
DESCRIPTION POLISHING HEAD AND POLISHING APPARATUS TECHNICAL FIELD [0001]
The present invention relates to a polishing head for holding a workpiece
when the front surface of the workpiece is polished and a polishing
apparatus provided with the polishing head, and more particularly to a
polishing head for holding the workpiece on a rubber film and a polishing
apparatus provided with the polishing head. BACKGROUND ART [0002]       As
an apparatus for polishing a surface of a workpiece such as a silicon
wafer, there are a single-side polishing apparatus, in which the workpiece
is polished by each side, and a double-side polishing apparatus, in which
the both surfaces of the workpiece are polished at the same time. 



As shown in FIG. 9, for example, a common single-side polishing apparatus
comprises a turn table 93 onto which a polishing pad 94 is attached, a
polishing agent supply mechanism 96, a polishing head 92 and so on. This
polishing apparatus 91 polishes a workpiece W by holding the workpiece W
with the polishing head 92, supplying a polishing agent 95 onto the
polishing pad 94 through the polishing agent supply mechanism 96, rotating
both the turn table 93 and the polishing head 92, and bringing the front
surface of the workpiece W into sliding contact with the polishing pad 94.
[0003]       With high integration of electronic devices in recent years,
optical lithography processes are performed on silicon wafer substrates
with smaller features, and minimum line widths are less than or equal to 45
nm. The shrinking of feature sizes is being advanced. There is therefore an
increasing need for highly flattened silicon wafers.       The flatness of
a workpiece such as a silicon wafer is finally determined in a single-side
polishing process. In this process, as a method for holding the workpiece
to improve the flatness, there is a method of attaching the workpiece onto
a flat disk-shaped plate having high rigidity through an adhesive such as a
wax. Particularly when uniform polishing stock removal is needed for the
entire surface of the workpiece, a so-called rubber-chuck method is used in
which a rubber film is used as a workpiece-holding portion instead of the
disk-shaped plate having high rigidity, a pressurized fluid such as air is
poured into the back face of the rubber film, and the rubber film is
inflated by a uniform pressure so as to press the workpiece toward the
polishing pad (See Patent Document 1, for example). [0004]        An
example of the structure of a conventional polishing head by the
rubber-chuck method is schematically shown in FIG. 5. An essential
structure of the polishing head 101 includes an annular rigid ring 103, a
rubber film 102 adhered to the rigid ring 103, and a mid plate 104 joined
to the rigid ring 103. A sealed space 106 is defined by the rigid ring 103,
the rubber film 102, and the mid plate 104. An annular  



template 105 is provided concentrically with the rigid ring 103 in a
peripheral portion on a lower face portion of the rubber film 102. The
pressure of the space is adjusted, for example, by supplying a pressurized
fluid with a pressure adjustment mechanism 107 in the center of the mid
plate 104. A pressing means, not shown, for pressing the mid plate 104 in
the direction of the polishing pad 132 is provided. [0005]       With the
polishing head 101 configured as above, the workpiece W is held on the
lower face portion of the rubber film 102 through a backing pad 108, an
edge portion of the workpiece W is held with the template 105, and the
workpiece W and the template 105 are both brought into sliding contact with
the polishing pad 132 attached onto the upper face of the turn table 133 by
pressing the mid plate 104, thereby performing a rough polishing process.
[0006]       Fine particles having a diameter of at least 45 nm or more
present on the surface of silicon wafers may cause deterioration of product
yields of electronic devices. A final polishing process, which is a
single-side polishing process in a final stage, is closely associated with
particle quality. In order to reduce particles on the surface of a
workpiece such as a silicon wafer in the final polishing process, a
workpiece holding plate is coupled to a polishing head body through a
diaphragm while avoiding any contact of a polishing pad for final polishing
except with the workpiece and a load is applied to the workpiece holding
plate by using a fluid and the like, thereby performing the final polishing
process (See Patent Document 2, for  example). [0007] 



An example of the structure of a conventional polishing head in use for
final polishing is schematically shown in FIG. 6(A). In an essential
structure of the polishing head 121 as shown in FIG. 6(A), a holding plate
124 having a rigid body such as ceramics is coupled to a head body 123
through a diaphragm 129 made of rubber. A large number of through-holes 130
for vacuum chuck of the workpiece W are formed in the holding plate 124. A
backing pad 128 is adhered to the side on which the workpiece W is attached
by chuck, and a back plate 122 is provided at a back face side. A ring 125
is also provided so as to surround the holding plate. Adjusting pressure of
a space between the holding plate 124 and the back plate 122 through a
passage 127 for controlling workpiece chuck enables the vacuum chuck
attachment and detachment of the workpiece W. Adjusting pressure of a space
between the back plate 122 and the head body 123 through a passage 126 for
pressing a workpiece enables adjustment of pressing force of the workpiece
W against the polishing pad 132 attached onto the turn table 133. [0008]
FIG. 6(B) shows an enlarged view around the ring 125 shown in FIG. 6(A). As
shown in FIG. 6(B), polishing can be performed such that the ring 125 does
not press the polishing pad 132. When the thickness of a wafer W is 0.775
mm, for example, the ring 125 and the holding plate 124 are placed so that
the surface (the surface to be polished) of the wafer W protrudes from the
lower face of the ring 125 by 0.20 to 0.35 mm. This prevents the wafer W
from being detached during  polishing and enables polishing without
pressing the polishing pad 132 by the ring 125, thereby preventing
generation of particles from the ring 125.       There is however a problem
in that surface irregularities of the holding plate 124 having a rigid body
such as ceramics is transferred to the workpiece and the flatness thereby
deteriorates. [0009]       To obtain highly flat workpieces with fewer
particles, the polishing head by the so-called rubber-chuck method is
commonly used in the rough polishing process, in which the rubber film is
used as the workpiece-holding portion, a pressurized fluid such as air is
poured into the back face of the rubber film, and the rubber film is
inflated by a uniform pressure so as to press both the workpiece and the
template holding the edge portion of the workpiece toward the polishing
pad. In the final polishing process, the polishing head for final polishing
is used in which a load is applied by using a fluid and the like to the
workpiece holding plate coupled to the polishing head body through the
diaphragm while avoiding any contact of the polishing pad for final
polishing except with the workpiece. 



[0010]        As described above, two kinds of polishing heads are
conventionally needed, and a larger polishing machine including both of the
above polishing apparatus 141 having the polishing head 101 for rough
polishing and polishing apparatus 151 having the polishing head 121 for
final polishing is therefore needed, for example as shown in FIG. 7. As a
result, there is a need to provide a larger space in a clean room, which
has high utility cost, the cost of the polishing machine itself  becomes
higher, and thus there arises a high cost problem. [0011]       There is
also disclosed a rubber-chuck polishing head that is seems to reduce
particles by avoiding any contact of the polishing pad except with the
workpiece during polishing and polish the workpiece with high flatness (See
Patent Document 3). CITATION LIST PATENT LITERATURE [0012] Patent Document
1:Japanese Unexamined Patent publication (Kokai) No.H05-69310 



Patent Document 2:Japanese Unexamined Patent publication (Kokai)
No.2007-67179 Patent Document 3:Japanese Unexamined Patent publication
(Kokai) No.2009-107094 SUMMARY OF INVENTION [0013]        A schematic view
of the polishing head disclosed in Patent Document 3 is shown in FIG. 8. In
the polishing head 111, as shown in FIG. 8, the rubber film 112 presses the
workpiece W, the guide ring 115 that is disposed around the rubber film 112
and fixed to the body 113 holds the side surface of the workpiece W, and
the mid plates 114a and 114b fixing the rubber film 112 are coupled to the
guide ring 115 through an elastic film 119.        When this polishing head
is used for polishing, however, it has been impossible to reduce fine
particles having a diameter of 45 nm or more.  [0014] In view of this, the
present inventors investigated and conducted studies on the cause for
inability to reduce the particles. As a result, the present inventors found
that frictional force in a radial direction (i.e., a rotation direction
about the rotating axis of the polishing head) applied from the polishing
pad during final polishing cannot be absorbed with the elastic film 119,
because the mid plate 114a is pressed to a stopper 118 by vacuum chuck
during polishing, and the workpiece W therefore damages the final polishing
pad during polishing. This causes excessive polishing and particles are
created from the final polishing pad. The created fine particles are
consequently attached to the workpiece. 



[0015] The present inventors also found the following. In the conventional
polishing head, a side wall portion of the rubber film 112 contacts an
inner wall of the guide ring 115 fixed to the body 113 during polishing.
This contact prevents the elastic film 119 from absorbing the frictional
force in a radial direction applied from the polishing pad to the rubber
film 112 and workpiece W, even when there is no vacuum chuck of the mid
plate 114a with the stopper 118 as above. Therefore, fine particles are
attached to the workpiece also in this case. [0016]        As described
above, it has been impossible to obtain a workpiece with fewer fine
particles having a diameter of particularly 45 nm or more while ensuring
predetermined high flatness and high polishing stock removal uniformity by
using one conventional polishing  head alone. [0017]       The present
invention was accomplished in view of the above-described problems, and its
object is to provide a polishing head and polishing apparatus, operable in
both of the rough polishing process and final polishing process, that can
stably achieve predetermined high flatness and high polishing stock removal
uniformity in polishing of a workpiece and can obtain a workpiece with
fewer fine particles having a diameter of particularly 45 nm or more.
[0018] 



To achieve this object, the present invention provides a polishing head
comprising: a disk-shaped mid plate provided below a polishing head body; a
rubber film that covers at least a lower face portion and a side face
portion of the mid plate, the rubber film being held by the mid plate; an
annular guide ring for holding a side surface of a workpiece, the guide
ring being disposed around the rubber film; a first sealed space portion
surrounded by the mid plate and the rubber film; and a first pressure
adjustment mechanism for adjusting pressure of the first sealed space
portion by supplying fluid to the interior of the first sealed space
portion, the polishing head being configured to hold a back surface of the
workpiece on a lower face portion of the rubber film, press the workpiece
with the first pressure adjustment mechanism, and bring a front surface of
the workpiece into sliding contact with a polishing pad attached onto a
turn table to polish the workpiece, the polishing head including a base
member coupled to the polishing head body through an elastic film, the base
member holding the guide ring and the mid  plate such that a lower surface
of the guide ring does not contact the polishing pad during polishing,
wherein the base member is restricted to move in an axial direction by
contact between a part of an upper surface of the base member and the
polishing head body and is capable of moving in a radial direction through
the elastic film during polishing. [0019]       In the polishing head
including the base member that is coupled to the polishing head body
through the elastic film and holds the guide ring and the mid plate such
that the lower surface of the guide ring does not contact the polishing pad
during polishing, wherein the base member is restricted to move in an axial
direction by contact between a part of the upper surface of the base member
and the polishing head body and is capable of moving in a radial direction
through the elastic film during polishing, uniform pressing force can be
stably applied across the workpiece, and predetermined high flatness and
high polishing stock removal uniformity can be stably ensured. In addition
to this, the generation of particles from the guide ring can be prevented.
In the polishing head, the frictional force in a radial direction applied
from the polishing pad can be absorbed through movement of the base member
in a radial direction, and the polishing pad is prevented from being
damaged by the workpiece so that the generation of particles from the
polishing pad due to excessive fiction can be inhibited.As a result, the
workpiece with fewer fine particles having a diameter of particularly 45 nm
or more can be obtained. Moreover, the polishing head is operable in both
of the rough polishing process and final polishing process, thereby
reducing cost. [0020] 



In the polishing head, a contact portion between the part of the upper
surface of the base member and the polishing head body is preferably
configured such that the part of the upper surface of the base member
contacts the polishing head body through a perfect sphere disposed in a
concave portion provided at the polishing head body and/or the base member.
When the contact portion between the part of the upper surface of the base
member and the polishing head body is configured such that the part of the
upper surface of the base member contacts the polishing head body through
the perfect sphere disposed in the concave portion provided at the
polishing head body and/or the base member, the base member can readily
move in a radial direction while movement of the base member in an axial
direction is restricted, and the generation of particles can be thereby
inhibited more surely.        In the present invention, the contact between
the part of the upper surface of the base member and the polishing head
body is not limited to direct contact between them but includes indirect
contact through the perfect sphere, that is, as long as the movement in an
axial direction is restricted by interference of the polishing head body
with the upper surface of the base member. [0021]        The polishing head
preferably including a second sealed space portion surrounded by the base
member, the polishing head body and the elastic film and a second pressure
adjustment mechanism for adjusting pressure of the second sealed space
portion.         In the polishing head including the second sealed space
portion surrounded by the base member, the polishing head body and the
elastic film and the second pressure adjustment mechanism for adjusting
pressure of the second sealed space portion, reducing the pressure of the
second sealed space portion enables the lower surface of the guide ring to
be more surely prevented from contacting the polishing pad during polishing
and the base member to be surely prevented from moving in an axial
direction. [0022]        In the polishing head, a thrust bearing or a dry
bearing can be used in the contact portion between the part of the upper
surface of the base member and the polishing head body.        When a
thrust bearing is used in the contact portion between the part of the upper
surface of the base member and the polishing head body, the polishing head
can be readily constituted by using a commercially available bearing, and
the base member can readily move in a radial direction while its movement
in an axial direction can be more surely prevented. When the dry bearing is
used, maintenance such as lubricant supply is not needed. 



[0023]        In the polishing head, an outer circumferential portion of
the rubber film held by the mid plate is preferably bifurcated such that
the first sealed space portion is divided into two sealed spaces, and
pressure of the divided two sealed spaces is adjustable independently of
each other.        In the polishing head wherein the outer circumferential
portion of the rubber film held by the  mid plate is bifurcated such that
the first sealed space portion is divided into two sealed spaces, and
pressure of the divided two sealed spaces is adjustable independently of
each other, for example, when the first sealed space portion is divided
into two sealed spaces that cover mainly the lower face portion and the
side face portion of the mid plate respectively and pressure of the two
sealed spaces are adjusted separately from each other during polishing,
uniform pressing force can be more surely applied across the workpiece, and
the polishing can be performed while ensuring high flatness over the entire
surface of the workpiece, particularly at its outer circumferential
portion. [0024]        Furthermore, the present invention provides a
polishing apparatus used for polishing a front surface of a workpiece
including a polishing pad attached onto a turn table, a polishing agent
supply mechanism for supplying a polishing agent onto the polishing pad,
and the above-described polishing head of the present invention as a
polishing head for holding the workpiece. [0025]        When the workplace
is polished by using the polishing apparatus including the polishing head
of the present invention, the workpiece can be polished while uniform
pressing force is stably applied across the workpiece, and the polishing
can be performed while ensuring high flatness over the entire surface of
the workpiece, particularly at its outer circumferential portion and
inhibiting the generation of particles. [0026]        In the polishing head
of the present invention, the base member that is coupled to the polishing
head  



body through an elastic film and holds the guide ring and the mid plate
such that a lower surface of the guide ring does not contact the polishing
pad during polishing is provided, and the base member is restricted to move
in an axial direction by contact upper surface of the base member body and
is capable of moving in  between a part of and the polishing a radial
direction  through the elastic film during polishing. As a result,
predetermined high flatness and high polishing stock removal uniformity can
be stably achieved in polishing of a workpiece, and a workpiece with fewer
fine particles having a diameter of particularly 45 nm or more can be
obtained. The polishing head is also operable in both of the rough
polishing process and final polishing process, thereby reducing cost. BRIEF
DESCRIPTION OF DRAWINGS 



[0027]       FIG. 1 is a schematic view showing an example of the polishing
head of the present invention;       FIG. 2 is a schematic top view showing
an example of the base member of the polishing head of the present
invention; FIGS. 3 are schematic views showing another example of the
polishing head of the present invention;       FIG. 4 is a schematic view
showing an example of the polishing apparatus of the present invention;
FIG. 5 is a schematic view showing an example of a conventional polishing
head;       FIGS. 6 are schematic views showing another example of a
conventional polishing head, in which (A) shows a schematic view of a
conventional polishing head, and (B) shows an enlarged view of a part of
(A).         FIG. 7 is a schematic view showing an example of a
conventional single-side polishing apparatus; 



FIG. 8 is a schematic of a conventional polishing FIG. 9 is a schematic
view showing another example head; and view showing an example of a
conventional single-side polishing apparatus; DESCRIPTION OF EMBODIMENTS
[0028]        Hereinafter, embodiments of the present invention will be
described, but the present invention is not restricted to these
embodiments. 



In conventional processes of polishing the surface of workpieces such as
silicon wafers, primary polishing is performed with a double-side polishing
apparatus first, and secondary polishing is then performed with a
single-side polishing apparatus. In the secondary polishing, the rough
polishing process is performed while maintaining high flatness ensured in
the primary polishing, and the final polishing process is performed to
mainly reduce particles. Since two different polishing heads and a larger
polishing machine are required for the rough and final polishing processes,
there is a need to provide a larger space in a clean room, which has high
utility cost, the cost of the polishing machine itself becomes higher, and
there is thus a high cost problem. [0029]        The operation of the rough
polishing process and final polishing process by using the identical
polishing head have been attempted in the secondary polishing. However, a
workpiece with fewer fine particles having a diameter of particularly 45 nm
or more cannot be  obtained by this operation, whereas a certain degree of
flatness and polishing stock removal uniformity are ensured. [0030]
In view of this, the present inventors repeatedly and keenly conducted
studies to solve the problem. The present inventor's investigation of the
cause for particle generation as to the conventional polishing head
revealed the following major cause: the workpiece damages the polishing pad
due to the frictional force in a radial direction applied from the
polishing pad during polishing; this causes excessive polishing and
particles are created from the polishing pad; and the created particles are
then attached to the workpiece, 'as described above. Here, the radial
direction means a direction in which the polishing head rotates about its
rotating axis (a rotation direction of the workpiece). [0031]       As a
result of additional studies, the present inventors conceived that a
polishing head in which the base member holds the guide ring and the mid
plate holding the rubber film and the base member is coupled movably in a
radial direction to the polishing head body through an elastic film enables
the frictional force in a radial direction applied from the polishing pad
to be absorbed. The present inventors also conceived that restricting the
movement of the base member in an axial direction by contact between a part
of the upper surface of the base member and the polishing head body enables
uniform pressing force to be stably applied across the workpiece during
polishing, thereby bringing the present invention to completion. [0032]  



FIG. 1 is a schematic view showing an example of the polishing head of the
present invention.       As shown in FIG. 1, the polishing head 1 of the
present invention includes the rubber film 2, the mid plate 4 that holds
the rubber film 2, the base member 8 that holds the rubber film 2 and the
mid plate 4, and the guide ring 5, provided below the polishing head body
3.       The rubber film 2 covers at least the lower face portion and the
side face portion of the mid plate 4 and the outer circumferential portion
of the rubber film 2 is held by the mid plate 4. A method of holding the
rubber film 2 is not limited in particular. For example, the end of the
outer circumferential portion of the rubber film 2 may be formed into an
0-ring shape and the 0-ring part may be interposed and held between the mid
plate 4 and the base member 8. Alternatively, the mid plate 4 may be
configured so that two members are placed one above the other, and the
0-ring part of the end of the rubber film 2 may be interposed and held
between them. [0033]        The annular guide ring 5 is disposed around the
rubber film 2. The back surface of the workpiece W is held on the lower
face portion of the rubber film 2 while the guide ring 5 is holding the
side surface ofthe workpiece W to prevent the workpiece W from being
detached during polishing.        The first sealed space portion 6
surrounded by the rubber film 2 and the mid plate 4 is defined. As shown in
FIG. 1, the mid plate 4 has a plurality of through-holes vertically formed
therein, and a fluid is supplied from the first pressure adjustment
mechanism 7 to the  interior of the first sealed space portion 6 so that
the pressure of the first sealed space portion can be adjusted. The
polishing head has a structure that the rubber film 2 is inflated by the
supply of the fluid and pressing force is applied to the back surface of
the workpiece W held on the lower face portion of the rubber film 2. This
structure enables uniform pressing force to be applied across the
workpiece. [0034] 



When the workpiece W is held, a backing pad is preferably adhered to the
lower face portion of the rubber film 2 to protect the back surface of the
workpiece W.       The base member 8 holds the guide ring 5 and the mid
plate 4. In this case, the guide ring 5 is held such that the lower surface
of the guide ring 5 does not contact the polishing pad 32 during polishing.
When the guide ring 5 is held in this manner, generation of particles from
the guide ring 5 due to pressing the polishing pad 32 by the guide ring 5
during polishing can be prevented. The position of the lower surface of the
guide ring 5 is not limited in particular. When the thickness of the
workpiece W is 0.775 mm, for example, the position may be set such that the
workpiece W surface to be polished protrudes from the lower surface of the
guide ring 5 by 0.2 to 0.35 mm. [0035]        The base member 8 is disposed
such that the contact portion 14 in a part of its upper surface contacts
the polishing head body 3, and the base member 8 is thereby restricted to
move in an axial direction (the direction of the rotating axis of the
polishing head). This restriction enables uniform pressing force  to be
stably applied across the workpiece W during polishing, and the workpiece W
can be therefore polished while stably ensuring predetermined high flatness
and high polishing stock removal uniformity. [0036]       The base member 8
is coupled to the polishing head body 3 through the elastic film 9. In the
polishing head configured such that the base member 8 holding the mid plate
4 and the guide ring 5 is coupled to the polishing head body 3 through the
elastic film 9, the base member 8 can move in a radial direction through
the elastic film 9, and the frictional force in a radial direction applied
from the polishing pad 32 can be absorbed through the movement of the base
member 8 in a radial direction. The polishing pad 32 is thereby prevented
from being damaged by the workpiece so that the generation of particles
from the polishing pad 32 due to excessive fiction can be inhibited. As a
result, the workpiece W with fewer fine particles having a diameter of
particularly 45 nm or more can be obtained. [0037]       As described
above, since the polishing head of the present invention can polish the
workpiece W while stably ensuring predetermined high flatness and high
polishing stock removal uniformity and reducing the fine particles having a
diameter of particularly 45 nm or more, the polishing head can be used in
both of the rough polishing process and final polishing process, thereby
reducing cost. [0038] 



The second sealed space portion 12 surrounded by the base member 8, the
polishing head body 3 and the elastic film 9 can be formed and the second
pressure  adjustment mechanism 13 for adjusting the pressure of the second
sealed space portion 12 can be provided. By reducing the pressure of the
second sealed space portion 12 with the second pressure adjustment
mechanism 13, the lower surface of the guide ring 5 can be more surely
prevented from contacting the polishing pad 32 during polishing, and the
movement of the base member 8 in an axial direction can be surely
prevented. [0039]        As shown in FIG. 1, the contact portion 14 between
the part of the upper surface of the base member 8 and the polishing head
body 3 can be configured such that the concave portion 10 is provided at
the polishing head body 3 or the base member 8, the perfect sphere 11 is
disposed in the concave portion 10, and the part of the upper surface of
the base member contacts the polishing head body through the perfect sphere
11. Alternatively, the concave portion may be provided at both of the
polishing head body 3 and the base member 8. These preferable configuration
enables the base member 8 to more readily move in a radial direction.
[0040]        The preferable number of the perfect sphere 11 provided is
three or more considering wear of the perfect sphere 11 and the like, but
the number is not limited in particular.        FIG. 2 is a schematic view
showing an example of a base member 8 having a concave portion 10 formed
into a ring shape and perfect spheres 11 disposed in the concave portion
10. As shown in FIG. 2, a large number of perfect spheres 11 are disposed
to fill the ring-shaped concave portion 10. This configuration inhibits the
wear of the perfect spheres 11, extends its lifetime,  



and makes the movement of the base member 8 in a radial direction easier.
[0041]       Alternatively, a thrust bearing or a dry bearing can be used
in the contact portion 14 between the part of the upper surface of the base
member 8 and the polishing head body 3.       When the thrust bearing is
used in the contact portion 14 between the part of the upper surface of the
base member 8 and the polishing head body 3, the polishing head can be more
readily constituted by using a commercially available bearing, and the base
member 8 can more readily move in a radial direction while the movement of
the base member 8 in an axial direction can be more surely prevented. When
the dry bearing is used, maintenance such as lubricant supply is not
needed. [0042]       As shown in FIG. 1, when a ring-shaped groove 16 is
formed at the contact portion 14 on the upper surface of the base member 8
and a guide 15 provided at the lower surface of the polishing head body 3
is disposed so as to be engaged with the groove 16, the movement of the
base member 8 in any direction except the radial direction can be inhibited
and the pressing force to the workpiece W can be thereby maintained more
stably. Alternatively, the groove 16 may be provided at the lower surface
of the polishing head 3 and the guide 15 to be engaged with the groove may
be provided at the upper surface of the base member 8. The guide 15 and the
groove 16 can be provided together with the above concave portion 10 and
perfect sphere 11. Alternatively, either one of them, for example, the
guide 15 and the groove 16 only may be provided.  [0043]        FIG. 3(A)
shows another example of the polishing head of the present invention. FIG.
3(B) is an enlarged view of the vicinity of the outer circumferential
portion of the rubber film 2 in FIG. 3(A). As shown in FIGS. 3(A) and (B),
the outer circumferential portion of the rubber film 2 held by the mid
plate 4 is bifurcated in the polishing head 21. The first sealed space
portion 6 is divided into a sealed space portion 6a that mainly contacts
the side surface of the mid plate 4 and a sealed space portion 6b that
mainly contacts the lower surface of the mid plate 4. 



The pressure of the divided two sealed spaces 6a and 6b is adjustable
independently of each other with the first pressure adjustment mechanisms
7a and 7b. [0044]       In the rough polishing process, for example, the
pressing force of the sealed space portion 6a contacting the side surface
of the mid plate 4 and the pressing force of the sealed space portion 6b
contacting the lower surface of the mid plate 4 are adjusted to make the
shape of the workpiece W before polishing flatter after polishing so that
the flatness of the polished workpiece W at its outer circumferential
portion can be more improved. In the final polishing process, the pressing
force of the sealed space portion 6a and the pressing force of the sealed
space portion 6b are set to be equal so that the workpiece W can be
polished with uniform final polishing stock removal in its plane. This
enables uniform surface roughness in its plane. [0045]        FIG. 4 shows
a schematic view of an example of the polishing apparatus of the present
invention including  the polishing head of the present invention.       As
shown in FIG. 4, the polishing apparatus 31 includes the turn table 33, the
polishing pad 32 attached onto the turn table 33, the polishing agent
supply mechanism 34 for supplying a polishing agent onto the polishing pad
32, and such as the polishing head 1 of the present invention shown in FIG.
1. [0046]        When the workpiece is polished by using the polishing
apparatus including the polishing head of the present invention, the
workpiece can be polished while uniform pressing force is stably applied
across the workpiece, and the polishing can be performed while ensuring
high flatness over the entire surface of the workpiece, particularly at its
outer circumferential portion and the generation of fine particles having a
diameter of particularly 45 nm or more is inhibited. EXAMPLE 



[0047]        The present invention will be more specifically described
below with reference to Examples and Comparative Example, but the present
invention is not limited to these examples. [0048] (Example 1)
First, a p-type, 300 mm diameter silicon single crystal ingot having an
orientation of <100> and a resistivity of 8 to 12 Qom pulled by the
Czochralski method was sliced into thin disk-shaped wafers. Chamfering
processes were performed on the outer edges of the wafers to prevent the
wafers from being broken and chipped, and lapping processes were then
performed  to flatten the wafers. Next, etching processes were performed to
remove strain by machining remaining on the surfaces of the lapped wafers.
Both of the front and back surfaces of the wafers were double-side
polished. The chamfered portions were also polished. The thicknesses of the
wafers were each adjusted to be 0.775 mm. [0049]       A silicon wafer was
polished with the polishing apparatus of the present invention shown in
FIG. 4, including the polishing head of the present invention shown in FIG.
1. The used polishing head was configured as follows: a boot-shaped rubber
film made of silicone 70 having a thickness of 1 mm, a lower face portion
diameter of 301 mm, a height of 6.5 mm, and an end portion that was formed
into an 0-ring shape (a diameter of 2 mm) and defined a diameter of 289 mm
was interposed and held between the base member and the mid plate. A
circular backing pad was adhered to the lower face portion of the rubber
film with a double-stick tape. [0050] 



Moreover, a guide ring having an inner diameter of 302 mm was disposed
around the rubber film and attached to the base member. The inside of a
ring-shaped elastic film was attached to a fixed ring-shaped portion of the
base member, and the perfect sphere was inserted into the ring shaped
concave portion provided at the upper surface of the base member. The
outside of the elastic film was attached to a fixed ring-shaped portion of
the polishing head body.        When a vacuum was produced in the second
sealed space portion surrounded by the polishing head body, the elastic
film, and the base member and the base member  was brought into contact
with the polishing head body through the perfect sphere, the distance
between the lower surface of the guide ring and the surface of the
polishing pad fell within 0.25 mm to 0.30 mm. The thickness of the guide
ring was adjusted in advance to adjust the height of the rubber film so as
to ensure uniform polishing stock removal. [0051]       The rough and final
polishing processes were performed in the following way. The rough
polishing conditions will be described below. <Rough Polishing>       A
polishing pad of a polyester nonwoven fabric including urethane resin (an
ASKER C hardness of 60) was used. A 10.5-pH alkali solution containing
colloidal silica was used as a polishing slurry. The polishing head and the
turn table were each rotated at 30 rpm. The polishing pressure to the wafer
was set to 15 kPa for the rough polishing. The polishing time was three
minutes and two stage polishing was performed. [0052] 



The final polishing conditions will be described below. <Final Polishing>
A suede type polishing pad (an ASKER C hardness of 57) was used. A 10-pH
alkali solution containing colloidal silica was used as a final polishing
slurry. The polishing head and the turn table were each rotated at 20 rpm.
The polishing pressure to the wafer was set to 10 kPa. The final polishing
was performed for three minutes. [0053]         Chemical cleaning processes
were performed as cleaning after the final polishing. In the chemical
cleaning processes, two tanks containing a cleaning mixed solution of
ammonia water (28%), hydrogen peroxide water (30%), and pure water with a
volume mix proportion of 1:1:10 and one tank containing a cleaning mixed
solution of hydrochloric acid (10%), hydrogen peroxide water (30%), and
pure water with a volume mix proportion of 1:1:100 were used as chemical
solution tanks for cleaning under conditions of a temperature of 75C and a
takt time of three minutes. Wash in water and drying were then carried out.
After the cleaning processes, a particle counter (SurfscanSP-2 made by
KLA-Tencor Co., Ltd.) was used to measure particles, and the number of the
fine particles having a diameter of 45 nm or more was measured by
measurement under high resolving power conditions. [0054]        The
polishing stock removal uniformity of the wafer was then evaluated. The
polishing stock removal uniformity was obtained by measuring the
thicknesses of the workpiece before and after polishing at equal to or more
than 1000 measurement points in a region excluding an outermost
circumferential portion 2 mm width, with a commercial flatness measurement
instrument for exclusive use of silicon wafers, calculating polishing stock
removal at the measurement points in the region of the wafer, and using the
following formula.        Polishing Stock Removal Uniformity (%)--(maximum
polishing stock removal - minimum polishing stock removal)/(average
polishing stock removal in all the measurement points) 



[0055]         Referring to Table 1 showing the results, the number of
particles having a diameter of 45 nm or more in the polished wafer was
five. The polishing stock removal uniformity was 7.1 %.       It was thus
seen that the number of particles was greatly reduced while ensuring high
polishing stock removal uniformity in Example 1 as comparison with the
results of Comparative Example.       As described above, it was confirmed
that the polishing head of the present invention and the polishing
apparatus including the polishing head are operable in both of the rough
polishing process and final polishing process, can achieve predetermined
high flatness and high polishing stock removal uniformity, and can obtain a
workpiece with fewer fine particles having a diameter of 45 nm or more.
[0056] (Example 2)        The rough polishing and final polishing were
consecutively performed on silicon wafers as with Example 1 with the
polishing head of the present invention including the first sealed space
portion divided into two sealed spaces, shown in FIG. 3 and the polishing
apparatus of the present invention, shown in FIG. 4. After cleaning, the
same evaluation as Example 1 was carried out. Polishing conditions and so
on will be described below. 



<Rough Polishing>       A polishing pad of a polyester nonwoven fabric
including urethane resin (an ASKER C hardness of 60) was used. A 10.5 pH
alkali solution containing  colloidal silica was used as a polishing
slurry. The polishing head and the turn table were each rotated at 30 rpm.
The polishing pressure to the front surface of the wafer was set to 15 kPa
and the polishing pressure to its side wall face was 17 kPa for the rough
polishing. The polishing time was three minutes and two stage polishing was
performed. <Final Polishing>       A suede type polishing pad (an ASKER C
hardness of 570) was used. A 10 pH alkali solution containing colloidal
silica was used as a final polishing slurry. The polishing head and the
turn table were each rotated at 20 rpm. The polishing pressure to the front
surface of the wafer was set to 10 kPa and the polishing pressure to its
side wall face was 10 kPa. The final polishing was performed for 3 minutes.
[0057]       Referring to Table 1 showing the results, the number of
particles having a diameter of 45 nm or more in the polished wafer was two.
The polishing stock removal uniformity was 6.3 %.        The polishing
stock removal uniformity in Example 2 was thus improved in Example 2 in
comparison with Example 1. 



It is understood that the pressing force across the workpiece W can be more
effectively made to be uniform by pressuring the interior of the sealed
space portion contacting the side surface of the mid plate to adjust the
pressing force to the outer circumferential portion of the workpiece W in
the rough polishing processes. [0058]  (Comparative Example)       Rough
polishing, final polishing, and cleaning processes were performed on
silicon wafers in the same conditions as Example 1 except for using the
conventional polishing apparatus including the conventional polishing head
as shown in FIG. 8. The same evaluation as Example 1 was carried out.
The used polishing head 111 was configured as follows: mid plates 114a and
114b each having a thickness of 3 mm and an outer diameter of 293 mm were
coupled to each other with a bolt; and a boot-shaped rubber film 112 made
of silicone 70 having a thickness of 1 mm, a lower face portion diameter of
301 mm, a height of 6.5 mm, and an end portion that was formed into an
0-ring shape (a diameter of 2 mm) and defined a diameter of 289 mm was
interposed and held between the mid plates. [0059]       A circular backing
pad was adhered to the lower face portion of the rubber film 112 with a
double-stick tape. The inside of a ring-shaped elastic film 119 was
attached to the mid plate and the outside of the elastic film was attached
to the guide ring 115 on the polishing head body side. The guide ring 115
having an inner diameter of 302 mm was disposed around the rubber film and
attached to the polishing head body 113. 



The height of the polishing head body was adjusted such that the distance
between the lower surface of the guide ring 115 and the surface of the
polishing pad fell within 0.25 mm to 0.30 mm. The position of a stopper 118
was adjusted such that the height of the rubber film was adjusted so as to
ensure uniform polishing stock removal.  [0060]       Referring to Table 1
showing the results, the number of particles having a diameter of 45 nm or
more in the polished wafer was 107. The polishing stock removal uniformity
was 6.9 %.        In Comparative Example, thus, the number of particles was
a drastically deteriorated value of 107, whereas the polishing stock
removal uniformity was approximate in comparison with Example 1. [0061]
Table 1)   POLISHING STOCK REMOVAL UNIFORMITY(%) 



NUMBER OF (NUMBER) PARTICLES EXAMPLE i  7. 1  5  EXAMPLE 2 



6. 3  2  COMPARATIVE EXAMPLE 6 . 9 



1 0 7  [0062]        It is to be noted that the present invention is not
limited to the foregoing embodiment. The embodiment is just an
exemplification, and any examples that have substantially the same feature
and demonstrate the same functions and effects as those in the technical
concept described in claims of the present invention are included in the
technical scope of the present invention.  CLAIMS 1.A polishing head
comprising: a disk-shaped mid 



plate provided below a polishing head body; a rubber film that covers at
least a lower face portion and a side face portion of the mid plate, the
rubber film being held by the mid plate; an annular guide ring for holding
a side surface of a workpiece, the guide ring being disposed around the
rubber film; a first sealed space portion surrounded by the mid plate and
the rubber film; and a first pressure adjustment mechanism for adjusting
pressure of the first sealed space portion by supplying fluid to the
interior of the first sealed space portion,        the polishing head being
configured to hold a back surface of the workpiece on a lower face portion
of the rubber film, press the workpiece with the first pressure adjustment
mechanism, and bring a front surface of the workpiece into sliding contact
with a polishing pad attached onto a turn table to polish the workpiece,
the polishing head including a base member coupled to the polishing head
body through an elastic film, the base member holding the guide ring and
the mid plate such that a lower surface of the guide ring does not contact
the polishing pad during polishing, wherein        the base member is
restricted to move in an axial direction by contact between a part of an
upper surface of the base member and the polishing head body and is capable
of moving in a radial direction through the elastic film during polishing.
2.The polishing head according to claim 1, wherein a contact portion
between the part of the upper surface of  the base member and the polishing
head body is configured such that the part of the upper surface of the base
member contacts the polishing head body through a perfect sphere disposed
in a concave portion provided at the polishing head body and/or the base
member.  3. The polishing head according to claim 1 or claim 2, further
including a second sealed space portion -surrounded by the base member, the
polishing head body and the elastic film and a second pressure adjustment
mechanism for adjusting pressure of the second sealed space portion. 



4. The polishing head according to any one of claims 1 to 3, wherein a
thrust bearing or a dry bearing is used in the contact portion between the
part of the upper surface of the base member and the polishing head body.
5The polishing head according to any one of claims 1 to 4, wherein an outer
circumferential portion of the rubber film held by the mid plate is
bifurcated such that the first sealed space portion is divided into two
sealed spaces, and pressure of the divided two sealed spaces is adjustable
independently of each other. 6.A polishing apparatus used for polishing a
front surface of a workpiece including a polishing pad attached onto a turn
table, a polishing agent supply mechanism for supplying a polishing agent
onto the polishing pad, and the polishing head according to any one of
claims 1 to 5 as a polishing head for holding the workpiece. 


