
pol i shi ng Sgitr%gp%ﬂ%ﬂrn gtE)r ?}c%e%f&etr{lﬁl wat'er %ﬁ;ﬁ%ﬁugﬁ%%&% he
el asti c neibr ahdizeics Liyn apmtliipgt & o diteadiemadining mortenn uf fHte Wifehe

waf er Warquad -baenoReR RAS A% c mddile LT gidwie RUbStEN | @ld ¥s Bfe & eakage
of the 15 pressurized fluid fromthe fluid chanber 8 to the outside. During

pol i shi ng, aPRéiphedsuitdesighstentdcliyprsqefl the “ALT iGMATy edgher than that
applied; torhhe waf elsiWdes trRPRIdRGIQ e f8ld el i Riidroughndhegair

cylinder, so that the polishing surface outside the wafer Wis pressed 20
under a pr é§sapP@ldglsttentdralant iguaiutfRranaf dihe Heies of - Wt Therefore, a

uni form prggsurie1d sty idytdiaN £ath et dedh r& o  HoMst YoRCEOSS an area
fromthe center of the wafer W to an outer circunferential portion of the

retai ner rPRGLISPIGG SFEIhEWF LR StHor B asdicRe BHriFoBuFrfci ent
25 polishi ggnalert ke aine Wilengitdadnedge &igd hmawder, Weadrdees rergent ed.

I n the waf hol der shown in Figs._ 9 to 11, the retainer . ring 3 is fixedly
connect®d %E}et %(%‘W%&tjde%he 8’@0@”2 Vfci*aviqﬁblsdl R %o‘?fé]fﬁ?ﬁ:‘?i on and the

retai ner rippdi3hdtg fvertd calt yramies dye wef ttiloal wyfamvii ng bheimaf er hol der
body 2. By thi.s.arran c?brrent the pressure applie o0 the . wafer hojtder body

) d
2 can be uPPPE S &Mt SSRRE T ST P i gt rﬁe“ﬁje?%%‘h%‘ﬁer?%%té? Furt her,

because t heithetthienerear X ace fokethd ovdfer Wafarolmd deie bopgn2ng854a,

prevent od. Shergrordii e fi SRR b dlo (A S AE hE ng s "and the

ci rcunier eptriesls vadge Off fuied fedrertiserfaced cammieecofstanthy enhsiilzed, and

uni formty During polishing, the pressure substantially equal to

or slightly higher than that applied to the wafer W is

applied to the retainer ring 3 through the air cylinder, so

that the polishing surface outside the wafer W i1s 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 Bhglding pressurizing mechanismof a
floating type structure follows undul ation of the pol i shing surface inside

t he retainer ring‘ ich.is stable and has hi |d|%¥l néeﬂuentlx 10
t he behavi 8FdoftERé LiEVaitfet e RG a8 s"tﬁaﬁi oMb hgpgLa

pol i shi ng §uf_~f;a@ﬁ, EOthléem%.lf,‘éra@hlcﬁ\tE t@(@ﬁidtﬁlﬁd st abl lity of the polishing
of the wafer. en| S 4a areforrredlnt |c menbr ane nd the
vacuum porti ons Qtn Svi ﬁg Ché& A OfmTumi s i3 or?‘s‘n CﬁﬁP%‘F%eﬁgrB% 558 in
the openi ngafda. hthaewabeayWa,s tel datisei dar tﬂ‘]ﬁlgafcfeﬁctb@flmp@rl’dé‘df Qica

appli e t hy ough _t he tiqn.holes 14h connected to the vacuum source.
That Ts T heSazuancaiy: Pors L GEREHS 1 dHhe skt et e BBHERE or t eci
of vacuum poidehihieraiore, sttadrid ize=do Zlfhmemfeho hapditgt he el astic
menbrane 4 with a. suctlonc%ar%1

co rati Ther f e |n

properti esPEPSERE L2 {15 r%bsrmanogf :gsloga TR yYEEo oc]glﬁ(?{gre ?ﬁﬂg

uni for m tyundnlahaopolqﬁmh@g oflivwdfiors sanfdee siradl de n‘ahleltaehedpeﬁg g. 12 is
a Cross-seg ewy [

Appar at s FRSRLAPRGTE NS Spr e F i i SLHELL 5, OoBeBALERENE o
shown 1& Fitge b@havme: P it et er ammScwﬁmlshah'glbaadS@Vamt ached to
an upper r rs Vi 1. 30 The

sy fn%‘i% E)%Eil%%lr?d“%déf &) P&gt S%%V rougﬁée}&]%ﬁt

waf er hol der i sconnected to t e driv e uni ver sal
joint 19. Fhabddilvy s}fafﬁhelwaslsmme‘@f cthe d”f%fﬁer al r cylinder 33 fixed to a

waf er hol der = headc32pctiadls 4 haf fodfbd suyetid cal kyy VREnBYaBanS  of
the air cylinder 33, thereby noving the wafer as a whole in a

vertical dieREctinén VARI YR EES%II'‘L'njgorff’ne14 rlé%‘é}lh%rt?"r‘ n%OIB‘“‘FP%EGt%QHt Re LR&f er
hol der 1 pody 43 agdl ioviden pjg{ i shd Ngpd @bh @s 30a . Thendrivaeeshaf b s1Be1a

connect ed %% at%OH%{ S géé% of wvacuum force applied through the
communication holes 1l4h connected to the vacuum source.
That 1is, the vacuum portions 14 directly hold the wafer W
due to the effect of wvacuum 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 fto 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 threugh -the timng pulley 38, the timng
belt 36 and the timng pulley 35, to thereby rotate the wafer holder 1. The

waf er 10 hghdehrgelby %2#5(% s(qlq,qorsth%q,rgy a'l"x‘?é(errot}}&lyd ﬂ?ﬁfeﬁhﬁ{ Eihé"ﬁeafl Ui d

fixedly supporte (not shown). The air cyli nder 33 an
chamber 8 &RBing @ygdeEy v )PI‘ Eonatierd TP ReHeRl AWifae and a

regul ator R2.tRo3 Preagurdizad c?a'ﬂulsl% o 24 Bt Wik ckrytPfa Pressuri zed
air supplied to the air cylinde i's controlled by the regulator Rl, to

t her eby adjtd@EnGhéeldr s e & dringes AHg ahe’ & é'fl'bE‘t%rlSr iGRPIE G NE® t he

pol i shlm Ragra3lr HeA diresRItR of7 ml%wrﬂ@%ealwaﬁéwmdl%ﬁ %éi@ ghuid
chanber 8 is controlled by the regul ator her eby ad ust the

oressure f ShegiedSdiong e BRI wylegaqerrst% r?endpotm% rﬁwepaﬁl It e
comuni cat i@ helteselttas of drie: V@:m Wﬁé@ﬂﬁoﬂ&bﬁrnﬁamﬂ@ﬁtﬁ@réﬁgﬁugh a

valve V to a vacyum source h a va p . An_abrasive l1quid
suppl y noz2e 401Gy Zloﬂy \L/L‘r}‘ l“elﬁég g‘b?%hﬁga‘%‘ﬁb‘ifée Fo M I abr asi ve
liquid Qi pulupp IIffd, mttoudﬂfm:;)pdotsdmmg:mdva%ﬂemmdime:poll shring wabke 30

t hrough, the wds npzzl e 40. t atus

f or trghsf & r]?ﬁe e]rS Wugﬁﬁely%e hi tatiorr hl’b(?Jei “g%h $ ?ﬁ%gg

portions E(lxhcﬁla;r esxmpnmd:atpda vii tdme hienavacsivowspur ce 25, to thereby appl y

a vacuum force to[. he \@f g{h;/rx@eolr &oleﬂl gtﬁe]eCi"&cfrcr\éXr?t%% cuum

‘portions 14. For e vacuum orce er Wt hr ough
t he vacuummﬂamsrellhu scorrre¢ce‘e§s®dtlalrm191v\mlleemlmtwg Rhealv@f@r Won the

| ower end %%ggf dase o w?eélaég'&r éﬁ)rme 4 éh§4wafueﬁeﬁ9 8t % t he

air cylinder IS operate press t retai ner I xed to
the water dl dme%ﬁjmllzzeciowaﬁolswmll%w@hﬂwg @h@l@ylamdeﬁd%regsuru zed air

is supplieddfxidied by the regulator R1, 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 R2Z,
20 to thereby adjust the pressure for pressing the wafer W
against the polishing pad 31. The communication holes 1l4h
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 wvacuum 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 -sdeface of the wafer W and the
polishing pad 31. For polishing, the pressure for pressing the retainer 10

ring 3 agafmﬁadt Bﬁaﬁ%bhﬁ@' n&cpac@he?rﬂebml%é Sm%pmafe& W eyl £ henai r

cylinder 33, and the pressure for préssing he wafer W agai nst the

pol i shing Baél§Tln@hP@Iﬁ1 i34 Qﬁ)‘plﬂbéd Pyt Sheldiss td“fblp?r et5uriiyeth at§ supplied to

the fluid ¢baabengd, oar @ndjdigiead Han@® desd rad-demel .1 {xiidg posi shing, the
15 pressure for pressing the retainer ring 3 against the polishing gad 31

can be var FBAPHY CRedFO oIt NEn & TEHAVER o WD SHRP hd' s ut® $drapr ESsi ng
the wafer Weagannghet b®rapakies thmgnpﬁdg Fh ctana b Magh Bty b;yadrezans oftnt:be

regul at or nseqguent n by controllin ssure
20 T or pr eBoRAGTLRG b ame o i S TSt bt S3aBAg ¢ he
pressure faqr bpmmmgﬂdwazaﬁee‘xersdwﬁagm nsi ddepolpdhesdhi (g pade Blsuardokef orm
pressure distributiqn c ain ont i nuo across an area fromthe
center of P% tlh\ﬁafw '?'J(r} dooqb% %rjcsﬁﬁré?&qc?%yporti on of the retainer
25 ring 3 outsid@oth@omﬂéﬂlmy 'ﬁnawﬁnyssunaaﬁﬁrnpmgsnlngrmhéfretamner
pol i shj ng at C|rcunfer ntlal f 1 er Wg revented. In
%r@ taﬁe 510511_1 s(%l R acegofpo é1e3d1 Wawmtche p%l |%ﬁlg &4

this enbodime sur I'ng tabl e nmay be
prepared bytha'optgh dhien@qipadcsluictde 3B As ax‘nbttheclexsmﬁjene abovepoestirad

b . : , | abl i
pado. Tor dEmrr e A P S R To0T SThrdBih 27\ 2epRskio
cl ot h) manbtvasteansd AhdPzRE Bz bl T Swﬂplie%nHDSD¢¢lﬁlR¥Q ShéméeSuﬁfln
000 manuf aghw et ARG Plh by 355 FEd M o NCORREGRATED g@ﬂléiﬁlﬂgedthzhe

SUBA800, Surf in™xxx-5 and Surfin 000 are non-woven cl ot hs |ch conpri se
fi ber s15boB¥e BRI ITRF PIATT HhethesFotaimer | Tin90d 3AbRFEetN8  singl e

layer of hyodidtEanpdhel yuredhane: vahi & BesSndans of the regulator R1,

and the pressure for pressing the wafer W against the
polishing pad 31 can be varied by means of the regulator R2.
Consequently, during polishing, by controlling the pressure
20 for pressing the retainer ring 3 against the polishing pad
31 and the pressure for pressing the wafer W against the
pelishing pad 31, a uniform pressure distribution can be
obtained continuously acrdss 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, SUBA800, IC-1000 and IC-1000/SUBA400 (a
two-layered cloth) manufactured and sold by Rodel, Inc.,
and Surfin xxx-5 and Surfin 000 manufactured and sold by
35 FUJIMI INCORPORATED can be used. The SUBA800, Surfin xxx-5
and Surfin 000 are non-woven cloths which comprise fibers
bound by using a urethane resin. The IC-1000 comprises a

single layver of hard, foamed polyurethane, 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 at rticles, the binder and pores.
Exanpl es of abrasive particles include %afticles of cerium oxide (CeQ2)
having an average particle dianeter of 0.5 Elmor |less. As the 10 binder,
for exanpl @oramsepdxyuatasia drsd useeludde 4 ixetbenbrasiires peovsdes arhard
pol i shi ng %%rlfeasﬁeformed fixed ¢ dgéé ves.asherally forned into a disk-like
pl ate and may ave a two-layered structure conprising a thin |ayer of

fi xed abrasive pdihe digsdmbrasslast¢eupolsshir phalds wWahelr edreo a | ower

side of theddntehARIAS Y% RAIJdL) Bng fhidaboperaratpoaed. | dP00nakso
provides a hard polishing surface. The wafer holder_ of this enbodinent is
suitabl @ fdrs apFelugtef Ppottshi nwretpers hewi P aladed peeedhfrgMstipface,

20 especi aldpf-i 2 gaf Or ar@@'é@ﬁ&@ﬂvét%ié‘ﬁ@ bepPPs8s ANl B8 rakive
el asticity of conpression of 19.6 MPa (20 kg/cn?2) or nore. In a

convent i ondatfefekeshol e , PERIRF 2R SPPEFH- onEB2MPatRI A PRAE2PLESRi ded on a

rigid waf erpdial dere Podye1.Res apiset i 2Pe b N6t Pkt shhNgxPad (8e6l f#shhGinghocks on
t he waf er are absorbed nalqgﬁ Bi,the poli shing pad. However, when a hard
pol i shing <Y fEtF3Ee (REEE 1EHRIuL LT RSBt he: ot sAF ngeSSur f AEethe

transf eoredb tiand £d# estsmp he, wah espsiy f aeeihoisbespal i shrd. rEuedher, a
mar k corregggndin to a vg&uun130 0 enifg of the backing Ed i,s formed on a
rear surfactFS119% REIEHICon? t ART Ot R TRRARY FRTTAGCwar CPChOLEER of this
enbodi ment abvradi-eds agavededallg hetdeaniahoehadisk- bkbr phatebyndt aiyzi ng

fluid pressure, shocks,on th fer.due to a 35 . hard, .undulating polishing
surface ca Eﬁgéé%é%?%éha%?r?ﬁeggFPﬁFHr%r%ggaFéséggiﬁgtgﬁntésngaP%surface of
t he waf er. fikad,aeveniwepathecpesi shingnsathateci pohasdingi ghd pol i shing

perforq%ncgﬂﬁggrgg @@igtféwgg gﬂgen8fn%ﬁg 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 wvacuum
30 opening of the backing pad is formed on a rear surface of
the wafer.
On the other hand, in the wafer holder of this
embodiment in which a wafer is held on an elastic membrane
by utilizing fluid pressure, shocks on the wafer due to a
35 hard, undulating polishing surface can be absorbed by the
fluid pressure acting on the rear surface of the wafer.
Thus, even when the polishing surface is hard, high

polishing performance can be maintained and no mark



- 34 corresponding to the vacuumopening is formed on the wafer. Further,
in this enbodi nent, since the retainer ring 1is 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 obtained by @énducting two-stage polishing, that
is, first conducting polishing of the wafer on a hard 10 abrasive plate

whi l e the W@E%Esb%nﬁ%@ fe)s ttﬂ% %fc%nmh@p%rm%oflst e &Sl thwephtep. (i-e.,
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hol der of the present invention. it should be noted that "soft" neans
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should be noted that "soft” means having a low modulus of

elasticity.
Fig. 13 is a plan view of a polishing apparatus which
is suitably used for the above-mentioned two-stage
20 polishing by using the wafer holder of the present
invention. The polishing apparatus of Fig. 13 comprises
two polishing tables 30. An abrasive plate or fixed
abrasive polishing tool 29 is attached to one polishing
table 30, to thereby provide a first polishing unit 4la. A
25 polishing pad 31 is attached to the other polishing table
30, to thereby provide a second polishing unit 41b. The
second polishing unit 41b can be used for final polishing.
The polishing pad 31 of the second polishing unit 41b has a
lower elastic module than that of the polishing tool fixed
30 abrasive polishing tool of the first polishing unit 41la. 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 41a 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_pg%ighing of the same by the abrasive
pad 31 and, returned to the 1lift 42 to"fransfer the polished wafer to the
lift. By this arrangenment, a highly flattened wafer surface having 10 |ess
scratch maitRelcadfd BaBhE Red-1shingh@Ad He ndttedhitmtentred frerent thavent i on
is not -neggsedrid ¥l ipicked tp the o W80 My 1eEodi s Pubafan be

nodified in a varlﬁky of ways w thout departing fromthe gist of the
present invERPLIN1LILt3@2%, Ebhgitns Moveda thet fidEt MHG Tk horeihgtda 6ot er

ci rcunf er egbhalcsulf 308 Af R wafengisad dHe aahanimaltiechprigal polishing
apparatus, the retainer ring having an annul ar face having radially inner

and outer é8§ésiysdPodisdisngdeed with tirEedidiashity SR feReondnd t he

annul ar  supbage RN GO 1ed o WdNERNE DI's MY wpoyﬁaﬁxlsgnﬂéﬁgngr om t he
radially outer edge towards the radially_ inner edge and reachin e

t
radi al |y i RhelrPEgdemenhar dile 130 oy &8hrE iard 4 w”é‘atU¥%¢%tF9et§6 t he
radi al diragtriton f aloved-L01s fidte dHveiolisdHd@aceadr the fiedainee ring, and the
di rection g&, i nclinati on of tq%ég{oo%gf corr%fpon s to acrotagion
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apparatus, the retainer .rj havi n.annul ar_ face having .radially,inner
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t he radi al Im)? ilﬁfnlée?(geldlgeéf %Cizlreeﬁi Cgﬁg"& avflntg?ouﬁ n(g %@??gegfggcgﬁgect ed to
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t hereby hol ding a



substrate while polishing. 3. Aretainer ring for holding an outer
circunferential surface of a wafer used in a chem cal nechanical polishing
apparatus as set forth in one of claiml1 or claim2, wherein the retainer
ring is made of a resin material.

_36_
Claims

1. A retainer ring for holding an outer circumferential
surface of a wafer used in a chemical mechanical polishing
apparatus, the retainer ring having an annular face having
radially inner and outer edges and to be engaged with the
polishing surface; and the annular surface being provided
with one or more grooves extending from the radially outer
edge towards the radially inner edge and reaching the
radially inner egde, wherein the grooves are inclined
relative to the radial direction formed on the lower
surface of the retainer ring, and the direction of
inclination of the grooves corresponds to a rotation

direction of the retainer ring.

2. A retainer ring for holding an outer circumferential
surface of a wafer used in a chemical mechanical polishing
apparatus, the retainer ring having an annular face having
radially inner and outer edges and to be engaged with the
polishing surface; and the annular surface being provided
with one or more grooves extending from the radially outer
edge towards the radially inner edge and ending short of
the radially inner edge, wherein the retainer ring is
fixedly connected to a substrate holder body of the
chemical mechanical polishing apparatus thereby holding a

substrate while polishing.

3. A retainer ring for holding an outer circumferential
surface of a wafer used in a chemical mechanical polishing
apparatus as set forth in one of c¢laim 1 or claim 2,

wherein the retainer ring is made of a resin material.





