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APPARATUS .AND METHOD Background of the Invention This invention relates to
apparatus for polishing semiconductor or similar type materials, and more
specifically to such apparatus which facilitates equalization of the 5
downward pressure over the polished wafer surface and/or the polishing head
of the apparatus. Polishing an article to produce a surface which is highly
reflective and damage free has application in many fields. A particularly
good finish is required when polishing an article such as a wafer of
semiconductor material in preparation for printing circuits on the 10 wafer
by an electron beam-lithographic or photolithographic process (hereinafter
"lithography"). Flatness of the wafer surface on which circuits are to be
printed is critical in order to maintain resolution of the lines, which can
be as thin as 0.13 microns (5.1 microinches) or less. The need for a flat
wafer surface, and in particular local flatness in discrete areas on the
surface, is heightened when stepper lithographic processing is 15 employed.
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    WO 02/2033 PCT/IT(10/00~71 2
frictional force at the leading edge of a wafer. The vertical component of
the frictional force is created because the wafer is mounted to pivot about
a gimbal point under influences of the lateral friction forces. A change in
the net vertical force applied to the wafer locally changes the polishing
pressure and the polishing rate of the wafer, giving rise 



5 to distortions in the polish. Often the uneven forces cause the wafer's
peripheral edge margin to be slightly thinner than the majority of the
wafer, rendering the edge margin of the wafer unusable for lithographic
processing. This condition is a sub-species of the more general problems
associated with wafer flatness, and will be referred to hereinafter as edge
roll-off. 10 Improvements in wafer polishers have helped reduce edge
roll-off. Recent designs have incorporated conic bearing assemblies between
the wafer and the mechanism applying the polishing force while permitting
free rotation of the wafer. Conic bearing assemblies are an improvement
over traditional ball and socket configurations 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. Slurry 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   WO 02l-121133 PCT/ITIIU/UU~71 3 a
freely rotating wafer will tend to rotate at a faster rate, the inside of
the polishing pad sees more linear feet of wafer, wearing the pad more
quickly near the pad's center. When the pad wears more quickly near the
center, wafer flatness degrades because the pad is no longer flat. If the
rotational speed of the wafer is decreased, polishing quality is greatly 5
improved due to more uniform wear across the polishing pad. Moreover, pad
wear impacts any "dishing" or "doming" of the wafer surface, which can be
more effectively controlled by the rotational speed of the wafer. Thus, an
improved design is needed incorporating further features, such as a low
gimbal point and wafer rotation control, for inhibiting edge roll-off and
improving wafer flatness generally. 10 _Summary of the Invention Among the
several objects and features of the present invention may be noted the
provision of a semiconductor wafer, semiconductor wafer polishing apparatus
and method which improves the flatness of the wafers processed; the
provision of such a wafer, apparatus and method which reduces wafer edge
roll-off; the provision of such a wafer, 



I 5 apparatus and method which increases the area of the wafer usable for
lithographic processing; and the provision of such a wafer, apparatus and
method which improves site to site consistency between the outer ring sites
and the inner ring sites on the wafer. Generally, a wafer polishing
apparatus of the present invention comprises a base for supporting elements
of the polishing apparatus. A turntable having a polishing pad 20 thereon
mounts 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 includes a work surface engageable with a front surface
of a wafer for polishing the front surface of the wafer. A drive mechanism
mounts on the base for imparting rotational motion about an axis
substantially parallel to the axis of the turntable. A polishing head 25
connected to the drive mechanism for driven rotation of the polishing head
is adapted 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 3
0 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 in a 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   



V1%O 02/2033 PCT/IT00/00~7.1 movement about a gimbal point located no
higher than the interface of the work surface and the front surface of the
wafer, as rotation of the polishing head continues to be driven, so that
the plane of the front surface of the wafer can equalize polishing pressure
over the front surface of the wafer of the polishing pad in response to a
net force about the gimbal 5 point acting in a 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. The wafer is disengaged
from the turntable and the wafer is removed from the polishing head. In a
final aspect of the present invention, a cassette of single side polished,
10 monocrystalline semiconductor wafers is disclosed. The wafers each
comprise a central axis and a front surface generally perpendicular to the
central axis and polished to a finish polish. The wafers further comprise a
back surface which is not polished to a finish polish and a circumferential
edge. The front surface is uniformly flat for use in lithographic
imprinting of circuits thereon in an area from the central axis at least to
within 2 15 millimeters (0.08 inches) of the circumferential edge. The
wafers are not selected according to their flatness. Other objects and
features of the present invention will be in part apparent and in part
pointed out hereinafter. Brief Description of the Drawings 20 FIG. 1 is a
schematic side elevation of a conventional wafer polishing apparatus; FIG.
lA 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. 5 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;   W O 112/-121133 PCT/ITllll/1111.171 s FIG. 9 is a graph
depicting the average of the SFQR values far a11 partial sites on each
wafer of the set polished on a wafer polisher of the present invention;
FIG. 10 is a schematic of a 200 millimeter (7.9 inches) diameter wafer
indicating movement of a lithography apparatus from focusing whole sites to
non-focusing partial ` S sites; 



FIG. 11 is a graph depicting the difference between an average of the SFQR
values for each site of an outer ring of partial sites and an average of
the SFQR values for each site of an immediately adjacent inner ring of
whole sites for each wafer polished on a conventional wafer polisher; 10
FIG. 12 is a graph depicting the difference between an average of the SFQR
values for each site of an outer ring of partial sites and an average of
the SFQR values for each site of an immediately adjacent inner ring of
whole sites for each wafer polished on a wafer polisher of the present
invention; FIG. 13 is a graph depicting the percentile difference between
an average of the 1 S SFQR values for each site of an outer ring of partial
sites and an average of the SFQR values for each site of an immediately
adjacent inner ring of whole sites for each wafer polished on a
conventional wafer polisher; FIG. 14 is a graph depicting the percentile
difference between an average of the SFQR values for each site of an outer
ring of partial sites and an average of the SFQR 20 values for each site of
an immediately adjacent inner ring of whole sites for each wafer polished
on a wafer polisher of the present invention; FIG 1 S 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 conventional wafer polisher; and 2S 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 1 S, 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 3S 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
engagement 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.   W O 1l2/-t2033 PCT/ IT00/1111~71 C Turning to the present
invention, specifically to FIGS. lA and 1B, a wafer polishing apparatus,
generally indicated at 21, constructed according to the present invention
is shown having a base, generally indicated at 23, for housing
and-supporting other elements of the polishing apparatus. The base 23 may
be of various configurations, 5 but preferably is formed to provide a
stable support for., the polishing apparatus 21. In the preferred
embodiment, a booth 25 encloses the wafer polishing apparatus 21 and
inhibit airborne contaminants from entering the booth and contaminating the
apparatus and articles to be polished. Except as pointed out hereinafter
with regard to the way the wafer is held and polished by the polishing
apparatus during polishing, the construction of the 



10 polishing apparatus is conventional. An example of such a conventional
single-sided polishing apparatus of the type discussed herein is the
Strasbaugh Model 6DZ, available from Strasbaugh Inc. of San Luis Obispo,
California. _ A turntable 27 is mounted on the base 23 for rotation with
respect to the base. . The turntable 27 is circular and has a polishing pad
29 mounted thereon for polishing a 15 semiconductor wafer 35. The polishing
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 SS 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 2I   WO (12/-t21133 PCT/ITI)0/011~71
noted above. The subject of the present invention is a new and useful
improvement to such a polishing apparatus 21. Turning to the new and novel
features of the present embodiment, the wafer polishing apparatus 21
further comprises a polishing head, generally indicated at 63, pivotably
and rotatably connected to the drive mechanism 45 for 5 driven rotation of
the polishing head (FIG. 1B). The polishing head's 63 primary purpose is
holding the wafer 35 securely during polishing so that the wafer may be
polished evenly. The polishing head 63 mounts on the lower end of the
output shaft 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 3 5. 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 S3, 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 detail
here. Downward force from the actuation system is transferred to the wafer
35 through the output shaft 5S, the upper bearing member 77, the ball
bearings 81, and the lower bearing member 79. 40 The wafer polishing
apparatus 2I 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).   WO 02/2033 PCT/ITIIO/OU~71 



The semi.-rigid connection 89 ensures that the polishing head 63 and drive
mechanism 45 rotate conjointly so the control device can regulate the speed
of the drive mechanism, and thereby the rotation of the wafer 35. Without
the semi-rigid connection 89, the upper bearing member 77 would rotate with
the drive mechanism 45 while the lower bearing 5 member 79 and wafer 35
would fail to rotate beneath the spherical bearing assembly 75. . The
connection between the drive mechanism 45 and the polishing head 63 must be
semirigid so that the universal pivoting motion of the polishing head with
respect 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
reinforces 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 l09 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   WO 02/-12033
PCT/IT00/110-471 9 block 115 is a thick, rigid block used as support for
the wafer 35 during polishing. Polishing blocks 115 are selected for their
flatness and rigidity and are typically formed from ceramic materials due
to their structural rigidity and temperature stability. The wafer 35 is
mounted on the bottom of the polishing block 115 in a conventional manner
by 5 applying a wax layer to the polishing block and adhering the wafer to
the block, leaving the front surface 39 of the wafer exposed and facing
downward. The polishing block 115 is then mounted on the lower body 109 by
evacuating a cavity 125 formed between the lower body, shim 119 and
polishing block. Evacuating this cavity 125 holds the polishing block 115
securely on the polishing head 63. 10 In operation, referring now to FIG.
2, the interaction of the polishing head 63 pivotably mounted on the drive
mechanism 45 is depicted schematically. Arrow D indicates the direction of
movement of the turntable 27 with respect to the wafer 35. As discussed
previously, the gimbal point P is the pivoting point of the entire
spherical bearing assembly 75. The location of this gimbal point P with
respect to the wafer 35 15 impacts the polishing characteristics of the
polishing apparatus 21. As the polishing pad 29 rotates beneath the
polishing head 63, friction between the pad and the wafer 35 creates
horizontal forces on the head, resulting in a 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 a11 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 roll-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 l33 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   WO 02/-42033 PCT/IT00/11(1~71 10
polishing head 63 holds the wafer 35 in engagement with the polishing pad
29. This location allows the wafer 35 to continuously align itself to
equalize polishing pressure over the front surface 39 of the wafer, while
the polishing head 63 is driven to rotate by the driving mechanism 45.
Because of the pivoting motion of the polishing head 63, the front 



5 surface 39 is maintained in flatwise engagement with a work surface 37
for more uniform polishing of a semiconductor wafer 35. Moreover, by
pivoting about a point P lying at the polishing interface, moments on the
head 63 arising from friction forces directed parallel to the front surface
39 of the wafer 35 are virtually eliminated. In the preferred embodiment,
the gimbal point P lies no higher than an interface of the wafer 35 and the
10 work surface 37 on a side of the interface containing the turntable 27.
This configuration maintains the work surface 37 and the front surface 39
in a nearly parallel relationship by equalizing polishing. pressure over
the front surface for more uniform polishing of the wafer 35. This
configuration further inhibits pressure points from forming near the
leading edge 131 of the wafer 35 due to pivoting of the head relative to
the turntable 27. 15 Because the moment on the polishing head 63 applies
slightly more pressure to the trailing edge 133 of the wafer 35, an
adequate amount of slurry can pass between the wafer and polishing pad 29
to improve wafer polishing. The 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 (errh) 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 (errh 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 (52,, = 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 



W O 112/21133 PCT/I T011/(IIl.t71 ll portions of the polishing pad. Over
time, this could lead to greater polishing pad 29 wear near the inner
portion of the polishing pad 29. Ideally, each point on the polishing pad
29 should see an identical amount of wafer 35 pass over during a single
revolution. But it is apparent from FIG. 2A that no combination of angular
velocities would produce such a 5 resulting horizontal line. The best
available profile would distribute the wafer 35 distance seen by each
portion of the pad 29 more evenly over the whole polishing pad. The curve
where the polishing head 63 rotates at a speed of 100 rpm (52,, =100 rpm)
nearly approximates such a result. Therefore, rotating the polishing head
63 near about 100 rpm often yields more even polishing of the wafer 35 and
more consistent wear over the I O polishing pad 29, because pad wear may be
inferred from linear wafer distance seen by the polishing pad. Because
these results are based upon relative velocities, they are scalable and the
velocity of the polishing head 63 may be expressed as a percentage of the
rotational velocity of the polishing pad 29. As discussed above, in the
preferred embodiment, the polishing head 63 is driven 15 at a rotational
speed less that the turntable 27. Were the wafer 35 and polishing head 63
allowed to freely rotate, they would rotate at approximately the same speed
as the polishing pad 29, leading to uneven wear of the pad. Thus, the drive
mechanism 45 actually throttles the rotational speed of the polishing head
63 so that the polishing head rotates at a rotational speed of between
about forty percent (40 %) and about seventy 20 percent (70 %) of the
rotational speed of the turntable 27. In the example above, this
corresponds to an (err)h of between 80 rpm and 140 rpm. Based 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 (err)h 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 l53 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.   W O 112/a 2033 PCT/ITIIO/011~ 71 12 Although similar, the
second embodiment of the polishing head 153 retains the wafer 35, imparts
pressure on the wafer and transmits rotation to the polishing head in novel
ways. A membrane 169 is mounted on the underside of the polishing head 153
(FIG. 3). In the preferred embodiment, the membrane 169 is formed from
silicone, 



5 although other suitable materials are contemplated as within the scope of
the present invention. The membrane 169 has an outer surface 171 engageable
with the wafer 35 for mounting the wafer on the polishing head 153 and an
inner surface 173 opposite the outer surface facing the polishing head. The
polishing head 153 further comprises a ring-shaped retainer 177 that
encircles the membrane 169 and attaches to the polishing head to retain 10
the membrane on the head. The retainer 177 seals the periphery of the
membrane 169 to the polishing head 153, while allowing the portion of the
membrane not directly engaging the retainer to move independently inward
and outward from the head a short distance. A cavity 179 defined between
the membrane 169 and the head 153 is in fluid communication with a vacuum
source. The vacuum is transmitted to the polishing head l53 by passing 15
through a series of channels l81 in an output shaft 55 and head. The
membrane 169 has a hole formed therein so that when a vacuum is drawn in
the cavity 179, the membrane 169 can draw the wafer 35 up against the
membrane and hold the wafer. The membrane I69 further holds the wafer by
selectively varying air pressure within the cavity 179 for pressing the
front surface 39 uniformly against the work surface 37. Although the second
20 embodiment is capable of performing substantially identical polishing as
the first embodiment, the second embodiment is ideally suited for polishing
a wafer 35 previously polished on a double-side polished wafer polisher.
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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