
1 NANOTOPOGRAPHY CONTROL AND OPTIMIZATION USING FEEDBACK FROM WARP DATA
BACKGROUND OF THE INVENTION [0001]Aspects of the invention relate generally to processing
semiconductor wafers and more particularly to controlling and optimizing wafer nanotopography during
processing. [0002]Semiconductor wafers arc commonly uscd as substrates in the production of integrated
circuit (IC) chips. Chip manufacturers require wafers that have extremely flat and parallel surfaces to
ensure that a maximum number of chips can be fabricated from each wafer. After being sliced from an
ingot, wafers typically undergo grinding and polishing processes designed to improve certain surface
features, such as flatness and parallelism.. 



[0003]Simultaneous double side grinding operates on both sides of a wafer at the same time and
produces wafers with highly planarized surfaces. Grinders that perform double side grinding include, for
example, those manufactured by Koyo Machine Industries Co., Ltd. These grinders use a wafer-clamping
device to hold the semiconductor wafer during grinding. The clamping device typically comprises a pair of
hydrostatic pads and a pair of grinding wheels. The pads and wheels are oriented in opposed relation to
hold the wafer therebetween in a vertical orientation. The hydrostatic pads beneficially produce a fluid
barrier between the respective pad and wafer surface for holding the wafer without the rigid pads
physically contacting the wafer during grinding. This reduces damage to the wafer that may be caused by
physical clamping and allows the wafer to move (rotate) tangentially relative to the pad surfaces with less
friction. While this grinding process can improve flatness and/or parallelism of the ground wafer surfaces,
it can cause degradation of the topology of the wafer surfaces. Specifically, misalignment of the
hydrostatic pad and grinding wheel clamping planes are known to cause such degradation. Post-grinding
polishing  produces a highly reflective, mirrored wafer surface on the ground wafer but does not address
topology degradation. [0009]In order to identify and address topology degradation concerns, device and
semiconductor material manufacturers consider the nanotopography of the wafer surfaces. For example,
Semiconductor Equipment and Materials International (SEMI), a global trade association for the
semiconductor industry (SEMI document 3089), defines nanotopography as the deviation of a wafer
surface within a spatial wavelength of about 0.2 mm to about 20 mm. This spatial wavelength
corresponds very closely to surface features on the nanometer scale for processed semiconductor
wafers. Nanotopography measures elevational deviation of one surface of the wafer and does not
consider thickness variations of the wafer, as with traditional flatness measurements. Two techniques,
light scattering and interferometry, are generally used to measure nanotopography. These techniques use
light reflected from a surface of a polished wafer to detect very small surface variations. [0005]Although
nanotopography (NT) is not measured until after final polishing, double sided grinding is one process that
affects the NT of finished wafers. In particular, NT defects like C-Marks and B-Rings take form during
grinding process from misalignment of the hydrostatic pad and grinding wheel clamping planes and may
lead to substantial yield losses. Current techniques designed to reduce NT defects caused by
misalignment of hydrostatic pad and grinding wheel clamping planes include manually re-aligning the
clamping planes. Unfortunately, the dynamics of the grinding operation and the effects of differential wear
on the grinding wheels cause the planes to diverge from alignment after relatively few operations. The
alignment steps, which are highly time consuming when performed by an operator, must be repeated so
often as to make it a commercially impractical way of controlling operation of the grinder. Additionally,
current techniques do not inform the operator of the particular adjustments that should be made to the
clamping planes. Instead, the operator is merely provided with data describing the surface of the wafer
and then uses trial and error to find an alignment that reduces the nanotopography degradation.
Accordingly, the  



3 manual alignments are inconsistent among operators and often fail to improve wafer nanotopography.
[0006]Further, there is usually some lag between the time that undesirable nanotopography features arc
introduced into a wafer by a double side grinder and the time they are discovered. After double side
grinding, the wafer undergoes various downstream processes like edge polishing, double sided polishing,
and final polishing as well as measurements for flatness and edge defects before the NT is checked by a
nanomapper or the like. Thus, wafer nanotopography is not known near the time that the wafer is
removed from the grinder. Instead, nanotopography is only determined by conventional processes after
the ground wafer has been polished in a polishing apparatus. As such, undesirable nanotopography
features introduced into the wafer by the double side grinder cannot be identified until post-polishing.
Moreover, the wafer is not measured until the cassette of wafers is machined. If suboptimal settings of the
grinder cause an NT defect, then, it is likely that all the wafers in the cassette will have this defect leading
to larger yield loss. In addition to this unavoidable delay in conventional wafer processes, the operator
must wait for each cassette to be processed before getting feedback from the measurements. This leads
to a considerable amount of down-time. If the next cassette is already ground before receiving the
feedback, there is a risk of even more yield loss in the next cassette due to improper grinder settings.
SUMMARY OF THE INVENTION [0007]Aspects of the invention permit nanotopography feedback in less
time, allowing adjustments that can be made to improve nanotopography to be recognized and
implemented with less lag time for improved quality control and/or wafer yield. According to one aspect of
the invention, data indicative of a profile of a wafer ground using a double side grinder is used to predict a
nanotopography of the ground wafer. A grinding parameter for improving the nanotopography of
subsequently ground wafers is determined based on the predicted nanotopography. The operation of the
double side grinder is adjusted in accordance with the determined 4 grinding parameters. As such,
aspects of the present invention provide improved nanotopgraphy for wafers subsequently ground by the
double side grinder. In another aspect, the present invention utilizes warp data to provide the
nanotopography feedback. For example, the present invention may use warp data obtained from a warp
measurement device generally used in wafer processing. As such, the present invention advantageously
provides a cost-effective and convenient method for improving nanotopgraphy. 



[0008]A method of processing a wafer embodying aspects of the invention uses a double side grinder
having at least a pair of grinding wheels. The method includes receiving data obtained by a warp
measurement device for measuring warp of a wafer as ground by the double side grinder. The received
warp data is indicative of the measured warp. The method also includes predicting a nanotopography of
the wafer based on the received warp data and determining a grinding parameter based on the predicted
nanotopography of the wafer. According to the method, operation of the double side grinder is adjusted
based on the determined grinding parameter. [0009]In another aspect, a computer-implemented method
improves nanotopography of a wafer ground by a double side grinder. The method includes receiving
data indicative of a profile of a wafer as ground by the double side grinder and executing a fuzzy logic
algorithm to determine a grinding parameter as a function of the received data. The method also includes
providing feedback to the double side grinder. The feedback includes the determined grinding parameter
to adjust operation of the grinder. [0010]A system for processing a semiconductor wafer also embodies
aspects of the invention. The system includes a double side grinder having a pair of wheels for grinding a
wafer, a measurement device for measuring data indicative of a profile of the ground wafer, and a
processor configured for determining a grinding parameter as a function of the measured data and a
fuzzy logic algorithm. In the system, at least one of the wheels of the double side grinder is adjusted
based on the determined grinding parameter. 5 [0011]Other objects and features will be in part apparent
and in part pointed out hereinafter, 



BRIEF DESCRIPTION OF THE DRAWINGS [0012]FIG. 1 is a block diagram illustrating a system for
processing a semiconductor wafer according to an embodiment of the present invention.        [0013]FIG. 2
is a schematic side elevation of a grinder having a wafer- clamping device and hydrostatic pads according
to an embodiment of the present invention. [0019]FIG. 3 is a wafer-side elevation of a hydrostatic pad
which may be used in accordance with an embodiment of the invention. [0015]FIG. 4 is a schematic side
elevation similar to FIG. 2, but showing exemplary lateral shifting and vertical tilting of the grinding
wheels. 



[0016]FIG. 5 is a schematic front elevation thereof illustrating horizontal tilt and vertical tilt of a grinding
wheel. [0017]FIG. 6 is a diagram illustrating an exemplary line scanning process executed by a
measurement device according to an embodiment of the invention.         [0018] FIGS. 7A, and 7B are
diagrams further illustrating an exemplary line scanning process executed by a measurement device
according to an embodiment of the invention. [0019]FIG. 8A is a side diagram of a wafer illustrating a
warp parameter and a bow parameter for the wafer. [0020]FIG. 8B is a side diagram of a wafer illustrating
a thickness parameter for the wafer. 



[0021]FIGS. 9A and 9B are exemplary flow diagrams illustrating a method for processing a wafer
according to an embodiment of the invention.        [0022]FIG. 10 is top side view of a wafer illustrating
scan lines obtained for the wafer according to an embodiment of the invention. [0023]FIG. 11 is an
exemplary graph comparing an average predicted post-grinding radial nanotopography profile obtained
from warp data to a 6 nanotopography post-polishing profile obtained by a nanotopography measurement
device according to an embodiment of the invention. [0 0 2 4]FIG. 12 is an exemplary graph illustrating an
algorithm for 



determining a shift parameter based on a B-Ring region a predicted nanotopography profile according to
an embodiment of the invention. [0 0 2 5]FIG. 13 is an exemplary graph comparing an average predicted
nanotopography profile to a nanotopography profile actually measured for the B-Ring of a wafer according
to an embodiment of the invention. [0 0 2 6]FIG. 14 is an exemplary graph comparing an average
predicted nanotopography profile to a nanotopography profile actually measured for a C-Mark region of a
wafer according to an embodiment of the invention. [0 0 2 7]FIG. 15 is an exemplary topography map of a
surface of a wafer illustrating a B-Ring and a C-Mark region. [0 0 2 8]Corresponding reference characters
indicate corresponding parts throughout the several views of the drawings. 



DETAILED DESCRIPTION OF THE INVENTION [0 0 2 9]Referring now to the drawings, aspects of the
invention permit nanotopography feedback in less time, allowing adjustments that can be made to
improve nanotopography to be recognized and implemented with less lag time for improved quality
control and/or wafer yield. In FIG. 1, a block diagram illustrates a system for processing a semiconductor
wafer according to an embodiment of the present invention. For purposes of illustration and not limitation,
the system includes a grinder 101, a measurement device 103, and a processor 105 having a storage
memory 107 associated therewith. The grinder 101 grinds a wafer and the measurement device 103
measures data indicative of a profile of the ground wafer. The ground wafer at this point is unetched and
unpolished. The processor 105 is configured to provide feedback for adjusting a grinding parameter
based on the measured data. For example, one or more of the grinding wheels of grinder 101 may be
moved in order to improve the nanotopography of a wafer subsequently ground by the grinder. 7 [0030]In
an alternative embodiment, the system includes a plurality of grinders 101, each grinding a wafer for
further processing according to the system of FIG. 1. The measurement device 103 measures data
indicative of profiles of the wafers ground by each of the plurality of grinders 101. The processor 105 is
configured to provide feedback for each of the plurality of grinders 101 based on the measured data
respectively corresponding to each of the plurality of grinders 101. [0031]In the illustrated embodiment of
FIG. 1, the system further includes one or more of the following post-grinding devices: an etching device
109 for etching the ground wafer, a surface measurement device 111 (e.g., a surface flatness
measurement tool) for measuring the surface of the etched wafer, a polishing device 113 for polishing the
etched wafer, and a nanotopography measurement device 115 for measuring the nanotopography of the
polished wafer. For example, a suitable etching device 109 is the XS300-0100 rev C available from Atlas
Corporation. A suitable surface measurement device 111 is the Wafercom 300 available from Lapmaster
SFT Corporation. A suitable polishing device 113 is the MICROLINE030 AC 2000-P2 from Peter Wolters
GmbH of Germany. A suitable nanotopography measurement device 115 is the NANOMAPPER 03)
available from ADE Phase Shift. The grinder 101 may be further adjusted based on the measured
nanotopography of the polished wafer.        [0032]In one embodiment, the grinder 101 is a double side
grinder. FIG. 



2 illustrates a wafer-clamping device 201 of such a double side grinder. The clamping device 201 includes
a pair of hydrostatic pads 211 and a pair of grinding wheels 209. The two grinding wheels 209 are
substantially identical, and each wheel 209 is generally flat. The grinding wheels 209 and hydrostatic
pads 211 hold a semiconductor wafer W (broadly a "workpiecc") independently of one another,
respectively defining clamping planes 271 and 273. A clamping pressure of the grinding wheels 209 on
the wafer W is centered at a rotational axis 267 of the wheels, while a clamping pressure of the
hydrostatic pads 211 on the wafer is centered near a center WC of the wafer.        [0033]The hydrostatic
pads 211 remain stationary during operation while a drive ring, designated generally by reference
numeral 241, moves the wafer Win rotation relative to the pads and grinding wheels 209. FIG. 3 illustrates
an exemplary 8 hydrostatic pad 211. The hydrostatic pad 211 includes hydrostatic pockets 221, 223, 225,
227, 229, and 231 each having a fluid injection port 261 for introducing fluid into the pockets. Channels
263 (illustrated by hidden lines) within the pad body 217 interconnect the fluid injection ports 261a and
supply the fluid from an external fluid source (not shown) to the pockets. The fluid is forced into the
pockets 221, 223, 225 227, 229, and 231a under relatively constant pressure during operation such that
the fluid, and not the pad face 229, contacts the wafer W during grinding. In this manner, the fluid at
pockets 221, 223, 225, 227, 229, and 231 holds the wafer W vertically within pad clamping plane 273 but
still provides a lubricated bearing area, or sliding barrier, that allows the wafer W to rotate relative to the
pad 211 during grinding with very low frictional resistance. Clamping force of the pad 211 is provided
primarily at pockets 221, 223, 225, 227, 229, and 231. [0039]Referring again to FIG. 2, as is known in the
art, a detent, or coupon 215, of the drive ring 214 engages the wafer W generally at a notch N (illustrated
by broken lines in FIG. 2) formed in a periphery of the wafer to move the wafer in rotation about its central
axis WC. At the same time, the grinding wheels 209 engage the wafer W and rotate in opposite directions
to one another. One of the wheels 209 rotates in the same direction as the wafer W and the other rotates
in an opposite direction to the wafer. As long as clamping planes 271 and 273 are held coincident during
grinding, the wafer remains in plane (i.e., does not bend) and is uniformly ground by wheels 209.
[0035]Misalignment of clamping planes 271 and 273 may occur during the double side grinding operation
and is generally caused by movement of the grinding wheels 209 relative to the hydrostatic pads 211.
Referring to FIGS. 4 and 5, three modes of misalignment or a combination thereof are used to
characterize the misalignment of the clamping planes 271 and 273. In the first mode, there is a lateral
shift S of the grinding wheels 209 relative to the hydrostatic pads 211 in translation along an axis of
rotation 267 of the grinding wheels (FIG. 4). A second mode is characterized by a vertical tilt VT of the
wheels 209 about a horizontal axis X through the center of the respective grinding wheel (FIGS. 4 and 5).
FIG. 4 illustrates a 



9 combination of the first mode and second mode. In a third mode, there is a horizontal tilt HT of the
wheels 209 about a vertical axis Y through the center of the respective grinding wheel (FIG. 5) 209.
These modes are exaggerated in the drawings to illustrate the concept; it is understood that actual
misalignment may be relatively small. In addition, each of the wheels 209 is capable of moving
independently of the other so that horizontal tilt HT of the left wheel can be different from that of the right
wheel, and the same is true for the vertical tilts VT of the two wheels 209. [0036]As previously described,
misalignment of the clamping planes 271 and 273 causes undesirable nanotopography features as
measured by nanotopography measurement device 115. The undesirable nanotopography features may
develop due to uneven grinding of the wafers and/or bending of the wafers. Additionally, misalignment of
clamping planes 271 and 273 can cause the grinding wheels 209 to wear unevenly, which can further
contribute to development of undesirable nanotopography features caused during the grinding of the
wafer W. In some instances, wafers can develop undesirable features that cannot be removed by
subsequent processing (e.g., polishing). Advantageously, the present invention minimizes the
misalignment of the clamping planes. In particular, the grinding wheels 209 are adjusted by the processor
105 based on data obtained from ground wafers by the measurement device 103 rather than waiting until
undesirable nanotopography features are detected by nanotopography measurement device 115.
[0037]In one embodiment, the measurement device 103 is a warp measurement device 103 configured to
interface with the processor 105. As used by semiconductor wafer manufacturers, the warp measurement
device 103 obtains (e.g., detects) warp data for a wafer and measures the warp of the wafer based on the
warp data. In one embodiment, the warp measurement device 103 includes one or more capacitive
sensors for obtaining the warp data. The obtained warp data is indicative of a profile (e.g., wafer shape) of
the supported wafer. [0038]For example, the warp measurement device 103 may execute a line scanning
process as illustrated by FIG. 6. According to the line scanning process, the wafer W is supported by one
or more support pins 603 in contact with a first surface 



10 605 of the wafer. As illustrated by a comparison between a shape of the wafer in a gravity-free state
(indicated with reference number 607) to a shape of the wafer in the supported state (indicated with
reference number 609), the shape of the supported wafer 609 is deflected as a function of gravity and a
mass of the wafer W. The warp measurement device 103 includes a first electrostatic capacitive sensor
621A for measuring a plurality of distances (e.g., "Distance-B") between the first sensor 621A and a first
surface 605 (e.g., front surface) along a diameter of the supported wafer 609. Similarly, the warp
measurement device 103 includes a second electrostatic capacitive sensor 621B for measuring a plurality
of distances (e.g., "Distance-F") between the second sensor 62IB and a second surface 605B (e.g., back
surface) along a diameter of the supported wafer 609. The obtained warp data includes a line scan data
set corresponding to the diameter. The line scan data sct comprises thc plurality of distances measured
by the first sensor 621A along the diameter of the supported wafer 609 and the plurality of distances
measured by the second sensor 621B along the diameter of the supported wafer 609. The line scan data
set is indicative of the wafer profile along the diameter. [0039]FIGS. 7A and 7B illustrate a line scanning
process executed by a warp measurement device 103 for obtaining a plurality of line scan data sets, each
indicative of a wafer profile along a particular diameter. As illustrated by FIG. 7A, a first line scan
(indicated by arrow 701) is executed along a first diameter of the wafer. In particular, the first sensor 621A
is moved in a plane above the first surface 605A in a first direction along the first diameter of the wafer.
The first sensor 621A measures the distance between the first sensor 621A and the first surface 605A of
the wafer at predefined intervals (i.e., pitch R, measurement frequency). The pre-defincd intervals arc
illustrated as has marks on the surface of wafer Win FIG. 7A. For instance, the first sensor 621A may
measure the distance at 1 or 2mm intervals along the first diameter of the wafer. The second sensor 621B
is similarly moved in a plane below the second surface 605B in the first direction to measure the distance
between the second sensor 621B and the second surface 605B along the first diameter of the wafer. The
first diameter of the wafer may be defined as a function of a reference point. For example, 11 in the
illustrated process, the first diameter passes through the notch N located on the perimeter of the wafer.
[0040]As illustrated by FIG. 7B, after completing the first line scan 701, the wafer W is rotated (indicated
by arrow 709). In particular, a rotation stage 705, positioned below the support pins 603, is raised to lift
the wafer W to a position (indicated by reference number 707) above the support pins 603. While
supporting the wafer in the lifted position 707, the rotation stage rotates. As a result, the wafer is rotated a
number of degrees (0). The rotation stage 705 is lowered and the rotated wafer is re-positioned on the
support pins 603. The positions of the support pins 603 with respect to the second surface of the wafer
are indicated with hidden lines in FIGS. 7A and 7B. In turn, a line scan (indicated by arrow 715) along a
second diameter of the wafer is executed. According to the illustrated process, the first and second
sensors 621A and 621B are moved in planes respectively corresponding to the first and second surfaces
605A and 605B in a second direction (e.g., opposite to the first direction) along the second diameter of
the wafer. As explained above in connection with the first line scan 701, the first and second sensors
621A and 621B respectively measure the distances between the sensors 621A and 621B and the first
and second surfaces 605A and 605B of the wafer at the pre-defined intervals along the second diameter
of the wafer. The rotation 709 and line scanning operations 701 and 705 are repeated in order to obtain
each of the plurality of line scan data sets. [0041 ]In one embodiment, the warp measurement device 103
uses a self 



mass compensation algorithm to determine the wafer shape for a gravity free state 607. The self mass
compensation determines the shape of the wafer as a function of the line scan data sets, wafer density,
an elastic constant, the diameter of the wafer, and the positions of the support pins 603. In one
embodiment, warp measurement device 103 measures one or more wafer parameters based on the
wafer shape. The wafer parameters may include one or more of the following: warp, bow, TTV (total
thickness variation), and/or GBIR (global back surface ideal range). Referring to FIG. 8A, warp and bow
arc generally determined with respect to a reference plane. The reference plane is defined as a function
the contact points between the support pins 603 and the 12 surface of the wafer 605A. Specifically, warp
is defined as the absolute value of the difference between maximum deviation and minimum deviation of
the median area from the reference plane. The median area is a locus of points which are equidistant
from the front surface 605B of the wafer and the back surface of the wafer 605A. Bow is defined as the
amount of deviation from the reference plane at the wafer center. Referring to FIG. 8B, GBIR and TTV
reflect the linear thickness variation of the wafer and can be computed based on a difference between a
maximum and a minimum distance from the back surface of the wafer to the reference plane.
[0042]Referring again to the system illustrated in FIG. 1, the data obtained by the warp measurement
device 103 for measuring warp of the wafer as ground by the grinder 101 is transmitted to the processor
105. For example, the line scan data sets and/or the determined wafer shape may be transmitted to the
processor 105. The processor 105 receives the warp data and executes computer-executable instructions
for performing a plurality of operations for processing the received warp data. In particular, the processor
105 predicts a nanotopography of the wafer based on the received warp data and determines a grinding
parameter based on the predicted nanotopography of the wafer. The operation of the grinder 101 is
adjusted accordingly. In one example, the processor 105 may execute computer-executable instructions
embodied in one or more software applications, components within an application or software, executable
library files, executable applets, or the like. The storage memory 107 associated with the processor 105
stores information and data for accessing by the processor 105. For example, the storage memory 107
may store data used by or accessed by the processor 105, such as software, applications, data, or the
like.       [0043] In one embodiment, the storage memory 107 may be volatile or nonvolatile media,
removable and non-removable media, and/or any available medium that may be accessed by a computer
or a collection of computers (not shown). By way of example and not limitation, computer readable media
include computer storage media. The computer storage media in any method or technology for storage of
information such as computer readable instructions, data structures, program modules or other data. For
example, computer storage media include RAM, ROM, EEPROM, 13 flash memory or other memory
technology, CD-ROM, digital versatile disks (DVD) or other optical disk storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magnetic storage devices, or any other medium that may
be used to store the desired information and that may be accessed by the computer. [0049]In one
embodiment, the processor 105 and the storage memory 107 



may be incorporated into one or more computing devices. As known to those skilled in the art, computing
devices include a combination of the following: a processor 105, one or more computer-readable media,
an internal bus system coupling to various components within the computing devices, Input/Output
devices, a networking device, and other devices. Exemplary computing devices include onc or a
combination of the following: a personal computer (PC), a workstation, a digital media player, and any
other digital devices. In another embodiment, the processor 105 accesses data stored by storage memory
107 via a network. [0045]In one embodiment, the processor 105 accesses a feedback program for
processing the received warp data. The received warp data may include the line scan data sets and/or
the determined wafer shape for the ground wafer. In particular, the processor 105 predicts a
nanotopography of the wafer based on the received warp data. The nanotopography of the wafer is
predicted, rather than actually measured, since when the measurement device 103 measures the wafer,
the wafer has not yet undergone polishing. As previously discussed, current nanotopography measuring
devices utilize technology which relics on the wafer being measured to be in a polished state. The
processor 105 determines one or more grinding parameters based on the predicted nanotopography of
the wafer. In one embodiment, thc processor 105 determines a shift parameter. The shift parameter is
indicative of a magnitude and a direction for moving the pair of grinding wheels 209 in order to reduce
nanotopography degradation caused by misalignment of the grinding wheels 209. In another
embodiment, the processor 105 additionally or alternatively determines a tilt parameter. The tilt parameter
is indicative of an angle for positioning the pair of grinding wheels with respect to a wafer in order to
reduce nanotopography degradation caused by misalignment of the grinding wheels 209. 14 [004 6]The
operation of the grinder 101 is adjusted based on the determined grinding parameters. For example, the
grinding wheels may be adjusted as specified by the determined shift and/or tilt parameters. In one
embodiment, the grinding wheels 209 are adjusted as a function of the determined shift and/or tilt
parameters and of a previously defined compensation amount. In one embodiment, the grinder 101 is
configured to receive the determined grinding parameters and adjust one or more components of the
grinder 101 as a function of the determined grinding parameters. In another embodiment, the determined
grinding parameters arc provided to an operator and the operator configures the grinder 101 to adjust one
or more components of the grinder 101 as a function of the determined grinding parameters.
[0047]FIGS. 9A and 9B illustrate an exemplary method of processing a wafer in accordance with an
embodiment of the invention. At 903, a grinder 101 grinds a wafer. At 905, a determination is made
whether the ground wafer is the first wafer. If the ground wafer is determined to be the first wafer, at 907
the measurement device 103 obtains data for measuring the warp and/or thickness of the first wafer. For
example, the measurement device 103 may obtain four line scan data sets as illustrated by FIG. 10. Each
line scan data set is indicative of a diametric profile of the wafer. 



[0048]Referring to 909-915 as shown in FIG. 9A, processor 105 carries out operations for computing a
predicted nanotopography profile for the first wafer. In particular, at 909, the processor 105 levels the
warp data (e.g., a line scan data set) measured by the measurement device 103. In one embodiment, the
measured warp data is leveled using a least square fit in a defined moving window. At 911, processor 105
is configured for computing a first profile as a function of the leveled data. Specifically, the leveled data is
smoothed using a first filter (e.g., low pass filter) with a defined window size. At 913, a second profile is
computed as a function of the leveled data. Specifically, the leveled data is filtered using a second filter
with a defined window size. The second filter operates to substantially remove non-nanotopography
wavelengths. At 915, a predicted nanotopography profile for the wafer is computed as a function of the
computed first and second profiles. In one embodiment, the predicted NT profile is computed by
subtracting the second profile from the first profile. 15 [004 9]According to aspects of the invention,
processor 105 repeats operations at 909-915 to compute a predicted diametric nanotopography profile for
each line scan data set obtained by the measurement device 103. According to the example illustrated by
FIG. 10, four predicted diametric NT profiles are computed. Each of the four predicted diametric NT
profiles are computed from one of the four line scan data sets. Eight predicted radial NT profiles are
determined from the four predicted diametric NT profiles. Each of the eight predicted radial profiles
represent predicted NT height data at a plurality of locations along a radius (e.g., ranging from 0- 150mm)
of the wafer. An average predicted radial NT profile is computed by averaging the predicted NT height
data for each of the eight predicted radial profiles as a function of the radius. FIG. 11 is a graph
comparing an average predicted post-grinding radial NT profile obtained from warp data to an NT
post-polishing profile obtained by a nanotopography measurement device. [0050]FIG. 9B illustrates
operations carried out by the processor 105 to determine the grinding parameters based on the predicted
NT profile (e.g., average predicted radial NT profile). Specifically, the illustrated operations represent a
fuzzy logic algorithm applied to the predicted NT profile to determine a shift parameter. The shift
parameter has a direction component and a magnitude component for indicating a shift for the grinding
wheels 209. According to the operations discussed in further detail below, the grinding parameters are
determined based on the B-Ring region of the predicted NT profile. The B-Ring region refers to a region
of the wafer where the radius is between 100 mm and 150 mm. The B-Ring value refers to a maximum
peakto-valley value in the B-Ring region for the average predicted radial NT profile. Generally, lower
B-Ring values (e.g., less than 5 nm) correspond to more desirable nanotopography. FIG. 12 illustrates an
exemplary algorithm which used to determine the shift parameter based on the B-Ring region of the
average predicted NT profile. FIG. 13 is a graph comparing an average predicted NT profile to the NT
profile actually measured for the B-Ring of the wafer. In another embodiment, a similar method (not
illustrated) is carried to optimize the E-Mark. Like the B-Ring region, the E-Mark region refers to a region
of the wafer where the radius is between 100 mm and 150 mm.  16 



The E-Mark value refers to a maximum peak to valley value determined from each of the predicted NT
profiles (rather than the average predicted radial NT profile). In yet another embodiment, a similar method
(not illustrated) is carried to optimize the C-Mark. The C-Mark region refers to a region of the wafer where
the radius is between 0 mm and 50 mm The C-Mark value refers to a maximum peak-to-valley value in
the C-Mark region for the average predicted radial NT profile. FIG. 14 is a graph comparing an average
predicted NT profile to the NT profile actually measured for the C-Mark region. FIG. 15 is an exemplary
topography map of a surface of the wafer illustrating the B-Ring and the C-Mark regions. [0051]Referring
again to FIG. 9B, at 921, the processor 105 determines the B-Ring value for the predicted NT profile. At
923, the processor 105 determines whether the B-Ring value is less than a B-Ring value defined to be
low (i.e., 5 nm). If the B-Ring value is low, the processor 105 determines at 925 that no adjustment is
necessary (i.e., value of grinding parameters is zero). Alternatively, if the B-Ring value is not low (i.e.,
greater than or equal to 5nm), an optimization cycle is initiated, and the present wafer is the first wafer in
the optimization cycle. The optimization cycle carries out the remaining operations discussed below of the
illustrated method for the present wafer and repeats the operations discussed above for a subsequent
wafer. The optimization cycle is repeated until a subsequent wafer is ground by the grinder according to
the grinding parameters has a B-Ring value determined to be less the defined low value (i.e., 5 nm).
[0052]According to the optimization cycle, the processor 105 determines a preliminary shift direction
based on the predicted NT profile in the B-Ring region. Referring to 931, the processor 105 determines
whether the predicted NT profile in the B-Ring region has a valley followed by a peak (referred to as a "VP
profile"). If the predicted NT profile is determined to have a valley followed by a peak in the B-Ring region,
the preliminary shift direction of the grinding wheels 209 is right. Referring to 933, the processor 105
similarly determines whether the predicted NT profile in the B-Ring region has a peak followed by a valley
(referred to as a "PV profile"). If the 17 predicted NT profile is determined to have a peak followed by a
valley in the B-Ring region, the preliminary shift direction of the grinding wheels 209 is left. [0053]After
determining the preliminary shift direction, the processor 105 determines the shift magnitude based on the
B-Ring value. At 941, the processor 105 determines whether the wafer is the first wafer in the optimization
cycle. If the wafer is determined to be the first wafer in an optimization cycle, the processor 105
determines the shift magnitude used for grinding the next wafer ground by the grinder (i.e., the second
wafer) based on predefined guidelines. In one embodiment, the pre-defined guidelines include a plurality
of B-Ring value ranges, each of which are associated with a particular shift magnitude value. Thc
particular shift magnitude value is selected to improve the nanotopograhy of wafers subsequently ground
by the grinder 101. According to thc illustrated method, at 943 the processor 105 determines whether the
B-Ring value is greater than 18 nm. If the B-Ring value is determined to be greater than 18 nm, the shift
magnitude is 15 m and the shift direction is the determined preliminary shift direction. At 944 the
processor 105 determines whether the B-Ring value is greater than 8 nm but less than or equal to 18 nm.
If the B-Ring value is determined to be greater than 8 nm but less than or equal to 18 nm, the shift
magnitude is 10 pm and the shift direction is the determined preliminary shift direction. At 944 the
processor 105 determines whether the B-Ring value is greater than 8 nm but less than or equal to 18 nm.
If the B-Ring value is determined to be greater than or equal to 5 nm but less than or equal to 8 nm, the
shift magnitude is 1 m and the shift direction is the determined preliminary shift direction. 



[0059]If the processor 105 determines at 941 that the wafer is not the first wafer in the optimization cycle,
the processor 105 executes at 951 an optimization program to determine the shift parameter used for
grinding the next wafer. In particular, the number (n) of the wafer in the optimization cycle is identified and
the shift parameter for the next wafer (n+1) is determined as a function of the B-Ring values and
corresponding shift parameter values for n wafers. In one embodiment, the B-ring values and
corresponding shift parameters for the n wafers are fitted using a  18 polynomial fit of degree (n-1). The
shift parameter determined using the nth wafer corresponds to a value of the polynomial when the B-Ring
value is equal to zero.       [0055]As illustrated, processing according to an exemplary method embodying
aspects of the invention returns to 903 after the shift parameter is determined at 943, 945, 947, or 951.
Likewise, the optimization cycle ends and the method returns to 903 if the processor 105 determines that
no adjustment to the grinder 101 is necessary at 925. At 903, the grinder 101 grinds the next wafer
according to the determined grinding parameters (e.g., determined shift parameter). At 905, the processor
105 determines whether the next wafer is the first wafer. Since the next wafer is not the first wafer, the
processor 105 determines at 961 whether one or more the of follow conditions is true: the B-Ring of the
previous wafer is greater than a predetermined value (e.g., 8 nm); the cassette number is two more than
the cassette for which wafers were last measured by the measurement device 103. If one or more of the
conditions are true the measurement device 103 obtains warp data for the wafer at 907 at the method
proceeds as discussed above. If neither of the conditions is true, the wafer subsequent steps of the
illustrated method are not performed for the wafer and the method returns to step 903 for grinding a
subsequent wafer.        [0100] When introducing elements of the present invention or the preferred
embodiment(s) thereof, the articles "a", "an", "the" and "said" are intended to mean that there are one or
more of the elements. The terms "comprising", "including" and -having" are intended to be inclusive and
mean that there may be additional elements other than the listed elements.        [0101 ] As various
changes could be made in the above without departing from the scope of the invention, it is intended that
all matter contained in the above description and shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense. 



Mc SLIP 19 Claims:        1. A method of processing a wafer using a double side grinder, said double side
grinder having at least a pair of grinding wheels, said method comprising:        receiving, at a processor,
data obtained by a line scanning process executed by a warp measurement device for measuring warp of
a wafer as ground by the double side grinder, said received warp data being indicative of the measured
warp, wherein the warp measurement device is separate from the double side grinder;        predicting, at
the processor, a nanotopography of the wafer based on the received warp data;        determining, at the
processor, a grinding parameter based on the predicted nanotopography of the wafer;        adjusting
operation of the double side grinder based on the determined grinding parameter. 
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Claims: 

 

1.  A method of processing a wafer using a double side grinder, said double side 

grinder having at least a pair of grinding wheels, said method comprising: 

receiving, at a processor, data obtained by a line scanning process executed by a 

warp measurement device for measuring warp of a wafer as ground by the double side 

grinder, said received warp data being indicative of the measured warp, wherein the 

warp measurement device is separate from the double side grinder; 

predicting, at the processor, a nanotopography of the wafer based on the 

received warp data;  

determining, at the processor, a grinding parameter based on the predicted 

nanotopography of the wafer; 

adjusting operation of the double side grinder based on the determined grinding 

parameter. 

 

2.  The method of claim 1, wherein adjusting operation of the double side 

grinder comprises providing feedback to the double side grinder, said feedback 

including the determined grinding parameter. 

 

3.  The method of claim 1 wherein said determining includes determining a shift 

parameter based on the predicted nanotopography of the wafer, said shift parameter 

indicative of a magnitude for moving the pair of grinding wheels to improve 

nanotopography of a wafer subsequently ground by the double side grinder.   

 

4.  The method of claim 1 wherein said determining includes determining a shift 

parameter based on the predicted nanotopography of the wafer, said shift parameter 

indicative of a direction for moving the pair of grinding wheels to improve 

nanotopography of a wafer subsequently ground by the double side grinder.   

 

2. The method of claim 1, wherein adjusting operation of the double side grinder comprises providing
feedback to the double side grinder, said feedback including the determined grinding parameter.
3. The method of claim 1 wherein said determining includes determining a shift parameter based on
the predicted nanotopography of the wafer, said shift parameter indicative of a magnitude for moving
the pair of grinding wheels to improve nanotopography of a wafer subsequently ground by the double
side grinder.        4. The method of claim 1 wherein said determining includes determining a shift
parameter based on the predicted nanotopography of the wafer, said shift parameter indicative of a
direction for moving the pair of grinding wheels to improve nanotopography of a wafer subsequently
ground by the double side grinder.  Mc SLIP 20        5. The method of claim 1 further comprising
filtering the received warp data and wherein said predicting includes predicting a nanotopography of
the wafer based on the filtered warp data.        6. The method of claim 1 wherein said determining
includes executing a fuzzy logic algorithm to the predicted nanotopography of the wafer as a function
of the received data.        7. The method of claim 1 wherein said predicting includes computing a
profile for a surface of the wafer and wherein said determining includes determining a grinding
parameter based on a B-Ring region of the computed profile. 
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5.  The method of claim 1 further comprising filtering the received warp data 

and wherein said predicting includes predicting a nanotopography of the wafer based 

on the filtered warp data. 

 

6.  The method of claim 1 wherein said determining includes executing a fuzzy 

logic algorithm to the predicted nanotopography of the wafer as a function of the 

received data. 

 

7.  The method of claim 1 wherein said predicting includes computing a profile 

for a surface of the wafer and wherein said determining includes determining a grinding 

parameter based on a B-Ring region of the computed profile. 

 

8.  The method of claim 1, wherein said wafer as ground by the double side 

grinder is unetched and unpolished. 

 

9.  The method of claim 1, further comprising polishing the wafer and 

measuring a nanotopgraphy of the polished wafer. 

 

10.  The method of claim 9, further comprising further adjusting operation of 

the double side grinder based on the measured nanotopgraphy of the polished wafer. 

 

11.  A computer-implemented method of improving nanotopography of a wafer 

ground by a double side grinder, said double side grinder having at least a pair of 

grinding wheels, said computer-implemented method comprising: 

receiving, at a processor, data from a line scanning process indicative of a 

profile of a wafer as ground by the double side grinder;  

executing, at the processor, a fuzzy logic algorithm to determine a grinding 

parameter as a function of the received data; and 

providing feedback including the determined grinding parameter to the double 

side grinder to adjust the operation thereof. 

8. The method of claim 1, wherein said wafer as ground by the double side grinder is unetched and
unpolished.        9. The method of claim 1, further comprising polishing the wafer and measuring a
nanotopgraphy of the polished wafer.        10. The method of claim 9, further comprising further
adjusting operation of the double side grinder based on the measured nanotopgraphy of the polished
wafer.        11. A computer-implemented method of improving nanotopography of a wafer ground by a
double side grinder, said double side grinder having at least a pair of grinding wheels, said
computer-implemented method comprising:       receiving, at a processor, data from a line scanning
process indicative of a profile of a wafer as ground by the double side grinder;        executing, at the
processor, a fuzzy logic algorithm to determine a grinding parameter as a function of the received
data; and       providing feedback including the determined grinding parameter to the double side
grinder to adjust the operation thereof.  Mc SLIP 
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12.  The computer-implemented method of claim 11 wherein executing the 

fuzzy logic algorithm to determine the grinding parameter includes determining a shift 

parameter based on the predicted nanotopography of the wafer, said shift parameter 

indicative of a magnitude for moving the pair of grinding wheels to improve 

nanotopography of wafers subsequently ground by the double side grinder.   

 

13.  The computer-implemented method of claim 11 wherein executing the 

fuzzy logic algorithm to determine the grinding parameter includes determining a shift 

parameter based on the predicted nanotopography of the wafer, said shift parameter 

indicative of a direction for moving the pair of grinding wheels to improve 

nanotopography of wafers subsequently ground by the double side grinder.   

 

14.  The computer-implemented method of claim 11 wherein said receiving 

includes receiving data obtained by a warp measurement device for measuring warp of 

the wafer ground by the double side grinder, the wafer being unetched and unpolished. 

 

15.  The computer-implemented method of claim 11 wherein said receiving 

includes receiving data obtained by a measurement device for measuring thickness of 

the wafer ground by the double side grinder, the wafer being unetched and unpolished. 

 

16.  The computer-implemented method of claim 11, wherein the wafer as 

ground by the double side grinder is unetched and unpolished. 

 

17.  A system for processing a semiconductor wafer, said system comprising: 

 a double side grinder having a pair of wheels for grinding a wafer; 

 a measurement device separate from the double side grinder for executing a line 

scanning process for measuring data indicative of a profile of the ground wafer, 

wherein the measurement device is a warp measurement device for obtaining warp data 

from the ground wafer; and 

21       12. The computer-implemented method of claim 11 wherein executing the fuzzy logic algorithm
to determine the grinding parameter includes determining a shift parameter based on the predicted
nanotopography of the wafer, said shift parameter indicative of a magnitude for moving the pair of
grinding wheels to improve nanotopography of wafers subsequently ground by the double side grinder.
13. The computer-implemented method of claim 11 wherein executing the fuzzy logic algorithm to
determine the grinding parameter includes determining a shift parameter based on the predicted
nanotopography of the wafer, said shift parameter indicative of a direction for moving the pair of
grinding wheels to improve nanotopography of wafers subsequently ground by the double side grinder.
14. The computer-implemented method of claim 11 wherein said receiving includes receiving data
obtained by a warp measurement device for measuring warp of the wafer ground by the double side
grinder, the wafer being unetched and unpolished.       15. The computer-implemented method of claim
11 wherein said receiving includes receiving data obtained by a measurement device for measuring
thickness of the wafer ground by the double side grinder, the wafer being unetched and unpolished.
16. The computer-implemented method of claim 11, wherein the wafer as ground by the double side
grinder is unetched and unpolished.  17. A system for processing a semiconductor wafer, said system
comprising: a double side grinder having a pair of wheels for grinding a wafer;       a measurement
device separate from the double side grinder for executing a line scanning process for measuring data
indicative of a profile of the ground wafer, wherein the measurement device is a warp measurement
device for obtaining warp data from the ground wafer; and  
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 a processor configured for executing a fuzzy logic algorithm to determine a 

grinding parameter as a function of the measured data; 

 wherein at least one of the wheels of the double side grinder is adjusted based 

on the determined grinding parameter. 

   

18.  The system of claim 17 wherein said ground wafer being unetched and 

unpolished, and wherein said processor is configured for executing a fuzzy logic 

algorithm to determine a grinding parameter as a function of the measured warp data. 

 

19.  The system of claim 17 wherein said measurement device includes a 

capacitive sensor for measuring data indicative of the profile of the ground wafer, said 

ground wafer being unetched and unpolished. 

 

20.  The system of claim 17 wherein the double side grinder having the at least 

one wheel adjusted based on the determined grinding parameter grinds another wafer. 

 

21.  The system of claim 17 further comprising: 

 an etching device for etching the ground wafer; 

 a polishing device for polishing the etched wafer; and 

 a nanotopography measurement device for measuring the nanotopography of 

the polished wafer. 

 

22.  The system of claim 17 wherein said processor is configured for executing 

the fuzzy logic algorithm to determine a shift parameter as a function of the measured 

data, said shift parameter indicative of a magnitude for moving the pair of grinding 

wheels to improve nanotopography of a wafer subsequently ground by the double side 

grinder.   

 

23.  The system of claim 17 wherein said processor is configured for executing 

the fuzzy logic algorithm to determine a shift parameter as a function of the measured 

Mc SLIP 22       a processor configured for executing a fuzzy logic algorithm to determine a grinding
parameter as a function of the measured data;       wherein at least one of the wheels of the double
side grinder is adjusted based on the determined grinding parameter.       18. The system of claim 17
wherein said ground wafer being unetched and unpolished, and wherein said processor is configured
for executing a fuzzy logic algorithm to determine a grinding parameter as a function of the measured
warp data.       19. The system of claim 17 wherein said measurement device includes a capacitive
sensor for measuring data indicative of the profile of the ground wafer, said ground wafer being
unetched and unpolished.       20. The system of claim 17 wherein the double side grinder having the
at least one wheel adjusted based on the determined grinding parameter grinds another wafer.       21.
The system of claim 17 further comprising: an etching device for etching the ground wafer; 
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data, said shift parameter indicative of a direction for moving the pair of grinding 

wheels to improve nanotopography of a wafer subsequently ground by the double side 

grinder.  

 

24.  The system of claim 17 further comprising a second double grinder having 

a pair of wheels for grinding another wafer, and wherein said measurement device is a 

single measurement device for measuring data indicative of a first profile of the ground 

wafer and for measuring data indicative of another profile of the another ground wafer, 

and wherein said processor is configured for executing the fuzzy logic algorithm to 

determine the grinding parameter as a function of the measured data indicative of the 

first profile and for executing the fuzzy logic algorithm to determine the grinding 

parameter as a function of the measured data indicative of the another profile.  

 

25.  The computer-implemented method of claim 14 wherein said receiving 

includes receiving data obtained by the warp measurement device, said received warp 

data being indicative of the measured warp of the wafer. 

 

26.  The computer-implemented method of claim 11 further comprising 

adjusting operation of the double side grinder based on the determined grinding 

parameter. 

 

 

27.  The system of claim 17 wherein said measurement device measures a 

thickness of the wafer ground by the double side grinder, said wafer being unetched 

and unpolished. 

 

28.  The system of claim 18 wherein said warp data obtained by the warp 

measurement device is indicative of the measure warp data of the wafer. 

 

a polishing device for polishing the etched wafer; and       a nanotopography measurement device for
measuring the nanotopography of the polished wafer.       22. The system of claim 17 wherein said
processor is configured for executing the fuzzy logic algorithm to determine a shift parameter as a
function of the measured data, said shift parameter indicative of a magnitude for moving the pair of
grinding wheels to improve nanotopography of a wafer subsequently ground by the double side
grinder.       23. The system of claim 17 wherein said processor is configured for executing the fuzzy
logic algorithm to determine a shift parameter as a function of the measured  Mc SLIP 23 data, said
shift parameter indicative of a direction for moving the pair of grinding wheels to improve
nanotopography of a wafer subsequently ground by the double side grinder.       24. The system of
claim 17 further comprising a second double grinder having a pair of wheels for grinding another
wafer, and wherein said measurement device is a single measurement device for measuring data
indicative of a first profile of the ground wafer and for measuring data indicative of another profile of
the another ground wafer, and wherein said processor is configured for executing the fuzzy logic
algorithm to determine the grinding parameter as a function of the measured data indicative of the first
profile and for executing the fuzzy logic algorithm to determine the grinding parameter as a function of
the measured data indicative of the another profile. 
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29.  The method of claim 1 wherein the measurement device measures a 

thickness of the wafer ground by the double side grinder, said wafer being unetched 

and unpolished.  

 

25. The computer-implemented method of claim 14 wherein said receiving includes receiving data
obtained by the warp measurement device, said received warp data being indicative of the measured
warp of the wafer.       26. The computer-implemented method of claim 11 further comprising adjusting
operation of the double side grinder based on the determined grinding parameter.       27. The system
of claim 17 wherein said measurement device measures a thickness of the wafer ground by the double
side grinder, said wafer being unetched and unpolished.       28. The system of claim 18 wherein said
warp data obtained by the warp measurement device is indicative of the measure warp data of the
wafer.  Mc SLIP 24       29. The method of claim 1 wherein the measurement device measures a
thickness of the wafer ground by the double side grinder, said wafer being unetched and unpolished. 




