EP 0 857 541 A2

Europdéisches Patentamt

European Patent Office

(19) p)

Office européen des brevets

(12)

(43) Veroffentlichungstag:
12.08.1998 Patentblatt 1998/33

(21) Anmeldenummer: 98101376.6

(22) Anmeldetag: 27.01.1998

(11)

EUROPAISCHE PATENTANMELDUNG

(51) Int. CL.5: B24B 37/04, B24B 41/06

(84) Benannte Vertragsstaaten:
ATBECHDEDKESFIFRGBGRIEITLILUMC
NL PT SE
Benannte Erstreckungsstaaten:
AL LT LVMKRO SI

(30) Prioritat: 06.02.1997 JP 38427/97

(71) Anmelder: Speedfam Co., Ltd.
Ohta-ku, Tokyo (JP)

(72) Erfinder:
+ lzumi, Shigeto
Ayase-shi, Kanagawa-ken (JP)
+ Arai, Hatsuyuki
Ayase-shi, Kanagawa-ken (JP)

(74) Vertreter:
Fiichsle, Klaus, Dipl.-Ing. et al
Hoffmann Eitle,
Patent- und Rechtsanwiilte,
Arabellastrasse 4
81925 Miinchen (DE)

(54)

(57) A CMP apparatus has an extended life and
improved polishing accuracy and is capable of not only
preventing a wafer 100 from dashing out of a carrier 1
and being damaged or wound, but also adjusting the
elasticity of a pressure pad to a desired value in a fine
manner. The CMP apparatus includes the carrier 1, a
suction mechanism 4 having an air passage 40 dis-
posed to open on a lower surface of the carrier 1 for
drawing air, and a surface plate 300 having a hard pol-
ishing pad 220 and a soft pad 210 adhered thereto. The
pressure pad in the form of a porous thin Teflon layer 7
having a thickness of 5 mm is adhered to a lower sur-
face of the carrier 1 which holds the wafer 100. Thus,
the rear surface of the wafer 100 is maintained in a hor-
izontal state by the Teflon layer 7, and the warpage
and/or irregularities in the thickness of the wafer 100,
which appear on the front surface of the wafer 100, can
be absorbed by the soft pad 210 and the hard polishing
pad 220.
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Description

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a chemical and
mechanical polishing (hereinafter simply referred to as
CMP) apparatus for flattening or planarizing a surface of
an object such as a wafer.

Description of the Related Art:

In recent years, as manufacturing of semiconductor
devices with high density and high integration
advances, ultra-large-scale integrated (hereinafter sim-
ply referred to as ULSI) circuit devices having great
capacities becomes popular. In the ULSI manufacturing
process, a technique of flattening a multi-layer film is
required, and the CMP apparatus is used for that pur-
pose.

Fig. 11 is a sectional view showing one example of
a surface flattening operation with such a CMP appara-
tus.

When a surface of an object in the form of a wafer
100 comprising a silicon substrate 101 and an oxide film
102 of Si0, formed thereon is polished by using a CMP
apparatus as shown in Fig. 11(a), rugged or irregular
portions of the oxide film 102 are removed so as to flat-
ten or planarize the surface thereof as shown in Fig.
11(b).

Since the wafer 100 actually involves warpage
and/or irregularities or variations in its thickness as
shown in Fig. 12, however, it is quite difficult to flatten
the wafer 100 by use of the CMP apparatus to any sat-
isfactory extent.

Thus, the flattening of the wafer 100 having warp-
age, etc., was done by the conventional CMP apparatus
using a system shown in Figs. 13(a) and 13(b).

Fig. 13(a) is a sectional view showing surface flat-
tening due to a so-called rear surface reference method.
In Fig. 13(a), reference symbol 1 designates a carrier
which has a holder 2 for holding an object to be polished
in the form of a wafer 100 and a carrier shaft 3 fixedly
coupled to a cone-shaped outer surface of the holder 2,
the carrier 1 serving to firmly hold the wafer 100 on a
surface plate 300 disposed under the carrier 1 during a
polishing operation.

More specifically, a hard pad 200 made of foam ure-
thane is attached or adhered to an inner surface of the
holder 2 disposed on the opposite side of the carrier
shaft 3. The hard pad 200 has a lot of holes 201 in com-
munication with corresponding branches of an air pas-
sage 40 formed through the body of the holder 2 and the
carrier shaft 3.

Moreover, a soft pad 210 and a hard polishing pad
220 are secured or adhered to an upper surface of the
surface plate 300 in a laminated or stacked manner. The
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soft pad 210 may be in the form of a non-woven fabric
pad such as one commercially available under the trade
name of "Suba 400", and the hard polishing pad 220
may be in the form of a polishing pad made of foam ure-
thane such as one commercially available under the
trade name of "IC 1,000".

With this arrangement, a lower surface of the hard
pad 200 attached to the carrier 1 is made in contact with
the wafer 100 so that air in a space between the lower
surface of the hard pad 200 and the wafer 100 is evacu-
ated through the air passage 40 in the carrier 1 by
means of an unillustrated air pump connected to the air
passage 40 whereby the wafer 100 is sucked or
attracted under vacuum to the lower surface of the hard
pad 200. Then, the wafer 100 thus fixedly held by the
carrier 1 is transferred to a position over the hard polish-
ing pad 220 of the surface plate 300, where the wafer
100 is made in contact at its lower surface with the hard
polishing pad 220 through a downward motion of the
carrier 1. Thereafter, the suction force applied to the
wafer 100 is released, allowing the wafer 100 on the
hard polishing pad 220 to move relative to the carrier 1
and hence the hard pad 200 with the result that the
opposite surfaces of the wafer 100, which is being urged
against the hard polishing pad 220 by means of a down-
ward force or movement of the carrier 1, are polished by
means of the hard polishing pad 220 of the rotating sur-
face plate 300 and the hard pad 200 of the carrier 1
which is rotating in a direction opposite a rotational
direction in which the surface plate 300 is rotating.

In this case, the rear or second surface 100b of the
wafer 100 is pressed so as to be flat by means of the
hard pad 200, so that influences of warpage and/or
irregularities in the thickness of the wafer 100 appear at
the front or first surface 100a of the wafer 100.

However, since there exists the soft pad 210 on the
side of the front or first surface 100a of the wafer 100,
the hard polishing pad 220 is deflected together with the
soft pad 210 along the curved contour of the front sur-
face 100a. As a result, the surface 100a of the wafer 100
is polished by a constant thickness and flattened by
means of the hard polishing pad 220.

On the other hand, Fig. 13(b) is a sectional view
showing surface flattening due to a so-called front sur-
face reference method. In this method, to the inner sur-
face of a holder 2 there is attached or adhered a soft
pad 230 in the form of a suede-type pad such as, for
example, one commercially available under the trade
name of "R200" which has a lot of through-holes 231
with which an air passage 40 is in communication
through a plurality of corresponding branches in the
holder 2. A hard polishing pad 220 is secured or
adhered to the surface plate 300.

With this arrangement, the front surface 100a of the
wafer 100 is urged or pushed so as to be flat by the hard
polishing pad 220, and influences of warpage and/or
irregularities in the thickness of the wafer 100 appear on
its rear surface 100b. However, since there exists the
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soft pad 23 on the rear surface 100b of the wafer 100,
the soft pad 230 is deformed along the curved contour
of the rear surface 100b of the wafer 100. Consequently,
the flat surface 100a of the wafer 100 is polished by a
constant amount of thickness and thus flattened by
means of the hard polishing pad 220.

However, the above-mentioned CMP apparatuses
involve the following problems.

The first problem is that the elastic recovery rates of
the hard pad 200 and the soft pad 230 attached to the
holder 2 are low or poor. That is, the elastic recovery
rate of the pad made of foam urethane used in general
as the hard pad 200 is about 80%, so the foam urethane
pad could not return to the original shape after a short
period of use, and hence the duration or life thereof is
short. Especially, the elastic recovery rate of "R200"
used in general as the soft pad 230 varies within the
range from 70% to 98% depending upon goods manu-
factured. Therefore, the soft pad 230 in the form of a
product with a bad or low elastic recovery rate is not
only of a short life, but also the polishing accuracy
thereof will be deteriorated in a short period of use. In
other words, the soft pad 230 elastically deforms along
the curved contour of the rear surface 100b of the wafer
100 so as to allow the surface 100a of the wafer 100 to
be subjected to a uniform pressure, whereby the wafer
surface 100a can be polished in a uniform manner while
being held in a substantially flat state.

However, the soft pad 230, when the elasticity
thereof has been deteriorated, can not deform along the
curved contour of the rear surface 100b of the wafer
100, as a consequence of which the pressure or urging
force applied from the soft pad 230 to the wafer 100 will
become irregular or nonuniform, making the polishing
speed of the wafer 100 different at portions thereof.

The second problem is that a lot of dents or
recesses in the shape of dimples are created on the sur-
face 100a of the wafer 100. That is, through-holes 201,
231 of diameters in a range from 1 mm to 2 mm which
communicate with the corresponding branches of the
air passage 40 are formed through the hard pad 200
and the soft pad 230, as shown in Fig. 13(a) and Fig.
13(b). When the carrier 1 transports a wafer 100 onto
the surface plate 300, air in a space between the carrier
1 and the wafer 100 is discharged or evacuated via the
through-holes 201 or 231 in the pad 200 or 230 and the
air passage 40 by means of the unillustrated air pump
connected with the air passage 40, so that the wafer
100 is sucked or attracted to the hard pad 200 or the soft
pad 230 of the carrier 1 under the action of a vacuum.
When the wafer 100 is polished, the suction or attractive
force acting on the wafer 100 is liberated so that the
wafer 100 is not partially sucked into the through-holes
201 or 231. However, a great pressure of 500 g/cm? is
applied downward to the wafer 100 during polishing
operation. As a result, those portions of the wafer 100
which are located at through-holes 201 or 231, as
shown in Fig. 14, are pushed into the through-holes 201
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or 231, thus creating recesses or dents 100¢ in the
shape of dimples on the surface 100a of the wafer 100.

The third problem is that the wafer 100 might be
dashed or flied out from the carrier 1 and damaged
while the wafer 100 is polishing. That is, since the car-
rier 1 rotates at high speed while holding the wafer 100
with the surface plate 300 being also rotating, there
might be the case that the wafer 100 occasionally hap-
pens to dash or fly out from the carrier 1 for some rea-
son. In order to cope with this, it is preferred that air in
the space between the wafer 100 and the pad 200 or
230 of the carrier 1 be evacuated or discharged through
the through-holes 201 or 231 and the air passage 40 in
the carrier 1 to thereby draw the wafer 100 against the
carrier 1 even during polishing of the wafer 100. If, how-
ever, the drawing or suction force acts on the wafer 100
via through-holes 201 or 231, the dimple-shaped dents
100c in the wafer 100 grow deeper or greater, further
worsening the surface state of the wafer 100.

The fourth problem is that it is difficult to afford a
desired magnitude of elasticity to the wafer 100. For
instance, as shown in Fig. 13(a), the apparatus is con-
structed such that it includes one hard pad 200 made of
foam urethane, one soft pad 210 in the form of
"Suba400", and one hard polishing pad 220 in the form
of "IC1,000". However, there sometimes arises a case
that the thickness of each pad is desired to be varied so
as to change the amount of deformation thereof
depending upon the kind or type of the wafer 100 to be
polished. Since the thickness of each of these pads is
standardized and can not be varied, however, two or
more hard pads 200 are used which are secured to the
inner surface of the holder 2 in a laminated or stacked
manner, and two or more soft pads 210 are secured to
the surface of the surface plate 300 beneath the single
hard polishing pad 220 similarly in a laminated or
stacked manner. In this manner, lamination of a plurality
of pads each having a fixed or same thickness results in
a discrete value of the total thickness of the pads, so it
is difficult to set the total thickness of the laminated pads
to a desired value, thus making it difficult to adjust a
slight amount of deformation of the pads.

The fifth problem is that the composition of the pad
on the rear surface of the wafer 100 is changed by a pol-
ishing agent such as slurry. That is, chemical sub-
stances such as alkaline materials and acidic materials
might be included in the slurry which is used as a polish-
ing material, and the composition of the hard pad 200 or
the soft pad 230 can be changed by such chemical sub-
stances, resulting in deformations and/or changes in the
hardness and elasticity of the pad.

SUMMARY OF THE INVENTION

In view of the above, the present invention is
intended to obviate the various problems as mentioned
above, and has for its object to provide a novel and
improved chemical and mechanical polishing apparatus
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which has a prolonged period of life and an improved
accuracy in polishing, and which can prevent an object
to be polished from inadvertently dashing out from a
carrier and hence the resultant damage thereof, and in
which the elasticity of a pressure pad can be adjusted to
a desired magnitude of elasticity without any difficulty.

Bearing the above object in mind, according to a
first aspect of the present invention, there is provided a
chemical and mechanical polishing apparatus compris-
ing: a surface plate adapted to be rotatable and having
a polishing pad attached thereto through a soft elastic
pad; a carrier having a support surface for supporting
an object to be polished which has a first surface and a
second surface on the opposite sides thereof; a pres-
sure pad attached to the support surface of the carrier
for urging the object to be polished against the polishing
pad, the pressure pad being formed of a thin porous
elastic member so as to maintain the second surface of
the object to be polished at a substantially flat state
when urging the object against the polishing pad; and a
holding means provided on the carrier for holding the
object to be polished on the pressure pad; whereby the
first surface of the object, which is urged from the sec-
ond surface thereof into contact with the polishing pad
of the surface plate by means of the carrier through the
pressure pad, is polished by the rotating polishing pad.

With this construction, the object to be polished
such as a wafer is held by the carrier through the pres-
sure pad and urged toward the polishing pad by means
of the carrier. When the surface plate is driven to rotate
while the object is being urged onto the polishing pad by
means of the carrier, the rear surface of the object is
maintained flat or planar by means of the thin pressure
pad, and the soft elastic pad is deformed so that the sur-
face of the wafer is uniformly pressed by the polishing
pad.

In a preferred form of the invention according to the
first aspect, the holding means comprises an air pas-
sage which opens on the support surface of the carrier
for drawing air.

Thus, when air is drawn from the air passage by the
holding means, air in the porous pressure pad is evacu-
ated, causing the wafer to be sucked to the pressure
pad.

In another preferred form of the invention according
to the first aspect, the thin porous elastic member has a
multitude of minute pores.

In a further preferred form of the invention accord-
ing to the first aspect, the thin porous elastic member
comprises a trifluorochloroethylene resin.

Thus, the surface of the wafer is maintained flat or
planar by means of the thin trifluorochloroethylene resin
so that when the holding means is operated, the wafer
is sucked to the trifluorochloroethylene resin.

In a further preferred form of the invention accord-
ing to the first aspect, the thin porous elastic member
comprising a frifluorochloroethylene resin has a thick-
ness of 5mm or less.
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In a yet further preferred form of the invention
according to the first aspect, that surface of the pres-
sure pad which is in contact with the second surface of
the object to be polished is a flat and smooth surface
having substantially no irregularities.

With this arrangement, the rear surface of the wafer
comes in contact with the flat and smooth surface of the
pressure pad having substantially no convex, so there
will be created no dimple or dent on the rear surface of
the wafer due to these surface-to-surface contact.

According to a second aspect of the present inven-
tion, there is provided a chemical and mechanical pol-
ishing apparatus comprising: a surface plate adapted to
be rotatable and having a polishing pad attached
thereto through a soft elastic pad; a carrier having a
support surface for supporting an object to be polished
which has a first surface and a second surface on the
opposite sides thereof; a pressure pad attached to the
support surface of the carrier for urging the object to be
polished against the polishing pad, the pressure pad
being formed of a thick porous elastic member such that
it is deformable along a contour of the second surface of
the object to thereby maintain the second surface of the
object to be polished at a substantially flat state when
urging the object against the polishing pad; and a hold-
ing means provided on the carrier for holding the object
to be polished on the pressure pad; whereby the first
surface of the object, which is urged from the second
surface thereof into contact with the polishing pad of the
surface plate by means of the carrier through the pres-
sure pad, is polished by the rotating polishing pad.

With this construction, the object to be polished
such as a wafer is held by the carrier through the thick
pressure pad and urged toward the polishing pad by
means of the carrier. When the surface plate is driven to
rotate while the object is being urged onto the polishing
pad by means of the carrier, the rear surface of the
object is maintained flat or planar by means of the thick
pressure pad, and the soft elastic pad is deformed so
that the surface of the wafer is uniformly pressed by the
polishing pad.

In a preferred form of the invention according to the
second aspect, the holding means comprises an air
passage which opens on the support surface of the car-
rier for drawing air.

In a further preferred form of the invention accord-
ing to the second aspect, the thick porous elastic mem-
ber has a multitude of minute pores.

In a still further preferred form of the invention
according to the second aspect, the thick porous elastic
member comprises a trifluorochloroethylene resin.

In a yet further preferred form of the invention
according to the second aspect, the thick porous elastic
member comprising a trifluorochloroethylene resin has
a thickness of 8 mm or more.

In a further preferred form of the invention accord-
ing to the second aspect, that surface of the pressure
pad which is in contact with the second surface of the



7 EP 0 857 541 A2 8

object to be polished is a flat and smooth surface having
substantially no irregularities.

The above and other objects, features and advan-
tages of the present invention will become more readily
apparent to those skilled in the art from the following
detailed description of preferred embodiments of the
invention taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing the construction
of a CMP apparatus according to a first embodi-
ment of the present invention;

Fig. 2 is a sectional view showing the detailed struc-
ture of a carrier of Fig. 1;

Fig. 3 is a schematic cross section showing the
operation of the CMP apparatus of the first embod-
iment;

Fig. 4 is a table chart showing the physical proper-
ties of a Teflon layer;

Figs. 5(a) and 5(b) are schematic cross sections of
Teflon layers which are formed by solidifying Teflon
particles;

Figs. 6(a) and 6(b) are schematic cross sections of
Teflon layers with inclusion of air bubbles;

Fig. 7 is an explanatory view showing an amount of
change or deformation in the elastic member;

Fig. 8 is a cross section showing the invasion of
agglomerated particles;

Fig. 9 is a cross section of a carrier showing essen-
tial parts of a CMP apparatus according to a sec-
ond embodiment of the present invention;

Fig. 10 is a schematic cross section showing the
operation of the CMP apparatus according to the
second embodiment;

Figs. 11(a) and 11(b) are sectional views showing
one example of a surface flattening operation with
the CMP apparatus of the present invention;

Fig. 12 is a schematic side view showing the state
of warpage and irregularities or variations in the
thickness of a wafer;

Figs. 13(a) and 13(b) are cross sections showing
one example of surface flattening with a conven-
tional CMP apparatus; and

Fig. 14 is a cross section showing the state of gen-
eration of dimple-like recesses or dents.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

In the following, preferred embodiments of the
present invention will be described while referring to the
accompanying drawings.

(First Embodiment)

Fig. 1 schematically illustrates the construction of a
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CMP apparatus in accordance with a first embodiment
of the present invention. As shown in Fig. 1, the CMP
apparatus has a carrier 1, a holding means in the form
of a suction mechanism 4, and a surface plate 300.

The carrier 1 is rotatable about its own axis of rota-
tion while holding an object to be polished such as a
wafer 100. Specifically, the carrier 1 is composed of a
holder 2 for holding the wafer 100, and a carrier shaft 3
for supporting the holder 2 at its upper portion, as
shown in Fig. 2. The holder 2 is provided at its lower por-
tion with a pressure plate 20. An extension ring 21 is fit-
ted over the outer peripheral surface of the pressure
plate 20 in such a manner that it projects downward
from a lower surface of the pressure plate 20 to thereby
define a circular space 2a for receiving the wafer 100 at
a location beneath the pressure plate 20. In addition,
disposed on the pressure plate 20 is a housing 22 which
is bolted to the pressure plate 20 and the extension ring
21 so as to integrally fasten these members.

The carrier shaft 3 has a lower end fitted to and fix-
edly coupled to a central portion of an upper surface of
the holder 2 and an upper end operatively connected
with a drive means in the form of a motor 5, as shown in
Fig. 1.

Specifically, mounted on an upper part of the carrier
shaft 3 through an annular bearing 50 is a frame 51 to
which the motor 5 is mounted. The motor 5 is provided
with a gear 52 which is fixedly secured to a rotation
shaft thereof. The gear 52 is in meshing engagement
with a gear 53 which is fixedly mounted on the upper
end of the carrier shaft 3.

With this arrangement, the rotational force or torque
of the motor 5 is transmitted to the carrier 1 through the
gears 52 and 53, so that the carrier 1 is caused to rotate
on its own axis of rotation, i.e., about the central axis of
the carrier shaft 3.

The frame 51 is installed on vertically extending
rails 54 through guide members 55 for free vertical
motion relative thereto, with a cylinder 6 being con-
nected with the frame 51. The cylinder 6 is vertically dis-
posed and firmly supported by an unillustrated support
member. The cylinder 6 has a piston 61 vertically slida-
bly received therein with a piston rod 60 being con-
nected at its upper end with the piston 61 and at its
lower end with an upper surface of the frame 51.

With such an arrangement, by changing the air
pressure in the cylinder 6, the piston 61 and hence the
piston rod 60 are caused to move up and down relative
to the fixedly supported cylinder 6, thus integrally driving
the frame 51 along the vertically extending rails 54 in a
vertical direction together with the carrier 1 supported
by the frame 51. In this manner, the carrier 1 is caused
to move in a vertical direction under the action of the cyl-
inder 6 so as to be pushed against the surface plate 300
or lifted therefrom.

A pressure pad in the form of a Teflon layer 7 is
attached or adhered to a lower surface of the carrier 1,
which is driven to rotate by means of the motor 5 and
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pushed or urged against the surface plate 300 by the
cylinder 6, for polishing the wafer 100 through a rear
surface reference method.

Fig. 4 is a table chart in which the physical proper-
ties of the Teflon layer 7 are shown. As shown in Fig. 4,
the Teflon layer 7 is a porous elastic member formed of
a trifluorochloroethylene resin. That is, the Teflon layer 7
contains 5,100 minute pores having a diameter of 3 um
per square centimeters, and its Young's modulus indic-
ative of its elasticity is 50 kg/square millimeters, and its
elastic recovery rate is 88% or more. Moreover, Shore
hardness D is 60 degrees, and very low as compared
with the hardness of ceramic, silicon and the like. The
thickness of the Teflon layer 7 having such physical
properties is set to 5 mm. The Teflon layer 7 is adhered
to the entire surface of a wafer support surface 20a
which is the lower surface of the pressure plate 20, as
shown in Fig. 2.

Specifically, the rear surface of the Teflon layer 7 is
bonded to the wafer support surface or rear surface 20a
of the pressure plate 20 through an epoxy-based adhe-
sive. The adhesive is impregnated between the outer
peripheral surface of the pressure plate 20 and the inner
peripheral surface of the extension ring 21. A space
defined between the pressure plate 20 and the exten-
sion ring 21 is kept airtight. However, since the Teflon
layer 7 is porous, air can be drawn from the front surface
(lower-side surface in Fig. 2) of the Teflon layer 7.

Moreover, the surface of the Teflon layer 7 (i.e., the
surface which is in contact with the wafer 100) is formed
into a flat or planar surface without inclusion of con-
vexes. Specifically, the Teflon layer 7 is formed by solid-
ifying Teflon particles 7a as shown in Fig. 5(a).

In the case where interstices formed between the
particles are used as pores, the surface 7¢ of the Teflon
layer 7 at the time of its manufacture is in an irregular or
rugged state including a multitude of convexes and con-
caves owing to the Teflon particles 7a. Thus, in this
embodiment, the surface 7¢ of the Teflon layer 7 is pol-
ished or milled into a flat or smooth surface, as shown in
Fig. 5(b).

Moreover, as shown in Fig. 6(a), in the case where
a Teflon material with inclusion of air bubbles is solidi-
fied to provide fine or minute holes 7b which result from
the air bubbles and communicate with each other so as
to be utilized as air vents or pores, the surface of the
Teflon layer 7 might be irregular or rugged including
concaves and convexes. Therefore, in this case, too, the
surface 7¢ of the Teflon layer 7 is made smooth or flat,
as shown in Fig. 6(b).

Turning now to Fig. 1, the suction mechanism 4
serves to attach the wafer 100 to the surface of the
Teflon layer 7 by making effective use of the pores in the
Teflon layer 7, and it comprises an air passage 40
formed in the holder 2, a tube 41 connected with the air
passage 40, and a pump 42 which draws or suck air in
the air passage 40 and the tube 41.

Specifically, as shown in Fig. 2, the air passage 40
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comprises a plurality of small-diameter passages or
branches 40a formed in the pressure plate 20 so as to
open on the wafer support surface 20a thereof, and a
large-diameter passage 40b formed through the central
portion of the housing 22 and connected with the small-
diameter passages 40a.

A hollow coupling member 40c¢ is fitted to the top
end of the large-diameter passage 40b. The tube 41
extending from the pump 42 is connected with the cou-
pling member 40c.

On the other hand, in Fig. 1 and Fig. 2, the surface
plate 300 is operatively connected with an unillustrated
drive means such as a motor so that it is thereby driven
to rotate and polish the wafer 100.

An elastic pad in the form of a soft pad 210 com-
prising a foamed pad commercially available under the
trade name of "Suba400" is attached or adhered to an
upper surface of the surface plate 300. A hard polishing
pad 220 such as a plastic polishing pad commercially
available under the trade name of "IC1,000" is adhered
to an upper surface of the soft pad 210.

Now, the operation of the CMP apparatus in
accordance with this embodiment will be explained
below.

Before a wafer 100 is polished, the carrier 1 is lifted
up by means of the cylinder 6 as shown in Fig. 1. The
wafer 100 being polished, which has previously been
transported to an unillustrated location, is fitted into the
circular space 2a inside the carrier 1, and then the
pump 42 is energized to operate, so that air is evacu-
ated from the pores in the Teflon layer 7 with which the
wafer 100 is in abutment, so as to be drawn to the pump
42 by way of the air passage 40 in the carrier 1 and the
tube 41. As a result, the insides of the pores in the
Teflon layer 7 become vacuum, causing the wafer 100 to
be sucked to the Teflon layer 7.

Under such a condition, the carrier 1 is moved
downward by means of the cylinder 6 and driven to
rotate by mean of the motor 5 to thereby push the wafer
100 onto the surface plate 300 while injecting an unillus-
trated polishing agent such as slurry into a space
between the wafer 100 and the surface plate 300. As a
result, the wafer 100 is forced to rotate with its surface
100a being pressed to the hard polishing pad 220 of the
surface plate 300, whereby the wafer surface 100a is
polished by the hard polishing pad 220.

At this time, a large pressure of 500 g/cm2 is
applied to the wafer 100 through the Teflon layer 7, and
at the same time the wafer 100 is being sucked to the
Teflon layer 7 by means of the suction mechanism 4. As
a consequence, there might be created dimple-shaped
recesses or dents, as shown in Fig. 14, on the surface
100a of the wafer 100. However, there will not be devel-
oped any dimple-like dents or recesses under the action
of the above-mentioned pressure and the suction force
because the pores in the Teflon layer 7 are minute holes
of a diameter of about 3 um.

Moreover, even if the carrier 1 happens to be
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inclined for some reason, the wafer 100 rotating at a
high speed does not dash or fly out from the carrier 1
because the wafer 100 is sucked or firmly attached to
the carrier 1 under the action of a vacuum.

In the case where the Teflon layer 7 is formed by
solidifying Teflon particles 7a, as shown in Fig. 5(a), that
surface of the wafer 100 which is in contact with the
Teflon layer 7 is pressed or pushed by the Teflon parti-
cles 7a projecting from the surface 7c of the Teflon layer,
so that there might be created a number of minute dim-
ple-like recesses or dents 7on the surface of the wafer
100 in contact with the Teflon layer 7. Since the surface
7¢ of the Teflon layer 7 is polished to form a flat and
smooth surface, as shown in Fig. 5(b), however, there
will not be above-mentioned minute dimple-like
recesses or dents developed on the surface of the wafer
100.

Furthermore, even when the Teflon layer 7 is
formed with inclusion of air bubbles, as shown in Fig.
6(a), there will be created no minute dimple-like
recesses or dents on the surface 7¢ of the Teflon layer 7
which is made smooth and flat, as shown in Fig. 6(b).

When the wafer 100, which has warpage and varia-
tions or irregularities in the thickness thereof, is urged
against the surface plate 300 by means of the carrier 1,
the Teflon layer 7 elastically deforms. In this regard,
however, an elastic member having a thickness | and a
Young's modulus E is deformed by an amount of defor-
mation Al under the application of a pressure P, as
shown in Fig. 7, so the following relation will be estab-
lished: P/E : Al/I
Therefore, when the pressure P of 500 g/cm? is applied
to the Teflon layer 7 which has a Young's modulus E of
50 kg/mm? and a thickness | of 5 mm, the resultant
amount of deformation Al of the Teflon layer 7 is very
small. Thus, the wafer 100 does not sink or dent toward
the Teflon layer 7 side, and the rear surface 100b of the
wafer 100 is pressed directly by the pressure plate 20 so
as to be flattened or planarized, as shown in Fig. 3. As
a result, the warpage and/or irregularities in the thick-
ness of the wafer 100 appear on its front surface 100a,
which presses or pushes the hard polishing pad 220.

At this time, the soft pad 210, which is provided
beneath the hard polishing pad 220, is deformed so that
the hard polishing pad 220 is deflected along the curved
contour of the wafer surface 100a, as a consequence of
which the warpage and/or irregularities or variations in
the thickness of the wafer 100 are absorbed by the soft
pad 210 and the hard polishing pad 220. Thus, the
wafer 100 is polished with high accuracy according to
the rear surface reference method.

Moreover, agglomerated particles 100d of the pol-
ishing agent may occasionally invade inbetween the
surface of the Teflon layer 7 and the rear surface 100b
of the wafer 100 during the polishing operation, as
shown in Fig. 8.

At this time, Shore hardness D of the Teflon layer 7
is 60 degrees, which is smaller or lower than the hard-
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ness of ceramic, silicon or the like, so the Teflon layer 7
is dented, allowing the agglomerated particles 100d to
sink in the Teflon layer 7. Accordingly, the pressure
applied to the wafer 100 from the Teflon layer 7 is uni-
formly distributed over the entire rear surface 100b of
the wafer 100 without concentrating on the agglomer-
ated particles 100d, as a result of which there will be
generated no wound or damage of the wafer 100 due to
the agglomerated particles 100d.

Moreover, the polishing agent in the form of slurry
which contains chemical substances such as alkaline
materials or acidic materials during the wafer polishing
operation adheres to the Teflon layer 7, but the Teflon
layer 7 is strong or resistant to these chemical sub-
stances, so the composition thereof is not affected by
these chemical substances and there will be no defor-
mation of the Teflon layer 7, thus resulting in no change
in the hardness and elasticity thereof.

When the wafer 100 has been polished, the rota-
tions of the motor 5 and the surface plate 300 shown in
Fig. 1 are stopped, and the carrier 1 having the thus pol-
ished wafer 100 sucked thereto is then raised by the cyl-
inder 6 and transported to a predetermined storage
place. Thereafter, the operation of the suction mecha-
nism 4 is stopped, and the wafer 100 is released from
the carrier 1 and stored in the storage place.

Repeating such a polishing operation for a lot of
wafers 100 raises the problem of deterioration in the
elasticity of the Teflon layer 7, but the elastic recovery
rate of the Teflon layer 7 is 88% or more, which is sub-
stantially higher than the conventional hard pad 200 and
the soft pad 230 in the form of a foamed urethane pad
or a suede-type pad such as one commercially available
under the trade name of "R200".

For this reason, the pressure pad formed of the
Teflon layer 7 is much more durable for a long period of
use as compared with a conventional pad, and hence
the CMP apparatus according to this embodiment has a
longer life.

In addition, since the Teflon layer 7 is not made of
metal but of resin, there will neither be generation of
metal contaminations or rust nor any wound or damage
of the Teflon layer 7. For these reasons, the apparatus
of the present invention is made long-lived.

(Second Embodiment)

Fig. 9 shows in cross section a carrier as an essen-
tial portion of a CMP apparatus according to a second
embodiment of the present invention.

The CMP apparatus of this embodiment is different
from the first-mentioned CMP apparatus according to
the first embodiment in that a wafer 100 is polished
according to a front surface reference method.

Specifically, as shown in Fig. 9, a Teflon layer 7 ' of
the same physical properties as those of the above-
mentioned Teflon layer 7 of the first embodiment is
attached or adhered to the wafer support surface 20a of
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the pressure plate 20. The thickness of this Teflon layer
7' is set to 5 mm so as to provide a greater amount of
deformation than that of the above-mentioned Teflon
layer 7 for the same pressure. Moreover, the hard pol-
ishing pad 220 is attached or adhered directly on the
surface plate 300.

With this arrangement, when the wafer 100 is
pressed onto the surface plate 300 at the same pres-
sure as in the first-mentioned embodiment by means of
the carrier 1 under the action of the cylinder 6, the sur-
face 100a of the wafer 100 is made smooth or flat as
shown in Fig. 10, and the warpage and/or irregularities
or variations in the thickness of the wafer 100 appear on
its rear surface 100b because the hard polishing pad
220 is adhered directly on the surface plate 300 .

The thickness of the Teflon layer 7' on the rear sur-
face 100b of the wafer 100 is set to 1.6 times the thick-
ness of the Teflon layer 7 in the aforementioned first
embodiment, so the amount of change or deformation
Al of the Teflon layer 7' accordingly becomes 1.6 times
that of the Teflon layer 7. As a result, the rear surface
100b of the wafer 100 sinks in the Teflon layer 7', so that
the warpage and/or irregularities or variations in the
thickness of the wafer 100 which appear on its rear sur-
face 100b are absorbed by the Teflon layer 7.

As a result, the pressure or urging force of the car-
rier 1 can be uniformly applied to the rear surface 100b
of the wafer 100, thus achieving highly accurate polish-
ing of the wafer 100 according to the front surface refer-
ence method.

Here, it is to be noted that with the elastic member
having a large amount of change or deformation as
referred to above, when the elasticity thereof has been
deteriorated, the rear surface 100b of the wafer 100 is
not subjected to a uniform pressure. As a consequence,
the front surface 100a of the wafer 100 is not held flat
with a uniform pressure, thus inviting deterioration in the
polishing accuracy.

However, the Teflon layer 7' is high in the elastic
recovery rate as referred to above, and hence the elas-
ticity thereof can be maintained for a longer period of
time as compared with a conventional pressure pad.
Thus, according to this embodiment, the CMP appara-
tus is provided which can maintain the polishing accu-
racy for a long period of time.

The construction and operation of this embodiment
other than the above are similar to those of the first
above-mentioned embodiment, and thus a further
description thereof is omitted.

Moreover, it will be appreciated that the present
invention is not limited to the above-mentioned embodi-
ments but various changes or modifications can be
made without departing from the spirit and scope of the
invention as defined in the appended claims.

For instance, in the above-mentioned first and sec-
ond embodiments, the thicknesses of the Teflon layers 7
and 7' are set to 5mm and 8mm, respectively, so as to
provide predetermined amounts of elastic deformation,
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but in the case where it is desired to change the
amounts of elastic deformation of the Teflon layers 7
and 7' depending upon the kind or type of the wafer 100,
this can be achieved by changing the thicknesses of the
Teflon layers 7 and 7' in an appropriate manner. That is,
a slight adjustment of the deformation amount can be
easily done by changing the thicknesses of the Teflon
layers.

As described in detail in the foregoing, according to
the present invention, since the pressure pad is formed
of a porous material having a multitude of minute pores,
it is possible to prevent generation of dimple-like
recesses or dents during a wafer is urged against the
surface plate, thus improving the accuracy in polishing
the wafer.

In addition, the wafer can be attached or sucked to
the pressure pad without generating recesses or dents
on a surface of the wafer, so that it is possible to prevent
the wafer from dashing out from the carrier during the
wafer polishing operation.

Moreover, since the pressure pad comprises an
elastic member, when agglomerated particles of a pol-
ishing agent invade into a space between the wafer and
the pressure pad, they are buried in the body of the
pressure pad. As a result, a pressure or urging force
can be applied uniformly to the wafer without concen-
trating on the agglomerated particles, whereby it is pos-
sible to prevent the wafer from being wound or damaged
due to the invaded agglomerated particles.

Furthermore, the amount of deformation of the
pressure pad can be adjusted merely by changing the
thickness of the pressure pad, so that a fine or slight
adjustment of the deformation amount of the pressure
pad can be done in a simple and easy manner.

Besides, if the elastic member having a multitude of
minute pores, which constitutes the pressure pad, is
formed of trifluorochloroethylene, the elastic recovery
rate of the pressure pad can be improved so it is possi-
ble to use the pressure pad for an extended period of
time, thus prolonging the effective life of the apparatus.

Moreover, it is possible to provide the apparatus
which is capable of maintaining a high degree of polish-
ing accuracy for a long period of time.

Since the ftrifluorochloroethylene resin is resistant
to chemical substances such as alkaline or acidic mate-
rials, the composition of the resin is never affected or
transformed by these chemical substances contained in
the polishing agent or the like, and hence the life of the
apparatus can be improved from this aspect.

Claims

1. A chemical and mechanical polishing apparatus
comprising:

a surface plate adapted to be rotatable and
having a polishing pad attached thereto
through a soft elastic pad;
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a carrier having a support surface for support-
ing an object to be polished which has a first
surface and a second surface on the opposite
sides thereof;

a pressure pad attached to said support sur-
face of said carrier for urging said object to be
polished against said polishing pad, said pres-
sure pad being formed of a thin porous elastic
member so as to maintain the second surface
of said object to be polished at a substantially
flat state when urging said object against said
polishing pad; and

a holding means provided on said carrier for
holding said object to be polished on said pres-
sure pad;

whereby the first surface of said object,
which is urged from the second surface thereof into
contact with said polishing pad of said surface plate
by means of said carrier through said pressure pad,
is polished by said rotating polishing pad.

The chemical and mechanical polishing apparatus
according to claim 1, wherein said holding means
comprises an air passage which opens on the sup-
port surface of said carrier for drawing air.

The chemical and mechanical polishing apparatus
according to claim 1, wherein said thin porous elas-
tic member has a multitude of minute pores.

The chemical and mechanical polishing apparatus
according to claim 1, wherein said thin porous elas-
tic member comprises a ftrifluorochloroethylene
resin.

The chemical and mechanical polishing apparatus
according to claim 1, wherein said thin porous elas-
tic member comprising a ftrifluorochloroethylene
resin has a thickness of 5mm or less.

The chemical and mechanical polishing apparatus
according to claim 1, wherein that surface of said
pressure pad which is in contact with the second
surface of said object to be polished is a flat and
smooth surface having substantially no irregulari-
ties.

A chemical and mechanical polishing apparatus
comprising:

a surface plate adapted to be rotatable and
having a polishing pad attached thereto
through a soft elastic pad;

a carrier having a support surface for support-
ing an object to be polished which has a first
surface and a second surface on the opposite
sides thereof;
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10.

11.

12

a pressure pad attached to said support sur-
face of said carrier for urging said object to be
polished against said polishing pad, said pres-
sure pad being formed of a thick porous elastic
member such that it is deformable along a con-
tour of the second surface of said object to
thereby maintain the second surface of said
object to be polished at a substantially flat state
when urging said object against said polishing
pad; and

a holding means provided on said carrier for
holding said object to be polished on said pres-
sure pad;

whereby the first surface of said object,
which is urged from the second surface thereof into
contact with said polishing pad of said surface plate
by means of said carrier through said pressure pad,
is polished by said rotating polishing pad.

The chemical and mechanical polishing apparatus
according to claim 7, wherein said holding means
comprises an air passage which opens on the sup-
port surface of said carrier for drawing air.

The chemical and mechanical polishing apparatus
according to claim 7, wherein said thick porous
elastic member has a multitude of minute pores.

The chemical and mechanical polishing apparatus
according to claim 7, wherein said thick porous
elastic member comprises a trifluorochloroethylene
resin.

The chemical and mechanical polishing apparatus
according to claim 10, wherein said thick porous
elastic member comprising a trifluorochloroethyl-
ene resin has a thickness of 8mm or more.

The chemical and mechanical polishing apparatus
according to claim 7, wherein that surface of said
pressure pad which is in contact with the second
surface of said object to be polished is a flat and
smooth surface having substantially no irregulari-
ties.
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FIG. 4

FLATNESS

1 wm

PARALLELISM

3 um

HOLE DIAMETER X NUMBER

$3 um X 5100 / cm?

PARTICLE DIAMETER

3 um ~ 150 um

POROSITY 42 %
MATERIAL TRIFLUOROCHLOROETHYLENE
YOUNG'S MODULUS 50kqg / mm2
SHORE HARDNESS D 60°

COEFFICIENT OF LINEAR
EXPANSION

6.6 X 107%/ °¢

ELASTIC RECOVERY RATE

88 % OR MORE
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