1 NANOTOPOGRAPHY CONTROL AND OPTIMIZATION USING FEEDBACK FROM WARP DATA
BACKGROUND OF THE INVENTION [0001]Aspects of the invention relate generally to processing
semiconductor WéI¥4fthore particularly to controlling and optimizing Wé’%?ﬂ%%%@ﬁ%ﬁ?aphy 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
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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 are commonly used 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] Simultancous 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



[0003]Simultaneous double side grinding operates on both sides of a wafer at the same time and
produces wafers with highl plananzed surfaces. Grinders that perform double side nndlng include, for
example, those WAAUAERTHd by Koyo Machine Industries Co., Ltd. These 5ﬁﬁ@§?§‘%§’38é Wafer- -clamping
device to hold the semiconductor wafer during grinding. The clamplng 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 in rlndln This red ces da e to the wa fer that may be caused by
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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 nanoto;)o raphy features arc
introduced into g’%ﬁ?g?jwsgzdouble side grinder and the time they are discovetét %f?g?’%%ble 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 haslb en oltished ina P?Iishing apcparatus. A% }[,IChf, ndesirable nanotopography
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measurement device generally used in wafer processing. As such, resent invention advantageously

provides a cost&ffeptivel apdreridhfesiindstrvdcian Mplelprigtiehdtibgawdpmat 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



[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 dS\IGEYY ﬁ"féﬁsuring warp of a wafer as ground by the doublﬁcélpﬂjézgﬂpﬁ{%? 3 he 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 deterrhining 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 nanot(gg)o raphy of a Wafgr(%r%und bg a ﬁuble sidte rintder. The method includes receiving
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based on the determpgagminding parameter. 5 [0011]Other objects and features will be in part apparent

and in part pointed OUI[B%E%E“"““% 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.



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.
is a schematic SRR of a grinder having a wafer- clamping device d’rﬁirma%’g?ﬁﬁf‘ézpads 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 embodimeit 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.

[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.

[0014] 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

[0013]FIG. 2



[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 dg\ﬂégoﬁ@éﬁﬁ:l%ng to an embodiment of the invention. [O%‘]‘/ﬁ@g’”ﬁsénd 7B are
diagrams further illustrating an exemplary line scanning process executed by a measurement device
according to an embodiment of the invention. [0019]FG. 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.

nanotopography post-polishing profile obtained by a nanotopography measurement
device according to an embodiment of the invention.

[0024] 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.

[0025] 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.

[0026] 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.

[0027] FIG. 15 is an exemplary topography map of a surface of a wafer
illustrating a B-Ring and a C-Mark region.

[0028] Corresponding reference characters indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0029] 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.



[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 obtaifeW Sy titdHater according to an embodiment of the inventi%ﬂ?/fﬁ%ﬁ%ﬁﬁ@.szll 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

[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 MICROLINE® AC 2000-P2 from
Peter Wolters GmbH of Germany. A suitable nanotopography measurement device
115 is the NANOMAPPER ® 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 "workpiece") 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 W in

rotation relative to the pads and grinding wheels 209. FIG. 3 illustrates an exemplary



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
nanotopograph;)’”i?r&?ﬂgw{g%anotopography profile actually measured for tﬁgﬁg ?loﬁlg%sésﬁvafer 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 nanotopograph¥ 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 O 2 8]Corresponding reference characters

Nt CorT e R ) B S R I g S e, TN ekt 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.

[0034] 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



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 nanotoﬁ’&bf%’ﬁ%gt%%e recognized and implemented with less lag tiﬁ?gﬁzﬂ%?‘%% 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 invéhtion. 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 prafile of the ground wafer. The ground wafer at this point js unetched and
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measurement tool) for measuring the surface of the etc afer, a polishin ce 113 for polishing the
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Corporation. A suitable surface measurement devjce 111 is the Wafercom 300 available from Lapmaster
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nanotopography o the polished wafer. 32]In one em e grinder 101 is a double side
grinder. FIG. 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



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 ideNiA 4R ¥ach wheel 209 is generally flat. The grinding wit&d Y @Q?ﬁfﬂydrostatic
pads 211 hold a semiconductor wafer W (broadly a "workpiecc") independently of one another,
respectively defining clamping planes 271 and 273. Al@lamping 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 stagignary duripg.operation while a drive ring, designated generally by reference
Pomeral 241, mOVEE 8 WHIEY B, P RE ST A A RGN R sb0. F16. 5 flustrates

an exemplary 8gnydt§odiaeistga(ﬂirmn'&aftérc_hgiﬁynhf@simﬁ:npaﬂb@ﬁDimmut@sM@smﬁﬁethets 221, 223, 225,
227, 229, and 23], badng adig NigSURRRA a8bo50a RRUGING BHid08 dhie.RAGkES. Channels

263 (illustrated by hidden lines) within the pad body 217 interconnect the fluid injection ports 261a and
supply the fluid fShis dpflestedmarrfupsiPurE eravsy shewms ohépacketdy TRBCNEPs forced into the

pockets 221, 223c 23R @it ReRcaind R3AdN0RLT eliMMIGONTIAN R 6SSWFe TiuLing operation such that
the fluid, and not the pad fai:e?%%&rfgntacts t(ue wafer W d\%ing rindirb%. n this maé#[ler, the fluid at
pockets 221, 22@?%&&?%5?,‘5 Y A P3RS the WARSF W L RFTLsny Widkitt $R&°EmBing plane 273 but
still provides a labticétetdshdarog alea,. droslidimtpdzaieng thébaltows fitie wateriéd toafotal® relative to the

Py aring SN WL KEDHAN UgiprRliEe RiRngeuerana arce oLl BRI 1 proviced
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 €88dR 1 oranepuidnR/a ping Y fetigfaness the-whtstpggendidiega tihotch N (illustrated

by broken lines JBcbik@saakéeunasl iRden ResiR Rl thowater. (B Moue the) Wi inreiatienabout its central
axis WC. At thetg%me time thzeégggéjin wheels 209 engage Waﬁer W and rotate in opposite directions
I

h
to one another. S RRHENR 09 PSRBT R "’élﬂ‘fﬁg Hoh'28 HEWARIW and the other rotates
in an opposite divectipontiinth® whaféinnisclonthabclammpitgapianesgiidathd @vdidnedield coincident during
grinding, the wafer remains in.plane (-8 n i uni I wheels 209.
[0035]Misa|ignrart1{§£t S%l(jglr%%%n%% a?rl]%s? rzs%dsl%g%g 82£7%£m%%%%£%ﬁ%8n{g%¥k¥gg %%%?g% ga\éﬁg%ﬁnding operation
and is generally833sé chpylalierabAsnase merdiag tiieesscpod selsaneis Hengyfbrostatic pads 211.

Referring to FIGRtRRdrandiipponadearef soisatigamentar arombinatieadheseafaramsed to
characterize the mj alignmﬁent of the clamping planes 271 and 273. In the first mode, there is a lateral

shift S of the grifidi oS tive to the hydrostatic pads 211 in translation along an axis of
rotation 267 of the grinding 91hee BI(NG Aynd\78eitndamadmdschaiagietzed dyatdrical tilt VT of the

‘I’:"Ir(‘;’efi Hzfssirg'toé’gégl% QAR A8 K REUIP MG SR P RLNG ERIRSSHYS AUNdRgyieel (FIGS. 4 and 5).
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 pre-
defined intervals (i.e., pitch R, measurement frequency). The pre-defined intervals are
illustrated as has marks on the surface of wafer W in 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,



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 grindin? wheel (FIG. 5) 209.
These modes a?’%oe%?ﬂ%%{zed in the drawings to illustrate the concept; it isPriderB8 At 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 oflthe 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 nangtopography measure n'iddevice 115. The undesirabl notopography features may
develop dus o UhEsAaIESF tha G Atets ARG BV A EHES ISIEDL" KSAIRMALIY: misalignment o
clamping planep@iticama 278 waiarcause the grinding wheels 209 to wear unevenly, which can further

contribute to developmeyf,gfundasitaple RAnAIgREgFAP Y JealHias: GaURE /ARG e grinding of the

wafer W. In some instances, wafers can develop undesirable features that cannot be removed by
subsequent protEsEiigy ¥ . reiereHingicasdvatEg Ry, Ihaapiedehtiriated AaainiAlizes the
m()isaggnrréent %@U&ﬁii@@%ﬁ%ﬁﬁl@!@%p&ﬁ&d@ﬂﬁfﬂﬁg m@&r{aqiﬂﬂ%wa@%ﬁéma ﬁ@ggdmsktled er]y the processolr
105 based on data obtained from ground wafers by the measureme vice 103 rather than waiting unti
ndesiraple nar BBESTHIG OERTE I U AER by FARE Ty s AR aLbice 115
_[0037]In one envmﬂdilinehﬂ:,lt‘r‘tedmmrréfﬁﬁemaiewqem&ésramrpfmemtememmme 103 configured to
e oy IS RIBFESRRRAO Aauselh by RemcRnclawateiMaAct et g warp measuremen

device 103 obtains (e.g., detects) warp data for a wafer and measures the warp of the wafer based on the

warp data. In orfeEmibatipAEHENGoW EipsHPasUYBH TR devipestoB s theesmee Bifte capacitive

sensors for obtaining:{he-wamndatand be-ablaned wawp datadeindicativeiedaa prefile feas, wafer shape) of
the supported w. easurement device 103 a line scanning

fer. [0038]For example, the war ay execut
process as iIIus?%t%’HJ[% Fi u%nﬁ@gb &Y (EB‘H’fgpl BYSEEinG b? %&?W@%@?Wi@&%ﬁ)ported by one
or more supportypifies i6O8cimtedntactondthgaditlst Blufaaed 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 clastic 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 are 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



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 numbgﬁoé@@%)fﬁ%%hape of the supported wafer 609 is deflected S Y ALY 8éﬁ?"'(;ravity 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.qg., "Dist ce-F'g between the.second sensor.62|B and a second surface 605B (e.g., back
Surtace) atong SR SEP P HE Sl or B8 AP BDET A SRS MG A HEILAS 2 fine scan data
set correspondidgftoctive ditmeetanainertindé seanndatd soticomplkises sho plhralitdiof distances measured
by the first sensgr 6214 alang. thg.flermatshofithe SURPPISRE WARHAORiANF.1e piliality of distances

measured by the second sensor 621B along the diameter of the supported wafer 609. The line scan data

set is indicative Eh@sfagat préme QOB tHE Hidisicrd tobadimidaepA thay #Er fRstralo¥ line scanning
prgcess eX?CUt@QFiEMr@df;éi%ﬂhéﬁﬁﬁa‘éﬂf%mﬁmléﬂi%ﬁi%ﬁ@@ef@f&ﬁﬁ@gﬂ[ﬁﬁpmé&éiﬂe@ﬁémgrsC?n data sets, each
indicative of a wafer profile a particu iameter. As.illustrat FIG. 7A, a first line scan
(indicated by a\:&%ﬁpﬁlf)t?s@i%%te#i%ﬁ&ﬁ#@fﬁ?ﬁf‘ﬁgi%i%?%%‘ﬁ\%?é*%l?‘?ﬁﬂ?ﬁﬁ%ﬁ tHeirst sensor 621A
is moved in a plankcabbyedinpuficd thesrdaceacliféanca Hirtstadirectianralomgnthe ffirsindiameter of the wafer.
The first sensor £214 er@&@gg&%y&%t&r&q&%@g&%@ Ile) tsen %rn%ZlA and the first surface 605A of

) A .

the wafer at predefined intervals (i.e., pitch R, measurement frequency). The Ege-defincd intervals arc
filesensor 621A may

illustrated as has markP8A42he surrARE RS deatetotha SRENTNuRtEiGH sedHEe TR

measure the digaRGREbyL1RE wapHibishvalz @l enddheofirgHrametap of dheomatekafhassecond sensor 621B
is similarly moved in@ plgge below the second surface 605B in the first direction to measure the distance
bl 40l e i ik

between the seSEHISEN SRUkg Qe RS Afond thEHBP SRS of the wafer. The
first diameter ofsthe dwdertarayl bettlefioechdascd furfiotikiaefmasehe tencenjeihto Ferpexansple, 11 in the

lllustrated procegs “I%eﬁﬁéc ARSI RASSE tﬁér&%%hc%é@e?a]ﬂfft&*%&'n'e%%%l%ﬁ LpIe pefipeter 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). Wsarimaio=pesieivASaye F 0B operirsinad foe acentna iBpareqilisd BOB) is raised to lift
the wafer W to g ppsitigntisdicatrd hyctaisransgRumbensiiyahevmming alnpat: piRsHA3. While

supporting the wafer in the lifted position 707, the rotatjon stage rotates, As a result, the wafer is rotated a
number of degréld (65 THhe ?B’té?ﬁgrﬁgiia(beée%%"}&%?&?Bﬁ@qﬁée?gf’éf’éld%%e?ﬁ té%ositioned on the
support pins 608anbiepp@sittlgns dfcthe foripplosopinsic0 s wtihgiesire dDloithdjsecdnctsudifate of the wafer
are indicated wifh piddenInesin FIGS. AR BT, line sean ndisated yarow 715) along a
second diameter of the water is executed. cc01>a|ng to the iflustrate process, the first and second
sensors 621A afiHbediER iarengeiveerirspiaries sadsabavelgosareasye ndihig e emelfiadiarr! second surfaces

605A and 605B;iTia S8Cond AMRETIBRAR 80sOPRQSHIB IEa HRfi 9 kRO IRl QRFNEnREEAHd diameter of

the wafer. As explained above in connection with the first line scan 701, the first and second sensors

621A and 621B {EPEREIES HEHOG AR WSl AR SEL S SHosRA TR 0d e85 L5 395&551ME B2 and the first
and second surfaces o038 amd G5B 08, the waier atdhmerpreddafugatbinténsalscdlongrthe second diameter

of the wafer. The rostéelgﬁjn Zl(l)g and Iinelﬁg?nn&gfoiﬁﬁrations 701 .and 70 areﬂ{eeﬂgeated in order to obtain

aACCCSSC € procgssor C ware, applications, data, or ) .
each of the pIura‘flty of lie Scan data sets. n one e%oélmeﬁt, the warp measurement device 103

uses a self [0043] Inone 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,



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 constft E%ieter of the wafer, and the positions of the supp%?frﬂfﬁéo%%s?fﬁzone
embodiment, warp measurement device 103 measures one or more wafer parameters based on the
wafer shape. The wafer parameters may include oneldr 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 rface of the wafer 6 Specifically, warp
is defined as théIl %@snd?ﬁlfgwglruoet c‘>31P Fﬁ%“bgl) AN 381%@(\/3%%’# é]%(fkﬁﬁ%l H%&?gg%aﬁl%ﬁé% &?Pl)rf%m deviation of
the median areaﬂramm@kéfémmmangnafh:e:meaﬁ@mraagaats@tmuagrfqﬁoidﬁ&mﬂniagem equidistant
from the front syifaee 00RRfshsvialGEand s bk suiasrl e WalRLAYA,Ro s defined as the

amount of deviation from the reference plane at the wafer center. Réferring to FIG. 8B, GBIR and TTV

reflect the lineafhitdiatumaiptisnl dhaheayRfercaptckhy e compititéd based on a difference between a

maximum and a minimwoistanag Hredibedaask sudfacr abdbeosater e thadeferanes nigne.
[0042]Referring again to the system illustrated in FIG. 1, the data obtained by the warp measurement
i 5 L D SRR

device 103 for GrIAEP TR SRR WS RE B GFSTIRY B 78 G indey T ! 4S'the processor
105. For example; htedinesteg diatecsetslatvdi optiterdetarndithedoNatensheapecssayriéransmitted to the

processor 105. 3’1}1%(9%(% Q&Jrgg’,dﬁ%?ee. ?dﬁatﬂ% Yﬁgﬁ%@g %,rlgegg(aeﬁgi?pégcfg%%@sr-executable instructions

for performing a plurality of operations for processing the receive data. In particular, the processor

105 predicts a rfRRBWOEr A heiserppafars a0 Mihe Pagiy devivels aaty e eidEsnines a grinding
parameter baseg@ptHe RiesictatkAapatopesiariy aétheswaiat. bhe aneratiemafdhergninder 101 is
adjusted accordé'rﬁgly.,ln'one exarEgIe, the %ﬁgessor 105.ma%eclute .omputer-executable instructions
embodied in onfo8P Bz RSTRRATE QBIRHEHBNS, TEHBTAPRS A gheé;‘ﬂy? iAo A 8bftware, executable
library files, execthtabligitg distiseor hinenbkier ThbstonagethegmooeystOT0assosistedawistotbe processor 105

stores informatig}r) s@é}g g%%%nfa%r ¢62s8ing, 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 EAMSdimentt, aPrcsibPdHRCHISHTANPIDTOME? Becosikatiidestbiskvolatile media,

removable and pririeMeVaRIe NadiRe adiot AR ailablamedivaa thah may heyaseeased by a computer
or a collection of c;lmputers Qnot shown). By way of example and_not limitation, computer readable media

include computdtSstBraa iR ARE T OO P ek BYEF ¥ e aP Ay HRERHRY 6H e cHhology for storage of
information suchaascobmpuipraeadaliesipsidictsionsnadapagtiplctufase pragramanodties or other data. For

example, computer. stora gdi%inclyd RAM, RQM; EEEROM, 1< lash memory, or Eher memory
technology, CD-E&‘%‘I\’/?, (Y@%a?%/grsa% e |CS)T?§) (zﬁ)r\a}b 8r‘ other gé%c%ﬁ%%ﬂe%s’tgar%aet, maaggﬁue%g cassettes,
magnetic tape, MesghEde sk shsratie Brstemaadnate Kidrmaepswevibesaiirathy wederhtredium that may

be used to store,$hg.desieotQuRAIRD 20D HRLMAYIR ASCEIEL RN GRITRpEST- [0049]In one
embodiment, the processor 105 and the storage memory 107 . ,
measuring devices utilize technology which relies 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, the 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.



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 Mt’é’ﬁ? %gﬁfﬂlng to various components within the computlnﬁct;é%é) ‘?/q%ﬁ/Output
devices, a networking device, and other devices. Exemplary computing devices include onc or a
combination of the following: a personal computer (P&), 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 recelviﬁﬁfﬁodreg] %’?Be rec?(/evlg)? ngylg S% L@[n ﬁﬁm‘% gl% I|n scan (jata sets and/or

the determined wafer predlcts a
nanotopographyl@ithewdafendagedranctes. r@@@m@dmlamldgtmdﬁtwmmmppgcaﬂwted tise wafer is

predicted, ratheg thap. ¢ é‘r’ﬁlL%%&%ﬁHéﬁ%ﬁ#l%ﬁ/Mﬁﬂpﬁ?M@%sLﬂ%ﬂ@@BBSE{ Ifig O neasures the wafer,

the wafer has not yet un one polishing. As previously discussed, current nanotopography measuring

devices utilize tEERABBHRSH |8ﬂ9r@l?c%db’ﬁtﬁ4é‘§/\?aﬁ‘é}%@m§f the deigradngd Baftredssiidhed state. The

processor 105 q&ﬁﬁ{sﬂ'é}@%&ﬂﬁ”@ﬁ)f@ﬂ@gﬁGQM@@@@M&@%@%@M”IM@%@M@@Q@&OIOngaIOhy of
the wafer. In one e qoglment ;hlpgrotcessor &ﬁrﬁ?eterml S a shift parameter. Thg shift parameter is
indicative of a nfAgARuAE 4hEP A SHEEHEA T Y f’ﬁlglﬂ%\ 01 Hﬁd?ﬁrﬁwgé@% 15t Sh¥er to reduce

nanotopographydegradatipmecats sé€thbygnnikalignmentoktiva gfithdidgovhmelsg2@@ingy another .
embodiment, thas Paﬁ%%{?e??ofn]a%%tﬁ‘&déﬁl%@]@l}{eﬁ[ %L‘ee&%‘%ﬁ%%lxadgerﬁﬁ V\g‘[ﬁﬁe&% %R%%’g&%(ﬁgeeghe tilt parameter

is indicative of an angle for positioning the pair of grinding wheels respect to rin order to

reduce nanotop@@awm%ﬁﬁm@améa@ww@gﬁmé?ﬁ W¥ltkeagibinig QUmes’s 209. 14 [004 6]The
operation of thecBHiﬂGﬁénl@éf'&@Qﬂh@@q Pesedontia Qﬁﬂ@éw&%ﬁ@émgﬂﬁﬂlﬁgﬁﬁ%@f@éﬁ%f example, the

grinding wheels may be ad usted as specifie e determined shift and/or arameters. In one

embodiment, the grindt§ Heels é%g agé %%j%{é L4 ARSI ngﬂﬁ%ﬂ#ﬁﬁ q8H& Bind/or tilt

parameters andveffa prewon@lgce!esflﬂedueowmhmsatlmfﬂ&rmwmldm onedeinbedintent) theigiinder 101 is

configured to re&‘fvéﬂ% thﬁtdﬁf Qg&%%ﬁﬁ%% R% ”%%%‘%ﬂ%ﬁﬂé’ AMTLORE %?sr tﬁéqg%@&g?&o”e”ts of the
e grin t

grinder 101 as a function of t etermine Ing paramete s. In another embodiment, the determined

grinding paraméfdhs &ﬁ@wdv@@dsté%@ﬁ@dﬁd?edh@ﬁﬁ% Ub@?a@b?@%ﬂﬁgﬂ?é@tﬁ@%ﬁﬁ%?eﬁml to adjust one

or more compongRis,afitba-ariRterchOkias ddunehandia thecRRiey BHinRGiaindiRg pa@meters.
[0047]FIGS. 9A and QB#fustrate an exemplary metho% of processing a wafer in a ordal%l;:e with an

embodiment of F&TR AR CRE BT S d5Miifad 1 TG ARGL dWaF Fsﬂ?@%aéebse% is made
whether the grounBIwafer Bathdificsicwradeta ittheigtoutid whieliis deteprofiled ichbev e . first wafer, at 907

the measurement dewfg (%éobt%}%r%\r% C%H@f‘ss Q%%qm@ @Rd Bé[er:'s'gor”ﬁﬁs f the first wafer. For

example, the measurement device 103 may obtaln ne scan data Sets as illust ratedsby FIG. 10. Each
line scan data s@ttlgnwarwﬁ\fer@wmamnﬁeér@ﬁrbn@ﬂmmehy 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.



[0048]Referring to 909-915 as shown in FIG. 9A, processor 105 carries out operations for computing a
predicted nanotgg)ogorap@g ?rofile for the first wafer. In particular, at 909, the Erocessor 105 levels the
warp data (e.qg., Qine*4¥f*ata set) measured by the measurement devicd tOYSHENEEhbodiment, 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 functiod »f 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 sié% he secon fiIt{ar 0 ertategs to .substtantially remcm non-tnanotopography
wavelengths. At 915, a{?) editted ﬁ‘é‘f% 6%&% (f/sp? fhg TorthewaRTiE % %ﬂ?@%ﬁs a function of the

compute_d first apdrsecord fm@fﬂbsldmcm_nwmlpwﬁcteahdiahetmtenﬁumgbbﬂaphgfﬂmtﬁa:ﬁmpqted by
subtracting the seaond REOLIE, 1M JBR MLt R Blllé AR MCEAHAY 1. asRREls,qhihe invention,

processor 105 repeats operations at 909-915 to compute a predicted diametric hanotopography profile for

each line scan ¢at&@BktibpitmiettyFlite cRytrspdistrdabsiearioN T Reeibidial fotutekample illustrated by
Fle-llo. four pr@d&ﬁ@ﬂ;ﬂé&@i’ @tﬁi@d]}hﬁe@;@ﬁﬂﬁ?@m%mad §Qpe%@ﬁi@%&d%f@%@&f@é@&?ﬂﬂﬁﬁm?tlriC NT
profiles are computed from ope of the four line n data sets. Eight predicted radial NT profiles are
Getermined oG e IEAL SRR OB A B TR b Etit recal profies
represent predigtediddcd Idéighqhtdtﬁ @tcgitduré]mhgf @eai'gim;matbctgdaadaidlusg(fﬂ@.rmaﬁ@mg from O- 1.50mm)
of the wafer. A'}a%"ﬁé%%ﬂ" E%%%?Qa@gﬂ%'ldyaﬂf flEdR £ RMmnGd P%é@%?@%‘“%%ﬁlgﬁ?&{%@d NT height

data for each of the eight predicted radial profilés as a function of the radius. Fl 1is a graph

comparing an alePaye pféectethost griansgietivddiNTdmidNlersefidsieecfrdmiodarp data to an NT
post-polishing prefile;pbtainsrdyia NANRRPRARAPRY FEASHIIRMBRAL fRMiIcRJRRRAINIEIRRSllustrates

operations carried out by processor to determine the grinding parameters based on the predicted
NT profile (e.g.,a%&%&lé ?‘)El;gﬁiag’blsralglg# &l?r%?cﬁ’f ) TR, ARE R R HE P ations represent a
fuzzy logic algogthmhrapplied N the firedicteddNbprefite dotdetermMiigasshiftiganametde. The shift
parameter has gdirection component and a magnitude component for indicating a shift for the grinding
wheels 209. Accoroh%ng © t%e ope?agoa1 s)QI |s%%ss§c{i Llflﬁ ?ﬁrt er detail below, the grinding parameters are

determined based on tHROBORing FgicHB dHeNeapreenetadP N TCHFsH e uThetB: Riers Yot fefers to a region

of the wafer whege-thenradius-isiRetween a9 msandrtaRamedie Rdflego@luedgfrrs to a maximum
[ redicted radjal NT profile. Generally, lower

peakto-valley value.in the B-Ring regjon for the ayerage

B-Ring values (Bfﬁq}ﬁgéqsratﬁgﬁ%@rﬁ?ﬂ? %?rrggﬁgﬁaa{\é’rﬁﬁ&%%ﬁ%‘b?@?ﬁ%%f?%?‘?fﬁﬁ?.ﬁﬁ@‘ . 12 illustrates an
exemplary algotitpinaigoicthrusedlied deteemiod dlee Shifrpalametesrhasea sdiftheBaReng Tegion of the
average predict d1 T rofile. FIG 4L |§ aar hn m Ein nayer re i ted NT nrogile to the NT
profile actually r%eg\i)ulrgelaet%?r }ghse%BqR%%%ooﬁﬁeB wa é_r.ﬁi% arﬁ%%et}l%rﬁﬁ%ﬁ?%%gt@a %#\Incl 5{? ethod (not
illustrated) is cattidicfes thpBridmgiehERMR. KikeotHa BRI rstidensHBs@sMarR fedghsh refers to a region

of the wafer whage.the-Iad] i is-PRINESH LR B NG AR Bhscl®n 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 peak-
to-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.



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) g%é??ﬂé?ﬁ?%)ptimize the C-Mark. The C-Mark region refers {)SHIF%WNW?% 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¢rofile. 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, a , the processor 105 determings the B-Ring value for the predicted NT profile. At
095, the procesLin ORI LSRR T Rt A T BT, ERRSOBIE defined to be
low (i.e., 5 r!m).ttfetpecﬁet%&)@ﬁ/atuﬁlés [mhahhgpr@xcewsmg&(ﬂﬁed!ietednﬁdiebl\ﬁf B@itﬁaﬂng_eadjustmen_t is
necessary (i.., YAI4e, Qh AHNAING PAAMEGISHS IR 4 218) i IGRAHVE Myl BRI gL 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™3&le T & -dftinigaive i Eye & cdirsan alithp e réinaimirgtsgesation ddretsded below of the
illustrated methadifand® pi@senhnalRranchI&PRALS toe aprIAtians-aisrIssRY abrvefal-a subsequent

wafer. The optimjzation cycle_is repeated unti|.a subse t wafer js ground by the grinder according to
the grinding paraiNBSE RS P 7GR SAHHANTAN T BERSs WS dERAEABRD value (... & nm).

[0052]Accordingdmphengptimizadiprpoydites &N protéssothd 08 gedéitorinis] by predinistafyr gift direction

based on he predifife NToprafle IS, BRIARIRIBR, RARING § fhvlnesrassspor 105 determines

whether the predicted N ile in the B-Ring regdion llowed by a peak (referred to as a "VP
profile"). If the pleuiEtE Bréfine indéte fmivied tegiave a valley followed by a peak in the B-Ring region,
the preliminary shift difggsion of thegrndingavheels208 istiaht iRefRiingia @3&dhainsecessor 105
similarly determines whether the predicted NT profile in the B-Rjng region has a peak followed by a valley
(referred to as a{h‘b%/%%i%‘l){el téellﬁﬁ@ﬁ’\fh\e]%ﬁ\rl lﬁ)ero#n-l‘bg%d Pﬁ?ﬁ?&?ﬂ”i@%a@f&%&%ﬁ( followed by a
valley ip _the B-R@hqk_regimB{R@pn@imii_saeysshm dEeRt@wahﬁwéeﬁnWm@w%wéi&_Z@&r@.l@ﬁ. [0053]After
determining the prslimingry 0t fiesion- e prapesepr AR drlesmngs it magnitude based on the

B-Ring value. At 941, the processor 105 determines whether the water is the first warfer in the optimization

cycle. If the wafeoSHEYd HPrirad e bartdt BrwaRie nisreoptimieatsiy dyclé thh Bvoessssr 105

determines the ghiffilaagnitude-msehiarginding BennextaieraionpsbRYdha arinden i, the second
wafer) based on predefi%ed.g id\%linesé;n one embodiment, the pre-defined guidelines include a plurality

of B-Ring value PAighs Hedh BF WRON e B pArBEtion @ parittiaPamiriayRttdde value. The
particular shift magieikudetivattads sglepteditadipcavedbelnandtopdgraliycdimdfedSsubsequently ground
by the grinder 101, AEGOL ing Q h%ill trated m th t 943 the proc [0 (%ete)mines whether the
B rimg vanue T e e . the aif
magnitude is 1P HRHAHR Sl direraisr isntHa oedresmme sy Prslintrand Shitheigaedon. At 944 the

processor 105 deteraminas whethriihsBrRings\alle BSrrgalanihrRSriadaybierssthan 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 17 pIRSHIYNE ISR i8N is the determined preliminary shift direction. At 944 the
processor 105 determiressehetheycthedBrdRintheafttienizagiceatecl thar Broveskntt leSddieaningsequal to 18 nm.

If the B-Ring value i§ determlilng 19 be greater than or equa 5 bughleﬁ han or. equal to 8 nm, the
. . a gjre 1rn1na81 i girection bascd.on the gredlc C roqiﬂ']e In the B-Rin re%lon.
shift magnitude i1s 1 m and the shift direction is the determined preliminary shift direction.
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



[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 nex‘P’%é?g?mﬁ%sﬁértlcular the number (n) of the wafer in the optlﬁﬁfgfﬁgﬁ 8@931%5?5 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. Inldhe 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 z 005 ustrate ocessm ord to ap exe method embodying
apects of the IRRISH NURL K A5 ARE e LRTH DEFAEIGR S dBib e AT blat B, 047, or 951
Likewise, the ophgtnnati@rp@mimlenclmﬁrmrﬂmameﬂtbdgmtdmg%@@ﬁzﬂﬁhelq:ftocessor 105 determines that
no adjustment to the grifges 101 ISNEGESSANiAL %%éﬁx?%ry”s‘ﬁfgHﬂ%ﬁﬁ%@ﬁ%@%&l&'ﬁ@?” wafer

according to the determlned grinding parameters (e.g., determined shift parameter). At 905, the processor
105 determinesdfigEtHristhe ﬁ@&trwaféw%eﬁ??éqﬂrgtlxrwfgr@&aémﬁef?ab%lmﬁx%pngcﬁ%ﬁpﬂql@$|rst wafer, the

processor 1?5 dﬁE@ﬁﬁlﬁé@Sﬁ&tﬂ@rMWﬁ%f’&ﬁsqlfi@dﬂfsf:m&%rtﬂﬂwéﬁﬂﬁﬂ\tﬁmy@les iﬁtffélﬁ'éfﬁeiﬁ'mng of trf:e
previous warter | eater t etermined value e cassett mber IS two more than
B assetto for T e B L L S i B EROToT CHCTP RS o mrona of the
conditions are trtbedhé messudemsdtfdeyroelb@3hobiains Margdaid fptherwddetiat, 907 at the method
proceeds as dis (%%;8&8%9%8%%%5&%%08%9&@%‘4&9 %ﬂﬁ§“?ﬁ%ﬁ%ﬁ%&ﬁ@&%’&ﬁe\%@%‘%ﬁﬂ%ﬁ steps of the

illustrated method are not performed for the wafer and the method returns tep 903 for grinding a

subsequent wafgidelinesgngofe gy shtycd iRt @ ehie mash thech rd sarelrve atios e dehreferred

embodiment(s) &']ﬁ[ﬁ@ﬁlathﬁlﬂfﬂfdgﬁlﬁﬁ{b vahe, "ﬂ@'b@ﬂédﬁ@' 'f@fﬁa@?ﬁ%\mﬂﬂlﬁ{é eantbatdhere are one or
more of the elements. ng erms "compri 'and -haying" are gme ded to be inclusive and

in ncluding'
o that thore TG R AR e e S P S Rt s e 301 A warious
changes could wecmahi@mn the iflboveod itivohuidl ep2d i franethe $66detoftinesimberiteoithdt is intended that

all matter Coma &Qﬁe g%y&%ﬁmtmm? SR e, 2ecompaning drayings shall be

interpreted as |I str ve and not in a mltlng sense.
than 18 nm, the shift magnitude is 15 um 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 um 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 um and the shift direction
is the determined preliminary shift direction.

[0054] 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



Mc SLIP 19 Claims: 1. A method of processing a wafer using a double side grinder, said double side
grinder having at least agair of grinding wheels, said method comprising: receivin%r,%at a processor,

data obtained byg fitfe/¥ é?ﬁwing process executed by a warp measurement GEVRE P 4éélsuring 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 sepat&te 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 Rl 14t & Rder.R8S5 ™ At B lermuine S o AP ware

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 pre-
determined 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

€699 <¢
a

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.



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 maggpitusie fpr moving
the pair of grinding wheels to improve nanotopograpby 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 tlgdpigble 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 executingla mzzytllr@gioﬁ:;bg@afmﬁnga thefaresii@gedd@ablkt@nwﬁpw ofaillelwafierssgea function

of the received 7. The metho claim erein sa| dicting includes computing a
profile for a%%?]% eg?)‘fl E\A}Sflél‘ %%IW? D& %‘f rrﬁ%‘i‘r@q 6688?B§§8}ﬁmmg a grinding
parameter based aacaiBifging iqgiaewbiheéacoobpaited prafiléne 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.



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 nanotopgrapfiy; gf the polished
wafer. 11. A computer-implemented method of agproving 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 fuzzyjodiaeatgatitinoftoldeterminBen grinpingnpaiheeie flrsrectimationpfdha received
data; and roviding feedback includcilﬁ%the dgter.mined grindi(g}gr?{% ryan}e er tofter}%doudble side

grinder to aBJiSM ISP eI HHAraRINANIE Bsdicting a nafiotop ol the waler base

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.



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 ggtibiq gide grinder.
13. The computer-implemented method of claim 11ayherein 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-inpleneenieguietos @helatmiditvidertitasaid redeiwnganaludeg fieceiving data
obtained by a war{ me surement&cl1 vice for meaSLérlng warp of the w fe%%round ﬁ% the double side
s i b

grinder, the SRS e TS ding parapeler jag piBHEMet Method of claim

11 wherein paighteeeividedi nﬁlweemmm@@mdmymmwmmm plexiaetéor measuring
thickness of the Wafer round b double s% Waf unetched and unpolished.
16. The corﬁrb it IVr%B }{%ﬁeefﬂf)glgﬁﬂ&% § \%‘ j %?”6%8%8 by the double side
grinder is urmatﬁhepbgmi)hmpf)l@lieﬁ.sdﬁmellsyﬂtpgndmﬁcpb@aeesiagbﬁem|gﬁnductor 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.oT Hee-gigunel- iraféenwherkincdtheddatire menhdavicexiscatinanheneasurement

device for o utzazlglpo%lc a gorfaltl Egrgeggrengrrlgl%gg g\;l}ll%ﬁng pa(%ameter 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



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 proceggatjig ponfigured
for executing a fuzzy logic algorithm to determine agrinding 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 agljustedbaseiborcth@detesmingd gringingiearaoaten gideeanother wafer. 21,
The system of cJaim 17 further copﬁrising:faﬂ etchinlg deXice for etching the ground wafer;
grinding parameter as a fuhction 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



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 meuing; thp 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
nanotopogra@nlaysatcashm@hwbaeﬂuﬁmbﬁgmﬂmame&herdﬁmbﬂﬁ)ﬁiﬁlgtgéi@dﬁrof eriddinghe system of
claim 17 furthe omprlsm a second douple r|nd havin ir of wh E)r rlnim nother
Water, and BTG TP OROICE & W R AN M h B A Sing data
indicative ofgﬁﬂttst.proflle 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 eXeQ)éltiﬁglﬂ’kglitblﬂ)ofagﬂirﬁlgbﬁﬂ’ﬂhbtmﬁiﬁt&fﬁﬂgelﬁ%@fdlﬂiﬁﬂbl@gfﬁi@@tﬁﬁﬁﬁ@ function of
the measured dat E tl¥ e of. t another profile

a pair of w or grm ing anothet wa er 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.



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. yi3{.Lfne system
of claim 17 wherein said measurement device measyres 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 greunetiydtbectiatblevaide: grihdencsaiekmaie dbeingninstabed and unpolished.

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

and unpolished.





