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SUBSTRATE HOLDING APPARATUS

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a substrate
holding apparatus for holding a substrate to be polished and
pressing the substrate against a polishing surface, and more
particularly to a substrate holding apparatus for holding a
substrate such as a semiconductor wafer in a polishing
apparatus for polishing the substrate.

Description of the Related Art: =

In a manufacturing process of a sémiconductor
device, a thin film is forme& on a semiconductor device} and
then micromachining processes, such as patterning or forming
holes, are performed. Thereafter, the above processes are
repeated to form thin films on the semiconductor device.
Recently, semiconductor devices have become more integrated,
and structure of semicondqctor elements has become more
complicated. In addition, the number of layers iﬁ multilayer
interconnections used for a logical system has been increased.
Therefore, irregularities on the surface of the semiconductor
dévice are increased, so that the step height on the surface
of the semiconductor device becomes larger.

When the irregularities of the surface of the
semiconductor device are increased, the following problems
arise. The thickness of a film formed in a portion haviﬁg a
step is relatively small. An open circuit is céused by

disconnection of interconnections, or a short circuit is
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caused by insufficient insulation between the layers. 2As a
result, good products cannot be obtained, and the yield is
reduced. Furthet, even if a semiconductor device initially
works normally, reliability of the semiconductor device is
lowered after a long-term use. At the time of exposure in a
lithography ©process, if the irradiation surface has
irreqularities, then a 1lens unit in an exposure system is
locally unfocused. Thereforé, if the irregularities of the
surface of the semiconductor device are increased, then it is
difficult to form a fine pattern on the semiconductor device.

Thus, in the ~manufacturing procg‘ss of a
semiconductor device, it is increasingly im-portant to
planarize the surface of the semiconductor device. The most
important one of the planarizing technologies is chemical
mechanical polishing (CMP). In the chemical mechanical
polishing using a polishing apparatus, while a polishing
liquid containing abrasive particles such as silica (SiO0,)
thérein is supplied onto a pqlishing surface : such as a
polishing pad, a substrate such a semiconduct&r wafer is
brought into sliding contact with the polishing surface, so
that the substrate is polished.

This type of polishing apparatus comprises a
polishing table having a polishing surface constituted by a
polishing pad, and a substrate holding apparatus, such as a
top ring or a carrier head, for holding a semiconductor wafer.
When a semiconductor wafer is polished with this typé of
polishing apparatus, the ‘semiconductor wafer is held by the

substrate holding apparatus and pressed against the polishing
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table under a predetermined pressure. At this -time, the
polishing table and the substrate holding apparatus are moved
relatively to each other to bring the semiconductor wafer into
sliding contact with the polishing surface, so that the
surface of the semiconductor wgfer is polished to a flat
mirror finish.

If a pressing. force produced between the
semiconductor wafer and the pélishing surface of the polishing
pad is not uniform over the entire surface of the
semiconductor wafer, +then the .semiconductor wafer is
insufficiently or excessiveély polished dependifig on the
pressing force applied to the semiconductor wafer.- Therefore,
it has been attempted that a holding surface of the substrate
holding apparatus is formed by an elastic membrane of an
elastic material such as rubber, and a fluid pressure such as
air pressure is applied to the backside surface of the elastic
membrane to uniform the pressing force applied to the
semiconductor wafer over : the entire surface of the
semiconductor wafer.

The polishing pad is so elastic that the pressing
force applied to the peripheral portion of the semiconductor
wafer becomes non-uniform and hence the peripheral portion of
the semiconductor wafer is excessively polished to cause edge
rounding. In order to prevent such edge rounding, there has
been used a substrate holding apparatus in which the
semiconductor wafer is held at its periphera} portion by a
gﬁide ring or a retainer ring, and the annular portion of the

polishing surface that corresponds to the peripheral portion
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of the semiconduétor wafer is pressed 'by the guide ring or the
retainer ring.

The thickness of a thin film formed on the surface
of the semiconductor wafer varies from position to position in
the radial direction of the set_niconductor wafer depending on a
film deposition method or the characteristics of a film
deposition apparatus. Specifically, the thin film has a £ilm
thickness distribution in the radial direction of the
semiconductor wafer. When a conventional substrate holding
apparatus for uniformly pressing the entire surface of the
semiconductor wafer is used for polishing the semiconductor
wafer, the entire surface of the semiconducto;‘: wafer is
polished uniformly. Therefore, the conventional substrate
holding apparatus cannot realize the polishing amount
distribution that is equal to the film thickness distribution
on the surface of the semiconductor wafer, and hence cannot
sufficiently cope with the film thickness distribution in the
radial direction to cause ins__ufficiezit or excessive polishing.

As described above, the film thickness distribution
on the surface of the semiconductor wafer varies depending on
the type of a film deposition method or a film deposition
apparatus. Specifically, the position and number of portions
having a large film thickness in the radial direction and the
difference in thickness between thin film portions and thick
film portions vary depending on the type of a film deposition
method or a f£ilm deposition apparatus. Therefore, a substrate
holding apparatus capable of easily coping with various film

thickness distributions at low cost has been required rather
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than a substrat® Holding apparatus capabie of coping with only

a specific film thickness distribution.

SUMMARY OF THE INVENTION
' The present invention has been made in view of the
above drawbacks. It is therefore an object of the present
invention to provide a substrate holding apparatus capable of
polishing a substrate such as a semiconductor wafer in
accordance with a thickness distribution of thin film formed
on the surface of the substrate, and obtaining uniformity of
the film thickness after polishing. =
It is another object of the present i.nvention to
provide al substrate holding apparatus capable of easily coping
with not only a specific film thickness distribution but also
various film thickness distributions at low cost.
According to an aspect of the present invention,
there is provided a substrate holding apparatus for holding a
substrate to be polished and pressing the substrate against a
polishing surface, the substfate holding apparatus : comprising:
a top ring body for holding a substrate; an elastic pad
brought into contact with the substrate; a support member for
supporting the elastic pad; a contact member mounted on a
lower surface of the support member and disposed in a space
formed by the elastic pad and the support member, the contact
member having an elastic membrane brought into contact with
the elastic pad; a first pressure chamber defined in the
contact member; a second pressure chamber defined outside of

the contact member; and a fluid source for independently
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supplying a fluid into or creating a vacuum in the first
pressure chamber and the second pressure chamber.

According to another aspect of the present
invention, there is provided a substrate holding apparatus for
holding a substrate to be polished and pressing the substrate
againét a polishing surface, the substrate holding apparatus
comprising: a top ring body for holding a substrate; a seal
ring brought into contact ‘with an upper surface of a
peripheral portion of the substrate; a support member for
supporting the seal ring; a contact member mounted on a lower
surface of the support member and disposed in a g'pace formed
by the substrate and the seal ring and the support.member  the
contact member having an elastic membrane brought into contact
with the substrate; a first pressure chamber defined in the
contact member; a second pressure chamber defined outside of
the contact member; and a fluid source for independently
supplying a fluid into or creating a vacuum in first pressure
chamber and the second pressure chamber. 5

According to still another aspect of ‘the present
invention, there is provided a substrate holding apparatus for
holding a substrate to be polished and pressing the substrate
against a polishing surface, the substrate holding apparatus
comprising: a top ring body for holding a substrate; a support
member having a contact member mounted on a lower surface
thereof, the contact member being disposed in a space formed
by the substrate and the support member and having an elaétié
membrane brought into contact with _the substrate; a first

pressure chamber defined in the contact member; a second
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pressure chamber defined outside of the contact member; and a
fluid source for independently supplying a fluid into or
creating a vacuum in the first pressure chamber and the second
pressure chamber.

According to another aspect of the present
invention, there is provided a substrate holding apparatus for
holding a substrate to be polished and pressing the substrate
against a polishing surface,'the substrate holding apparatus
§omprising= a top ring body for holding a substrate; an
elastic pad brought into contact with the substrate; a support
member for supporting the e€lastic pad; and a ffiurality of
contact members mounted on a lower surface of -the support
member, the plurality of contact members each having an
elastic membrane brought into contact with the elastic pad and
being independently pressed against the elastic pad.

According to the present invention, pressures in a
first pressure chamber and a second pressure chamber can be
independently controlled. T@erefore, a pressing force applied
to a thicker area of a thin film on a substrate can be made
higher than a pressing force applied to a thinner area of the
thin film, thereby selectively increasing the polishing rate
of the thicker area of the thin film. Consequently, an entire
surface of a substrate can be polished exactly to a desired
level irrespective of the film thickness distribution obtained
at the time the thin film is formed. The pressing force is a
pressure per unit area for pressing the substrate againét a
polishing surface.

In a preferred aspect of the present invention, the



10

15

20

25

fluid source sudpplies a fluid controlled in temperature into
the first pressure chamber and the second pressure chamber,
respectively. Preferably, the plurality of contact members
are spaced at predetermined intervals.

According to another aspect of the presént
invention, a communicating portion for allowing the fluid
supplied to the first pressure chamber to contact a contact
surface of the substrate is formed in the lower surface of the
elastic membrane of the contact member. When the pressurized
fluids supplied to the pressure chambers are controlled in
temperature and the temperature of the substrate fg controlled
from the backside of the surface to be polished; the above
arrangement can increase the area in which a pressurized fluid
controlled in temperature is brought into contact with the
substraté. Therefore, controllability in temperature of the
substrate can be improved. Further, when the polishing of the
substrate is finished and the substrate is released, the
pfessure chambers are respectively opened to the: outside air
via the communicating portion. Thus, fluids supplied into the
pressure chambers are prevented from remaining in the pressure
chambers. Therefore, even when substrates are continuously
polished, controllability in temperature of the substrate can
be maintained.

In a substrate holding apparatus comprising a seal
ring, the lower surface of the support member is not covered
after the substrate is released. Therefore, a large par£ of
the lower surface of the support member is exposed after the

substrate is released, so that the substrate holding apparatus
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can easily be ¢leadned after the polishing process. In either
a substrate holding apparatus comprising an elastic pad or a

substrate holding apparatus comprising a seal ring, the

support member should preferably be made of an insulating

material such as resin or cera:_nics. The seal ring should
preferably extend radially inwardly from an innermost position
of a recess, such as a notch or orientation flat, for
recognizing or identifying the orientation of a substrate.

In a preferre& aspect of the present invention, the
contact member comprises a holding member for detachably
holding the elastic membrane. With this arraﬁaement, the
elastic membrane of the contact member can easily'be replaced
with another one, and hence the position and size of the first
pressure chamber and the second pressure chamber can be
changed simply by change of the elastic membrane of the
contact member. Therefore, a substrate holding apparatus
according to the present invention can easily cope with
various thickness distributions of a thin film formed on the
substrate to be polished at a low cost. i

In another preferred aspect of +the present
invention, the holding member of the contact member is
detachably mounted on the support member. With this
arrangement, the contact member can easily be replaced with
another one, and hence the position and size of the first
pressure chamber and the second pressure chamber can be
changed simply by change of the contact membgr. Thereforé, a

substrate holding apparatus according to the present invention

can easily cope with various thickness distributions of a thin
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film formed on khé substrate to be polished at a low cost.

In still another preferred aspect of the present
invention, a protrusion radially protruding from a
circumferential edge of the elastic membrane of the contact
member is provided on the lower surface of the elastic
membrane. The protrusion is brought into close contact with
an elastic pad or a substrate by a pressurized fluid supplied
to the second pressure chamber to prevent the pressurized
fluid from flowing into the lower portion of the contact
member. Hence, the fange of pressure control can-be widened
to press the substrate against the polishing gurface more
stably. -

In another preferred aspect of the 'present
invention, the contact member includes a central contact
member disposed at a position corresponding to a central
portion of the substrate, and an outer contact member disposed
outside of the central contact member.

In still another_preferfed aspect of :the present
invention, the outer contact member is mounted at a position
corresponding to an outer.peripheral portion of the substrate.
With this arrangement, the pressing force applied to the
peripheral portion of the substrate is appropriétely
controlled to suppress effects due to elastic deformation of a
polishing surface or entry of a polishing liquid into a space
between the polishing surface and the substrate, for thereby
uniformly polishing the peripheral portion of the substrate.

| In another preferred aspect of the present

invention, the substrate holding apparatus further comprises a
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retainer ring £i%éd to or integrally formed with the top ring
body for holding a peripheral portion of the substrate.

In still another preferred aspect of the present
invention, the top ring body comprises a cleaning liquid
passage defined therein for supplying a cleaning liquid into a
gap defined between an outer circumferential surface of the
elastic pad énd the retainer ring. When a cleaning liquid
(pure water) is supplied from ‘the cleaning liquid passage into
the gap defined between an outer circumferential surface of
the elastic pad and the retainer ring, a polishing liquid in
the gap is washed away to remove deposits of the polishing
liquid in the gap. Therefore, the support member, -the elastic
pad, or the substrate can smoothly be moved in a vertical
direction with respect to the top ring body and the retainer
ring.

In another preferred aspect of the present
invention, the retainer ring is fixed to the top ring body
without interposing an elastic member between the retainer
ring and the top ring body. If an elastic member such as
rubber is clamped between the retainer ring and the top ring
body, then a desired horizontal surface cannot be maintained
on the lower surface of the retainer ring because of elastic
deformation of this elastic member. However, the above
arrangement can maintain the desired horizontal surface on the
lower surface of the retainer ring.

In still another preferred aspect of the preéent
invention, the elastic membrane of the contact member has a

partially different thickness or partially includes an
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inelastic membé¥. With this arrangemenf, deformation of the
elastic membrane due to the pressure in the first and second
pressure chambers can be optimized.

According to another aspect of the present
invention, there is provided a polishing apparatus comprising
the above substrate holding apparatus and a polishing table
having a polishing surface.

According to still another aspect of the present
invention, there is provided a substrate holding apparatus for
holding a substrate to be polished and pressing the substrate
against a polishing surface, comprising: a top rihg body for
holding a substrate; a plurality of annular membefs formed of
an elastic material held into contact with the substrate; a
plurality of sections defined by the plurality of annular
members, the plurality of sections being opened downwardly;
and a fluid passage for supplying a fluid into the plurality
of sections.

According to another aspect of the present
invention, there is provided a polishing method foér polishing
a substrate, comprising: pressing a substrate against a
polishing surface provided on a polishing table; and polishing
a substrate in such a state that a pressing force applied to a
thicker area of a thin film on the substrate is made higher
than a pressing force applied to a thinner area of the thin
film.

According to still another aspect of the présent
invention, there is provided a polishing method for polishing

a substrate, comprising: pressing a substrate against a
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polishing surfate provided on a polishing table; defining a
plurality of sections opened downwardly by a plurality of
annular members formed of an elastic material held into
contact with a substrate; and supplying a fluid into or
creating a vacuum in the plurality of sectionms.

The above and other objects, features, and
advantages of the éresent invention will be apparent from the
following description when taken in conjunction with the
accompanying drawings which illustrates preferred embodiments
of the present invention by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view showing a whole
structure of_ a polishing apparatus according to a first
embodiment of the present invention;

FIG. 2 is a vertical cross-sectional view showing a
substrate holding apparatus according to the first embodiment
of .the present invgntion;.. : :

FIG. 3 is a bottom view of the substrate holding
apparatus shown in FIG. 2;

FIGS. 4A through 4E are vertical cross-sectional
views showing other examples of contact members (centfal bag
and ring tube) in a substrate holding apparatus according to
the present invention;

FIG. 5 is a vertical cross-sectional view showing
another éxample of contact members (central bag and ring tﬁbe)
in a substrate holding apparatus according to the present

invention;
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FIGS. A and 6B are vertical cross-sectional views
showing other examples of contact members (central bag and
ring tube) in a substrate holding apparatus according to the
present invention;

FIG. 7 is a vertical cross—-sectional view showing a
substrate holding apparatus according to a second embodiment
of the present invention;

FIG. 8 is a vertical cross—sectional view showing
another example of contact members (central bag and ring tube)
in a substrate holding apparatus according to the present
invention; o

FIG. 9 is a bottom view of the substéate holding
apparatus shown in FIG. 8 in such a state that a semiconductor
wafer is removed;

FIG. 10 is a bottom view showing another example of
contact members (central bag and ring tube) in a substrate
holding apparatus according to the present invention;

| FIG. 11 is a vertical cross-sectional View showing
another example of contact members (central bag ané ring tube)
in a substrate holding apparatus according to the present
invention;

FIG. 12 is a vertical cross-sectional view showing
a substrate holding apparatus according to a third embodiment
of the present invention;

FIG. 13 is a bottom view of the substrate holding
apparatus shown in FIG. 12; and .

FIG. 14 is a vertical cross-sectional view showing

a substrate holding apparatus according to another embodiment

14
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of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A polishing apparatus according to a first
embodiment of the present invention will be described below
with reference to FIGS. 1 through 6.

FIG. 1 is a cross-sectional view showing a whole
structure of a polishing appai:atus having a substrate holding
apparatus according to the first embodiment of the present
invention. The substrate holding apparatus serves to hold a
substrate such as a semiconductor wafer to be polf—éhed and to
press the substrate against a polishing surface of-a polishing
table. As shown in FIG. 1, a polishing table 100 is disposed
underneath a top ring 1 constituting the substrate holding
apparatus according to the present invention and has a
polishing pad 101 attached to an upper surface thereof. A
polishing 1liquid supply nozzle 102 is disposed above the
polishing table 100 and supplies a polishing liquid Q onto the
polishing pad 101 on the polishing table 100. .

Various kinds of polishing pads are sold on the
market. For example, some of these are SUBA800, IC-1000, and
IC-1000/SUBA400 (two-layer cloth) manufactured by Rodel Inc.,
and Surfin xxx-5 and Surfin 000 manufactured by Fujimi Inc.
SUBA800, Surfin xxx-5, and Surfin 000 are non-woven fabrics
bonded by wurethane resin, and IC-1000 is rigid foam
polyurethane (single-layer). Foam polyurethape is porous. and
has a large number of fine recesses or holes formed in its

surface.
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The top ring 1 is connected to a top ring drive
shaft 11 by a universal joint 10. The top ring drive shaft 11
is coupled to a top ring air cylinder 111 fixed to a top ring
head 110, The top ring air cylinder 111 operates to
vertically move the top ring drive shaft 11 to thus lift and

lower the top ring 1 as a whole. The top ring air cylinder

"111 also operates to press a retainer ring 3 fixed to the

lower end of a top ring body 2 against the polishing table 100.
The top ring air cylinder 111 is connected to a compressed air
source (fluid source) 120 via a regulator R1l, which regulates
the pressure of air supplied to the top ring air @ylinder 111
for thereby adjusting a pressing force with which 1-:he retainer
ring 3 presses the polishing pad 101.

The top ring drive shaft 11 is connected to a
rotary sleeve 112 by a key (not shown). The rotary sleeve 112
has a timing pulley 113 fixedly disposed therearound. A top
ring motor 114 having a drive shaft is fixed to the upper
surface of the top ring head 110. The timing pulley 113 is
operatively coupled to a timing pulley 116 mounted on the
drive shaft of the top ring motor 114 by a timing belt 115.
When the top ring motor 114 is energized, the timing pulley
116, the timing belt 116, and the timing pulley 113 are
rotated to rotate the rotary sleeve 112 and the top ring drive
shaft 11 in unison with each other, thus rotating the top ring
1. The top ring head 110 is supported on a top ring head
shaft 117 fixedly supported on a frame (not shown).

The top ring 1 of the substrate holding apparatus

according to the first embodiment of the present invention
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will be describéd below. FIG. 2 is a vertical cross-sectional
view showing the top ring 1 according to the first embodiment,
and FIG. 3 is a bottom view of the top ring 1 shown in FIG. 2.

As shown in FIG. 2, the top ring 1 comprises the
top ging body 2 in the form of a cylindrical housing with a
storage space defined therein, and the retainer ring 3 fixed
to the lower end of the top ring body 2. The top ring body 2
is made of a material having high strength and rigidity, such
as metal or ceramics. The retainer ring 3 is made of highly
rigid synthetic resin, ceramics, or the like.

The top ring body 2 comprises a cylindfgbal housing
2a, an annular pressurizing sheet support 2b fitted in the
cylindrical housing 2a, and an annular seal 2c fitted over an
outer circumferential edge of an upper surface of the
cylindrical housing 2a. The retainer ring 3 is fixed to the
lower end of the cylindrical housing 2a and has a lower
portion projecting radially inwardly. The retainer ring 3 may
be integrally formed with the top ring body 2. :

The top ring drive shaft 11 is disposéd above the
center of the cylindrical housing 2a. The top ring body 2 is
coupled to the top ring drive shaft 11 by the universal joint
10. The universal joint 10 has a spherical béaring mechanism
by which the top ring body 2 and the top ring drive shaft 11
are tiltable with respect to each other, and a rotation
transmitting mechanism for transmitting the rotation of the
top ring drive shaft 11 to the top ring body 2. The rotafion
transmitting mechanism and the spherical bearing mechanism

transmit pressing and rotating forces from the top ring drive
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shaft 11 to the top ring body 2 while allowing the top ring
body 2 and the top ring drive shaft 11 to be tilted with
respect-to each other.

The spherical bearing mechanism comprises a
spherical recess lla defined centrally in the lower surface of
the tbp ring drive shaft 11, a spherical recess 2d defined
centrally in the upper surface of the housing 2a, and a
bearing ball 12 made of a highly hard material such as
ceramics and interposed between the spherical recesses lla and
2d. The rotation transmitting mechanism comprises a drive pin
(not shown) fixed to the top ring drive shaft 11, #nd a driven
pin (not shown) fixed to the housing 2a. The d?ive pin is
held in driving engagement with the driven pin while the drive
pin and the driven pin are being vertically movable relatively
to each other. The rotation of the top ring drive shaft 11 is
transmitted to the top ring body 2 through the drive and
driven pins. Even when the top ring body 2 is tilted with
respect to the top ring drive shaft 11, the drive and driven
pins remain in engagement with each other at a moving point of
contact, so that the torque of the top ring drive shaft 11 can
reliably be transmitted to the top ring body 2.

The top ring body 2 and the retainer ring 3 secured
to the top ring body 2 jointly have a space defined therein,
which accommodates therein an elastic pad 4 having a lower end
surface brought into contact with the upper surface of the
semiconductor wafer W held by the top ring 1, an annular
holder ring 5, and a disk-shaped chucking plate (support

member) 6 for supporting the elastic pad 4. The elastic pad 4
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has a radially outer edge clamped between the holder ring 5
and the chucking plate 6 secured to the lower end of the
holder ring 5 and extends radially inwardly so as to cover the
lower surface of the chucking plate 6, thus forming a space
between the elastic pad 4 and the chucking plate 6.

The chucking plate 6 may be made of metal.
However, when the thickness of a thin film formed on a surface
of a semiconductor wafer is measured by a method using eddy
current in such a state that the semiconductor wafer to be
polished is_held by the top ring, the chucking plate 6 should
preferably be made of a non-magnetic materiaf? e.g., an
insulating material such as fluororesin or ceramicé.

A pressurizing sheet 7, which comprises an elastic
membrane, extends between the holder ring 5 and the top ring
body 2. The pressurizing sheet 7 is made of a highly strong
and durable rubber material such as ethylene propylene rubber
(ethylene-propylene terpolymer (EPDM)), polyurethane rubber,
silicone rubber, or the like. The pressurizing sheet 7 has a
radially outer edge clamped between the housing:Za and the
pressurizing sheet support 2b, and a radially inner edge
clamped between an upper portion 5a and a stopper 5b of the
holder ring 5. The top ring body 2, the chucking platé 6, the
holder ring 5, and the pressurizing sheet 7 jointly define a
pressure chamber 21 in the top ring body 2. As shown in FIG.
2, a fluid passage 31 comprising tubes and connectors
communicates with the pressure chamber 21, which is conneﬁted
to the compressed air source 120 via a regqulator R2 connected

to the fluid passage 31.
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In the case of a pressurizing sheet 7 made of an
elastic material such as rubber, if the pressurizing sheet 7
is clamped between the retainer ring 3 and the top ring body
2, then the pressurizing sheet 7 is elastically deformed as an
elastic material, and a desired horizontal surface cannot be
maintained on the lower surface of the retainer ring 3. 1In
order to maintain the desired horizontal surface on the lower
surface of the retainer ring'3, the pressurizing sheet 7 is
clamped between the housing 2a of the top ring body 2 and the
pressurizing sheet support 2b provided as a separate member in
the present embodiment. The retainer ring 3 may vgitically be
movable with respect to the top ring body 2, or éhe retainer
ring 3 may have a structure capable of pressing the polishing
surface independently of the top ring 2, as disclosed in
Japanese laid-open Patent Publication No. 9-168964 and
Japanese Patent Application No. 11-294503 (corresponding to
Singapore Patent Application No. 200004968-4). In such cases,
tﬂe pressurizing sheet 7 ig not necessarily fixed in the
aforementioned manner. :

A cleaning liquid passage 51 in the form of an
annular groove is defined in the upper surface of the housing
2a near its outer circumferential edge over which the seal 2c
is fitted. The cleaning liquid passage 51 communicates with a
fluid passage 32 via a through hole 52 formed in the seal 2c,
and is supplied with a cleaning liquid (pure water) via the
fluid passage 32. A plurality of communication holes 53 are
defined in the housing 2a and the pressurizing sheet support

2b in communication with the cleaning liquid passage 51. The
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communication holes 53 communicate with a small gap G defined
between the outer circumferential surface of the elastic pad 4

and the inner circumferential surface of the retainer ring 3.

The fluid passage 32 is connected to a cleaning liquid source

(not shown) through a rotary joiqt (not shown).

The space defined between the elastic pad 4 and the
chucking plate 6 accommodates therein a central bag 8 as a
central contact member brougﬁt into contact with the elastic
pad 4, and a ring tube 9 as an outer contact member brought
into contact with the elastic pad. 4. These contact members
may be brought into abutment against the elastid?pad 4, 1In
the present embodiment, as shown in FIGS. 2 and 3,.the central
bag 8 having a circular contact surface is disposed centrally
on the lower surface of the chucking plate 6, and the ring
tube 9 having an annular contact surface is disposed radially
outwardly of the central bag 8 in surrounding relation thereto.
Specifically, the central bag 8 and the ring tube 9 are spaced
at predetermined intervals. Each of the elastic pad 4 and the
central bag 8 and the ring tube 9 is made of a highly strong
and durable rubber material such as ethylene propylene rubber
(ethylene-propylene terpolymer (EPDM)), polyurethane rubber,
silicone rubber, or the like.

The space defined between the chucking plate 6 and
the elastic pad 4 is divided into a plurality of spaces
(second pressure chambers) by the central bag 8 and the ring
tube 9. Specifically, a pressure chamber_ 22 is defined
between the central bag 8 and the ring tube 9, and a pressure

chamber 23 is defined radially outwardly of the ring tube 9.
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The central bag 8 comprises an elastic membrane 81
brought into contact with the upper surface of the elastic pad
4, and a central bag holder (holding member) 82 for detachably
holding the elastic membrane 81 in position. The central bag
holder 82 has threaded holes 82a defined therein, and is
detachably fastened to the center of the lower surface of the
chucking plate 6 by screws 55 threaded into the threaded holes
82a. The central bag 8 has a central pressure chamber 24
(first pressure chamber) defined therein by the elastic
membrane 81 and the central bag holder 82.

Similarly, the ring tube 9 comprises’:‘an elastic
membrane 91 brought into contact with the upper sufface of the
elastic pad 4, and a ring tube holder (holding memberf 92 for
detachably holding the elastic membrane 91 in position. The
ring tube holder 92 has threaded holes 92a defined therein,
and is detachably fastened to the lower surface of the
chucking plate 6 by screws 56 threaded into the threaded holes
92a. The ring tube 9 has an intermediate pressure chamber 25
(first pressure chamber) defined therein by the elastic
membrane 91 and the ring tube holder 92.

Fluid passages 33, 34, 35 and 36 comprising tubes
and connectors communicate with the pressure chambers 22; 23,
the central pressure chamber 24, and the intermediate pressure
chamber 25, respectively. The pressure chambers 22, 23, 24
and 25 are connected to the compressed air source 120 via
respective regulators R3, R4, R5 and R6 connected respectibely
to the fluid passages 33, 34, 35 and 36. The fluid passages

31, 33, 34, 35 and 36 are connected to the respective
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regulators R2, R3, R4, R5 and R6 through a rotary joint (not
shown) mounted on the upper end of the top ring drive shaft 11.

The pressure chamber 21 above the chucking plate 6
and the pressure chambers 22 to 25 are supplied with a
presgprized fluid such as pressurized air or atmospheric air
or evacuated, via the fluid passages 31, 33, 34, 35 and 36.
As shown in FIG. 1, the regulators R2 to R6 connected to the
fluid passages 31, 33, 34, 35-and 36 of the pressure chambers
21 to 25 can respectively regulate the pressures of the
pressurized fluids supplied to the pressure chambers 21 to 25,
for thereby independently controlling the pressg}es in the
pressure chambers 21 to 25 or independently introducing
atmospheric air or vacuum into the pressure chambers 21 to 25.
Thus, the pressures in the pressure chambers 21 to 25 are
independently varied with the regulators R2 to R6, so that the
pressing forces, which are pressures per unit area for
pressing the semiconductor wafer W against the polishing pad
101, can be adjusted in local areas of the semiconductor wafer
W via the elastic pad 4. In some applicationms, éhe pressure
chambers 21 to 25 may be connected to a vacuum source 121.

In this case, the pressurized fluid or the
atmospheric air supplied to the pressure chambers 22 to 25 may
independently be controlled in temperature, for thereby
directly controlling the temperature of the semiconductor
wafer from the backside of the surface to be polished.
Particularly, when each of the pressure chambers. is
independently controlled in temperature, the rate of chemical

reaction can be controlled in the chemical polishing process
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of CMP.

As shown in FIG. 3, a plurality of openings 41 are
formed in the elastic pad 4. The chucking plate 6 has
radially inner suction portions 61 and radially outer suction
portions 62 extended downwardly therefrom. The openings 41
positioned between the central bag 8 and the ring tube 9 allow
the inner suction portions 61 to be exposed externally, and
the openings 41 positioned outside of the ring tube 9 allow
the outer suction portions 62 to be exposed externally. 1In
the present embodiment, the elastic pad 4 has eight openings
41 for allowing the eight suction portions 615 62 to be
exposed. -

‘Bach of the inner suction portions 61 has a hole
6la communicating with a fluid passage 37, and each of the
outer suction portions 62 has a hole 62a communicating with a
fluid passage 38. Thus, the inner suction portion 61 and the
outer suction portion 62 are connected to the vacuum source
121 such as a vacuum pump via the respective fluid passages
37, 38 and valves V1, V2. When the suction portlons 61, 62
are evacuated by the vacuum source 121 to develop a negative
pressure at the lower opening ends of the communicating holes
6la, 62a thereof, a semiconductor wafer W is attracted to the
lower ends of the suction portions 61, 62 by the negative
pressure. The suction portions 61, 62 have elastic sheets
61b, 62b, such as thin rubber sheets, attached to their lower
ends, for thereby elastically contacting and holding " the
semiconductor wafer W on the lower surfaces thereof.

As shown in FIG. 2, when the semiconductor wafer W
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is polished, the lower ends of the suction portions 61, 62 are
positioned above the lower surface of the elastic pad 4,
without projecting downwardly from the lower surface of the
elastic pad 4. When the semiconductor wafer W is attracted to
the suction portions 61, 62, the lower ends of the suction
portions 61, 62 are positioned at the same level as the lower
surface of the elastic pad 4.

Since there is the small gap G between the -outer
circumferential surface of the elastic pad 4 and the inner
circumferential surface of the retainer ring 3, the holder
ring 5, the chucking plate 6, and the elastic paaf' 4 attached
to the chucking plate 6 can vertically be moved v.lith respect
to the top ring body 2 and the retainer ring 3, and hence are
of a floating structure with respect to the top ring body 2
and the retainer ring 3. A plurality of teeth 5c project
radially outwardly from the outer circumferential edge of the
stopper 5b of the holder ring 5. When the teeth 5c engage the
upper surface of the radially inwardly projecting portion of
the retainer ring 3 upon downward movement of the .;holder ring
5, the holder ring 5 is limited against any further downward
movement.

Operation of the top ring 1 thus constructed will
be described below.

When the semiconductor wafer W is to be delivered
to the polishing apparatus, the top ring 1 is moved to a
position to which the semiconductor wafer W is transferi:ed,
and the communicating holes 6la, 62a of the suction portions

61, 62 are evacuated via the fluid passages 37, 38 by the
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vacuum source 121. The semiconductor wafer W is attracted to
the lower ends of the suction portions 61, 62 by suction
effect of the communicating holes 6la, 62a. wWith the
semiconductor wafer W attracted to the top ring 1, the top
ring 1 is moved to a position above the polishing table 100
having the polishing surface (polishing pad 101) thereon. The
retainer ring'3 holds the outer circumferential edge of the
semiconductor wafer W so that the semiconductor wafer W is not
removed from the top ring 1.

For polishing the 1lower surface of the
semiconductor wafer W, the semiconductor wafer W fs thus held
on the lower surface of the top ring 1, and the éop ring air
cylinder 111 connected to the top ring drive shaft 11 is
actuated to press the retainer ring 3 fixed to the lower end
of the top ring 1 against the polishing surface on the
polishing table 100 under a predetermined pressure. Then, the
pressurized fluids are respectively supplied to the pressure
cﬁambers 22, 23, the central pressure chamber 24, and the
intermediate pressure chamber 25 under respectivé pressures,
thereby pressing the semiconductor wafer W against the
polishing surface on the polishing table 100. The polishing
liquid supply nozzle 102 then supplies the polishing liquid Q
onto the polishing pad 101. Thus, the semiconductor wafer W
is polished by the polishing pad 101 with the polishing liquid
Q being present between the lower surface, to be polished, of
the semiconductor wafer W and the polishing pad 101. -

The local areas of the semiconductor wafer W that

are positioned beneath the pressure chambers 22, 23 are
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pressed against the polishing pad 101 under the pressures of
the pressurized fluids supplied to the pressure chambers 22,
23. The local area of the semiconductor wafer W that is
positioned beneath the central pressure chamber 24 is pressed
via the elastic membrane 81 of the central bag 8 and the
elastic pad 4 against the polishing pad 101 under the pressure
of the pressurized fluid supplied to the central pressure
chamber 24. The local area of the semiconductor wafer W that
is positioned beneath the intermediate pressure chamber 25 is
pressed via the elastic membrane 91.of the ring tube 9 and the
elastic pad 4 against the polishing pad 101 under %he pressure
of the pressurized fluid supplied to the intermediate pressure
chamber 25.

Therefore, the polishing pressures acting on the
respective local areas of the semiconductor wafer W can be
adjusted independently by controlling the pressures of the
pressurized fluids supplied to each of the pressure chambers
22 to 25. Specifically, each of the regulator-'é R3 to R6
independently regulates the pressure of the pressﬁrized fluid
supplied to the pressure chambers 22 to 25 for thereby
adjusting the pressing forces applied to press the local areas
of the semiconductor wafer W against the polishing pad 101 on
the polishing table 100. With the polishing pressures on the
respective local areas of the semiconductor wafer W being
adjusted independently, the semiconductor wafer W is pressed
against the polishing pad 101 on the polishing table 100 fhat
is being rotated. Similarly, the pressure of the pressurized

fluid supplied to the top ring air cylinder 111 can be
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regulated by the regulétor Rl to adjust the force with which
the retainer ring 3 presses the polishing pad 101. While the
semiconductor wafer W is being polished, the force with which
the retainer ring 3 presses the polishing pad 101 and the
pressing force with which the semiconductor wafer W is pressed
against the polishing pad 101 can appropriately be adjusted
for thereby applying polishing pressures in a desired pressure
distribution to a central érea Cl, an inner area C2, an
intermediate area C3, and a peripheral area C4 of the
semiconductor wafer W (see FIG. 3).

The local areas of the semiconductor wafer W that
are positioned beneath the pressure chambers éz, 23 are
divided into areas to which a pressing force from a fluid is
applied via the elastic pad 4, and areas to which the pressure
of a pressurized fluid is directly applied, such as areas
positioned beneath the openings 41. However, the pressing
forces applied to these two areas are equal to each other.
When the semiconductor wafer W is polished, the elastic pad 4
is brought into close contact with the upper surfface of the
semiconductor wafer W near the openings 41, so that the
pressurized fluids sup'plied to the pi:essure chambers 22, 23
are prevented from flowing out to the exterior.

In this manner, the semiconductor wafer W is
divided into the concentric circular and annular areas Cl to
C4, which can be pressed under independent pressing forces.
The polishing rates of the circular and annular areas Cl t6 c4,
which depend on the pressing forces applied to those areas,

can independently be controlled because the pressing forces
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applied to those areas can independently be controlled.
Consequently, even if the thickness of a thin film to be
polished on the surface of the semiconductor wafer W suffers
radial variations, the thin film on the surface of the
semiconductor wafer W can be polished uniformly without being
insufficiently' or excessively polished. Mbre specifically,
even if the thickness of the thin film to be polished on the
surface of the semiconductor wafer W differs depending on the
radial position on the semiconductor wafer W, the pressure in
a pressure chamber positioned over a thicker area of the thin
film is made higher than thé pressure in a presgﬁre chanmber
positioned over a thinner area of the thin film, or the
pressure‘in a pressure chamber positioned over a thinner area
of the thin film is made lower than the pressure in a pressure
chamber positioned over a thicker area of the thin film. 1In
this manner, the pressing force applied to the thicker area of
the thin film is made higher than the pressing force applied
to the thinner area of the thin film, thereby : selectively
increasing the polishing rate of the thicker area of the thin
film. Consequently, the entire surface of the semiconductor
wafer W can be polished exactly to a desired level
irrespective of the film thickness distribution obtained at
the time the thin film is formed.

Any unwanted edge rounding on the circumferential
edge of the semiconductor wafer W can be prevented by
controlling the pressing force applied to the retainer ring 3.
If the thin film to be polished on the circumferential edge of

the semiconductor wafer W has large thickness variations, then
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the pressing force applied to the retainer ring 3 is
intentionally increased or reduced to thus control the
polishing rate of the circumferential edge of the
semiconductor wafer W. When the pressurized fluids are
supplied to the pressure chambers 22 to 25, the chucking plate
6 is éubjected to upward forces. 1In the present embodiment,
the pressurized fluid is supplied to the pressure chamber 21
via the fluid passage 31 to pfevent the chucking plate 6 from
being lifted under the forces from the pressure chambers 22 to
25.

‘As described above, the pressing forcérapplied by
the top ring air cylinder 111 to press the retainer ring 3
against the polishing pad 101 and the pressing forces applied
by the pressurized fluids supplied to the pressure chambers 22
to 25 to press the local areas of the semiconductor wafer W
against the polishing pad 101 are appropriately adjusted to
polish the semiconductor wafer W. Wheﬁ the polishing of the
semiconductor wafer W is finished, the semiconductor wafer W
is attracted to the lower ends of the suction poréions 61, 62
under vacuum in the same manner as described above. At this
time, the supply of the pressurized fluids into the pressure
chambers 22 to 25 is stopped, and the pressure chambers 22 to
25 are vented to the atmosphere. Accordingly, the lower ends
of the suction portions 61, 62 are brought into contact with
the semiconductor wafer W. The pressure chamber 21 is vented
to the atmosphere or evacuated to develop a negative preséure
therein. If the pressure chamber 21 is maintained at a high

pressure, then the semiconductor wafer W is strongly pressed
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against the polishing surface only in areas brought into
contact with the suction portions 61, 62. Therefore, it is
necessary to decrease the pressure in the pressure chamber 21
immediately. Accordingly, a relief port 39 penetrating
through the top ring body 2 may be provided for decreasing the
pressure in the pressure chamber 21 immediately, as shown in
FIG. 2. .In this. case, when the pressure chamber 21 is
pressurized, it is necessafy to qontinuously supply the
pressurized fluid into the pressure chamber 21 wvia the fluid
passage 31. The relief port 39 comprises a check valve (not
shown) for preventing an outside air from flowigb into the
pressure chamber 21 at the time when a negative bressure is
developed in the pressure chamber 21.

After the semiconductor wafer W is attracted to the
lower ends of the suction portions 61, 62, the entire top ring
1 is moved to a position to which the semiconductor wafer W is
to be transferred. Then, a fluid such as compressed air or a
mixture of nitrogen and pure water is ejecéed to the
semiconductor wafer W via the communicating holes;61a, 62a of
the suction portions 61, 62 to release the semiconductor wafer
W from the top ring 1.

| The polishing 1liquid Q wused to polish the
semiconductor wafer W tends to flow through the gap G between
the outer circumferential surface of the elastic pad 4 and the
retainer ring 3. If the polishing 1liquid Q is firmly
deposited in the gap G, then the holder ring 5, the chucking
plate 6, and the elastic pad 4 are prevented from smoothly

moving vertically with respect to the top ring body 2 and the
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retainer ring 3. To avoid such a drawback, a cleaning liquid
(pure water) is supplied through the fluid passage 32 to the
cleaning liquid passage 51. Accordingly, the pure water is
supplied via the communication holes 53 to a region above the
gap G, thus cleaning members defining the gap G to remove
deposits of the polishing liquid Q. The pure water should
preferably be supplied after the polished semiconductor wafer
W is released and until a next semiconductor wafer to be
polished is attracted to the top ring 1. It is also
preferable to discharge all the supplied pure water out of the
top ring 1 before the next semiconductor wafer is polished,
and hence to provide the retainer ring 3 with a ;;lurality of
through holes 3a shown in FIG. 7 for discharging the pure
water. Furthermore, if a pressure buildup is developed in a
space 26 defined between the retainer ring 3, the holder ring
5, and the pressurizing sheet 7, then it acts to prevent the
chucking plate 6 from being elevated in the top ring body 2.
Thérefore, in order to allow the chucking plate 6 to be
elevated smoothly in the top ring body 2, the throﬁgh holes 3a
should preferably be provided for equalizing the pressure in
the space 26 with the atmospheric pressure.

As described above, according to the present
invention, the pressures in the pressure chambers 22, 23, the
pressure chamber 24 in the centra-l bag 8, and the pressure
chamber 25 in the ring tube 9 are independently controlled to
control the pressing forces acting on the semiconductor wafer
W.

Further, according to the present invention,
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regions in which a pressing force applied to the semiconductor
wafer W is controlled can easily be changed by changing
positions or sizes of the central bag 8 and the ring tube 9.
Examples of changing the regions in which the pressing force
applied to the semiconductor wafer W is controlled will be
described below.

FIGS. 4A through 4E and FIG. 5 are vertical cross-
sectional views showing other examples of the contact members
(central bag 8 and ring tube 9) in the substrate holding
apparatus according to the present invention.

As shown in FIGS. 4A and 4B, the area #£1 in which
the pressing force applied to the semiconducto-r wafer is
controlled can be changed by another central bag 8 having a
different size. In this case, when the sz;.ze and shape of a
hole 82b for allowing the pressure chamber 24 defined in the
central bag 8 to communicate with the fluid passage 35, and
the size and position of the threaded holes 82a for mounting
the central bag holder 82 "on the chucking plate 6 are
predetermined, the range in which the pressing force applied
to the semiconductor wafer is controlled can be changed simply
by preparing a central bag holder 82 having a different size.
In this case, it is not necessary to modify the chucking plate
6.

As shown in FIGS. 4C and 4D, the width and/or
position of the area C3 in which the pressing force applied to
the semiconductor wafer is controlled can be changed. by
another ring tube 9 having a different size and/or shape.

Further, as shown in FIG. 4E, a plurality of holés 57 and
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threaded holes (not shown) may be provided in predetermined
radial positions of the chucking plate 6. In this case, the
communicating hole 92b is positioned at a position
corresponding to one of the communicating holes 57, and the
other communicating holes (and threaded holes) are filled with
screws 58 for sealing fluids. Thus, the ring tube 9 can
flexibly be mounted in the radial direction, so that the
region in which the pressing force is controlled can flexibly
be changed.

As shown in FIG. 5, a protrusion 8la protruding
radially outwardly from the circumferential eﬁbe of the
elastic membrane 81 may be provided on the lower.surface of
the central bag 8, and protrusions 9la protruding fadially
from the circumferential edges of the elastic membrane 91 may
be provided on the lower surface of the ring tube 9. The
protrusions 8la, 9la are made of the same material as the
central bag 8 and the ring tube 9. As described above, when
the semiconductor wafer is polished, preésurized?fluids are
supplied to the pressure chamber 22 positioned between the
central bag 8 and the ring tube 9, and the pressure chamber 23
surrounding the ring tube 9. Therefore, the protrusions 8la,
9la are brought into close contact with the elastic pad.4 by
the pressurized fluids supplied to the pressure chambers 22,
23, Thus, even if the pressure of the pressurized fluid
supplied to the pressure chamber 22 adjacent to the central
bag 8 is considerably higher than the pressure of "the
pressurized fluid supplied to the pressure chamber 24 defined

in the central bag 8, the high-pressure fluid adjacent to the
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central bag 8 is prevented from flowing into the lower portion
of the central bag 8. Similarly, even if the pressure of the
pressurized fluid supplied to the pressure chamber 22 or 23
adjacent to the ring tube 9 is considerably higher than the
pressure of the pressurized fluid suppliedl to the pressure
chamber 25 defined in the ring tube 9, the high-pressure fluid
adjacent to the ring tube 9 is prevented from flowing into the
lower portion of the ring tube 9. Therefore, the protrusions
8la, 9la can widen the range of pressure control in each of
the pressure chambers, for thereby pressing the semiconductor
wafer more stably. =

The elastic membrane 81, 91 may have ; partially
different thickness or may  partially include an inelastic
member. FIG. 6A shows an example in which the elastic
membrane 91 of the ring tube 9 has side surfaces 91b thicker
than the surface brought into contact with the elastic pad 4.
FIG. 6B shows an example in which the elastic membrane 91 of
the ring tube 9 partially includes inelastic members 91d in
the side surfaces thereof. In these examples, deformation of
the side surfaces of the elastic membrane due to the pressure
in the pressure chambers can appropriately be limited.

As described above, the distribution of the thin
film formed on the surface of the semiconductor wafer varies
depending on a deposition method or a deposition apparatus.
According to the present invention, a substrate holding
apparatus can change the position and size of the preséure
chambers for applying the pressing force to the semiconductor

wafer simply by change of the central bag 8 and the central
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bag holder 82, or the ring tube 9 and the ring tube holder 92.
Therefore, the position and region in which the pressing force

is controlled can easily be changed in accordance with the

distribution of the thin film to be polished at low cost. 1In

other words, the substrate holding apparatus can cope with
various thickness distributions of the thin film formed on the
semiconductor wafer to be polished. The change of the shape
and position of the central bé.g 8 or the ring tube 9 leads to
the change of the size of the pressure chamber 22 positioned

between the central bag 8 and the ring tube 9, and the

<k

-

pressure chamber 23 surrounding the ring tube 9.

A polishing apparatus according to' a second
embodiment of the present invention will be described below
with reference to FIGS. 7 through 11. FIG. 7 is a vertical
cross-sectional view showing a top ring 1 according to the.
second embodiment. Like parts and components are designated
by the same reference numerals and characters as those in the
first embodiment. _ s

In the second embodiment, as shown in FIG. 7, the
top ring 1 has a seal ring 42 instead of an elastic pad. The
seal ring 42 comprises an elastic membrane covering only a
lower surface of a chucking plate 6 near its outer
circumferential edge. In the second embodiment, neither an
inner suction portion (indiéated by the reference numeral 61
in FIG. 2) nor an outer suction portion (indicated by the
reference numeral 62 in FIG. 2) is provided on the chucking
plate 6, for a simple configuration. However, suction

portions for attracting a semiconductor wafer may be provided
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on the chucking plate 6, as with the first embodiment. The
seal ring 42 is made of a highly strong and durable rubber
material such as ethylene propylene rubber (ethylene-propylene
terpolymer (EPDM)), polyurethane rubber, silicone rubber, or
the like.

The seal ring 42 is provided in such a state that
the lower surface of the seal ring 42 is brought into contact
with the upper surface of the semiconductor wafer W. The seal
ring 42 has a radially outer edge clamped between the chucking
plate 6 and a holder ring 5, as with the elastic pad 4 in the
first embodiment. The semiconductor wafer W h&s a recess
defined in an outer edge thereof, which is referéed to as a
notch or orientation flat, for recognizing or identifying the
orientation of the semiconductor wafer. Therefore, the seal
ring 42 should preferably extend radially inwardly from the
innermost position of the recess such a notch or orientation
flat.

A central bag 8 is disposed centrally on the lower
surface of the chucking plate 6, and a ring tube 9lis disposed
radially outwardly of the central bag 8 in surrounding
relation thereto, as with the first embodiment.

In the second embodiment, a semiconductor wafer W
to be polished is held by the top ring 1 in such a state that
the semiconductor wafer W is brought into contact with the
seal ring 42, an elastic membrane 81 of the central bag 8, and
an elastic membrane 91 of the ring tube 9. Therefore,.the
semiconductor wafer W, the chucking plate 6, and the seal ring

42 jointly define a space therebetween, instead of the space
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defined by the elastic pad and the chucking plate in the'first
embodiment. This space is divided into a plurality of spaces
(second pressure chambers) by the central bag 8 and the ring
tube 9. Specifically, a pressure chamber 22 is defined
between the central bag 8 and the ring tube 9, and a pressure
chamber 23 is defined radially outwardly of the ring tube 9.

Fluid passages 33, 34, 35 and 36 comprising tubes
and connectors communicate wifh the pressure chambers 22, 23,
a central pressure chamber (first pressure chamber) 24 defined
in the central bag 8, and an intermediate pressure chamber
(first pressure chamber) 25 defined in the rfgg tube 9,
respectively. The pressure chambers 22, 23, 24.and 25 are
connected to the compressed air source via respective
regulators connected respectively to the fluid passages 33,
34, 35 and 36. The regulators connected to the fluid passages
31, 33, 34, 35 and 36 of the pressure chambers 21 to 25 can
respectively regulate the pressures of the pressurized fluids
sﬁpplied to the pressure qhambers 21 to 25, :for thereby
independently controlling the pressures in tﬁe pressure
chambers 21 to 25 or independently introducing atmospheric air
or vacuum into the pressure chambers 21 to 25. Thus, the
pressures in the pressure chambers 21 to 25 are independently
varied with the regulators, so that the pressing forces can be
adjusted in local areas of the semiconductor wafer W. In some
applications, the pressure chambers 21 to 25 may be connected
to a vacuum source 121. .

Operation of the top ring 1 thus constructed will

be described below.
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When the semiconductor wafer W is to be delivered
to the polishing apparatus, the top ring 1 is moved to a

position to which the semiconductor wafer W is delivered, and

the central bag 8 and the ring tube 9 are supplied with a

pressurized fluid under a prede;grmined pressure for bringing
the lower surfaces of the central bag 8 and the ring tube 9
into close contact with the upper surface of the semiconductor
wafer W. Thereafter, the _pressure chambers 22, 23 are
connected to a vacuum source via the fluid passages 33, 34 to
develop a negative pressure in the pressure chambers 22, 23
for thereby attracting the semiconductor wafer W uhder vacuum.

For polishing the 1lower surfacé of the
semiconductor wafer W, the semiconductor wafer W is thus held
on the lower surface of the top ring 1, and the top ring air
cylinder 111 connected to the top ring drive shaft 11 is
actuated to press the retainer ring 3 fixed to the lower end
of the top ring 1 against the polishing surface on the
polishing table 100 under a predetermined pressure. Then, the
pressurized fluids are respectively supplied to ﬁhe pressure
chambers 22, 23, the central pressure chamber 24, and the
intermediate pressﬁre chamber 25 under respective pressures,
thereby pressing the semiconductor wafer W against the
polishing surface on the polishing table 100. The polishing
liquid supply nozzle 102 then supplies the polishing liquid Q
onto the polishing pad 101. Thus, the semiconductor wafer W
is polished by the polishing pad 101 with the_polishing liéuid
Q being present between the lower surface, to be polished, of

the semiconductor wafer W and the polishing pad 101.
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The local areas of the semiconductor wafer W that
are positioned beneath the pressure chambers 22, 23 are
pressed against the polishing pad 101 under the pressures of
the pressurized fluids supplied to the pressure chambers 22,
23. The local area of the semiconductor wafer W that is
positioned beneath the central pressure chamber 24 is pressed
via the elastic membrane 81 of the central bag 8 against the
polishing pad 101 under the pi:essure of the pressurized fluid
supplied to the central pressure chamber 24. The local area
of the semiconductor wafer W that is positioned beneath the
intermediate pressure chamber 25 is pressed via “the elastic
membrane 91 of the ring tube 9 against the polish-ing pad 101
under the pressure of the pressurized fluid supplied' to the
intermediate pressure chamber 25.

Therefore, the polishing pressures acting on the
respective local areas of the semiconductor wafer W can be
adjusted independently by controlling the pressures of the
pressurized fluids supplied to each of the pressure chambers
22 to 25. Thus, the semiconductor wafer W is divicied into the
concentric circular and annular areas, which can be pressed
under independent pressing forces. The polishing rates of the
circular and annular areas, which depend on the préssing
forces applied to those areas, can independently be controlled
because the pressing forces applied to those areas can
independently be controlled. Consequently, even if the
thickness of a thin film to be polished on the surface of the
semiconductor wafer W suffers radial variations, the thin film

on the surface of the semiconductor wafer W can be polished
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uniformly without being insﬁfficiently or excessively polished.
More specifically, even if the thickness of the thin film to
be polished on the surface of the semiconductor wafer W
differs depending on the radial position on the semiconductor
wafe; W, the pressure in a pressure chamberlpositioned over a
thicker area of the thin film is made higher than the pressure
in a pressure chamber positioned over a thinner area of the
thin film, or the pressure in a pressure chamber positioned
over a thinner area of the thin film is made lower than the
pressure in a pressure chamber positioned over a thicker area
of the thin film. In this manner, the pressing fg}ce applied
to the thicker area of the thin £film is made higﬂer than the
pressing force applied to the thinner area of the thin film,
thereby selectively ipcreasing the polishing rate of the
thicker area of the thin £ilm. Consequently, the entire
surface of the semiconductor wafer W can be polished exactly
to a desired 1level irrespective of the £film thickness
distribution obtained at the time the thin film is: formed.

When the semiconductor wafer W is po;lished, the
seal ring 42 is brought into close contact with a part of the
upper surface of the semiconductor wafer for thereby sealing
this space. Hence, the pressurized fluid is prevented from
flowing out to the exterior of the pressure chamber 23.

When the polishing of the semiconductor wafer W is
finished, the semiconductor wafer W is attracted under vacuum
in the same manner as described above, and then the preséure
chamber 21 is vented to the atmosphere or evacuated to develop

a negative pressure therein. After the semiconductor wafer W
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is attracted, the entire top ring 1 is moved to a position
from which the semiconductor wafer W is to be delivered.
Then, a fluid such as compressed air or a mixture of nitrogen
and pure water is ejected to the semiconductor wafer W via the
fluid passages 33, 34 to release the semiconductor wafer W
from the top ring 1. 1If the elastic membrane 81 of the
central bag 8 and the elastic membrane 91 of the ring tube 9
have through holes defined in ‘their lower surfaces, then since
downward forces are applied to the semiconductor wafer W by
the fluid flowing through these through holes, the
semiconductor wafer W can bé smoothly released from the top
ring 1. After the semiconductor wafer W is releas-ed from the
top ring 1, most of the lower surface of the top ring 1 is
exposed. Therefore, the lower surface of the top ring 1 can
be cleaned relatively easily after the semiconductor wafer W
is polished and released.

Other Examples of the central bag 8 and the ring
tube 9 in the substrate holding apparatus according to the
present invention will be described below. FIG. 8 is a
vertical cross-sectional view showing another example of the
present invention, and FIG. 9 is a bottom view of FIG. 8 in
such a state that a semiconductor wafer W is removed.

In this example, as shown in FIGS. 8 and 9, a
central bag 8 has an elastic membrane 81 only at the outer
circumferential edge of the central bag 8, and a circular hole
(communicating portion) 83 is formed in the lower surface of
the elastic membrane 81 of the central bag 8. A ring tube 9

has two elastic membranes, i.e., a radially inner elastic
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membrane 9le and a radially outer elastic membrane 91f, and an
annular groove (communicating portion) 93 is formed between
the inner elastic membrane 9le and the outer elastic membrane
91f. Pressurized fluids supplied to the central pressure
chamber 24 and the intermediate pressure chamber 25 contact
the upper surface, which is a contact surface, of the
semiconductor wafer W.

When the pressurizéd fluids supplied to the central
pressure chamber 24 and the intermediate pressure chamber 25
are controlled in temperature and the temperature of the
semiconductor wafer W is controlled from the backside of the
surface to be polished, as described above, the cammunicating
portions 83, 93 formed in the lower surfaces of the elastic
membranes of the central bag 8 and the ring tube 9 can
increase the area in which the pressurized fluid controlled in
temperature is brought into contact with the semiconductor
wafer W. Therefore, controllability in temperature of the
semiconductor wafer W can be improved. Further , when the
polishing of the semiconductor wafer W is finisﬁed and the
semiconductor wafer W is released, the central pressure
chamber 24 and the intermediate pressure chamber 25 are
réspectively opened to the outside air via the éircular hole
83 and the annular groove 93. Thus, fluids supplied into the
central pressure chamber 24 and the intermediate pressure
chamber 25 are prevented from remaining in the central
pressure chamber 24 and the intermediate pressure chamber.25.
Therefore, even when semiconductor wafers W are continuously

polished, controllability in temperature of the semiconductor

43



10

15

20

25

wafer W can be maintained.

When the semiconductor wafer W is polished, the
pressurized fluids are supplied to the central pressure
chamber 24 and the intermediate pressure chamber 25.
Therefore, the lower surface of the elastic membrane 81 of the
central bag 8 and the lower surface of the inner and outer
elastic membranes 9le, 91f of the ring tube 9 are pressed
against the upper surface, which is the contact surface, of
the semiconductor wafer W. Accordingly, even though the
circular hole 83 and the annular groove 93 are formed in the
elastic membranes, the pressurized f£luids suppf;ed to the
central pressure chamber 24 and the intermediate pressure
chamber 25 are prevented from flowing out to the exterior.

In the example shown in FIGS. 8 and 9, a force that
causes the circular hole-8§ to expand outwardly acts on the
elastic membrane 81 of the central bag 8 due to the
pressurized fluid supplied to the central pressure chamber 24.
A force that causes the annular groove 93 to expaﬁd outwardly
acts on the elastic membranes 91e, 91f of the riné tube 9 due
to the pressurized fluid supplied to the intermediate pressure
chamber 25. In order to disperse these forces, a plurality of
circular holes (communicating portions) 84, 94 may be provided
on the lower surface of the elastic membrane 81, 91 of the
central bag 8 and the ring tube 9, as shown in FIG. 10.

As shown in FIG. 11, an annular contacting portion
85 having a sealed fluid therein may be provided at the lbwer
end of the elastic membrane 81 of the central bag 8. Further,

an (inner) annular contacting portion 95a and an (outer)
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annular contacting portion 95b each having a sealed fluid
therein may be provided at the lower end of the elastic
membrane 91 of the ring tube 9. In this case, the contacting
portions 85, 95a, 95b are pressed against the semiconductor
wafer W by a pressurized flui_d supplied to the pressure
chamber 21, and hence the pressure chambers 22, 23, the
central pressure chamber 24, and the intermediate pressure
chamber 25 are respectivel& sealed with the contacting
portions 85, 95a, 95b. At this time, the contacting portions
85, 95a, 95b pressed against the .semiconductor wafer W are
deformed to increase the area in which the contact"ihng portions
85, 95a, 95b are brought into contact with the sémiconductor
wafer W, so that the force applied to the semiconductor wafer
W becomes larger. However, adjustment of the pressure in the

pressure chamber 21 can prevent an excessive force from being

applied to the semiconductor wafer W by the contacting

portions 85, 95a and 95b. The examples shown in FIGS. 8
through 11 can be applied to the first embodiment. :

A polishing apparatus according to a third
embodiment of the present invention will be described below
with reference to FIGS. 12 and 13. FIG. 12 is a vertical
cross—-sectional view showing a top ring 1 according to the
third embodiment, and FIG. 13 is a bottom view showing the top
ring 1 of the FIG. 12 in such a state that a semiconductor
wafer W is removed. Like parts and components are designated
by the same reference numerals and characters as those in. the
second embodiment. |

In the third embodiment, as shown in FIG. 12, the
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top ring 1 has no elastic pad and no seal ring. A central bag
8 has an annular central bag holder 82, and an annular elastic
membrane 81 is held at the outer circumferential edge of the
central bag holder 82. A circular hole 83 is formed in the
lower surface of the elastic membrane 81 of the central bag 8,
as with the example shown in FIGS. 8 and 9.

The ring tube 9 is mounted at a position
corresponding +to the outer peripheral portion of the
semiconductor wafer W. The ring tube 9 has én inner elastic
membrane 9le and an outer elastic membrane 91f, and an annular
groove 93 is formed between the inner elastic membrane 9le and
the outer elastic membrane 91f, as with the examéle shown in
FIGS. 8 and 9. An annular auxiliary holder 96 is disposed
inside of a ring tube holder. The inner elastic membrane 91le
of the ring tube 9 has a protrusion protruding radially
inwardly from the upper end thereof. The protrusion is held
by the auxiliary holder 96, so that the inner elastic membrane
9le is held securely. _ | =

The elastic membrane 81 of the central;bag 8 has a
protrusion 81b protruding radially outwardly from the lower
circumferential edge thereof. The inner elastic membrane 9le
of the ring tube 9 has a protrusion 91g protruding radially
inwardly from the lower circumferential edge thereof. As
described in the example shown in FIG. 5, these protrusions
can widen the range of pressure control, for thereby pressing
the semiconductor wafer W against the polishing surface more
stably.

The chucking plate 6 has inner suction portions 61
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and outer suction portions 62 for attracting a semiconductor
wafer W thereto, as with the first embodiment. The inner
suction portions 61 are disposed inside of the central bag 8,
and the outer suction portions 62 are disposed between the
cent;al bag 8 and the ring tube 9.

In the present embodiment, the semiconductor wafer
W to be polished is held by the top ring 1 in such a state
that the semiconductor wafer-W is brought into contact with
the elastic membranes 81, 9le, 91f of the central bag 8 and
the ring tube 9. Therefore, the central bag 8 and the ring
tube 9 jointly define a pressure chamber 22 %getween the
semiconductor wafer W and the chucking plate 6. As described
above, the ring tube 9 is mounted at a position corresponding
to the outer peripheral portion of the semiconductor wafer W,
and a pressure chamber (indicated by the reference numeral 23
in FIG. 7) is not defined outside of the ring tube 9.

Fluid passages 31, 33, 35 and 36 comprising tubes
and connectors communicate with a pressure chambers 21 defined
above the chucking plate 6, the pressure chamber 25, a central
pressure chamber (first pressure chamber) 24 defined in the
central bag 8, and an intermediate pressure chamber (first
pressure chamber) 25 defined in the ring tube 9, respectively.
The pressure chambers 21, 22, 24 and 25 are connected to a
compressed air source via respective regulators connected
respectively to the fluid passages 31, 33, 35 and 36. The
regulators connected to the fluid passages 31, 33, 35 an& 36
of the pressure chambers 21, 22, 24 and 25 can respectively

regulate the pressures of the pressurized fluids supplied to
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the pressure chambers 21, 22, 24 and 25,. for thereby
independently controlling the pressures in the pressure
chambers 21, 22, 24 and 25 or independently introducing
atmospheric air or vacuum into the pressure chambers 21, 22,
24 and 25. Thus, the pressures in the pressure chambers 21,
22, 24 and 25 are independently varied with the regulators, so
that the pressing forces can be adjusted in local areas of the
semiconductor wafer W.

When the semiconductor wafer W is polished, it is
difficult to uniformly polish the peripheral portion of the
semiconductor wafer W, because of elastic deformation of the
polishing pad or the like or entry of a polishing -liquid into
a space between the polishing surface and the semiconductor
wafer W, regardless of the thickness distribution of a thin
film formed on the surface of the semiconductor wafer W to be
polished. In the present embodiment, the ring tube 9 is
mounted at a position corresponding to the outer peripheral
portion of the semiconductor wafer W. Further, the width D1
of the ring tube 9 is narrow, and the diameter D2 of the
central bag 8 is large. Hence, the pressing force applied to
the peripheral portion of the semiconductor wafer W is
controlled to uniformly polish the peripheral portion of the
semiconductor wafer W. Specifically, the ring tube 9 should
preferably have a width of 10 mm or less, more preferably 5 mm
or less. The distance D3 between the central bag 8 and the
ring tube 9 should preferably be in the range of 20 to 25 mm
in the case of a semiconductor wafer having a diameter of 200

mm, and in the range of 25 to 30 mm in the case of a
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semiconductor wafer having a diameter of 300 mm.

While the present invention has been described in
detail with reference to the preferred embodiments thereof, it
would be apparent to those skilled in the art that many
modifications and variations may be made therein without
departing from the spirit and scope of the present invention.

In the embodiments described above, the fluid
passages 31, 33, 34, 35 and 36 are provided as separate

passages. However, the arrangement of the fluid passages and

‘the pressure chambers 'may be modified in accordance with the

magnitude of the pressing force to be applﬁ"féd to the
semiconductor wafer W and the position to which t.he pressing
force is applied. For example, these passages may be joined
to each other, or the pressure chambers may be connected to
each other.

The pressure chambers 22, 23 may be connected to
the pressure chamber 21 to form one pressure chamber, without
the fluid passage 33 comunicating with the pressure chamber
22 and the fluid passage 34 communicating with the pressure
chamber 23. In this case, the pressures in the pressure
chambers 21, 22, 23 are controlled at an equal pressure by a
pfessurized fluid supplied via the fluid passage 31. If it is
not necessary to provide a pressure difference between the
pressure chamber 22 and the pressure chamber 23, and the
pressures in the central pressure chamber 24 and the
intermediate pressure chamber 25 are not larger than the
pressures in the pressure chambers 21, 22, 23, then the above

arrangement can be adopted to dispense with the fluid passages
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33, 34, for ﬁhereby decreasing the number of the f£fluid
passages and simplifying the fluid passages.

When -the inner suction portions 61 and the outer
suction portions 62 are provided on the chucking plate 6, as
in the first and third embodiments, not only a vacuum is
created in the fluid passages 37, 38 communicating with the
suction portions 61, 62, but also pressurized fluids may be
supplied to the fluid passageé 37, 38. In this case, suction
of the semiconductor wafer in the suction portions 61, 62 and
supply of the pressurized fluids to the pressure chambers 22,
23 can be performed with one respective passage. ﬁénce, it is
not necessary to provide two fluid passages, i.e;, the fluid
passages 33, 34, for thereby decreasing the number of the
fluid passages and simplifying the fluid passages.

In the first and second embodiments, the chucking
plate 6 has a protuberance 63 projecting downwardly from the
outer circumferential edge thereof for maintaining the shape
of the lower peripheral portion_of the elastic membrane 4 or
the seal ring 42 (see FIGS. 2 and 7). However, ff it is not
necessary to maintain the shape qf the elastic membrane 4 or
the seal ring 42 because of its material or the like, then the
chucking plate 6 does not need to have such a protuberance.
FIG. 14 is a vertical cross-sectional view showing a top ring
1 in which the chucking plate 6 has no protuberance 63 in the
first embodiment. In this case, the semiconductor wafer W can
uniformly be pressed from the central portion thereof to the
outer peripheral portion thereof. Further, the semiconductor

wafer can easily follow the large waviness or undulation on
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the polishing surface.

In the embodiments described above, the polishing
surface is constituted by the polishing pad. Héwever, the
polishing surface is not limited to this. For example, the
polishing surface may be constituted by a fixed abrasive. The
fixed abrasive is formed into a flat plate comprising abrasive
particles fixed by a binder. With the fixed abrasive, the
polishing process is performed by the abrasive particles self-
generated from the fixed abrasive. The fixed abrasive
comprises abrasive particles, a .binder, and pores. For
example, cerium dioxide (Ce0,) having an averéaé particle
diameter of 0.5 ym is used as an abrasive particlé, and epoxy
resin is used as a binder. Such a fixed abrasive forms a
harder polishing surface. The fixed abrasive includes a fixed
abrasive pad having a two-layer structure formed by a thin
layer of a fixed abrasive and an elastic polishing pad
attached to the 1layer of the fixed abrasive. IC-1000
described above may be uéed for another hard polishing
surface. '

As described above, according to the present
invention, pressures in a first pressure chambers and a second
pressure chamber can be independently controlled. Therefore,
a pressing force applied to a thicker area of a thin film can
be made higher than a pressiﬁg force applied to a thinner_area
of the thin film, thereby selectively increasing the polishing
rate of the thicker area of the thin film. _Consequently; an
entire surface of a substrate can be polished exactly to a

desired level irrespective of the film thickness distribution
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obtained at the time the thin film is formed.

Further, according to the present invention, a
contact member comprises a holding member for detachably
holding an elastic membrane, or the holding member of the
contact member is detachably mounted on a support member.
Hence, the elastic membrane or the contact member can easily
be replaced with another one. Specifically, the position and
size of the first pressure chamber and the second pressure
chamber can be changed simply by change of the elastic
membrane or the contact member. Therefore, a substrate
holding apparatus according to the present irivention can
easily cope with vérious thickness distributions- of a thin
film formed on the substrate to be polished at a low cost.

In a substrate holding apparatus comprising a seal
ring, the lower surface of the support member is not covered
after the semiconductor wafer is released. Therefore, a large
part of the lower surface of the support member is exposed
after the semiconductor wafer is. released, so that the
substrate holding apparatus can easily be cleanea after the
polishing process.

Furthermore, a protrusion radially protruding from
a circumferential edge of the elastic membrane of the contact
member is provided on the lower surface of the elastic
membrane. Therefore, the protrusion is brought into close
contact with an elastic pad or a substrate by a pressurized
fluid supplied to the second pressure chamber to prevent.the
pressurized fluid from flowing into the lower portion of the

contact member. Hence, the range of pressure control can be
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widened to press the substrate against the polishing surface
more stably.

Although certain preferred embodiments of the

present invention have been shown and described in detail, it

5 shoulfi be understood that various changes _and modifications

may be made therein without departing from the scope of the

appended claims.

Ay
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Mhat is clained is: DR IR AR

1. A substrate holding apparatus for holding a
substrate to be polished and pressing said substrate against a
polishing surface, said substrate  holding apparatus
comprising:

a top ring body for holding a substrate;

an elastic pad Bfought into contact with said
substrate;

a support member for supporting said elastic pad;

.a contact member mounted on a lower surface of said
support member and disposed in a space formed by éaid elastic
pad and said support member, said contact member having an
elastic membrane brought into contact with said elastic pad;

a first pressure chamber defined in said contact
member;

a second pressure chamber defined outside of said
contact member; and _ :

a fluid source for independently suppliing a fluid
into or creating a vacuum in said first pressure chamber and

said second pressure chamber.

2. A substrate holding apparatus according to claim
1, wherein said fluid source supplies a fluid controlled in
temperature into said first pressure chamber and said second

pressure chamber, respectively.

3. A substrate holding apparatus according to claim
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1, wherein said contact member comprises a holding member for

detachably holding said elastic membrane.

4. A substrate holding apparatus according to claim
3, wherein said holding member of said contact member is

detachably mounted on said support member.

5. A substrate hol&ing apparatus according to claim
1, wherein said contact member includes a central contact
member disposed at a position corresponding to a central
portion of said substrate, and an outer coritact nember

disposed outside of said central contact member.

6ﬂ A substrate-holding apparatus according to claim
5, wherein said outer contact member is mounted at a position
corresponding to an outer peripheral portion of said
substrate.

7. A substrate holding apparatus according to claim
1, further comprising a retainer ring fixed to or integrally
formed with said top ring body for holding a peripheral

pértion of said substrate.

8. A substrate holding apparatus according to claim
7, wherein said top ring body comprises a cleaning liquid
passage defined therein for supplying a cleaning liquid into a
gap defined between an outer circumferential surface of said

elastic pad and said retainer ring.
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9. A substrate holding apparatus according to claim
7, wherein said retainer ring is fixed to said top ring body
without interposing an elastic member between said retainer

ring and said top ring body.

10. A substrate holding apparatus according to

claim 1, wherein said elastic_membrane of said contact member

has a partially different thickness.

11. A substrate holding apparatus é@cording to
claim 1, wherein said elastic membrane of said contact member

partially includes an inelastic member.

12, A substrate holding apparatus according to
claim 1, wherein said support member is made of an insulating

material.

13. A substrate holding apparatus foé holding a
substrate to be polished and pressing said substrate against a
polishing surface, said substrate holding apparatus
comprising:

a top ring body for holding a substrate;

a seal ring brought into contact with an upper
surface of a peripheral portion of said substrate;

a support member for supporting said seal ring{

a contact member mounted on a lower surface of said

support member and disposed in a space formed by said
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substrate and &aid seal ring and said support member, said
contact member having an elastic membrane brought into contact
with said substrate;

a first pressure chamber defined in said contact
member; )

a second pressure chamber defined outside of said
contact member; and

a fluid source for independently supplying a fluid
into or creating a vacuum in first pressure chamber and said
second pressure chamber.

14. A substrate holding apparatus aécording to
claim 13, wherein said fluid source supplies a fluid
controlled in temperature into said first pressure chamber and

said second pressure chamber, respectively.

15. A substrate holding apparatus according to
claim 13, wherein a communicating portion for allowing said
fluid supplied to said first pressure chamber to contact a
contact surface of said substrate is formed in the lower

surface of said elastic membrane of said contact member.

16. A substrate holding apparatus according to
claim 13, wherein said contact member comprises a holding

member for detachably holding said elastic membrane.

17. A substrate holding apparatus according to

claim 16, wherein said holding member of said contact member
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is detachably mburited on said support meniber.

18. A substrate holding apparatus according to

claim 13, wherein a protrusion radially protruding from a

5 circumferential edge of said elastic membrane of said contact
member is provided on the lower surface of said elastic

membrane.

19. A substrate holding apparatus according to

10 claim 13, wherein said contact member includes a central
contact member disposed at a position correspéading to a
central portion of said substrate, and an outer coﬁtact member

disposed outside of said central contact member.

15 20. A substrate holding apparatus according to
claim 19, wherein said outer contact member is mounted at a
position corresponding to an outer periphéral portion of said

substrate. :

20 21. A substrate holding apparatus according to
claim 13, further comprising a retainer ring fixed to or
integrally formed with said top ring body for holdihg a

peripheral portion of said substrate.

25 22. A substrate holding apparatus according to
claim 21, wherein said top ring body comprises a clea-ning
liquid passage defined therein for supplying a cleaning liquid

into a gap defined between an outer circumferential surface of
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23. A substrate holding apparatus according to
claim 21, wherein said retainer ring is fixed to said top ring
body without interposing an elastic member between said

retainer ring and said top ring body.

24. A substrate holding apparatus according to
claim 13, wherein said elastic membrane of said contact member

has a partially different thickness.

.

25. A substrate holding apparatus according to
claim 13, wherein said elastic membrane of said contact member

partially includes an inelastic member.

26. A substrate holding apparatus according to
claim 13, wherein said support member is made of an insulating

o

material. _ :

27. A substrate holding apparatus according to
claim 13, wherein said seal ring extends radially inwardly
from an innermost position of a recess for recognizing or

identifying the orientation of a substrate.

28. A substrate holding apparatus for holding a
substrate to be polished and pressing said substrate againét a
polishing  surface, said substrate holding apparatus

comprising:
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a top ring body for holding a substrate;

a support member having a contact member mounted on
a lower surface thereof, said contact member being disposed in
a space formed by said substrate and said support member and
having an elastic membrane brought into contact with said
substfate; |

a first pressure chamber defined in said contact
member:; -

a second pressure chamber defined outside of said
contact member; and

-a fluid source for independently suppl§ing a fluid
into or creating a vacuum in said first pressure.chamber and

said second pressure chamber.

29. A substrate holding apparatus according to
claim 28, wherein said fluid source supplies a fluid
controlled in temperature into said first pressure chamber and

said second pressure chamber, respectively. :

30. A substrate holding apparatus according to
claim 28, wherein a communicating portion for allowing said
fluid supplied to said first pressure chamber to contact a
contact surface of said substrate is formed in the lower

surface of said elastic membrane of said contact member.

31. A substrate holding apparatus according to
claim 28, wherein said contact member comprises a holding

member for detachably holding said elastic membrane.
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32. A substrate holding apparatus according to
claim 31, wherein said holding member of said contact member

is detachably mounted on said support member.

33. A substrate holding apparatus according to
claim 28, wherein a protrusion radially protruding from a
circumferential'edge of said elastic membrane of said contact
member is provided on the lower surface of said elastic
membrane.

34. A substrate holding apparatus aécording to
claim 28, wherein said contact member includes a central
contact membgr disposed at a position corresponding to a
central portion of said substrate, and an outer contact member

disposed outside of said central contact member.

35. A substrate holding apparatus according to
claim 34, wherein said outer contact member is mbunted at a
position corresponding to an outer peripheral portion of said

substrate.

36. A substrate holding apparatus according to
claim 28, further comprising a retainer ring fixed to or
integrally formed with said top ring body for holding a

peripheral portion of said substrate.

37. A substrate holding apparatus according to

61



10

15

20

25

claim 36, wheréin said top ring body comprises a cleaning
liguid passage defined therein for supplying a cleaning liquid
into a gap defined between an outer circumferential surface of

said substrate and said retainer ring.

38. A substrate holding apparatus according to
claim 36, wherein said retainer ring is fixed to said top ring
body without interposing an elastic member between said

retainer ring and said top ring body.

39. A substrate holding apparatus ézcording to
claim 28, wherein said elastic membrane of said contact member

has a partially different thickness.

40. A substrate holding apparatus according to
claim 28, wherein said elastic membrane of said contact member

partially includes an inelastic member.

41. A substrate holding apparatus aEcording to
claim 28, wherein said support member is made of an insulating

material.

42. A substrate holding apparatus for holding a
substrate to be polished and pressing said substrate against a
polishing surface, said substrate holding apparatus
comprising: '

a top ring body for holding a substrate;

an elastic pad brought into contact with said
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substrate;

a support member for supporting said elastic pad;
and

a plurality of contact members mounted on a lower
surface of said support member, said plurality of contact
members each having an elastic membrane brought into contact
with said elastic pad and being independently pressed against

said elastic pad.

43. A substrate holding apparatus according to
claim 42, wherein said plurality of contact member’s are spaced

at predetermined intervals.

44, A substrate holding apparatus according to
claim 42, wherein said fluid source supplies a fluid
controlled in temperature into said first pressure chamber and
said second pressure chamber, respectively.

45. A substrate holding apparatus aécording to
claim 42, wherein a communicating portion for allowing said
fluid supplied to said first pressure chamber to contact a
contact surface of said substrate is formed in the lower

surface of said elastic membrane of said contact member.
46. A substrate holding apparatus according to

claim 42, wherein said contact member comprises a hoiding

member for detachably holding said elastic membrane.
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47. A substrate holding apparatus according to
claim 46, wherein said holding member of said contact member

is detachably mounted on said support member.

48. A substrate holding apparatus according to
claim 42, wherein a protrusion radially protruding from a
circumferential edge of said elastic membrane of said contact
member is provided on the lower surface of said elastic

membrane.

49. A substrate holding apparatus é@cording to
claim 42, wherein said contact member includeé a central
contact member disposed at a position corresponding to a
central portion of said substrate, and an outer contact member

disposed outside of said central contact member.

50. A substrate holding apparatus according to
claim 49, wherein said outer contact member is mounted at a
position corresponding to an outer peripheral poréion of said

substrate.

51. A substrate holding apparatus accordiﬁg to
claim 50, further comprising a retainer ring fixed to or
integrally formed with said top ring body for holding a

peripheral portion of said substrate.

52. A substrate holding apparatus according to

claim 51, wherein said top ring body comprises a cleaning
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liquid passage defined therein for supplying a cleaning ligquid
into a gap defined between an outer circumferential surface of

said elastic pad and said retainer ring.

53. A substrate holding apparatus according to
claim 51, wherein said retainer ring is fixed to said top ring
body without interposing an elastic member between said

retainer ring and said top riﬁg body.

54. A substrate holding apparatus according to
claim 42, wherein said elastic membrane of said contact member

has a partially different thickness.

55. A substrate holding apparatus according to
claim 42, wherein said elastic membrane of said contact member

partially includes an inelastic member.

56. A substrate holding apparatus according to
claim 42, wherein said support member is made of an insulating

material.

57. A polishing apparatus for polishing a
substrate, comprising:

a polishing table having a polishing surface; and

a substrate holding apparatus for holding the
substrate to be polished and pressing the substrate agéinst
said polishing surface, said substrate holding apparatus

comprising:
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a top ring body for holding a substrate;

an elastic pad brought into contact with said
substrate;

a support member for supporting said elastic pad;

a contact member mounted on a lower surface of said
suppoft member and disposed in a space formed by said elastic
pad and said support nmmbér, said contact member having an
elastic membrane brought into contact with said elastic pad;

a first pressure chamber defined in said contact
member;

-a second pressure chamber defined outfide of said
contact member; and -

a fluid source for independently supplying a fluid
into or creating a vacuum in said first pressure chamber and

said second pressure chamber.

58. A polishing apparatus for polishing a
substrate, comprising: _ =

a polishing table having a polishing sufface; and

a substrate holding apparatus for holding the
substrate to be polished and pressing the substrate against
said polishing surface, said substrate holding apparatus
comprising:

a top ring body for holding a substrate;

a seal ring brought into contact with an upper
surface of a peripheral portion of said substrate; '

a support member for supporting said seal ring;

a contact member mounted on a lower surface of said
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support member and disposed in a space formed by said
substrate and said seal ring and said support member, said
contact member having an elastic membrane brought into contact
with said substrate;

a first pressure chamber defined in said contact
member;

a second pressure chamber defined outside of said
contact member; and

a fluid source for independently supplying a fluid
into or creating a vacuum in said first pressure chamber and

e

said second pressure chamber.’ =

59. A polishing apparatus for polishing a
substrate, comprising:

a polishing table having a polishing surface; and

a substrate holding apparatus for holding the
substrate to be polished and pressing the substrate against
said polishing surface, s;id substrate holding apparatus
comprising: ;

a top ring body for holding a substrate;

a support member having a contact member mounted on
a lower surface thereof, said contact member being disposed in
a space formed by said substrate and said support member and
having an elastic membrane brought into contact with said
substrate;

a first pressure chamber defined in said contact

member ;

a second pressure chamber defined outside of said
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contact member; and
a fluid source for independently supplying a fluid
into or creating a vacuum in said first pressure chamber and

said second pressure chamber.

60. A substrate holding apparatus for holding a
substrate to be polished and pressing said substrate against a
polishing surface, comprising :

a top ring body for holding a substrate;

a plurality of annular members formed of an elastic
material and brought into contact with said substré?te;

a plurality of sections defined by sai:d plurality
of annular members, said plurality of sections being opened
downwardly; and

a fluid passage for supplying a fluid into said

plurality of sections.

61. A polishing method for polishing a substrate,
comprising: :
pressing a substrate against a polishing surface
provided on a polishing table; and
| polishing a substrate in such a state that a
pressing force applied to a thicker area of a thin film on the

substrate is made higher than a pressing force applied to a

thinner area of the thin film.

62. A polishing method for polishing a substrate,

comprising:
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pressing a substrate against a polishing surface
provided on a polishing table;
defining a plurality of sections opened downwardly
by a plurality of annular members formed of an elastic
5 material held into contact with a substrate; and
supplying a fluid into or creating a vacuum in said

plurality. of sections.

AT
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