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Flatness is quantified in terms of a global flatness variation parameter (for
example, total thickness variation ("TTV")) or in terms of a local site flatness variation
parameter (e.g., Site Total Indicated Reading ("STIR") or Site Focal Plane Deviation
("SFPD")) as measured against a reference plane of the wafer (e.g., Site Best Fit Reference

20 Plane). STIR is the sum of the maximum positive and negative deviations of the surface
in a small area of the wafer from a reference plane, referred to as the "focal" plane. SFQR
is a specific type of STIR measurement, as measured from the front side best fit reference
plane. A more detailed discussion of the characterization of wafer flatness can be found in
F. Shimura, Semiconductor Silicon Crystal Technology 191-195 (Academic Press 1989).

25 Presently, flatness parameters of the polish surfaces of single side polished wafers are
typically acceptable within a central portion of most wafers, but the flatness parameters
become unacceptable near the edges of the wafers, as described below.

The construction of conventional polishing machines contributes to unacceptable
flatness measurements near the wafer’s edge. Polishing machines typically include an

30 annular polishing pad mounted on a turntable for driven rotation about a vertical axis
passing through the center of the pad. The wafers are fixedly mounted on pressure plates
above the polishing pad and lowered into polishing engagement with the rotating polishing
pad. A polishing slurry, typically including chemical polishing agents and abrasive
particles, is applied to the pad for greater polishing interaction between the polishing pad

35 and the wafer.

In order to achieve the degree of polishing needed, a substantial normal force
presses the wafers into engagement with the pad. The coefficient of friction between the
pad and wafer creates a significant lateral force on the wafer. This lateral force can give
rise to certain distortions in the polish, such as by creating a vertical component of the
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assemblies are an Impro men% over traEhtlongY%a?l andSbdke! gonﬁg%ratlons because the
gimbal point of the mechanism is at a point below the bearing, nearer the interface
15 between the wafer and the polishing pad. As the polishing pad rotates beneath the
polishing head, friction between the pad and the wafer create horizontal forces on the head,
creating a moment on the head. This moment cants the polishing head with respect to the
pad, applying greater force to the leading edge of the head. By lowering the pivot point of
the polishing head toward a work surface of the polishing pad, or slightly below the
20 surface, the torque moment applied to the polishing head by frictional forces is either
minimized, eliminated or imparted in a more desirable direction. Control of this moment
results in more uniform polishing pressure at all points on the wafer and in more uniform
wear of the polishing pad. Wafers polished with a gimbal point near the work surface
exhibit superior flatness characteristics, particularly near the outer edge of the wafer where
25 conventional polishing processes exhibit characteristic “roll-off” and near the center of the
wafer where slurry starvation may occur. Roll-off occurs in polishers having a gimbal -
point above the work surface where the torque on the polishing head due to friction presses
the leading edge of the polishing head, and the wafer, into the polishing pad. Shury
starvation occurs when the leading edge of the wafer and head press into the polishing pad,
30 pushing the slurry forward and inhibiting the slurry from flowing between the pad and the
wafer. Despite these improvements in the prior art, the edge of the wafer may still exhibit
unacceptable roll-off and the center of the wafer may be insufficiently polished.
Controlling wafer rotation while lowering the gimbal point to at or below the work
surface is more desirable, because controlling the gimbal point of the mechanism and the
35 rotational speed of both the polishing pad and the wafer allows more control over the
~wafer polishing process. Freely rotating polishing heads, in contrast, provide little control
over the polishing process, as the polishing head and wafer simply rotate in response to
frictional forces between the wafer and the polishing pad. Frictional forces can change
between wafers and from one polishing machine to the next (due to turntable and drive
40 mechanism misalignment, for instance), varying the rotational speed of the polishing head
and the characteristics of the wafer polish. This process can lead to uneven polishing
between wafers and cause increased degradation of the interior of the polishing pad. Since
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25 connected to the drive mechanism for driven rotation of the polishing head is adapied to

hold at least one wafer for engaging a front surface of the wafer with the work surface of
the polishing pad. A spherical bearing assembly mounts the polishing head on the drive
mechanism for pivoting of the polishing head about a gimbal point lying no higher than
the interface of the front surface of the wafer and the work surface when the polishing

30 head holds the wafer in engagement with the polishing pad. This pivoting allows the
plane of the front surface of the wafer to continuously align itself to equalize polishing
pressure over the front surface of the wafer, while rotation of the polishing head is driven
by the driving mechanism. This maintains the front surface and work surface ina
continuously parallel relationship for more uniform polishing of a semiconductor wafer.

35 In another aspect of the present invention, a method of polishing a semiconductor
wafer generally comprises placing the semiconductor wafer in a polishing head of a wafer
polishing apparatus and driving rotation of a polishing pad on a turntable of the polishing
apparatus about a first axis. Rotation of the polishing head is driven generally about a
second axis non-coincident with the first axis. The wafer held by the polishing head is

40 positioned so that a front surface of the wafer engages a work surface of the polishing pad
and is urged against the polishing pad. The polishing head is held for free pivoting
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Other objects and features of the present invention will be in part apparent and in
part pointed out hereinafier.
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Brief Description of the Drawings ,
20 FIG. 1 is a schematic side elevation of a conventional wafer polishing apparatus;

FIG. 1A is a schematic side elevation of the wafer polishing apparatus of FIG. 1
inside a non-contamination booth;’
FIG. 1B is a schematic side elevation and partial section of the wafer polishing
apparatus of the present invention;
25 FIG. 2 is an enlarged, fragmentary schematic of the wafer polishing apparatus
showing a polishing head thereof in section;
FIG. 2A is graph depicting a comparison of the total linear distance the wafer
travels over each point on the polishing pad for different polishing head rotational speeds;
FIG. 3 is an enlarged, fragmentary section of a second embodiment of the
30 polishing head of the present invention;
FIG. 4 is an enlarged, fragmentary section of a third embodiment of the polishing
head of the present invention;
FIG. 4A is a perspective view of a wafer carrier;
FIG. § is a schematic of a 200 millimeter (7.9 inches) diameter wafer divided into
35 sites;
FIG. 6 is a graph depicting the largest SFQR value for any partial site on each
wafer of a set of wafers polished on a conventional wafer polisher;
FIG. 7 is a graph depicting the largest SFQR value for any partial site on each
wafer of a set of wafers polished on a wafer polisher of the present invention;
40 FIG. 8 is a graph depicting the average of the SFQR values for all partial sites on
each wafer of the set polished on a conventional wafer polisher;
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of each wafer polished on a conventional wafer polisher; and

25 FIG 16 is a graph depicting the percentile difference between the maximum SFQR
value for any partial site of each wafer and the maximum SFQR value for any whole site
of each wafer polished on a wafer polisher of the present invention.
Corresponding reference characters indicate corresponding parts throughout the

several views of the drawings.

30  Detailed Description of the Preferred Embodiments
Referring now to the figures, and specifically FIG. 1, a schematic of a conventional

wafer polishing apparatus, generally indicated at 15, includes a mounting shaft 16, a
polishing head 17, a wafer 18 and a polishing pad 19. The shaft 16, polishing head 17 and
wafer 18 rotate about a vertical axis, as the wafer is pressed into the polishing pad 19 to

35 polish the wafer. As will be discussed in greater detail below, the polishing head 17 must
pivot with respect to the shaft 16, so that the wafer 18 may remain in flatwise engagemc?nt
with the polishing pad 19. The polishing head 17 and wafer 18 are mounted to pivot with
respect to the shaft 16 about a gimbal point P. In many conventional polishers, including
the schematic of FIG. 1, the gimbal point P is located well above the interface of the wafer

40 18 and the polishing pad 19. The distance from the pad 19 to the gimbal point P is often
as large a several inches, such as the two inch distance depicted in FIG. 1.
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i nsidde a serBisondunternyafar 35 nT hequlishing pad 29 is preferably adhesive-backed for securing
the pad to the turntable 27. The turntable and polishing pad 29 rotate conjointly relative to
the base 23 about an axis A perpendicular to the turntable and polishing pad. The opposite
side of the polishing pad comprises a work surface 37 engageable with a front surface 39
of the semiconductor wafer 35. During polishing, the polishing pad 29 is designed to
20 receive a continuous supply of polishing slurry. The polishing slurry is delivered to the
pad 29 via a slurry delivery system (not shown). Polishing pads 29, polishing slurry, and
slurry delivery systems are well known in the relevant art. The rotation of the turntable 27
is controlled by a turntable motor and turntable control device (not shown). The turntable
control device controls the rotational speed of the turntable 27 to further adjust the
25 polishing of the wafer 35, as will be discussed in greater detail below. The turntable
control device and motor are well known in the relevant art.
A drive mechanism, generally indicated at 45, is mounted on the base 23 above the
turntable 27 for imparting rotational motion of the drive mechanism about an axis B
substantially parallel to axis A of the turntable (FIG. 1B). The drive mechanism 45
30 comprises a motor 47 and a gearbox 49 housed in a movable arm 53. The movable arm 53
pivots both laterally and vertically, so that the arm can pick up, polish and release the
semiconductor wafer 35, as will be described in greater detail below. The drive
mechanism 45 also includes a control device (not shown) for controlling the rotational
speed of the drive mechanism to enhance the polishing characteristics of the polishing
35 process. The motor 47 is oriented horizontally within the arm 53 and connected to the
gearbox 49, which comprises a suitable worm gear assembly (not shown), for converting
the rotation of the motor about a horizontal axis into rotation of an output shaft 55 about
axis B. The conversion of rotational motor 47 energy in a gearbox 49 is well understood
in the art and will not be further described here. The output shaft 55 passes from the
40 gearbox 49 down through a double-row radial bearing 57 for controlling shaft orientation.
The base 23, booth 25, turntable 27, and drive mechanism 45 are each well known
in the art and comprise the basic elements of the single-side wafer polishing apparatus 21




FIG 1B is a schematic side elevation and partial section of the wafer
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,of a set egenly fie pol%ﬁmgsheag 63 Mounts on the ower end the output shaﬂ 55 so that they
rotate conjointly. Polishing heads 63 are conventionally used to perform single-side
polishing, but suffer various drawbacks relating to the quality of the polished wafer 35.

10 The polishing head 63 of the present embodiment avoids those drawbacks by further
comprising a spherical bearing assembly, generally indicated at 75. The assembly
comprises an upper bearing member 77, a lower bearing member 79 and a plurality of ball
bearings 81. The upper bearing member 77 and lower bearing member 79 are not rigidly
connected to one another and may move with respect to one another. The ball bearings 81

15 are engageable with the upper bearing member 77 and the lower bearing member 79 for
relative movement between the members, so that the polishing head 63 may pivot relative
to the drive mechanism 45. The bearings 81 are preferably held within a conventional
bearing race (not shown), as is well understood in the prior art, for holding the bearings in
position between the bearing members 77, 79. The upper bearing member 77 is rigidly

20 mounted on the drive mechanism 45 while the lower bearing member 79 is rigidly
mounted to the polishing head 63. The upper bearing member 77 and the lower bearing
member 79 have spherically shaped bearing surfaces arranged so that the center of
curvature of each spherical bearing surface corresponds to a gimbal point P. Any line
normal to either bearing surface passes generally through the gimbal point P, the pivoting

25 center of the assembly 75. Thus, the drive mechanism 45 and the polishing head 63 also
pivot about the gimbal point P. In the preferred embodiment, the bearing members 77, 79
and ball bearings 81 are formed from hardened steel or other material capable of
withstanding repeated pivoting motions of the polishing head 63 as it rotates. The surfaces
are highly polished to inhibit wear debris generation and to minimize friction within the

30 spherical bearing assembly 75 and create a highly smooth pivoting movement of the
bearing assembly.

The arm 53 applies downward pressure to the polishing head 63 during wafer
polishing (FIG. 1B). As stated previously, the arm 53 pivots vertically about a horizontal
axis near the proximal end of the arm (not shown). A hydraulic or pneumatic actuation

35 system is commonly used to articulate the polisher arm 53, although other articulation
systems are contemplated as within the scope of the present invention. These systems are
well known in the relevant art and will not be described in detajl here. Downward force
from the actuation system is transferred to the wafer 35 through the output shaft 55, the
upper bearing member 77, the ball bearings 81, and the lower bearing member 79.

40 The wafer polishing apparatus 21 further comprises a semi-rigid connection,
generally indicated at 89, between the drive mechanism 45 and the polishing head 63 for
imparting a rotational force from the drive mechanism to the polishing head (FIG. 1B).
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The connectlon between the drive mechanism 45 and the polishing head 63 must be semi-
rigid so that the universal pivoting motion of the polishing head with respeét to the drive
mechanism about the spherical bearing assembly 75 is unaffected by the driving force of
the drive mechanism. The semi-rigid connection 89 is a flexible connection, which in the

10 first embodiment is a torque transmittal boot 93 attached to the drive mechanism 45 and
the polishing head 63. The boot 93 allows the polishing head 63 to pivot with respect to
the drive mechanism 45 about horizontal axes passing through the gimbal point P of the
spherical bearing assembly 75 for transmitting the rotation from the drive mechanism to
the polishing head. A ring 95 fits over the outer edge of the torque transmittal boot 93 to

15 secure the boot to the polishing head 63. The ring 95 and boot 93 each contain a plurality
of matching holes 97 so that a plurality of bolts 103 can pass through the ring and boot to
firmly hold the boot to the polishing head 63. The ring 95 reenforces the boot 93 so that
the rotational force transmitted through the boot spreads evenly over the circumference of
the boot. In the preferred embodiment, the torque transmittal boot 93 is made of an

20 elastomeric material, such as rubber (e.g., urethane), having a stiffness capable of
transmitting the rotational energy of the drive mechanism 45 to the polishing head 63 and
a resiliency capable of allowing pivoting movement of the polishing head. Other materials
capable of transmitting the rotation energy and allowing pivoting motion of the polishing
head 63 are also contemplated as within the scope of the present invention.

25 The polishing head 63 is further adapted to hold the wafer 35 for engaging the
front surface 39 of the wafer with the work surface 37 of the polishing pad 29 (FIG. 1B).
The head 63 includes a lower body 109 mounted on the lower bearing member 79. The
lower body 109 rotates conjointly with the lower bearing member 79 and rigidly connects
to the torque transmittal boot 93 as described above. Therefore, the boot 93 transfers the

30 rotational energy of the output shaft 55 directly to the lower body 109 of the polishing
head 63. The lower body 109 additionally includes an inwardly directed annular flange
111 which projects inward above the upper bearing member 77 so that when the arm 53
lifts the polishing head 63 upward, the weight of the lower body 109, a polishing block
115 and the wafer 35 rest upon the rigid upper bearing member, rather than the torque

35 transmittal boot 93. This flange 111 helps preserve the torque transmittal boot 93 by not
subjecting it to a repeated vertical tensile load when the arm 53 lifts the drive mechanism
45 and polishing head 63. The lower body 109 further comprises a retaining ring 117 and
mounting shim 119 mounted beneath the lower body, cooperating to create a seat for the
polishing block 115 to mount on the polishing head 63. The retaining ring 117 extends

40  downward from the perimeter of the lower body 109 to provide lateral support for the

' polishing block 115, and the mounting shim 119 is a flat annular ring which mounts on the

underside of the lower body to separate the block from the lower body. The polishing
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t he sevenalotdiceBendith tHegolisking AgR 63, friction between the pad and the wafer 35 creates

horizontal forces on the head, resulting in 2 moment on the head. By lowering the gimbal
point P of the polishing head 63 toward the work surface 37, or slightly below the surface
as shown in an exaggerated position in FIG. 2, the moment applied to the polishing head

20 by frictional forces is either minimized or imparted in a more desirable direction. Control
of this moment results in more uniform polishing pressure at all points on the wafer 35 and
in more uniform wear of the polishing pad 29. Wafers 35 polished with a gimbal point P
near or slightly below the work surface 37 exhibit superior flatness characteristics,
particularly near an outer edge 129 of the wafer where conventional polishing processes

25 exhibit characteristic “roll-off.” Roll-off occurs in polishers having a gimbal point P’
above the work surface 37 where the torque on the polishing head 63 due to friction
presses the leading edge 131 of the wafer 35 into the polishing pad 29. Because the wafer
35 is rotating, the leading edge 131 of the wafer is constantly changing, creating a
downwardly sloping edge, or roll-off, about the circumference of the wafer. Where the

30 gimbal point P lies at the polishing interface, the moment decreases because the friction
forces pass through or very near the gimbal point P. The leading edge 131 of the wafer 35
(or a retaining ring holding the wafer as discussed below) does not press the wafer 35 into
the polishing pad 29 with as much force, decreasing wafer roli-off. In addition, less of the
polishing slurry is pushed forward of the wafer 35 and squeezed off the pad 29 as the

35 leading edge 131 of the wafer 35 moves across the polishing pad, as compared with typical
polishers having a gimbal point P’ further above the work surface 37. With more slurry
flowing toward the wafer’s 35 center, the center is subject to more polishing, further
lessening the overpolishing of the wafer edge 129. Where the pivot point P is below the
work surface 37, the moment reverses, biasing the polishing pressure to a trailing edge 133

40 of the head 63, further enhancing the amount of slurry able to flow beneath the wafer 35
and improving polishing of the central portion of the wafer.

In the present invention, the gimbal point P lies near the work surface 37 when the



30 Detailed Description of the Preferred Enbodi ments Referring now to the
figures, and specifically FIG 1, a schematic of a conventional wafer -
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T he axis of rotation of the polishing head (axis B) is spaced apart from an axis of
rotation (axis A) of the turntable (FIG. 1B). This helps ensure that the wafer 35 is subject
20 to even polishing over a substantial portion of the polishing pad 29. The polishing pad is
preferably much wider than the wafer 35 and polishing head 63, so that no portion of the
wafer passes over the central portion of the polishing pad during polishing. This helps
increase the longevity of the polishing pad 29 and the evenness of the wafer polish,
because the wafer 35 interacts with a majority of the polishing pad.
25 Additionally, the polishing head 63 and the turntable 27 rotate at different relative
rotational speeds for more uniform and efficient polishing of the wafer 35. Regulating the
rotational speed of the polishing head 63 impacts the wear pattern of the polishing pad 29,
which in turn impacts wafer 35 flatness and polishing pad life. The rotation of the wafer
35 and the polishing pad 29 can be modeled mathematically to compare the relative
30 velocities of each for determining what relative velocities will likely provide the most
even polishing and longest pad life. FIG. 2A is a graphical depiction of the results of such
a comparison. The set of curves on FIG. 2A depict the total linear distance the wafer 35
travels over each point on the polishing pad 29. Each curve represents a different
rotational speed (Q,) of the polishing head 63, while the rotational speed of the polishing
35 pad 29 is held at a constant 200 revolutions per minute (rpm). For example, where the
polishing pad 29 and polishing head 63 rotate at the same rotational speed, 200 rpm Q,=
200 rpm), any point on the polishing pad lying 60 millimeters (2.4 inches) from the center
of the pad sees approximately 235 millimeters (9.25 inches) of wafer 35 pass over that
point during each revolution of the polishing pad. Tracing the curve corresponding to a
40 polishing head speed of 200 rpm (Q, = 200 rpm), FIG. 2A demonstrates that where the
polishing pad 29 and polishing head rotate at the same speed, the radially inner portions of
the polishing pad see more linear distance of wafer 35 pass over them than the outer




10 polishing apparatus is conventional. An exanple of such a conventional
si ngl e-si ded polishing apparatus of the type discussed herein is the
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corresponds to an Q, of between 80 rpm and 140 rpm. Qfgaseg upon further
experimentation and the above analysis, this range has been found to be the optimal range
for wafer polishing, producing more uniform polishing across the front surface 39 and
more even polishing pad 29 wear. More particularly, the best polishing is achieved where
25 the drive mechanism 45 rotates at a rotational speed of about fifty-five percent (55 %) of
the rotational speed of the turntable 27. In the example of FIG. 2A, this corresponds to an
Q, of approximately 110 rpm.
Turning to a second embodiment of the polishing head of the present invention, a
polishing head 153 connects to the drive mechanism 45 for driven rotation of the polishing
30 head (FIG. 3). The polishing head 153 is adapted to hold a wafer 35 for engaging a front
surface 39 of the wafer with a work surface 37 of the polishing pad 29. The polishing
head 153 is attached to the drive mechanism 45 via a spherical bearing assembly, generally
indicated at 159, for pivoting of the polishing head about a gimbal point lying near the
work surface 37. The polishing head 153 holds the front surface 39 of the wafer 35 in
35 engagement with the polishing pad 29, thereby polishing the wafer and allowing the plane
of the front surface to continuously align itself to equalize polishing pressure over the front
surface of the wafer for more uniform polishing of a semiconductor wafer.
A semi-rigid connection, generally indicated at 163, attaches to the drive
mechanism 45 and the polishing head 153 for transferring a rotational force from the drive
40 mechanism to the polishing head, while permitting universal pivoting motion of the
polishing head with respect to the drive mechanism about the spherical bearing assembly
159. In many facets, therefore, the second embodiment is similar to the first.
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polished on a double-side polished wafer pohsher Such a wafer 35 is already polished
substantially flat, so that any additional polishing is aimed at removing a uniform layer of
silicon material over the entirety of the wafer, without generally impacting wafer flatness.
25 ‘The membrane 169 is particularly well suited for such a purpose, as the retainer 177 is
pressed firmly against the polishing pad 29 for retaining the wafer 35 while the membrane
allows the wafer to conform to the polishing pad for removal of a uniform layer of silicon.
The spherical bearing assembly 159 further comprises an upper conical seat 187
attached to and rotating with the drive mechanism 45 (FIG. 3). A lower spherical pivot
30 189 rigidly mounts on the polishing head 153 and extends upward toward the drive
mechanism 45. The lower spherical pivot 189 is engageable with the upper conical seat
187 for pivotable movement of the polishing head 153 with respect to the drive
mechanism 45. The lower spherical pivot 189 has an upwardly directed spherical face
191. Any line normal to the spherical face 191 passes through the gimbal point of the
35 pivot. Although the construction of the spherical bearing assembly 159 is substantially
different than the first embodiment, the pivoting motion created is substantially similar,
resulting in uniform pressure of the retainer 177, and a polished wafer 35 wherein a
uniform layer of silicon is removed. As with the previous embodiment, the gimbal point
lies at or slightly below an interface of the wafer 35 and the work surface 37 on a side of
40 the interface containing the turntable 27. This geometry maintains the work surface 37
.and the retainer 177 in flatwise engagement with a uniform distance between the front
surface 39 and the work surface for more uniform pressure of the retainer. This
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retainer 177. As with the previous émbodiment, this pivoting allows for more uniform
polishing and continuous transmission of rotation from the drive mechanism 45 to the
20 polishing head 153. The flange 201 and upper conical seat 187 are of unitary, plastic
construction. When the drive mechanism 45 is lifted upward after polishing, a bolt head
205 of each of the shoulder bolts 197 engages the plastic flange 201, such that the
polishing head 153 is lifted from the work surface 37.
Applying polishing pressure through a membrane 169 has advantages over a
25 polisher with using a rigid surface to support a wafer 35 during polishing. First, the head
153 can retain the wafer 35 without the use of an adhesive, reducing complexity and
eliminating a possible contaminant. This embodiment secures the wafer 35 to the head
153 with a vacuum, eliminating one source of potential contamination. Second, because
the polishing pressure is applied to the wafer 35 via a membrane 169, any particulate
30 matter inadvertently caught between the wafer 35 and the membrane 169 will not affect
the polished surface. With conventional systems, particulate matter, can become lodged
between the wafer 35 and the rigid support surface (e.g., backing plate). During polishing,
this matter puts pressure on the back surface of the wafer, thereby pushing a small portion
of the wafer outward toward the polishing pad. The polishing operation seeks to flatten
35 the wafer, and typically flattens this small portion of the wafer pushed outward by the
foreign matter. Once the wafer is removed from the rigid support, the portion of the wafer
pushed out by the dust returns to its original position, leaving a dimple defect in the
polished surface. With a membrane 169, any particulate matter lodged between the
membrane and the wafer 35 will temporarily deform the membrane, not the wafer,
40 allowing the wafer to be polished normally without dimpling the wafer.
In operation, the wafer 35 and retainer ring 177 both engage the work surface 37
(FIG. 3). As the polishing head 153 rotates, the membrane 169 presses the wafer 35 into
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polishing pressure over the front surface 39 of the wafer. A uniform pressure is
maintained between the front surface 39 and the work surface 37 for more uniform
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45 and the polishing head 223 transmits the rotational force of the drive mechanism to the
polishing head while permitting universal pivoting motion of the polishing head with
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pol i shi ngs B ¥ESSRRing head 223 below the backing plate 247 for retaining the wafer 35 during

polishing, similar to the second embodiment. The backing plate 247 moves independently

25 of the retainer 249 so that as the retainer wears, the backing plate will extend outward a
correspondingly smaller distance for maintaining the same distance between the backing
plate and retainer. This ensures that the proper engagement depth is maintained between
the retainer 249 and the wafer 35 for retaining the wafer within the retainer during
polishing. When elevating the polishing head 223 from the work surface 37, both before

30 and after polishing, the drive shaft 45 first lifts the spherical bearing assembly 227. A lift
washer 273 fits loosely over the drive mechanism 45 and the shoulder bolts 235 so that as
the drive mechanism lifts the polishing head 223, the shoulder bolt heads 277 rest against
the washer so that the drive mechanism can lift the polishing head. Without the lift washer
273, the heads 277 could pass through the holes 237, preventing lifting of the polishing

35 head from the work surface 37. The loose fit of the lift washer 273 over the shoulder bolts
235 and drive mechanism 45 ensures that the washer does not impact the polishing process
by inhibiting the gimbal action.

In operation, the third embodiment is virtually identical to the previous two

embodiments. This includes controlling the rotational speed of the drive mechanism 45

40 relative to the turntable 27. The same speed range applies (between about forty percent
(40 %) and about seventy percent (70 %)) and optimal rotational speed of about fifty-five
percent (55 %).
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Because (86 0% 1nch€s) s RN RALeY tf'er%ﬂtlﬁfedgg' S28 QUL AN D9 ety viatd for ahAYkis by
projecting a grid of sites onto the front surface 39, as shown in FIG. 5. An outline ofa
20 semiconductor wafer 35 is shown. Any predetermined number, geometrical size or
geometrical shape of sites may be overlain on the front surface 39 of the wafer, depending
upon the wafer’s application. Most commonly the sites are squares or rectangles of -
uniform size and shape. Some sites are categorized as whole sites 261 and others as partial
sites 263. For the present analysis, a multiplicity of whole sites 261 lie entirely within the
25 front surface 39 of the wafer 35 and a multiplicity of partial sites 263 lie partially on the
front surface and partially outside the circumferential edge 129 of the wafer. When
polished according to the present invention, the flatness of the partial sites 263 is
substantially the same as the flatness of the whole sites 261. For purposes of discussion,
the following data analysis is based upon semiconductor wafers 35 having a diameter of
30 approximately 200 millimeters (7.9 inches) with a projected grid of twenty partial sites
263 and thirty-two whole sites 261, as shown in FIG. 5. The wafers used in this analysis
were not selected according to their flatness, but represent a typical production grouping of
wafers. Each site is preferably square in shape, measuring 25 millimeters (0.98 inches)
along each side thereof. This corresponds to an area of each whole site 261 or each partial
35 site 263 of about two percent (2 %) of the area of the front surface 39 of the wafer. The
partial sites 263 situated near the wafer’s 35 edge 129 additionally comprise an outer ring
of sites that are subject to improvement due to the present invention. Although the data
analysis is based upon measurements from 200 millimeter (7.9 inch) wafers, the present
invention is readily applicable to wafers of other diameters, such as 100 millimeter (3.9
40 inch), 150 millimeter (5.9 inch) and 300 millimeter (12 inch) wafers, to name a few.
Single side polished wafers 35 polished according to the present invention will
exhibit partial sites 263 with uniform flatness substantially similar to the whole sites 261.
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0.136 microns (5.34 microinches) for the largest SFQR partial site 263 over the entire
35 population of wafers. To compare this conventionally polished population to the present
invention, FIG. 7 depicts a population of wafers polished on a wafer polisher of the
present invention having a driven polishing head and a gimbal point at the interface of the
front surface 39 of the wafer and the work surface. The wafers 35 were of the same size
and processed in the same way except for the polishing step. Of the original 1745 wafers
40 in the sample, 86 wafers were dropped for having any site on a wafer with an SFQR value
of greater than 0.250 microns (9.84 microinches), again presumably because of dimpling,
leaving 1659 wafers and 1659 data points. These data yield a smaller population average
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whole site 267,267" and then move to an immediately adjacent non-focusing partial site
269, assuming that the two sites are polished to a similar flatness so that the lithography of
the partial site will also be in focus. These focusing whole sites 267,267' and non-focusing
25 partial sites 269, although identical to the previous whole sites 261 and partial sites 263,
are renumbered here to further describe the movements of a lithographer. Figure 10
depicts (by arrows) the lithography machine movements from focusing sites 267,267' to
non-focusing sites 269. For instance, a lithographer would likely not be able to accurately
focus on site X because it is a partial site 269. Therefore, the lithographer would typically
30 focus on site Y, and then move the camera in the direction indicated by the arrow to
perform lithography on site X. The assumption regarding similar flatness characteristics
of adjacent sites is only valid where the non-focusing sites 267 are polished similarly to
the focusing sites 269. Where a wafer exhibits large edge roll-off, however, this
assumption may lead to lithography errors. A wafer with comparable flatness
35 characteristics in the center and at the edges 129 renders this assumption more acceptable.
To quantify whether a wafer exhibits similar polishing at the partial sites and at an
adjacent inner ring of whole sites, flatness data for the outer ring of non-focusing partial
sites 269 and an inner ring of focusing whole sites 267 as defined in FIG. 5 (sites 267" are
not included in the data for the focusing whole sites 267) can be compared. The data
40 shown in FIG. 11 depict the difference between the average of the SFQR values for each
site of an outer ring of twenty non-focusing partial sites 269 and an average of the SFQR
values for each site of an immediately adjacent inner ring of sixteen focusing whole sites

”



Turning to a second enbodi ment of the polishing head of the present

i nvention, a polishing head 153 connects to the drive mechani sm 45 for
driven rw@byeo3df the polishing 30 head (FIG 3). The poPCshTwwgokad 153
is adapted to hold a wafer 35 for enddging a front surface 39 of the wafer
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(FIG 3) % err ?pgie 1he menbr ane L8 dermed from
si | 15;0,16 whole sites 267 for a conventiona er pOllS er. The average percentl e difference
between the outer and inner ring average SFQR for wafers 35 polished on a conventional
polisher is 56.3 percent (56.3 %), for the same population of conventionally polished
wafers shown in FIG. 6. In contrast, FIG. 14 depicts the same percentile difference for the
same population of wafers 35 of the present invention used to construct FIG. 7. The
20 average percentile difference between the outer and inner ring average SFQR for wafers
polished on a wafer polisher of the present invention is 18.3 percent (18.3 %). Thus, the
polisher of the present invention yields a 67.6 percent (67.6 %) decrease in this parameter
over a conventional polisher. Therefore, wafers 35 polished according to the present
invention will yield results having an average SFQR for an outer ring of partial sites 269
25 of less than fifty-five percent (55 %) larger than an average of the SFQR values for an the
inner ring of whole sites. Moreover, the present.invention will yield an average SFQR
difference between an inner ring and outer ring of less than thirty percent (30 %) and
likely less than eighteen percent (18 %).
One final measure of wafer 35 flatness is the percentile difference between a
30 maximum SFQR value for any partial site 263 of each wafer and 2 maximum SFQR value
for any whole site 261 of each wafer (FIG. 5). Referring now to FIG. 15, data showing
~ such a comparison yields an average percentile difference between a partial site 263
maximum SFQR and a whole site 261 maximum SFQR of 21.2 percent (21.2 %), for the
same population of conventionally polished wafers 35 shown in FIG. 6. In contrast, FIG.
35 16 depicts the same percentile difference for the same population of wafers 35 of the
present invention used to construct FIG. 7. The average percentile difference between the
partial site 263 maximum SFQR and the whole site 261 maximum SFQR for wafers 35
polished on a wafer polisher of the present invention is -10.7 percent (-10.7 %). The
negative percentile value indicates that for wafers 35 polished according to the present
40 invention, the partial site 263 maximum SFQR is likely less than the whole site 261
maximum SFQR. Contrary to conventionally polished wafers 35, these wafers tend to
have lower SFQR maximums in their partial sites 263, rather than in their whole sites 261.
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for retainin h el e 35 whil e the nenbrane allows the wafer to conform
to the de¥ %P 8“%%%8? removal of a uniformlayer of silicon. The
spherical bearing assenbly 159 further conprises an upper conical seat 187
attached to and rotating with the drive nmechanism45 (FIG 3). A |ower
spherical pivot 30 189 rigidly nmounts on the polishing head 153 and extends
upward toward the drive mechani sm45. The | ower spherical pivot 189 is
engageabl e wth the upper conical seat 187 for pivotable novenent of the
polishing head 153 with respect to the drive nmechanism 45. The | ower
spherical pivot 189 has an upwardly directed spherical face 191. Any line
normal to the spherical face 191 passes through the ginbal point of the 35
pi vot. Although the construction of the spherical bearing assenbly 159 is
substantially different than the first enbodi nent, the pivoting notion
created is substantially simlar, resulting in uniform pressure of the
retainer 177, and a polished wafer 35 wherein a uniformlayer of silicon is
removed. As with the previous enbodi nent, the ginbal point lies at or
slightly below an interface of the wafer 35 and the work surface 37 on a
side of 40 the interface containing the turntable 27. This geonetry

mai ntai ns the work surface 37 and the retainer 177 in flatw se engagenent
with a uniformdi stance between the front surface 39 and the work surface
for nore uniformpressure of the retainer. This
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~ a turntable having a polishing pad thereon and mounted on the base for rotation of
the turntable and polishing pad relative to the base about an axis perpendicular to the
turntable and polishing pad, the polishing pad including a work surface engageable with a
front surface of a wafer for polishing the front surface of the wafer;
a drive mechanism mounted on the base for imparting rotational motion about an
axis substantially parallel to the axis of the turntable;
a polishing head connected to the drive mechanism for driven rotation of the
10 polishing head, the polishing head being adapted to hold at least one wafer for engaging a
front surface of the wafer with the work surface of the polishing pad; and
* a spherical bearing assembly mounting the polishing head on the drive mechanism
for pivoting of the polishing head about a gimbal point lying no higher than the interface
of the front surface of the wafer and the work surface when the polishing head holds the
15 wafer in engagement with the polishing pad, thereby allowing the plane of the front
surface of the wafer to continuously align itself to equalize polishing pressure over the
front surface of the wafer, while rotation of the polishing head is driven by the driving
mechanism for maintaining the front surface and work surface in flatwise engagement for
more uniform polishing of a semiconductor wafer.

W

2. Wafer polishing apparatus as set forth in claim 1 further comprising a semi-
rigid connection between the drive mechanism and the polishing head for imparting a
rotational force from the drive mechanism to the polishing head so that the polishing head
and drive mechanism rotate conjointly, while permitting universal pivoting motion of the
5 polishing head with respect to the drive mechanism about the spherical bearing assembly.

3. Wafer polishing apparatus as set forth in claim 2 wherein the spherical
bearing assembly is arranged to locate the gimbal point at the interface of the wafer and
the work surface to maintain the work surface and the front surface in flatwise
engagement.

4. Wafer polishing apparatus as set forth in claim 2 wherein the spherical
bearing assembly is arranged to locate the gimbal point slightly below the interface of the
wafer front surface and the work surface on a side of the interface containing the turntable
to further maintain the work surface and the front surface in flatwise engagement for more

5 uniform polishing of the wafer.
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5. Wafer polishing apparatus as set forth in claim 2 wherein the drive
mechanism is adapted to drive the wafer carrier at a rotational speed of between about
forty percent (40 %) and about seventy percent (70 %) of the rotational speed of the
turntable.

6. Wafer polishing apparatus as set forth in claim 5 wherein the drive
mechanism is adapted to drive the wafer carrier at a rotational speed of about fifty-five
percent (55 %) of the rotational speed of the turntable.

7. Wafer polishing apparatus as set forth in claim 2 wherein the semi-rigid
connection comprises a flexible connection between the drive mechanism and the
polishing head.

8. Wafer polishing apparatus as set forth in claim 7 wherein the flexible
connection further comprises a torque transmittal boot attached to the drive mechanism
and the polishing head, thereby allowing the polishing head to pivot with respect to the
drive mechanism about the spherical bearing assembly for transmitting rotation from the

5 drive mechanism to the polishing head.

9. Wafer polishing apparatus as set forth in claim 8 wherein the torque
transmittal boot is made of an elastomeric material having a stiffness for transmitting the
rotational energy of the drive mechanism to the polishing head and a resiliency to allow
pivoting movement of the polishing head.

10.  Wafer polishing apparatus as set forth in claim 9 wherein the elastomeric
material is rubber.

11.  Wafer polishing apparatus as set forth in claim 10 wherein said spherical
bearing assembly further comprises an upper bearing member, a lower bearing member
and a plurality of ball bearings, said ball bearings being engageable with the upper bearing
member and the lower bearing member for relative movement between the members so

5 that the polishing head may pivot relative to the drive mechanism.

12.  Wafer polishing apparatus as set forth in claim 11 wherein the upper
bearing member and the lower bearing member have spherically shaped bearing surfaces,
wherein the center of each spherical bearing surface corresponds to the gimbal point and
any line normal to either surface passes through the gimbal point.

13.  Wafer polishing apparatus as set forth in claim 12 wherein the drive
mechanism further comprises a motor and a gearbox mounted on the base and attached to
the drive mechanism for rotation of the drive mechanism.
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conical seat and the lower spherical pivot to move slightly with respect to one another for
more uniform polishing and continuous transmission of rotation from the drive mechanism
to the polishing head.

16.  Wafer polishing apparatus as set forth in claim 15 further comprising 2 .
membrane mounted on the polishing head, said membrane having an outer surface
engageable with a wafer for mounting the wafer to the polishing head and an inner surface
opposite the outer surface facing the polishing head.

17.  Wafer polishing apparatus as set forth in claim 16 further comprising a
vacuum source in fluid communication with a cavity formed between the inner surface of
the membrane and the polishing head, said membrane having at least one hole formed
therein so that when a vacuum is drawn in the cavity, the membrane can draw the wafer up

5 against the membrane and hold the wafer, said membrane further holds the wafer when the
wafer engages the work surface, whereby air may then be directed into the cavity,
eliminating the vacuum and providing uniform air pressure within the cavity for pressing
the wafer surface uniformly against the work surface.

18.  Wafer polishing apparatus as set forth in claim 17 further comprising a
retainer attached to the polishing head, said retainer extending from the polishing head
below the wafer and membrane for retaining the wafer during polishing.

19.  Wafer polishing apparatus as set forth in claim 18 wherein the membrane is
movable independently of the retainer so that as the retainer wears, an offset between a
bottom of the retainer and the membrane may be maintained.

20.  Wafer polishing apparatus as set forth in claim 19 wherein the retainer is
ring-shaped for encircling the membrane and wafer to retain the wafer during polishing.

21.  Wafer polishing apparatus as set forth in claim 20 wherein the spherical
bearing assembly further comprises an upper conical seat attached to and rotated with the
drive mechanism and a lower spherical pivot rigidly mountable on the polishing head, said
lower spherical pivot is engageable with the upper conical seat for pivotable movement of

5 the polishing head with respect to the drive mechanism.
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23.  "Wafer polishing apparatus as set forth n claim 15 further ‘comprising a

rigid backing plate and a retainer, both attached to the polishing head, said backing plate
being adapted to apply uniform pressure over the entire wafer surface for even polishing of -
the wafer and said retainer extending from the polishing head below the backing surface

5 for retaining the wafer during polishing.

24,  Wafer polishing apparatus as set forth in claim 23 wherein the backing
plate is movable independently of the retainer so that as the retainer wears, an offset
between a bottom of the retainer and the backing plate may be maintained.

25.  Wafer polishing apparatus as set forth in claim 24 wherein the retainer is
ring-shaped for encircling the backing plate and wafer to retain the wafer during polishing.

26.  Wafer polishing apparatus as set forth in claim 25 wherein the polishing
head is adapted to hold a single wafer for engaging the front surface of the wafer with the
work surface of the polishing pad.

27. A method of polishing a semiconductor wafer comprising the steps of:
placing the semiconductor wafer in a polishing head of a wafer polishing
apparatus,
driving rotation of a polishing pad on a turntable of the polishing apparatus about a
5 first axis;
driving rotation of the polishing head generally about a second axis non-coincident
with the first axis;
positioning the wafer held by the polishing head so that a front surface of the wafer
engages a work surface of the polishing pad;
10 urging the front surface of the wafer against the polishing pad;
holding the polishing head for free pivoting movement about a gimbal point
located no higher than an interface of the work surface and the front surface of the wafer as
rotation of the polishing head continues to be driven to equalize polishing pressure over
the front surface of the wafer in response to a net force about the gimbal point acting in a
15 direction perpendicular to the front surface of the wafer, while preventing pivoting of the
front surface of the wafer under forces parallel to the front surface of the wafer passing
generally through the gimbal point;
disengaging the wafer from the turntable; and
removing the wafer from the polishing head.
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29. A method as set forth in claim 27 wherein the driving step comprises
rotating the polishing head at a speed less than the rotational speed of the turntable.

30. A method as set forth in claim 29 wherein the driving step comprises
rotating the drive mechanism at a speed of between about forty percent (40 %) and about
seventy percent (70 %) of the rotational speed of the turntable.

31. A method as set forth in claim 30 wherein the driving step comprises
rotating the drive mechanism at a speed of about fifty-five percent (55 %) of the rotational
speed of the turntable.

32. A method as set forth in claim 27 wherein the placing step further
comprises mounting the wafer on a membrane mounted on the polishing head by
evacuating a cavity behind the membrane to draw the wafer up against the membrane and
hold the during the polishing step, the method further comprising selectively varying air

5 pressure within the cavity for pressing the wafer surface uniformly against the work
surface.

33. A cassette of single side polished, monocrystalline semiconductor wafers,
each having a substantially flat surface formed by polishing the wafer according to the
method of claim 27.

34. A cassette of single side polished, monocrystalline semiconductor wafers as
set forth in claim 33, wherein said wafers each comprising a central axis, a front surface
generally perpendicular to the central axis and polished to a finish polish, a back surface
which is not polished to a finish polish, and a circumferential edge, the front surface being

5 uniformly flat for use in lithographic imprinting of circuits thereon in an area from the
central axis at least to within 2 millimeters (0.08 inches) of the circumferential edge,
wherein the wafers are not selected according to their flatness.

35. . A cassette of single side polished wafers as set forth in claim 34 wherein
the front surface of each wafer has a uniform flatness as measured by projecting a grid of
sites onto the front surface so that a multiplicity of whole sites lie entirely within the front
surface of the wafer and a multiplicity of partial sites lie partially on the front surface and

5 partially outside the circumferential edge of the wafer, the flatness of the partial sites is
substantially the same as the flatness of the whole sites.
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the area of a each whole site or each partial site of each wafer is about two percent (2 %)
of the area of the front surface of the wafer and the projected whole sites and partial sites

are of uniform size and shape.

37. A cassette of single side polished wafers as set forth in claim 36 wherein
the cassette contains at least ten (10) wafers.

38. A cassette of single side polished wafers as set forth in claim 37 wherein
the cassette contains at least fifteen (15) wafers.

39. A cassette of single side polished wafers as set forth in claim 38 wherein
the cassette contains at least twenty (20) wafers.

40. A cassette of single side polished wafers as set forth in claim 39 wherein
the cassette contains at least twenty-five (25) wafers.

41, A cassette of single side polished wafers as set forth in claim 33 wherein an
average for all wafers in the cassette of the maximum SFQR value found in the partial
sites of each wafer is no more than twenty percent (20 %) larger than an average for all
wafers in the cassette of the maximum SFQR value found in the whole sites of each wafer.

42. A cassette of single side polished wafers as set forth in claim 41 wherein an
average for all wafers in the cassette of the maximum SFQR value found in the partial
sites of each wafer is about the same as an average for all wafers in the cassette of the
maximum SFQR value found in the whole sites of each wafer.

43. A cassette of single side polished wafers as set forth in claim 42 wherein
the cassette contains a twenty-five (25) wafers.

44, A cassette of single side polished wafers as sét forth in claim 33 wherein
each of the partial sites situated about the circumference of each wafer, when taken
together, constitute an outer ring of partial sites, and each of the whole sites positioned
inwardly adjacent of the outer ring, when taken together, constitute an inner ring of whole

5 sites.

45. A cassette of single side polished wafers as set forth in claim 44 wherein an
average of the SFQR values for each site of the outer ring of partial sites, taken as an
average for all wafers in the cassette, is less than fifty-five percent (55 %) larger than an
average of the SFQR values for each site of the inner ring of whole sites, taken as an

5 average for all wafers in the cassette.




10DDWMUSPL! [ Sy%d0%& ()-' 6! L’ sy%d0%& ()-' 6! &0sy9a0%& ()-' 6! >0sy%d 0% ()-" 6!
9 sy%d0%ss& ()-' 6! 0sysdou® ()-' 6rPLI![ sysdoou& ! |3f' 100& ()-6& 109& ()- 10
10 10! xOSYOAD®3Y ) - 6! >0sy94 0% ()-' 6< PCT/IT00/00471

WUBPL! ! t 03f * 10%A0A0& () - 6! 03f ' 109%/Y&Y]) - 6! 03F * 10%PP& () - 6! pO3f* 10%=8 () - 6!
f03f' 10083& () - 6! XLO3f' 109084& () - 6

YWU3PL! It 03f' 10%A0A0& ()- 6L 03f' 1 UPP&. () - ' 10%>& () - 6!
03f' 10%& () - 6#03f " MS(PBECP Spek IR0 %Sl(‘%qe‘é{aﬁg%s%g‘] ﬁﬁ-iéélggﬁ%%%%‘ 0-¢
Headi nga@Bdge::of:'thESEQRg/anfé]s ¢6r eatlesith ofiths 8itet nhgeﬁplarﬁg sasg,ctaken}agaai ng 73] c"
Head ng, {3 a@wy te;sﬂ P?Jl@é&thm?ﬁﬁﬁﬁ?élﬁéht @hlz 8ab)

. 25, 1. lfor ﬁ%&é{%gﬁ%ﬁs }Mv%ol{e| tes akrg:gsés %ﬁw

RorranAr i &Ye@ﬂ?rq

average for all wafers in the cassette.

47. A cassette of single side polished wafers as set forth in claim 46 wherein an
average of the SFQR values for each site of the outer ring of partial sites, taken as an
average for all wafers in the cassette, is less than eighteen percent (18 %) larger than an
average of the SFQR values for each site of the inner ring of whole sites, taken as an

5 average for all wafers in the cassette.

48. A cassette of single side polished wafers as set forth in claim 47 wherein
the cassette contains a twenty-five (25) wafers.

49, A cassette of single side polished, monocrystalline semiconductor wafers,
said wafers each comprising a central axis, a front surface generally perpendicular to the
central axis and polished to a finish polish, a back surface which is not polished to a finish
polish, and a circumferential edge, the front surface being uniformly flat for use in

5 lithographic imprinting of circuits thereon in an area from the central axis at least to within
2 millimeters (0.08 inches) of the circumferential edge, wherein the wafers are not selected
according to their flatness.

50. A cassette of single side polished wafers as set forth in claim 49 wherein
the front surface of each wafer has a uniform flatness as measured by projecting a grid of
sites onto the front surface so that a multiplicity of whole sites lie entirely within the front
surface of the wafer and a multiplicity of partial sites lie partially on the front surface and

5 partially outside the circumferential edge of the wafer, the flatness of the partial sites is
substantially the same as the flatness of the whole sites.

51. A cassette of single side polished wafers as set forth in claim 50 wherein
the area of a each whole site or each partial site of each wafer is about two percent (2 %)
of the area of the front surface of the wafer.

52. A cassette of single side polished wafers as set forth in claim 51 wherein
the projected whole sites and partial sites are of uniform size and shape.



" #$UR' ()*+,-./0123456789: ;
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopgr st uvwxyz{|}~

WO 02/42033 PCT/IT00/00471
28

53. A cassette of single side polished wafers as set forth in claim 52 wherein
the cassette contains at least ten (10) wafers.

54. A cassette of single side polished wafers as set forth in claim 53 wherein
the cassette contains at least fifteen (15) wafers.

55. A cassette of single side polished wafers as set forth in claim 54 wherein
the cassette contains at least twenty (20) wafers.

56. A cassette of single side polished wafers as set forth in claim 55 wherein
the cassette contains at least twenty-five (25) wafers.

57. A cassette of single side polished wafers as set forth in claim 53 wherein an
average for all wafers in the cassette of the maximum SFQR value found in the partial
sites of each wafer is no more than twenty percent (20 %) larger than an average for all
wafers in the cassette of the maximum SFQR value found in the whole sites of each wafer.

58. A cassette of single side polished wafers as set forth in claim 57 wherein an
average for all wafers in the cassette of the maximum SFQR value found in the partial
sites of each wafer is about the same as an average for all wafers in the cassette of the
maximum SFQR value found in the whole sites of each wafer.

59. A cassette of single side polished wafers as set forth in claim 58 wherein
the cassette contains a twenty-five (25) wafers.

60. A cassette of single side polished wafers as set forth in claim 53 wherein
| each of the partial sites situated about the circumference of each wafer, when taken
| together, constitute an outer ring of partial sites, and each of the whole sites positioned
inwardly adjacent of the outer ring, when taken together, constitute an inner ring of whole
5 sites.

61. A cassette of single side polished wafers as set forth in claim 60 wherein an
average of the SFQR values for each site of the outer ring of partial sites, taken as an
average for all wafers in the cassette, is less than fifty-five percent (55 %) larger than an
average of the SFQR values for each site of the inner ring of whole sites, taken as an

5 average for all wafers in the cassette.
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62. A cassette of single side polished wafers as set forth in claim 61 wherein an
average of the SFQR values for each site of the outer ring of partial sites, taken as an
average for all wafers in the cassette, is less than thirty percent (30 %) larger than an
average of the SFQR values for each site of the inner ring of whole sites, taken as an
average for all wafers in the cassette.

63. A cassette of single side polished wafers as set forth in claim 62 wherein an
average of the SFQR values for each site of the outer ring of partial sites, taken as an
average for all wafers in the cassette, is less than eighteen percent (18 %) larger than an
average of the SFQR values for each site of the inner ring of whole sites, taken as an
average for all wafers in the cassette.

64. A cassette of single side polished wafers as set forth in claim 63 wherein
the cassette contains a twenty-five (25) wafers.



