
POLISHING HEAD AND POLISHING APPARATUS [Detailed Description of the
Invention] [Technical Field] [0001]        The present invention relates to
a polishing head for holding a workpiece when a 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 sides of the workpiece
are polished at the same time.        For example as shown in FIG. 10, a
common single-side polishing apparatus comprises a turn table 88 onto which
a polishing pad 89 is attached, a polishing agent supply mechanism 90, a
polishing head 81 and the like. This polishing apparatus 82 polishes a
workpiece W by holding the workpiece W with the polishing head 81,
supplying a polishing agent onto the polishing pad 89 through the polishing
agent supply mechanism 90, rotating the turn table 88 and the polishing
head 81 respectively, and bringing a surface of the workpiece W into
sliding contact with the polishing pad 89. 



[0003] As a method for holding the workpiece with the  polishing head, for
example, there is a method of attaching the workpiece onto a flat
disk-shaped plate through an adhesive such as a wax. Other than that,
particularly as a holding method of suppressing rise and sag on an outer
circumferential portion of the workpiece and of improving flatness of the
whole workpiece, there is a so-called rubber-chuck method in which a
workpiece holding portion is made of an elastic film, a pressurized fluid
such as air is poured into a back face of the elastic film, and the elastic
film is inflated by a uniform pressure so as to press the workpiece toward
the polishing pad (See Patent Literature 1, for example). [0004]        An
example of the structure of a conventional polishing head by the
rubber-chuck method is schematically shown in FIG. 9. An essential part of
this polishing head 101 consists of an annular rigid ring 104 made of SUS
and the like, the rubber film 103 bonded to the rigid ring 104, and a mid
plate 105 joined to the rigid ring 104. A sealed space 106 is defined by
the rigid ring 104, the rubber film 103, and the mid plate 105. An annular
template 114 is provided concentrically with the rigid ring 104 in a
peripheral portion on a lower face portion of the rubber film 103. The
pressure of the space is adjusted, for example, by supplying a pressurized
fluid with a pressure adjustment mechanism 107 in a center of the mid plate
105. A pressing means, not shown, for pressing the mid plate 105 in the
direction of the polishing pad 109 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 103 through a backing pad 113, an
edge portion of the workpiece W is held with the template 114, and the
workpiece W is polished by bringing it into sliding contact with the
polishing pad 109 attached onto an upper face of the turn table 108 by
pressing the mid plate 105. 



[0006]        With regard to polishing of the workpiece by using the
above-described polishing head, for the purpose of improving uniformity of
the polishing, there are disclosed a carrier head by the rubber-chuck
method that enables a wafer to be pressed with a plurality of annular
portions concentric with one another (See Patent Literature 2) and a
substrate-holding apparatus in which a plurality of pressure chambers are
provided inside a space formed between an elastic pad and a holding member
(See Patent Literature 3). [Citation List] [Patent Literature] [0007]
Patent Literature 1:Japanese Unexamined Patent publication (Kokai)
No.H05-69310 Patent Literature 2:Japanese Unexamined Patent publication
(Kokai) No.2004-516644 Patent Literature 3:Japanese Unexamined Patent
publication (Kokai) No.2002-187060 [Summary of Invention] [0008] 



When the workpiece W is polished by using the polishing head 101 holing the
workpiece W on the rubber film 103 as described above, the flatness and the
polishing stock removal uniformity of the whole workpiece W may be improved
in some cases, but there is  a problem that stable flatness of the
workpiece W cannot be obtained, for example, due to an influence of
variation of the thickness of the workpiece and the template. [0009]
Moreover, in the event that an original shape of the workpiece W before
polishing is not flat, it is necessary to adjust a polishing profile in
order to modify the shape of the workpiece W. A conventional polishing head
by the rubber-chuck method, however, cannot readily change the polishing
profile, and such an adjustment is thus difficult. [0010]        The
present invention was accomplished in view of the above-explained problems,
and its main object is to provide a polishing head and a polishing
apparatus provided with the polishing head that can adjust the polishing
profile on the basis of the shape of the workpiece before polishing and can
stably obtain good flatness. [0011]        To achieve this object, the
present invention provides a polishing head including at least: an annular
rigid ring; a rubber film bonded to the rigid ring with a uniform tension;
a mid plate joined to the rigid ring, the mid plate forming a space
together with the rubber film and the rigid ring; an annular template
provided concentrically with the rigid ring in a peripheral portion on a
lower face portion of the rubber film; and a pressure adjustment mechanism
for changing pressure of the space, the polishing head holding a back
surface of a workpiece on the lower face portion of the rubber film,
holding an edge portion of the workpiece with the 



template, and polishing the workpiece by bringing a surface of the
workpiece into sliding contact with a polishing pad attached onto a turn
table, wherein the space is divided by at least one annular wall concentric
with the rigid ring to form a plurality of sealed spaces; an outer diameter
of at least one inside sealed space of the plurality of sealed spaces
divided by the annular wall is formed so as to be equal to or more than a
diameter of a flatness-guaranteed region of the workpiece; and the pressure
adjustment mechanism separately controls pressure of each of the plurality
of sealed spaces. [0012]        In this manner, when the workpiece is held
with the rubber film greatly larger than the workpiece; the space is
divided by at least one annular wall concentric with the rigid ring to form
a plurality of sealed spaces; an outer diameter of at least one inside
sealed space of the plurality of sealed spaces divided by the annular wall
is formed so as to be equal to or more than a diameter of a
flatness-guaranteed region of the workpiece; and the pressure adjustment
mechanism separately controls pressure of each of the plurality of sealed
spaces, polishing can be performed with giving a uniform polishing pressure
to the workpiece without an influence of a change in pressure due to
pressure adjustment of each of the sealed spaces, on an inside of the
diameter of the flatness-guaranteed region of the workpiece. [0013] As a
result, even when there are somewhat variation of the thickness of the
workpiece and the template, good flatness and polishing stock removal
uniformity can be always secured. In the event that the shape of the
workpiece before polishing is not flat, the polishing profile can be
readily changed by adjusting the pressure of each of the sealed spaces on
the basis of the shape thereof, and the shape of the workpiece can be
modified into a flat shape. 



[0014]        In this case, at least one other sealed space concentric with
the rigid ring can be further formed' inside the sealed space having the
outer diameter formed so as to be equal to or more than the diameter of the
flatness-guaranteed region of the workpiece. [0015]       In this manner,
when at least one other sealed space concentric with the rigid ring is
further formed inside the sealed space having the outer diameter formed so
as to be equal to or more than the diameter of the flatness-guaranteed
region of the workpiece, the polishing can be performed with giving a more
uniform polishing pressure to the workpiece, and better flatness and
polishing stock removal uniformity can be secured. In addition to this, in
the event that the shape of the workpiece before polishing is not flat, the
pressure of each of the sealed spaces can be more precisely adjusted on the
basis of the shape thereof, and the shape of the workpiece can be modified
into a flatter shape. [0016]        In this case, the workpiece to be
polished can be a silicon single crystal wafer having a diameter of 300 mm
or more.        In this manner, even when the workpiece to be polished is a
silicon single crystal wafer having a large diameter of 300 mm or more, the
polishing can be  performed with giving a more uniform polishing pressure
to the whole surface of the workpiece according to the present invention,
good polishing stock removal uniformity can be secured. [0017] 



In this case, the outer diameter of the at least one inside sealed space of
the plurality of sealed spaces divided by the annular wall is preferably
equal to or less than 102% of an inner diameter of the template.        In
this manner, when the outer diameter of the at least one inside sealed
space of the plurality of sealed spaces divided by the annular wall is
equal to or less than 102% of an inner diameter of the template, the change
in pressure can be given to the workpiece with suppressing an influence of
the rigidity of the template, and the polishing pressure on the workpiece
can be efficiently adjusted. [0018]        Furthermore, the present
invention provides a polishing apparatus used for polishing a surface of a
workpiece including at least 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 the present invention as
a polishing head for holding the workpiece. [0019]        In this manner,
when the workpiece is polished by using the polishing apparatus provided
with the polishing head according to the present invention, the polishing
can be performed with giving a uniform polishing pressure to the workpiece,
and even when there are somewhat the variation of the thickness of the
workpiece and the template, good flatness and polishing stock removal
uniformity can be always secured. In the event that the shape of the
workpiece before the polishing is not flat, the polishing profile can be
readily changed by adjusting the pressure of each of the sealed spaces on
the basis of the shape thereof, and the shape of the workpiece can be
modified into a flat shape. [0020]        In the polishing head according
to the present invention, the space is divided by at least one annular wall
concentric with the rigid ring to form a plurality of sealed spaces; an
outer diameter of at least one inside sealed space of the plurality of
sealed spaces divided by the annular wall is formed so as to be equal to or
more than a diameter of a flatness-guaranteed region of the workpiece; and
the pressure adjustment mechanism separately controls pressure of each of
the plurality of sealed spaces. The polishing can be therefore performed
with giving a uniform polishing pressure to the workpiece, and even when
there are somewhat the variation of the thickness of the workpiece and the
template, good flatness and polishing stock removal uniformity can be
always secured. In addition to this, in the event that the shape of the
workpiece before polishing is not flat, the polishing profile can be
readily changed by adjusting the pressure of the sealed space on the basis
of the shape thereof, and the shape of the workpiece can be modified into a
flat shape. [Brief Description of The Drawings] [0021] 



FIG. 1 is a schematic view showing an example of the polishing head
according to the present invention; FIG. 2 is a schematic view showing
another example  of the polishing head according to the present invention;
FIG. 3 is a schematic view showing an example of the polishing apparatus
according to the present invention; FIG. 4 is a view showing the results of
the polishing pressure in Example 1 and Comparative Example 1;         FIG.
5 is a view showing the results of the polishing pressure in Example 1 and
Example 2;         FIG. 6 is a view showing the results of each
relationship between the polishing stock removal uniformity and the
pressure P2 of the sealed space in Example 1, Example 3, and Comparative
Example 2; 



FIG. 7 is a view showing the results of each minimum value of the polishing
stock removal uniformity against the outer diameter LD of the sealed space
in Example 1, Example 3, and Comparative Example 2;         FIG. 8 is a
view showing the results of the polishing stock removal uniformity in
Example 1, Example 4, and Comparative Example 1;         FIG. 9 is a
schematic view showing an example of a conventional polishing head; and
FIG. 10 is a schematic view showing an example of a conventional
single-side polishing apparatus. [Description of Embodiments] [0022]
Hereinafter, an embodiment of the present invention will be explained, but
the present invention is not restricted thereto.       When the workpiece
is polished with the workpiece held on an elastic film by using a
conventional polishing head, there is a problem that good flatness  cannot
be stably obtained, for example, due to the influence of the variation of
the thickness of the workpiece and the template. Moreover, in the event
that the shape of the workpiece before polishing is not flat, it is
necessary to adjust the polishing profile in order to modify the shape of
the workpiece. There is, however, a problem that a conventional polishing
head cannot readily adjust the polishing profile, and it is therefore
necessary to change the polishing head itself into a polishing head having
a desired polishing profile to polish in practice. 



[0023]        In view of this, the present inventors repeatedly keenly
conducted experiments and studies to solve the above-described problems.
As a result, the present inventors found the following.       That is, in
the event that a size of the rubber film for holding the workpiece to be
polished is approximately equal or somewhat larger than that of the
workpiece, there are instances that the polishing pressure on the workpiece
becomes nonuniform particularly in the outer circumferential portion of the
workpiece. [0024]        Moreover, when a position of a lower face of the
template holding the edge portion of the workpiece is located below a
position of a lower face of the workpiece to be polished, that is, when the
lower face of the template protrudes from the lower face of the workpiece,
the outer circumference is formed into a rise-shape due to a decrease in
the polishing pressure on the outer circumferential portion of the
workpiece.  On the contrary, when the position of the lower face of the
template is located above the position of the lower face of the workpiece,
that is, when the lower face of the workpiece protrudes from the lower face
of the template, the outer circumference is formed into a sag-shape due to
an increase in the polishing pressure on the outer circumferential portion
of the workpiece. [0025]        The present inventors found that the
flatness cannot be obtained due to nonuniformity of the polishing pressure
of the workpiece as described above. 



The present inventors also found that, in theory, a uniform polishing load
can be given to the workpiece by rigidly managing the thickness of the
workpiece and template and by adjusting the position of the lower face of
the template and the position of the lower face of the workpiece so as to
be equal to one another and that the workpiece can be modified into a flat
shape by adjusting the thickness of the template on the basis of a
processing shape of the workpiece. [0026]        However, for example, in
case of the workpiece of a silicon wafer, the workpiece has a thickness
variation of approximately several microns, and the template also has a
thickness variation of approximately several microns. It is therefore
difficult to always adjust the position of the lower face of the template
and the position of the lower face of the workpiece so as to be equal to
one another in practice. It is also difficult to adjust the thickness of
the template on the basis of the shape of the workpiece before polishing.
[0027] The present inventors thereupon repeatedly keenly  conducted
experiments and studies further and found that the uniformity of the
polishing pressure on the workpiece can be improved by using the rubber
film for holding the workpiece, the rubber film which is greatly larger
than the workpiece, and that the polishing stock removal uniformity can be
thereby improved. Furthermore, with regard to the outer circumferential
portion of the workpiece in which the change in the pressure mainly occur,
the present inventors conceived that polishing pressure distribution in a
plane of the workpiece can be readily adjusted by means of dividing the
space, which is formed by the rigid ring; the mid plate joined to the rigid
ring; and the rubber film, by a plurality of walls so as to form a sealed
space having a diameter larger than that of the flatness-guaranteed region
of the workpiece and particularly larger than the outer diameter of the
workpiece, and so as to be capable of separately adjusting the pressure,
and by means of adjusting the pressure of each of the sealed spaces with
the pressure adjustment mechanism. The present invention has been thereby
brought to completion. 



[0028]        FIG. 1 is a schematic view showing an example of the
polishing head according to the present invention.        As shown in FIG.
1, the polishing head 1 includes the annular rigid ring 4 made of a rigid
material, such as SUS (stainless steel), the rubber film 3 (an elastic
film) that is bonded to the rigid ring 4 with a uniform tension and that
has a flat lower face, the mid plate 5 joined to the rigid ring 4, for
example, with bolts.        A sealed space 6 is formed by the rigid ring 4,
the rubber film 3 and the mid plate 5. [0029]         Here, a material and
a shape of the mid plate 5 are not restricted in particular as long as the
space 6 can be formed together with the rigid ring 4 and the rubber film 3.
Moreover, as shown in FIG. 1, the polishing head 1 has the pressure
adjustment mechanisms 7a and 7b for changing the pressure of the space 6.
The annular template 14 is provided concentrically with the rigid ring 4 in
the peripheral portion of the lower face portion of the rubber film 3. This
template 14 holds the edge portion of the workpiece W and is provided so as
to project downward along the outer circumferential portion of the lower
face portion of the rubber film 3. [0030] 



In this way, the rubber film 3 and the template 14 are configured to have
the structure such that the rubber film 3 is greatly larger than the
workpiece W.        This structure such that the rubber film 3 is greatly
larger than the workpiece W enables the uniformity of the polishing
pressure on the workpiece W to be improved during polishing, and the
polishing stock removal uniformity can be thereby improved. [0031]
Here, the template 14 can be configured such that its outer diameter is
larger than at least an inner diameter of the rigid ring 4 and its inner
diameter is smaller than the inner diameter of the rigid ring 4.        By
this configuration, polishing can be performed with more uniform pressing
force applied to the whole surface of the workpiece.        Moreover, it is
preferable that a material of the template 14 is softer than the workpiece
W so as not to  contaminate the workpiece W and so as not to give a scratch
or an impression, and that it is a high abrasion resistance material that
is hard to wear out due to sliding contact with the polishing pad 9 during
polishing. [0032]        As shown in FIG.1, the space 6 is divided by the
annular wall 16 concentric with the rigid ring 4 to form a plurality of
sealed spaces 15a and 15b. In an example of the polishing head 1 shown in
FIG. 1, two sealed spaces are formed. However, this is not restricted and
two or more sealed spaces can be formed. 



[0033]        Here, as shown in FIG. 1, the wall 16 is formed to have a
flat brim extending inside at a tip upper portion, and a part of the brim
is coupled to the mid plate 5. However, the present invention is not
restricted by this shape as long as it is such a shape that the sealed
spaces can be formed.        Moreover, a material of the wall 16 can be the
same as the rubber film 3, and they can be formed into a single piece.
Alternatively, an another material may be adhered or melt-bonded to the
rubber film 3, and it is preferably a soft material such as the rubber film
3. [0034]        Moreover, the thickness of the wall 16 is not restricted
in particuler, and a suitable thickness can be appropriately selected
according to the structure of the polishing head 1. For example, it can be
a thickness of appropriately 1 mm.        The outer diameter LD of the
inside sealed space 15b of the plurality of sealed spaces divided by the
annular wall 16 is formed so as to be equal to or more  than the diameter
of the flatness-guaranteed region of the workpiece W.        When the
sealed spaces 15a and 15b are formed as described above, the polishing
pressure on the workpiece W can be adjusted by making a difference in
pressure between two sealed spaces 15a and 15b divided by the wall 16.
[0035]        Here, when the difference in pressure made between both of
the sealed spaces 15a and 15b is large, a change in pressure becomes large
at a position of the wall 16, which is a boundary part. When the outer
diameter of the sealed space 15b is equal to or more than the diameter of
the flatness-guaranteed region of the workpiece W and particularly equal to
or more than the outer diameter thereof, the uniformity within the
flatness-guaranteed region of the workpiece W can be prevented from being
directly exerted a bad influence of the change in pressure. In addition,
when the outer diameter LD of the sealed space 15b is equal to or less than
102% of the inner diameter TD of the template 14, and particularly equal to
or less than the inner diameter TO of the template 14, the change in
pressure on the workpiece W can be prevented from becoming hard to be given
by suppressing movement of the rubber film 3 due to the influence of the
rigidity of the template 14. That is, the polishing head can efficiently
adjust the polishing pressure on the workpiece W. 



[0036]        Through holes 12a and 12b for pressure adjustment,
communicating with each of the sealed spaces 15a and 15b are provided, and
are connected to the pressure adjustment mechanisms 7a and 7b. The pressure
of each  of the sealed spaces 15a and 15b can be separately controlled with
the pressure adjustment mechanisms 7a and Vb. [0037]        As described
above, the polishing head 1 according to the present invention has the
rubber film 3 larger than the workpiece W, the outer diameter LD of the at
least one inside sealed space 15b of the plurality of sealed spaces 15a and
15b divided by the annular wall is formed so as to be equal to or more than
the diameter of the flatness-guaranteed region of the workpiece W and
particularly equal to or more the outer diameter. By separately controlling
the pressure of each of the sealed spaces 15a and 15b with the pressure
adjustment mechanisms 7a and 7b, the polishing can be therefore performed
with giving a uniform polishing pressure to the workpiece W without
directly producing, within the workpiece W, the influence of the change in
pressure due to pressure adjustment of each of the sealed spaces, and even
when there are somewhat the variation of the thickness of the workpiece W
and the template 14, good flatness can be always secured, and good
polishing stock removal uniformity of, for example, 2.5% or less can be
secured. [0038]       Moreover, in the event that the shape of the
workpiece W before polishing is not flat, the polishing profile can be
readily changed by adjusting the pressure of each of the sealed spaces on
the basis of the shape thereof, and the shape of the workpiece can be
modified into a flat shape. That is, a protruding amount at the periphery
of the workpiece W from the lower face of the template 14 can be adjusted,
and a polishing amount at  the periphery of the workpiece W can be thereby
adjusted. [0039] 



In this case, a backing pad 13 can be attached to be provided on the lower
face of the rubber film 3. The backing pad 13 is made to contain water so
as to attach and to hold the workpiece W on a workpiece holding face of the
rubber film 3. Here, the backing pad 13 can be made of, for example,
polyurethane. By providing the above-described backing pad 13 and having it
contain water, the workpiece W can be surely held by surface tension of the
water contained in the backing pad 13. [0040]        It is to be noted that
an embodiment of attaching the template 14 onto the rubber film 3 through
the backing pad 13 and the like is shown in FIG. 1, but the present
invention does not exclude a case of attaching the template 14 directly
onto the rubber film 3. The polishing head 1 is rotatable about its axis.
[0041]        In this case, as shown in FIG. 2, the polishing head 21 can
be configured in such a manner that other sealed space 25c concentric with
the rigid ring 4 is further formed inside the sealed space 25b having the
outer diameter LD1 formed so as to be equal to or more than the diameter of
the flatness-guaranteed region of the workpiece W.        The pressure of
the sealed space 25b can be adjusted by slightly changing it as compared
with the pressure of the sealed space 25c. [0042]       As described above,
when the polishing head 21 is configured in such a manner that other sealed
space 25c concentric with the rigid ring 4 is further formed  inside the
sealed space 25b having the outer diameter LD1 formed so as to be equal to
or more than the diameter of the flatness-guaranteed region of the
workpiece W and particularly equal to or more than the outer diameter of
the workpiece W, the pressure of the sealed space 25b can be adjusted by
slightly changing it as compared with the pressure of the sealed space 25c,
the polishing can be performed with giving a more uniform polishing
pressure to the workpiece W, and better flatness and polishing stock
removal uniformity can be secured. 



[0043]        In addition to this, for example, the protruding amount of
the workpiece W from the template 14 can be adjusted with high precision by
changing the pressure of the sealed spaces 25a, 25b, and 25c with the
pressure adjustment mechanisms 7a, 7b, and 7c, and the outer
circumferential portion of the workpiece W can be therefore formed into a
rise-shape or sag-shape. Moreover, the polishing profile can be changed by
optimizing the pressure of the sealed spaces 25a, 25b, and 25c on the basis
of the shape of the workpiece W before polishing without changing the
thickness of the template 14 and the like, and the shape of the workpiece W
can be more effectively modified into a flat shape. [0044]        In this
case, the workpiece W to be polished can be a silicon single crystal wafer
having a diameter of 300 mm or more.        As described above, even when
the workpiece W to be polished is a silicon single crystal wafer having a
large diameter of 300 mm or more, the polishing can be performed with a
more uniform polishing pressure over the whole surface of the workpiece W
according to the present invention, good polishing stock removal uniformity
can be secured. [0045]        FIG. 3 is a schematic view showing an example
of the polishing apparatus provided with the polishing head 21 according to
the present invention.        As shown in FIG. 3, the polishing apparatus 2
includes the polishing head 21 as shown in FIG. 2 and the turn table 8. The
turn table 8 is of disk shape, and the polishing pad 9 for polishing the
workpiece W is attached onto its upper face. A driving shaft 11 is
vertically connected to an lower portion of the turn table 8. The turn
table 8 is configured to be rotated by a turn-table-rotating motor (not
shown) connected to an lower portion of the driving shaft 11.        The
polishing head 21 is arranged above the turn table 8. [0046] 



Here, the polishing apparatus 2 as shown in FIG. 3 includes one polishing
head, but may includes a plurality of polishing heads.        The polishing
apparatus also has a mid-platepressing means for pressing the mid plate 5
toward the polishing pad 9 (not shown).        With the polishing apparatus
2 configured as described above, the mid plate 5 is pressed toward the
polishing pad 9 attached onto the turn table 8 by the mid-plate-pressing
means, not shown, and the surface of the workpiece W is polished by
bringing it into sliding contact with the polishing pad 9 while the
polishing agent is supplied through the polishing agent supply mechanism
10. Here, mid-plate-pressing means is  preferably able to press the mid
plate 5 over the whole surface with a uniform pressure. [0047]        In
this way, when the workpiece W is polished by using the polishing apparatus
2 provided with the polishing head according to the present invention, the
polishing can be performed with giving a uniform polishing pressure to the
workpiece W, and even when there are somewhat the variation of the
thickness of the workpiece W and the template 14, the protruding amount of
the workpiece W from the template 14 can be adjusted, and good flatness and
polishing stock removal uniformity can be always secured. In addition, in
the event that the shape of the workpiece W before polishing is not flat,
the polishing profile can be readily changed by adjusting the pressure of
each of the sealed spaces on the basis of the shape thereof, and the shape
of the workpiece can be modified into a flat shape. [0048]
Hereinafter, the present invention will be explained in more detail based
on Examples and Comparative Examples, but the present invention is not
restricted thereto. [0049] 



(Example 1)        The polishing head 1 according to the present invention
as shown in FIG. 1 and the polishing apparatus provided with the polishing
head were used to polish the workpiece W, and the pressure distribution of
the workpiece during the polishing and the polishing stock removal
uniformity were evaluated.       The structure of the used polishing head 1
was as follows.         The rigid ring 4 had an outer diameter of 358 mm
and an inner diameter of 320 mm, and was made of SUS. The rubber film 3 was
made of silicone rubber having a hardness of 70 (based on JIS K6253), and
had a thickness of 1 mm. [0050]        In addition, the space 6 was divided
by the annular wall 16 concentric with the rigid ring 4 to form two sealed
spaces 15a and 15b. The outer diameter LD of the inside sealed space 15b
was 300 mm. Here, the wall 16 had a thickness of 1 mm, and was made of the
same material as the rubber film 3. [0051]        Moreover, the backing pad
13 was attached to be provided on the lower face of the rubber film 3 by
double-stick tape. A template assembly, in which the template 14 made of
glass epoxy stacked layer sheet having a thickness of 800 p.m was bonded,
was adhered to a lower face of the backing pad 13 by double-stick tape. The
outer diameter of the template 14 was 355 mm and its inner diameter TD was
302 mm. Here, a surface of the rubber film 3 formed with silicone rubber
was subjected to coating processing with a thin polyurethane film having a
thickness of approximately several microns for the purpose of improving
capability for adhering to the double-stick tape. [0052] 



With the pressure adjustment mechanisms 7a and 7b, the pressure P1 of the
sealed space 15b was adjusted to 15 KPa, and the pressure P2 of the sealed
space 15a was adjusted to 16.13 KPa so that the polishing stock removal
uniformity became a minimum value. A silicon single crystal wafer having a
diameter  of 300 mm and a thickness of 775 kim, as the workpiece W, was
polished. It is to be noted that both surfaces of the used silicon single
crystal wafer was subjected to the first polishing in advance, and its edge
portion was also subjected to polishing. [0053] The polishing apparatus
provided with the polishing head 1 according to the present invention as
described above was used. The used turn table of the polishing apparatus
had a diameter of 800 mm. The polishing pad of the type of containing
urethane in a nonwoven fabric was used, and its Young's modulus was 2.2
MPa.        With this polishing apparatus, the wafer was polished by the
following method. [0054]        First, the polishing head 1 and the turn
table were rotated at 31, and 29 rpm respectively. While the polishing
agent was supplied through the polishing agent supply mechanism, the mid
plate 5 was uniformly pressed with a pressure of 17 KPa by the
mid-plate-pressing means so that the wafer was brought into sliding contact
with the polishing pad to polish the wafer. Here, an alkaline solution
containing colloidal silica was used as the polishing agent. The polishing
time was 3 minutes. 



[0055]        The polishing stock removal uniformity and the polishing
pressure distribution of the wafer polished as described above were
evaluated. It is to be noted that the polishing stock removal uniformity is
obtained by measuring the thickness of the workpiece before and after
polishing in a region excluding an outermost  circumferential portion 2 mm
width, as a flatness quality area, with a flatness measurement instrument
in a diameter direction of the wafer and by taking a difference in the
thickness. It is represented by a formula of
polishing-stock-removal-uniformity (%)=(maximum polishing-stock-removal in
a diameter direction - minimum polishing-stock-removal in a diameter
direction)/average polishing-stock-removal in a diameter direction. [0056]
FIG. 4 shows the result of the polishing pressure distribution of the wafer
in the range of 120 to 148 mm from its center in a diameter direction. It
is to be noted that the polishing pressure distribution was obtained by the
conversion of polishing-stock-removal at each
position/polishing-stock-removal at the center of the wafer x
polishing-load (15 KPa).        As shown in FIG. 4, it was revealed that
the uniformity of the polishing pressure was improved in comparison with
the later-explained Comparative Example 1.        Accordingly, it was
confirmed that since the pressure P2 of the sealed space 15a located above
the outside of the wafer is adjusted so as to be higher than the pressure
P1 of the sealed space 15b located above the inside of the wafer in the
present invention, a decrease in the polishing pressure at the outer
circumferential portion, which is caused by the variation in the position
of the lower face of the wafer and template, can be compensated, and a
uniform polishing pressure can be thereby obtained. [0057] FIG. 7 shows the
result of the polishing stock 



removal uniformity. As shown in FIG. 7, it was revealed that the polishing
stock removal uniformity was approximately 0.9%, and that it was a very
good result of 1% or less.        From the above-described results, it is
confirmed that the polishing head and polishing apparatus according to the
present invention can polish the workpiece with giving a uniform polishing
pressure to the workpiece, and even when there are somewhat the variation
of the thickness of the workpiece and the template, good flatness and
polishing stock removal uniformity can be always secured. [0058] (Example
2)        A wafer was polished as with Example 1 except for changing the
pressure P2 of the sealed space 15a to 15 Kpa, 16.13 KPa, 16.5 KPa, and 18
KPa, and the polishing pressure distribution was evaluated.        Fig. 5
shows the result. As shown in FIG. 5, it is confirmed that the polishing
pressure at the outer circumferential portion of the wafer can be changed
and the polishing stock removal uniformity can be adjusted by changing the
pressure P2. [0059] (Example 3)        A wafer was polished as with Example
1 except for using the polishing head 1 with the inside sealed space 15b
having an outer diameter LD of 296 mm, 301 mm, 302 mm, 304 mm, and 308 mm,
and for changing the pressure P2 of the sealed space 15a in the range of 15
to 30 KPa, and the polishing pressure distribution was evaluated. 



FIG. 6 shows the result of the relationship between the polishing stock
removal uniformity and the pressure P2 of the sealed space 15a in the case
of an outer diameter LD of 304 mm, and 308 mm. As shown in FIG. 6, it was
revealed that the polishing stock removal uniformity can be improved by
adjusting the pressure P2. FIG. 7 shows the results of minimum values of
the polishing stock removal uniformity in the case of each outer diameter
LD. As shown in FIG. 7, it was revealed that each polishing stock removal
uniformity was improved in comparison with the result of the
later-explained Comparative Example 2, and they were a good result of 2.5%
or less. [0060] (Example 4)        With the polishing head 21 according to
the present invention as shown in FIG. 2 and the polishing apparatus
provided with the polishing head 21, a workpiece W was polished and the
pressure distribution of the workpiece W during the polishing and the
polishing stock removal uniformity were evaluated.        The polishing
head 21 was used which had the same structure as Example 1 except that the
space 6 was formed by three sealed spaces 25a, 25b, and 25c as described
below, and that the pressure of each of the sealed spaces was separately
adjusted with the pressure adjustment mechanisms 7a, 7b, and 7c. [0061]
The space 6 of the polishing head 21 was divided by the annular wall 16
concentric with the rigid ring 4 to form the sealed space 25b having an
outer diameter LD1 of 300 mm. Other annular wall 16 concentric with  the
rigid ring 4 was further arranged inside the sealed space 25b so that the
inner diameter LD2 of the most inside sealed space 25c became 278 mm. Here,
the thickness of the wall 16 was 1 mm, and the wall was made of the same
material as the rubber film 3. 



The pressure P1 of the sealed space 25c, the pressure P2 of the sealed
space 25a, and the pressure P3 of the sealed space 25b were adjusted to 15
KPa, 16.13 KPa, and 14.6 KPa with the pressure adjustment mechanisms 7a,
7b, and 7c respectively. [0062]        With the polishing apparatus having
the same structure as Example 1 except for providing with this polishing
head 21, the same workpiece W as Example 1 was polished by the same method
as Example 1, and the polishing stock removal uniformity was evaluated.
FIG. 8 shows the result. As shown in FIG. 8, it was revealed that the
polishing stock removal uniformity was further improved in comparison with
the result of Example 1, and it was a level of 1% or less. [0063]
(Comparative Example 1)        A silicon single crystal wafer was polished
in the same conditions as Example 1 except for using a conventional
polishing head as shown in FIG.9 and a conventional polishing apparatus
provided with the conventional polishing head, and the polishing stock
removal uniformity and the polishing pressure distribution were evaluated.
FIG. 4 shows the result of the polishing stock removal uniformity. As shown
in FIG. 4, it was revealed 



that the polishing stock removal uniformity became worse  in comparison
with the result of Example 1. [0064]        It can be considered that this
was caused by decreasing the pressure at the outer circumferential portion
of the wafer, since the template having a thickness of 800 pm was thicker
than the wafer having a thickness of 775 pm so that the position of the
lower face of the template protruded downward from the position of the
lower face of the wafer.        FIG. 8 shows the result of the polishing
stock removal uniformity. As shown in FIG. 8, it was revealed that the
polishing stock removal uniformity was approximately 7.7%, and it became
greatly worse in comparison with the results of Examples 1 and 2. [0065]
(Comparative Example 2)        A wafer was polished as with Example 1
except for using the polishing head with the inside sealed space having an
outer diameter LD of 292 mm, and the polishing stock removal uniformity was
evaluated.        FIG. 7 shows the result. As shown in FIG. 7, the
polishing stock removal uniformity was somewhat improved in comparison with
the result of 7.7% of Comparative Example 1 by dividing the space by the
wall to form the sealed spaces and by adjusting the pressure of each of the
sealed spaces. However, the polishing stock removal uniformity became worse
in comparison with the results of Examples 1 and 3. 



[0066]        Accordingly, it is confirmed that the outer diameter of one
inside sealed space of the plurality of sealed spaces divided by the
annular wall of the  polishing head is necessary to be formed so as to be
equal to or more than the diameter of the flatness-guaranteed region of the
workpiece, in order to obtain a good result of the polishing stock removal
uniformity. [0067]        It is to be noted that the present invention is
not restricted 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.        For example, the polishing
head manufactured by a manufacturing method according to the present
invention is not restricted to embodiments shown in FIGS. 1 and 2. For
example, the shape of the mid plate may be appropriately designed.
[CLAIMS] 



[claim 1]        A polishing head by the rubber-chuck method,  including at
least: an annular rigid ring; a rubber film bonded to the rigid ring with a
uniform tension; a mid plate joined to the rigid ring, the mid plate
forming a space together with the rubber film and the rigid ring; an
annular template provided concentrically with the rigid ring in a
peripheral portion on a lower face portion of the rubber film; and a
pressure adjustment mechanism for changing pressure of the space,
the polishing head holding a back surface of a workpiece on the lower face
portion of the rubber film, holding an edge portion of the workpiece with
the template, pressing the workpiece by inflating the rubber  film with the
pressure of the space, and polishing the workpiece by bringing a surface of
the workpiece into sliding contact with a polishing pad attached onto a
turn table, wherein        the space is divided by at least one annular
wall concentric with the rigid ring to form a plurality of sealed spaces;
an outer diameter of at least one inside sealed space of the plurality of
sealed spaces divided by the annular wall is formed so as to be equal to or
more than a diameter of a flatness-guaranteed region of the workpiece and
to be equal to or less than 102% of an  inner diameter of the template; and
the pressure adjustment mechanism separately controls pressure of each of
the plurality of sealed spaces. [claim 2] The polishing head according to
claim 1, wherein   at least one other sealed space concentric with the
rigid ring is further formed inside the sealed space having the outer
diameter formed so as to be equal to or more than the diameter of the
flatness-guaranteed region of the workpiece. [claim 3]       The polishing
head according to claim 1 or claim 2, wherein the workpiece to be polished
is a silicon single crystal wafer having a diameter of 300 mm or more. 



[claim 4]        A polishing apparatus used for polishing a surface of a
workpiece including at least 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 3
as a polishing head for holding the workpiece. 






