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(54) Apparatus and method of grinding a semiconductor wafer surface

(57) A semiconductor wafer fabrication apparatus
includes a carrier head (14) for holding a wafer (12) and
distributing a downward pressure across a back surface
of the wafer. The apparatus also includes a wafer
processing station disposed near the carrier head. The
station includes a grinding wheel (16) and a flat fluid
bearing (20). The fluid bearing provides an upward pres-
sure against a front surface of the wafer to substantially
flatten the front surface of the wafer and conform it to

the flatness of the bearing surface. The face of the wafer
can move with very little friction across the bearing sur-
face. The grinding wheel can be raised into contact with
the front surface of the wafer and rotated to grind the
front surface while the fluid bearing provides the upward
pressure and the carrier head distributes the downward
pressure. The technique can be used to planarize a wa-
fer having one or more previously-formed layers despite
variations in thickness of the wafer or warpage of the
wafer.
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Description

[0001] The present invention relates generally to an
apparatus and method for grinding a semiconductor wa-
fer surface and, in particular, to grinding techniques that
can be used to planarize a semiconductor surface dur-
ing the fabrication of an integrated circuit.

[0002] In the process of fabricating modern semicon-
ductor integrated circuits (ICs), it is necessary to form
various material layers and structures over previously-
formed layers and structures. However, the prior forma-
tions often leave the top surface topography of an in-
process wafer highly irregular, with bumps, areas of un-
equal elevation, troughs, trenches and/or other surface
irregularities. Such irregularities cause problems when
forming the next layer. For example, when printing a
photolithographic pattern having small geometries over
previously-formed layers, a very shallow depth of focus
is required. Accordingly, it becomes essential to have a
flat and planar surface. Otherwise, some parts of the
pattern will be in focus and others will not. Surface var-
iations on the order of less than 1,000 angstroms (D)
over a 25 x 25 millimeter (mm) exposure area are pre-
ferred. Additionally, if the irregularities are not leveled at
each major processing step, the surface topography of
the wafer can become even more irregular, causing fur-
ther problems as the layers stack up during further
processing. Depending on the die type and the size of
the geometries involved, the surface irregularities can
lead to poor yield and device performance. Consequent-
ly, it is desirable to planarize, or level, the IC structures.
[0003] One technique for planarizing the surface of a
wafer is chemical mechanical polishing (CMP). In gen-
eral, CMP planarization involves holding a thin flat sem-
iconductor wafer against a rotating wetted polishing sur-
face, such as a compliant polishing pad, under a con-
trolled downward pressure. During the CMP process, a
slurry is provided to remove and flush away unwanted
film material. In one exemplary implementation, a CMP
process is used to remove an oxide coating to the level
of previously-formed IC structures. In such processes,
it is important to remove a sufficient amount of material
to provide a smooth surface without removing an exces-
sive amount of underlying materials.

[0004] Although CMP processes have proved useful
in the fabrication of semiconductor ICs, they suffer from
several drawbacks. First, CMP processes are relatively
slow, with a removal rate on the order of about 1 micron
per minute (W/min), and, therefore, limit the overall
throughput of the fabrication process. Second, polishing
pads typically used in CMP processes tend to have rel-
atively short lifetimes and must be replaced frequently.
Third, the use of slurry and other chemicals during the
CMP process increases the overall cost of fabrication
and results in the need for additional waste removal.
[0005] Grinding processes, in which a grinding wheel
is pressed against the wafer surface to grind away sem-
iconductor material, are sometimes used by manufac-
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turers of semiconductor wafers to planarize the wafer
surface or provide a smooth wafer edge. Grinding proc-
esses can avoid some of the foregoing problems asso-
ciated with CMP processes. However, as explained be-
low, such grinding processes have not generally been
used during the fabrication of semiconductor ICs.
[0006] The topography of the front surface of a wafer
may vary by as much as 1-2 microns (u) as a result of
the natural distortions or warpage of the wafer as well
as variations in the thickness of the wafer across its sur-
face. In contrast to CMP processes in which the wafer
is supported by a compliant pad, grinding processes use
a hard grinding surface to remove from the wafer sur-
face all materials in substantially an absolute geometri-
cal reference plane. Therefore, because of the wafer's
front surface topography, it is difficult to use a grinding
process to planarize a wafer having one or more previ-
ously-formed layers without removing an excessive
amount of underlying materials on at least some parts
of the wafer.
[0007] Despite the apparent difficulties in using grind-
ing processes to planarize the wafer during the fabrica-
tion of ICs, it would be beneficial to provide a planariza-
tion technique based on a grinding process that can pro-
vide a substantially flat surface across the entire wafer
and that can overcome some of the drawbacks associ-
ated with current CMP processes.
[0008] In general, according to one aspect, a semi-
conductor wafer fabrication apparatus includes a carrier
head for holding a wafer and distributing a downward
pressure across a back surface of the wafer. The appa-
ratus also includes a wafer processing station disposed
below the carrier head. The station includes

a grinding wheel and a fluid bearing. The fluid
bearing provides an upward pressure against a front
surface of the wafer so as to substantially flatten the
front surface of the wafer. The grinding wheel can be
raised into contact with the front surface of the wafer
and rotated to grind the front surface while the fluid bear-
ing provides the upward pressure and the carrier head
distributes the downward pressure.
[0009] According to another aspect, a semiconductor
wafer fabrication apparatus includes a carrier head for
holding a wafer and distributing a downward pressure
across a back surface of the wafer. The apparatus fur-
ther includes fluid bearing surface areas separated by
a gap. The fluid bearing surface areas have openings
through which a fluid can flow to provide an upward
pressure against a front surface of the wafer when po-
sitioned over the bearing surface. The apparatus also
includes a grinding wheel at least partially disposed
within the gap. The carrier head can be moved to posi-
tion the wafer over the bearing surface areas and the
gap. The grinding wheel can be brought into contact with
the front surface of the wafer to grind the front surface
when the wafer is positioned over the bearing surface
and the gap.
[0010] Inanother aspect, a method of grinding a sem-
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iconductor wafer includes positioning the wafer over flu-
id bearing surface areas separated by a gap, wherein
the fluid bearing surface areas have openings through
which a fluid flows to provide an upward pressure
against the front surface of the wafer. A substantially uni-
form pressure is provided against the back surface of
the wafer. A grinding wheel at least partially disposed in
the gap is moved into contact with the front surface of
the wafer. The grinding wheel is then rotated against the
front surface of the wafer.

[0011] Various implementations include one or more
of the following features. The grinding wheel can include
an annular-shaped grinding surface and can encircle
part of the bearing surface. In other embodiments, the
grinding wheel can be disc-shaped. Alternatively, an
abrasive drum can be used as the grinding wheel.
[0012] The grinding wheel can be rotated to grind the
front surface of the wafer. Similarly, the carrier head can
be moved about a plane substantially parallel to the front
of the wafer so that substantially the entire front surface
of the wafer comes into contact with the grinding wheel
during grinding.

[0013] The carrier head can include a wafer backing
assembly having a compliant material to provide a
mounting surface for the wafer. The carrier head also
can include a chamber that is pressurized to generate
a downward pressure on the wafer backing assembly
and press the wafer toward the bearing surface. By con-
trolling the downward pressure from the carrier head
and the upward pressure from the fluid bearing, the front
surface of the wafer can be substantially flattened and
maintained at a substantially uniform height when posi-
tioned for grinding by the grinding wheel. Additionally,
closed-loop feedback can be used to adjust the amount
of fluid flowing through the openings in the fluid bearing
to control the upward pressure against the front surface
of the wafer.

[0014] A cavity can be formed around the gap so that
a pressure in the cavity is maintained at substantially
the same pressure as a pressure at the fluid bearing sur-
face opposite the front surface of the wafer.

[0015] Various implementations include one or more
of the following advantages. By substantially flattening
the front surface of the wafer with respect to the vertical
position of the grinding wheel, the present techniques
can be used to planarize a wafer having one or more
previously-formed layers despite variations in thickness
of the wafer or warpage of the wafer.

[0016] Using a grinding technique rather than a CMP
technique to planarize the wafers during the integrated
circuit fabrication process can significantly increase the
overall throughput of the IC fabrication system. As pre-
viously mentioned, CMP processes tend to remove ma-
terials from the wafer surface at a relatively slow rate,
typically less than one p/min. In contrast, the grinding
processes using the present technique can remove ma-
terials at a rate of about ten or more times greater.
[0017] The present grinding-based technique does
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not require the use of slurry or other chemicals that are
typically used during CMP processes. Therefore, the
present invention can reduce the overall cost of fabrica-
tion because slurry and other chemicals are not needed.
Similarly, the invention can result in fewer waste by-
products requiring costly removal. Furthermore, the pol-
ishing pads used in CMP processes have relatively
short lifetimes and must be replaced periodically. On the
other hand, a grinding wheel has a much longer lifetime,
thereby reducing the time during which the system can-
not be used because of maintenance requirements.
[0018] Other features and advantages will be appar-
ent from the detailed description, and the drawings in
which:

[0019] FIG. 1is across-sectional view of an exempla-
ry system for grinding a surface of a semiconductor wa-
fer according to the invention.

[0020] FIG. 2is a plan view of the grinding station ac-
cording to the invention.

[0021] FIG. 3illustrates an exemplary carrier head for
use in the invention.

[0022] FIG. 4 illustrates a partial view of a cup-shaped
grinding wheel for use in the invention.

[0023] FIG. 5is a flow chart of a method for planariz-
ing the surface of a wafer according to the invention.
[0024] FIG. 6 illustrates a cross-sectional view of an-
other embodiment of an exemplary system for grinding
a surface of a semiconductor wafer according to the in-
vention.

[0025] FIG. 7 is a plan view of the system of FIG. 6.
[0026] FIG. 8 is a cross-sectional view of an embodi-
ment of a grinding system using disc-shaped grinding
wheel according to the invention.

[0027] FIG. 9is a cross-sectional view of an embodi-
ment of a grinding system using an abrasive drum as
the grinding wheel according to the invention.

[0028] FIG. 10 is a plan view of the system of FIG. 9.
[0029] As shown in FIGS. 1 and 2, a system 10 for
planarizing a surface of a semiconductor wafer 12 in-
cludes a carrier head 14 and a grinding station 40. The
carrier head 14 performs several mechanical functions.
Generally, the carrier head 14 holds the wafer 12 and
can position the wafer above a fluid bearing surface 20.
The carrier head 14 evenly distributes a substantially
uniform downward pressure across the entire back sur-
face of the wafer 12. A carrier drive shaft 22 connects a
carrier head motor 24 to the carrier head 14 allowing the
carrier head to be moved by translation and/or rotation.
A grinding wheel 16 is at least partially disposed in a
gap 18 formed at the upper surface of the fluid bearing
20.

[0030] An exemplary carrier head that can be used
with the present invention is the Titan Head™ manufac-
tured by Applied Materials, Inc. A description of a suit-
able carrier head that can be used with the present in-
vention is disclosed in pending U.S. Patent Application
Serial No. 08/861,260, filed May 21, 1997 and assigned
to the assignee of the present invention. The disclosure
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of that application is incorporated herein by reference.
[0031] As shown in FIG. 3, the carrier head 14 can
include a housing 102, a retaining ring 110, and a wafer
backing assembly 112. A downward force on the wafer
backing assembly 112 presses the wafer against the flu-
id bearing generated by a fluid flowing through the fluid
bearing surface 20.

[0032] The wafer backing assembly 112 includes a
support structure 114, a flexure 116 connected between
the support structure 114 and base 104, and a flexible
membrane 118 connected to the support structure 114.
The flexible membrane 118 extends below the support
structure 114 to provide a mounting surface 122 for the
wafer.

[0033] The fluid bearing surface 20 can be implement-
ed, for example, as a metal, ceramic or other plate with
multiple openings 26 such as holes in its upper surface
through which a fluid can flow. The holes 26 preferably
26 are spaced apart by about 1 cm or less, and the fluid
exiting the holes provides an upward force against the
front surface 36 of the wafer 12. Preferably the fluid pro-
viding the upward pressure is deionized water, although
other liquids or gases can be used. Instead of holes, the
openings can take the form of grooves or slots. During
the grinding process, the upward pressure of the fluid
against the wafer 12 is balanced by the downward pres-
sure from the carrier head 14 to maintain the entire front
surface 36 of the wafer 12 at a substantially uniform
height. Typically, in order to maintain the backpressure
on the system, the carrier head 14 will cover all the open-
ings 26 in the fluid bearing 20. Alternatively, computer-
controlled valves can be provided so that, during the
grinding process, the fluid flows only through the open-
ings 26 that are covered by the carrier head 14 and/or
the wafer 12.

[0034] The fluid bearing formed by the water or other
fluid exiting from the holes 26 acts like a tight spring hav-
ing a relatively high stiffness, whereas the membrane
118 acts like a weak spring which is relatively compliant,
in other words, which has relatively low stiffness. There-
fore, when the carrier head 14 lowers the wafer 12 and
brings it to a predetermined height slightly above the
surface of the fluid bearing 20, the front surface 36 of
the wafer is pressed against the fluid bearing and made
substantially flat. In other words, any unevenness in the
flatness of the wafer 12 appears on the back (top) side
of the wafer. The relatively stiff fluid bearing presented
to the front surface 36 of the wafer 12, together with the
flat and stiff fluid bearing surfaces 20, allows the entire
front surface of the wafer to be maintained at a substan-
tially uniform height with respect to the upper surface 28
of the grinding wheel 16 during the grinding process.
The effects of wafer warpage and variations in thickness
across the wafer can, therefore, be reduced.

[0035] In one implementation, the grinding wheel 16
is cup-shaped with an annular-shaped abrasive surface
28, as shown in FIG. 4. The material(s) which form the
abrasive surface 28 of the grinding wheel 16 will generall
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depend on the particular application. However, exem-
plary materials include cerium oxide, aluminum oxide,
silicon dioxide and silicon carbide in a polymer matrix.
Other materials can also be used.

[0036] As showninFIG. 2, the abrasive surface 28 of
the grinding wheel 16 encircles part of the fluid bearing
and is secured to the top of a grinding wheel axis 30.
The grinding wheel axis 30 is connected to a motor 32
for rotating the grinding wheel 16 and is connected to a
lifting mechanism 34 for raising and lowering the grind-
ing wheel. The lifting mechanism 34 can be pneumati-
cally actuated to allow the grinding wheel 16 to be raised
and pressed into contact with the front surface 36 of the
wafer 12. Rotating the grinding wheel 16 while it is in
contact with the wafer 12 causes the front surface 36 of
the wafer to be ground. The lifting mechanism 34 allows
the grinding wheel to be advanced as the face of the
grinding wheel is worn away.

[0037] In one implementation, for a 200 mm diameter
wafer 12, the gap 18 in the fluid bearing surface is on
the order of about one centimeter (cm) with the grinding
surface 28 having a radial thickness on the order of
about 0.5 cm or less. As shown in FIG. 2, one side 21A
of the fluid bearing 20 that is adjacent the grinding wheel
16 can be convex-shaped to conform to the circular
shape of the grinding wheel. Similarly, another side 21B
of the fluid bearing that is adjacent the grinding wheel
16 can be concave-shaped. In general, the particular di-
mensions can vary depending on the application. As al-
so can be seen in FIG. 2, the contact area between the
wafer 12 and the grinding wheel forms an arc across the
wafer. As the grinding wheel 16 rotates at a relatively
high speed, for example at about 10,000 to 30,000 rev-
olutions per minute, the wafer 12 is rotated by the carrier
head 14 at a relatively low speed, for example at about
sixty revolutions per minute. More generally, however,
both the wafer 12 and the grinding wheel 16 can be ro-
tated at different speeds from the foregoing speeds. In
this manner, the entire front surface 36 of the wafer 12
can be ground with the front surface of the wafer at a
substantially uniform height during the grinding process.
[0038] Intheillustrated implementation, the fluid bear-
ing surfaces 20 can either be suspended from above or
can be supported by a base from below.

[0039] The operation and control of the system 10 are
automated through the use of a computer 38. The com-
puter 38 controls the vertical positioning and rotational
speed of the carrier head 14 holding the wafer 12. The
computer 38 also controls pressurization of the chamber
120 to establish the downward pressure on the backside
of the wafer 12. Additionally, the computer 38 controls
the vertical positioning and rotational speed of the grind-
ing wheel 16. The computer 38 also can control the
amount of fluid flowing through the holes 26 in the fluid
bearing 20 to establish a particular upward pressure
against the front surface 36 of the wafer 12. To account
for nonuniformities in the height of the upper surfaces
of the fluid bearing 20, the computer 38 can use closed-
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loop feedback to control the local upward pressure gen-
erated by the fluid flowing through the holes 26. In par-
ticular, using fluid control valves (not shown), the com-
puter 38 can independently control the amount of water
flowing through each hole or group of holes 26 in the
fluid bearing surfaces 20. To facilitate such closed-loop
feedback, sensors (not shown) can be provided be-
tween the holes 26 to sense the proximity of the front
surface 36 of the wafer at different points. The computer
38 can then adjust the flow of fluid through the holes 26
to obtain a more uniform distance between the upper
surface of the fluid bearing 20 and front of the wafer.
[0040] To planarize the front surface 36 of a wafer 12,
the operation of the system 10 is as follows (see FIG.
5). Initially, the computer 38 causes the carrier head 14
to position the wafer 12 slightly above the fluid bearing
created by the water exiting upward through the holes
26 (step 140). For example, in one implementation, the
wafer 12 is positioned about 1 um above the surface of
the bearing 20 within a tolerance of about fifty angstroms
(D). Next, the chamber 120 is pressurized to provide a
substantially uniform downward pressure against the
back surface of the wafer (step 142). By pressing the
wafer 12 downward against the fluid bearing, the front
surface 36 of the wafer is substantially flattened and
maintained at a substantially uniform height above the
bearing surfaces and grinding wheel. Although there
may be a slight downward distortion at the portion of the
wafer 12 that is directly above the gap 18, the front sur-
face 36 of the wafer is substantially flat along the length
of the gap 18.

[0041] The carrier head 14 which holds the wafer 12
is rotated about its axis (step 144), and the computer 38
controls the motor 32 to rotate the grinding wheel 16
(step 146). The rotational speed of the grinding wheel
16 typically will be many times greater than the rotational
speed of the wafer 12. The computer then controls the
lifting mechanism 34 to raise the grinding wheel 16 into
contact with the front surface 36 of the wafer 12 (step
148). As the wafer 12 and grinding wheel 16 rotate while
in contact with one another, the front surface of the wafer
is planarized (step 150).

[0042] By substantially flattening the front surface 36
of the wafer 12 with respect to the vertical position of
the grinding wheel 16, the foregoing technique can be
used to planarize a wafer 12 having one or more previ-
ously-formed layers despite variations in thickness of
the wafer or warpage of the wafer. Once the wafer 12
has been sufficiently planarized, rotation of the grinding
wheel 16 and carrier head 14 is stopped, and the grind-
ing wheel is lowered out of contact with the front surface
36 of the wafer.

[0043] Another implemention of a system with a cup-
shaped grinding wheel 16A for grinding the surface of a
wafer 12 is illustrated in FIGS. 6 and 7. The carrier head
14A is sufficiently large so that as its position is ad-
vanced, as indicated by arrow 42, the carrier head con-
tinues to cover the openings 26A on the upper surface
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areas of the fluid bearing 20A. An inlet 44 is provided in
the carrier head 14A through which a fluid can flow to
control the downward pressure exerted on the backside
of the wafer 12. The openings 26A through which the
fluid flows can be arranged, for example, in a radial pat-
tern as shown in FIG. 7 to conform to the contours of
the grinding wheel 16A. Fluid can be provided to the
openings 26A via fluid lines 46.

[0044] As in the previous embodiment, part of the
grinding wheel 16A, which includes an abrasive surface
28A, is disposed in one or more gaps 18A in the fluid
bearing. In addition, during the grinding operation, a
cavity 48 is formed around each gap 18A so that the
pressure in the cavity can be controlled and maintained
at substantially the same pressure as the pressure in
the fluid bearing at the front surface 36 of the wafer 12.
Fluid can be provided to the cavity 48 via a fluid line 50,
and dynamic seals 52 can be used to control and main-
tain the cavity pressure. As in the previous embodiment,
a motor 32A is provided to rotate the grinding wheel 16A
about its axis to polish the wafer. A lifting mechanism
34A allows the grinding wheel 16A to be raised and
pressed into contact with the front surface 36 of the wa-
fer 12 and permits the grinding wheel to be advanced
as the face of the grinding wheel is worn away. The fluid
that flows through the openings 26A eventually flows
from between the carrier head 14A and the fluid bearing
in the directions indicated by the arrows 54.

[0045] Although the implementations described
above use a cup-shaped grinding wheel having an an-
nular-shaped grinding surface, other types of grinding
wheels can be used instead. For example, a disc-
shaped grinding wheel 16B with an abrasive surface 28
can be used as illustrated in FIG. 8. Other features of
the system illustrates in FIG. 8 are similar to the system
of FIG. 1. The wafer 12 can be moved back and forth in
a plane substantially parallel to the upper surface of the
fluid bearing 20 so that the entire front surface of the
wafer can be planarized.

[0046] In yet another implementation, an abrasive
drum 16C is used as the grinding wheel. A conditioning
drum 56 can be provided adjacent the abrasive drum
16C. The openings 26C in the surface of the fluid bear-
ing 20C through which the fluid flows can be arranged,
for example, in a rectangular or hexagonal pattern as
shown in FIG. 9. Part of the grinding wheel 16C is dis-
posed in a gap 18C in the fluid bearing. A cavity 48C is
formed around the gap 18C so that the pressure in the
cavity can be controlled and maintained at substantially
the same pressure as the pressure in the fluid bearing
at the front surface 36 of the wafer 12. Fluid can be pro-
vided to the cavity 48 via a fluid line 58, and a control
valve 60 can be used to control and maintain the cavity
pressure. Other features of the system in FIG. 9 can be
similar to the system of FIG. 7.

[0047] The system 10 can be part of a larger system
including multiple polishing, grinding or other integrated
circuit fabrication process stations. For example, the
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grinding wheel 16 and fluid bearing 20 can form the
grinding station 40 for planarizing the front surface of
wafers. Similarly, the carrier head 14 can be one of sev-
eral carrier heads mounted on a rotatable multi-head
carousel. The multi-head carousel would then be rotat-
ed to move the carrier heads with their respective wafers
from one station to another during the fabrication proc-
ess. In some implementations, the carrier heads may
be capable of holding more than one wafer at a time.
[0048] Otherimplementations are within the scope of
the claims.

Claims

1. A semiconductor wafer fabrication apparatus com-
prising:

a carrier head for holding a wafer and distribut-
ing a downward pressure across a back surface
of the wafer;

a fluid bearing having surface areas separated
by a gap, wherein the surface areas have open-
ings through which a fluid can flow to provide
an upward pressure against a front surface of
the wafer when positioned over the fluid bear-
ing surface areas; and

a grinding wheel at least partially disposed
within the gap,

wherein the carrier head can be moved to po-
sition the wafer over the fluid bearing surface areas
and over the gap, and wherein a surface of the
grinding wheel can be brought into contact with the
front surface of the wafer to grind the front surface
while the wafer is positioned over the bearing sur-
face areas and the gap.

2. An apparatus as claimed in claim 1, wherein the
front surface of the wafer is maintained at a sub-
stantially uniform height above the fluid bearing sur-
face areas when positioned for grinding by the
grinding wheel.

3. An apparatus as claimed in claim 1 or claim 2,
wherein the grinding wheel includes an annular-
shaped abrasive surface.

4. An apparatus as claimed in claim 3 wherein, when
the grinding wheel is brought into contact with the
wafer, an arc-shaped contact area between the
grinding wheel and the wafer is formed.

5. An apparatus as claimed in any of claims 1 to 4,
wherein the grinding wheel partially encircles part

of the fluid bearing.

6. An apparatus as claimed in any of claims 1 to 5,
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10.

1.

12.

13.

14.

wherein the openings in the fluid bearing surface
areas are arranged in a radial pattern.

An apparatus as claimed in any of claims 1 to 5,
wherein the openings in the fluid bearing surface
areas are arranged in a rectangular pattern.

An apparatus as claimed in any of claims 1 to 7,
wherein the carrier head includes a wafer backing
assembly having a compliant material to provide a
mounting surface for the wafer.

An apparatus as claimed in claim 8, wherein the car-
rier head includes a chamber that can be pressu-
rized to generate a downward pressure on the wafer
backing assembly and press the wafer toward the
bearing surface.

An apparatus as claimed in any of claims 1 to 9,
wherein the grinding wheel is rotated to grind the
front surface of the wafer.

An apparatus as claimed in claim 10, wherein the
carrier head can be rotated about its axis so that
substantially the entire front surface of the wafer
comes into contact with the grinding wheel during
grinding.

An apparatus as claimed in claim 11, wherein the
grinding wheel rotates at a much greater speed than
the carrier head.

An apparatus as claimed in any of claims 10 to 12,
wherein the carrier head can be translated so that
substantially the entire front surface of the wafer
comes into contact with the grinding wheel during
grinding.

A semiconductor wafer fabrication apparatus com-
prising:

a carrier head for holding a wafer and distribut-
ing adownward pressure across a back surface
of the wafer;

a wafer processing station, wherein the station
includes:

a grinding wheel; and

a fluid bearing for providing an upward
pressure against a front surface of the wa-
fer so as to substantially flatten the front
surface of the wafer, wherein the grinding
wheel can be raised into contact with the
front surface of the wafer and rotated to
grind the front surface while the carrier
head distributes the downward pressure
across the back surface of the wafer.
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A method of grinding a semiconductor wafer, the
method comprising:

positioning the wafer over fluid bearing surface
areas separated by a gap, wherein the fluid
bearing surface areas have openings through
which a fluid flows to provide an upward pres-
sure against a front surface of the wafer;
providing a substantially uniform pressure
against a back surface of the wafer;

moving a grinding wheel at least partially dis-
posed in the gap into contact with the front sur-
face of the wafer; and

rotating the grinding wheel against the front
surface of the wafer.

A method as claimed in claim 15 including maintain-
ing the front surface of the wafer at a substantially
uniform height above the fluid bearing surface are-
as when the wafer is ground by the grinding wheel.

A method as claimed in claim 15 or claim 16, includ-
ing holding the wafer with a carrier head having a
wafer backing assembly with a compliant material
that provides a mounting surface for the wafer.

A method as claimed in claim 17, further including
pressurizing a chamber in the carrier head to gen-
erate a downward pressure on the wafer backing
assembly and press the wafer toward the bearing
surface.

A method as claimed in any of claims 15 to 16, in-
cluding planarizing the front surface of the wafer by
grinding the front surface of the wafer with the grind-
ing wheel.

A method as claimed in claim 19, further including
moving a carrier head holding the wafer so that sub-
stantially the entire front surface of the wafer comes
into contact with the grinding wheel during grinding.

A method as claimed in claim 20, including rotating
the grinding wheel at a much greater speed than
the carrier head.

A method as claimed in any of claims 19 to 21, in-
cluding translating the wafer during grinding so that
substantially the entire front surface of the wafer
comes into contact with the grinding wheel.

A method as claimed in any of claims 15 to 22, in-
cluding using closed-loop feedback to adjust an
amount of fluid flowing through the openings in the
fluid bearing to control the upward pressure against
the front surface of the wafer.

A method as claimed in any of claims 15 to 23, in-
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cluding forming a cavity around the gap so that a
pressure in the cavity is maintained at substantially
the same pressure as a pressure at the fluid bearing
surface areas opposite the front surface of the wa-
fer.
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