1 SUBSTRATE HOLDI NG APPARATUS AND SUBSTRATE POLI SHI NG APPARATUS
BACKGROUND OF THE | NVENTI ON The present invention relates to a substrate
holding 5 apparatus in which a substrate is held when polished for
flattening a surface thereof. The present invention also relates to a

poli shi ng apparatus conprising the above- nentioned substrate hol ding
apparatus. A sem conductor device fabriealting process conprises 10 formng
athin filmlayer on a wafer and formng mnute patterns and holes in the
| ayer. This process is repsessURATRt HbLBINESAPRURATUBEANDf circuit |ayers
are fornmed on the wafer. THEeBSTRATE PALESHINGUAPBERABES portions are
created on or added to the surface of the wafer after formation of 15 each
circuit IayéiACK®R®@%@n®Fy%ﬁEsIN%EMTb@Mductor devices have becone
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portions on Ef@t@é‘ﬁiﬁ%%%uﬁfé@@ EREELGE OF PleYi SR ET BRSENEToRUGDES and a
di fference in hei etween these portions also increases. This leads to a
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difficuls. each circuit layer. In recent years, semiconductor devices

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

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

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

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

Raised and recessed portions con the wafer are also
problematic in a lithography process. That is, when an
exXposure 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 reascns, the technigques for surface



For these reasons, the techniques for surface 2- flattening in fabricating
sem conduct or devi ces have been increasingly becomng inportant. O various
surface flattening techniques, the nost inportant technique is CVP

(chem cal mechanical polishing), which conprises polishing 5 by using a
pol i shing apparatus, in which while an abrasive |[|iquid containing abrasive
particles of silica (SiQ2) or the like-i2 supplied onto a polishing surface
of a polishing pad, a seniconductor wafer is slidably engaged wth the
pol i shing suffaceenifgConveabrovatliyg tbmipohiabtog appacasuba®k bbenabove-

mentioned type conprises ol Lshin able._including.a__palishing pad having
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non-unlforn]ng &Q%Lroggﬁdggeand 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 helding 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”



circunferential edge of the wafer is polished in an excessive anobunt, and
the wafer is caused to have a "dull" 3 - edge. As a counterneasure, it has
been proposed to use a wafer holder in which a guide ring or retainer ring
for holding an outer circunferential edge of the wafer presses 5 the
polishing surface at a position outside the wafer. In this wafer holder,
the retainer ring is pressed agai nst the‘:bd1ishing surface under fluid
pressure such as air pressure. Fig. 14. is a schematic illustration f a
waf er hol der edgk .t he above-nentioned type, in which a fluid pressure is 10

applied to a wafer 550 a%ohat@&%%sh% Vafieh ;a0@lRst paRRIdNing ik face, and
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15 wafer holder body 51 de.aiing 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 s¢ that it

20 is vertically movable relative to the wafer helder 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



such as pressurized air is supplied to the inside of the elastic nmenbrane
menber so that the retainer ring 53 is pressed agai nst 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 nmechani smsuch as an air cylinder. The lifting mechani sm
such as an air cylinder 5 connected to thé& drive shaft 55 is operated so as
to nmove the wafer hol der body 51 as a whole to a position close to the
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outside the “afgﬂlgé under a predetermined pressure to the retainer
ring pressurizing mechanism 54, to thereby press the
retainer ring 53 against the polishing surface &1 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 therecf. 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 egual 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 ocuter 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



35 Therefore, excessive or insufficient polishing at the circunferential
edge of the wafer Wcan be prevented. In the above-nentioned conventi onal
waf er holder in which both the wafer and the retainer ring are pressed - 5
under 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 hol der body. Thaf'F%[‘the retainer ring is capabl e of
5 novi ng i ndependently of the wafer hol der body. Mowvenent of the retainer
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Further, in the conventicnal 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 configuraticon in the elastic

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

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

30 and a lowering of vield of wafers.

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

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

amount, the recessed portions are also gradually subjected



waf er surface having raised and recessed portions is 35 polished, the raised
portions are polished in preference to the recessed portions during an
initial period of polishing, but after the raised portions are polished by
a certain anount, the recessed portions are also gradually subjected - 6

to polishing (as well as the raised portions). Therefore, the difference in
hei ght between the raised portions and t e Tecessed portions cannot be
easily reduced. That is, because polishing is conducted by using a
relatively stobt podishdsyi dagolwiedhi ng tae andsadsipomtyongpe alhagiefers.quid
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hard pol i shing _surface conprises a rig waf er hol der body 25 and an elastic

backi ng pad BPiSBedDPY s %Gt Rﬁa]fléhl%lsd’é?fa&?df%%‘d’q FI5%ngaged
w th a waf er ap@-ala veelpghriixidie @mﬁerashaieciarum Adimugitdae elwasidic at:zaa:kl ng
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be polished. ﬁ%ﬂ!&ﬂqﬁg péﬁﬂé d$é§¥5§gglly 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



In view of the above, the present invention has been nmade. 35 In accordance
with the present invention, there is provided a substrate hol di ng appar at us
for holding a substrate and bringing it into contact with a polishing
surface so that the substrate is subjected to polishing by 7 causing

rel ati ve novenent between the substrate and the polishing surface, the
apparatus conprising a substrate holder” de‘y havi ng a substrate hol di ng
side facing the polishing surface and holding a substrate on the substrate
5 hol di ng si deuwidan mreshadiiegs movenemt dyrlatdan furenshetvatr and xigeh vy

secured to t%ﬁil&%ﬂ&t&fﬁ%r £0dYa s fahﬁ:ls VA o Al Sidles the

retainer ring being arranged to surroun an outer periphery of the
substrate helP®lsiexn Hf@diéd&‘ﬁ%ﬁ @ Wt rHot P S diHats 19 ﬁ%‘%%ﬁ%e‘%h?l ng

engages 10 Wigdh it il 41 e Said a1 dadh al | st s e csrhetwb@m@atﬁat@s t he
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surface engagamg:cwrtct] dheowtdst pax toletyl OF the sehbhtrate dlmbddiey bimdy In
accordance w t t i nv i t

provi ded a substrat e{]%olf%fc%fa%%% a%lﬁsﬁggéet\%l g%’t%@%ead{h? glIﬁiggrerrbr ane
whi ch co¥@r s wiié éie reelishingesoffaer Bybsathl eou‘whd%tpﬁa@ aPURSEBAPRi ses a

substrate Suwrﬂhé'Mﬁﬂh&e&'&éh&b%tépﬁ%fﬁf@ct@dranﬂ@@ to be
seal ingly enga ed with t e substrate to be 25_hel d by the substrate_hol di ng

appar at us, Frake HP%l deB aPORE b3 rPERE F61Y| 97 cobh et iR FRE R EHRY
substrate smm;& twi ¢ 0a atienb hené Ukst 184 copd sibte boalyt 86 ¢ hahc Budingd

pressure chanpe s de |ne t he ubstra hol de od exible sea
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fluid pr GaSSum’rcrham‘lmnrfsceaofahlyedsmbsbea’selle@lalerslIyodpntneccﬂeﬂlne a
pressurized féiﬂfﬁ 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 covers the entire
surface of the substrate, the apparatus comprises a
substrate support ring provided in the inner space and
arranged to be sealingly engaged with the substrate to be
25 held by the substrate holding apparatus, and a flexible
seal member sealingly connected between the substrate
support ring and the substrate holder body so that a fluid
pressure chamber is defined by the substrate holder body,
the flexible seal member and the substrate engaged with the
30 substrate support ring. The fluid pressure chamber is
arranged to be selectively connected to a pressurized fluid
source Or a vacuum source.
These substrate holding apparatuses eliminate a
relative movement between the retainer ring and the wafer
35 holder body whereby the behavior of the retainer ring can
be stabilized during polishing. A substrate is held on the
fluid pressure chamber so that the substrate can follow

undulaticns on a polishing surface.



source or a vacuum source. These substrate hol di ng apparatuses elimnate a
rel ati ve novenent between the retainer ring and the wafer 35 hol der body
wher eby the behavior of the retainer ring can be stabilized during
polishing. A substrate is held on the fluid pressure chanber so that the
substrate can follow wundul ations on a poljshing surface. - 8 In accordance
with a further aspect of the present |nvéht|on there is provided a
pol i shing apparatus including a substrate holdlng apparatus as stated
above. Further, inlacescezdeacs witinet Aurthspeespsertt RE $her Py@gment

i nvention, tRRL8niY OB, 0\inded asswvlate@ ROl RishA n P RRY R sCONPri sing a
first pollshlng tabl e having a hard _palishing surface and a substrate

hol di ng appa%&?&éldflﬁ‘tg h SPSE ad & BiIvdtdiRce 2RRA TR HUT ATy SHG9% ARBift-act with

the hard polishi ng’uiﬁthfe&(;e 1nT|aec$)t¢ﬂ$1hl‘c@t eulwl dind@ happ afsaleds J:L‘f ommrl ses a

substrate hol der d av n strate 5| d f.aci.n ol | Shl ng
surface ahd RGFEER Pat e'ﬂ(?rlr-et HE I Pgﬁ Sﬁ:d:asﬁ dérJ
nmenbr ane prappdeaUM$1dumgnmsmnaweﬂmﬂshlnpkmahang ﬂdhienﬂﬁﬁungea Hmﬂmer

body, the ne n3ng gl%gl f%%%osantde s%rub%c&sd%ﬁhori(a %}S’Jttﬂ‘gs ?‘kgrsoutsi de

surfaces, th s de sUrTace cooperatlng W sur trate
hol der body mlddelfg rfe sarbfstuiad: epragsls (e nelianeb et tlcslt\mmﬂnt@dtl Wikipridssure

is applied, do'ﬂo%siﬁr PGS n@‘h"é téﬁﬂé’t@:a’%‘ébfi{dlﬁl%% hedth e ddre

substrate hoI body. The hard polishing 20 surface or ‘exanple, a

nodul us 9 cSﬁﬁ‘tPé%e@n aofsuiﬁtefaqﬁ?élqlﬂ?&M)ha&l%@e SUhF IR e appar at us,
a substrate h%ldh.@ﬂgj Oid Fadildd dHy grsllirsh ichprigrradd Ghd m@mﬂig ed with a

the. Substr at & PAFHA G trtfu I oh T LD s i LA AR g 1o
pol i shi ng operatiicted 'Bhe ﬂld)siu‘tfstte:amd islidigh@ppateatafs ey dubsdtweate ncl ude
Cor of smal 1 P et ooy aibaitie R BT ST RS i rsr
pol i shi ny5 t abne:1ufienas ubystirde ear®D i sligte tmlisfacsasa.r rdrg echsiutsh suafacde
substrate ho@%@bé%%hﬁng with a surface of the substrate holder body to
define a fliuid 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 pelishing surface
which is softer (or of smaller elastic module} than the
hard polishing of the first polishing table. The substrate
30 holder bedy is arranged such that the substrate holder body
helds 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 pelishing 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.



hol ds 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 |l ess scratch marks can
be obtained. This polishing apparatus may e nmodified as follows. - 9 In
stead of the nenbrane which covers the entire surface of the substrate, the
appar at us cofpr ssegda ofulisier aegbsapeowhichi cgversyittied enrt ittee sumferces pdce
and arranged li.nglyy, e it - Str the 5
substrate hoF %ngﬁggggggfﬁthghgggg Ig&%bPﬁﬁggg%%%eﬁbgp%Sgggﬁghgﬁ$gggﬁhected
bet ween t he &dbst PFOFidgspdint thiengnaed sprees @pst parangsiddée bedy so that a

fFluid pressuk@qhadier enghddef Wigs Bnd @%b%ht%ttrea_tt%hl‘&g #RL DY tHe

flexi ble seal _nenber and the substrate engaged with the substrate support
10 ring. The SMPFitFadee $O49E Nch ARS8 ARG Ed flGX oSS58 WemPedonnect ed
to a pressuriszed ihlguiyd caouete e@ bR twWetU tHeS Gted rathe shgpRaal gy her

obj ects, features an dvant.ages .of. t he present J.nvention wll be ar ent
from 15 t he e BHNST AR A EF e 50 Sraing Appauar Aot Tn
connecti on wiitsh dielfd naaic duypaing regrbchtaw tregho 1dBR Ele dDESCRIePTH1E iGR T Hdeal

DRAW NGS Fi g i I itudj ctl Vi of ﬁHQﬁ{r e

appar at us acénggn&e%g néioa el% erﬁg%% r?élg{%%leﬁlowﬁ’qu ﬁ%laepr esen El|actneven |pgdr{'1.)chi g.
2 is a | bhgi migignal Thectfilonal pressstowihagnbiesis eramand dice Uvol ding
apparatus of dehctlJedOReiidtea o $richshnlionl tidlnlsciadd aalg vi ew of

a substrate hol ding apparatus according'to a second 25 enbodi ment of the
present i nveMAHHM FAPTEA is a bottom view of an exanple of a retainer

ring having groovegHeOrHmeE iy el thdr atsjddtey edeatuticd AR IS a
cross-sectl Ora]:l%ilva\gt%\lg;’est %I%enth%! Opr}.ges:[er}let ilnlv%%tpi\-o% Iwr}_l@ %e 4aAf>'pa3:ent from

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

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

20 of the present invention.

Fig. 2 is a longitudinal sectional view showing how
the substrate holding apparatus of Fig. 1 is operated.

Fig. 3 is a longitudinal sectional view of a
substrate holding apparatus according to a second

25 embodiment of the present invention.

Fig. 4A is a bottom view of an example of a retainer
ring having grooves formed on a lower surface thereof.

Fig. 4B 1s a cross-sectional view, taken along the
line A-A in Fig. 4A.

30 Fig. H5A 1is a bottom view of another example c¢f a
retainer ring having grooves formed on a lower surface
thereof.

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

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

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



30 Fig. 5Ais a bottomview of another exanple of a retainer ring having
grooves forned on a |lower surface thereof. Fig. 5B is a cross-sectional
view, taken along the Iline A-Ain Fig. 5A. 35 Fig. 6A is a bottomview of a
further exanple of a retainer ring having grooves forned on a | ower surface
thereof. Fig. 6B is a cross-sectional view, taken along the - 10 - line A-A
in Fig. 6A. Fig. 7 is a |longitudinal sectl%nal view of a substrate hol di ng
apparatus according to third enbodi nent of the present invention. 5 Fig. 8
is a schematitnei awAshowFag.akaentire structure of a polishing apparatus

incl uding the SUbS%EQFe7 EQ'Q'EBnSEE B3hds 8%c%%8§a11v58w pefpd- 9 1s a

| ongi t udi nal section vi ew of strate I ng apparatus according to a
fourth 10 efBbdimatne bplﬂhégpﬂ@@éﬁﬁtuﬁvéﬁppéﬁlngl@0 toird gmbedisent ew of

t he substratgfhehglBgesgggaﬁgbgstqgnFlg 9. Fig. 11 is a | ongitudinal
sectional view show ng how the substrate holding apparatus of Fig. 9 is

operated.? 15 Fig. T[29is8alscRefabrPaliiewiRBwSREYaRIeARi FBLiZEr ucture of a
pol i shi ng apaakabu&rbnekuei@glhe@ls@bsb@a&etuboﬁdbagda@@a&@busuektﬁaxé 9 to
11. Fig. 13 s g,g an V|ewto shlqg pBaratus which 1is suitably used
for two-stagBOpBitPehPREG H§|R§ H@SZO sifstrate hol di ng apparatus of the
present invention. FEgg. 914si s aoaguemﬂnmallBbasubaaﬂonieh afcanventi onal

substrate holdi0g ARaALaLUs I G Bl Ll Bigseyre o gouannl i ed Lo a vafer

so as to pres he “waf er “agai’ns |ng su ace dthe fluid
pressurel@s amb@damemﬁe@f25hﬁoQaaﬂﬁnm Aaventignso as to press t he retainer

ring against the pg ?'Sﬁbngser%%Q%ompEIéth@ PRaCRLBEL PN +&F nbila 1 hlyVENTI ON
Her ei nbel ow, descripfion is nade with regard
apparatus of Fig. 9.

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

15 Fig. 12 is a schematic view showing an entire
structure of a polishing apparatus including the substrate
holding apparatus of Figs. 9 to 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 is made with regard to
embodiments of the present invention, with reference to

30 Figs. 1 to 13.

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

35 holding apparatus of Fig. 1 is operated.

The substrate holding apparatus 1 is adapted to hold
a substrate or, in this embodiment, a semiconductor wafer W
to be polished and press the wafer against a polishing



enbodi nents 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 enbodinment of the present invention. Fig. 2 is a

| ongi tudi nal sectional view showi ng how the substrate 35 hol di ng apparatus
of Fig. 1 is operated. The substrate hol ding apparatus 1 is adapted to hold
a substrate or, in this enbodinent, a sentéonductor wafer W to be pol i shed
and press the waf er agai nst a polishing - 11 surface of a polishing table.
As shown in Bugfate tifea poisishing Helbdieng dppabatos icofpgi.sés dhdi sh-1i ke

waf er hol de df al ngry ol fixed to
t he wafer F&g %o% %‘dl@ﬁ'gl%v&?)gra h?ﬁ‘éz @gﬁi%% |§ltl%g1dg 0 gﬁn%rerl al
havi ng hi gh beddggt Fﬁ’OéFIYd 2nidgf indingi @ing ymn§ﬁfcl$Péi§eaaﬁi€t & rat@iaederd®mx, 3 and

conprises a rqkbeulds t@:%oﬁfaf@ra%%l%ra%di & rcw&feew@elrahm\war RRYdy o 2B
ext endi ng downward from the upper. pl ate reta| ner ring 3 isfixed to

a |l ower ehd &f MREC1®Lid AFHE &Ht PAV IR Ihlﬁ@r tsltgﬁ’ng R PS8 ner ring 3
is made of Q'Zfllgﬁﬁlllt‘yﬁﬁtsﬁifdtﬂad"lavhfeg:am @G d iagicdiriayhid,t asafmwd&lpxtiesemtaed t hat

th tai A d t [ fe | d dy 2.
The wa or hoFaerbady SPRRTI FIRES APni 3 (g SR TER R SRR ks 1 or
cont ai ni ng aaBeIeasﬂelrmMm}oanmaq:d eﬁmbrrartl'rel agiper paEdrearyd .sufa ti ng rrenber
5in a gener%l nfﬂ'qlredn J(}rl edThc% %J aJ%téJeg E%t roqsn %upportl ng menber 5

hol ds an outer CII‘CU lon of t rane4 A flexible
sheet 6 h@&de %ﬁ@mf@wﬁl@mﬂirlarwr@@feﬂ%ndﬁﬂﬁetr\ﬁé@iﬂ% rdHigst3 clsrenbr ane

suppor i ng ey 3 ANLJihe A 0L RO W ch rAdlalind CharDe G Ravi o a

seal abl e structure is forned t he waf er hol der the el astic

menbr ane 4, Ofe PAt@4 Hill'@tsﬁé@( I@tzﬂ?d‘% Gifge3 Wfb&é%mq%émww der
body Each ofyitthe t@i@&&a@ﬁidmgxrm and the flexible sheet 6 is forned

froma rubber material EEP‘ (Je t 3%§$n th .and durablllty such
as an ethyl ene propyl%t@ %% cgr % itner

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

20 extends bhetween the elastic membrane supporting member 5
and the wafer holder body 2. A f£luid 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. FEach of the elastic

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

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

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

For insuring high polishing performance, it is



rubber or a silicone rubber. A pressurized fluid such as pressurized air is
supplied to the fluid chanber 8 through 30 a fluid passage 10 conprising a
tube and a connector. The pressure of pressurized fluid supplied to the
fluid chanber 8 can be varied by neans of a regulator. A slight gap is
formed between an outer circunferential surface of the elastic nenbrane 4,
and the wafer hol der body 2 and the 35 refdiner ring 3. The el astic menbrane
4 and the elastic nenbrane supporting nenber 5 are vertically novable
relative to tlrefiwafrerd hod derrnbdthe Zlanidl tdbembetmihdry nisighB.arFerlasisiur i ng

hi gh pol i shi ' fer f t d chamber
8 by using aﬁgn%g:;anl%(r:%n gbrﬂzﬁnleé }sm-blidzﬁ %qgteenb%g%\%% q{%weé\%ﬂ%e el astic
menbr ane 4 maEmRGENSe L@y Ot thee Waserandhythse V{ﬂffeﬂgéé!lﬁib)be diregeed & act
with the fluigd.rJMhendfie: &l %&Iﬂﬁl ﬂ“ﬂ?éﬂirlaﬁei 4 JHen e L@fé&ti@%éd\%&éh@mer

is formed by the wafer _hol der body 2 and the rear surface of the wafer to

be polishedisafchhmaed: sippertisl fhamPes o5 iSuanedtslgHia Y&ifport nenber
12 to the uppgn@ratdiA Ofaddenwfi@iahadtderacd bboghe dvaf¥r uppese end
surface 13a of th opper plate 13 is positioned at a predeterm ned hei ght
and the stop;? 531 e 13 provides a restricting nenber. \Wen the
pressurized fluid ixn s—upﬂi]iad dtodpeer folatwe detanberf ed hehraigista c rrenbrane
4 and the elastic suppor t 5 ve

relative to t ué)poérte e%ewb%% 1HZ}Q prfpﬁrﬁ)ﬁl{ n%t%g‘r)lc%f a%%lgu‘%glpée‘%r en portl on
5a of the elwmsiv rrerﬂbr ammp@mtswgfmble?a fergsyesteprer upbete ehdl

surface 13a ofs thes stopped £Lal SrldiefdiPindd Mdd fiok tdiea doyoves ement of
the el astic merrbrane 4 20 and tﬁpe eI%stlcnnenbrane sup E orting 6’p er 5to a

predet er m ne®¥Hifyel 3 PENEIG PP pread e 1ot 1 HE IRRIPRE a Rl WJ?/ of through-

hol es 14h Isgﬁréagxﬂﬁ&éd\smﬁ&hﬁseé 1LedEBfdrene £ BPPERamge FEFDEERS. | N
this enbodi nent, the ChUCkI ng 25 gl a%gae 14 is fixed to an inner sjde of the

el astic menbrafs tik gHRIRRTIRE nb FOVRVetS RERPEIRRKTMPPTEIRI 14 may be

15 member 5 move as a unit downward relative to the wafer

holder body 2. 1In 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



formed integrally with the el astic nenbrane supporting mnenber 5. A nunber

of spherical recesses 14a are fornmed 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 froma vacuum source, the

el astic nenbrane 4 is deforned al ong the spherical recesses 14a of the
chucking plate 14. That is, the portions df the elastic nenbrane 4
corresponding to the spherical recesses 35 14a of the chucking plate 14 form
suction cupsthadwhéked hbédewabedyWeon Byl owerasanbatbeofcttie telrastlicc

menbr ane 4. I of +s e t yat ok as air
cyl i nders |s€B§o§F§§gE¥s E7e%3%B§E%t%§F%B E%g§@99¥3%§ %e%%a g%@r ﬁ%%'body
2. By operat Lag9theagcebawsr 401619 -t Re sWbgPens NEPARAF CpPEFLLEYEE déwnwar d by

a predeterm ggd; jkangbh +as $howa ichabivdr 3., \éh@n o8 aRRYA! @Rigesure is
applied to the fluid chanber 8, the elastic nmenbrane 5 slﬁglortln menber 5

noves upwar dSEBEEL AR IVERPERe dePRYESc UDHEMS &RFeANERd Yitd thser iSorti on
i? of L he IeI aémb@:anréﬁrzbm@etgz@p@@@@rn@nm?@bﬁtl@lnabut safaga;law%tlatshq@etOpp_ers
thus limt t he upward_nove el ast.i c rting
AP e g L R e T et e Y
the st opper s thuisprdwmided ngr edier upiangt mevieares: thaxfi rtgxearml@(ﬁtlm atgimedweieght W se
posi tion. ?ﬂﬁ%@%t@%&uﬁembe 6o & rt%%g%(ia%‘h%s %ﬁmb'i%‘ﬁ% g {gechani smsuch

as an air cyfli generatin Vari ab pressure and the
st oppersld7 gredgtetmided d@mg@g 15hadd |l§h| tdpes ¢ tappes sprids Pndvd dd asti c

menbr ane suppar tt'ﬂgltlml%?ﬂb%fsn A ANE LRI n Ao

circunferenti al ortion of the mafer can nmechani cal'ly pressed agai nst

the poli shi n@0§t}rtﬂé>@e Ahgar dheh@Actarates wé difaerregged S§ &F ded v e t he
upper plate R\éc@lfantl@% W@ é@'dﬁﬁralliodjyl%(i’ld%r B abiiiey & s hpdde it saiyl 4 he

waf er hol der body 2 are connected r a unlversalﬁéplnt 9. The

uni versal j olVREIPP LS BRERTE SRk p[p(?rr(fuél Sl Gging o
t he wafers hobd:endmdgg ZoMid eco paradd ttineg dlrcdHinateabeing hm;ctrdmquaft 18

and the waf egnem erllcmsd & boc&’owznwa%cf‘td r%cttlo%acg OtOrlll fsr -Ic-:r}.?rc"{{]n'lf/eel[ nat:ui pi nt
portion of the wafer W can be mechanically pressed against
the polishing surface. A wafer holder drive shaft 18 is
provided above the upper plate 2A of the wafer holder body
20 2. The drive shaft 18 and the wafer holder body 2 are
connected through a universal jeint 19.

The universal joint 19 transmits pressure and torgue
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 torgue transmitting
mechanism which transmits rotation of the drive shaft 18 to

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

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

The torque transmitiing mechanism comprises a drive



19 conprises a spherical bearing nechanismwhich permts inclination of the
waf er hol der body 2 and the drive shaft 18 relative to each other and a
torque transmtting nechanismwhich transmts rotation of the drive shaft
18 to 30 the wafer hol der body 2. The spherical bearing mechanism conprises
a spherical recess 18a fornmed at a central portion of a |lower surface of
the drive shaft 18, a spherical recess-2a4formed at a central portion of an
upper surface of the upper plate 2A and a bearing ball 21 nade of 35 a
materi al haviplg lnght dcdmadsEixsadchas e ceriam chafr A6 dedl Fetdasierert he

heri cal : i,cal : t t it
mochant om cobats S00t, bdl)® SRR (iflend RATRS. Kk 2l W RN 1D
18 and a dri@&e cgpablfotofs MaMDNG jveadt i ltlive ngdpdrive die sach A ns

are capabl e Qf, MM MerdiGaldond Adaa %fbsqae%rp;.hem:@%f_@fw,aga ng at
different contact positions, Therefore, a 5 torque of the drive shaft 18 is

surely transfom®@® ©F tihe e Htiderlbody Hr&/ah W HE A T der
body 2 is i pelddtetho IRt ,bRWP|ANAIdDWHen rare wifidy rRgaldl todper atd on of

t he wafer hol der .1 ranged as nentioned above. 10 The wafer holder 1 as a
whol e is noved a‘{Josition for transferring a wafer and the fluid chanber
8 is connected toNext vapimrsoiiree idhmeadh witd fdagat passageerddtion of
Consequently, .as . s ' |.g. e e i ) e.4 | def orned and
hol ds t he \/\/aftgre \W/aro}(r)levlv{]f#e d;‘%/\lgrl éﬁ%%}c%e% ﬁazére“(?)nr%gm{cﬁﬁdqe atboo‘ﬁ'e ef fect of
suction tops formedhe ovafethdioletmssess Mahgflg he otmrgd g pt aresddioni | e

hol ding the ugfier; Miflbe diitn ! 85} £or oI AR 11 URRSe N Uy 1 as a

whole is noved to a position above a polishing table (designated by

ref erence nufETdIeCIRd i igie gTaFaym nigP W Gl iRuaR sithe dekrbd paggadas! &

pol i shing pa®onsEtfustedBf, Wanshdhe fetRigerz, ring a8 €id hesmpressed is
agai nst the polishing surface, to thereby start polishing. An outer

ci rcunf er ent i99% dind thld@dhe Wik hdl cPrbytIIGEelQ‘\é?]éi L3¢RgtRere)t ¢ hat

the wafes Wduwe ol Sepasfted: fsOmidel ovmf@iphiafaiied.along the recesses
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 peolishing 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



25 For polishing the wafer W an air cylinder (designated by reference
nunmeral 33 in Fig. 8) connected to the drive shaft 18 is operated, to
thereby press the retainer ring 3 fixed to the wafer hol der body 2 agai nst
the polishing surface of the polishing table under a 30 predeterm ned
pressure. In this state, the pressurized fluid is supplied under a
predeterm ned pressure to the fluid chanbér-8, to thereby press the wafer W
agai nst the polishing surface of the polishing table. The pressure applied
to the waf er ddsftoribpdliicghifing ip lddjhisieddrss 3 dediined dunfdcdypof the

controlling r i I i tot | 4] nber
8. Thus, t he%&%ﬁ?ﬂo& quﬂegl g In ft ﬁg)dfﬁﬂ:f% ?l%h%#%rfeﬁlsﬂaépﬁ%ﬁ%{ﬁ'

waf er W songgardliesss qfoddiopltdiknsgsaiaf £hamiwadran W-esdiides ables

di stributi Onufﬂrf&%nipﬁﬂi%i% S @k AR SHFBLS Ur e Wiar WViromthe
center to the circunferential’ edge thereof, regardless of the thickness of

the wafer>W This &WgHMes PAURIFHME pdilies MTSF I Q RIbSTante it fB1ak e
vvielf e ?N ﬁ Dﬁfﬁ rﬂ#@iﬂlﬁﬁiﬁigmélﬁagm’rﬁsﬁiffﬁ Sﬂﬁ?ﬂ@'ﬂﬁé levfﬂi%lr twp 18 _
slightly higher t. that appl,jied to tnhe r I.s .applled to the retal ner
ring 3 thr ou@?ﬁlti‘l?ad;ﬁo g%}'fel falngr g V?htglr&ﬂqr% hﬁk}fg B fSCE RS ROt he
waf er Wi s prigssed-heunpeelrishijpre ssurfacubmttaidal ihe egdr tw tdhairadsdde
wafer W 10 e Q ifo ; i Stri-buti can_be .obt ai he

cont i nuousl y-IL_IE';Illlcdr(%gs"lr ?nregs}éé{;% r%dngﬁ%s%len]tﬁé‘g eocil‘{éph;g d\'/va earta\ﬁpttoh%n‘%)flu Igrw'

ci rcunf etéent itlegrdrareon afunhkoretpiesrurd M Friomsiae ¢dre hafartained

Therefore, exGessinifodiy ULl ANlarddl S hdlodditeLige Ut ereidaly edge
of the wafer can be 1I5 prevented. Fig. 3 Is a vertical cross-sectional
view of a sustaTatUIRE dFdRCEpiRIeR st hruridiay 9% e iinenbothdeht of

the present iNWedONchd Wi#ds wIDOMdRIore [ NOEdUEKI 0P| Bl SuA & SeOl

provi ded and a space insjide 20 the e]astic nenbrane sup orthg menber 5 is
enpty. | nst edRPLTRIRDAYITRE t Fer KT st 1t 99, ok Hf%r“étﬁ 5 WP BRigh-
hol es 4hibs foraweshteit he el astic menmbrane 4 in an area between the center

and an outer CIrCL”gfgfﬁglfg éxgéfégbal 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 being closed by the wafer W.

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

body 2 having a rigid construction and the retainer ring 3



t hereof. Therefore, when a negative pressure is applied 25 fromthe vacuum
source through the fluid passage 10 to the fluid chanber 8 for holding the
wafer Won the | ower surface of the elastic nenbrane 4, the wafer Wis held
due to the effect of vacuumforce directly applied through the
t hr ough- hol es 4h. 30 In the wafer hol der 1 in this enbodi nent, during
polishing, as is in the first enbodi ment, 18 pressurized f|UId I's supplied
to the fluid chanber 8 so that a wafer W is pressed agai nst a polishing
surface by the erleas:tjjcralllyenrhanmdew wietrtt itdad. 1tvh meugmch dihes wif em hidlelerenbr ane

¢ 35 belng clgagd by e drar\é/a ridlofdh Crd @s%r%h%gqbdu%cfg%;y to 3,

the retainer ng 3 ected to the wafer havi ng
arigd constﬂlﬂﬁ@m oo lgied tHeslyy @t &iamefoey Mtgtlezedl@s ias prEasuEd 1§emoved by

vertically %Qsltn@eﬁ@ e thalider rihedy 2. MBS, Adangeaie the

pressure applied tothe wafer hol der et?lhz can be utilized as a pressure

for pressinget@dnedt HFIG I iy HExadithdihe pedakdalles bastvaidrer ring 3 is

fixed to theuwaferyi thaderidrathni?, (ozurldaeﬁdlenblne)d@teer@loﬂ athd adi@ad indwovenent
of the retainer ring 3 can be prevent ed. refortnfen t e d| sta e between
the retainer Ty 33 R &1 egiﬁﬁ‘dg 9

constantly mtlmemrmdnrmﬁﬂ minid @Y rarddy taed c’bﬁ:csinaﬁ:eﬁartmaln etd'gis [t |tsm ng of

the outer cirg ere t| 0 fer an Since the
retainer ri n@’a%m; S cfar}1 yco(?]ognttrf{e(%ple“p nflnqlnhl%&\;vafa\gr& l%rle"g&g{/ ag‘ldt he
retainerl®ingb@hlﬂmiyrmnuﬁnﬁiRMRHShﬂngﬂDﬂ|@h&hQqﬁ&ﬂublﬂﬂﬂMﬁﬂnanEdef t he
retainer ri ng,d %Iﬂéjlv} Y @ stahiddged. The wafer hol di ng
pressurizing nmec anlsn1o oating typ e structure follows undulations in
the polishing surf&dédnsitte Iie’rfeal{f@cralﬁié]‘i ¥ ity MeH Y saangsitehid Hde hi gh

rigidity. Corgg@4eniddder thsapehaviny tdiifer etBidedard i1 GthbeStwbin i zed
even on 20 a_hard poljshing surface, to thereby achieve excellent stability

of the poli sl FLIMEAfAd e RS WPhHode i HP¢he N Dpher g 7,

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

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

25 movement of the chucking plate 14 to a predetermined range.
This prevenis 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.



novenent of the elastic nenbrane supporting nenber 5is restricted at a
predeterm ned height, thus limting upward 25 novenent of the chucking plate
14 to a predeterm ned range. This prevents warpage of the wafer held on the
el astic menbrane 4 and a |l owering of product quality such as breakage of
the wafer. Further, by protruding the stoppers 17 by using the cylinder
mechani sm and pressing the el astic 30 nemBrfane supporting nmenber 5 downward
during polishing, the pressure for pressing the wafer Wagai nst the

pol i shing siheses coan ddhersy iied man ;a:qfta]retm aff tthehmaigs Surfrmssriirs of
making it po bl fjc?r%r l r on to
the profile (S)t?hat ﬁg&s%r Qgg@én%b e p%ﬁil f@%%ﬁﬁ@%@e %%%ﬂ own in
Fig. 3 in whirdiatiehd 4 thoiyhithdlies: 4h arBioremmnges mdat bkt ofenbrane 4,

the elastic gREiaNgdh tHag o holds,dhe wafri-Waue ¢or the aatd eote of

vacuum force applied throu h the through-holes 4h. 17 Therefore, there is
no probl et of"af &thdhgel§ riLi)r‘HHI-ﬁqef%%aW tq HEt b i£s i i Gmeibirefe A dlie t o

contact with éd?ﬁlf‘dw(‘dﬂﬂlgfoﬂlh@i i sty id digsking Tﬁuéteeniwnces stability
of uniform I of t he waf er. Fur her for, o“ﬂb 5 wafer W it
i s unnecessar '| 7% e B fréoctneoef ° RIFYY Y REHY the

chucki ng pl atiet Jeéhd chifley eftox ez lddiere manbmmeghppmptrm/g dmemrbmr chutrk i amg

plate 14 an A h St e supporting nmenber 5 in an annul ar
formis neceggggy‘]%dﬁfﬁgg}é4§?%§¥%é?£hom1exanples of retainer rings having
grooves 1Ormed on IFwvEs. stk flaredd tHuwecixanmiips 4 FRIRIET pbFikavergare
bott om vi ews i, dgs rESAh rorE'ﬂ%er Fsh@rfaélé HdreeB. ang £ 94AGBF§%9 5A

cross-sectional views, ta al ong Ines A-A |n Fig. 4A Fi A and
Fi.g. 6A, 15 raxpetk9 ve@ly alFﬁh t?%‘ét@&a‘fﬁp@‘ég At AR TR 4BLngs pI ufidity of

radial groovegs 3arily ( efshaextengi ngR i dr@ &ackal sl £5RA DN 1 dwel] CabREn by an
arrow r) is faornmed on the |lower_ surface of. the retainer ring 3. 20 In the

exanpl e of Fleb]s°n$Aﬂé‘?1leSIEesaApﬁ‘ujr%I]i_'Jc§/ ofA JitdvedP 3PS FHe1ifRd at a
predet er mened-eaiigf et Drd By at i ve

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. 5& and 5B, a plurality of
grooves 3g-2 inclined at a predetermined angle 0 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 retfainer 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 amocunt 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



to the radial directionr is formed on the |ower surface of the retainer
ring 3. In the exanple of Figs. 6A and 6B, a plurality of 25 radial grooves
3g-3 (each extending in the radial direction r) is formed on the |ower
surface of the retainer ring 3. The radial grooves 3g-3 extend from an
outer circunferential edge of the retainer ring 3 to an internediate
position at a slight distance froman innéB 30 circunferential edge of the
retainer ring. Because the retainer ring presses the polishing surface
(such as a pebifelr rgdpadhe @mﬂs‘jsdhetntghsmfa@e aneesubtilee tertta heighower surface
of the retai I5 i fI i.ve 9 GShyr t

snoot hly fl O\%V%I r?lt:t&%glri % grigl 2 i nS| % Q{O%Zmﬁét zlrilla%ér q7r fangllgﬂg%%éoméh ]tcﬁigi anount
of abra3|vetheqMQi¥QMQﬂg(&PEﬂIﬂﬂW@ waf er becones insufficient, leading to

a | owering of unifqrmgt Eo'u&ktte%el%%' 'r%h' '1% Qg U&%sf&%fr%h qrd I%du%@erﬂrﬂg of a
rate of polishi %f Further, the - waf er and polishing surface are

subj ect to hivgths OfcGhen lqv@dl%’g}'fta@ea Br M%rﬁetﬁ&ﬁ@ry H ¥ §iP pBer© | oad on

the polishi ngiapRaLA Uhe AFRAOWH e astat nedrt :Ilsagcwassui%rt&&ﬁﬁlg eguce the
5 width of the l.ower surface of .the retainer rln% o) az m nimze_t he
%I’

effect of thePEdes A& aNTRF o i thdbi nd ™t HELS si Vg |fq]cﬁtij I'n

this case, heeevdnn tdife ﬁHeatlov}im:l’ tdunt aefe tdfe ﬂl-m/va:retﬁjrrfeace:m'fg tie retai ner

ring is reduc are of t r surface of
%pcéa n (F%flcd#ﬁlﬁhr fhe r JFaéhéMi #é%

the retainer n ha aitrer rmng to press the
pol i shi nyo sursftan?exqen caE sxlablr@tamrﬂmmlnajr tnh?éung he: aftmdi;ﬁﬂclﬂft e tiiet he

retainer rin
ring. 15 In %het%g(ri%rs%ﬁﬁ ﬁ\%gontéfﬁse%l%% |nr{§1%d£§46% (#Z%gﬂlﬂie grooves
3g-1 may be MADREF -on Rurthesertharamgm tofof fwear é?tfami@r rrEi’qulIB?wJeIltﬂl S

brought int o y¥mtd Mdde ! hhe R SPHAR S TaLL.1 1Bk 0¥ S raduei®at . the

abrasive liquid snoothly flows into an area inside the retainer ring 20 3,
to thereby sécdt® the supply of abrasive liquid to the
15 In the present invention, as shown in Figs. 4A and 4B,

the grooves 3g-1 may be formed on the lower surface of the
retainer ring 3 which is brought into contact with the
polishing surface. By this arrangement, the abrasive
ligquid smoothly flows into an area inside the retainer ring
20 3, to thereby secure the supply of abrasive liguid to the
wafer, thus preventing a lowering of uniformity in the
polishing of the wafer and a lowering of a rate of
polishing. As shown in Figs. 5A and 5B, the grooves 3g-2
inclined relative to the radial direction may be formed on
25 the lower surface of the retainer ring. The direction of
inclination of the grooves 3g-2 corresponds to a rotation
direction R of the retainer ring 3. This enhances smooth
flow of the abrasive liguid to the wafer. However, when
there is a high possibility of accelerating polishing on a
30 part of the wafer due to oversupply of the abrasive liquid,
the grooves 3g-3 in Figs. 6A and 6B may be formed on the
lower surface of the retainer ring. The grooves 3g-3 do
not extend to the inner circumferential edge of the
retainer ring 3, so as to leave a wall portion for
35 preventing oversupply of the abrasive liquid, thereby
preventing excessive polishing of a part of the wafer while
securing the supply of abrasive liguid to the wafer inside

the retainer ring.



wafer, thus preventing a lowering of uniformty 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 forned on
25 the | ower 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 abra3Pfve liquid to the wafer. However,
when there is a high possibility of accelerating polishing on a 30 part of
the wafer due to ownarcsinen yadfanttagyealmfadinee driogied, 3d-8e igr coypdsai3ged in

Figs. 6A and y orJyed f.ace s e retainer ring.
The grooves ?%I%fq%o Qﬁg‘{n e%erﬁﬁ%%é#%%r@ﬁeﬁlﬁne%% al edge of the
retai ner ringi¥Fcuwgerentodlepdgs afaltiheggratiagmeorigss pridve it gy Veg suppl y

of the abrasiveyiidd trider ebihaPriay eniHdi) GaSS) &Pl ¢ S0 N Qfedn part of
the wafer while securing the su(PpI of abrasive liquid to the wafer inside
t he retainer tlhi%d’.af-erléloiﬁgrﬁﬁ Y a?ﬂ%;’arﬂafﬁ FACHHSE grdvEPBIRSB R Elge ai ned
bel ow. Wen tdfe e B ©xXd efthinfetdigr idinefur fid«< Wi effentéatecdot0dn the
retainer ring, the fol Iﬁ{}_\é\néngjr%%probl ens arise. T is,_when re]ative

rotati on bet w&dMes tHe oqrﬂe?rla‘?‘fbtaﬁfeorbvaq%aé et SR arfyut™t portion

of the outer waflfextunfreriesd | @ntsanf acetloftHdegnuad et , ofvhtilod et a frosnmedt by .

form ng an orjentatio at not ch i e es. co ct with the
groove of thé:j Ornest‘:“;f;l}i}dneer%ntfﬁl’ngE.l Olgct%tnls(%uge}r#‘%&, m}ep%?%vne a?r?%unde tlfl}ger?%# oove at
t he i nnei010 wirmurfereantial «dige of the retairer ring is likely t® becone

worn due to inpagte Jde AiEHAtiMhdl 2t din SSRatialiy, |iabteido cause such

a wear. Further, pronounced noise is even generated due to Inpact when the
orii entati on fasRedimdely chitattd W tPAYTR FHPdVR. VR weBiiTiE Bt t he groove of

t he retainer gddithfipdedendi £y eid esydy gdeavd 103 aave! Lo PigaOn e t19g M nal
end of the groove of the yetainer ri nl_g as. shown in FEig?s. 6A and 6B. The
formation of YredEtHP thidt YT HAC LV He thetareeferi nhreafede
applied 8 naoit aly ywdere hof detie sefcfiner ring can be prevented by

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

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

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

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

{ 25 In the example of Fig. 7, a wafer holder 101
comprises a wafer holder body 102 and a holding plate 103
for holding an upper surface of a substrate to be polished,
such as a semiconductor wafer W. The holding plate 103 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 as those shown in Figs. 1 to 3, but also various wafer holders as |ong as
they are capable of pressing the retainer ring against the polishing
surface. Fig. 7 shows an illustrative exanple of a wafer hol der other than
that shown in Figs. 1 to 3. 25 In the exanple of Fig. 7, a wafer holder 101
conpri ses a wafer hol der body 102 and a hol ding plate 103 for hol di ng an
upper surface of a substrate to be polishéfl, - such as a seniconductor wafer
W The holding plate 103 is made of a material having high rigidity, such
as a ceram cchafbend thass arased eforhalpd iglirsurd aﬂmimia:amm i’ishxamaqjt ed so as

not to be defg { f t he
hol di ng pl ate iﬂggﬂn] n or er%d'tfoesﬂaﬁlodgrpq:d vvafe:E{Non ?}]ﬁq sur algégaeo t he
hol di ng pl at @ P@®k $ida fherhe ivaf g guiie avagpation U f@?amhﬂrdl%&ién

outer Ci rCU”fereraEHH i surdaaan Cﬁurﬁﬂ'e e 6f ot Sy Mﬁ'ﬁiﬁ%@fﬁ%%ﬁ&r
circunferential surface of the wafer holder 101. A chanber Cis forned

bet ween the Wedied fpiiire SvFasr the v@%eert%&rtf‘erew 12 VaHEm 20

T03m for med f“"s‘%t p fﬁrﬁ%m‘“‘y‘“m oS T e back S gﬂml‘p@“ﬁwf”‘eﬁﬁ@?“‘“ =
mfornmed in the ho 0 waf er

evacuating tH& #]%?%%e‘iﬁég oFILE 3 uﬁ'ﬁ(ap thedt :qu W be hel d
on the 5 waf aroa‘lolajllngqlsiﬂfm 1B pulte waotdhel efduggil dd viag uthe dloarmiser | t
shoul d be noted that for separating the wafer W fromthe wafer hol ding
surface 103a of the holding plate 103, a liquid such as pure water is

suppl i ed1fo t he chaithethe Gxanpla ahd exanpl e d’faﬂ%ilg hefld pwatfles Iewealr on t he
| oner  surf acg, xgaéé‘eoﬁ"a{ﬁé n@@fﬁﬁrhéfdé)feﬁéeﬂr@% gd{iest POL shing surface
by an air cylinder for novin waf er holder drlve shaft 18 in a verti cal
dirrecti on. Ttilé?llr%lid?%e'?uﬁﬁ*@e 107 #xvdHy GF bBvaaT 103g- oY drethonat ¢ower 15
surface ther em;mér disppseshspr thtih ta SWEFroLEs deedeiss. The retainer

ring 107 is ind endentl pressed agai nst the (5)0| ishing surface due to the

ef fect of pre'rses e Iél Dr QLRI FITRA STph! 781 tHPERP R 3450%qhe

space 1435 surface thereof is disposed so that it surrounds the wafer.

The retainer ring 107 is independently pressed against the
polishing surface due to the effect of pressure of a
pressurized fluid supplied to a space 143. The space 143
is defined by a lower seal ring 1402 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 l41la

i 25 for pressing the retainer ring 107 and 1lip seals 142a

provided radially inside and outside the retainer ring 1l4la
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



is defined by a | ower seal ring 140A and an upper seal ring 20 1408. The
upper seal ring 140B conprises a ring 141b fixed to a nounting flange
portion 102a of the wafer holder body 102 and lip seals 142b for sealing
spaces between the ring 141b and a nounting flange portion 102a of the
waf er hol der body 102. The | ower seal rin% 140A conprises a ring 14la 25
for pressing the retainer ring 107 and Ii glseal s 142a provided radially
inside and outside the retainer ring 14l1a for sealing spaces between the
ring l4la andadnee nuithy iemfecf*dsanm o tgmrpviER al fg theawafete hoamieradody

102. The retai ner n et ai ner ;’@p% 0;107a
which is vertl% y&ér{so%rajtlﬁ a seconcfI Lféa%d;]ner&ﬁgtﬁényﬁ) %7% f| xed to
t he wafer holmm gmb]vel-ﬂzlwgrli heay ereboidipieime dfatriay. pre detarmised amgle
retainer ringghO7di%e W Moo R NI L1Tq i SGAD D8 JY SSnkrh unders &, d@&' red

pressure. The grooves 103g-3 fornmed 1 n the retainer ring 35 107 are” of
sane typeSas the gfddiesd 3f F i YSSTACTHRY BBEW THAWiRg Etfh@@"?b’é@es

103g- 3 ext ends A dadtdieos r@c&]s@iiyn% %pﬁ@famrﬁ{cﬁﬂgﬂ)@ftﬁ@%ﬁﬁéﬁfaﬁé ring
and ends short. of the radi nner ire heral edge of the -. sane. The

effects of tﬁ?lﬁmﬁpaﬁt? a? th%%esrb%"érbrj‘rlbe%l%bo@e Fhe
connection ngnidm:gjow{esemmas Tdilq:@lmv:BSglm 31 nmytdehédictongd at a
predeternlned a ‘ég% reugtlve to %hf radi al rec%éon Ko 88 shown in
Fig. 5A. 5 Fi'f |ssu FDsEIRREeT AN v?e%%‘ﬁlo% Lt " 25  uct ure of
a polishing atpqa!aiealtus i ncluding the substrate hol d| ng apparatus of Figs. 1

O 2 s Shown in Fil hedfitno Aold SHI 10 JAH A0 N5 Aol olE NOnpad 2

attached to an upper sur ape ereo rovi ded bel ow t :
hal der 1. Thethigugh herelediniversabnietttdl?o tTi!éedfilTl/‘éesﬁfot 188 iarough the

uni ver sal JO'dBnrJ@ctJ&'ethttY@ é:hﬁfé ﬂ—§ndlér §§’“f‘§£é@dtéOatxb@félfrhéﬂiéﬂder 33
fixed to a wafer_hol der f% drive shaft 18 is vertically noved by

he
means 15 of tiHadi32 cyIT’iﬁ%ie‘?r%‘ée shatep}s n%r'?/l‘ﬁ%)r*fh‘éa%\iaYéFoﬁ%‘Pd}éY peags 5
whol e in18 vestigwd &irecylondend3pl essengby hfovieyatherwafeg Bolaxedito the

warf er h0|dera£§q¥ gho gjfnta 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 Rl and a
regulator R2 to a pressurized air source 24. The pressure
of pressurized air supplied to the air cylinder 33 is

35 controlled by the regulator R1l, to thereby adjust the
pressure for pressing the retainer ring 3 against the
polishing pad 31. The pressure of pressurized air supplied
to the fluid chamber 8 is controlled by the regulator R2Z,



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 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 a wafer holder notor 37 fixed to the wafer holder head 32. 25 Therefore,
the rotary cylinder 34 and the drive shaf£418 are rotated as a unit by the
waf er hol der notor 37 through the timng pulley 38, the timng belt 36 and
the timng (ol ltder3Dy tasiiusdr diye motemsainehd opafrare ssoindertite wrhikemaf er

hol der head 3Zai%sHURRY tRA ¥ gafLd 10l der head shaft 39 30 fixedly
supported by a frame (not shown). The air cylinder 33 and the fluid chanber

8 are, respective®, AFRATEMCed I CLFTPPIYe dRZHG R i PTeVIdRslIFRVTe R2
to a pressuritzed il SOUE & atf.e BIE PrassbirasiOfe Ariefsid igeds adupsiddied to

the air cylinder is 35 contrall by t reqgul at.or to thereby adjust
the pressur émf%é’r %g’ree% q‘tlﬁlec-‘ r%i%hleror} :ﬁbe ﬁ%ﬁwg%lepo?fsﬁ?%ﬂl%gd
31. The pressivee afrariessrigeid aupspplozdie t4a0 the fluid chanber 8 is
controlled by the t or et to eby. adj ust. t.he pr e for
pressi ng the wafer IS-\'?L{nggiasi %s%%%helnglé}p%ﬁrtn%%a’d f‘f%d pﬁilla‘:tbr PR 'véaﬁ%%i d
supply nozzl écAGiing prtey ivfteabbven thee Jpordsiurfachl«f 30ie Alabrdsi ve
liquid Qis i Q¢ o e, palk sl s Pad Oy {h h Sy table 30
through the a ré}saﬁ’%esﬂ i qui c};sup% ﬁgngzh%e 40, Scilllrl ?ﬁ s.e%o IS %lgg%ppar at us,
for polidBi ngregitad. Hel diRFathie REFTF Worretelneonerindrd debxet thethe

elastic memyang hofadheoddf et twhded the thel adiiy | taes 33, 1 end 0
oper at ed, tothereb,£r ss. the retainer rlngt}Sfl ed.to the wafer hol der
bady 2 towar dﬂi%‘?‘i%r i b B Lehdto o TR FATPPSE BuppPied to

the fluid chamafety presd htiebyapsess ddweined ethdVpgnl stsing heaposl sbhng pad
br asi ve |1 QUi T SLEE | B 1 it ELE et VB I 1 <Obpr Do rosBre 40 so
as to reflai n Hamel abrlesiatrdsigee dliguid Q is supplied from the abrasive

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 liguid Q between the wafer

surface to be polished (a lower surface of the wafer W) and

20 the peolishing pad 31.

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

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

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

35 obtained continuocusly 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



Q on the polishing pad 31. Thus, polishing is conducted while retaining the
abrasive liquid Q between the wafer surface to be polished (a | ower 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

waf er Wagai nst the polishing pad 31, whi R s applied 25 by neans of
pressurized air supplied to the fluid chanber 8, are adjusted to a desired
l'evel . Duringafer shicag, uduprqmmESEH&e for pressing the retainer ring 3

agai nst the polishi ngth|%agl e{}h ll}g, d Ry d "[Fp%riﬁ %:-}6} §ur yator R1,

and the pressure for pres dgai ns I'ng pad 31
can be vari eddyyede s tdfe tﬂﬁelmﬂé’gmatf@rb]@ ma}Cdimse’tmeﬁ%ﬂ urd ng. poI i shi ng,

by contr ol | i g, s, LSRN SudtPladrandl NI N Ao NG A9 %te he

polishing pad 31 and the pressure for pressingt fer Wagal nst t
pol i shi ng® pa®lte £AMTFGIADIdsH @Qﬁ%ﬁlr‘{%lﬂarwc&ﬁﬁ be 235 g1 ai ned

conti nmuousl %/ | rmﬁtr@ ;ﬁi’(fat\{]dﬁr&%sh%cﬁ@ﬁﬁlﬂlyt hﬁ{[alvlggkﬁl{eh\ﬁfél%éﬁh
circunferentia ortiron o ere ne rirn ou 1 de e war er
Therefore, P@élr’g VOO P X RN f |%{%ﬂ Yol TS HY Ang Cl,OrQ;Q{,ﬁLQPeﬁﬂq a2 edge

of the - 23 -twwailalyefferhrcihecipy evanifattdred hmmrm]e‘ntby ReeTd i Ormnd he
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pol i shi ng pac?ns St bed dbove or
fi xed abt@si \EéquaﬂI |I¢ICE§%PO@TE’I€ cgolbehised padI,‘heJaﬁrUBﬁmJQ:orﬁlmﬁnalx

?\éalltagl Fagglre c%]ﬂ:fﬁ) nanufactured andergé%ﬁg% é}g%poc?onr@plé %p%%r UBA400

xxx-5 and Surfound GO0 YR o turetharl 5980 by '11109 A1 MO Q NSOREGRITEDR can be

used. The SUBAGQDLe Syerd NofO8am, ahnat fpd D@0 0dEe NGO VEY ela €1 £t hs whi ch
conprise fibers " bound by using a urethane resin. The | C 1000 conprises a

singl e | ayer RATHE F EFYARE g9 ulet Hiies WREPHROH £ OLRCETFERtU e and
i ncl udes18 nudess Hodmd® drecessesrate lthdwd®s. formed on a surface thereof.

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

20 comprises the abrasive particles, the binder and pores.
Examplies of abrasive particles include particles of cerium
oxide (CeO;) having an average particle diameter of 0.5 pum
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 peclishing 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



The abrasive plate conprises fixed abrasive particles which are bound by
using a binder and forned into a plate. Polishing is conducted by utilizing
the abrasive particles freed fromthe abrasive plate. The abrasive plate 20
conprises the abrasive particles, the binder and pores. Exanples of
abrasive particles include particles of cerium oxide (CeQ2) having an
average particle dianeter of 0.5 m or Fredd. “As the binder, for exanpl e, an
epoxy resin is used. The abrasive plate provides a hard polishing surface.
25 The abr aspwédighding mayrfieenee iz tused aymerded adtirome tomr éhec groddisdiimg a thin
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polishing surface, especially suitable for a polishing surface having a
nodul us of el*&&t "3H8F -of conpression of 19.6 MPa (200 kg/cnR) or nore. 35

In a conventional wif ahddtifis manBf an ithehelad ean ndv1deackimgneag Hsuted
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kahiing HEdt byl Grie

on the wafer ZVEHP<H vl By Fhe g6 %hitng ; Afsh OIS 24
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transferred d Ct.S. fer. r 0 e .pol J a
mark corres pt(t)l%(ﬁad:fg ﬁélg%/élc&ﬁ?ﬁg%psg{rﬁé Jo‘%ctfdnéee bcaégkibgeg A&?&%ﬁjseéz%%n&g{%n a
rear suri@ce fdiu_idi gmm%racmq hen dIHﬁerrWGiUﬁﬁﬁqeh@_ﬁNdﬂ@r wifeder of the
present | nvaidon dybihinedh anensty il Gt daddd mnane by

utilizing fl pressure, shocks ‘on the wafer due to a undul ati ng
pal i shing suPcddesTEay ReBhvEglanRee 152n e TR Mgt &xime &FT%g on the

rear surface Qfrridihorieiy tdhtse BVQUMRREANR P |l K face deedar d,
hi gh polishing performance can be nmaintgi ned and no mark c rrgéﬁpt%idlll&g to

t he vacuum openi ng B HHied bt R LT BFAHSC i P YR
i nventions simiasy tie fetednerconnected to the wafer holder body, the

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

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

25 The substrate helding 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 peortion 2B. The retainer ring 3 is

made of a resin material having high rigidity. It should



15 ring is fixedly connected to the wafer hol der body, the retainer ring
can be inparted with high rigidity and unstable novenent of the retainer
ring can be suppressed, thereby stabilizing polishing performance. Fig. 9
is a longitudinal sectional view of a 20 substrate hol ding apparatus 1
according to another enbodinment of the present invention. Fig. 10 is a
bottom view of the substrate hol di ng appé afus of Fig. 9. Fig. 11 is a
sectional view showi ng how t he substrate hol ding apparatus of Fig. i's

oper at ed. 25behacdgissttidte @ detdiaffarsiing 3 nNay dfaficdirasd W%raa‘—ly
substrate toyhenpaes RGeS Wl @T dowxonductor wafer, and press the

waf er agai nst a pO|IShIn sur f of, O|IShI table. As shown in Fig. 9,
the substrate hol di't§ Wzi%&i Oaéi b(C%i I%e CEFINESFERE & sh-1i ke
waf er 30 hol dl%lflbl@dyirﬂ ﬂﬂfemlsmcaan ﬂd’meiorstmslﬂ.ra_]’lduﬁ glefsti inemanbigarde 41 xed
to a |l owe th er er bod The waf Ide body 2 js nade
of a mat e$| al nlga\ﬁnng%hmacr‘u" stn?eg“ng't% lnrqé'} ecteyr such &s? ealyﬁetuafy and a
ceranm ¢, anddiskviriksest @i rd&heareltmi;iarc prieartte:m anbo Tl oy miegbesat i Al 35

wal | portion %ﬁﬁxta%n%d%pw L ihe OIpI@fIt etl_?FTAl 1448 § et ai ner

ring 3 is fixed to a |ower circ erent| portion 2B. The
retai ner ringepbizanargde df Blaxnye n%hfeﬁrﬁ d medd mf Aygekagyias tyemdxarsoul d

25 be not ed éﬁt@nédﬂ%éﬁ@éme&héléﬂa&l@m&@oﬁ&{m do8 S B | emb# hs t he
waf er hoI der body 2. The wafer_ hol der body 2 and the retainer ring 3 _define

an i nner18pad@% drrhecd'fﬂ%ﬁrmrﬁgl%?rif 15t i T nehbrldhe! £hapbay &inl %) Hefred
menbr ane suppsf tihkg wefderhdl ddr oginer aldhe ceﬁaleﬁidmnérmfmnérhe etwwstic

menbr ane supparti 5 holds an outer r cunf nt|aI orti of the
ot o monire e e B iR e A, ER el nds
bet ween the daastiz. ne:‘mn.'tarrﬁ strpqooaflamtglcummmnaﬁldm aendittl:teev@leexﬂblbeder

body 2. A fl 0, . 2 stic
nmenbr ane 4, 'tgnh% C{]I ex %%tfﬁgndb%%ﬁﬁ\e}gg%r acce{ﬁ(g) Q?ﬂ%s V\e/a}f(tegfjﬁ&:lger
body 2. Each igf smeemgmtamd iRkl 4y anghigtnead |@Exidtheylene 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 a f£luid passage 10 comprising a
tube and a connector. The pressurized fluid supplied to

20 the fluid chamber 8 flows through through-holes 5h formed
in the elastic membrane supporting member 5 to a rear
surface of the elastic membrane 4, thus applying the
pressure of pressurized fluid to the rear surface of the
elastic membrane 4. The pressure of pressurized fluid

{ 25 supplied to the fluid chamber 8 can be varied by means of a

regulater. 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 s¢ 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



sheet 6 is formed froma rubber material which is excellent 15 in strength
and durability, such as an ethylene propyl ene rubber (EPDM, a polyurethane
rubber or a silicone rubber. A pressurized fluid such as pressurized air is
supplied to the fluid chanber 8 through a fluid passage 10 conprising a
tube and a connector. The pressurized fluid supplied to 20 the fluid chanber
8 flows through through-holes 5h formed- 28 the el astic menbrane supporting
menber 5 to a rear surface of the elastic nmenbrane 4, thus applying the
pressure of mpoddsivedzed fluid to the rear surface of the el astic nmenbrane

4. The pressure of r%%%tbrlla{,e% tgjll’aeq' %51&%%3% ed t0 Jhe r{:hqanber 8 can

be varied by neans o regula t gap i's orne ween an outer
ci r cunf er ent isAIPPRITE e‘!@éﬂhﬁr tlr?e tel ddd dlgmﬂ)rmlrieteﬂf 2hmf the wafer holdry

body 2 and thg4L£tAai nely rd;{tgaﬁ end'& & 1ARld O 3dTRIDrANe b (o1 £Lasii C

menbrane supporting nmenber are 30 vertically novable relative to the wafer

hol der body AsamPsitHenas aﬁtn@r nhede teripgied ﬁm«thg HYH-THo| § EIRBRE
perfornmance, gitaties 1Prddricss t xfesytrﬁltcr&rtd Uhhsd@nbeardh byhdisi ng an

elastic nenbrane as, |n t nbodi rre Y sti.c 35 menbrane 4
T hot be LAt R IO L e R B e R Lt e
fluid. Wien tdimseliastnembrardbrarend titse roltasisies, ménterdrial shmphatbietgi s f or med

by the vl er, gl ders e 2.0 e 10 e 868 8 D geL forbe 26

pol i shed. An ann ar” stopper rou menber 12
to the upper hylaier 20df 3 he I/vafférlﬂ'loirdetranmdyam ummm&d mtmmfﬁ@e 13a

of the stoppefe Nl & ek ©1d %Méﬂé’%ﬁér% 5 tﬂ%%&& @gad the

st opper plate 13 provides a restrictin ssurlzed fluid
is supplied tupnae 04 efather3B, 04 h‘éhe é%%@@%r nekdFane3 4 BMéSthe el astic

menbr ane SUpQLQerﬁiﬂﬂlg N edown WNE RSyt {ooyhues thé €l dthakoiand he waf er
10 hol der body 2. In this jnstance, aqﬁgg er end portion 5a of the elastic

menbr ane suppBtd i e el ie ReRRRRRe UPERT IRRFREY fACE® 13a of the

st opper pbat @prdsietdmtifined 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
14h of each wvacuum portion 14 is open. All the
communication holes 14h join inside the elastic membrane
supporting member 5 and are connected through a tube 11 in
35 the fluid chamber 8 to a vacuum source. When a negative
pressure is applied to the open ends of the communication
holes 14h through the vacuum source, a semiconductor wafer

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



limting the dowmward novenent of the elastic nenbrane 4 and the elastic
menbr ane supporting nmenber 5 to a 15 predeterm ned range. The el astic
menbrane 4 includes a plurality of openings 4a fornmed therein. Vacuum
portions 14 each having a conmunication hole 14h are exposed from the
respective openi ngs 4a. The vacuun1porti02 14 are forned at a central
portion of the elastic nenbrane 20 supporti'ng menber 5. In this enbodi nent,
the vacuum portions 14 are forned integrally with the elastic nenbrane

supporting mekieen 3n FHigevér., AW PLiENEr A€ VARPYT tHoRS IRffberdt 5 may

be formed i Neean RAMA@T fuir &1 o adiek éd&%@%@ R R @iwliudi ng a
plurality of vacuum 25 portions 14 be e ed sq that the chucking
plate is fi PeFBIER%n 4 At 949 dﬁ’%quc%?"éieag%oéyﬁé%ﬁ%%ﬁ’&oﬁqwc%nber

5. As shown iof Fin@g eliGsticyeneoirimg st 4a widenh fidieechfair af icemdlal lﬁfﬁéﬂ' on of
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respecti v% ob’?ﬁ%efz? s Fhow? Th Jﬁflgg' pl;i | c}v%? er a(_% rry?p eﬁ”ﬁﬁ.ﬁ]i cation
hol e 14h of téaclvacaouwumgoriomn 14 bhecapersubdianthieal lgonfiosicatitn e es
14h join insiy rd inghdreier, 5 r onnect ed
t hrough a tubg)%le e %?}ﬂnﬁaéf?w d Ear%er g%g(égnvacuurﬁ'so?rqgeealﬁ&g
negative pr@é@ﬂte 15 sappt iasd & othlma Bdrermeelf iIshattdeehad dari8re hol es

14h through thgAUHEN SO LS @f%m%mnpr?pdﬁﬁfn 1V¥Is% heﬂéﬂt Ofhd he
vacuum portions 14 under vacuum force shown 1 n 9, during

pol i shi n§® t FeBEuERTS tidRPRlieddg grafed thendh otfhea M TSR B ur f ace

of the elastlghedmgnbrane 4 and do not protrude fromthe | ower end surface
of the elastic ne ane Y£U$ ferE¥% 3§peld under_5 v%)uun1force as
shown in Fig. 11, %ﬁup oL sh Lﬁﬁnaﬁﬁﬁﬁ P e ddife
substanti al | mﬁpeusrpl/ueh et Im\erwaemir sy féhecre mjdy hee. el®tsd | &r esrisieanet 4.
éﬂdelsﬁﬂiage (?Trbeeac(% vaééﬁ“ﬂanﬁ%% (lﬁt}% rl%)%?t%‘l%e d%a%/%%% %ﬁehifs LB\[I)Vleired
t he waf et5t hnougrensesl t oint ubber Théhemiversal JOlnt 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 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 22 and a
bearing ball 21 made of a material having high hardness,
such as a ceramic, provided beiween 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 (ncoct 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
torgue of the drive shaft 18 is surely transmitted to the
wafer holder body 2 even when the wafer holder body 2 is

inclined.



A wafer holder drive shaft 18 is provi ded above the wupper plate 2A of the
waf er hol der body 2. The drive shaft 18 and the wafer hol der body 2 are
connected through a 15 universal joint 19. The universal joint 19 transmts
pressure and torque of the drive shaft 18 to the wafer holder body 2 while
permtting inclination of the drive shaft 18 and the wafer hol der body 2
relative to each other. The universal joidf 19 conprises a spherical bearing
20 nmechani sm which permts inclination of the wafer holder body 2 and the
drive shaft 18 rel &eaxte texpdaslatdidrerisande widitquedarahsm tdpemp tniegharf sm

whi ch transmtthber“%faéli q{b]ﬁ{er lhee)g:{ ﬁle%.@;lthl%éﬁf%}ﬁ:é'\’agoe%l d dy 2.

The spheri cal aring mechani sm conprises a spherical recess 18a or med
at a central porti dheoWafenirldan flags of whede dig movgdhftio 18, pPas sy i cal

recess 2a forgRd dlafs £ TR a RAUAd O @k WRSTuSEd 8 Holde 1DPeSs
pl ate 2A and a bearing ball 21 nmade of a material having hi gh hardness,
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pin (not sho fixed t Ih ve shaft. 18 and dr.i p not__shown)
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Ther ef or e, t rely t t he
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Next , exrgnanalxmﬁ @M@lwtmmsefgm@l 19 m&md otrp otfhetfﬂew@fceluarhmneiﬁ 1
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tube 11. Consgepentdya %@rﬁi‘@HWSa Nofi the diast e nahsFra¥ | Supedst pRgt he
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slight paesitipeats eB3uUreoi shappby etold tihe éla&th@ﬁmﬁﬁhiaﬁh supporting

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

20 having a polishing surface (such as a polishing pad). The
wafer W and the retainer ring 3 are then pressed against
the polishing surface, to thereby start polishing. An
outer circumferential edge of the wafer W is held by the
retainer ring 3, s¢ 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 1s 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
fiuid 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



so as to prevent upward novenent of the elastic nenbrane supporting nenber
5 and the vacuum portions 14, and the wupper end portion 5a of the elastic
menbrane supporting nenber 5 engages the upper end surface 13a of the
stopper 15 plate 13, to thereby hold the elastic nenbrane supporting nenber
5 and the vacuum portions 14 at a predetermned position. While holding the
waf er Wunder vacuum force, the wafer hoP8er 1 is noved to a position above
a polishing table (designated by reference nuneral 30 in Fig. 12) 20 having
a polishing surfraspdrslioty ao d&lpoldsiing ped) whitlee thed ef 1Wi/dnarddsareet ai ner

3 t t | [ NG t
ol {'shing. ALS Al AR d Ab Ml SRR At ' R e
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reference nurreral 33 1n Fig. 12) connected to the drive shaf

oper at ed, 5t o Thadr ey, Fiee the RrasiHe 9 gl wld i dedthe ﬁ#ﬁl%ww der

body 2 agai nsts 3hgiedold sdH Nohs1rd asier @icd her pokd skhfer tbl £r ungler a
pr edet er mi ned ressure In this state, the pressurized fluid is suppl i ed

under a predd Bl T AR 1D THEF O (RIP T D T BT R H fJF press t he
waf er W agai rtﬁiljtd‘relng)cﬂcnsdnmgammﬂmm afutieceodf sthagradt e Fihem prlessur e

35 applied to_t W f or shi n usted to.a de evegl by
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indirectly a e remaining portion o Wt hrough”t he
el asti c menbrmelshingpnele elaetiy dcaxipeane abpi$e@1tmt#e%@t%nbe¢h ons of

the wafer W af LrIL OB - réaﬂ'hﬁrféce Sbf1Cend NPaPELSH Uéﬁo@ffldf{h'é doﬂ;é‘nix'?@sfhé“ d
chanber 8 is applied to an entire surface of the wafer W Is possible

to obtain a Ui fhak prRRSRIrES P2k s TRt I BRLY RO b%?]i‘%%?n%faElP%ss an entire
surface 9t therawderi Wdremidecregnties £ouideckamesnt ereat tké edgeisber eof,

regardless of 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 ocutside the wafer W is pressed
20 under a pressure substantially equal to that of the wafer W.
Therefore, a uniform pressure distribution can be obtained
continuously across an area from the center of the wafer W
to an outer circumferential portion of the retainer ring 3
outside the wafer W. Therefore, excessive or insufficient
{ 25 polishing at the circumferential edge of the wafer W can be
prevented.
In the wafer holder shown in Figs. 9 to 11, the
retainer ring 3 is fixedly connected to the wafer holder
body 2 having a rigid construciion 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 beody 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



10 the thickness of the wafer W This enables uniform polishing of the
entire surface of the wafer W During polishing, the elastic nenbrane 4 is
inintimate contact wth the rear surface of the wafer Waround the
openings 4a, so that there is substantially no | eakage of the 15
pressurized fluid fromthe fluid chanber g to the outside. During
polishing, the pressure substantially equ Pt or slightly higher than that
applied to the wafer Wis applied to the retalner ring 3 through the air
cylinder, soanghsgtablidigd iighithe Relisddnsutedi ddea g aringumteramsisiatl 20

under a presi,g&el%qufaqtﬂealv}atféqqﬁlcatlp ddanRfrddre wafer W Therefore, a
uni form presSure distribution can be obtained continuously across an area

fromthe center of tREWdE TWEA G Tdtder® & ddmeHentGling50iad oiP diPe he
retainer ringa¥erotosiade tthmy/vaj erendy rheriefdar esimxcaasine mpaﬂsed fuctient

25 polishing _at the circu i al of the wafer Wcan b event ed.
In the wafer hﬁ&*’d&l%ﬁ{de ‘f%é t@?e}tag’ )ﬂ G &GSy |]?'an93 (#%rjfri‘%edl y
connect ed t o piohd stefrer deol dey sﬁnhh&ikéﬁﬂnrmpeawaipxihnﬁ&inmctlon and the
retainer rin \V | der
body 2. By t%rs S%’%rlgﬁzle%e% &Hm pr eﬁu%)eflaoggp e(%ltltﬁciJ é’dﬂ%# V\chgi ody
2 can be uti Iunziedaa:sual p?rﬁas‘l@m @qlptshlptgas%mfgaqmem@tcbﬁ ridre rn‘m*ga@elt:urt her,
because the el AlRECH |11 &dt?lé'd&?tfl Hds trtfﬂq/gé er @&sﬂyecélcan Yo

undesirabl e I at er al (or radi al ) novenent of ret al ner ring
prevent el ThH&eefAE ViR of sththcee betiRer it atle rrabihi el PR hen

ci rcunferent '@'ha&dﬂgnd)ﬁléﬁ'hﬁl g WAiefasdlf feser e e £ansdantdycdn némi zed, and
uniformty - 30.  an |I|ty in the ollshlnﬁggf the outer circunferential

partion of tfdaRdert v tantte RsIFRY S Gt ainer ring 3 is fixedly

connected to the mfeerogualidays bmlyazze ﬁdrenerdat:at Nete reé s 6 tkenbirges t £d
with 5 high_ri |ty and the behavi o the r talner
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the retainerdue to the effect of vacuum force applied through the
communication holes 14h connected to the vacuum source.
That is, the vacuum peortions 14 directly hold the wafer W
due to the effect of vacuum force. Therefore, there is no

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

Fig. 12 is a cross-sectional view showing an entire
i 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 c¢ylinder 33, thereby moving the wafer holder 1

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

The drive shaft 18 is connected to a rotary cylinder



ring which is stable and has high rigidity. Consequently, 10 the behavior of
the retainer ring can be stabilized even on a hard polishing surface, to

t hereby achi eve excellent stability of the polishing of the wafer. The
openings 4a are formed in the elastic nenbrane 4 and the vacuum portions 14
havi ng the conmuni cati on holes 15 14h are provided in the openings 4a. The
wafer Wis held due to the effect of vaeu@h force applied through the

conmmruni cation holes 14h connected to the vacuum source. That is, the vacuum

gﬁrt i ]gns 14t %ie;r e;qiﬂdﬁdmlad )idiﬁd(\/b?ftersh%r?uteht’lme% %t@fﬂye@yl@cndéﬁzbﬂﬂ’ntl‘fhﬁ Ge.
erefore ere is e o r e e i ¢ ,menbrane W a
suction cup- 3K cﬁ’tﬁ 23( g’rpue d:ré31 %1#‘8 LG of the

el asti c nenbrararebf s ulﬂie ktelln)irtg) pddey, 0 ﬂslmionrradﬂydntﬂy:ough tahe

pol | shi ng_ of Mafeles LAN: bes SLAD Y iRl Aoy, Heblrdidd § 2 BhgRs:seetional

vi ew show ng an e cture a polis |ng apparatus I hel udi ng t he
substrateS ha dﬂaibalarlpblrtmmsmﬁoﬂ:l?g%.flgietd) ko, this wafman Holdsng held] 32 he

polishing ta | @gg t4 achfd rfgce
[¥H%£g%tn%id e|OMl e vvaferrﬁ?zl“ﬂa:)t‘ia EH%'F%Q'maferzig

thereof and is provi hol der 1. er 1is

connect ed t o &%t TRiaeed g ta ﬂHll? Ho gt L emiherdan i 30 thppughi ve

shaft 18 is wgpneGiady tpulhsey aidg, cyld nﬂﬁh:;’@ dd ke d i Wafeert el glgr  head
32. The drive shaft 18 i's vertical l means . of _ t he alr Ilnder 33,
t her eby novi MPHRY vt erthottferey S%/O%tea W%I"éﬁﬁerf: P clad %6”(?%‘?1’: and

pressi ngibhe hoklat negad i 3@ 3= fsu@sbitoed ey vmfv&rfémlrdﬂrddmd;eéﬁ ageafst3ot he
polishing table 3 The drive.shaft 8 | S onne fo arotary cylinder -
31 34 througﬁl‘ll’%lecgle‘g/ ?IH%QOJ%% SSY al'he FOt ary y cycrf%wcfé) 34 has a timng
pul ey 35 on an outBre cixwieirelny &3 sand ddee #herdofhantesr t8 M. pul ley 35
omnonros oo MEALER L] TR e o BARMER PRI EL LS )
Therefore, tHHegwiakgr cB2irrier Buessrizrd ity esSalnge 21‘8 arke rpEes¥Eras a
unit by the viad gfrdobdel 8@t QI r SFup M PPNt the air cylinder 33 is
controlled by the regulator R1l, to thereby adjust the
pressure for pressing the retainer ring 3 against the
polishing pad 31. The pressure of pressurized air supplied
to the fluid chamber 8 is controlled by the regulator R2,
20 to thereby adjust the pressure for pressing the wafer W
against the polishing pad 31. The communication holes 14h
of the vacuum portions 14 are connected through a valve V
to a vacuum source 25 such as a vacuum pump.
An abrasive liquild 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 ligquid 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 wvacuum source 25, to thereby
apply a vacuum force to the wafer W for holding the wafer W
on the wvacuum portions 14. For polishing, the vacuum force
applied to the wafer W through the vacuum portions 14 is
released and, while holding the wafer W on the lower end
35 surface of the elastic membrane 4 of the wafer holder 1,
the air cylinder 33 is operated, to thereby press the
retainer ring 3 fixed to the wafer holder body 2 toward the
polishing table 30, and pressurized air is supplied to the



the timng pulley 38, the timng belt 36 and the timng pulley 35, to
thereby rotate the wafer holder 1. The wafer 10 hol der head 32 is supported
by a wafer hol der head shaft 39 fixedly supported by a frame (not shown).
The air cylinder 33 and the fluid chanber 8 are, respectively, connected
through a regulator Rl and a regulator R2 to a pressurized air source 24.
The pressure 15 of pressurized air supplié@ to the air cylinder 33 is
controlled by the regulator RlL, to thereby adjust the pressure for pressing
t he retai ner Alivigl Tragdasts t heo t{poddeiy Nniyregpad e wEtepressygimsf the
pressurized air..s | i ed t fl.ui .S, .C r ed by the

regul at or R2,p°Jf(f$§1 9 ﬁ)ear(%agsyl 20311 utl‘srf%t Ogm%qﬁjreted of C){)Hr’e;\)"lslll‘lncgght e wafer W
agai nst the puitatiing pdih 3he Therenrimn cdiliormbsd sisvel Jhigwid thelsyacuum

porti ons 14 ag, ponnechash LHOUA 2 Ml VELAG1d G/ REWHY ST 25 suichy as a

vacuum punp. An abrasive liquid supply nozzle 40 1's "provided above 25 the
pol i shi ng®t aBleEadgr e Aheaivee |1 @ i sUppIReH st D B3tk bl | sSHWR. pad
31 on the poldshidfidabie hdds@ahvnine abrasi ey |11 b saly Nogzlie 40.
In this polishing apparatus, for transferring the wafer W_the

comuni cat i or® rﬂﬂg%%‘f%hhtllﬁ HHE T R PortS Pyt sedr 62 CHWRMI CEERRCS t h

t he vacuum s@f cthe?Svaftexr therany appl po B staciymdorse, to the wafer Wfor
hol di ng t he wafer \%( on the . vacuum.portions 1 For ]Sol i shi t he vacuum

4,
force applied to tHF RS S odih e VHUTH P AT BHE A4-1% T dheed
and, whille hotidia3 tdwpived terti apot hehilmyvepadendll 350sicl ace afpliedel astic

mb 4 of f . i ¥ '
Thereby press i indf e MLy naot Sady T L Bpe ol OPSE B0 lss L
the polishirghe atend! a0ripststhe i pebishing padiphl i eshich the appRied| i d

chanber 8, to,¢ hgdshy &f%ﬁeéé\?rﬂ@é&raﬂaﬁﬁ%ﬁfie&h@o 204 1 81019 PRsSdr 08, the
polishing tabl'e 30, which is rotati n‘gélm e other hand, the abrasive

liquid Qis IHALHEEION? R ABFRESYLTLi d RUPHIY PRYLFRING. sthas to 5
retain the ahyasiserd i gwik e onindetpsl rshingePagind. 3 THG@insPothehing is
conduct ed “hiééi{§ﬁf%§i£§ht§f ggﬁagévgééléﬁnﬁ§ means of the regulator R1,
and the pressure for pressing the wafer W against the
polishing pad 31 can be varied by means of the regulator R2Z.
Conseqguently, during polishing, by contreolling the pressure
20 for pressing the retainer ring 3 against the polishing pad
31 and the pressure for pressing the wafer W against the
polishing pad 31, a uniform pressure distribution can be
obtained continucusly across an area from the center of the
wafer W to an outer circumferential portion of the retainer
( 25 ring 3 outside the wafer W. Therefore, excessive or
insufficient polishing at the circumferential edge of the
wafer W can be prevented.
In this embodiment, the polishing surface formed on
the polishing table may be prepared by a polishing pad such
30 as that described above or fixed abrasives. As the
polishing pad, various commercially available polishing
pads, for example, SUBA8(C0O, IC-1000 and IC-1000/SUBA400 (a
two-layered cloth) manufactured and sold by Rodel, Inc.,
and Surfin xxx-5 and Surfin 000 manufactured and sold by
35 FUJIMI INCORPORATED can be used. The SUBA800, Surfin xxx-5
and Surfin 000 are non-woven cloths which comprise fibers
bound by using a urethane resin. The IC-1000 comprises a

single layer of hard, foamed polyurethane, which has a



Q between the wafer surface to be polished (a | ower surface of the wafer W
and the polishing pad 31. For polishing, the pressure for pressing the
retainer 10 ring 3 against the polishing pad 31, which is applied through
the air cylinder 33, and the pressure for pressing the wafer Wagainst the
polishing pad 31, which is applied by neans of pressurized air supplied to
the fluid chanber 8, are adjusted to a desired |evel. During polishing, the
15 pressure for pressing the retainer ring 3 against the polishing pad 31
can be vari edbdypueanisroitihe ardulatbnded, a mumdbéheoprssereetesspsessi ng

the wafer W i tfé£mé?pg$i§rgﬁgkggg §&%£ggfbe vari ed by neans of the

regul ator R2. nsequently, during polishing, by controlling the pressure
20 for pressing thefhetfized FPTREBVegaComRPrides ppaFshehegs padicl3l1asad t he

pressure for pLessipg &an%ﬂ$eﬁiﬂﬁéﬁaaﬂatféfﬁeap9h£§h5n919e9.31po@i§ﬂ&£9rn1
pressure distribution can be obtained continuously across an area fromthe
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SUBA800, Surf 1n xxx- Surf in 000 are non-woven cloths which conprise
fibers bounda®yasivag genrtehietPEGRHA. 1Mhe ACliebolébAppLags andsmayl e

llayer of hardyaf@ageehpolyyeptiageruvhhel Bampisidd aPehoHS18yEHChHEre and
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particles freﬁgefégg%gb%entioned 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 pelishing surface,
20 especially suitable for a polishing surface having a
modulus of elasticity of compression of 19.6 MPa (200
kg/cmz) 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 suxrface to
be polished. Further, a mark corresponding to a vacuum
30 opening of the backing pad is formed on a rear surface of
the wafer.
On the other hand, in the wafer holder of this
embodiment in which a wafer is held on an elastic membrane
by utilizing fluid pressure, shocks on the wafer due to a
35 hard, undulating polishing surface can be absorbed by the
fluid pressure acting on the rear surface of the wafer.
Thus, even when the polishing surface is hard, high

polishing performance can be maintained and no mark



abrasive plate. The abrasive plate conprises the abrasive particles, the
bi nder and pores. Exanples of abrasive particles include particles of
cerium oxi de (Ce@) having an average particle diameter of 0.5 mor |ess.
As the 10 binder, for exanple, an epoxy resin is used. The fixed abrasives
provi des a hard polishing surface. The fixed abrasives generally forned
into a disk-like plate and nay have a twd? ayered structure conprising a
thin layer of fixed abrasive particles and an el astic polishing pad 15
adhered to adoowmsmirdbing tdhetHd xeatwbr sopereiiparis diemmed ©re the wafer.

above-nentioned | CTC%}}Q%@E S%§r@¥1%eént%dl%&§0|él§{?@%héLfé%eg%ﬂ@f er

hol der of this enbodinent is suit use wt | i shing nmenb
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undul ating pols Sﬂké‘%ﬁé’éé&@el&@é‘n@foﬁb@r(@ed e theret | Mb fadF 638 YER acting
on the rear surface of the wafer. _Thus, even when the polishing surface is

hard, high poIdhiagIHesF oFRAPE oL AR PRI HBFHER] N2kl aFREH oCoRARC L ing

correspondi ngeigal ho VaShiNg OPENERY W§fé@r@iedaOpolb§nm¢;egsad Whiéheis in
this enbodi nent, since the r&t i ner 'Qf edly con ec#ed to_t he, wafer
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unstabl e15 held by the wafer holder of the present invention. It
should be noted that "soft” means having a low modulus of
elasticity.
Fig. 13 is a plan view of a polishing apparatus which
is suitably used for the above-mentioned two-stage
20 polishing by using the wafer holder of the present
invention. The polishing apparatus of Fig. 13 comprises
two polishing tables 30. An abrasive plate or fixed
abrasive polishing tool 29 is attached to one polishing
table 30, to thereby provide a first polishing unit 4la. A
{ 25 polishing pad 31 is attached to the other polishing table
30, to thereby provide a second polishing unit 41b. The
second pelishing unit 41b can be used for final polishing.
The polishing pad 31 of the second polishing unit 41b has a
lower elastic module than that of the polishing tool fixed
30 abrasive polishing tool of the first polishing unit 4la. A
wafer holder 1 has the same structure as that shown in Figs.
1 to Fig. 3 or Fig. 9 to Fig. 11. The single wafer holder
1l is common to the first polishing unit 4la and the second
polishing unit 41b. That is, as in the case of Fig. 8 or
35 Fig. 12, the wafer holder 1 is supported by a wafer holder
head 32. The wafer holder head is adapted to be pivotally
moved by a wafer holder head shaft, and the wafer holder 1
is capable of moving between the fixed abrasive polishing



5 novenent of the retainer ring can be suppressed, thereby stabilizing
pol i shing performance. A highly flattened wafer surface having |l ess scratch
mar ks can be obtai ned by conducting two-stage polishing, that is, first
conducting polishing of the wafer on a hard 10 abrasive plate while the
wafer is held by the wafer holder of the_present invention (i.e., the wafer
hol der whi ch holds a wafer under quid"p? sSure) and then conducting final
polishing of the wafer on a polishing pad which is soft as conpared to the
abrasi ve pl ateolwiidl endhéhgabed lishing peldd 3@y t Aa Whfler emblofdmegrt t Hée

present invepbiraR wltig %ﬁ%‘}tle@ % Bt ed alpat- h%qfater MENSHAY i o | oW
nmodul us of elasticity is a plan view of pol i shi ng appar at us

which is suPHRBLY L}ééd‘ f“@r ttﬁénabﬁk?é’etﬁleﬁﬂeoﬁé&‘stwoé{l&@é% § Highddy

using the w/aE@hdh@Ftd%r qurstthgoml%mmtg JENVRR! WeFerTihe Rdld %iﬂm apparatus of
Fig. 13 conprises |h|sh| n bI es 39’6’1’F n _abrasive tpI ate or fixed
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pol i shi ng too of the t polis |ng unit 4la.
sane strikt ulessgs saratadhd@adiisn @yde obtadmEdy. 3 or Fig. 9 to Fig. 11. The

single wafer holderpt JsHo%l@O"H@@lott%d K aftd rt@ffe RSN NG it 1Bk @ thdhe
second polishing unit 41b. is, as in the case of Fig. 8 or 35 Fig. 12,

the waf er hoF’@&esfqrsﬂé?u&ﬁﬂJtt@di B ERRAaTeaninG emRodimen et gan ti’]“ol der
head is adaph@dutf.qeme 1 @W&iﬂl}étmdv@s avinirit dgiart hiepdsdmfthe and the

waf er hol der abl e VI n b%tween the fixed abrasive polishing 35
tool 29 and tgﬁﬁtp(ﬂflcgﬁ\%&’rﬁf(? ‘%I} % embodi ment, the wafer Wis picked
up by a wafer holder 1 froma wafer supply lift 42, then, noved the first
polishing unit 4la to



conduct a first polishing of the wafer by the fixed 5 abrasive polishing
tool 29, thereafter, to the second polishing unit 41b to conduct a second
or final polishing of the same by the abrasive pad 31 and, returned to the
lift 42 to transfer the polished wafer to the |[ift. By this arrangenent, a
highly flattened wafer surface having 10 | ess scratch marks can be obtai ned.
It should be noted that the present invention is not necessarily limted to
t he foregoi ng enbodi nents but can be qu%%(gd in a variety of ways w thout
departing fromthe gist of the present invention. 36 - WHAT IS CLAIMED | S:
1. A substrate hol ding apparatus for holding a substrate and bringing it
into contact with a polishing surface so that the substrate is subjected to
pol i shi ng bVH%3u§$n ARt ive novenent between the substrate and the
polishing surface, said apparatus conprising: a substrate hol der body
havi ng a substrate hol ding side  facing the polishinglsurface and holding a

substrate oh-said ?stRITRE MAdRG SPREraRLTF ef AF nBPLFIHG #F nFRYTHH3YE f or med

with or fixedhybrsesiiedd ol dosubstralen holglear: hady enrsatd ssbsidwate
hol di ng side, the_ retal ner rlng,beln arranged to surround, an outer
3

peri phery ofPEh&tBEbERtat &ShEPRIBGTRAi HO sHBEE FAtRI hBY dERUS By 8P tH4t t he

retainer ripgvengRgeseMiddh tthe pabbshi g arsuihacgol ash ald wueubsk dessai d
substrate as the polishing of the substrate is effected, wherein said

substrate héfﬂéFa%%ﬂy¥W§“&ﬁ6@Eded on said substrate holding side with a
nmenbrane havi ng 0p90§ﬁ$§iréﬂgfﬁa¥%%rlB@b%dhdﬁldgn%'@%b@@gaegtﬁﬁih%nﬁu%ﬁages,
the outer surface engaging with the substrate held by said substrate

hol der bodyf2siid SbsPPat ey deiHfE S hdddrder HURgteabperat é21fo
define an i pAgE SPAL A ngaisdgenbrane is provided in said inner space; a
menbr ane support menber which is provided in said inner space and connected
to the outer peripﬁerSEQﬁlQ%ﬁ dring integrally formed with or fixedly

secured to said substrate holder body on said substrate
heolding side, the retainer ring being arranged to surround an
outer periphery of the substrate held by said substrate holder
body so that the retainer ring engages with the polishing
surface radially cutside said substrate as the polishing of
the substrate is effected, wherein

said substrate holder body is provided on said
substrate holding side with a membrane having opposite
surfaces including inside and outside surfaces, the outer
surface engaging with the substrate held by said substrate
holder body,

said substrate holder and said retainer ring cooperate
to define an inner space and said membrane 1s provided in said

inner space;

a membrane support member which is provided in said
inner space and connected to the outer periphery of said
membrane and & flexible sezl member connected between said
membrane supporf member and said substrate holder body so that
a fluid pressure chamber is defined by said membrane, said
membrane support member, said flexible seal member and said

substrate heolder bkody; and



menbrane and a flexible seal nenber connected between said nenbrane support
menber and sai d substrate holder body so that a fluid pressure chanber is
defined by said nenbrane, said nenbrane support nenber, said flexible seal
menber and said substrate holder body; and 37 a drive shaft connected to

t he substrate hol der body for rotating"tﬁg Substrate hol der body while the
substrate being kept urged against the polishing surface, the drive shaft
bei ng operable to urge the retainer ring against the polishing surface

t hrough the substr &% Yol derfths@prested §abshe af a2 hbfHihg A &CG¥ H¥ set

forth in claigpytingWiefeeidursai-d: suUbst pat epbe) der; ROdyné ssibst hershapampf a
di sh having a disc-1ike nenber and a peripheral ring nenber provided on an
outer periphePryF ofrg¢é @i98enPE ke henpellgH "Isaf ¢F it r hbe KHidengs i de;

sai d 1 etai NgleskigNGoks anh Ot €OT hdy) il FRdathih Pind iRk cSeaur geh Lon s d
peri pheral ring nenber; said disc-li1ke nenber, said” peripheral ring nenber
and sai d retsairfecer thgoeebpehatsitsy radef hakdah Jasivyer space: and, said

menbrane is provided in sajid jnner space. 3. A substrate hol di ng.apparatus
as set fortifin cl i%W?ftrﬁ#%r%?ﬂgéﬁgdagaﬁg?FH?eaﬁoFG%nsoﬁﬁgaﬁgt%&aﬁﬁréher
conpri ses aheimneasdppabttpeobencMicehbbdypievidedhen shapeéd iofner space
and connect t.o.the. outer riphery of.sai nb { a_f.l exi bl

annul ar sea%gﬁ%hﬁé'v%% n%c9§§°52 gseEEEBFE gﬂgﬁ%réﬁgggﬂggg%tr%é g%”éﬁg.said
peri pheral rimyg indndernsan ohaersppdipherd pFesbar 6lshafi&e memdefn ved by
said menbrang, said. FRADEANG) SURROLE aBEMRSE s @kdihbexkhhe sannul ar seal
menber and sai'd substrate holder body. 4. A substrate holdi'ng apparatus as
set forth i cied @ Bly HpeErefnvsahdorehbrgReYi §epPE9RdER ®ic one or nore

through holes- exiendi ngihgt werBesai daliangtsandirut Aemsuif aces g t hereof . 5.
A substrate hoIdH%% appar at us aﬁ set forth_.in claim3, . wherein saldt
apparat us { HOHAConpr F S88 G°BRAGKRHG prafe” ShBSIEFondlS RECRE AHE t°
connect ed t clssinte nembianerseppoet anenbenidamdmbabdechschirng ipleat erhas
opposite SursfaaiC Sinner space.
3. A substrate holding apparatus as set forth in claim 2,
wherein said substrate holding apparatus further comprises
a membrane support member which is provided in said inner
space and connected to the outer periphery of said membrane

and a flexible annular seal member connected between said

membrane support member and said peripheral ring member so
that said fluid pressure chamber is defined by said
membrane, said membrane support membér, said flexible
annular seal member and said substrate holder body.

4. A substrate holding apparatus as set forth in claim 3,
wherein said membrane is provided with one or more through
holes extending between said inner and outer surfaces
thereof.

5. A substrate holding apparatus as set forth in claim 3,
wherein said apparatus further comprises a chucking plate
positioned inside and connected to said membrane support
member; and said chucking plate has opposite surfaces
including inner surface and ocuter surface which is adjacent
to said inner surface of said membrane and one oOr more
through holes extending between said opposite surfaces
thereof.



including inner surface and outer surface which is adjacent to said inner
surface of said nenbrane and one or nore through hol es extendi ng between
sai d opposite surfaces thereof. - 38 6. A substrate hol di ng apparatus as
set forth in claim5, wherein said outer surface of said chucking plate is
provided with one or nore recesses fluidly connected to said through holes.
7. A substrate holding apparatus as set- fd¥rth in claim5, wherein said
outer surface of said chucking plate has one or nore raised or elevated

portions eacly havi Rg safdidlateSWd 168y SR A QUAL hale opens Al dheidl at
surface; and said nenbrane is provided wth one or npre openings through

whi ch sai d eMBgEEed Foritd oh et SHiiP ki sTe bl ais Betto a
substrate hekd R @A GitH efns W aserOfrs@idhegrembriang; Snfestbsttat e

hol di ng apparatus as set forth in claiml, wherein said fluid pressure
chamber is a&iﬂtée(ﬁ{rdm&é’ Ni%ttivel y connected to a pressurized fluid

source or a 7vacuum saibste-at® bAISIbE] rafpmdscdud g apparfditish asn setaforsh in
claiml1l, wherein.said I £t ai.ner ring has an annul.ar face Qfg{gg?agag}lgl |y

. W sal uter surface o a chucking .
i nner and out"&r- e gnes and 10 e erigaged Wt the polTshifng surface; and

sai d annul ar dracerdes piehderr v dvatae T e gaogvdsaekendi igatrom said
radial |y outen,.gdge . tongy %ﬁ(ﬁ%%l L“F‘ﬁ%ﬂ%@’eﬂ%ﬁ §A0€e 1 40 A BHRSLT 3h

hol di ng apparatus as set fort ( 9, erein sald grooves reacﬁ sai d
radi al 'y i nné@ighdqembranen it et & haf i hPrih par 2EUse a_PRetng8r tATPASEI ai m

9, wherein SaitrgrOOMese Bchsd@riodf: smd bt ash o | yhidLhgegdigre d2e A
substrate hol di ng apparatus as_set fortcg incla n said aggarat us

im7, wherei
further conprFRES chdli T RBLt i gt SN %ﬁ%u‘b‘ﬁt%lﬁgrg‘?‘cgapa chddki ng

plate to a wvwesihtams©OUrce and a conduit connecting said fluid pressure
chanber to a Pr ess%iszuecgsgl utiéj SOUECe. _éLS.alﬁétsuusbsé rate Bglg%ﬂgigpgfr §%u§ as
set forth inclaim3, urther corrprl%ergpone or re E) stiers provided oh
sai d wherein said fluid pressure chamber is adapted to be
selectively connected toc a pressurized fluid source or a
vacuum source.
9. A substrate holding apparatus as set forth in claim 1,
wherein said retainer ring has an annular face having
radially inner and outer edges and to be engaged with the
polishing surface; and said annuliar face is provided with
one or more grooves extending from said radially outer edge

towards said radially inner edge.

10. & substrate holding apparatus as set forth in claim 9,
wherein said grooves reach said radially inner edge.

11. A substrate holding apparatus as set forth in c¢laim 9,
wherein said grooves end short of said radially inner edge.
12. A substrate helding apparatus as set forth in claim 7,
wherein said apparatus further comprises a conduit
connecting said through holes of said chucking plate to a
vacuum source and a conduit connecting said fluid pressure
chamber to a pressurized fluid source.

13. A substrate holding apparatus as set forth in claim 3,
further comprising one or more pushers provided on said
substrate holder body and arranged to engage with and urge

sald membrane support member towards the polishing surface.



substrate hol der body and arranged to engage with and urge said nenbrane
support nenber towards the polishing surface. - 3qg 14. A substrate hol ding
apparatus for holding a substrate during a polishing operation of the
substrate, said substrate holding apparatus conprising: a substrate hol der
body; a retainer ring integrally forned with or fixedly secured to said
substrate hol der body; a flexible nmenbrane having inner and outer surface
and arranged inside the retainer ring- the outer surface providing a
substrate hol ding surface for holding the substrate, wherein said substrate
hol der and said retainer ring cooperate to define an inner space, and said

merbrane i s(grovi ded dubstSaitd HINELn§PaELEara RN AN 1SUPROLL sABRBestywhi ch
is provided in said inner space and connected to the outer periphery of

said nenbr 8HE1EANS PP X HIE A2 tHERDEF Evhmettsdd 2h&r weehd sEiP E 49t br ane
support nmenperyand sgbsh sSubstde ihalder body so that a fluid pressure
chanber is defined by said nenbrane, said nenbrane support nenber, said
flexi bl e seal nmenber SaRgt<ard ReLB¥ r'2r%¥ ‘hol der body; wherein the substrate
hel d by the substrat e loliding risYr haceqts U gedragal st & pakkahing surface
by a fluid pressure supplied into the fluid fressure chanber; and a drive
shaft conneceedred Ehesaubstuale ats deddpbdyecior rotating the substrate
hol der body while thersubsiiAtendbehaonkepls Uaed adal Batet e, PRSI
surface, the drive shaft being operable to urge the retainer ring agal nst
the polishiengasaefiateside ough tdi@igghstiare Hot derteodyrfdse prauissitncat e
hol di ng appar gguﬁt%ﬁé%x%ﬂ{g nJokGlaledy ddh o fy ther s6eaprl sl g, drive
shaft connected to the substrate holder body for rotating the substrate
hol der body while the substrate being kept urged against the polishing
surface, the drive shiaf tsdisitigtepérdbke 2od wwgel reheinetariey coampm@ga nst

t he POliShng %Hi&ﬁﬁﬁ ghrOthrtg acsyb%%Ea%%iQO% & rgggyislgﬁo%i%%gsgﬂpte
hol di ng apparatus "as sét forth in-craim

said inner space;

a membrane support member which is provided in said
inner space and connected to the outer periphery of said
membrane and a flexible seal member connected between said
membrane support memiper and said substrate holder body so that
a fluid pressure chamber i35 defined by said membrane, said
membrane suppcort member, said flexible seal member and said

substrate helder body:

wherein the substrate held py the substrate holding
surface 1s urged against =a polishing surface by a fluid

pressure supplied into the fluld pressure chamber; and

a drive shaft connected to the substrate holder body
for rotating the substrate holder body while the substrate
being kept wurged against the pelishing surface, the drive
shaft being operakle to urge the retailner ring against the

polishing surface through the substrate holder body.



14, further conprising an air cylinder for applying a -force to urge the
retainer ring against the polishing surface through the substrate hol der
body. 17. A substrate hol ding apparatus for holding a substrate and
bringing it into contact with a polishing,surface so that the substrate is
subj ected to polishing by causing relative novenent between the substrate
and the polishing surface, said apparatus conprising: a substrate hol der
body having a substrate holding side facing the polishing surface and

hol di ng a suliStrat e2onubsaicd teubstiriare lrolti Tyt s$ des asretamndr im nglaim
integrally faormed-with.or fixedly secuyied to. said bstrate hol der_ body,

t he ret ai nerqﬁi ngn\é%fﬁg’ EPF‘)éiJngé’d“tgz sﬁﬁoﬁ%\dsg‘% ou g?“%gﬁ“%hgréy of "t he
substrat e helzbbbyrsakcdnsubstr dce vhalderr oy 509 that stihe trrettad nerlddamg
engages with.the polishing syrface radially outside sai.d_substrate as the
pol i shing of éﬂé’ s‘dh%?Pattg‘ei ;éug fect %d;b%é'}rff%n%“réhegg %Sora el Le?&b? ovi ded
W th a nmenbr anelibavhggsoepfesict.e S faces: isitd Udi nginpspgerand outsidee
surfaces, the outer _surface.engaging W th the substrate bhel hy said ...
Substrate hoiHeY Bole i hRorary ch e e bro b8 Senners Shadidh e
vertically nowabéereekahiou@etro bsaiyd substrate hol der body; and a drive
shaft connected to {he . gubstrate hol; dy, for rotating the sybstyat

hol der body WHil e ,t%ie L?uEZtmr %tgu_)b“ce?il% kaept" ur glé?j a‘f‘;a?‘r’lst,%tof'Teﬁ‘l)po‘lq'lps%|':n'gn%a
surface, thé4drjvershaft closiong sopet alfl 40 @r hendhe Feraiemarlyimgy a afail st
the polishing susface-Lbreugh sthe subsf rate hol dete BOdYcnsing surface

= I A

through the substrate holder body.-

17. A substrate holding zppsretus for holding a

substrete and bringing it into ccontact with & peolishing

"
~h

surfzce so that the substirate is subjectzd to polishing
by causing relative movement between the substrate and
the polisning surface, said apparatus comprising:

a substrete holder body having a substrate ﬁolding
side fecing the polishing surface and holding a substrate on
said substraste holding side:

a retainer rin

W

integrally formed with or fixedly
secured to saild substrate holder body, the retainer ring being
arranged to surround an ovter periphery of the substrate held
by said substrate holder body sc that the retainer ring
engages with the polishing surface radieslly outside said
suibstrate as the polishing of the substrzte is effected;

z membrane support member provided with a membrans
having opposite surfaces including inside and outside
surfaces, the oﬁter surface engaging with the substrate held
by said substrate holder body, wherein said membrane support
member is capable of vertically movable relative to said
substrate holder body: and

& drive shaft connected to the substrate holder

body for rotating the substrate holder body while the

substrats being kept urged zgainst the polishing surface
the drive shaft being opereble to uvrge the retainer ring
zgainst the polishing svrface through the substrate holder

Dody.



