- 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 al so
relates to a polishing apparatus conprising the above-nentioned
substrate hol di ng apparatus. A sem conductor device fabricating
process conprises 10 formng a thin filmlayer on a wafer and form ng
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15 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 tco a problem such that
during formation of a film on the wafer, an extremely thin
film is formed cver an undulating area containing the

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

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

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

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

For these reasons, the technidques for surface



problematic in a |lithography process. That is, when an exposure
surface of the wafer contains raised and recessed 35 portions, the
| enses of an exposure systempartially become out of focus, so that
formati on of mnute patterns beconmes difficult. For these reasons,
the techniques for surface - 2 - flattening in fabricating

sem conduct or devi ces have been increaspngly becom ng inportant. O
vari ous surface flatteni ng techni ques, the m)st i nportant technique
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pressure is appli
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 preésure generated between the semiconductor wafer
and the polishing surface of the polishing pad is not
uniform over an entire surface of the wafer, insufficient
or excessive polishing is likely to occur, depending on the

25 pressure acting on each part of the wafer. Therefore, in
order to apply a uniform pressure to an entire surface of
the wafer, an elastic membrane made of rubber is provided
on the wafer holder on a surface thereof for holding a
wafer, and a fluid pressure such as air pressure 1s 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, thg 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”



30 to a back surface of the elastic nenbrane. In this case, a
circunferential edge of the wafer surface corresponds to a boundary
bet ween a contact portion and a non-contact portion of the wafer
relative to the polishing surface. Since the polishing pad is

el astic, the pressure applied to 35 a portion around the
circunferential edge of the wafer surfage_becomes non-uniform so
that only the circunferential edge of the wafer is polished in an
excessive amgunt, and the wafer is caused to have a "dull"™ - 3 -
edge. As a CO%ftermeasure, it has been proposed to use a wafer hol der
in which a guide ks gy arurtstmressurel ngtfoas hoteh mycpesedt &éo use a

ci rcunf eren&h%rg@g Ea & { em.y@‘her .8g8e légh&F R dJ. G134 Face at

ap05|t|on out si IS wa e retainer rlng
i s pressed BpidhRg @%emb*éﬁlf sqﬂmgm@@ﬁﬁa@éahn@l@sefcrﬁufdiepr‘r@e?%r BT&§6RSas

air pressurepe Ollshfﬂl@ s dde %tsﬁhgﬁgitﬁoh%xﬂ@éir&é 111Gy fwa%e\ﬂﬁf €fin
hol der of the a mentié)ned in which a fluid pressure |% %ge

applied to &° Q\Bf‘é‘? &b BN pr rteli?é‘l\r/%ﬁFe?l%%aJr%sqr S PRTAG
surface, andolbenhihgi shupfessuimeidrs fausd appssede touch raxt alirepressgreo

as to press ther t wn
in Fi gp 12, a wafe Fié“ (r;ﬁzle%é % ﬁ%hraﬁggsnflgﬁgévgf%? ﬁ:)é{ 3%%%60%61@%9
defi ni ng anofnhbe ébﬁ%@'mwwf@d M@@su#ﬂz‘i"hﬁcmh@#%%@s@@ﬁﬁa#ﬁed
in the {gneppshdce 06 &h@af&f esro hel der phegy éﬂeawf@ﬂ%@aq@stthpr ess a

abl o 60 aBPLLAMRER TRRLPES S e MO LnBFSFTOT 15 VB PERIAPS
novabl e rel abi aerebaiinerwaimg sholermrtobcpdyssl lae dretaipted rtmgh@Jgalaust
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pressurizing ne an Sm or priessing the retainer ring 53 against
t he polishing surdaceh®dn D5THHE -wdfler 2prasstirpel ¢RE Mk KRIPEHSSS: a

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

20 is vertically movable relative to the wafer holder body 51
and adapted to held 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 tco 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 rubher 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



shown in detail, conprises an elastic nenbrane nenber which is nade
of an elastic material such as rubber and is connected to the wafer
hol der body 51. A pressurized fluid such as pressurized air is
supplied to the inside of the 30 el astic nenbrane nenber so that the
wafer Wis pressed agai nst the polishing surface 61 under fluid
pressure. The retainer ring pressurizing mechani sm 54, although not
shown in detail, also conprises an elastic nenbrane nenber which is
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pressuridi ng nmechaitcemthé, wadekhat id hergaaldds higag.nstir theepolithéng

poli shing pggrgygéié¥aﬂ§h%sing a fluid pressure, it is possible to
obtain a uniform pressure distribution across an entire
surface of the wafer W from the center to the
circumferential edge thereof. This enables uniform
25 polishing of the entire surface of the wafer W. Further,
during polishing, the pressure substantially equal to that
applied to the wafer W is applied to the retainer ring 53
through the retainer ring pressurizing mechanism 54, so
that the polishing surface of the polishing pad outside the
30 wafer W is pressed under a pressure substantially equal to
that of the wafer W. Therefore, a uniform pressure
distribution can be obtained continuously across an area
from the center of the wafer W to an outer circumferential
portion of the retainer ring 33 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



30 wafer Wis pressed under a pressure substantially equal to that of
the wafer W Therefore, a uniformpressure distribution can be
obt ai ned continuously across an area fromthe center of the wafer W
to an outer circunferential portion of the retainer ring 53 outside
the wafer W 35 Therefore, excessive or insufficient polishing at the
circunferential edge of the wafer Wcansbe prevented. In the
above-nenti oned conventional wafer holder in which both the wafer and
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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
threugh the elastic membrane, defects in holding of the
wafer are likely to occur during transfer of the wafer,
leading to a lowering of operating rate of the wafer holder

30 and a lowering of yield of wafers.

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

35 polished, the raised portions are polished in preference to
the recessed portions during an initial period ¢f polishing,
but after the raised portions are polished by a certain
amount, the recessed portions are alsc gradually subjected



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 height between the
rai sed portions and the recessed porti gns. cannot be easily reduced.
That is, because polishing is conducted by using a relatively soft, 5
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polishing, so that the raised portions are pclished 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 rilgid wafer
holder body adapted to be engaged with a wafer to be held
by the wafer holdexr. 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 acceordance 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



SUMVARY OF THE I NVENTION I n view of the above, the present invention
has been nmade. 35In accordance with the present invention, there is
provi ded a substrate hol di ng apparatus for holding a substrate and
bringing it into contact with a polishing surface so that the
substrate is subjected to polishing by - 7 - causing relative
novenent between the substrate and the polishing surface, the
apparatus conprising a substrate hol der body having a substrate
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covers the entire strate, e appar at us COh’pI’i SesS a
substrate holder body is provided on the substrate holding

side with a membrane having opposite surfaces including
inside and outside surfaces, the inside surface cooperating
15 with a surface of the substrate holder body to define a
fluid pressure chamber to which a f£luid pressure is applied,
the outer surface engaging with the substrate held by the
substrate holder body.
In accordance with another aspect of the present
20 invention, there is provided a substrate holding apparatus
in which, instead of the membrane which covérs the entire
surface of the substrate, the apparatus comprises a
substrate support ring provided in the inner space and
arranged to be sealingly engaged with the substrate to be
25 held by the substrate holding apparatus, and a flexible
seal member sealingly connected between the substrate
support ring and the substrate holder body so that a fluid
pressure chamber is defined by the substrate holder body,
the flexible seal member and the substrate engaged with the
30 substrate support ring. The fluid pressure chamber 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
£luid pressure chamber so that the substrate can follow
undulaticns on a polishing surface.



substrate support ring provided in the inner space and arranged to be
sealingly engaged with the substrate to be 25 held by the substrate
hol di ng apparatus, and a fl exi ble seal nenber sealingly connected

bet ween the substrate support ring and the substrate hol der body so
that a fluid pressure chanber is defined by the substrate hol der

body, the flexible seal nmenber and the gubstrate engaged wth the 30
substrate support ring. The fluid pressure chanber is arranged to be
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deflne a flUld 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 fluld pressure chamber which is supplied with a
fluid pressure to press the substrate against the polishing
surface so that the substrate can follow undulations on a
25 polishing surface during its polishing operation.
The substrate polishing apparatus may further include
a second polishing table having a soft polishing surface
which is softer (or of smaller elastic module) than the
hard polishing of the first polishing table. The substrate
30 holder body i1s arranged such that the substrate holder body
holds a substrate and, then, bring the substrate into
contact with the hard polishing surface to effect a first
polishing of the substrate and, thereafter, bring the
substrate into contact with the soft polishing surface to
35 effect a second polishing of the substrate. By this
apparatus, a highly flattened wafer surface having less
scratch marks can be obtained.

This polishing apparatus may be modified as follows.



20 surface has, for exanple, a nodulus of conpression of 19.6 MPa
(200kg/ cnR2) or nore. In this apparatus, a substrate is held on the
fluid pressure chanber which is supplied with a fluid pressure to
press the substrate against the polishing surface so that the
substrate can follow undul ati ons on a 25 polishing surface during its
pol i shi ng operati on. The subst rate-polishing apparatus may
further include a second polishing table having a soft polishing
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be appalénttheoﬁ®l10w1ng detailed description and appended claims
taken in connection with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a longitudinal sectional view of a
substrate holding apparatus according to a first embodiment

20 of the present invention.

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

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

25 embodiment of the present invention.

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

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

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

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

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



15 the follow ng detail ed description and appended cl ains taken in
connection wth the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fig. 1 is a longitudinal sectional view of a
substrate hol di ng apparatus according to a first enbodi mrent 20 of the
present invention. Fig. 2 is a longitudinal sectional view show ng
how t he substrate hol ding apparatus of ;Gig. 1 is operated.

Fig. 3 1is a longi tudi naI sectional view of a substrate hol di ng

appar at us cor g.t second 25 enbodi nent of the present

i nventi on. aﬁ (1\4.2& |1§ glﬁot ggm view of an exanple of a retainer ring

havi ng grooves f avrimed TOrisaaI doegisudfrecke std?ce:i@afal view ofFag. 4B is a

Cross-secti W; | 4 S5A
24 teWVn ‘EIE; 4 QQQ?E § éél:%: £ hﬁrd p38Ehdnt

i's a bottom Viewof anot e of a retainer ring having grooves
fornmed on &f ok Féﬁiﬁsr&@dielﬂﬁéfléwn Fig. 58 is a

cross-sectional W gtakes Qbﬁéﬁa{:i@ +idie roving Ehden®Are35Fi g. 6A
Is a bottomview of a furth exanpl e of a retai.ner, r|n havi]

grooves f orPedROHEE 1%wér P8 FPQ&Bgt AR TR USIgiclgging Ltie su S¥rate
Cross-sect ilonbling esipdrakesns alfoRggthel to 3.

Fig. 9 is a longitudinal sectional view of a
substrate holding apparatus according to a fourth

10 embodiment of the present invention.

Fig. 10 is a bottom view of the substrate holding
apparatus of Fig. 9.

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

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

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

20 substrate holding apparatus of the present invention.

Fig. 14 is a schematic illustration of a conventiocnal
substrate holding apparatus in which a £luid 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



- 10 - line AAin Fig. 6A. Fig. 7 is a longitudinal sectional view
of a substrate hol ding apparatus according to third enbodi nent of the
present invention. 5Fig. 8 is a schematic view showi ng an entire
structure of a polishing apparatus including the substrate hol ding
apparatus of Figs. 1 to 3. Fig. 9 is a longitudinal sectional view of
a substrate hol ding apparatus accordingj tae a fourth 10 enbodi nent of
the present invention. Fig. 10 is a bottom vi ew of the

substrate NolAig aPar A4S RLaE aofe. e spofbdinldihs 2 cne

| ongi t udi nal - sect ormal” Virew's ow the BBt 3t &R0l di n1(:':1
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showi ng an o4 de sfdyH ot ‘d%%lﬁln% 20! ilﬁmﬂ%f?a@:@ahﬁhué t@Eé&@éPgrix@ 3

substrate hol di ng apparatus of is a
pl an vi ew oﬁl"'ae%dqq %%Q’@ﬁﬁahﬁ%ﬁ%ﬁ@ﬁ% s dbet HBW%@%H@%WOdY 2
t wo- st age pod i@ HOW weitegibhehaving high strength and high

rigidity, such as a metal and a ceramic, and comprises a
circular upper plate 2A and a circumferential wall portion
2B extending downward from the upper plate 2A. The
retainer ring 3 is fixed to a lower end of the

10 circumferential wall portion 28. The retainer ring 3 is
made of a resin material having high rigidity. It should
be noted that the retainer ring 3 may be formed integrally
with the wafer holder body 2.

The wafer holder body 2 and the retainer ring 3

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

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

25 membrane 4 and the flexible sheet 6 is formed from a rubber
material which 1s excellent in strength and durability,
such as an ethylene propylene rubber (EPDM), a polyvurethane
rubber or a silicone rubber. A pressurized fluid such as
pressurized air is supplied to the fluid chamber 8 through

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

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

For insuring high polishing performance, it is



20 substrate hol di ng apparatus of the present invention. Fi g.
14 is a schematic illustration of a conventional substrate hol ding
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 agai nst the polishing surface. DETA l-ED DESCRI PTI ON OF THE

| NVENTI ON Her ei nbel ow, description is nade with regard to
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substrat e hol di ng apparat us conprises a dish-l1i1ke wafer holder body 2

defini ng anP?HiEtedpace and a retainer ring 3 fixed to the wafer
hol der body 2. Timn vafaildiolsteppkeadpldtd 135 mndeeid ahma:h@hi al having
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elastic membrane 4 and the elastic membrane supporting

15 member 5 move as a unit downward relative to the wafer
holder beody 2. In this instance, an upper end pertion 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 1l4h 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 S. 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 1l4a 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



The wafer hol der body 2 and the retainer ring 3 15 define an inner
space for containing an el astic nenbrane 4 and an el astic nenbrane
supporting nenber 5 in a generally cylindrical form The elastic
menbrane supporting nenber 5 holds an outer circunferential portion
of the elastic nmenbrane 4. A flexible sheet 6 nade of an elastic
menbr ane 20 extends between the el asti ganmenbrane supporting nenber 5
and the wafer holder body 2. A fluid chanber 8 having a seal abl e
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the upper p&@ﬁﬁegﬁﬁ(Hnti“ﬁ&%ﬂwgidhﬁhggétion, an outer circumferential
portion of the wafer W can be mechanically pressed against
the polishing surface. A wafer hclder drive shaft 18 is
provided above the upper plate 2A of the wafer holder body
20 2. The drive shaft 18 and the wafer holder body 2 are
connected through a universal joint 19.

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

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

30 the wafer holder body 2. The spherical bearing mechanism
comprises a spherical recess 18a formed at a central
portion of a lower surface of the drive shaft 18, a
spherical recess 2a formed at a central porticn of an upper
surface of the upper plate 23 and a bearing ball 21 made of

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

The torque transmitting mechanism comprises a drive



10 body 2. An upper end surface 13a of the stopper plate 13 is
positioned at a predeterm ned hei ght and the stopper plate 13
provides a restricting nmenber. Wien the pressurized fluid is supplied
to the fluid chanmber 8, the elastic nenbrane 4 and the elastic
menbrane supporting 15 nenber 5 nove as a unit downward relative to
the wafer holder body 2. In this instancg,. an upper end portion 5a of
the el astic nenbrane supporting nmenber 5 engages the upper end
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operating the actuators 16. the stoppers 17 are égotru ed downward
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to a reference numeral 30 in Fig. 8) having a pclishing 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 1s 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 fo
the drive shaft 18 is operated, to thereby press the
retainer ring 3 fixed t¢ 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



10 predeterm ned range. That is, the stoppers 17 provide restricting
menber s havi ng an adj ustabl e hei ghtw se position. Wen the actuator
16 is arranged so as to have a nechani sm such as an air cylinder
capabl e of generating a variable pressure and the stoppers 17 are
protruded during 15 polishing so as to press the elastic nmenbrane
supporting nmenber 5 in a downward directg an, an outer circunferenti al
portion of the wafer Wcan be nechanically pressed agai nst the
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i ncli ned. Next, explanation i1s nmade with regard to operatlon
of the mafePuH6FH%Fe1h%&¢§ﬁbé@9§§aﬁﬁﬁtP%ﬁ%ﬂdﬁBbﬂé’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



10The wafer holder 1 as a whole is noved to a position for
transferring a wafer and the fluid chanber 8 is connected to the
vacuum source through the fluid passage 10. Consequently, as shown in
Fig. 2, the elastic nenbrane 4 is deformed and hol ds the wafer Won
the | ower surface thereof 15 due to the effect of suction cups forned
along the recesses 14a of the chucking,glate 14. Wile holding the
wafer Won the elastic nenbrane 4, the wafer holder 1 as a whole is

noved to a positio ve a polishin desi gnat ed ref.erence
oo al 30 ¥ i1 te) LR E ot por SR S A 8IS bEe St n S det
pol i shing pad)y 2ZLhe Byaftéds\aananddm=mntet aihrepreisagrad apnlidsréntqort&sesed

agai nst th%a%ollj %EJlQl%rS%r hgc\%a?;lg wﬁ{s&h J]%tdﬁats ﬁ%ké Logs A outer

C|rcum‘erent|a e of t er_ e retal ner r|ng3
so that th@nﬁesrseungv\mhg Fetasppar nieg 3rorﬁqrrtélemf becpeseletha. 25For

pol i shi Bg thg vafdar r\%ga@ 25T £EXdd n@&rtr(ed%f%&ah%daait p&&grence
nuneral 33 in Fig. 8) connecteg to the drive shaft 18 is operated to

t her eby pr edasigatdea lfdPIRtn§0B 34l k FIcEeRdr 8F HBE dEFEHREF 2
agai nst t heripn} isidig veupi-acenoéd!l herpald fitieng thabligstades veBteen

predeterm ned pressure. l.n t t t he ess r| e u )
supplied u%er T é"c?é"t &' mgnedg%(?e S%r%u;[curﬁ?refnl di é g%%nbéé]? 1lBt,le’to

t hereby pressfatheamfter cansganhdy mimipoledhiorg soifaceisf ame

pol i shijpg tablig Wﬂ%%%@l%@ﬂiﬁ&doﬂ ocﬁé%mfreeﬁé\éﬁﬁfepmm ng is

adj usted to a 35 désired | evel by control he pressure of
pressuri zePITHHIP ﬁﬁpd'iriee&’aﬁﬁrtﬂec@hﬁ%“%ﬂ%?ﬁ@r 8. Thus, the pressure
of fluid in the fdiwicd dhenbetaBnés :anpj |3edLst Glbchalwaéemné/&t@@ tdathe t

i's possible E%Scnﬁéid% b&y for mpLessul 330 her qiag 'SBE'$ﬁ%é£%E% with

pol i shing attvds an entire-sdrface o r om cen
t he ci r cunfler@ntiiadidddge amldemefbeln@gmmlcacssthﬁ rlerﬁelnhrckn@ssd@tlnme

waf er VLVS gj&lf‘é}ﬁt}l S dNideOETEBOY L 384 NY Bfe tRELNHLRR1RY! face of the
waf er ren i shing, the pressure substantially equal to
pressurlzlng mechanlsm 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 ewven on

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

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

25 movement of the chucking plate 14 to a predetermined range.
This prevents warpage of the wafer held on “the elastic
membrane 4 and a lowering of product guality 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 peossible te 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.



or slightly higher than that applied to the wafer Wis applied to the
retainer ring 3 through the air cylinder, so that the polishing
surface outside the wafer Wis pressed under a pressure substantially
equal to that of the wafer W 10 Therefore, a uniform pressure

di stribution can be obtained continuously across an area fromthe
center of the wafer Wto an outer circunferential portion of the
retainer ring 3 outside the wafer W Therefore exceSS|ve or
insufficien olLshing.,at the circu rential e of, the wafer Wcan
bo 15 pr everpBrerore "ntice 19,80 BBR LRI N BB PSR Tiel 57
a substratetheleﬂagrkqnmamﬁnmmeaécdndlhg ¢Qﬂ%ﬁ@@00ﬂd1éﬁbo@hmehﬁnef t he

present invgj_]gt 14 | 4R dWl geerﬁl%dl Rent oy § he, ﬁﬁ]ﬁéﬁé]%t%ﬁtﬁt olgS not

provi ded an sp ace I nsi 207t he elastlc ane su i ng nenber
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t he waf er etot ect of vac orce directl
appl i ed thréﬁgﬁl%hefctlm dtfghl%seerxh. 30ln the wafer holder 1 in this

embodi ng@t, duri n@lgml i@hit@g,ssaehb& bRampEe § idsﬁtr@mm@rneahgsahavmg

d flujd | the fluid chamber 8 so t
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with the thaudgh&.@ol@s aite itrottﬁw weelyEané ﬁhSSré)’eurgaIclmsm by Ftilye
wafer W agpio 3B0BPoL 0. EL 08 ola] Qritud N aycen
f| Xe et

retai ner r|n ecte tot e wa der  body
having a ri gt Gnaoﬁ%‘% rJtPé’tqsoﬁ*'d’n(}nt Féoretthi nBidrity Id Figs 6A.s
verticalsy me¥pdchbywvepftically noving the wafer hol der body 2. By

this arrangenent,_th ressur.e applied to the | der, .body .2 can
be utilized as a PF e@%egreé{afr@rl g %llﬁﬁ t ?‘e‘?%er 2 H a&.ll%ﬁu%l)tfher,
because ther8dtel agrerves ig-3 |($a10hxedteodme mf@rraﬂmla;lerdmc@@;tl@,n

undesi r abl elhéiéé@éd (W 4pdiAly VeReRbrRlathe £8L &l ARIr % a3eC
be prevented. Therefore, the distance between the retainer ring 3 and

the circunf éPe%%@%@&%g the wafer can be constantly minim zed,
and uniformty anth l€hetsadnlpliay dfnFihe . pohi &id NG ofa tgier@uiiety of

Circunferen%%ggvggrgéggl{HCfJH%dMﬁ%e% %é%é@tggmfﬁé&réﬁbla 6 relative
to the radial direction r is formed on the lower surface of
the retainer ring 3.
In the example of Figs. 6A and 6B, a plurality of

25 radial grooves 3g-3 (each extending in the radial direction
r) 1s 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 toc an
intermediate position at a slight distance from an inner

30 circumferential edge of the retainer ring.

Because the retainer ring presses the polishing
surface (such as a polishing pad) outside the wafer, when
the entire lower surface of the retainer ring is flat, the
abrasive liguid (slurry) might not smoothly flow into an

35 area inside the retainer ring. That is, the amount of
abrasive liquid supplied to the wafer becomes insufficient,
leading to a lowering of uniformity in the polishing of the
wafer and a lowering of a rate of polishing. Further, the



Since the retainer ring 3 is fixedly connected to the wafer hol der
body 2, the retainer ring can be inparted with high rigidity and the
behavior of the retainer ring during 15 polishing can be stabilized.
The wafer hol di ng pressurizing mechanismof a floating type structure
foll ows undul ations in the polishing surface inside the retainer ring
which is stable and has high rigidity. Qonsequently, the behavior of
the retainer ring can be stabilized even on 20 a hard pollshlng
surface, to thereb achleve excellent stability of the polishing of
the wafer. %ater a%@ é?‘ﬁb§PFF8ﬁ?n@F? %f B upwar d
novenent of ffh@tﬂémstléadmmbrtaﬂa pupplen| ngenElpesr th ghs poestcr Lokddoat
a predetern% ed Qf éﬁgn t hus |I€HIH ng upward 25 novenent of the
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be varied on a, part ﬁ,ﬁgag¥ma er surface naki n ossible to
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whi ch t h 4 in | ast 4 4 he
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there is nOmaﬁgafemMrm@Iham Iaﬂ\o&h@p@ftwsérocif tiree %_eatséﬂn@m&rf@@ane
4 due to coptact with the gﬁ:ate 14 S f%%hl

X N %éﬁ 1. This
enhances st 8B6FPT'tY ?r%%if ?ﬁ (ﬂl Fgngr th et g o
hol di ng therSngafer W it is unnecessary to ut|I|ze the effect of a

suction gup formegh by, ysi eflsgs%ﬂf(f‘ 1%%%'%&89 p&@&x% Trh%‘fgfsorQA e 4B,

is no need to provide th late 14 and onl el ast |c
nenbr ane suBBBrQFﬂ@V%%n%%T15“QX1Qﬁ1 Qﬁﬁﬁpa?nf5?%1}%W%%d%§%§ﬁ%P i
4A to 68 shewrexaspl esne®f3 r@iadels Lrdgghbavhtd contact with the

polishing surface. By this arrangement, the abrasive
liguid smoothly flows into an area inside the retainer ring
20 3, to thereby secure the supply of abrasive liquid to the
wafer, thus preventing a lowering of uniformity in the
polishing of the wafer and a lowering of a rate of
pelishing. 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 ligquid 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 liguid,
the grooves 3g-3 in Figs. 6A and 6B may be formed cn the
lower surface of the retainer ring. The grcooves 3g-3 do
not extend to the inner circumferential edge of the
retainer ring 3, so as to leave a wall portion for
35 preventing oversupply of the abrasive liguid, thereby
preventing excessive polishing of a part of the wafer while
securing the supply of abrasive liquid to the wafer inside
the retainer ring.



grooves fornmed on | ower surfaces thereof. Fig. 4A, Fig. 5A and Fig.
6A are bottomviews of the retainer rings. Fig. 48, Fig. 53 and Fig.
68 are cross-sectional views, taken along the lines A-Ain Fig. 4A
Fig. 5A and Fig. 6A, 15 respectively. In the exanpl e of Figs.
4A and 48, a plurality of radial grooves 3g-1 (each extending in a
radial direction indicated by an arrow., is forned on the |ower
surface of the retainer ring 3. 20In thé exanple of Figs. 5A and 5B,
a plurality of grooves 3g-2 inclined at a predeterm ned angle O
relative to the PRFTRETIPAZERFBACrOT st ITREPVES Fﬂe3lbﬁe?xgﬁ?%%%% of
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| ho b 55 SASAT AEARS BtPElar sk FRhoTtode Ot e SSRROHRTY GG -

abrasi ve |icpigeguppiliyed a eotrheonateoube ctire yydowsef fitcitent Lnheadi ng
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| ower i ng of & Tat Fur . er~an
pol i shi ng sbﬁ¢Qmﬁa%ﬂR?:ﬂH® é@tlm@aﬁtgh Th?c@ﬁkﬁﬂtﬂﬁiﬁm #datoig probl em

nanmely a higdpdomer:y aaduar thecpakbsbhag a@ﬂf@a&at UBurAed ,
counterneasure, it i's considered to reduce 5 width of the | ower

surface of RHIGHGEHAONSNGSsEVEL FE AT AT zdéletﬁé’ efPaEL Bfepnehe
retainer riasgiaitalsinrfliatgriahkesi nbhoacof walh asiev gjroogei.d. The whas

case, Mawevel cldeylddfe R N -BkaiRe,! RS ST RACR-QL hRar gl ner
ring is reduce narea ue £'6 non-uni T or m e | ower
leaving a wall portion at a terminal end of the groove of
the retainer ring as shown in Figs. 6A and 6B.
The formation of grooves on the lower surface of the
retainer ring can be applied to not only wafer holders such

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

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

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

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

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



10 surface of the retainer ring, making it difficult for the retainer
ring to press the polishing surface in a stable manner. Further, the
anmount of wear of the retainer ring becones |arge, thereby reducing
the life of the retainer ring. 15In the present invention, as shown
in Figs. 4A and 48, the grooves 3g-1 may be forned on the | ower
surface of the retainer ring 3 which is,prought into contact with the
polishing surface. By this arrangenent, the abrasive liquid snoothly
flows into an area inside the retainer ring 20 3, to thereb¥ secure
the supply FraBRRS V& 15§ d°TFoPREY IRY &t th‘HL‘Ps DEREFEREI h-guah
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not only wafer  hol de
body 102. The lower seal ring 140A comprises a ring l41la

25 for pressing the retainer ring 107 and lip seals l42a
provided radially inside and outside the retainer ring l4la
for sealing spaces between the ring l4la and the mounting
flange portion 102a of the wafer holder body 102. The
retainer ring 107 comprises a first retainer ring member

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

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



20 as those shown in Figs. 1 to 3, but also various wafer hol ders as
|l 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. 25In the exanpl e of
Fig. 7, a wafer holder 101 conprises a wafer holder body 102 and a
hol di ng plate 103 for hol ding an upper .surface of a substrate to be
pol i shed, such as a sem conductor wafer The holding plate 103 is

made of a material having high r| dlt suc S a cera c 30 and
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noted tyhat fo9faseparating the wafer Wfromthe wafer hoI d| ng surface

103a of the holding plate 103,  a |liquid such asljf)ure IS
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drive shaft in a vertical ere alner rin
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upper seal ﬁ%r,mtr s ring 141b fixed to a nounting fl ange
portion 102{(%1!1%1%?,9ﬂfﬁl{)él er E]ho‘i\%deBr% ‘body 102 and lip seals 142b for
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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 f£luid 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 Rl, 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,



30 107a which is vertically novabl e and a second retai ner ring nenber
107b fixed to the wafer hol der body 102. In the enbodi nent 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 forned in the
retainer ring 35 107 are of the sane type as the grooves 3g-3 in
Figs. 6A and 68. That is, the grooves. 1030-3 extends fromthe
radially outer peripheral edge of the retainer ring and ends short of

t he radi all r d €s - T fects
of the grooggspgﬁﬁe &gﬂﬁﬁﬁgh%h%%egéu% og%rééﬁ%rl§%p%h§og§f§% W
connect i on agahnshethy anldsigga3pathélgrooves 103g-3 may be inclined
at a predeterni neﬁn%c—f‘s:ﬁv@ 1i8hakl ¥ﬁp£>9¥tﬁl?zé’]?éj'@| 1@1 peeliaaar ab€r§e

shown in Fig. 5A. 5Fig is a cross-sectional view sh ownn% an_entire
structure ofhg B%%%%%&%%'%ﬁﬁé?&@us PRcPEBRFHYE He-BHiSs & de SHBPAAY

appar at us- OBnEbgﬁhelpélhéh1d§3p&ﬁpwn bA Ehg. p8lidhimgalabibki 89 tabbagRO
has a poli shi d.to an upper a#rface thereof and is

provi ded belt b ?ﬁﬁaﬁbY% :Tﬁ”%ﬁs @Plf he wafer holder 1 is
connected to the Hniteishaftisbhdghrppghathe, Uit arddishjiognt whleThe

drive shaft %%hﬁ#@ﬂ@%@& P otnhech@ Rof¥ki E'Qf»faé"é dJ4 &%@ L9 ad twef er

hol der head e drive ft 18 is vertically noved nmeans 15 of
the air cyl PREBF2RS 4tPRrElsy ?ﬁﬁﬁrhﬁoﬁﬁérméfth¢uﬂ%ﬁﬂcYﬂ¥&§e§ wHol& in
a vertical dpeestéan a@dtrm:ﬁa&@l r;g:ete,hethet aéb&indt NPiny 3 x&@teﬂo tbhehe
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air soukte 2%e pheipnisgupad ofl pressurized air supplied to the air

cylinder 33 is For polishing, the pressure for pressing the retainer
ring 3 against the polishing pad 31, which is applied
through the alr 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 £luid chamber 8,
are adjusted to a desired level. During pelishing, 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 continucusly across an area from the center of the
wafer W teo an outer circumferential portion of the retainer
ring 3 outside the wafer W. Therefore, excessive or

insufficient polishing at the circumferential edge of the



35 controlled by the regulator Rl, to thereby adjust the pressure for
pressing the retainer ring 3 against the polishing pad 31. The
pressure of pressurized air supplied to the fluid chanber 8 is
controlled by the regulator R2, - 22 - to thereby adjust the
pressure for pressing the wafer Wagainst the polishing pad 31.

An abrasive liquid supply nozzle 40 is pyovided above the polishing
table 30. An abrasive liquid Qis supplied 5 onto the-polishing pad
31 on the pollshlng t ahl e 30 thro gh the abrasive liquid supply
nozzl e 40. Wakier W Gan ji& REQYE eﬁg apparatus, for polishing, while
hol di ng the waf erInVidre tdredeowern nsant doe, ofhd heo lal dsiniac smeifbrane 4 of

the wafer hplder.1, the ?CP.:L%X‘L' |n{éget5 33 h%@%%ﬁ%hdy%o at her eby
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on the polishin which is rotatlfg% he ot her 15 hand,
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t he regul at or ently, urin olish by control lin he
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conti nuously across an area fromthe center of the mefer to an
outer circuhrFepgnfran EEﬁt?QFP%ﬁV%Iﬂ%aFétalﬁE? ??ﬁ%F%V%nR%ﬂﬁﬁe t he
waf er W0 Theoabof ges exigesshives Ore ipasufikiesenthpobisdengami ddies.

CIrcunferenhlampfggeogfaé£§%lve particles include particles of cerium
oxide (CeO3) having an average particle diameter of 0.5 um
or less. As the binder, for example, an epoxy resin is
used. The abrasive plate provides a hard polishing surface.

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

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



- 23 - wafer Wcan be prevented. In the present invention, the
polishing surface fornmed on the polishing table may be prepared by a
pol i shing pad such as that described above or an abrasive 5 plate
conprising fixed abrasive particles. As the polishing pad, various
commerci ally avail abl e polishing pads, for exanple, SUBA800, |C- 1000
and | G- 1000/ SUBA400 (a two-layered clotf)y manufactured and sold by
Rodel, Inc., and Surfin xxx-5 and Surfin 000 manufactured and sold by

10 FUJIM | NCORPORATED can be used. The.  SUBA800, Surf in_xxx-5 and
Surfin 000 BYEL HBH AR5 Efis SRR cHOCRPTIAE Frbdre BORRATEsTusi ng
a uret hane sesface The tfanEfeGrednpoi spd af S3ail ehleaywerfeaf shafdce to
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The abrasi vepghine ¢bnprd dwckiingegdadbiastuengshran @ gsaghisenface béund
by using; a bjpdesrand formed into a plate. Polishing is conducted by
utilizing the abrasive particles freed fromthe abrasive plate. The
abrasive plate 2Pt i¥EEeT Raghr 18 tRe pafiscPed derheththgepPrangnt
pores. Exanphesnofombimsinienpar wiagkesis nedLilerpan ieQags i6f meabirdie

oxi de (Ce02)_ hayi an . rticle_di ter .of m.or. |es
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have a {yo- kayesegdrol LU W i6QMBh $h80rdat NubdAe b0t nll ¥a¢er.
abrasive particles and an el astic polishin ad adhered tqQ a | ower

side of theTRPRed®Bdh d8i%fe g BOdfe8ing e e AETSned P8 1000
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D e o AT i L1 ORclsR Wby LG MRS LAY,
havi ng a nodul us Dirgiest iig thheoPresanpk ebkyent igh . 1$isckPahe2g6tainer
kg/ cnP)19r PRRE is fixedly connected to the wafer holder body, the
retainer ring can be imparted with high rigidity and
unstable movement of the retainer ring can be suppressed,
thereby stabilizing polishing performance.
Fig. 9 is a longitudinal sectional view of a
20 substrate holding apparatus 1 according to another
embodiment of the present invention. Fig. 10 is a bottom
view of the substrate holding apparatus of Fig. 9. Fig. 11
is a secticonal 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 bedy 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 23 and a circumferential
35 wall portion 2B extending downward from the upper plate 2A.
The retainer ring 3 is fixed to a lower end of the
circumferential wall portion 2B. The retainer ring 3 is
made of a resin material having high rigidity. It should



351 n a conventional wafer holder, a wafer is held on a backing pad
provided on a rigid wafer hol der body. Because the polishing pad is
el astic, shocks on the wafer are absorbed by the polishing pad.
However, when a hard - 24 - polishing surface is used, undul ation on
the polishing surface is transferred to and affects the wafer surface
to be polished. Further, a mark corres ding to a vacuum openi ng of
the backing pad is fornmed on a rear surtace of 5 the wafer

On
the other hand, jn_the fer holder of the_ present Jinventi.on in i ch
 afer 1 s BB BOb0 e 8 CEEEEGBY AT S TR hrestatey
shocks on thethatlee whfer daddear hodyndul ating polishing surface can
be absor bed by thg,dQ,fddii 4 RLEISHLE,A5 LAY AL LR L6 sYhbage of
the wafer. Thus, €even en the po |sﬂlng surface |slhard, |
pol i shing péefbReredk cl T [FPARR FOX EBtaRUIND Fmrdlasdiice dieng to
the vacuum gpenindeiss{Qf MhankeheupabetinfUurddidns 3§ N ke gRhesanty
I nvention, since .the retain 15 rlng IS f%xedly connected to.the
waf er hol def1BHayTr? HeP %t aj SliaF 1 EaReBR A p FURRP DY AegRer S
rigidity andolastaibleuteyenertundfertthe inet ponetfon io wen diastic
suppressed, Lhgreby st abf |izlng RolsRkng RERL URNCE ) o fhelbrane

fr a 20 ol ding ap s 1

| ongi t udi nal “sectional view 0 Substrate h apparat u
accor di ng t exappdsebe Brariti thantelsfs ilfe mpmbsene $URRIRLIOY meger1d is

a bott o Vi gha0fnt hfaabHid i MIadi Y appaigidscitimdd:9.8 s FoFmedl
is a sectional VIEM/ShOﬁ%) hOM/%?e substrate hpldu%gn%gfaratu of
Fig. 9 is op&rLbedvasey t398% 2holtBPnGLAPPLT 4t % 4addffed to

hol d a subsflaktble bigeqolé strell,arsuinneas sarsace cofhduot orafsaf éwo,ldamnd
press the ‘."@Bﬁg 3gai pst a?@%ﬂesbél]%%ﬁ‘éf haf6rdhe & Paﬁld SJHe”%%e@z?bﬁe As
shown in Fig. 9, the substrate holding apparatus of this enbodi nent
conpri ses asBPsh-6i ke fegregd from a ru ber material which is excellent
15 in strength and durability, such as an ethylene propylene
rubber (EPDM), a polyurethane rubber or a silicone rubber.
A pressurized fluid such as pressurized air is supplied to
the f£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
regulator. A slight gap is formed between an outer
circumferential surface of the elastic membrane 4, and the
wafer holder body 2 and the retainer ring 3. The elastic
membrane 4 and the elastic membrane supporting member 5 are
30 vertically movable relative to the wafer holder body 2 and
the retainer ring 3.

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

35 membrane 4 may not be used so that the wafer may be pressed
by direct contact with the fluid. When the elastic
membrane 4 is not used, the fluid chamber is formed by the
wafer holder body 2 and the rear surface of the wafer to be



30 hol der 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
nmetal and a ceram c, and conprises a circular upper plate 2A and a
circunferential 35 wall portion 2B extending downward from the upper
plate 2A. The retainer ring 3 is fixed % a lower end of the
circunferential wall portion 28. The refainer ring 3 is nade of a
resin material having high rigidity. It should - 25 - be noted that
the retai neP°tiABe3 - may be formed integrally with the wafer hol der
body 2. The maferAﬂoammmlinxhtdbpamdpﬂbEerEBaimefixédmxﬁkdtgh ae am
i nner space _for nt t 5 a i
R
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as in this %”b Qng E4 are éme&r¥%€§§%% ly with the elastic membrane
supperting 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 porticn 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 hecle
1l4h of each vacuum portion 14 is open. 2All the
communication holes 1l4h join inside the elastic membrane
suppeorting member 5 and are connected through a tube 11 in
35 the fluid chamber 8 to a vacuum source. When a negative
pressure is applied to the open ends of the communication
holes 14h through the vacuum source, a semiconductor wafer

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



35 nenbrane 4 nmay not be used so that the wafer may be pressed by
direct contact with the fluid. When the elastic nenbrane 4 is not
used, the fluid chanber is fornmed by the wafer holder body 2 and the
rear surface of the wafer to be - 26 - polished. An annul ar
stopper plate 13 is fixed through a support nenber 12 to the upper
pl ate 2A of the wafer hol der body 2. Am-upper end surface 13a of the
stopper plate 13 5 is positioned at a predeterm ned height and the
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force. & 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 & spherical recess

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

30 18a and the spherical recess 2a.

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

35 engaging at different contact positions. Therefore, a
torque of the drive shaft 18 1s surely transmitted to the
wafer holder body 2 even when the wafer holder body 2 is
inclined.



- 27 - shown in Fig. 9, during polishing, the vacuum portions 14 are
| ocated i nward of a |lower end surface of the elastic nenbrane 4 and
do not protrude fromthe | ower end surface of the elastic nenbrane 4.
When the wafer Wis held under 5 vacuum force, as shown in Fig. 11,

| ower end surfaces of the vacuum portions 14 becone substantially
flush with the |ower end surface of theggelastic nmenbrane 4. An

el astic sheet 15 such as a thin rubber sheet IS attached to the | ower

end surface of eagch vacuuqt t| on, 14 s k’ (3[ 3éacuumf rce ifs
Shpl o0 the vaf o osHR IRAELRR LS it V. reGad ¥BCHBELEEISS &
hol der dri vehsheffiexl Qidlslepr dvedpladbed eviitie ngfpeengleatte EAgef $hel.
waf er hol der bodyng, w-gf% dﬁb!ﬁefhf‘fz{t ]évﬁﬂaqet he waten kel Qe%OQngOI%

are connected throug T5 Ui versal  j oint The "uni versafl jof nt
transmits pf‘e’és‘iﬁaélsa‘flﬁiﬂtl@igqéewéfetfh%n riiee quffﬁﬂanslttl@nt H@lﬁ/ﬁf efh of

thﬁl der f @dﬁttﬁ% VWHdtﬁJrrp%fdﬁttllthQ 1untg£é n@érhr%lit%d tthﬁ_ r‘]c@lrel vacalaf lgoﬁﬁc@tnd
e wafer hol der_bo re ve to each of her e uni.ve sa in
19 conpr i se5PE0EFHh fﬂt’%gﬁ“bﬁeiﬁl ng OB RELHE T o mAFhiSSR “He i £3 L7,

inclinati onttmé vtdnteamva-f grs helldepnbody Powsd drte sthimfiseeshaft th8 vacuum
relative to e d n ch
m Toufé O 757, SRedRE Lo I ik, TR P LIt

transmtsr% 8 to the wafer ody 2.
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formed g ascemit %omltvleorprefssarbomeramif@@ed)ftrtéﬂm@rmvenatﬂaét: a8,
a spherical recess 2a forned at central portion af surface
of the UppeFopiat e FRHH i UBUAF AnEORAIT™ o Prrddte 6r-as thgt BPTAF2Rvi ng
hi gh har dnessppsticin@stantesr dmacd phevvdadarbqimﬂ:ewrtshdttsphedi the
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hol der bodyp@sevein whéfhilee hedfdénghbhdevabodyW 2inden valdumed force,
the wafer holder 1 is moved to a position above & polishing
table (designated by reference numeral 30 in Fig. 12)

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

25 the wafer holder 1.

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

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

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



- 28 - Next, explanation is made with regard to operation of
the wafer holder 1 explained with reference to Figs. 9-11. The
wafer holder 1 as a whole is noved to a position for transferring a
waf er and the comruni cation holes 14h of 5 the vacuum portions 14 are
connected to the vacuum source through the tube 11. Consequently, as
shown in Fig. 11, the wafer Wis held an the | ower end surfaces of

t he vacuum portions 14 due to the effec 6t vacuum force applied
through the communication holes 14h. In this instance, a 10 slight
posi tive pree@Eteererdiphlticedhe cPraipputd. chakisertle £3udd pPsesFEvent
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circunfer enteﬁtefd’g@ e tdiranmfferetial hedigle byh d e £ e traigaeti Leissg o8,
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pollshlng an ‘air cylinde desi rence
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to thereby ppessnihe, retadid@dstidgedblhxedst Osthe Walielatholdarabedy 2
agal nst 30 E?Qghpgrlléspéalg SSL'llJII" a%cee o%f t&1 wgi?lexl:sm ngounadblt%eu%%enlngs da,
so that there is substantially no leakage of the

15 pressurized fluid f£rom the fluid chamber 8 to the outside.

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

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

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

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

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

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

wafer surface can be constantly minimized, and uniformity



predeterm ned pressure. In this state, the pressurized fluid is
supplied under a predeterm ned pressure to the fluid chanber 8, to
t hereby press the wafer Wagai nst the polishing surface of the
polishing table. The pressure 35 applied to the wafer Wfor polishing
is adjusted to a desired |level by controlling the pressure of
pressurized fluid supplied to the fluighchanber 8. Thus, the fluid

pressure is directly applied to the wafer Wat its portion - 29 -
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so that there is substantially no | eak age of the 15 pressurized f|UId

fromthe 1G9 cAxHBRrlis SRR aoG% fdpgelioh rigighy ng GISEESRG Y he
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cyl i nder, € pol'ishing $Gr'f aCe "ou e wafe
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W Therefore, a upid %g@rpirrpg%swaea@lestfbmaalw @@@ a%sqqtcalmmrane 4
conti nuousl%?across an area fromthe center of wafer Wto_an

out er circuff@rERe i GFOPYR tE Y10 He Péf’éf‘ﬂe?h?l%ﬂm@”ﬁtﬁasﬁ]d’é‘ fipd-es
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communication holes 1l4h connected to the vacuum source.
That is, the vacuum portions 14 directly hold the wafer W
due to the effect of vacuum force. Therefore, there is no

20 need to impart the elastic membrane 4 with a suction cup-
like configuration. Therefore, change in properties of the
elastic membrane 4 is 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

25 structure of a polishing apparatus including the substrate
heolding apparatus of Figs. 9 to 10. As shown in Fig. 12,
the polishing table 30 has a polishing pad 31 attached to
an upper surface thereof and is provided below the wafer
holder 1.

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

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

The drive shaft 18 is connected to a rotary cylinder



In the wafer holder shown in Figs. 9 to 11, the retainer ring 3 is
fixedly connected to the wafer holder body 2 having a rigid
construction and the retainer ring 3 30 is vertically noved by
vertically nmoving the wafer hol der body 2. By this arrangenent, 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 hol der body 2, 35 undesirable
| ateral (or _radial) novenent of the retainer ring 3 can be prevented.
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4 and the vacuum portions 14 having the’ communi cation holes 15 14h
are provi dediFALHeSBPRIF IR Da 2 FRé RalBPLWRS"HE d due to the
ef fect of vacuum & ceiapphleddrhnaughadt bre COMMM I drdnvet Bokes ,14h

connected to_the acupm source, t he_ya um 14
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the elastic nmenbrane 4 is unlikely to occur, hat uniformty in
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Cross-secti prabsurewrshoptdxs aly elel rétainer 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 fo thereby adjust the pressure for pressing the wafer W
against the polishing pad 31. The communication holes l4h
of the wvacuum portions 14 are connected through a valve V
to a vacuum source 25 such as a wvacuum pump.
An abrasive liquid supply nozzle 40 is provided above
25 the polishing table 30. An abrasive ligquid Q is supplied
onto the polishing pad 31 on the polishing table 30 through
the abrasive 1liquid supply nozzle 40.
In this polishing apparatus, for transferring the
wafer W, the communication holes 14h of the vacuum portions
30 14 are communicated with the vacuum source 25, to thereby
apply a vacuum force to the wafer W for holding the wafer W
on the vacuum portions 14. For polishing, the 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



25 structure of a polishing apparatus including the substrate hol ding
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
provi ded bel ow the wafer holder 1. 30The 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 J xed to a wafer hol der head
32. The drive shaft 18 is vertically aned by nmeans of the air
cylinder 33, thereby noving the wafer holder 1 35 as a whole in
vertical diFbeid GameDes$on FEREDY cPRPHRITHS HRLSTE  844BSENEhe

waf er hol depob@@lylx?g agal It dohehpobbshingnd addtel 30, Theridhi We shaft
18 is connected_to ar i_nd 34 t.hrough a_key.(not
shown). The ?B?%ﬁ cyﬁﬁhggé §%%ﬁasgangrnlng ?Rﬁ%Slv gq ngnsou%
circunferen;up@lsmﬁfﬁmnmlUﬂewe@tESIhe Liguehg puidley ®Ezle é@nﬁecaedto
through a t} é‘ﬂn bgld agoﬁcésciv% tJ_'lEEhEE B%ﬁ%’hé%d’ﬂs@ﬂn‘gsg‘a@“@?@t ednhe,
5 a wafer holder notor f1xed to waf er hol der head 32. - =
Theref ore, PReLFRIRG yl%ﬂan?d’ért%w&ﬁélet Retning dher @brgsdve Léauied

aﬁ a unit b% baewyad e%hm&a%rr FRirgkcd 7 tbhbe UL itsh%di ?' ngwew ba!‘ﬁé&a
the timng t he u ereby rotate the
waf er holde?]‘lz3 %h%ﬁéa&ﬁ?gﬁ i&#%%% héﬁ%lgﬁ ?% jported by a wafer
hol der head shafthﬁ)ﬁob«aﬂypgsumperpedsbyr@.fqnnanﬁaﬂngshbﬂnretainer

The air, &y'}'g g %33? @ﬂgstf hﬁ,ef' g gagbgad%??fr GnigSReChikghi¥a
connected t g ator e ator R2 to a pressuri zed
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pressure for pressing.the retainer ring nst e .S

31. The preégu?%a%? RS Fed i P5upp nggg¢ éh Iﬁ%ﬁ q hﬁ%bg%
is control | edebgdjhetedgin &t cﬂreaizedzgeﬁfglt helﬁ@bwgad]ngtShtlmel prtéesur e

for pressi ngr-the maf sy Vﬁ‘z?&%ﬂ?ﬁ} thize rRekii 88 ngi ks Ihailhe the
comuni cati on_hol es 14h_of the 'vacuum portions 14 are_connected

through a vBPYESRHARY Baq athififits &fr CE*259sRENSRR S YadiEmisdg2tas R1.
abrasive i auﬂdtﬁuppi:ysﬂmezIﬂaﬂ@ne&smgvmedwabmev against the

polishing pad 31 can be wvaried by means of -the regulator R2.
Consequently, during polishing, by controlling the pressure
20 for pressing the retainer ring 3 against the polishing pad
31 and the pressure for pressing the wafer W against the
polishing pad 31, a uniform pressure distribution can be
obtained continuously acréss an area from the center of the
wafer W to an outer circumferential portion of the retainer
25 ring 3 outside the wafer W. Therefore, excessive or
insufficient polishing at the circumferential edge of the
wafer W can be prevented.
In this embodiment, the polishing surface- formed on
the polishing table may be prepared by a polishing pad such
30 as that. described above or fixed abrasives. As the
polishing pad, various commercially available polishing
pads, for example, SUBA800, IC-1000 and IC-1000/SUBA400 (a
two-layered cloth) manufactured and sold by Rodel, Inc.,
and Surfin xxx-5 and Surfin 000 manufactured and sold by
35 FUJIMI INCORPORATED can be used. The SUBABOC, 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



25 the polishing table 30. An abrasive liquid Qis supplied onto the
pol i shing pad 31 on the polishing table 30 through the abrasive
liquid supply nozzl e 40. In this polishing apparatus, for
transferring the wafer W the conmuni cati on holes 14h of the vacuum
portions 30 14 are comruni cated with the vacuum source 25, to thereby
apply a vacuum force to the wafer Wfor gojding the wafer Won the
vacuum portions 14. For polishing, the YAcuum force applied to the
waf er Wthrough the vacuum portions 14 is rel eased_and, while hol ding
the waf er WPOROVAeStHIRF M@, 1NGANEeE Bf NYRRCR| 51T iR andRErENE 54 O&f
the wafer hghtgs #orhd® &ira Gidsdey tB3rksroperated, to thereby press
the retainer ring 3 fixed tqQ the wafer holder body 2 toward. the
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t he pressure Oor pressing the retalner ring agal nst” t he
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the polishi garpade3l, a uniform pressure distribution can be obtained
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modulus of elasticity of compression of 19.8 MPa (200
kg/cm?) or more.
In a conventional wafer holder, a wafer is held on a
backing pad provided on a rigid wafer holder body. Because
25 the polishing pad is elastic, shocks on the wafer are
absorbed mainly by the polishing pad. However, when a hard
polishing surface 1is used, undulation on the polishing
surface is transferred to and affects the wafer surface to
be polished. Further, a mark corresponding tc 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 1s 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



In this enbodi nment, the polishing surface forned on the polishing
tabl e may be prepared by a polishing pad such 30 as that described
above or fixed abrasives. As the polishing pad, various commercially
avai |l abl e polishing pads, for exanple, SUBA800, |C- 1000 and

| C- 1000/ SUBA400 (a two-layered cloth) manufactured and sol d by Rodel.
Inc., and Surfin xxx-5 and Surfin 000 nuf actured and sold by 35
FUJI M | NCORPORATED can be used. The SUBA800, Surf in xxx-5 and
Surfin 000 are non-woven cl oths which conprise fibers bound by using
a ur et hane $@BF$SPOFHE NICTPOBDECHAPETR P Hihdl% ficayed 6 RBpdwafer.
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should be noted that "soft” means having a low modulus of
elasticity.
Fig..13.is a.plan view of a poclishing apparatus which
is suitably used for the above-mentioned two-stage
20 polishing by using the wafer holder of the present
invention. The polishing apparatus of Fig. 13 comprises
two polishing tables 30. An abrasive plate or fixed
abrasive polishing tool 29 is attached to one polishing
table 30, to thereby provide a first polishing unit 4la. A
25 polishing pad 31 is attached to the other polishing table
30, to thereby provide a second polishing unit 41b. The
second polishing unit 41b can be used for final polishing.
The polishing pad 31-of the second polishing unit 41b has a
lower elastic module than that of the polishing tool fixed
30 abrasive polishing tocl of the first polishing unit 41a. A
wafer holder 1 has the same structure as that shown in Figs.
1 to Fig. 3 or Fig. 9 to Fig. 11. The single wafer holder
1 is common to the first polishing unit 4la and the second
polishing unit 41b. That is, as in the case of Fig. 8 or
35 Fig. 12, the wafer holder 1 is supported by a wafer holder
head 32. The wafer holder head is adapted to be pivotally
moved by a wafer holder head shaft, and the wafer holder 1
is capable of moving between the fixed abrasive polishing



25 the polishing pad is elastic, shocks on the wafer are absorbed

mai nly by the polishing pad. However, when a hard polishing surface
is used, undul ation on the polishing surface is transferred to and
affects the wafer surface to be polished. Further, a mark
corresponding to a vacuum 30 openi ng of the backing pad is formed on
a rear surface of the wafer. On {de other hand, in the wafer
hol der of this enbodinent in which a wafer is held on an elastic
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pol i shing SH&%&% 1%{8:{?, ?ﬂuegn RBLLENLRY PEIJOIIANGS iGN B8t 41a to

mai nt ai ned an _ - ‘correspondi ng to the vacuum opening Is
formed on taendidlra first poddshpes, of ntheiriar &y et fikedce the

retainers ri ggrdsi$d X8 160N eGad 200 therawdf @y haldamhdadkontihe
retainer ring _can be inparted with hlgh rlgédlty and unstable 5

nmovement of PP heSRER Qi ¥iert rd 1y tCarOoBE s tpr Yheridy PeAEFREEENg
pol i shi ng petsf tieadame Wy hilghlapfdsattepad »afard suwdanaddationghkess
scratch mar ap, be o ' c | -sta lLi.shin t hat
is, first cglrsiggc I ngo p%a?}{s |eﬂ:gb%’fe E}ﬁgﬁ% ‘g?w%%&aﬁoag:glerl)g"laf%ram 3e

pl at e whil ethhe apfargemedel ¢ Mighhy Gafbienrd dfegf SUREageedanNing

inventipn (ie§s, séherdRiRiniholder ahbshablals a wafer under fluid
pressure) and then cqnducti ng fi%ﬁL5B0|iShin of the wafer on. a

pol i shing pad whith §PEH tPaged BH R (e Sa tadiVE S e LSwAPFe
t he waf er i aedbsbetiilpyl ichicamfter thel deregditd enrekienn isnent ican. bkt

shoul d be ngLed:{bats, SO far{IRRN D" ALL A% 2AKYE RPUMS O SlASthe! 1Y

gist of the present invention.



Fig. 13 is a plan view, of a polishing apparatus which is suitably
used for the above-nentioned two-stage 20 polishing by using the

~waf er holder of the present invention. The polishing apparatus of

Fig. 13 conprises two polishing tabless3Q. 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
pol i shing unit 41b. The second poli Hidd§Sunit 41b can be used for
final polishing. The polishing pad 31 of the second polishing unit
41b has a |l ower elastic nodule than that of the polishing tool fixed
30 abrasive pbITedHiangrt 8619 ofox HE ingt aPoPyiHi Fd TGHREHAR 198 \RafFépce

hol der 1,has »&J&ﬁ@gﬁdswugtéﬁ&u@alt Rathshown igd1E:88ng lapdafitds, 3tRE
Fig. 9 to Fig. .. The single wafer holder 1 is common to_the first

pol i shi ngetﬁmeml@%dﬁ%@%@ébn@waﬁsrﬁ%@ Weviing1 Fadipatyi 4nngs ppd

the case,QfcFi OLn35th Be LkhgalBE VARLA' che! denidnisgsuppented by
a waf er ﬁ derg%g%h é% The ﬁafegaﬁolder head |§ﬁgéapte% be ©

pi vot al | 9nmﬁeu Sblyfacmlﬁ%*nmmmé’rldﬁéadl%fhaﬂe oefnaomegm‘é?s [RTEGEAing

is capab h asjye
tool 29 gﬁo t%e po |SE?%\$@EE%£3&& Wﬁ?@ge%ﬁdfﬁgﬁﬁq Egmvevar %rég\é/v Fad

pi cked upedshimondfrer Trsliddilyl innem @dwss erngduply driopyes? al’ﬁhéﬁlCllned
moved thgejgggthe ixt(g% gk%dgaut dAlact Locondutly &f i3l R S@'u@@a@% of

t he waf er abrasi ve po |sh|ng tool 29, thereafter
t he secoch;uﬂetshnﬁg wiing , 41804 o thenddctect iac ondl cynthnaF19@||Qﬂ1|ﬁ§e

of the sa 8P%y psolcn§ ggﬁgﬁgewo%d éﬂcagﬂg'n c{lgte%gsg Lo the J.Jetar:.nég g,

transfer I'S er tot I's arrangenent
hi ghl'y fIattenedemafeﬁmsuwétﬁxadnnmxmgJih¢k§ﬁsssoaaﬁehShamhtaaaﬂmbélng

obt ai ned It shou res % S
necessaﬂimbﬁﬁrﬁ?l%ytggtkgrgg?ggf dmaa%%odp%%ﬁtg g@goégn%%%ggg #ffgg&
in a varmemgenﬁwmmqm;mmtfﬂm&ddE@aatmagerrhnidhe bpgy, oftheh@rpresenare

'nventlonrovfaé§ n%n the first retainer ring member, and the first
retainer ring member 1s pressed against the polishing surface

independently from the wafer.

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

- wherein the  retainer ring includes a first retainer ring
member which is vertically movable and a second retainer ring
member which is fixed to a wafer holder body, the grooves are
provided in the first retainer ring member, and the first
retainer ring member is indépendently pressed against the

polishing surface from the wafer.



1. Aretainer ring for holding an outer circunferential surface of a
waf er used in a chem cal nechanical polishing apparatus, the retainer
ring having an annul ar face having radially inner and outer edges and
to be engaged with the polishing surfage, the annular surface being
provi ded with one or nore grooves extending fromthe radially outer
edge towards the radially inner edge and reaching the radially inner

edge, and the grooves are inclined relative to the radial djirection
fornmed oh-t he® IHEANstr FAe® BT e diag af MeRutsin§lraHat e Fendiale Sirdace

of inclipathop;edr t eI opPVeScIea I @IPaREsah OcAl &%ﬁtékﬁ gdlarp%gtrh@ﬁls Ofs
the retainer ring wherein the retainer ring inclu first

retalnerS$Wrﬁ?ﬁ%@nﬁéroﬂhl%?l9%?lﬁeﬁtPéaFl?ﬂﬁﬁ%abWéraﬁH B geagifdner ring
retalnerlg|}H$éﬂ%gb§rrg@uﬂﬂhdggrlbged to a wafer hol der body, the
grooves are provided in the first retainer ring nenber, and the first
retainer ring nmenber is pressed against the polishing- surface

| ndependgnt| r(a,fem%f %ﬁgerfor 2ysdt £g! gl BREm{ D ﬁ@éhanﬁlcqllnqmq shing
outer circunterenti surface of a wafer used 1n a chem cal

nmechani capputiishifny pppeatangs 2 vager etepPSE SERGY havi ng an annul ar
face having cadisglly Jdigheand;gHt gemsgge%m%eﬁ 49 Be.8003080 Wobbile
poli shing surface; the annular s ace being provided with One

nor e gro@vés extending fromthe radially outer edge tomards the
radial l'y inngr %%%%né”qce%grdahgg ?:hREC; n@pLPehagdhakly 4i00ar &dge, wQ@?r
the retainer ring is fixedly connecte to a substrat e hol der body o

t he chenmcidenrgcidani cak p@ﬁeshhngd@prWQMlhﬁnﬂ@em@mylngrﬂﬂngoahold the
substrate while polishing, wherein the retainer ring includes
a first retai'ner ring nmenber which is vertically novable and a second
ret ai ner ringhﬁeabarsawﬁwﬂlﬁs$ frieketinéo @ ngaferbbol derpirrbed wgeinst a
gr ooves &Eﬁs%r %%gfégetggd%ﬁér%er{tﬁyalf@%}’n “898 WQ?B? ﬁﬁ‘Qd %P& BLESE
retai ner” ring rs’in enden préesséd agalnst’t Shirng
surface fetanmehermabemembeﬁ aidr st &d neFcaricng eftarinhol ding mamb@werface
C|rcunfer<§}b%5 surface of a wafer used in a chem cal nechanica
pollshlng apparaFus as set forth in one of claiml or claim2,
wherein the retainer ring is made of a resin material. 4. A r et ai ner
ring for use,in a.c chanical polishin aratus _fo
pollsh|H% a ma?ubStm%onmllggln% ?P?sfgg%ﬁégﬁé%gﬁg ngngngg;smﬁ E% and
vertlcanhmxnnwgbma iarneh contaatsaumhdaquﬂumeﬁnglmgbhenﬁet whﬂ¢hhlﬁg,
fixed to_,a wafer Ide bod t he wafer hol der body bei confi ured
Lo hol o e eitrate” BoLPoftne, At PorfLe e FrhgUTehusiny
pressed sgaifdsthaipodnshineg osucianes indepandently from said wafer,

and said first retainer ring nenber and said second retainer ring
menber face each other. 5. A substrate polishing apparatus for

hol di ng @.SUbSt@ﬁb@tfﬁKbt&iI@ﬂdﬁ)dﬁpdrﬂtOsC@BtaﬁblMlﬁ@ a pabsshing for

table for i,shin substr ol i shi ng appar at us conprlsi .a
ot i neSAGRE Shbe BTt TA i IONET T PRI e EoTs ARG e g aLter
substraiﬁadgobdlsgtanpaﬂahmsaﬁprom@ldhwm;aamsubstzeﬁna fagr pol i shi ng,

t he substrate hol ding apparatus conprising a retainer ring as set
forth in any one of Clains 1, 2 and 4. '



