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(54) Polishing method

(57) A polishing method includes rotating a sub-
strate, performing a first polishing process of pressing a
polishing tape against an edge portion of the substrate
by a pressing member, with a portion of the polishing
tape projecting from the pressing member inwardly in a
radial direction of the substrate, to polish the edge portion
of the substrate and bend the portion of the polishing

tape along the pressing member, and performing a sec-
ond polishing process of pressing the bent portion of the
polishing tape inwardly in the radial direction of the sub-
strate by the pressing member to further polish the edge
portion of the substrate.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to a method of
polishing a substrate, such as a wafer. More particularly,
the present invention relates to a method of polishing a
peripheral portion of a substrate by pressing a polishing
tool, such as a polishing tape, against the peripheral por-
tion.

Description of the Related Art:

[0002] A polishing apparatus, which has a polishing
tool (e.g., a polishing tape or a fixed abrasive), is used
for polishing a peripheral portion of a wafer. This type of
polishing apparatus is configured to bring the polishing
tool into contact with the peripheral portion of the wafer,
while rotating the wafer, to thereby polish the peripheral
portion. In this specification, the peripheral portion of the
wafer is defined as a region including a bevel portion
which is the outermost portion of the wafer and a top
edge portion and a bottom edge portion located radially
inwardly of the bevel portion.
[0003] FIG. 52A and FIG. 52B are enlarged cross-sec-
tional views each showing the peripheral portion of the
wafer. More specifically, FIG. 52A shows a cross-sec-
tional view of a so-called straight-type wafer, and FIG.
52B shows a cross-sectional view of a so-called round-
type wafer. In the wafer W shown in FIG. 52A, the bevel
portion is an outermost circumferential surface of the wa-
fer W (indicated by a symbol B) that is constituted by an
upper slope (an upper bevel portion) P, a lower slope (a
lower bevel portion) Q, and a side portion (an apex) R.
In the wafer W shown in FIG. 52B, the bevel portion is a
portion (indicated by a symbol B) having a curved cross
section and forming an outermost circumferential surface
of the wafer W. The top edge portion is a flat portion E1
located radially inwardly of the bevel portion B. The bot-
tom edge portion is a flat portion E2 located opposite the
top edge portion and located radially inwardly of the bevel
portion B. The top edge portion E1 and the bottom edge
portion E2 may be collectively referred to as edge portion.
The edge portion may include a region where devices
are formed.
[0004] In a fabrication process of SOI (Silicon on Insu-
lator) substrate, there is a need to form a vertical surface
and a horizontal surface on the edge portion of the wafer
W, as shown in FIG. 53. A cross section of such edge
portion is achieved by a polishing process as illustrated
in FIG. 54. Specifically, while the wafer W is rotated, a
pressing pad 300 presses an edge of a polishing tape
301 against the edge portion of the wafer W to thereby
polish it. The polishing tape 301 has its lower surface
serving as a polishing surface that holds abrasive grains
thereon. This polishing surface is disposed parallel to the

wafer W. With the edge of the polishing tape 301 located
on the edge portion of the wafer W, the pressing pad 300
presses the polishing surface of the polishing tape 301
against the edge portion of the wafer W to thereby form
a right-angle cross section as shown in FIG. 53, i.e., the
vertical surface and the horizontal surface on the edge
portion of the wafer W.
[0005] However, as shown in FIG. 55A, the above-
mentioned vertical surface may be roughened because
the vertical surface is formed by grinding the edge portion
of the wafer W with the edge of the polishing tape 301.
In addition, as shown in FIG. 55B through FIG. 55D, the
profile of the vertical surface may vary before and after
replacement of the pressing pad 300 which is a consum-
able.
[0006] In the fabrication process of the SOI substrate,
it may be preferable to form, instead of the vertical surface
shown in FIG. 53, a reverse tapered surface as shown
in FIG. 56. However, it is difficult for the polishing method
illustrated in FIG. 54 to form such a reverse tapered sur-
face.
[0007] Further, since a contact area of the polishing
tape and the horizontal surface differs depending on a
position in the horizontal surface of the wafer edge por-
tion, a part of the resultant horizontal surface may be
inclined. This problem will be discussed with reference
to figures. FIG. 57 is a plan view showing the pressing
pad 300 and the polishing tape 301 shown in FIG. 54.
The wafer W has a circular shape, while the pressing pad
300 has a rectangular shape. As a result, a contact length
(i.e., a polishing area) of the polishing tape 301 and the
wafer W is different between a radially-inward region and
a radially-outward region in the horizontal surface of the
wafer edge portion, as indicated by broken lines shown
in FIG. 57. As a result, as shown in FIG. 58, the radially-
inward region in the horizontal surface may be inclined.

SUMMARY OF THE INVENTION

[0008] A first object of the present invention is to pro-
vide a polishing method capable of forming a smooth
vertical surface on an edge portion of a substrate, such
as a wafer.
[0009] A second object of the present invention is to
provide a polishing method capable of forming a reverse
tapered surface on an edge portion of a substrate, such
as a wafer.
[0010] A third object of the present invention is to pro-
vide a polishing method capable of forming a flat hori-
zontal surface on an edge portion of a substrate, such
as a wafer.
[0011] In order to achieve the above objects, a first
embodiment provides a polishing method, including: ro-
tating a substrate; performing a first polishing process of
pressing a polishing tape against an edge portion of the
substrate by a pressing member, with a portion of the
polishing tape projecting from the pressing member in-
wardly in a radial direction of the substrate, to polish the
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edge portion of the substrate and bend the portion of the
polishing tape along the pressing member; and perform-
ing a second polishing process of pressing the bent por-
tion of the polishing tape inwardly in the radial direction
of the substrate by the pressing member to further polish
the edge portion of the substrate.
[0012] A second embodiment provides a polishing
method, including: rotating a substrate; performing a first
polishing process of pressing a polishing tape against an
edge portion of the substrate by a pressing member, with
a portion of the polishing tape projecting from the press-
ing member inwardly in a radial direction of the substrate,
to polish the edge portion of the substrate; after the first
polishing process, pressing the portion of the polishing
tape against the edge portion of the substrate to bend
the portion of the polishing tape along the pressing mem-
ber; and performing a second polishing process of press-
ing the bent portion of the polishing tape inwardly in the
radial direction of the substrate by the pressing member
to further polish the edge portion of the substrate.
[0013] A third embodiment provides a polishing meth-
od, including: rotating a substrate; performing a first pol-
ishing process of pressing a first polishing tape against
an edge portion of the substrate by a first pressing mem-
ber, with a portion of the first polishing tape projecting
from the first pressing member inwardly in a radial direc-
tion of the substrate, to polish the edge portion of the
substrate; performing positioning of a second polishing
tape and a second pressing member such that a portion
of the second polishing tape projects from the second
pressing member inwardly in the radial direction of the
substrate; pressing the portion of the second polishing
tape against an angular portion formed on the edge por-
tion of the substrate to bend the portion of the second
polishing tape along the second pressing member, the
angular portion having been formed in the first polishing
process; and performing a second polishing process of
pressing the bent portion of the second polishing tape
inwardly in the radial direction of the substrate by the
second pressing member to further polish the edge por-
tion of the substrate.
[0014] A fourth embodiment provides a polishing meth-
od, including: rotating a substrate; performing a first pol-
ishing process of pressing a polishing tool against an
edge portion of the substrate to polish the edge portion
of the substrate; and after the first polishing process, per-
forming a second polishing process of pressing the pol-
ishing tool inwardly in the radial direction of the substrate
to further polish the edge portion of the substrate.
[0015] A fifth embodiment provides a polishing meth-
od, including: rotating a substrate; performing a slide-
polishing process of pressing a polishing tape against an
edge portion of the substrate by a pressing member while
moving the polishing tape and the pressing member in-
wardly in a radial direction of the substrate until the pol-
ishing tape reaches a predetermined stop position; re-
peating the slide-polishing process; and shifting slightly
the stop position inwardly in the radial direction of the

substrate each time the slide-polishing process is per-
formed.
[0016] A sixth embodiment provides a polishing meth-
od, including: locating a pressing member in a position
displaced in a tangential direction of a substrate by a
predetermined distance from an origin position that lies
on a center line extending in a radial direction from a
center of the substrate, said tangential direction being
perpendicular to the center line; rotating the substrate;
and pressing a polishing tape against an edge portion of
the substrate by the pressing member in the displaced
position to form a horizontal surface on the edge portion
of the substrate.
[0017] A seventh embodiment provides a polishing
method, including: locating a polishing tool in a position
displaced in a tangential direction of a substrate by a
predetermined distance from an origin position that lies
on a center line extending in a radial direction from a
center of the substrate, said tangential direction being
perpendicular to the center line; rotating the substrate;
and pressing the polishing tool in the displaced position
against an edge portion of the substrate to form a hori-
zontal surface on the edge portion of the substrate.
[0018] According to the first embodiment through the
fourth embodiment, the first polishing process can form
the vertical surface on the edge portion of the substrate,
and the second polishing process can smooth the vertical
surface.
[0019] According to the fifth embodiment, the reverse
tapered surface as shown in FIG. 56 can be formed on
the edge portion of the substrate.
[0020] According to the sixth embodiment and the sev-
enth embodiment, the contact area of the polishing tape
and the outer region in the horizontal surface of the sub-
strate edge portion can be reduced, without changing the
contact area of the inner region in the horizontal surface
and the polishing tape, by displacing the position of the
pressing member in the tangential direction of the sub-
strate. Therefore, the flat horizontal surface can be
formed on the substrate edge portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1 is a schematic view illustrating a polishing
apparatus for carrying out an embodiment of a pol-
ishing method;
FIG. 2 is a plan view of the polishing apparatus
shown in FIG. 1;
FIG. 3A, FIG. 3B, FIG. 3C, and FIG. 3D are diagrams
illustrating an embodiment of a polishing method;
FIG. 4 is a diagram illustrating another embodiment
of a polishing method;
FIG. 5 is a diagram illustrating another example of
the polishing method illustrated in FIG. 4;
FIG. 6 is a schematic view showing a polishing ap-
paratus including a first polishing unit and a second
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polishing unit;
FIG. 7 is a diagram illustrating a method of polishing
a wafer using the polishing apparatus shown in FIG.
6;
FIG. 8A, FIG. 8B, FIG. 8C, FIG. 8D, and FIG. 8E are
views each illustrating still another embodiment of
the polishing method;
FIG. 9A, FIG. 9B, FIG. 9C, and FIG. 9D are views
for illustrating a fabrication process of an SOI sub-
strate;
FIG. 10 is a diagram illustrating yet another embod-
iment of a polishing method;
FIG. 11 is a schematic view of a polishing apparatus
for carrying out yet another embodiment of a polish-
ing method;
FIG. 12A, FIG. 12B, and FIG. 12C are diagrams il-
lustrating a polishing method using the polishing ap-
paratus shown in FIG. 11;
FIG. 13 is a schematic view illustrating a polishing
apparatus for carrying out an embodiment of a pol-
ishing method;
FIG. 14 is a plan view of the polishing apparatus
shown in FIG. 13;
FIG. 15 is a diagram illustrating an embodiment of a
polishing method;
FIG. 16 is a diagram showing a state in which a press-
ing pad is displaced in a tangential direction by a
predetermined distance from an origin position;
FIG. 17 is a schematic view illustrating a polishing
apparatus for carrying out yet another embodiment
of a polishing method;
FIG. 18 is a plan view of the polishing apparatus
shown in FIG. 17;
FIG. 19 is a diagram illustrating a polishing method
as performed by the polishing apparatus shown in
FIGS. 17 and 18;
FIG. 20 is a diagram showing a state in which the
pressing pad is displaced in the tangential direction
by a predetermined distance from the origin position;
FIG. 21 is a side view schematically showing a pol-
ishing apparatus for carrying out yet another embod-
iment of a polishing method;
FIG. 22 is a plan view of a wafer and a fixed abrasive
shown in FIG. 21;
FIG. 23 is a plan view showing a polishing apparatus;
FIG. 24 is a cross-sectional view taken along line F-
F in FIG. 23;
FIG. 25 is a view from a direction indicated by arrow
G in FIG. 24;
FIG. 26 is a plan view of a polishing head and a
polishing-tape supply and collection mechanism;
FIG. 27 is a front view of the polishing head and the
polishing-tape supply and collection mechanism;
FIG. 28 is a cross-sectional view taken along line H-
H in FIG. 27;
FIG. 29 is a side view of the polishing-tape supply
and collection mechanism shown in FIG. 27;
FIG. 30 is a vertical cross-sectional view of the pol-

ishing head as viewed from a direction indicated by
arrow I in FIG. 27;
FIG. 31 is a view of a position sensor and a dog as
viewed from above;
FIG. 32 is a view showing the polishing head and
the polishing-tape supply and collection mechanism
that have been moved to predetermined polishing
positions;
FIG. 33 is a schematic view of the pressing pad, the
polishing tape, and the wafer at their polishing posi-
tions when performing the polishing method shown
in FIG. 3A through FIG. 3D and the polishing method
shown in FIG. 4 and FIG. 7, as viewed from the lateral
direction;
FIG. 34 is a view showing a state in which the press-
ing pad presses the polishing tape against the wafer;
FIG. 35 is a schematic view showing the pressing
pad, the polishing tape, and the wafer when perform-
ing the polishing method shown in FIG. 10 and FIG.
13 as viewed from the lateral direction;
FIG. 36A, FIG. 36B, and FIG. 36C are views illus-
trating operations for detecting the edge of the pol-
ishing tape;
FIG. 37A is a view of the polishing tape and the press-
ing pad at the polishing positions as viewed from the
radial direction of the wafer;
FIG. 37B is a view showing the pressing pad whose
lower surface contacts an upper surface of the pol-
ishing tape;
FIG. 37C is a view showing the pressing pad when
pressing the polishing tape downwardly against the
wafer;
FIG. 38A is a view showing the wafer that is bent
when the pressing pad presses the polishing tape
against the wafer;
FIG. 38B is a cross-sectional view of the wafer that
has been polished in a bent state as shown in FIG.
38A;
FIG. 39 is a vertical cross-sectional view of a wafer
holder provided with a supporting stage;
FIG. 40 is a perspective view of the supporting stage;
FIG. 41 is a view showing a state in which a holding
stage and the wafer held on the upper surface of the
holding stage are elevated relative to the supporting
stage;
FIG. 42 is a view showing an embodiment having a
tape stopper;
FIG. 43 is a view showing a state in which the pol-
ishing tape is distorted when receiving a horizontal
load;
FIG. 44 is a view showing an embodiment having
the tape stopper and a tape cover;
FIG. 45 is a view showing an embodiment having a
movement-restricting mechanism for restricting an
outward movement of the pressing pad;
FIG. 46 is a view showing a combination of the em-
bodiment shown in FIG. 39 and the embodiment
shown in FIG. 45;
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FIG. 47 is a plan view of a polishing apparatus having
a plurality of polishing units;
FIG. 48 is a plan view showing another embodiment
of the polishing apparatus;
FIG. 49 is a vertical cross-sectional view of the pol-
ishing apparatus shown in FIG. 48;
FIG. 50 is an enlarged view of a polishing head
shown in FIG. 49;
FIG. 51 is a view showing the polishing head when
polishing a top edge portion of a wafer;
FIG. 52A and FIG. 52B are cross-sectional views
each showing a peripheral portion of a wafer;
FIG. 53 is a view showing a vertical surface and a
horizontal surface formed on the edge portion of the
wafer;
FIG. 54 is a diagram illustrating a polishing method
for forming the vertical surface and the horizontal
surface shown in FIG. 53;
FIG. 55A, FIG. 55B, FIG. 55C, and FIG. 55D are
enlarged views each showing a cross section of a
wafer polished by the conventional polishing meth-
od;
FIG. 56 is a cross-sectional view showing a reverse
tapered surface formed on an edge portion of a wa-
fer;
FIG. 57 is a plan view of a pressing pad and a pol-
ishing tape shown in FIG. 54; and
FIG. 58 is a cross-sectional view showing an edge
portion of a polished wafer.

DETAILED DESCRIPTION OF EMBODIMENTS

[0022] Embodiments of the present invention will now
be described in detail with reference to the drawings.
[0023] FIG. 1 is a schematic view illustrating a polishing
apparatus for carrying out an embodiment of a polishing
method, and FIG. 2 is a plan view of the polishing appa-
ratus shown in FIG. 1. The polishing apparatus includes
a wafer holder 3 for holding and rotating a wafer W as a
substrate, and a polishing unit 25 for polishing an edge
portion of the wafer W held by the wafer holder 3.
[0024] The polishing unit 25 includes a polishing-tape
support mechanism 70 for supporting a polishing tape
38, a pressing pad (pressing member) 51 for pressing
the polishing tape 38 against the edge portion of the wafer
W, a vertically moving mechanism 59 for moving the
pressing pad 51 in a direction perpendicular to the wafer
surface, a radially moving mechanism 45 for moving the
pressing pad 51 and the vertically moving mechanism
59 in a radial direction of the wafer W, and a tape moving
mechanism 46 for moving the polishing tape 38 and the
polishing-tape support mechanism 70 in the radial direc-
tion of the wafer W.
[0025] The radially moving mechanism 45 and the tape
moving mechanism 46 can be operated independently
of each other. Therefore, a relative position between the
pressing pad 51 and the polishing tape 38 in the radial
direction of the wafer W can be adjusted by the radially

moving mechanism 45 and the tape moving mechanism
46. A combination of pneumatic cylinders, a combination
of a servo motor and a ball screw, or the like can be used
as the vertically moving mechanism 59, the radially mov-
ing mechanism 45, and the tape moving mechanism 46.
[0026] The polishing tape 38 is supported by the pol-
ishing-tape support mechanism 70 such that a polishing
surface of the polishing tape 38 lies parallel to the surface
of the wafer W and the polishing surface faces the edge
portion of the wafer W. One surface (a lower surface) of
the polishing tape 38 constitutes the polishing surface
having abrasive particles fixed thereto. The polishing
tape 38 is a long polishing tool, and is disposed along a
tangential direction of the wafer W. The pressing pad 51
is a pressing member for pressing the polishing tape 38
against the edge portion of the wafer W, and is disposed
above the edge portion of the wafer W. A tape stopper
185 for restricting a horizontal movement of the polishing
tape 38 is fixed to a bottom of the pressing pad 51. This
tape stopper 185 may be omitted.
[0027] FIGS. 3A through 3D are diagrams illustrating
an embodiment of a polishing method. As shown in FIG.
3A, the polishing tape 38 and the pressing pad 51 are
positioned such that a portion of the polishing tape 38
(i.e., a portion extending in the longitudinal direction of
the polishing tape 38) projects from the pressing pad 51
inwardly in the radial direction of the wafer W. In this
state, as shown in FIG. 3B, the pressing pad 51 is lowered
by the vertically moving mechanism 59 to press the pol-
ishing surface of the polishing tape 38 against the edge
portion of the rotating wafer W. The pressing pad 51 is
further lowered, so that the polishing tape 38 polishes
the edge portion of the wafer W until a vertical surface
and a horizontal surface are formed on the edge portion
of the wafer W as shown in FIG. 3C (first polishing proc-
ess). The pressing pad 51 has a wafer pressing surface
which is a horizontal surface parallel to the wafer surface.
This horizontal pressing surface presses the polishing
tape 38 against the edge portion of the wafer W to thereby
form the vertical surface and the horizontal surface on
the edge portion of the wafer W. The polishing surface
of the polishing tape 38 when contacting the wafer W is
parallel to the surface of the wafer W. During polishing,
an inner edge of the pressing pad 51 is pressed against
the edge portion of the wafer W through the polishing
tape 38.
[0028] As the pressing pad 51 moves downward, the
portion (i.e., the projecting portion) of the polishing tape
38, projecting from the pressing pad 51, is bent upwardly
along the pressing pad 51. In this state, as shown in FIG.
3D, the pressing pad 51 is pressed inwardly in the radial
direction of the wafer W by the radially moving mecha-
nism 45 to thereby polish the vertical surface of the wafer
W with the bent portion of the polishing tape 38 (second
polishing process). Because the polishing tape 38 is bent
in this state, the polishing surface of the bent portion con-
tacts the vertical surface on the wafer edge portion.
Therefore, the vertical surface of the wafer W is polished
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by the polishing surface of the polishing tape 38.
[0029] In this manner, the vertical surface formed on
the edge portion of the wafer W in the first polishing proc-
ess is polished by the polishing surface of the polishing
tape 38 in the second polishing process. Therefore, the
vertical surface can be smoothened. A rough polishing
tape for performing rough polishing may be used in the
first polishing process, while a fine polishing tape for per-
forming finish polishing may be used in the second pol-
ishing process. As shown in FIG. 3C, the bent portion of
the polishing tape 38 is preferably longer than a depth of
the polished portion formed on the edge portion of the
wafer W (i.e. a height of the vertical surface).
[0030] When polishing is performed by merely press-
ing the polishing tape 38 against the edge portion of the
wafer W, a polishing mark may be formed on the edge
portion of the wafer W. To avoid this, at least one of the
first polishing process and the second polishing process
may be performed while moving the polishing tape 38 in
its longitudinal direction. By polishing the edge portion of
the wafer W while advancing the polishing tape 38 in this
manner, a polishing mark once formed on the wafer W
can be removed. The movement direction of the polishing
tape 38 may be opposite to the movement direction of
the edge portion of the rotating wafer W in order to in-
crease a polishing rate of the wafer W and to create a
geometrically correct shape. In order to remove a polish-
ing mark more effectively, the polishing tape 38 may be
moved in the radial direction of the wafer W while the
polishing tape 38 is pressing the edge portion of the wafer
W.
[0031] FIG. 4 is a diagram illustrating another embod-
iment of a polishing method. With reference to the con-
struction and the operation of this embodiment which are
the same as those of the above-described embodiment,
a duplicate description thereof will be omitted. In step 1,
positioning of the polishing tape 38 and the pressing pad
51 is performed such that a portion of the polishing tape
38 (a portion extending in the longitudinal direction of the
polishing tape 38) slightly projects from the pressing pad
51 inwardly in the radial direction of the wafer W. This
positioning is performed by the radially moving mecha-
nism 45 and the tape moving mechanism 46. The pol-
ishing tape 38 lies above the edge portion of the wafer
W. The reason for partly projecting the polishing tape 38
from the pressing pad 51 is to avoid contact of the press-
ing pad 51 with the edge portion of the wafer W during
polishing of the wafer W.
[0032] In step 2, the pressing pad 51 is lowered by the
vertically moving mechanism 59 to press the polishing
surface of the polishing tape 38 against the edge portion
of the rotating wafer W, thereby forming the vertical sur-
face and the horizontal surface on the edge portion of
the wafer W (the first polishing process). During polish-
ing, the inner edge of the pressing pad 51 is pressed
against the edge portion of the wafer W through the pol-
ishing tape 38. In step 3, the pressing pad 51 and the
polishing tape 38 are elevated by the vertically moving

mechanism 59, so that the polishing tape 38 is separated
from the wafer W.
[0033] In step 4, with the pressing pad 51 and the pol-
ishing tape 38 separated from the wafer W, they are
moved inwardly in the radial direction of the wafer W by
a predetermined distance. More specifically, the pressing
pad 51 and the polishing tape 38 are moved inwardly in
the radial direction of the wafer W until the inner edge of
the polishing tape 38 is located radially inwardly of the
vertical surface of the wafer W and the inner edge of the
pressing pad 51 is located radially outwardly of the ver-
tical surface of the wafer W. The movement of the press-
ing pad 51 and the polishing tape 38 in this step 4 is
performed by the radially moving mechanism 45 and the
tape moving mechanism 46.
[0034] In step 5, the pressing pad 51 and the polishing
tape 38 are lowered by the vertically moving mechanism
59. The width of the projecting portion of the polishing
tape 38 in this step 5 may be equal to or larger than the
width of the projecting portion in step 1. In step 6, the
portion (i.e., the projecting portion) of the polishing tape
38 is pressed against an angular portion formed by the
vertical surface and the front surface (i.e., the upper sur-
face) of the wafer W, so that the portion of the polishing
tape 38 is bent upwardly. This angular portion has been
formed on the edge portion of the wafer W in the first
polishing process. In step 7, the pressing pad 51 is
pressed inwardly in the radial direction of the wafer W by
the radially moving mechanism 45 to thereby polish the
vertical surface on the edge portion of the wafer W with
the bent portion of the polishing tape 38 (the second pol-
ishing process). The polishing surface of the bent portion
of the polishing tape 38 contacts the vertical surface on
the wafer edge portion. Therefore, the vertical surface of
the wafer W is polished by the polishing surface of the
polishing tape 38.
[0035] Also in this embodiment, the vertical surface
formed on the edge portion of the wafer W in the first
polishing process is polished by the polishing tape 38 in
the second polishing process. Therefore, the vertical sur-
face can be smoothened. At least one of the first polishing
process and the second polishing process may be per-
formed while moving the polishing tape 38 in its longitu-
dinal direction. In this case, the movement direction of
the polishing tape 38 may be opposite to the movement
direction of the edge portion of the rotating wafer W in
order to increase the polishing rate of the wafer W. In
order to remove the polishing mark, the polishing tape
38 may be moved in the radial direction of the wafer W
while the polishing tape 38 is pressing the edge portion
of the wafer W.
[0036] In the steps 3 and 4 illustrated in FIG. 4, the
polishing tape 38 is once separated from the wafer W.
Alternatively, it is also possible to bend the projecting
portion of the polishing tape 38 while keeping the polish-
ing tape 38 in contact with the edge portion of the wafer
W, as will be described with reference to FIG. 5. FIG. 5
is a diagram illustrating another example of the polishing
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method illustrated in FIG. 4. The first polishing process,
constituted by step 1 and step 2, of this example is the
same as the above-described steps 1 and 2 illustrated
in FIG. 4. After the first polishing process, in step 3, with
the polishing tape 38 in contact with the wafer W, the
pressing pad 51 and the polishing tape 38 are moved
inwardly in the radial direction of the wafer W to press
the projecting portion of the polishing tape 38 against the
vertical surface which has been formed in the first pol-
ishing process on the edge portion of the wafer W, there-
by bending the portion (i.e., the projecting portion) of the
polishing tape 38 upwardly. In step 4, the pressing pad
51 is further pressed inwardly in the radial direction of
the wafer W by the radially moving mechanism 45 to allow
the bent portion of the polishing tape 38 to polish the
vertical surface (the second polishing process).
[0037] The first polishing process (the steps 1 to 3) and
the second polishing process (the steps 4 to 7), illustrated
in FIG. 4, may be performed using different types of pol-
ishing tapes. In such a case, as shown in FIG. 6, a pol-
ishing apparatus including a first polishing unit 25A and
a second polishing unit 25B, having the same construc-
tion, is used. The polishing units 25A, 25B are disposed
symmetrically with respect to the center of the wafer W
held by the wafer holder 3. The polishing units 25A, 25B
have the same construction as the polishing unit 25
shown in FIG. 1, and therefore a duplicate description
thereof is omitted.
[0038] The first polishing unit 25A has a rough first pol-
ishing tape 38A, while the second polishing unit 25B has
a fine second polishing tape 38B. FIG. 7 is a diagram
illustrating a method of polishing a wafer using the pol-
ishing apparatus shown in FIG. 6.
[0039] In step 1, the first polishing tape 38A and the
pressing pad 51 are positioned such that a portion of the
first polishing tape 38A slightly projects from the pressing
pad 51 of the first polishing unit 25A inwardly in the radial
direction of a wafer W. In step 2, the pressing pad 51 is
lowered by the vertically moving mechanism 59 of the
first polishing unit 25A to press the polishing surface of
the first polishing tape 38A against an edge portion of
the rotating wafer W, thereby forming a vertical surface
and a horizontal surface on the edge portion of the wafer
W (first polishing process). During polishing, an inner
edge of the pressing pad 51 is pressed against the edge
portion of the wafer W through the first polishing tape
38A. In step 3, the pressing pad 51 and the first polishing
tape 38A of the first polishing unit 25A are elevated by
the vertically moving mechanism 59, so that the first pol-
ishing tape 38A is separated from the wafer W.
[0040] In step 4, the second polishing tape 38B and
the pressing pad 51 are positioned such that a portion of
the second polishing tape 38B projects from the pressing
pad 51 of the second polishing unit 25B inwardly in the
radial direction of the wafer W. The inner edge of the
second polishing tape 38B is located radially inwardly of
the vertical surface of the wafer W, and the inner edge
of the pressing pad 51 of the second polishing unit 25B

is located radially outwardly of the vertical surface of the
wafer W. A horizontal distance between the inner edge
of the pressing pad 51 of the second polishing unit 25B
and the vertical surface of the wafer W is larger than a
thickness of the second polishing tape 38B.
[0041] In step 5, the pressing pad 51 and the second
polishing tape 38B are lowered by the vertically moving
mechanism 59 of the second polishing unit 25B. In step
6, the projecting portion of the second polishing tape 38B
is pressed against the angular portion formed by the ver-
tical surface and the front surface (i.e., the upper surface)
of the wafer W, so that the portion of the polishing tape
38B is bent upwardly. The angular portion has been
formed on the edge portion of the wafer W in the first
polishing process. In step 7, the pressing pad 51 is
pressed inward in the radial direction of the wafer W by
the radially moving mechanism 45 of the second polish-
ing unit 25B to thereby polish the vertical surface on the
edge portion of the wafer W with the bent portion of the
second polishing tape 38B (second polishing process).
The polishing surface of the bent portion of the second
polishing tape 38B contacts the vertical surface on the
wafer edge portion. Therefore, the vertical surface of the
wafer W can be polished by the polishing surface of the
second polishing tape 38B. At least one of the first pol-
ishing process and the second polishing process may be
performed while moving the polishing tape in its longitu-
dinal direction. In this case, the movement direction of
the polishing tape may be opposite to the movement di-
rection of the edge portion of the rotating wafer W in order
to increase the polishing rate of the wafer W. In order to
remove the polishing mark, the polishing tape 38 may be
moved in the radial direction of the wafer W while the
polishing tape 38 is pressing the edge portion of the wafer
W.
[0042] According to this embodiment, a smooth verti-
cal surface can be formed on the edge portion of a wafer
W by the use of the second polishing tape with fine abra-
sive particles. Furthermore, multi-stage polishing of a wa-
fer W can be performed with use of difference types of
polishing tapes while keeping the wafer W held on the
wafer holder 3. This embodiment has an advantage that
there is no need to transport the wafer W between the
first polishing process and the second polishing process.
This can avoid a centering error of a wafer between the
first polishing process and the second polishing process.
It is also possible to use three or more polishing units.
[0043] A polishing method according to yet another
embodiment will now be described. FIGS. 8A through 8E
are diagrams illustrating the polishing method according
to yet another embodiment. In this embodiment, a pol-
ishing tape polishes an edge portion of a wafer W multiple
times while the polishing tape slides on the edge portion
in the radial direction of the wafer W. More specifically,
as shown in FIG. 8A, with a portion of a polishing tape
38 projecting from the pressing pad 51 inwardly in the
radial direction of the wafer W, the polishing tape 38 is
pressed by the pressing pad 51 against an edge portion
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of the wafer W. Further, while keeping the polishing tape
38 in contact with the edge portion, the polishing tape 38
and the pressing pad 51 are moved inwardly in the radial
direction of the wafer W. As a result, the polishing tape
38 slides on the edge portion and polishes the edge por-
tion until it reaches a predetermined stop position.
[0044] As shown in FIGS. 8B through 8E, the slide-
polishing process of sliding the polishing tape 38 on the
edge portion of the wafer W is repeated in the same way.
Each time the slide-polishing process is performed, the
stop position of the polishing tape 38 is slightly shifted
(by a predetermined distance) inwardly in the radial di-
rection of the wafer W. By thus repeating the slide-pol-
ishing process while slightly shifting the stop position of
the polishing tape 38 in each process, a reverse tapered
surface as shown in FIG. 56 can be formed on the edge
portion of the wafer W. After the polishing tape 38 has
reached the predetermined stop position and before the
next slide-polishing process is started, the pressing pad
51 and the polishing tape 38 may be once separated from
the wafer W and moved to a start position for the next
slide-polishing process, or may slide outwardly in the ra-
dial direction of the wafer W to a start position for the next
slide-polishing process. Also in this embodiment, the
slide-polishing process may be performed while moving
the polishing tape 38 in its longitudinal direction. In this
case, the movement direction of the polishing tape 38
may be opposite to the movement direction of the edge
portion of the rotating wafer W in order to increase the
polishing rate of the wafer W.
[0045] The reverse tapered surface formed on the
edge portion of the wafer W by the slide-polishing process
illustrated in FIGS. 8A through 8E is advantageous in
fabrication of an SOI (Silicon on Insulator) substrate. The
SOI substrate is fabricated by bonding a device wafer
and a silicon wafer together. More specifically, as shown
in FIGS. 9A and 9B, a device wafer W1 and a silicon
wafer W2 are bonded together. After turning over the
laminated wafers, the back surface of the device wafer
W1 is ground by a grinder as shown in FIG. 9C, so that
an SOI substrate as shown in FIG. 9D is obtained. As
can be seen from FIG. 9D, since an end surface of a
device layer on the silicon wafer W2 is the tapered sur-
face, the device layer is unlikely to be chipped.
[0046] FIG. 10 is a diagram illustrating yet another em-
bodiment of a polishing method. With reference to the
construction and the operation of this embodiment which
are the same as those of the above-described embodi-
ments, a duplicate description thereof will be omitted.
This embodiment is the same as the above-described
embodiments in that the polishing tape 38 is disposed
along the tangential direction of a wafer W, but differs
from the above-described embodiments in that the press-
ing pad 51, with its edge coinciding with the edge of the
polishing tape 38, presses the polishing tape 38 against
an edge portion of the wafer W to polish it.
[0047] The polishing method of this embodiment in-
cludes a first polishing process as an initial-stage polish-

ing process, a second polishing process as a high-re-
moval-rate polishing process, and a third polishing proc-
ess as a final-stage polishing process. The first polishing
process is a process of pressing the edge of the polishing
tape 38 against the edge portion of the wafer W by the
pressing pad 51 at a first pressure while rotating the wafer
W. The second polishing process is a process of pressing
the edge of the polishing tape 38 against the edge portion
of the wafer W by the pressing pad 51 at a second pres-
sure, which is higher than the first pressure, while rotating
the wafer W. The third polishing process is a process of
pressing the edge of the polishing tape 38 against the
edge portion of the wafer W by the pressing pad 51 at a
third pressure, which is lower than the second pressure,
while rotating the wafer W. In the first polishing process,
the second polishing process, and the third polishing
process, the edge of the polishing tape 38 is pressed by
the edge of the pressing pad 51 against the edge portion
of the wafer W, whereby the vertical surface and the hor-
izontal surface are formed on the edge portion of the
wafer W.
[0048] The pressure of the polishing tape 38 on the
wafer W and a rotational speed of the wafer W may be
varied in the first polishing process, the second polishing
process, and the third polishing process. For example,
the wafer W may be rotated at a first rotational speed in
the first polishing process, and may be rotated at a sec-
ond rotational speed, which is higher than the first rota-
tional speed, in the second polishing process. The rota-
tional speed of the wafer W in the third polishing process
may be equal to the first rotational speed or the second
rotational speed. The third pressure in the third polishing
process may be equal to the first pressure in the first
polishing process, or lower than the first pressure, or
higher than the first pressure.
[0049] In the first polishing process, the wafer W is
slowly polished with the low pressure. This step can
therefore form a right-angled angular portion on the edge
portion of the wafer W without causing a defect on the
angular portion. In the second polishing process, the wa-
fer W is polished with the high pressure. This step can
therefore shorten the overall polishing time. In the third
polishing process, the wafer W is polished with the low
pressure. This step can therefore improve surface rough-
ness of the edge portion of the wafer W. An additional
polishing process(s) may be performed after the third pol-
ishing process.
[0050] In this embodiment, a flat portion, including the
edge, of the polishing tape 38 is pressed against the edge
portion of the wafer W, with the edge of the polishing tape
38 coinciding with the edge of the pressing pad 51. The
edge of the polishing tape 38 is a right-angled corner,
and the edge of the pressing pad 51 presses this right-
angled corner downwardly against a peripheral portion
of the wafer W. The polished wafer W can therefore have
a right-angled cross-section as shown in FIG. 10. The
first polishing process, the second polishing process, and
the third polishing process may be performed while mov-
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ing the polishing tape 38 in its longitudinal direction. In
this case, the movement direction of the polishing tape
38 may be opposite to the movement direction of the
edge portion of the rotating wafer W in order to increase
the polishing rate of the wafer W.
[0051] FIG. 11 is a schematic view of a polishing ap-
paratus for carrying out yet another embodiment of a pol-
ishing method. Instead of a polishing tape, a fixed abra-
sive (or a grindstone) 39 is used in this embodiment as
the polishing tool for polishing a peripheral portion of a
wafer W. The fixed abrasive 39 has a disk shape and is
secured to a lower surface of a circular pressing member
51. This pressing member 51 is coupled to a motor 65,
so that the fixed abrasive 39 is rotated together with the
pressing member 51 by the motor 65. The motor 65 is
coupled to vertically moving mechanism 59 for moving
the pressing member 51 and the fixed abrasive 39 in a
direction perpendicular to the wafer surface, and the ver-
tically moving mechanism 59 is coupled to radially mov-
ing mechanism 45 for moving the pressing member 51
and the fixed abrasive 39 in the radial direction of the
wafer W.
[0052] FIGS. 12A through 12C are diagrams illustrat-
ing a polishing method using the polishing apparatus
shown in FIG. 11. As shown in FIG. 12A, while rotating
the wafer W, the fixed abrasive 39 and the pressing mem-
ber 51 are rotated about their own axis by the motor 65.
In this state, as shown in FIG. 12B, the rotating pressing
member 51 and the rotating fixed abrasive 39 are lowered
by the vertically moving mechanism 59 to press a lower
surface of the fixed abrasive 39 against the edge portion
of the rotating wafer W, thereby forming a vertical surface
and a horizontal surface on the edge portion of the wafer
W (first polishing process). Thereafter, as shown in FIG.
12C, the rotating pressing member 51 and the rotating
fixed abrasive 39 are pressed inwardly in the radial di-
rection of the wafer W by the radially moving mechanism
45, so that the vertical surface on the wafer edge portion
is polished by a circumferential surface of the fixed abra-
sive 39 (second polishing process). In this manner, it is
possible to use the fixed abrasive 39, such as a grind-
stone, as a polishing tool.
[0053] FIG. 13 is a schematic view illustrating a polish-
ing apparatus for carrying out yet another embodiment
of a polishing method, and FIG. 14 is a plan view of the
polishing apparatus shown in FIG. 13. The polishing ap-
paratus includes wafer holder 3 for holding and rotating
a wafer W as a substrate, pressing pad 51 for pressing
a polishing tape 38 against an edge portion of the wafer
W, pressing device 53 for pressing the pressing pad 51
toward the wafer W, and a tangentially moving mecha-
nism 30 for moving the pressing pad 51 and the pressing
device 53 in a tangential direction of the wafer W. A pneu-
matic cylinder or a combination of a servo motor and a
ball screw can be used as the pressing device 53. A com-
bination of a servo motor and a ball screw can be used
as the tangentially moving mechanism 30.
[0054] The polishing tape 38 is disposed such that its

polishing surface lies parallel to the surface of the wafer
W and faces the edge portion of the wafer W. One surface
(a lower surface) of the polishing tape 38 constitutes the
polishing surface having abrasive particles fixed thereon.
The polishing tape 38 is a long polishing tool, and is dis-
posed along the tangential direction of the wafer W. The
pressing pad 51 is a pressing tool for pressing the pol-
ishing tape 38 against the edge portion of the wafer W,
and is disposed above the edge portion of the wafer W.
A tape stopper 185 for restricting a horizontal movement
of the polishing tape 38 is fixed to the bottom of the press-
ing pad 51. The tape stopper 185 may be omitted.
[0055] FIG. 15 is a diagram illustrating an embodiment
of a polishing method of the present invention. An origin
position of the pressing pad 51 is preset on a center line
CL extending radially from a center Cw of the wafer W.
The origin position is a reference position of the pressing
pad 51 when polishing the edge portion of the wafer W.
A midpoint Cp of an inner edge 51b of the pressing pad
51 in the origin position lies on the center line CL. This
inner edge 51b of the pressing pad 51 is an inner edge
of its pressing surface that presses the polishing tape 38
against the edge portion of the wafer W, i.e., an edge at
an inner side with respect to the radial direction of the
wafer W.
[0056] Polishing of the wafer W is carried out in the
following manner. First, the wafer W is rotated by the
wafer holder 3. The polishing tape 38, with its edge co-
inciding with the edge of the pressing pad 51, is pressed
against the edge portion of the rotating wafer W by the
pressing pad 51 to polish the edge portion of the wafer
W. A portion of the polishing tape 38 may project from
the edge of the pressing pad 51 inwardly in the radial
direction of the wafer W when the polishing tape 38 is
pressed against the edge portion of the rotating wafer W.
The edge of the polishing tape 38 is a right-angled corner,
and the edge of the pressing pad 51 presses this right-
angled corner downwardly against the edge portion of
the wafer W. The polishing surface of the polishing tape
38 when contacting the wafer W is parallel to the surface
of the wafer W. During polishing, the inner edge of the
pressing pad 51 is pressed against the edge portion of
the wafer W through the polishing tape 38. A wafer press-
ing surface (i.e., a substrate pressing surface) of the
pressing pad 51 is a horizontal surface parallel to the
wafer surface. The pressing pad 51 has a wafer pressing
surface (i.e., a substrate pressing surface) which is a
horizontal surface parallel to the wafer surface. This hor-
izontal pressing surface presses the polishing tape 38
against the edge portion of the wafer W to thereby form
the vertical surface and the horizontal surface on the
edge portion of the wafer W.
[0057] However, as described previously, an area of
contact between the polishing tape 38 and the wafer W
differs depending on the radial position in the wafer edge
portion. Consequently, an inner region in the horizontal
surface of the wafer edge portion may be inclined as
shown in FIG. 58. In view of this, in this embodiment the
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pressing pad 51 is displaced by a predetermined distance
from the origin position in the tangential direction which
is perpendicular to the center line CL, as shown in FIG.
16, and the polishing tape 38 is pressed against the wafer
W by the pressing pad 51 in the displaced position. As
can be seen in FIG. 16, by displacing the position of the
pressing pad 51 in the tangential direction of the wafer
W, the area of contact (i.e., a contact length) between
the polishing tape 38 and an outer region in the horizontal
surface of the wafer edge portion can be reduced without
changing the area of contact between the polishing tape
38 and the inner region in the horizontal surface. The
polishing tape 38 can therefore form the flat horizontal
surface as shown in FIG. 158 on the edge portion of the
wafer W. The predetermined distance by which the
pressing pad 51 is displaced is preferably less than half
the length of the pressing pad 51 along the tangential
direction. Such displacement distance of the pressing
pad 51 hardly affects the formation of the innermost ver-
tical surface of the edge portion of the wafer W. The profile
of the horizontal surface can be modified by changing
the distance by which the pressing pad 51 is displaced
from the origin position in the tangential direction perpen-
dicular to the center line CL. For example, a horizontal
surface inclined at a desired angle can be formed by ad-
justing the distance by which the pressing pad 51 is dis-
placed from the origin position.
[0058] The present invention can also be applied to a
polishing method which uses a polishing tape 38 dis-
posed in the radial direction of a wafer W. FIG. 17 is a
schematic view illustrating a polishing apparatus for car-
rying out yet another embodiment of a polishing method
of the present invention, and FIG. 18 is a plan view of
the polishing apparatus shown in FIG. 17. The polishing
apparatus shown in FIGS. 17 and 18 differs from the
polishing apparatus shown in FIGS. 13 and 14 in that the
polishing tape 38 is disposed such that the polishing tape
38 extends along the center line CL (i.e. the polishing
tape 38 extends in the radial direction of the wafer W)
when viewed from above the wafer W. The other con-
structions of the polishing apparatus shown in FIGS. 17
and 18 are the same as those of the polishing apparatus
shown in FIGS. 13 and 14.
[0059] Polishing of the wafer W is carried out in the
following manner. First, the wafer W is rotated by the
wafer holder 3. The polishing tape 38 is pressed against
the edge portion of the rotating wafer W by the pressing
pad 51 to polish the edge portion of the wafer W. During
polishing, the inner edge of the pressing pad 51 is
pressed against the edge portion of the wafer W through
the polishing tape 38.
[0060] FIG. 19 is a diagram illustrating a polishing
method as performed by the polishing apparatus shown
in FIGS. 17 and 18. As with the above-described embod-
iment, the origin position of the pressing pad 51 is preset
on the center line CL extending radially from the center
Cw of the wafer W. The midpoint Cp of the inner edge
51b of the pressing pad 51 in the origin position lies on

the center line CL.
[0061] When polishing the wafer W, the pressing pad
51 is displaced by a predetermined distance from the
origin position in the tangential direction which is perpen-
dicular to the center line CL, as shown in FIG. 20. The
polishing tape 38 is pressed against the wafer W with the
pressing pad 51 in the displaced position. Also according
to this embodiment, the area of contact (i.e., the contact
length) between the polishing tape 38 and the outer re-
gion in the horizontal surface of the wafer edge portion
can be reduced without changing the area of contact be-
tween the polishing tape 38 and the inner region in the
horizontal surface. A flat horizontal surface can therefore
be formed on the edge portion of the wafer W.
[0062] FIG. 21 is a side view schematically showing a
polishing apparatus for carrying out yet another embod-
iment of a polishing method. Instead of the polishing tape,
a fixed abrasive 39, such as a grindstone, is used as the
polishing tool in this embodiment. The fixed abrasive 39
has a disk shape and is secured to a lower surface of a
circular pressing member 51. The pressing member 51
is coupled to a motor 65, so that the fixed abrasive 39 is
rotated together with the pressing member 51 by the mo-
tor 65. The motor 65 is coupled to a pressing device 53
for pressing the fixed abrasive 39 and the pressing mem-
ber 51 toward the wafer W. The pressing device 53 is
coupled to the tangentially moving mechanism 30 for
moving the fixed abrasive 39 and the pressing member
51 in the tangential direction of the wafer W.
[0063] FIG. 22 is a plan view of the wafer W and the
fixed abrasive 39 shown in FIG. 21. When polishing the
wafer W, the fixed abrasive 39 and the pressing member
51 are displaced by a predetermined distance from the
origin position in the tangential direction which is perpen-
dicular to the center line CL, as shown in FIG. 22. The
fixed abrasive 39 is pressed against the wafer W by the
pressing member 51 in the displaced position.
[0064] Next, the details of the polishing apparatus that
can perform the above-discussed embodiments of the
polishing method will be described. FIG. 23 is a plan view
showing a polishing apparatus according to an embodi-
ment, FIG. 24 is a cross-sectional view taken along line
F-F in FIG. 23, and FIG. 25 is a view from a direction
indicated by arrow G in FIG. 24. The polishing apparatus
according to the embodiment includes the wafer holder
3 configured to hold the wafer (substrate) W (i.e., a work-
piece to be polished) horizontally and to rotate the wafer
W. FIG. 23 shows a state in which the wafer holder 3
holds the wafer W. This wafer holder 3 has a holding
stage 4 configured to hold a lower surface of the wafer
W by a vacuum suction, a hollow shaft 5 coupled to a
central portion of the holding stage 4, and a motor M1
for rotating the hollow shaft 5. The wafer W is placed onto
the holding stage 4 such that a center of the wafer W is
aligned with a central axis of the hollow shaft 5.
[0065] The holding stage 4 is located in a polishing
chamber 22 that is defined by a partition 20 and a base
plate 21. The partition 20 has an entrance 20a through
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which the wafer W is transported into and removed from
the polishing chamber 22. This entrance 20a is in the
shape of a horizontal cutout and can be closed with a
shutter 23.
[0066] The hollow shaft 5 is supported by ball spline
bearings (i.e., linear motion bearings) 6 which allow the
hollow shaft 5 to move vertically. The holding stage 4 has
an upper surface with grooves 4a. These grooves 4a
communicate with a communication passage 7 extend-
ing through the hollow shaft 5. The communication pas-
sage 7 is coupled to a vacuum line 9 via a rotary joint 8
provided on a lower end of the hollow shaft 5. The com-
munication passage 7 is also coupled to a nitrogen-gas
supply line 10 for use in releasing the wafer W from the
holding stage 4 after processing. By selectively coupling
the vacuum line 9 and the nitrogen-gas supply line 10 to
the communication passage 7, the wafer W can be held
on the upper surface of the holding stage 4 by the vacuum
suction and can be released from the upper surface of
the holding stage 4.
[0067] A pulley p1 is coupled to the hollow shaft 5, and
a pulley p2 is mounted to a rotational shaft of the motor
M1. The hollow shaft 5 is rotated by the motor M1 through
the pulley p1, the pulley p2, and a belt b1 riding on these
pulleys p1 and p2. The ball spline bearing 6 is a bearing
that allows the hollow shaft 5 to move freely in its longi-
tudinal direction. The ball spline bearings 6 are secured
to a cylindrical casing 12. Therefore, the hollow shaft 5
can move linearly up and down relative to the casing 12,
and the hollow shaft 5 and the casing 12 rotate in unison.
The hollow shaft 5 is coupled to a pneumatic cylinder
(elevating device) 15, so that the hollow shaft 5 and the
holding stage 4 are elevated and lowered by the pneu-
matic cylinder 15.
[0068] Radial bearings 18 are provided between the
casing 12 and the casing 14, so that the casing 12 is
rotatably supported by the radial bearings 18. With these
structures, the wafer holder 3 can rotate the wafer W
about its central axis and can elevate and lower the wafer
W along its central axis.
[0069] A polishing unit 25 for polishing a peripheral por-
tion of the wafer W is provided radially outwardly of the
wafer W held by the wafer holder 3. This polishing unit
25 is located in the polishing chamber 22. As shown in
FIG. 25, the polishing unit 25 in its entirety is secured to
a mount base 27, which is coupled to a polishing-unit
moving mechanism 30 via an arm block 28.
[0070] The polishing-unit moving mechanism 30 has
a ball screw mechanism 31 that holds the arm block 28,
a motor 32 for driving the ball screw mechanism 31, and
a power transmission mechanism 33 that couples the
ball screw mechanism 31 and the motor 32 to each other.
The power transmission mechanism 33 is constructed
by pulleys, a belt, and the like. As the motor 32 operates,
the ball screw mechanism 31 moves the arm block 28 in
directions indicated by arrows in FIG. 25 to thereby move
the polishing unit 25 in its entirety in a tangential direction
of the wafer W. This polishing-unit moving mechanism

30 also serves as oscillation mechanism for oscillating
the polishing unit 25 at a predetermined amplitude and
a predetermined speed.
[0071] The polishing unit 25 includes a polishing head
50 for polishing the periphery of the wafer W using a
polishing tape 38, and a polishing-tape supply and col-
lection mechanism 70 for supplying the polishing tape 38
to the polishing head 50 and collecting the polishing tape
38 from the polishing head 50. The polishing head 50 is
a top-edge polishing head for polishing the top edge por-
tion of the wafer W by pressing a polishing surface of the
polishing tape 38 downwardly against the peripheral por-
tion of the wafer W. The polishing-tape supply and col-
lection mechanism 70 also serves as polishing-tape sup-
porting mechanism for supporting the polishing tape 38
parallel to the surface of the wafer W.
[0072] FIG. 26 is a plan view of the polishing head 50
and the polishing-tape supply and collection mechanism
70, FIG. 27 is a front view of the polishing head 50 and
the polishing-tape supply and collection mechanism 70,
FIG. 28 is a cross-sectional view taken along line H-H in
FIG. 27, FIG. 29 is a side view of the polishing-tape supply
and collection mechanism 70 shown in FIG. 27, and FIG.
30 is a vertical cross-sectional view of the polishing head
50 as viewed from a direction indicated by arrow I in FIG.
27.
[0073] Two linear motion guides 40A and 40B, which
extend parallel to the radial direction of the wafer W, are
disposed on the mount base 27. The polishing head 50
and the linear motion guide 40A are coupled to each other
via a coupling block 41A. Further, the polishing head 50
is coupled to a motor 42A and a ball screw 43A for moving
the polishing head 50 along the linear motion guide 40A
(i.e., in the radial direction of the wafer W). More specif-
ically, the ball screw 43A is secured to the coupling block
41A, and the motor 42A is secured to the mount base 27
through a support member 44A. The motor 42A is con-
figured to rotate a screw shaft of the ball screw 43A, so
that the coupling block 41A and the polishing head 50
(which is coupled to the coupling block 41A) are moved
along the linear motion guide 40A. The motor 42A, the
ball screw 43A, and the linear motion guide 40A consti-
tute a first moving mechanism 45 for moving the polishing
head 50 in the radial direction of the wafer W held on the
wafer holder 3.
[0074] Similarly, the polishing-tape supply and collec-
tion mechanism 70 and the linear motion guide 40B are
coupled to each other via a coupling block 41B. Further,
the polishing-tape supply and collection mechanism 70
is coupled to a motor 42B and a ball screw 43B for moving
the polishing-tape supply and collection mechanism 70
along the linear motion guide 40B (i.e., in the radial di-
rection of the wafer W). More specifically, the ball screw
43B is secured to the coupling block 41B, and the motor
42B is secured to the mount base 27 through a support
member 44B. The motor 42B is configured to rotate a
screw shaft of the ball screw 43B, so that the coupling
block 41B and the polishing-tape supply and collection
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mechanism 70 (which is coupled to the coupling block
41B) are moved along the linear motion guide 40B. The
motor 42B, the ball screw 43B, and the linear motion
guide 40B constitute a tape moving mechanism (a sec-
ond moving mechanism) 46 for moving the polishing tape
38 and the polishing-tape supply and collection mecha-
nism (i.e., the polishing-tape supporting mechanism) 70
in the radial direction of the wafer W held on the wafer
holder 3.
[0075] As shown in FIG. 30, the polishing head 50 has
the pressing pad 51 for pressing the polishing tape 38
against the wafer W, a pad holder 52 that holds the press-
ing pad 51, and the pneumatic cylinder 53 as the pressing
device configured to push down the pad holder 52 (and
the pressing pad 51). The pneumatic cylinder 53 is held
by a holding member 55. Further, the holding member
55 is coupled to a pneumatic cylinder 56 serving as a
lifter via a linear motion guide 54 extending in a vertical
direction. As a gas (e.g., air) is supplied to the pneumatic
cylinder 56 from a non-illustrated gas supply source, the
pneumatic cylinder 56 pushes up the holding member
55, whereby the holding member 55, the pneumatic cyl-
inder 53, the pad holder 52, and.the pressing pad 51 are
elevated along the linear motion guide 54.
[0076] In this embodiment, the vertically-moving
mechanism 59 for moving the pressing pad 51 in the
direction perpendicular to the wafer surface is constituted
by the pneumatic cylinder 53 and the pneumatic cylinder
56. The motor 42A, the ball screw 43A, and the linear
motion guide 40A constitute the first moving mechanism
45, which also serves as radially-moving mechanism for
moving the pressing pad 51 and the vertically-moving
mechanism 59 in the radial direction of the wafer W. Fur-
ther, the polishing-unit moving mechanism 30 serves as
tangentially-moving mechanism for moving the pressing
pad 51 (and the pneumatic cylinder 53 as a pressing
device) in the tangential direction of the wafer W.
[0077] The pneumatic cylinder 56 is secured to a
mount member 57 that is fixed to the coupling block 41A.
The mount member 57 and the pad holder 52 are coupled
to each other via a linear motion guide 58 extending in
the vertical direction. When the pad holder 52 is pushed
down by the pneumatic cylinder 53, the pressing pad 51
is moved downward along the linear motion guide 58 to
thereby press the polishing tape 38 against the peripheral
portion of the wafer W. The pressing pad 51 is made of
resin (e.g., PEEK (polyetheretherketone)), metal (e.g.,
stainless steel), or ceramic (e.g., SiC (silicon carbide)).
[0078] The pressing pad 51 has through-holes 51a ex-
tending in the vertical direction. A vacuum line 60 is cou-
pled to the through-holes 51a. This vacuum line 60 has
a valve (not shown in the drawings) therein. By opening
this valve, a vacuum is produced in the through-holes
51a of the pressing pad 51. When the vacuum is pro-
duced in the through-holes 51a with the pressing pad 51
in contact with an upper surface of the polishing tape 38,
this upper surface of the polishing tape 38 is held on a
lower surface of the pressing pad 51. Only one through-

hole 51a may be provided in the pressing pad 51. The
shape of the through-hole 51a is not limited particularly
so long as the polishing tape 38 is held securely on the
pressing pad 51 via the vacuum suction. For example,
the through-hole 51a may be in the form of slit. One or
more through-holes 51a with different shapes may be
provided.
[0079] The pad holder 52, the pneumatic cylinder 53,
the holding member 55, the pneumatic cylinder 56, and
the mount member 57 are housed in a box 62. A lower
portion of the pad holder 52 projects from a bottom of the
box 62, and the pressing pad 51 is attached to this lower
portion of the pad holder 52. The position sensor 63 for
detecting a vertical position of the pressing pad 51 is
disposed in the box 62. This position sensor 63 is mount-
ed to the mount member 57. A dog 64, which serves as
a sensor target, is provided on the pad holder 52. The
position sensor 63 is configured to detect the vertical po-
sition of the pressing pad 51 based on the vertical position
of the dog 64.
[0080] FIG. 31 is a view of the position sensor 63 and
the dog 64 as viewed from above. The position sensor
63 has a light emitter 63A and a light receiver 63B. When
the dog 64 is lowered together with the pad holder 52
(and the pressing pad 51), a part of light emitted from the
light emitter 63A is interrupted by the dog 64. Therefore,
the position of the dog 64, i.e., the vertical position of the
pressing pad 51, can be detected from a quantity of the
light received by the light receiver 63B. The position sen-
sor 63 shown in FIG. 31 is a so-called transmission optical
sensor. However, other type of position sensor may be
used.
[0081] The polishing-tape supply and collection mech-
anism 70 has a supply reel 71 for supplying the polishing
tape 38 to the polishing head 50 and a collection reel 72
for collecting the polishing tape 38 from the polishing
head 50. The supply reel 71 and the collection reel 72
are coupled to tension motors 73 and 74, respectively.
These tension motors 73 and 74 are configured to apply
predetermined torque to the supply reel 71 and the col-
lection reel 72 to thereby exert a predetermined tension
on the polishing tape 38.
[0082] A polishing-tape advancing mechanism 76 is
provided between the supply reel 71 and the collection
reel 72. This polishing-tape advancing mechanism 76
has a tape-advancing roller 77 for advancing the polish-
ing tape 38, a nip roller 78 that presses the polishing tape
38 against the tape-advancing roller 77, and a tape-ad-
vancing motor 79 for rotating the tape-advancing roller
77. The polishing tape 38 is interposed between the tape-
advancing roller 77 and the nip roller 78. By rotating the
tape-advancing roller 77 in a direction indicated by arrow
in FIG. 27, the polishing tape 38 is advanced from the
supply reel 71 to the collection reel 72.
[0083] The tension motors 73 and 74 and the tape-
advancing motor 79 are mounted to a pedestal 81. This
pedestal 81 is secured to the coupling block 41B. The
pedestal 81 has two support arms 82 and 83 extending
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from the supply reel 71 and the collection reel 72 toward
the polishing head 50. A plurality of guide rollers 84A,
84B, 84C, 84D, and 84E for supporting the polishing tape
38 are provided on the support arms 82 and 83. The
polishing tape 38 is guided by these guide rollers 84A to
84E so as to surround the polishing head 50.
[0084] The extending direction of the polishing tape 38
is perpendicular to the radial direction of the wafer W as
viewed from above. The two guide rollers 84D and 84E,
which are located below the polishing head 50, support
the polishing tape 38 such that the polishing surface of
the polishing tape 38 is parallel to the surface (upper
surface) of the wafer W. Further, the polishing tape 38
extending between these guide rollers 84D and 84E is
parallel to the tangential direction of the wafer W. There
is a gap in the vertical direction between the polishing
tape 38 and the wafer W.
[0085] The polishing apparatus further has a tape-
edge detection sensor 100 for detecting a position of the
edge of the polishing tape 38. This tape-edge detection
sensor 100 is a transmission optical sensor, as well as
the above-described position sensor 63. The tape-edge
detection sensor 100 has a light emitter 100A and a light
receiver 100B. The light emitter 100A is secured to the
mount base 27 as shown in FIG. 26, and the light receiver
100B is secured to the base plate 21 that defines the
polishing chamber 22 as shown in FIG. 24. This tape-
edge detection sensor 100 is configured to detect the
position of the edge of the polishing tape 38 based on a
quantity of the light received by the light receiver 100B.
[0086] As shown in FIG. 32, when polishing the wafer
W, the polishing head 50 and the polishing-tape supply
and collection mechanism 70 are moved to their prede-
termined polishing positions, respectively, by the motors
42A and 42B and the ball screws 43A and 43B. The pol-
ishing tape 38 at the polishing position extends in the
tangential direction of the wafer W as viewed from above
the wafer W. Therefore, the polishing-tape supply and
collection mechanism 70 serves as polishing-tape sup-
porting mechanism for supporting the polishing tape 38
parallel to the surface of the wafer W such that the pol-
ishing tape 38 extends along the tangential direction of
the wafer W.
[0087] FIG. 33 is a schematic view of the pressing pad
51, the polishing tape 38, and the wafer W at their pol-
ishing positions when performing the polishing method
shown in FIG. 3A through FIG. 3D and the polishing meth-
od shown in FIG. 4 and FIG. 7, as viewed from the lateral
direction. As shown in FIG. 33, the polishing tape 38 is
located above the edge portion of the wafer W, and the
pressing pad 51 is located above the polishing tape 38.
FIG. 34 is a view showing a state in which the pressing
pad 51 is pressing the polishing tape 38 against the wafer
W.
[0088] FIG. 35 is a schematic view showing the press-
ing pad 51, the polishing tape 38, and the wafer W when
performing the polishing method shown in FIG. 10 and
FIG. 13 as viewed from the lateral direction, and shows

a state in which the pressing pad 51 presses the polishing
tape 38 against the wafer W. As shown in FIG. 35, the
edge of the pressing pad 51 and the edge of the polishing
tape 38 at their polishing positions coincide with each
other. That is, the polishing head 50 and the polishing-
tape supply and collection mechanism 70 are moved in-
dependently to their respective polishing positions such
that the edge of the pressing pad 51 and the edge of the
polishing tape 38 coincide with each other. In another
embodiment, the edge of the pressing pad 51 and the
edge of the polishing tape 38 may not coincide perfectly
with each other. For example, the edge of the polishing
tape 38 may protrude from the edge of the pressing pad
51 by 20 mm to 100 mm.
[0089] The polishing tape 38 is a long and narrow strip-
shaped polishing tool. Although a width of the polishing
tape 38 is basically constant throughout its entire length,
there may be a slight variation in the width of the polishing
tape 38 in some parts thereof. As a result, the position
of the edge of the polishing tape 38 at its polishing position
may vary from wafer to wafer. On the other hand, the
position of the pressing pad 51 at its polishing position
is constant at all times. Thus, the position of the edge of
the polishing tape 38 is detected by the above-described
tape-edge detection sensor 100 before the polishing tape
38 is moved to its polishing position.
[0090] FIG. 36A through FIG. 36C are views illustrating
operations for detecting the edge of the polishing tape
38. Prior to polishing of the wafer W, the polishing tape
38 is moved from a retreat position shown in FIG. 36A
to a tape-edge detecting position shown in FIG. 36B. In
this tape-edge detecting position, the position of the wa-
fer-side edge of the polishing tape 38 is detected by the
tape-edge detection sensor 100. Then, as shown in FIG.
36C, the polishing tape 38 is moved to the polishing po-
sition such that a part of the polishing tape 38 projects
from the edge of the pressing pad 51 by a predetermined
width or such that the edge of the polishing tape 38 co-
incides with the edge of the pressing pad 51 as shown
in FIG. 35.
[0091] The position of the edge of the pressing pad 51
at the polishing position is stored in advance in the pol-
ishing controller 11 (see FIG. 23). Therefore, the polish-
ing controller 11 can calculate the travel distance of the
polishing tape 38 for allowing the edge of the polishing
tape 38 to coincide with the edge of the pressing pad 51
from the detected edge position of the polishing tape 38
and the edge position of the pressing pad 51. In this man-
ner, the travel distance of the polishing tape 38 is deter-
mined based on the detected position of the edge of the
polishing tape 38. Therefore, the polishing tape 38 can
be moved to a predetermined position regardless of a
variation in the width of the polishing tape 38.
[0092] In the polishing method shown in FIG. 13, a part
of the polishing tape 38 may project from the inner edge
of the pressing pad 51 inwardly in the radial direction of
the wafer W as shown in FIG. 34 when the pressing pad
51 presses the polishing tape 38 against the edge portion
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of the wafer W.
[0093] Next, polishing operations of the polishing ap-
paratus having the above-described structures will be
described. The following operations of the polishing ap-
paratus are controlled by the polishing controller 11
shown in FIG. 23. The wafer W is held by the wafer holder
3 such that a film (e.g., a device layer) formed on the
surface thereof faces upward, and further the wafer W is
rotated about its center. Liquid (e.g., pure water) is sup-
plied to the center of the rotating wafer W from a liquid
supply mechanism (not shown in the drawings). The
pressing pad 51 of the polishing head 50 and the polish-
ing tape 38 are moved to the predetermined polishing
positions, respectively, as shown in FIG. 33.
[0094] FIG. 37A is a view of the polishing tape 38 and
the pressing pad 51 at the polishing positions as viewed
from the radial direction of the wafer W. The pressing
pad 51 shown in FIG. 37A is in an upper position as a
result of being elevated by the pneumatic cylinder 56
(see FIG. 30). In this position, the pressing pad 51 is
located above the polishing tape 38. Subsequently, the
operation of the pneumatic cylinder 56 is stopped and as
a result a piston rod thereof is lowered. The pressing pad
51 is lowered until its lower surface contacts the upper
surface of the polishing tape 38 as shown in FIG. 37B.
In this state, the vacuum is produced in the through-holes
51a of the pressing pad 51 through the vacuum line 60
to enable the lower surface of the pressing pad 51 to hold
the polishing tape 38. While holding the polishing tape
38, the pressing pad 51 is lowered by the pneumatic cyl-
inder 53 (see FIG. 30) to press the polishing surface of
the polishing tape 38 against the peripheral portion of the
wafer W at a predetermined polishing pressure, as shown
in FIG. 37C. The polishing pressure is a pressure applied
from the polishing tape 38 to the edge portion of the wafer
W. The polishing pressure can be adjusted by the pres-
sure of the gas supplied to the pneumatic cylinder 53.
[0095] When the polishing method shown in FIG. 13
is performed, the pressing pad 51 is displaced by a pre-
determined distance from the preset origin position in the
tangential direction as shown in FIG. 16, and the polishing
tape 38 is pressed against the wafer W with the pressing
pad 51 in the displaced position. As can be seen in FIG.
16, by displacing the position of the pressing pad 51 in
the tangential direction of the wafer W, the area of contact
(i.e., the contact length) between the polishing tape 38
and the outer region in the horizontal surface of the wafer
edge portion can be reduced without changing the area
of contact between the polishing tape 38 and the inner
region in the horizontal surface. The polishing tape 38
can therefore form the flat horizontal surface on the edge
portion of the wafer W.
[0096] The edge portion of the wafer W is polished by
the sliding contact between the rotating wafer W and the
polishing tape 38. In order to increase the polishing rate
of the wafer W, the polishing tape 38 and the pressing
pad 51 may be oscillated in the tangential direction of the
wafer W by the polishing-unit moving mechanism (tan-

gentially-moving mechanism) 30 during polishing of the
wafer W. During polishing, the liquid (e.g., pure water) is
supplied onto the center of the rotating wafer W, so that
the wafer W is polished in the presence of the water. The
liquid, supplied to the wafer W, spreads over the upper
surface of the wafer W in its entirety via a centrifugal
force. This liquid can prevent polishing debris from con-
tacting devices of the wafer W. As described above, dur-
ing polishing, the polishing tape 38 is held on the pressing
pad 51 by the vacuum suction. Therefore, a relative
change in position between the polishing tape 38 and the
pressing pad 51 is prevented. As a result, a polishing
position and a polishing profile can be stable. Further,
even when the polishing pressure is increased, the rel-
ative position between the polishing tape 38 and the
pressing pad 51 does not change. Therefore, a polishing
time can be shortened.
[0097] The vertical position of the pressing pad 51 dur-
ing polishing of the wafer W is detected by the position
sensor 63. Therefore, a polishing end point can be de-
tected from the vertical position of the pressing pad 51.
For example, polishing of the edge portion of the wafer
W can be terminated when the vertical position of the
pressing pad 51 has reached a predetermined target po-
sition. This target position is determined according to a
target amount of polishing.
[0098] When polishing of the wafer W is terminated,
supply of the gas to the pneumatic cylinder 53 is stopped,
whereby the pressing pad 51 is elevated to the position
shown in FIG. 37B. At the same time, the vacuum suction
of the polishing tape 38 is stopped. Further, the pressing
pad 51 is elevated by the pneumatic cylinder 56 to the
position shown in FIG. 37A. The polishing head 50 and
the polishing-tape supply and collection mechanism 70
are moved to the retreat positions shown in FIG. 26. The
polished wafer W is elevated by the wafer holder 3 and
transported to the exterior of the polishing chamber 22
by hands of a non-illustrated transporting device. Before
polishing of the next wafer is started, the polishing tape
38 is advanced from the supply reel 71 to the collection
reel 72 by a predetermined distance by the tape-advanc-
ing mechanism 76, so that a new polishing surface is
used for polishing of the next wafer. When the polishing
tape 38 is estimated to be clogged with the polishing de-
bris, the polished wafer W may be polished again with
the new polishing surface after the polishing tape 38 is
advanced by the predetermined distance. Clogging of
the polishing tape 38 can be estimated from, for example,
the polishing time and the polishing pressure.
[0099] Polishing of the wafer W may be performed
while advancing (or moving) the polishing tape 38 in its
longitudinal direction at a predetermined speed by the
tape-advancing mechanism 76. In order to increase the
polishing rate of the wafer W, the movement direction of
the polishing tape 38 may be opposite to the movement
direction of the edge portion of the rotating wafer W. It is
also possible to advance the polishing tape 38 in its lon-
gitudinal direction by the polishing-tape advancing mech-
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anism 76 while holding the polishing tape 38 on the press-
ing pad 51 by the vacuum suction. In some situations,
the polishing tape 38 may not be held on the pressing
pad 51 by the vacuum suction.
[0100] As shown in FIG. 38A, when an increased pol-
ishing pressure is exerted on the wafer W, the wafer W
may be greatly bent by the polishing pressure of the
pressing pad 51, and as a result, an oblique polished
surface may be formed on the wafer W as shown in FIG.
38B. Thus, in an embodiment shown in FIG. 39 a sup-
porting stage 180 for supporting a lower surface of the
peripheral portion of the wafer W is provided in the wafer
holder 3. The same parts as those shown in FIG. 24 will
not be described below repetitively. The supporting stage
180 is fixed to a supporting stage base 181. This sup-
porting stage base 181 is fixed to the upper end of the
casing 12 and rotates in unison with the casing 12. Ac-
cordingly, the supporting stage 180 rotates in unison with
the casing 12 and the holding stage 4.
[0101] The supporting stage 180 has an inverted trun-
cated cone shape as shown in FIG. 40 for supporting the
lower surface of the peripheral portion of the wafer W in
its entirety. The lower surface of the peripheral portion
of the wafer W supported by the supporting stage 180 is
a region including at least the bottom edge portion E2
shown in FIG. 52A and FIG. 52B. The supporting stage
180 has an annular upper surface 180a that provides a
supporting surface for supporting the lower surface of
the peripheral portion of the wafer W. When the wafer W
is polished, an outermost edge of the supporting stage
180 and an outermost edge of the wafer W approximately
coincide with each other.
[0102] Use of such supporting stage 180 can prevent
the wafer W from being bent when the pressing pad 51
presses the polishing tape 38 against the wafer W. There-
fore, the polishing tape 38 can polish the edge portion of
the wafer W to form the vertical surface and the horizontal
surface on the edge portion of the wafer W. Because the
supporting stage 180 supports the lower surface of the
peripheral portion of the wafer W in its entirety, the pol-
ishing tape 38 can polish the peripheral portion of the
wafer W uniformly, compared with a case of using a con-
ventional wafer supporting structure that supports only a
part of the wafer.
[0103] The ball spline bearings 6 are disposed be-
tween the hollow shaft 5 and the casing 12, so that the
hollow shaft 5 can move up and down relative to the cas-
ing 12. Therefore, the holding stage 4 coupled to an upper
end of the hollow shaft 5 can move up and down relative
to the casing 12 and the supporting stage 180. FIG. 41
shows a state in which the holding stage 4 and the wafer
W held on the upper surface of the holding stage 4 are
elevated relative to the supporting stage 180.
[0104] The polishing tape 38 may receive a horizontal
load due to contact with the wafer W or an influence of
the shape of the peripheral portion of the wafer W. As a
result, the polishing tape 38 may be forced to move out-
wardly of the wafer W. Thus, tape stopper 185 for re-

stricting a horizontal movement of the polishing tape 38
is provided on the pressing pad 51 as shown in FIG. 42.
The tape stopper 185 is arranged outwardly of the pol-
ishing tape 38 with respect to the radial direction of the
wafer W so as to restrict an outward movement of the
polishing tape 38. This tape stopper 185 can prevent the
polishing tape 38 from moving outwardly of the wafer W.
Therefore, a polishing profile and a polishing width of the
wafer W can be stable.
[0105] When the tape stopper 185 receives the out-
ward movement of the polishing tape 38, the polishing
tape 38 may be distorted as shown in FIG. 43. Thus, in
an embodiment shown in FIG. 44, in order to prevent the
distortion of the polishing tape 38, a tape cover 186 is
provided in proximity to the polishing surface of the pol-
ishing tape 38. The tape cover 186 is secured to the tape
stopper 185 and is arranged so as to cover a most part
of the polishing surface of the polishing tape 38. The tape
cover 186 is located below the polishing tape 38 such
that a small gap dg is formed between the polishing sur-
face of the polishing tape 38 and an upper surface of the
tape cover 186. The polishing tape 38 is arranged be-
tween the pressing pad 51 and the tape cover 186. By
providing such tape cover 186, the polishing tape 38 can
be prevented from being distorted and can be kept flat.
Therefore, the polishing profile and the polishing width
of the wafer W can be stable.
[0106] As shown in FIG. 44, the polishing tape 38 is
located in a space surrounded by the pressing pad 51,
the tape stopper 185, and the tape cover 186. A gap h
between the lower surface of the pressing pad 51 and
the upper surface of the tape cover 186 is larger than a
thickness of the polishing tape 38. A gap dg between the
polishing tape 38 and the tape cover 186 is smaller than
a thickness of the wafer W.
[0107] The tape cover 186 has an inner side surface
186a located outwardly of the edge 51b of the pressing
pad 51 with respect to the radial direction of the wafer
W. Therefore, the polishing surface of the polishing tape
38 is exposed by a distance dw between the edge of the
polishing tape 38 and the inner side surface 186a of the
tape cover 186. Polishing of the wafer W is performed
with this exposed polishing surface.
[0108] In the structures shown in FIG. 44, the tape stop-
per 185 receives the horizontal load acting on the polish-
ing tape 38. As a result, the pressing pad 51 may move
outwardly together with the polishing tape 38. Such a
movement of the pressing pad 51 destabilizes the pol-
ishing profile and the polishing width. Thus, in an embod-
iment shown in FIG. 45, a movement-restricting mecha-
nism for restricting the outward movement of the pressing
pad 51 is provided. This movement-restricting mecha-
nism has a projecting member 190 fixed to the pressing
pad 51 and further has a side stopper 191 for restricting
a horizontal movement of this projecting member 190. In
this embodiment, a plunger is used as the projecting
member 190.
[0109] The side stopper 191 is disposed outwardly of

27 28 



EP 2 711 131 A2

16

5

10

15

20

25

30

35

40

45

50

55

the plunger (projecting member) 190 with respect to the
radial direction of the wafer W so as to receive an outward
movement of the plunger 190. The side stopper 191 is
secured to the lovex surface of the box 62 of the polishing
head 50, so that a position of the side stopper 191 is
fixed. The plunger 190 and the side stopper 191 are ar-
ranged in proximity to each other, and a gap dr between
the plunger 190 and the side stopper 191 is in a range
of 10 mm to 100 mm. With this structure, when the press-
ing pad 51 moves outwardly upon receiving the horizontal
load from the polishing tape 38 during polishing, the
plunger 190 is brought into contact with the side stopper
191, whereby the outward movements of the pressing
pad 51 and the polishing tape 38 are restricted. There-
fore, the polishing profile and the polishing width of the
wafer W can be stable.
[0110] The embodiments shown in FIG. 39 through
FIG. 4-5 can be combined in an appropriate manner. For
example, FIG. 46 shows an example in which the sup-
porting stage 180 shown in FIG. 39 and the polishing
head 50 shown in FIG. 45 are combined. This structure
shown in FIG. 46 can prevent the deflection of the wafer
W and can further prevent the movement and the distor-
tion of the polishing tape 38.
[0111] FIG. 47 is a plan view of a polishing apparatus
having a plurality of polishing units. This polishing appa-
ratus includes first polishing unit 25A and :second pol-
ishing unit 25B disposed in the polishing chamber 22.
The polishing units 25A, 25B have the same construction
as the above-discussed polishing unit 25 and a duplicate
description thereof is omitted. The polishing units 25A,
25B are disposed symmetrically with respect to the cent-
er of the wafer W held by the wafer holder 3. A first pol-
ishing-unit moving mechanism (not shown) is provided
for moving the first polishing unit 25A, and a second pol-
ishing-unit moving mechanism (not shown) is provided
for moving the second polishing unit 25B. These first and
second polishing-unit moving mechanisms have the
same configurations as those of the above-discussed
polishing-unit moving mechanism 30.
[0112] The first polishing unit 25A and the second pol-
ishing unit 25B may use different types of polishing tapes.
For example, the first polishing unit 25A may perform
rough polishing of the wafer W, and the second polishing
unit 25B may perform finish polishing of the wafer W. The
polishing method shown in FIG. 7 can be performed with
use of the polishing apparatus shown in FIG. 47.
[0113] Next, the details of the polishing apparatus that
can perform the above-discussed embodiments of the
polishing method shown in FIG. 19 and FIG. 20 will be
described. FIG. 48 is a plan view showing the polishing
apparatus, and FIG. 49 is a vertical cross-sectional view
of the polishing apparatus shown in FIG. 48. As shown
in FIG. 48 and FIG. 49, the polishing apparatus includes
a polishing head assembly 111 configured to press pol-
ishing tape 38 against the edge portion of the wafer W
so as to polish the edge portion, and a polishing-tape
supply and collection mechanism 112 for supplying the

polishing tape 38 to the polishing head assembly 111.
The polishing head assembly 111 is located in the pol-
ishing chamber 22, while the polishing-tape supply and
collection mechanism 112 is located outside the polishing
chamber 22.
[0114] The polishing-tape supply and collection mech-
anism 112 has a supply reel 124 for supplying the pol-
ishing tape 38 to the polishing head assembly 111, and
a collection reel 125 for collecting the polishing tape 38
that has been used in polishing of the wafer W. Motors
129 and 129 are coupled to the supply reel 124 and the
collection reel 125, respectively (FIG. 48 shows only the
motor 129 coupled to the supply reel 124). The motors
129 and 129 are configured to apply predetermined
torque to the supply reel 124 and the collection reel 125
so as to exert a predetermined tension on the polishing
tape 38.
[0115] The polishing head assembly 111 has a polish-
ing head 131 for pressing the polishing tape 38 against
the peripheral portion of the wafer W. The polishing tape
38 is supplied to the polishing head 131 such that the
polishing surface of the polishing tape 38 faces the wafer
W. The polishing tape 38 is supplied to the polishing head
131 from the supply reel 124 through an opening 20b
formed in the partition 20, and the polishing tape 38 that
has been used in polishing of the wafer is recovered by
the collection reel 125 through the opening 20b.
[0116] The polishing head 131 is secured to one end
of an arm 135, which is rotatable about an axis Ct ex-
tending parallel to the tangential direction of the wafer
W. The other end of the arm 135 is coupled to a motor
138 via pulleys p3 and p4 and a belt b2. As the motor
138 rotates in a clockwise direction and a counterclock-
wise direction through a certain angle, the arm 135 ro-
tates about the axis Ct through a certain angle. In this
embodiment, the motor 138, the arm 135, the pulleys p3
and p4, and the belt b2 constitute a tilting mechanism for
tilting the polishing head 131 with respect to the surface
of the wafer W.
[0117] The tilting mechanism is mounted to a movable
base 140. This movable base 140 is coupled to the pol-
ishing-unit moving mechanism (the tangentially-moving
mechanism) 30, so that the polishing head 131 and the
polishing tape 38 supported thereon can move in the tan-
gential direction of the wafer W. The polishing-tape sup-
ply and collection mechanism 112 is secured to the base
plate 21.
[0118] FIG. 50 is an enlarged view of the polishing head
131 shown in FIG. 49. As shown in FIG. 50, the polishing
head 131 has pressing pad 51 for pressing the polishing
tape 38 against the edge portion of the wafer W, and
pneumatic cylinder 53 as a pressing device for pressing
the polishing tape 38 toward the wafer W. The polishing
head 131 further has a tape-advancing mechanism 151
configured to advance the polishing tape 38 from the sup-
ply reel 124 to the collection reel 125. The polishing head
131 has plural guide rollers 153A, 153B, 153C, 153D,
153E, 153E, and 153G, which guide the travel direction
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of the polishing tape 38.
[0119] The tape-advancing mechanism 151 of the pol-
ishing head 131 includes a tape-advancing roller 151a,
a nip roller 151b, and a motor 151 c configured to rotate
the tape-advancing roller 151a. The motor 151c is mount-
ed to a side surface of the polishing head 131. The tape-
advancing roller 151a is provided on a rotational shaft of
the motor 151 c. The nip roller 151b is adjacent to the
tape-advancing roller 151a. The nip roller 151b is sup-
ported by a non-illustrated mechanism, which biases the
nip roller 151b in a direction indicated by arrow NF in
FIG. 50 (i.e., in a direction toward the tape-advancing
roller 151a) so as to press the nip roller 151b against the
tape-advancing roller 151a.
[0120] As the motor 151c rotates in a direction indicat-
ed by arrow in FIG. 50, the tape-sending roller 151a is
rotated to send the polishing tape 38 from the supply reel
124 to the collection reel 125 via the polishing head 131.
The nip roller 151b is configured to be rotatable about its
own axis.
[0121] The pressing pad 51 is located at the rear side
of the polishing tape 38 and the pneumatic cylinder 53
is configured to move the pressing pad 51 toward the
peripheral portion of the wafer W. The polishing load on
the wafer W is regulated by controlling air pressure sup-
plied to the pneumatic cylinder 53.
[0122] When polishing the edge portion of the wafer
W, the polishing head 131 is inclined upwardly by the
above-discussed tilting mechanism until the wafer press-
ing surface of the pressing pad 51 is parallel to the surface
of the wafer W, as shown in FIG. 51. The polishing tape
38 is then pressed against the edge portion of the wafer
W by the pressing pad 51 to polish the edge portion. The
two guide rollers 153D, 153E, which are arranged at both
sides of the pressing pad 51, serve as the polishing-tape
supporting mechanism for supporting the polishing tape
38 such that the polishing tape 38 extends along the cent-
er line CL (see FIG. 20) as viewed from above the wafer
W.
[0123] When polishing of the wafer W is performed,
the pressing pad 51 is displaced by a predetermined dis-
tance from the preset origin position in the tangential di-
rection as shown in FIG. 20, and the polishing tape 38 is
pressed against the wafer W with the pressing pad 51 in
the displaced position. As can be seen in FIG. 20, by
displacing the position of the pressing pad 51 in the tan-
gential direction of the wafer W, the area of contact (i.e.,
the contact length) between the polishing tape 38 and
the outer region in the horizontal surface of the wafer
edge portion can be reduced without changing the area
of contact between the polishing tape 38 and the inner
region in the horizontal surface. The polishing tape 38
can therefore form the flat horizontal surface on the edge
portion of the wafer W.
[0124] The previous description of embodiments is
provided to enable a person skilled in the art to make and
use the present invention. Moreover, various modifica-
tions to these embodiments will be readily apparent to

those skilled in the art, and the generic principles and
specific examples defined herein may be applied to other
embodiments. Therefore, the present invention is not in-
tended to be limited to the embodiments described herein
but is to be accorded the widest scope as defined by
limitation of the claims.

Claims

1. A polishing method, comprising:

rotating a substrate;
performing a first polishing process of pressing
a polishing tape against an edge portion of the
substrate by a pressing member, with a portion
of the polishing tape projecting from the pressing
member inwardly in a radial direction of the sub-
strate, to polish the edge portion of the substrate
and bend the portion of the polishing tape along
the pressing member; and
performing a second polishing process of press-
ing the bent portion of the polishing tape inwardly
in the radial direction of the substrate by the
pressing member to further polish the edge por-
tion of the substrate.

2. The polishing method according to claim 1, wherein
the bent portion of the polishing tape is longer than
a depth of a polished portion formed on the edge
portion of the substrate in the first polishing process.

3. The polishing method according to claim 1, wherein
at least one of the first polishing process and the
second polishing process is performed while moving
the polishing tape in its longitudinal direction.

4. The polishing method according to claim 3, wherein
a movement direction of the polishing tape is oppo-
site to a movement direction of the edge portion of
the rotating substrate.

5. The polishing method according to claim 1, wherein:

the polishing tape used in the first polishing proc-
ess is a rough polishing tape; and
the second polishing process is performed with
use of a fine polishing tape, instead of the rough
polishing tape.

6. A polishing method, comprising:

rotating a substrate;
performing a first polishing process of pressing
a polishing tape against an edge portion of the
substrate by a pressing member, with a portion
of the polishing tape projecting from the pressing
member inwardly in a radial direction of the sub-
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strate, to polish the edge portion of the substrate;
after the first polishing process, pressing the por-
tion of the polishing tape against the edge por-
tion of the substrate to bend the portion of the
polishing tape along the pressing member; and
performing a second polishing process of press-
ing the bent portion of the polishing tape inwardly
in the radial direction of the substrate by the
pressing member to further polish the edge por-
tion of the substrate.

7. The polishing method according to claim 6, wherein
at least one of the first polishing process and the
second polishing process is performed while moving
the polishing tape in its longitudinal direction.

8. The polishing method according to claim 7, wherein
a movement direction of the polishing tape is oppo-
site to a movement direction of the edge portion of
the rotating substrate.

9. A polishing method, comprising:

rotating a substrate;
performing a first polishing process of pressing
a first polishing tape against an edge portion of
the substrate by a first pressing member, with a
portion of the first polishing tape projecting from
the first pressing member inwardly in a radial
direction of the substrate, to polish the edge por-
tion of the substrate;
performing positioning of a second polishing
tape and a second pressing member such that
a portion of the second polishing tape projects
from the second pressing member inwardly in
the radial direction of the substrate;
pressing the portion of the second polishing tape
against an angular portion formed on the edge
portion of the substrate to bend the portion of
the second polishing tape along the second
pressing member, the angular portion having
been formed in the first polishing process; and
performing a second polishing process of press-
ing the bent portion of the second polishing tape
inwardly in the radial direction of the substrate
by the second pressing member to further polish
the edge portion of the substrate.

10. The polishing method according to claim 9, wherein
performing the positioning comprises performing po-
sitioning of the second polishing tape and the second
pressing member such that an edge of the second
pressing member is located radially outwardly of a
vertical surface that has been formed on the edge
portion of the substrate in the first polishing process
and a horizontal distance between the edge of the
second pressing member and the vertical surface is
larger than a thickness of the second polishing tape.

11. The polishing method according to claim 9, wherein:

the first polishing tape is a rough polishing tape;
and
the second polishing tape is a fine polishing
tape.

12. The polishing method according to claim 9, wherein
the first polishing process is performed while moving
the first polishing tape in its longitudinal direction.

13. The polishing method according to claim 12, wherein
a movement direction of the first polishing tape is
opposite to a movement direction of the edge portion
of the rotating substrate.

14. The polishing method according to claim 9, wherein
the second polishing process is performed while
moving the second polishing tape in its longitudinal
direction.

15. The polishing method according to claim 14, wherein
a movement direction of the second polishing tape
is opposite to a movement direction of the edge por-
tion of the rotating substrate.

16. A polishing method, comprising:

rotating a substrate;
performing a first polishing process of pressing
a polishing tool against an edge portion of the
substrate to polish the edge portion of the sub-
strate; and
after the first polishing process, performing a
second polishing process of pressing the polish-
ing tool inwardly in the radial direction of the sub-
strate to further polish the edge portion of the
substrate.

17. A polishing method, comprising:

rotating a substrate;
performing a slide-polishing process of pressing
a polishing tape against an edge portion of the
substrate by a pressing member while moving
the polishing tape and the pressing member in-
wardly in a radial direction of the substrate until
the polishing tape reaches a predetermined stop
position;
repeating the slide-polishing process; and
shifting slightly the stop position inwardly in the
radial direction of the substrate each time the
slide-polishing process is performed.

18. A polishing method, comprising:

locating a pressing member in a position dis-
placed in a tangential direction of a substrate by
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a predetermined distance from an origin position
that lies on a center line extending in a radial
direction from a center of the substrate, said tan-
gential direction being perpendicular to the cent-
er line;
rotating the substrate; and
pressing a polishing tape against an edge por-
tion of the substrate by the pressing member in
the displaced position to form a horizontal sur-
face on the edge portion of the substrate.

19. The polishing method according to claim 18, wherein
a midpoint of an inner edge of the pressing member
in the origin position lies on the center line.

20. The polishing method according to claim 18, wherein
a polishing surface of the polishing tape when con-
tacting the substrate is parallel to a surface of the
substrate.

21. The polishing method according to claim 18, wherein
the predetermined distance is less than half a length
of the pressing member along the tangential direc-
tion.

22. The polishing method according to claim 18, wherein
the polishing tape extends in the tangential direction
when viewed from above the substrate.

23. The polishing method according to claim 22, wherein
pressing of the polishing tape comprises, with an
edge of the pressing member coinciding with an
edge of the polishing tape, pressing the polishing
tape against the edge portion of the substrate by the
edge of the pressing member in the displaced posi-
tion.

24. The polishing method according to claim 22, wherein
pressing of the polishing tape comprises, with a por-
tion of the polishing tape projecting from an edge of
the pressing member, pressing the polishing tape
against the edge portion of the substrate by the
pressing member in the displaced position.

25. The polishing method according to claim 18, wherein
the polishing tape extends along the center line when
viewed from above the substrate.

26. A polishing method, comprising:

locating a polishing tool in a position displaced
in a tangential direction of a substrate by a pre-
determined distance from an origin position that
lies on a center line extending in a radial direction
from a center of the substrate, said tangential
direction being perpendicular to the center line;
rotating the substrate; and
pressing the polishing tool in the displaced po-

sition against an edge portion of the substrate
to form a horizontal surface on the edge portion
of the substrate.
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