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SI MULTANEQUS DOUBLE SI DE WAFER GRI NDER FI ELD [ 0001] Thi s di scl osure rel ates
gener al | ywoaosi/mmoiseaneous doubl e side grindi ng of sem cendaBoor/owasers and
nore particularly to double side grinding apparatus and nethods for

I nproved waf er nanot opol ogy. BACKGROUND [ 0002] Sem conductor wafers are
commonly used in the production of integrated circuit (1C) chips on which
circuitry is printed. The circuitry is first printed in mniaturized form

onto surfaces of the wafers, then the wafers are broken into circuit chips.
But this smaller ci réiﬁql‘j}&i'rr PP (ARAS ST MORHLATIEON be extrenely fl at
and parallel to fSdr STMAHTANFOUS RAQUBRLE SIHE PREFR FRINPER i nt ed over the

entire surface of the wafer. To acconplish this, a grinding process is
commonly used to inprove certain features of the wafers (e.g., flatness and
parallell;fégDafter they are cut froman ingot.
[0001] This digclosure relateg generally to
gimultaneous double gide grinding of gemiconductor wafers

and more particularly to double side grinding apparatus and

methods for improved wafer nanotopology.

BACKGROUND

[0002] Semiconductor wafers are commonly used in the
production of integrated circuit (IC) chips on which
circuitry is printed. The circuitry is first printed in
miniaturized form onto surfaces of the wafers, then the
wafers are broken into circuit chips. But this smaller
circuitry requires that wafer surfaces be extremely flat and
parallel to ensure that the circuitry can be properly
printed over the entire surface of the wafer. To accomplish
this, a grinding process is commonly used to improve certain
features of the wafers (e.g., flatness and paralleligm)
after they are cut from an ingot.

[0003] Simultaneous double side grinding operates on
both sides of the wafer at the same time and produces wafers
with highly planarized surfaces. It is therefore a
desirable grinding process. Double side grinders that can
be used to accomplish this include 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 wheelg. The pads
and wheelg 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 gurface for holding the
wafer without the rigid pads physically contacting the wafer
during grinding. This reduces damage to the wafer that may



[ 0003] Si mul t aneous doubl e side grinding operates on both sides of the wafer
at the sane tine and produces wafers with highly planarized surfaces. It is
t her ef or ewa 2daigilr®bl e gri ndi ng process. Doubl e side gri mdenB2oibeitizan be
used to acconplish this include those2manufactured by Koyo Machi ne

I ndustries Co., Ltd. These grinders use a wafer-clanping device to hold the
sem conduct or wafer during grinding. The clanping device typically
conprises a pair of hydrostatic pads and a pair of grinding wheels. The
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International (SEMI), a global trade association for the
gemiconductor industry (SEMI document 3089). Nanotopology
measures the elevational deviations of one surface of the
wafer and does not consider thickness variations of the
wafer, as with traditional flatness measurements. Several
metrology methods have been developed to detect and record
these kinds of surface variations. For instance, the
measurement deviation of reflected light from incident light
allows detection of very small surface variations. These
methods are used to measure peak to valley (PV) variations
within the wavelength.

[0006] Double gided grinding is one process which
governs the nanotopology (NT) of finished wafers. NT defects
like C-Marks (PV value generally within a radius of 0 to 50

mm of center) and B-Rings (PV value generally within a



[ 0006] Doubl e sided grinding is one process which governs the nanotopol ogy
(NT) of finished wafers. NT defects |like C Marks (PV val ue generally within
a radi us wb 201111078 nm of center) and B-R ngs (PV val uepgenBrai/hirise thin a
WO 2011/ 117792PCT/ 1B2011/ 051152 3 radBus of 100 to 150 nmm of center) take
formduring grinding process and may | ead to substantial yield |osses.
These are two defects which | ead to substantial yield | osses due to NT. A
third defect which | eads to | osses due to NT is the entrance mark produced
on the wafer during wiresaw slicing. Double sided grinding can potentially
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and materi al E&bdfﬁnv%%gwaﬁ¥rent methods of controlling NT try to
golve the problem by making adjustments to the grinder, but
these solutiong do not satisfactorily address the causes of
NT degradation. At least one cause of NT degradation is
thought to be the clamping state dictated by the interaction
between the hydrostatic profile of the pads and the incoming
wafer.

[0008] After a wafer is loaded into the grinder, it
ig clamped by the hydrostatic pressure generated by the pads
on opposite sides of the wafer. The wafer may be
elastically deformed in an initial clamping state based on
the interaction between the shape of the incoming wafer and
the hydrostatic pressure profile of the hydrostatic pads.
After the wheel starts contacting the wafer, there is a
period of time where the wheel attempts to grip the wafer
without removing a significant amount of material. During
this period of time the wafer undergoes further elastic
deformation depending on the interaction between tilts and
shifts of the wheel and the initial clamping state. The

wheels begin grinding the wafer and material is removed from



WO 2011/ 117792PCT/ 1B2011/ 051152 4 the wafer once a stable state is reached.
As the material is being renoved in the stable state the NT of the wafer is
t hought twobketiaifeacti on of the geonetric interacti on becraswit/haissheel and
the stable state of the wafer. FO009] After a set amount of materi al
has been renoved, the wheels retract and the el astic deformation of the
wafer is reversed. The reversal of the elastic deformation after
retractions of the wheels further degrades NT. The conbi ned effects of the
two contributors to NT degradation - geonetric interaction between the
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[0010] LA typical wafer-clamping device 1' of a double
gide grinder of the prior art is gchematically shown in
Figs. 1 and 2. Grinding wheels 9' and hydrostatic pads 11!
hold the wafer W independently of one another. They
respectively define clamping planeg 71' and 73'. A clamping
pressure of the grinding wheels 9' on the wafer W is
centered at a rotational axis 67' of the wheels, while a
clamping pressure of the hydrostatic pads 11' on the wafer
is centered near a center WC of the wafer. As long as
clamping planes 71' and 73' are held coincident during
grinding (Fig. 1), the wafer remains in plane (i.e., does
not bend) and is uniformly ground by wheels 9'. A general
discussion regarding alignment of clamping planes may be
found in U.S. Patent No. 6,652,358. However, if the two
planes 71' and 73' become misaligned, the clamping pressures
of the grinding wheelgs 9' and hydrostatic pads 11' produce a
bending moment, or hydrostatic clamping moment, in the wafer
W that causes the wafer to bend sharply generally adjacent
peripheral edges 41' of the grinding wheel openings 39!

(Fig. 2). This produces regions of high localized stress in
the wafer W.



WO 2011/ 117792PCT/ 1B2011/ 051152 5 [0011] M sal i gnnent of cl anpi ng pl anes 71
and 73" is common during double side grinding operation and is generally
caused bywowvermnto2of the grinding wheels 9' relative t@cCrhB2thyoFiost atic
pads 11' (Fig. 2). Possible nodes of #isalignnent are schematically
illustrated in Figs. 2 and 3. These include a conbination of three distinct
nodes. In the first node there is a lateral shift S of the grinding wheels
9' relative to the hydrostatic pads 11' in translation along an axis of
rotation 67 of t he grinding wheels (Fig. 2). A second node is
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Figure 2 |IIustrates a d?nbl nati on of ﬁt—nt flrst nd second node. In a
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prior art pads 11' (an exanple one prior art pad js shown in Fig. 4),
the WO 20117 ﬂ?f@fzﬁéﬁ? PR 0%11%%011’5 a vertical axis Y through the
center of the respective grinding wheel (Fig. 3). These

modes are greatly exaggerated in the drawings to illustrate
the concept; actual misalignment may be relatively small.

In addition, each of the wheels 9' 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.

[0012] The magnitude of hydrostatic clamping moments
caused by misalignment of clamping planes 71' and 73' is
related to the design of the hydrostatic pads 11'. For
example, higher moments are generally caused by pads 11!
that clamp a larger area of the wafer W (e.g., pads that
have a large working surface area), by pads in which a
center of pad clamping is located a relatively large
distance apart from the grinding wheel rotational axis 67',
by pads that exert a high hydrostatic pad clamping force on
the wafer (i.e., hold the wafer very rigidly), or by pads
that exhibit a combination of these features.

[0013] In clamping device 1' using prior art pads 11!

(an example of one prior art pad is shown in Fig. 4), the



6 bending nmoment in wafer Wis relatively | arge when clanping planes 71’
and 73' msalign because the wafer is clanped very tightly and rigidly by

t he pads wo'201vnetadi ng near peripheral edges 41' of gripadilB1wWhEes2 openi ng
39'. The wafer cannot adjust to novenent of grinding wheels 9° and the

waf er bends sharply near opening edges 41' (Fig. 2). The wafers Ware not
uni formy ground and they devel op undesirabl e nanot opol ogy features that
cannot be renoved by subsequent processing (e.g., polishing). M salignnent
of clanping planes 71' and 73" can al so cause the grinding mheels 9" to
wear un&RRHINI iRt a Makeier coht¥siftierely deaieddoprhan Ofadgesi r abl e
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r eader vﬁpﬁ&bﬁr{é}?%uﬂﬁd I'n or%l?foenq%ﬂ%%%llc?%fgfa L(Ea)]‘{%gerér{]untg{eér)standi ng of
t he varlm%p@:ﬁ@ df- the present invention. Accordingly, it should be

under stood t hedofdese BIRLQERES AIE S0 19 Ufad dd dlics ilh@le and not as

adm ssions of prior art.” WD 2011/117792PCT/ 1B2011/ 051152 7 SUMVARY
nanotopology features that can form on surfaces of a ground

wafer W when clamping planes 71' and 73' misalign and the
wafer bends during the grinding operation. The features
include center-markg (C-marks) 77' and B-rings 79' (Fig.
5A) . The center-markg (C-marksg) 77' are generally caused by
a combination of lateral shift S and wvertical tilt VT of the
grinding wheels 9', while the B-rings 79' are generally
caused by a combination of lateral shift S and horizontal
tilt HT of the wheels. As shown in Fig. 5B, both features
77" and 79' have relatively large peak to wvalley variations
associated with them. They are therefore indicative of poor
wafer nanotopology and can significantly affect ability to
print miniaturized circuitry on wafer surfaces.

[0015] This section is intended to introduce the
reader to various aspects of art that may be related to
various aspects of the present invention, which are
described and/or claimed below. This discussion is believed
to be helpful in providing the reader with background
information to facilitate a better understanding of the
various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in

this light, and not as admissions of prior art.



[ 0016] One aspect is a nethod of processing a sem conductor wafer using a
doubl e side grinder of the type that holds the wafer between a pair of

gri ndi ng wbeeligiiard a pair of hydrostatic pads havi ng aPoydBmE1/631i1§2
pressure therein. The grinder include% a processor including pattern
detection software to detect current drawn by the grinding wheels. The

nmet hod conprises a plurality of stages include clanping the wafer, grinding
the wafer, and renoving the wafer fromcontact with the grindi ng wheel s.
The net hod al so conprises using the software to detect each stage and
changi ng the hydrostatic pressure at each stage to change the cl anping
pressur esiappired to the wafer to thereby inprove nanotopology in the
processed waf 0017] Anot her aspect is. a od of rocessing a

en conduct or [UEr UGk SERsibIE &1 i WGt BOEHE IEhe t hat hol ds t he
waf er best@mmbraimcur offaﬁ;m nek ingy vmgﬁi&]amob:aiepagmrmemmﬁ ctshatuypepads

during i ndi i T 0 I

hydr ost ;klg%:ﬂ g?‘%ls%u?@?% %%Iﬁ% h%/%%(’)és%ha a})lg‘g éﬂ?ogsl nléjﬂ% 'y clanp Iﬁw waf er
during @dirsf dtudowfatie rrdsdiaginper drydrms el hyritesiwte ¢ pressure is
reduced {198 Seconth hydragiat | & Pregsure ﬂ%sécﬁ@r‘lﬁ@ﬁléi o ESSHr e

during grinding of the wafer in a second stage of the gri ng operation.
The hydr%%ﬁ%ﬁ’%r%&%’ﬂ’f@@ ¢ it eEe o A Iﬁ?"ﬂ”rbr@é ® ﬁﬁrﬁjd“rﬁ) t he
waf er dusiiaw) @, t hingl wdags Q‘forﬂigﬂ&ﬁs ndligigepet @t ion anehdo tiheney inprove

nanot opol.ogy in t e pro essed wa {0018 C‘Sm% anot her, aspect is a
doubl e TRy it si g | Jd%ﬁ R G o ngd" I8 itessor, and
a pair offaﬂ'e;adrﬁ]smata@mmjs wiltte tgre ngli ingd e etlse . hyrh@smemhcm pads are
oper abl e, t 399 i topart of the
waf er p05| I onengj%es?eev\%g%saltrlf% %¢$nﬁﬁ% @ CPA a lge%:éc}hzséi‘ﬁ t he

posi t i ordthisEt Ve drne Hey SR ot 6t iRy gisisre ‘IEH% Qﬁyﬁ? ostads ctcpaﬂsﬁfigftl ude wat er

flow ng diner ahﬁ 1;& 1 dBU M agh B Y WO a2 to thereby
2011/ 117792PCT/ 11/ 051152 8 pressure. The grinder further conprises flow

control VERLRE fr&ﬁn%tcﬁﬂq]cfi’qudqttkﬁe v%%ciegfgr%vfaaft%t hrough the pads and to
thereby contrpjothie hygicasicat isgecessy & mBrhdd @f goridetlsivial wes are

contr ol | e DYoLRE 505380 o d Y% VRSLSHs LRI NSIENS, & Sl
that holds the wafer between a pair of grinding wheels and a
pair of hydrostatic pads during a grinding operation. The
method includes establishing a first hydrostatic pressure in
the hydrostatic pads to initially clamp the wafer during a
first stage of the grinding operation. The hydrostatic
pressure is reduced to a second hydrostatic pressure lower
than the first pressure during grinding of the wafer in a
gsecond stage of the grinding operation. The hydrostatic
pressure is increased to a third pressure to clamp the wafer
during a third stage of the grinding operation and to
thereby improve nanotopology in the processed wafer.

[0018] Still another aspect is a double side grinder
comprising a pair of grinding wheels, a processor, and a
pair of hydrostatic pads. The grinding wheels and
hydrostatic pads are operable to hold a generally flat wafer
in a plane with a first part of the wafer positioned between
the grinding wheels and a second part of the positioned
between the hydrostatic pads. The hydrostatic pads include
water flowing therethrough to maintain a hydrostatic



noted in relation to the above-nentioned aspects. Further features may al so
be incorporated in the above-nentioned aspects as well. These refinenents
and addi tworralv/figmeur es may exi st individually or in anpCtoBmiineilisn. For

i nstance, various features discussed Belowin relation to any of the

Il lustrated enbodi nents nmay be incorporated into any of the above-descri bed
aspects, alone or in any conbi nati on. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0020]FIG 1 is a schematic side elevation of a wafer-clanping device of
the prior art, including hydrostatic pads and grinding wheels with a

seni conRIIBTUNRS erTPoTEIHHRId FTHEr et GREE B3RP theOvhy@RYst@l i 62 P& shown

in sectimy dQO2UFAGg XS W isehenBdi orsidle 1t Quat ik SHaid and o &l G 1,

Dut o A g 0 ng Whsel | ateral Ly shifted andrert el Ly dlLed:
tilt andvalerds cate taditodl edyrbynding pwesdssdBD023]FIG 4 is a schematic of
a wafer side pfyfe o the, r i Qe 3l Y @il SR PedthGesl:

noted in relation to the above-mentioned aspects. Further

features may also be incorporated in the above-mentioned

aspects ag well. These refinements and additional features

may exist individually or in any combination. For instance,

various features discussed below in relation to any of the

illustrated embodiments may be incorporated into any of the

above-degcribed aspects, alone or in any combination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a schematic side elevation of a
wafer-clamping device of the prior art, including
hydrostatic pads and grinding wheels with a semiconductor
wafer positioned therebetween and the hydrostatic pads shown
in section;

[0021] FIG. 2 is a schematic side elevation similar
to FIG. 1, but with the grinding wheels laterally shifted
and vertically tilted;

[0022] FIG. 3 is a schematic front elevation thereof
illustrating horizontal tilt and vertical tilt of a grinding
wheel ;

[0023] FIG. 4 is a schematic of a wafer side of one
of the prior art hydrostatic pads of FIG. 1;

[0024] FIG. 5A is a pictorial representation of
nanotopology surface features of a semiconductor wafer
ground using the wafer-clamping device of FIG. 1 and
subsequently polished;

[0025] FIG. 5B is a graphical representation of the
radial profile of the surface of the wafer of FIG. 5A4;

[0026] FIG. 6 is a schematic side elevation of a
grinder incorporating a wafer-clamping device of the present

invention with hydrostatic pads shown in section;



[0024]FIG 5A is a pictorial representati on of nanotopol ogy surface
features of a sem conductor wafer ground using the wafer-clanping device of
FIG 1 amnwloxobigagueent |y polished; [0025]FI G 5B is a graphiBaii1/051152
representation of the radial profile &f the surface of the wafer of FIG
5A; [0026]FIG 6 is a schematic side elevation of a grinder

I ncorporating a wafer-clanping device of the present invention with
hydrostatic pads shown in section; W) 2011/117792PCT/1B2011/051152 9

[0027]FIG 7 is an enlarged schematic side elevation .
[0027] FIG. 7 igs an enlarged schematic side elevation

of the wafer-clamping device thereof, including the
hydrostatic pads and grinding wheels with a semiconductor
wafer positioned therebetween;

[0028] FIG. 8 is a pergpective of a left hydrostatic
pad of the present invention, showing hydrostatic pocket
configuration of a face of the pad that opposes the wafer
during grinding operation;

[0029] FIG. 9A is a wafer-side elevation of the left
hydrostatic pad of FIG. 8, showing a grinding wheel and the
wafer in phantom to illustrate their positional
relationships with the pad;

[0030] FIG. 9B is a bottom plan of the hydrostatic
pad of FIG. 9A with the wafer again shown in phantom;

[0031] FIG. 10 is a wafer-side elevation similar to
FIG. 9A showing channels connecting fluid injection ports
within the hydrostatic pockets of the pad;

[0032] FIG. 11 is an enlarged fragmentary elevation
of the hydrostatic pad of FIG. 9A illustrating location of
hydrostatic pockets relative to a grinding wheel opening of
the pad;

[0033] FIG. 12 is a perspective similar to FIG. 8 of
a right hydrostatic pad, which opposes the left hydrostatic
pad during grinding operation such that a wafer can be held

between the two pads;

[0034] FIG. 13A is an elevation similar to FIG. 9A of
the right hydrostatic pad;

[0035] FIG. 13B is a bottom plan thereof;

[0036] FIG. 14 is pictorial representation similar to

FIG. 5A, but showing a semiconductor wafer ground using the
wafer-clamping device of FIG. 6 and subsequently polished;
[0037] FIG. 15A is a pictorial representation of
clamping stresses applied to a surface of a semiconductor
wafer during grinding when the wafer is held by hydrostatic

pads according to the invention;



of the wafer-clanping device thereof, including the hydrostatic pads and
grinding wheels with a sem conductor wafer positioned therebetween;

[ 0028] FI Gvo&oits1iarper specti ve of a | eft hydrostatic padProfi/iBhal/pFlesent

i nvention, showi ng hydrostatic pocketloconfi guration of a face of the pad
t hat opposes the wafer during grinding operation; [0029]FIG 9A is a

waf er-side el evation of the left hydrostatic pad of FIG 8, showing a
grindi ng wheel and the wafer in phantomto illustrate their positional
relationships with the pad; [0030]FIG 9B is a bottom plan of the
hydrostatic pEPTF! FI BTOA LR H & e RiGHET iadaie Reswi tiat ismamighlar

[0031] Flta w1 | s15n W efraishence| eviadd 4l sdinid akatdr Rldiq 94y showi ng channel s
connect|%§5fIU|d Jnjec%%?n pq;ts within the hydrostatic pockets of the pad;
r

[ 0032] FITYCAS & 4n 15 Ffretit f£5- el evati on

[0039] FIG. 16 is a graph showing stregses in
semiconductor wafers adjacent a periphery of the grinding
wheels during grinding when the grinding wheels laterally
shift, and comparing wafers held by hydrostatic pads
according to the present invention to waferg held by
hydrostatic pads of the prior art;

[0040] FIG. 17 is a graph similar to FIG. 16
comparing stresses in waferg resulting from lateral shift
and vertical tilt of the grinding wheels;

[0041] FIG. 18 is a graph similar to FIG. 16
comparing gtresses in waferg resulting from lateral shift in
combination with horizontal tilt of the grinding wheels;

[0042] FIG. 19 is a graph similar to FIG. 16
comparing stresses in wafers resulting from the combined
effect of lateral shift, wvertical tilt, and horizontal tilt
of the grinding wheels;

[0043] FIG. 20 is a graph comparing upper 0.05
percentile nanotopology values for wafers ground in a prior
art wafer-clamping device to wafers ground in a wafer-
clamping device of the invention;

[0044] FIG. 21 is a schematic illustration of a
hydrostatic pad according to a second embodiment of the
invention, showing hydrostatic pocket configuration of a
face of the pad opposing a semiconductor wafer during
grinding;

[0045] FIG. 22 is a schematic front elevation
partially in block diagram form of a nanotopology system of
the present invention;

[0046] Fig. 23 is a gchematic side view of the
nanotopology assessment system;

[0047] FIG. 24 is a graph showing output from a

plurality of sensorsgs of the nanotopology assessment gystem;



of the hydrostatic pad of FIG 9A illustrating |ocation of hydrostatic
pockets relative to a grinding wheel opening of the pad; [0033]FIG 12 is a
perspectiwo2eimiir®me to FIG 8 of a right hydrostatic pa#CTdbhiabvozpfoses t he
| eft hydrostatic pad during grinding dperation such that a wafer can be
hel d between the two pads; [0034]FIG 13A is an elevation simlar to FIG
9A of the right hydrostatic pad; [0035]FIG 13B is a bottom plan thereof;
[0036]FIG 14 is pictorial representation simlar to FIG 5A, but showing a
sem conduct or wafer ground using the wafer-clanping device of FIG 6 and
subsequent |y Hf14&hedFIG. 25X G637 FchempgA G sliagiodt i ane &ee%dift at i on
of clanpng SddEesses APpIHath tkoghEf atshOf t Porse i eonduct s aednuri ng

gri ndi ng_whien_ the, vater is heldl By hydrostatic spds, acsarfling Lo the
conditions;

[0049] FIG. 25A is a mesh that is suitable for finite
element structural analysis of a wafer;

[0050] FIGS. 26A and 26B are nanotopology profiles of
a wafer obtained with the nanotopology assessment system;

[0051] FIG. 27 is a graph illustrating the predicted
profile according to one embodiment of the invention for a
wafer and illustrating the average radial profile for that
wafer after polishing, the average radial profile being
obtained from a nanomapper; and

[0052] FIG. 28 is a graph illustrating the
correlation between the predicted B-ring values of the wafer
of FIG. 27 and the actual B-ring values of the wafer of FIG.
27, the correlation coefficient being R=0.9.

[0053] FIG. 29 is a schematic view of another
embodiment of a wafer grinder.

[0054] Fig. 30 is a graph of current drawn by
grinding wheels of the grinder of Fig. 29.

[0055] Fig. 31 is a graph depicting the normalized
distribution of threshold height area measgsurements on the
surface of a wafer for a previous grinding process and the
process described in Fig. 29.

[0056] Fig. 32 is a box plot chart depicting the
normalized threshold height area measurements on the surface
of a wafer for a previous grinding procesgs and the process
described in Fig. 29.

[0057] Corresponding reference characters indicate
corresponding parts throughout the several viewg of the

drawings.

DETATLED DESCRIPTION OF THE INVENTION
[0058] Referring again to the drawings, Figs. 6 and 7

schematically show a wafer-clamping device according to the



WO 2011/ 117792PCT/ 1B2011/ 051152 10 [0038]FIG 15B is a pictorial
representation simlar to FIG 15A of clanping stresses on a wafer held by
hydr ost atwo 2pada 792 the prior art; [0039]FIG 16 is a graphBxho0iimsp
stresses in sem conductor wafers adja@ent a periphery of the grinding
wheel s during grinding when the grinding wheels laterally shift, and
conparing wafers held by hydrostatic pads according to the present

i nvention to wafers held by hydrostatic pads of the prior art; [0040]FI G
17 is a graph simlar to FIG 16 conparing stresses in wafers resulting
from | ater@nGING+ RRLVRTGEISNGTIL Bf ather YPreTRAGR) WHeRTR: 1004811 G 18

s a graphagind aedind{E dboorpast N Sid assas im aafqansid estdd i ng from
lateral ﬁﬁqgéegr1éﬁqgﬂrEEiéggfgﬁgkglrééﬁg¥§ﬂ1§igé égfégg% éiﬁg&é}afmeels;
3 in Fig. 6. An example of a double gside grinder in which

the wafer clamping device 1 may be used includes model
DXSG320 and model DXSG300A manufactured by Koyo Machine
Industries Co., Ltd. The wafer-clamping device 1 holds a
gingle semiconductor wafer (broadly, "a workpiece"),
designated generally at W in the drawings, in a vertical
position within the grinder 3 so that both surfaces of the
wafer can be uniformly ground at the game time. This
improves flatness and parallelism of the wafer's surfaces
prior to steps of polishing and circuitry printing. It is
understood that a grinder may have a clamping device that
holds workpieces other than semiconductor wafers without
departing from the scope of the invention.

[0059] As also shown in Figs. 6 and 7, the wafer-
clamping device 1 includeg left and right grinding wheelg,
designated generally by reference numeralg 9a and 9D,
respectively, and left and right hydrostatic pads,
designated by reference numerals 1lla and 11lb, respectively.
The left and right designations are made for ease of
description only and do not mandate any particular
orientation of the wheels 9a and 9b and pads 1la and 11b.
The letters "a" and "b" are used to disgtinguish parts of the
left wheel 9a and left pad 1la from those of the right wheel
9b and right pad 1lb. The grinding wheels 9a and 9b and
hydrostatic pads 1lla and 11b are mounted in the grinder 3 by
means known to those of gkill in the art.

[0060] As is also known in the art, the two grinding
wheelgs 9a and 9b are substantially identical, and each wheel
is generally flat. As seen in Figs. 6 and 7, the grinding
wheels 9a and 9b are generally positioned for grinding
engagement with the wafer W toward a lower center of the
wafer. A periphery of each wheel 9a and 9b extends below
the periphery of the wafer W at the bottom of the wafer, and



[0042]FIG 19 is a graph simlar to FIG 16 conparing stresses in wafers
resulting fromthe conbined effect of lateral shift, vertical tilt, and
hor i zont avot2oi1110f92t he gri ndi ng wheel s; [0043] FI G 20 i #Ca/1graaphsiesnpari ng
upper 0.05 percentil e nanotopol ogy valdues for wafers ground in a prior art
waf er - cl anpi ng device to wafers ground in a wafer-clanping device of the
i nvention; [0044]FIG 21 is a schematic illustration of a hydrostatic pad
according to a second enbodi nent of the invention, showi ng hydrostatic
pocket configuration of a face of the pad opposing a sem conductor wafer
during gPFRIIHY;2QO0A5] Rl jaxis §’££é?15atqkte ffffT levidte orrfRirtSally in
bl ock diagiwem f ormand endanad oned et Systam Qicd herdy esendadiveitd:on;
00461 Fiig; 23,155 SRherB 16, sl e &1 o 81 L, ot opol gy, asggssnent
system

the grinding wheels 9a or 9b can move relative to its paired

grinding wheel. This facilitates loading the semiconductor

wafer W in position between the grinding wheels 9a and 9b in

the clamping device 1 of the grinder 3. Also in the

illustrated clamping device 1, the left hydrostatic pad 1lla

can move relative to the corresponding left grinding wheel

9a and can also move relative to the right hydrostatic pad

11b, which remaing fixed, to further facilitate loading the

semiconductor wafer W into the device 1. A wafer-clamping

device in which both pads are movable relative to

corresponding grinding wheels or in which both pads are

fixed during wafer loading, or a wafer-clamping device in

which a hydrostatic pad and corresponding grinding wheel

move together during wafer loading do not depart from the

gcope of the invention.

[0061] Still referring to the wafer-clamping device 1
gshown in Figs. 6 and 7, during grinding operation, the two
grinding wheels 9a and 9b and two hydrostatic pads 1lla and
11b of the wafer-clamping device are arranged in opposed
relation for holding the semiconductor wafer W therebetween.

The grinding wheels 9a and 9b and hydrostatic pads 1lla and
11b define vertical clamping planesg 71 and 73, regpectively,
and produce clamping pressureg on the wafer W that help hold
the wafer in its vertical position. This will be described
in more detail hereinafter.

[0062] Referring particularly to Fig. 6, the
hydrostatic pads 1lla and 11lb remain stationary during
operation while a drive ring, designated generally by
reference numeral 14, moves the wafer W in rotation relative
to the pads and grinding wheelg 9a and 9b. As ig known in
the art, a detent, or coupon 15, of the drive ring 14
engages the wafer W generally at a notch N (illustrated by
broken lines in Fig. 6) formed in a periphery of the wafer



[0047]FIG 24 is a graph showing output froma plurality of sensors of the
nanot opol ogy assessnent system WO 2011/117792PCT/ 1B2011/ 051152 11
[ 0048] FI G&v02BA/113792 schemat i c di agram of one exanpl e of PCogBilONA1EA wWhi ch
boundary conditions for finite el emen4 anal ysis can be derived from
know edge of wafer clanping conditions; [0049]FIG 25A is a nesh that is
suitable for finite elenment structural analysis of a wafer; [0050] FIGS. 26A
and 26B are nanot opol ogy profiles of

to move the wafer in rotation about its central axis WC

(central axis WC generally corresponds to horizontal axes

44a and 44b of pads 1lla and 1llb (see Figs. 8 and 12)). At

the same time, the grinding wheels 9a and 9b engage the

wafer W and rotate in opposite directions to one another.

One of the wheels 9a and 9b rotates in the same direction as

the wafer W and the other rotateg in an opposite direction

to the wafer.

[0063] Referring now to Figs. 8-13B, the hydrostatic
pads 1lla and 11b of the invention are shown in greater
detail. Figures 8-11 illustrate the left hydrostatic pad
lla, and Figs. 12-13B illustrate the opposing right
hydrostatic pad 1lb. Ag can be seen, the two pads 1lla and
11b are substantially identical and are generally mirror
images of each other. Therefore, only the left pad 1la will
be described with it understood that a description of the
right pad 11b is the same.

[0064] As shown in Figs. 8-9B, the left hydrostatic
pad lla is generally thin and circular in shape and hags a
gize gimilar to the wafer W being processed. The wafer W is
illustrated in phantom in Figs. 9A and 9B to show this
relationship. The illustrated hydrostatic pad 1la has a
diameter of about 36.5 cm (14.4 in) and a working surface
area facing the wafer W during operation of about 900 cm’
(139.5 in”). It is therefore capable of being used to grind
standard wafers having diameters, for example, of about 300
mm. It should be understood, though, that a hydrostatic pad
might have a different diameter and surface area without
departing from the scope of the invention. For example, a
pad may be sized on a reduced scale for use to grind a 200
mm wafer.

[0065] As best seen in Figs. 8 and 92, a body 17a of
the hydrostatic pad 1la includes a wafer side face 19a
immediately opposite the wafer W during the grinding
operation. Six hydrostatic pockets 2la, 23a, 25a, 27a, 29a

and 31la formed in the wafer gide face 19a are each



a wafer obtained with the nanotopol ogy assessnent system [ 0051] FI G
27 is a graph illustrating the predicted profile according to one
enbodi nerwoabiitigroznvention for a wafer and illustrati ngCrhB2avesiagpe radi a
profile for that wafer after polishing, the average radial profile being
obt ai ned from a nanomapper; and [0052]FIG 28 is a graph illustrating the
correl ation between the predicted B-ring values of the wafer of FIG 27 and
the actual B-ring values of the wafer of FIG 27, the correlation
coefficient being R=0.9. [O0053]FIG_29 is a schematic view of another
enbodi nﬁﬂsﬁl%%f%@n%ﬁqw@érraqm F"’}k@j?UtBCﬁ i%rjdlcb]r%ﬁaﬁﬂl'éﬁe]cﬁl?@ﬁtn%r awn by
gri ndi ng wheats-f ddiee 041 ndasy ofe i @n @9 ndOED] FHah) Hf itha gHaph
depictir%aé}uaiugac igfg% 35a of the pad body 17a, opposite the

wafer side face 19a, is generally flat and free of

hydrostatic pockets, but could include pockets without

departing from the scope of the invention. In addition, a

hydrostatic pad with more or fewer than gix hydrostatic

pockets, for example, four pockets, does not depart from the

gcope of the invention.

[0066] The gix hydrostatic pockets 21la, 23a, 25a,

27a, 29a, and 3la are each arcuate in shape and elongate in

a generally circumferential direction around the pad 1la.

Each pocket 2la, 23a, 25a, 27a, 29%9a, and 3la is recessed

into a raised surface 32a of the wafer side face 19a, and

each includeg relatively flat vertical sidewalls 37a and

rounded perimeter corners. The pockets are formed by

cutting or casting shallow cavities into the face 19a of the

pad lla. Hydrostatic pockets formed by different processes

do not depart from the gcope of the invention.

[0067] Still referring to Figs. 8 and 94, it can be

geen that each of the pairs of pockets 21a and 23a, 25a and

27a, and 29a and 3la are substantially the same gize and

shape. Moreover, in the illustrated pad 1lla, pockets 21la

and 23a each have a surface area of about 14.38 cm’ (2.23

in’) ; pockets 25a and 27a each have a surface area of about

27.22 cm’ (4.22 in’); and pockets 29a and 3la each have a

surface area of about 36.18 cm’ (5.61 in’). A total pocket

surface area of pad 1lla is about 155.56 cm’ (24.11 in°) and a

ratio of total pocket surface area to the working surface

area of the pad is about 0.17. This ratio can be other than

0.17 and still be within the scope of the present invention.

For example, the ratio may be about 0.26 or less. By

comparison in prior art pads 11’ (Fig. 4), a surface area of

each of pockets 21' and 23' is about 31.82 cm’ (4.93 in’); a

gsurface area of each of pockets 25' and 27' is about 36.47

cm’ (5.65 in”); and a surface area of each of pockets 29' and



di stribution of threshold height area neasurenents on the surface of a
wafer for a previous grinding process and the process described in Fig. 29.
[ 0056] Fi gwo2B11Va7®2box pl ot chart depicting the nornal i rea/Bimeshiosd hei ght
area neasurenents on the surface of aléwafer for a previous grinding process
and the process described in Fig. 29. [0057] Correspondi ng reference
characters indicate correspondi ng parts throughout the several views of the
drawi ngs. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0058] Referring again to

the drawings, Figs. 6 and 7 schematically show a wafer-clanpi ng device
accor di ngl t ot RPN 20119 A 177 92 BCtR 1 BRO1/ 05 1uFR  pocket surface

area of the prior art pad 11' is about 232.36 cm’ (36.02
in’), and a ratio of total pocket surface area to pad working
gurface area is about 0.26 (the working surface area for pad
11' is about 900 cm’ (139.5 in’)).

[0068] Pockets 2l1la and 23a, 25a and 27a, and 29a and
3la, respectively, are also symmetrically located on
opposite halves of the wafer side face 19a (as separated by
vertical axis 43a of the pad 1la). Pockets 2la and 23a are
generally below horizontal axis 44a of the pad 1lla, while
pockets 25a, 27a, 29a, and 3la are generally above axig 44a.
Pockets 29a and 31la are generally above pockets 25a and 27a
and are not located adjacent grinding wheel opening 39a, but
are spaced away from the opening with pocketg 25a and 27a
located therebetween. In this pocket orientation, about 15%
of the total pocket surface area is located below horizontal
axis 44a. This percentage can be 23% or less without
departing from the scope of the invention. By comparison in
prior art pads 11', at least about 24% of the total pocket
gsurface area is located below the pad's horizontal axig 44°'.
It should be understood that increased pocket area below
axis 44' increases clamping force applied on the wafer by
pad 11' toward the sides of grinding wheel opening 39' and
contributeg to B-ring formation.

[0069] Figures 8 and 9A show the circular grinding
wheel opening 39a that is formed in a lower portion of the
body 17a of the hydrostatic pad 1lla and is sized and shaped
for receiving grinding wheel 9a through the pad and into
engagement with the lower center of the wafer W (the
grinding wheel and wafer are illustrated in phantom in Fig.
97) . A center of opening 39a generally corresponds to
rotational axis 67 of grinding wheel 9a (and 9b) when
received in the opening. In the illustrated pad 1lla, a
radius R1 of grinding wheel opening 39a is about 87 mm (3.43
in) and a distance between peripheral edges of the grinding

wheel 9a and radially opposed edge 4la of the grinding wheel



i nvention, designated generally at reference nunmeral 1. The cl anping device
is capabl e of being used in a double side grinder, which is designated
gener al | yweat2origfieroence nuneral 3 in Fig. 6. An exanpl e eCTaBuoubiiessi de
grinder in which the wafer clanping dévice 1 nmay be used includes nodel
DXSG320 and nodel DXSG300A manufactured by Koyo Machi ne Industries Co.,

Ltd. The vvafer-cl anpi ng device 1 holds a single sem conductor wafer
(broadly, "a workpiece"), designated generally at Win the drawings, in a
vertical position within the grinder 3 so that both surfaces of the wafer
can be WRYOYH ylﬁr@ﬂrﬁlﬂa‘fe]ﬂhél@aﬁ@“ﬂlaﬁéi Thi 1 9 ohie O | it exedQind

paral ?'dﬁra&h%ﬁ he rNMI‘ﬂI & . 50 smfaceﬁheper{éhcz%lé@rﬁé@%sca}{ H@Ldﬁﬂ’lﬁé@rlﬂﬂd
circuitr rnti er 00 a naer ave a C aerI ng
Govt ve el (hariind HOSET S Kot @ T S TR ar o ai Lhaut
departing froma’he | scape adfsd dawiy etadicred [(RGF3As 3@lasofsipawn lila Figs. 6

and 7. bsuRters Slaming dedies dlocludes d sld: Apd gt erd nding

wheel s, gener erence numera respectively,
and | ef tPW¢ﬁ€gmtOﬂ1yQﬁ@$tm¢1tetpan§}, dexi griddied biar A% ermred rdieer al s ha

and 11b,nFL5Peatd Med Vs Té?cﬂeciésggi}gatrécgrﬁ y U&st SRl ONfuf £ 1B, for ease of

description only and do not mand articular orientation of the
wheel s R AP I AR Py Tl 28t S_Lli]{)facﬁléqaetl?%%e@% el Ptea® used to

di stinguis&h pardrse qiocut@cé erIaV\/fEBZQi Isanctef t2pad el faom t hose of t he
ri ght wheel and ri 1 b. The gri ndlhﬂ(gav\heels 9a and. 9b at
hydr ost ﬁ‘?’%}g%a‘ﬁ SHEA Tt SR IR 4 grF MRS Hy Hahs Khown to

t hose ofrasiksdd surfidme etrétwe{@ﬂﬁjﬂﬂsdlmg afls=e krnpeninyg tgex igghierdhe tvvo
grindin e 9 S { t %}Q]

gener al %d}\{?f 4%@{(@%@9 % é@glrﬁﬂ% %&Ay%e&g%]lélfd?é\lga ﬁeascgaa and 9b are
gener al IEPqiifsﬁE‘z idred 301 g%ﬁa\mafgi ehtfager@mned it frecewderthy ke a

| over ceptgy @Efé&elxy@ﬂ‘frzer% peY | hed Ve i GG heetn Sae andh Qb-&xt ends
bel ow t he pe%ﬁ) er the wafer Wat the bottomof the wafer, and WO
1%?%%%

2011/ 117%9blp PR e A RINaR e a central axis WC of the
waf er at the pedEr] s CR@'ﬂe&frlrlBWIrﬁ)\ABrt@TFG@;th_@ emiyid’msﬁ:laﬂ:fl@@o@ik%&sﬁf each
waf er Wif

gr.ound op ti on, addl t.i on | ea of t he
gri ndi ng vﬁfee%oij ’Qaéj%all’ gr%%’aﬁjga I}%I 2T Ve lr%s pda(? raedg glf’l ndi ng wheel .
Thi s facinjecities |wadi rgla hfhalseimwmmrcg fafiet Wtim tp”usmcpodtetmt ween t he
grindin ])(mﬁfé n V. e fe it 3. Also
in the Qﬂ[ ustrat 2633% glnlgjiqhég déew ce ﬁmﬁ%rﬁﬁfiﬁ% dr“glst atic péa a can nove
rel ati vePady thed corrspontity the tf]gﬁchdifﬁge%ﬂéé? R ehd tarrd so nove

rel ati Vesd;Splt e Hd Qﬂﬂulfa’dﬂf&% adn CeMrrJallb fl"ei’&&hsdﬁ@é nendd Xeﬂ(bwﬂ o further
faC|I|tate oad 8the sem conduc %\/Jntothe devi ce

waf er - cl dhyd e® At s v 2t]cj"1
cor respomh ngza;r,l i ag Melamcbrnm umhi@h JhD]tah:J‘pBed]Sy arendtiaced duri ng waf er

| oadi ng, fer-c devi c hydrostati¢ d an
correspan nsgu%%?lcﬁl 11%&‘%%9&1:”1&% éﬂ] Vﬁgt g:u}?el ng C?’e?aﬂr cf?t aeo not
depart fpatﬂn fare skpe ofnttdretd mif@twa)ﬁ‘ﬁr [VO(IBJ.I_JJJStg |9 yredieng i ngIIt chire

waf er - cl gipidg dewd ce i shawhdd & 9915 ai’Bda 7,2 N1 v grd gudi ngy pper ati on,

the two grinding wheel's 9a and 9b and two d'rostatlc pads ha and || b of
t he waf et+&| ha-hrewaienrt \rErdy ﬁ”Hﬁb’dSéEPq' & ATRIG RLarg di ng t he

sem condurt gfeNaf s W4 Fea{&bﬁ)t vgen. s thiel %ﬂd\ﬂid@s Vbi"%l&l&@ataé'tﬂ 9b and
hydr osta}?ﬁg pads ha and | I efi verti c cI an#)]rﬂe |.anes %51
r espect i VA A B odtic e ﬂbaﬁ]e%rs'u e WA EH%\ hté?p hol d
t he waf erotiate ti=Merivealo pdse tpash. 11 Gwvd | 11ibe dlesiong bedindimpre det ai |
herelnaﬂ5fgh very low frictional resistance. Clamping force of the
pad lla is provided primarily at pockets 21a, 23a, 25a, 27a,
29a, and 31la.

[0072] Figure 11 shows orientation of pockets 21a,
25a, and 29a in more detail with reference to a left half of

the wafer side face 19a of pad 1lla. Radial distances RD1,



[ 0062] Referring particularly to Fig. 6, the hydrostatic pads ha and |Ib
remain stationary during operation while a drive ring, designated generally
by ref er enoeonumremal 14, noves the wafer Win rotation peraBiueoilnsz he pads
and grinding wheels 9a and 9b. As is Bnown in the art, a detent, or coupon
15, of the drive ring 14 engages the wafer Wgenerally at a notch N
(illustrated by broken lines in Fig. 6) forned in a periphery of the wafer
WO 2011/ 117792PCT/ 1B2011/ 051152 14 to nove the wafer in rotation about its
central axis WC (central axis WC generally corresponds to horizontal axes

44a and BRAb MGRR3 HNGERRYe bl Rf BerRhary) edges 1 sdife tine, the

gri ndi nghavhesls Ba-aineh Phs engagel t heynaderp d@]@éﬂs rotat edd CH&RPS;'%@
directions to one ano{flwr One of the wh els e"f n]g 9b rotates in the sanme

di rect i o SRETHE SHaf e HRPIHRE ofFer T P Ghpdsige ditection to
t he waf ethe [WO63]dRefl esidangvaidw d]a)d%sgs tB- e’ch_& 41w dfydrosiding v{&&dsl ha and

|1 b of t n de ques 8 ustrate
the left erlalr%o{?}a%%c %faognsé}—f’ anrﬁ:%{ gs. %%AC}JII& ésl p(%)m ng

ri ght hwdfmsh atdenlplad aatyespondm the %Jerrdmgweﬂheml pmrsatwapreaﬂd axnbs are
substantdpl | yad dentii @k, @ng aciﬁs&'?ﬁteé E}iﬂ]y 14 rr{c?dcdr{%ﬂ%?t_ ofr&ah other.

Therefore, only the left pad ha will be described with it understood that a

descri ptiSFH L R b Gtk iﬂé&lﬁ"@]bl 573 1R REEST COBU | ACBHARF 1% Figs. 8- 9B,
the | ef todwyosdrad i |c$f r;&gbm i L generalthdhi firanbgditad aod nihape and has

asize simlar.to er Wbe r ed. The fer is i]lustrated
o Drant IR 1S oS R+ G R T G AT | 14A T By e
L;dfog?am c|4033d J?ra) ktasﬂaarcﬂlta’[mtk;rttcrﬁm abultoB6: e (pn:c(]ﬂeflt &6 rs)bcand Jalzr/\grﬁi ng
surface A edy f4achpg g%g@f \ééf/cg%ré&g ptplgd;% '—\Pa(‘_hPés a(B:Oélt J? (139.5

in2). It is theref'ore capable el ng use 0 grind stan ers having
di anmet erfor frckstami@®), - of Ratbigut BoT-anaes tRFhANY B3 Lﬁfﬂﬁ%rst ood t hough,

that a hydrostatie d:&sﬂsﬂargbtt@%ea@e&f&@f@f&ﬂl@éﬁ@fﬁ@%ﬁ%@@&@rea

wi t hout d artin romthe sc e invention. For exanple, a pad may
be sized e%auac'edl’%%%ffci';\tZ'f‘6$13ﬁ'seWZ'ttd”1 Fihd e Bip W%&%eerg) bout

113 mm (4.4 in) and RD3 having a value of about 165 mm (6.5
in) (these valueg are the same for pockets 27a and 3la,
regspectively). Radial distance RD1 may be congtant and
radial distances RD2 and RD3 may be nonconstant without
departing from the scope of the invention.

[0073] Figure 11 algo shows radial distance RD11
meagsured radially from grinding wheel rotational axig 67 to
the radially innermost edge 38a of plateaus 34a of pockets
21la and 25a. The edge 38a defineg the end, or boundary, of
zero pressure (free) region 60a. Ag can be seen, radial
distance RD11 is noncongtant to edge 38a, and in illustrated
pad lla ranges from about 108 mm (4.25 in) near vertical
axis 43a to about 87 mm (3.43 in) near the bottom end of
pocket 2la where edge 38a merges with grinding wheel opening
edge 4la. These same measurements, when made from the
peripheral edge of grinding wheel 9a (when received in
opening 39a) to a radially opposed innermost portion of edge
38a, range from about 26 mm (1.02 in) near vertical axis 43a
to about 5 mm (0.20 in) near the bottom end of pocket 21la
and form ratios with radiusg R1 of grinding wheel opening 39a

ranging from about 0.30 to about 0.057. By comparison,



[ 0065] As best seen in Figs. 8 and 9A, a body 17a of the hydrostatic pad ha
i ncludes a wafer side face 19a i medi ately opposite the wafer Wduring the
gri ndi ng Wpepatilem2 Si x hydrostatic pockets 2la, 23a, 2PaT/BNa1/0a9%® and 3la
formed in the wafer side face 19a arel9each WD 2011/117792PCT/ 1B2011/ 051152
15 positioned generally radially about a grinding wheel opening (indicated
generally by reference nuneral 39a) of the pad ha. A back side 35a of the
pad body 17a, opposite the wafer side face 19a, is generally flat and free
of hydrostatic pockets, but could include pockets w thout departing from

t he scoﬁ@@eﬁﬂ@dmrﬂiwnq% adtli T T oyl o St @S et WRaf bk e or

Ijewerttpmgsm hyﬁf@%cﬂis@%@o&@iﬁsé olrmeééla\moe @h pd®Oifh eD.LQleé td;@s nﬁtt
epar romthe sco e inventi e six S ic pockets
ST o3t Dt TS ihe S MR Cit SRR e ongat e | n
a gener aipbeynmg oaﬁg@rzEJn't i@l .airediecn B cnmdzet:h:e ek dace Eotregpocket 21a,
23a, 25 v 3 C i nt rfac of the
waf er e&r%%:eﬁigca eagg"dl eacakrSC rﬁaf&?lg'd)rel a \ellce i;é fséedc} Sivjlert |€a izaz% dewal | s
37a and dmﬁm r}'ﬁ?ﬂn’etlefr ajeruers! mMhel 3po€b3<eltrs) el fdrarehy cutting or
casting n%@éd%&ﬁé”ﬂfc% 1id pdhgHace Q0o 4 %é’ag?frﬂ?dl Ay dnastatic

pockets fornmed by different processes do not depart om the scope of the
i nventi oh. t[@(f@ﬁ]%ﬁ&l FefRYhe e FngszO81%)nd 9A, it can be seen that

each of the ppigm] of pRckelst a2tz grdis23aa 25 ang 2fathend n2Ratarsh 3la are
substantlallyt e rremgi dshae reover, in the illustrated pad

1la, podkd Qe ke G bt AR e (2. 23
in2); pmmm%ammmmmma Bh'rfacmtaa]eaqyﬂrcadmnlébczﬂ{&mﬂ (4.22

in2); achphaye, qu%t 6 18 cnR
(5.61 m%i ota pocE‘% sur acgr area Pﬁfé u%

(24. 11 i@ £orte erElied &y ﬁd@(éta%rcffacféﬁ%r‘fe%fQ® % eeqmise ng sur face
area of ¢he Radihes @@Oﬂﬁuﬂi Iacdfsy ratd® @an ﬁiteatltéwgsb&ét?s and still

be within the scope of the present_invention. For exa the ratio may be

about 0.280r23%ss25Py ?c7cﬁvpa?r?%'or?']i"’h pikr 2R Rl AP %]O ZF)nda surface

area of Emmwn@cﬂ@ﬁmtajonm Zudesd abarn aﬁﬂdﬁzlcﬁmﬂ t(1'4é
surface area of of each c%ets 25t nd 27', s about a7 cﬂjiz s(5 65 in2);

and a suttacE s raereaofb each "0t Poc Ak S5 ip 15 Hauded
specifically lowers clamping forces at the left and right

gides of grinding wheel openings 39a and 39b. Furthermore,
inner pockets 2la, 23a, 25a, 27a, 21b, 23b, 25b, and 27b are
moved away from grinding wheel opening edges 4la and 41b
with free regions 60a and 60b of zero pressure formed
therebetween. This specifically lowers clamping forces
around edgeg 4la and 41b of grinding wheel openings 39a and
39b.

[0075] Wafers W are held legs rigidly by hydrostatic
pads 1lla and 11b during grinding operation so that they can
conform more easily to shift and/or tilt movements of
grinding wheels 9a and 9b. This reduces the magnitude of
hydrostatic clamping moments that form when grinding wheels
9a and 9b move (i.e., legs stresses form in the bending
region of the wafer). In addition, the wafer W is not
tightly held adjacent grinding wheel opening edges 4la. The
wafer W may still bend adjacent grinding wheel opening edge
41a when the wheels move, but not as sharply as in prior art

grinding devices. Therefore, hydrostatic pads 1la and 11lb



WO 2011/ 117792PCT/ 1B2011/ 051152 16 31' is about 47.89 cn2 (7.42 in2). A
total pocket surface area of the prior art pad 11' is about 232.36 cnR
(36.02 i Mep2oad7m@2rati o of total pocket surface area t®@CpaB20000%Ki1FYy
surface area is about 0.26 (the worki2tg surface area for pad 11' is about
900 cn? (139.5 in2)). [0068] Pockets 2l1la and 23a, 25a and 27a, and 29a and
3la, respectively, are also symmetrically | ocated on opposite halves of the
waf er side face 19a (as separated by vertical axis 43a of the pad 1la).
Pockets 2l1a and 23a are general |y bel ow horizontal axis 44a of the pad 1l1la,
whil e pdtm%tezwrezw1 | HARBIRY feeydig aFUNL R Ciat e W Pocket s

29a and & - 1aanesr ahoue sk et sudba Ankb s 2ol & eg netndHcat ed

3&’%?82&84'“&&@%"'“ %"Fﬁ@%‘%ﬁ R qﬁaeﬁra%ali%”é%i‘eeeqﬁfi?: on,
about 159 oflimimdtoddal pricketcaurdacsart eay | commratey Bedwow Jrorarrdnt al axi s

ada. Thise Pereeatagecan Re. A60r | easedl [hauladepaiaing trom Uhe seope of

the inve |on y conparisonin prlor i 24% of
t he tot &Y@W@tmmm lak'eavhisle oE:Jeﬁedl‘beJHow?ctt@qJ%ﬁi & ffrezdht al axi s

44" 1t should hei i ger st oot thad iﬂ?@@s@&e pﬂ%l‘é%{tfér?a bElOWBpdS 44

|ncreases cl anpi Pg orce applied on the wafer pad 11' toward the sides

of gri ndi} el Jtﬂ)erﬂi%gl%@u%%rﬁ]r]ﬂbuﬁ% t‘bf E?’ TP At i on.
[ 0069] F!@Ht@rﬂnaﬁ'ﬂ‘l{b 9 showkd)he ci rcul ar grinding wheel opening 39a that is

formed in a l por .on _of t a of th drostatic .pad ha and is
si zed and shago\ég{ef %ﬁ%%&%&'i él\ﬁﬁg@lt%i—'ht%rs&f&?steﬁe h& and into
engageneszew tW1 Iteh]ei | yvegadent e auid tJhEo waff erhaV {rientgirdm dindy Mheel and
waf er ar pha L0, H

general | cor r esp %95 tlgl r ot ﬁ?@na{g aix% %@ %%%ﬁn@ﬁg% 1{}%( and 9b)
when recéissRl strasreopemM@ETinding Whealstand diy drars taic aoardadl us Rl of
gri ndi ng- veeI nPREMAKE 3D Iasllagméa 871 AMRdih 4 idWs and & i $d ance bet ween

peri pheral edges of the grinding wheel 9a and radiall QPosed edge 4l1la of
t he grirﬂﬁ?ﬁf%&ﬁ&ﬁ withinm grinding wheel openings 39 (th
pad does not clamp the wafer in these regions). Figure 15A

shows the lower gtresgses formed in wafer W when held by pads
1la and 11lb. It particularly indicates lower stresses
(light-color regions indicated at 98 and 99) over the entire
surface of wafer W adjacent grinding wheel opening edges 41la
and 41b. It also indicates more uniformly disgtributed
stresses through the wafer. By contrast, and as shown in
Fig. 15B, largest stresses 97 in wafer W held by pads 11!
are in cloge proximity to peripheral edges of openings 39
(i.e., there is no zero pressure (free) region).

[0077] As can also be seen by comparing Figs. 15A and
15B, concentrated areas of large stress 97 are not as
prevalent during grinding using the pads 1la and 1lb as they
are when using pads 11' (Fig. 15B). The advantage is both
less localized deformation of the wafer W in the bending
areas (e.g., adjacent grinding wheel opening edge 4la) and
more uniform wear of the grinding wheels 9a and 9b. Uniform
wheel wear ensures that the wheels do not change shape
during grinding (i.e., no differential wheel wear). This
also ensureg that the grinder is able to maintain the lower

nanotopology settings for longer periodg of time. Also, if



WO 2011/ 117792PCT/ 1B2011/ 051152 17 opening is relatively uniformand is
generally on the order of about 5 mm (0.20 in). These di stances can be

di f f er entwai2otiour79departi ng fromthe scope of the i nvenPConB2011/051157 0070] As
al so shown, raised surface 32a of padlha conprises coextensive plateaus 34a
extendi ng around the perineter of each pocket 21a, 23a, 25a, 27a, 29a, and
3la. Drain channels, each designated by reference nuneral 36a, are forned
in the raised surface 32a between each pl ateau 34a of the pockets 2la, 23a,
25a, 27a, 29a, and 3la. A roughly crescent shaped free region 60a is

r ecessed-Bit31aes rdQ sEt Burdade Yet videh rieriery reedd dperiiyy peri pher al

edge 4landnshadges-S8&sr oicd MAeTy ROTdd ONsutdd plitaus 34 wirdoakets 2la,
23a, 25a,j0ﬂ{1 27a. Clar{Pl ng. force on the wafer Wis effectiv zer
6 Ib%échr

I at
free redl S TSR RO e HeTT d%1% nEd 1o )naﬁl?cgr .
[ 0071] Re8-eringw. nathio deégirddly hyakastidie oypiookisis 2t d3slo@ba, 27a,

Cnto tha SanERtt I 7 Algel Bl e I Ping JHERE 1 hepad
body 17a i nt ef@&ihect Rilgarfesuild -i4Y eseirdy qedrltys i6lasdndtsuggiwert he fl ui d
froman extearnal {l ujdesouf c& QY g}‘ﬁ){@né Cbiﬁékeat&%k%sging}rhe fluid is

a, 274, 29a, and

forced into the pockets 2la, 23a, , 3la under relatively

const anti¥Heatiatel RNy bireraitd oht R udte® Hi1ANeT IThRE Lt td tHe pad

face 19anhiontadd S hei vaf errid duri g Gid eli fgred ded Mise nages, the fluid

at pockets 2la, 23a Zagﬁ %a 29a, and 3la. hol qqs the wafer Wyvertically
i #

within pEEEER g oY SRR GHITE Hit VI DrSAGEs a
| ubri cat4lh beat i 4o aaredh, measwstediaty barat ewns tdwtural |alged helavedret Wt o

]E:’);[ gt ?o;@:@%eé/ s%rglnﬁcé;ea% arrél}l?t néa?]%%%pé dﬂée&%&%i %lggj}cgs}gper%c)ﬁvclbdl\éeg{%%{ (r)r\évri ly
at pockerfs Qram) Zgl MBEnPTHloGgsl serr g Yoo g npier 1edagfowsto
ori ent atd,on UnPAckst st 20 mAnd 2dard Sud®r & def@dbs Wi thkeTefigf ence to a
left half of the wafer side face 19a of pad |la. Radial distances RDI,
prior art hydrostatic pads 11' are designated generally by
reference numeral 91 and stressgses in wafers held by pads 1lla
and 11b are designated generally by reference numeral 93.
[0079] Figure 16 illustrates the stregsgsesg 91 and 93
when the grinding wheels shift. As can be seen, stresses 93
are significantly less than stresses 91, and are more nearly
constant around the entire periphery of grinding wheel
openings 39a and 39b than stresses 91, including at the
centers WC of the wafers W (corresponding to an arc length
of about 200 mm). Accordingly, in the present invention,
when the grinding wheels 9a and 9b shift, the wafers W do
not bend as sharply near their centers ag compared to wafers
ground in prior art devices.
[0080] Figure 17 illustrates stresseg 91 and 93 in
wafers W when the grinding wheels shift and vertically tilt.
Again, stresses 93 associated with pads 1la and 11b are
generally constant along the entire periphery of the
grinding wheel opening edges 39a and 39b. 1In addition,
there is a markedly less increasgse in stress 93 in the wafers
W held by pads 1la and 1llb at locations corresponding to the
wafer centers WC. Accordingly, when the grinding wheels 9a
and 9b shift and vertically tilt, the wafers W do not bend



WO 2011/ 117792PCT/ 1B2011/ 051152 18 RD2, and RD3 indicate | ocation of

peri pheral edges of the nearest vertical side wall 37a of pockets 2la, 25a,
and 29a, wezpactirwel y (the nearest vertical sidewall 37aCraBmng0ilesz he
vertical side wall closest to edge 4122 of grinding wheel opening 39a) from
the center of the grinding wheel opening, which ideally corresponds to
grinding wheel rotational axis 67. As illustrated, distance RDl is
nonconst ant around nearest vertical sidewall 37a of pocket 2la such that a
bottom end of pocket 2l1a is further from opening 39a than a top end.

Speci fi &% |ShaiRsf AR rEdiRy R ign @bt Wo FATA Y iegebwar d t he

bot t om eskofnddes pockel 19 abeutcddze MmMmid vk 4(d Matioweishridwei dopiend (these
val ues are_the sane for pocket 23a). Radial distances RD2 and RD3 are

rel ati vel§PETHSt ant to nearest vertical walls 37a of pockets 25a and 29a,
respectivel y, [g81 RDZFikamiend 8a ivMdluse reft eab atr ek sl 4ndl 193) iand RD3

havi ng V, f]ggg) 6,.5 4.n) : r.tes‘@'gefor
pocket s a ﬁ(ﬁ)ﬁa, ;%%%gé}él%ﬂeﬁ( ys)k?l%cﬁéé %ed?% %C%Jééeja 1 t(rar:%a%/@be constant and
radi al dian e eseRD2 Ak RES iy e Honclonst atdeni ethoute depg1d iy de om t he

scope ofpdde; anventd oy 4}9&&%13}:%%”@0 1 A 59 Shoms Fﬁéﬂﬁdﬂifﬂﬁ”ce RD11

measured radially fromgrindi ng wheel rotational axis 67 to the radially
i nner mostaiRige Bt Bl RxtsI ULt pde kit 1 Pemll B shapieledife 38a

defi nes i enskrgshdoiblaren GFhaeT® P easlr® (dHem 41egi on 60a. As can be
seen, rafgi al distance RD11 i onconst a to,ed BIEBQil%Wa nd inillustrated
e

pad ha r¥HgECHromALoutt 1 (D5 H) O hear™ 'S #3a to about
87 mm ( xetBiday. nemimileer botdwm e rarofsippok ein Zlisg whier evieslg es t38zs w3 ges

with grigdi | qgﬁqg T IRAS U n made
fromt heghg.e%}%\égéfgl? edge %? Vg??ﬁ%ﬁ\%%&;?fga % when rec%%ﬁf?tn%;%eni ng
39a) to W¥Hdi arextisppbosed i nrhoRrimtiah tofltedyfe B8d¥thge from about
26 mm (3,1021d4) near vertical axis 43a to about 5 nm (0.20 in) near the
bottom end of pocket 2la and formratios with radius RL of grinding wheel
openi ng 39a rhcﬁbz?%ﬂg f FOAUEo® ¢hG Uso Uaisiit %0.905 PersyPicdhsari son, WO

2011/ 11 WA IPIBRPA W ORIHDS 2F di9 o 168 sl 08 Si@neesrogt 4t pyady  art

hydrostatjc 11' (Fig._4) are .constant because Jnner t..peripheral edge
38" of t ie rcg]?g:e}be s%rgjfoalgea%%'a% ihr?'(':clpraoesgt%]t% pgarclf%aj%lnag %r%alkgp%én%e edge
41' (i .elpvearnieren i s Nenowrwo pras suarlaidd riew) watgon Jrodiik yging pads pad

b ot in e aadalod sl aioe SOl S B I G ), one
_edge 3_8'V4]§1%ﬁ)0ﬁfir FFERY{D. FOOUYH) .ug[jgwlﬁé}%rjés% ane A and |1 b of the
I nventi ofhdicated generally by reference numeral 74. The wafers

ground usging the pads 1lla and 11b of the invention have

consistently lower nanotopology values 74 than the wvalues 72

of the prior art.

[0083] Hydrostatic pads 1lla and 11b of the invention

may be used to grind multiple wafergs W in a set of wafers in

a single operational set-up. A set of wafers may comprise,

for example, at least 400 wafers. It may comprise greater

than 400 waferg without departing from the scope of the

invention. A single operational set-up is generally

considered continual operation between manual adjustments of

the grinding wheels 9a and 9b. Each ground wafer W of the

gset generally hag improved nanotopology (e.g., reduced or

eliminated center-mark (C-mark) and B-ring formation). In

particular, they each have average peak to valley variations

of less than about 12 nm. For example, the average peak to



have at | east the foll ow ng beneficial features as conpared to prior art
hydrostatic pads 11'. Total hydrostatic pocket surface area is reduced.

Thi s ef f ewODi2oAVM7T92duces overal | clanping force appli edPoy/1B2a1/pads on t he
waf er W because the volune of fluid r8ceived into the hydrostatic pockets
2la, 23a, 25a, 27a, 29a, 3la, 21b, 23b, 25b, 27b, 29b, and 31b during
operation is reduced. In addition, the pocket surface area bel ow hori zontal
axis 44a is reduced. This specifically lowers clanping forces at the |eft
and right sides of grinding wheel openings 39a and 39b. Furthernore, inner
pocket s gl e 3R T TRl Opy LT Xl IDERRY R T ar® hrov AV RNREE f r om

gri ndi ngpaieel o apeni iy edars A A thaf 7061 dregi Gnsr 6da and 60b of

zero pressure forned therebetween.. This specifically | owers clanping forces
Sround IHERIR F HHEU BT Ot | TG TRl opdifi Hs AP i 39b.

[ 0075] Wafer satWate died didtessninagi dyounyd hy driostwatfiergads da @nel || b during
grinding_ o i hat_they. ¢ qgﬂi re sily.to i ft- and/ or

tilt no\%anﬁeﬁ]{ 3’5 oagpgnﬁﬁngl nge v%‘e%l lsacgfa an.dq"gag@.ég'hiasﬁacfeal ucae\}seiafi% rréafgni t ude of
hydr ost dthese | eandpiery romeiien ttratddermwie rtlyg | i mpavies sa90rand 9b nove

(i.e., less sigpspes. qurgﬁfi'J:ien e BeRding. ey 9N 19fsthhe Mafenkrd n addition,
the wafer Wis not tightly held adjacent gri'ndi ng wheel opening edges 4la.

The waf dYAHXHA ST IRAD AL UH REMO gt | FRERY HEPLBIH: Mof edge 41a when
t he wheeisrdmviasn butThwtpas Shaddd grascdd) guiralar) 1§ | sk dwerteyi ces.

Therefore, hydrostatic ds ha and |l.Ib WO 2011/117792PCT/ 1B2011/ 051152 20
b oot o T A T G s THE ST S GTOGR 1S W B
nanot opadogihalquaddata arf tshee hf asstf cemtedd iomerof Bee | deysi ek exerivyerthmar ks
(G mar ks f QEQ yafers i d , or i m Th:; be seen
by corrpagfallr?lég) ]ilél%g}egr Aéjgﬂ.l 1451% g%lrJeSGSA I I'ustlﬁjéitsgsﬁgéwa tear .gEr ound usi ng
prior arkllydrosturstearyaesl ' ththisandriay the ipTeistoutles deswiferedy ground
usi ng pagdgydda and |y of 14 hanihvigd 118 rddien ed goshomg i i godld is
substantially free of B-rings and center-narks %1 - mar kzii 0076] Fi gures
15A- 19 11433t rt @t he? @ r &b 117 SRR ARSI RER EREYY b of the
i nvent i athancdyrgp@idaid medsetd 214 @BLs AHA arh 15y s 131a
illustrate these stresses,when grindin eel_.and hydrostafic cl anpi ng
bl anes. A 1Y gk LI battrard WAl T HEe v R D B HEAp i i ng
wheel opethagsl BB an B9, qrichel Pl adoe sratbitalclamps el aveddraboutt Hese
regi ons)., 71 9t ‘é%%fl’%y&{ ll%r st 155 S&X foryed ji &t when hel d
by pads ra:L anﬁ{c‘;il It artjirgﬁl arly ? nd{ cat'es |'ower’ str epéwsages }?%/Ell ght - col or
regi ons 14l ciit@ed A2 9@ )1 Thaeranthel € i raNd RIHERE DL 2F 1AV adj acent
grindi ngi yheade ORE N NG Bbges @ I3 nanck Aldh1 1) S dd B ®sodmie uni formy
distribuyted stresses through t e%/vafer. By contrast, aglrn]g,as shown in Fig.
15B, | ar'fest€Sttes S erfavhet Py ;ﬁéiiltl]i(m i PYTSE proximity
to peripiEralartiges ofanpesicgmatdd i .®.cithaiferentmnieZelrqressure (free)
region) ., [QQIT1AS. Gah A S0 be RESML LY SOIPAIT Y e SAML s

125a, 127a, 129a, and 13la are elongated radially away from

the grinding wheel opening 139a. These pads 1llla and 111b

are the same as pads 1lla and 1lb in all other aspects.

[0085] It ie additionally contemplated that a center

of clamping of hydrostatic pads could be affected by

controlling the pressure of the water applied to pockets of

the hydrostatic pads. This would lower the center of

clamping, moving it closer to a rotational axis of grinding

wheelgs of a wafer-clamping device. More specifically, the

fluid pressure in each pocket (or gsome subset of pockets)

could be changed during the course of grinding and/or

controlled independently of the other pocket(g). One way of



15B, concentrated areas of |large stress 97 are not as preval ent during
grinding using the pads ha and Il b as they are when using pads 11' (Fig.
15B). Thewadvartizarye i s both | ess | ocalized defornati on eCTihmiwesies2 Wi n
the bending areas (e.g., adjacent grizdi ng wheel opening edge 4la) and nore
uni formwear of the grinding wheels 9a and 9b. Uniform wheel wear ensures
that the wheels do not change shape during grinding (i.e., no differential
wheel wear). This also ensures that the grinder is able to naintain the

| ower nanot opol ogy settings for |onger periods of time. Also, if WO

2011/ 117A2PCH 1 PYOSE2 FChe Mherd el MMFEeT 19 1Ry MHelRI resses

caused hyhd hei r@yesendihare- ef f@cd iyedyi il siddbutied gdmeugh the wafer Wwith
| ess pro .o#%%ieee(sjnfornatl on of center-nmarks S(reC(-%érarks) and B-rings. This

desi r bl The BTG riatotUnbl T &ds SEneiqd W (2 S 12 thnd
tilts ofwitie ege¢indicukaerhesdrs.be variddiBiita giire pdddid grapmlcald y

illustr I S es | er. i.ng i ndi 0 i.on usi ng

hydr ost g‘{kl?ec %éﬁ{sh héaf gtﬁrgﬁ fq%&ﬁﬁ% Cg;lr]‘iwne i n%@mg%%%g%g%a%‘;ﬁ;%%é s‘ﬁh‘f]t and/ or
tilt. Theesultusin & etbist reweeliante hdlod eodd niaked iV wat érhaviery srent
grindi ng, &dgas Ala, anth b, and,dmasus ed it agatl ans around

fRGId N
edges 4l1la and 41b begg%ning at about, a seven o' clock position (arc length

of 0 mMM)tRd'HSA nf Tl ook vk s i JLRAE Ah e rtetiet! &is Re&®r¢ | ength of
about 400 mm) [o@glessahd mpmaiceits tWheladidow 1y, arigr t1ihwdr esicatiilapads 11

are designated generally. by reference nunmeral 91 and stresses_in wafers
el ' by DR TG 31 de R TR e T ATl TP By B et o Hurtal . 03,
[ 0079] Fiwgitte d6vafidmudd rreeing he dtamesses &l amit9B 00 mm. s

previously stated, a hydrostatic pad may be sized on a

reduced scale for use to grind a 200 mm wafer without
departing from the scope of the invention. This applies to
each of the hydrostatic pad dimensions desgscribed herein.

[0087] The hydrostatic pads 1lla and 11b of the
invention are made of a suitable rigid material, such as
metal, capable of gupporting the wafer W during grinding
operation and of withstanding repeated grinding use.
Hydrostatic pads made of other, similarly rigid material do
not depart from the scope of the invention.

[0088] According to another aspect of the invention,
a system for assessing nanotopology begins providing
feedback on the wafer nanotopology while the wafer is in the
double gide grinder. The nanotopology agsgesgsment system
comprises at least one sengor configured to collect
information about the position and/or deformation of the
workpiece while the workpiece is held in the double side
grinder. The sensor is operable to take one or more
measurements that are used to define one or more boundary
conditions for use in a finite element structural analysis
of the wafer. It is understood that the system may have only
a single gensor that takeg a gingle measurement used to
define a single boundary condition without departing from
the scope of the invention (as long as there are enough

boundary conditiong to perform the finite element analysis,



when the grinding wheels shift. As can be seen, stresses 93 are
significantly less than stresses 91, and are nore nearly constant around
t he enti rwoperivphmey of grindi ng wheel openings 39a andP8¥hBrhans13tx esses
91, including at the centers WC of th® wafers W (corresponding to an arc
| ength of about 200 nmm). Accordingly, in the present invention, when the
grindi ng wheels 9a and 9b shift, the wafers Wdo not bend as sharply near
their centers as conpared to wafers ground in prior art devices.

[0080] Figure 17 illustrates stresses 91 and 93 in wafers Wwhen the

gri ndi ngt W&l NS AT REWRAATY | RNIIE TN . EhRfai A1 e 3o TB Associ at ed

;M'ht h p?-‘%s_élﬂnﬁdui:ﬂﬂb@ qlgaertgﬂ aééﬂésg&ﬁ»s{j qsﬂ b@rfé]geng%&%ﬁﬁgﬂw,hper i phery of

e grindin eel_ openi ng edges a an . In _additijon, ereis a
kol PO o EaGEs (P (1O ST H W e T 157 pads ha and 11 b
at | ocatmersucamgrespantdigd ald fevaielt ged escuniia riAceaidh tighrys, when t he
grindin eel s b, shift Y ] I (Jt ers Wdo not
bend V\%%ﬁ%ﬁﬁ%%ﬁlﬁ&%/%f%%@% aiép% ynead%%ség\e@) t ﬁteo peri phery
of the dgtdfidienpddhicelompletouiaga contl Bolrrmhd @ertls -k ¢ Glama)t

formati an g dgdiced ; Q081143 que Jbrdl | ustrates stresses 91 and 93 in
waf ers Wwhen the wheel's shift and horizontally tilt. As can be seen,

stresses 93 at0%&d | effiolsiSFe B & hORRA SO MEE G it dPEdePd arpl y as
do stressaseddmeriCCOFslictglyr wad 55 el thihiasts, hpergieh11dp do not bend

oo shar bl Sl el ClBer] pher e s e 8 02 AN b ST ety e
results ZBJr@cskgiwthirs I-‘érq)odlﬂpe/menmtdweﬁoé_ﬂ jancbcﬁﬂoingwﬁacﬁremiWaa e caused
D, ST S5l Sd e, el o
configuration (as is evident in Figs. 25A and 25B, which are
discussed below), it is understood that the nanotopology
assessment gystem is suitable for use with other double side
grindergs (having different workpiece clamping systems)
without departing from the scope of the invention. Further,
the invention is not limited to the nanotopology system
itself, but also encompasses a double side grinding
apparatus equipped with a nanotopology assegsment system of
the present invention.

[0090] One or more sensors 303 (e.g., a plurality of
gsensors) are positioned at the inner surfaces of the
hydrostatic pads 305. In the particular embodiment shown in
the drawings, for instance, a plurality of sensorsg 303
(e.g., four) are pogitioned along the inner working surface
of each of the hydrostatic pads 305 (Fig. 23). Any type of
gengor that is capable of collecting information that can be
ugsed to define a boundary condition for a finite element
structural analysis of the wafer can be used. For example,
in one embodiment the sensors 303 comprise dynamic pneumatic
pressure sensors that measure distance between the
hydrostatic pad and the wafer W by measuring resistance
faced by pressurized airflow out of a nozzle impinging on
the wafer (e.g., manufactured by MARPOSS Model E4N). The

pressurized air is exhausted to the air. Such nozzleg can



nanot opol ogy val ues for wafers ground using hydrostatic pads 11' of the
prior art and hydrostatic pads ha and Il b of the invention. Nanotopol ogy
val ues f owowafigrs7ogr ound usi ng pads 11' are indicated genentdiyoiys2
reference nunmeral 72, and values for 2¢afers ground using pads ha and |Ilb
are indicated generally by reference nuneral 74. The wafers ground using
the pads ha and Il b of the invention have consistently | ower nanotopol ogy
values 74 than the values 72 of the prior art. [0083] Hydrostatic pads ha
and I'Ib of the invention may be used to grind nultiple wafers Win a set of

waf ers iR &iFiYie Fpadisdrid G -ylrostsatibfoagd é3r055 Ry LT sEE for
exanpl e, £ Ated 6astadlf Wal efife HidFEYL SOTEIH &8s gr@@ttﬁ{oé@aékﬂp&dvaif@r s

wi t hout arting fromthe scope of the invention. i oper at i onal
cetmup 1S S A GRS G I Dy b 6538 VBB Wetbun

adj ust nqntesssoiret rneergrcbmjlm vihee | sn@iacandrObo £ BEaodh gpantintgy iedtereall of t he
set gen I I pr oV, 0 nat ed

cent er-ﬁga}r?%( %Yéfr%?%(%@laégﬁagi$?§rztgéf%}?&na onﬁqugqanCé[’)a(gfctgﬁ? ar F%%e%y each have
aver age Aok dionaday | elyeamm@merom@%fpﬁmmdw a@boibtnamlmrpnﬂlﬂmafexarrpl e,
the average;dgak dhsNO O SRR/ ABIAILON Rt i3 M | Sy yF 1 ati ons

of the wafers may be about 8nm Average peak to valley variations represent
vari ati offs3 ARt Ef Serife rldide bfWeach wafer W Peak to valley

variations arg@etier mm@d s@rrm&@ 303 rEuEHer eimwpdlf@w@is@es\éﬁr@tntwl tiple
radii of the wafer r of ose values is tak o det erm ne
the aversi b WA (EHS B ' dda fe st 1 iy os
| eft hydsmstat iapgad facwortthagptlen secomnds emﬂmhzma;rﬁd ofitilmvwerdt on. The pad
i s desi ?ﬁpe f r his pad
cor respgé}gﬁi ng p%aé%sé/o}fy aﬁ:e fé‘%‘ﬁ I{c%”%a‘irh rst e%gl rreént g{re&}dem gnat ed
by the shngeqtefat et ehumeral sZ P ROIATO! . CoRGLNplR ostHise padsllla i s

subst antjaldyg tm S Ay e dHAYi us|wakdes gf | hed dvdrastald o pad 1la, but
has hydrostatic_ pockets 12l1a, 123a, 125a 127a, 129a, and 131la shaped and

ori ent e AH% erBFATIAT HAM HIRTOMA hFRck et P BRWehsa 27a, 29a,
and 3la fac e posk hese SHam droe é@mﬂ dd &alkden pexaisendatdm, 123a, 125a,

127a, 129a,_and 131a ar e r adi p05|t| ed abo t t he. gr.i ndi n

opon ng TIFEUOTHIDAS 50, LU HoCkb e A HhF 150D Rt 054 and
127a, awmzplcmlwtcstm@@asam:bﬁmmlmm@mﬁ@memmmqnmg ytd acat ed on
opposi t 3had Ves, 5&'&1\/@{ T &P@?é‘elg@f Agditignally, pockets 12la and

123a are elon ate in a circunferential direction around the pad 111a. In

this pad 111al0Hbevefurpdeket saris@f tihe hytrestaddd rare #0 &@fongat ed

radi al | y: envestidspmdhe sg{dmiﬂg wheedr | NhaB3%he These Matsed1lda and

111b are the sanme as ha.and l.ib in al ot her aspects.
sensors 303 aﬂ%? %he dlstrlbut{on of sensors fh one of the

pads is substantially the mirror image of the distribution
of sensgors in the other pad. Consequently, both hydrostatic
pads 305 have sensgsors 303 that are gpaced apart in at least
one of the x direction and the y direction of the x, vy, z
coordinate gystem. Moreover, when the hydrostatic pads 305
are positioned in opposition to one another ag shown in Fig.
23 (e.g., when the grinder is in use), the sensors 303 are
arranged in pairs, with each sensor in one hydrostatic pad
being paired with a sensor in the other hydrostatic pad. The
sensors 303 in a sensor pair are generally aligned with each
other in the x and y directions, being spaced apart from
each other in substantially only the z direction of the x,
y, z coordinate system. The sensors 303 in a sensor pair are

positioned on opposgite sides of the wafer W held by the



[0085]1t is additionally contenplated that a center of clanping of
hydrostatic pads could be affected by controlling the pressure of the water
appl i ed twopotkear®2of the hydrostatic pads. This woul d PomaB2aivesiegnt er of
clanmping, nmoving it closer to a rotatd’onal axis of grinding wheels of a
waf er - cl anpi ng device. Mre specifically, the fluid pressure in each pocket
(or some subset of pockets) could be changed during the course of grinding
and/ or controlled independently of the other pocket(s). One way of WO
2011/ 117792PCT/ 1B2011/ 051152 24 varying the pressure anong the several
pocket s MEIRETHIGhPItHe XzesfatltHeor1g i ded BPefihs nto the pockets

differ er&imLMHaﬁmé@Is ﬁé@sﬁér&éﬂ@%r@foﬁﬁ&i@!@m@&@@ltﬂi@dnéméﬂq £ach
pocket Caﬂ’l be varied anong t he pag@fﬂets tﬁ¥ maki ng. t he depth of t%%%)ockets
di f f er erft?® P rl PRKRS Wit S 1 15 i e 1St st he waf er
Win then egpptin sfdddestiegperwvagitaket dtharhshaldameropackaies, which wil |

hol d t he . stiffly d I on of the shall ower pocket.
[ 0086] Thdeél\%gy rlor}z(%%t%lcrxlbla sﬁﬁl%ﬁgib, 111a, and 111b illustrated and

descri bed her 140 Have Theemugdsar idpesd sfrgrangsamentt [pfa seafser sWikdvimey a
di amet er,of,, aboutg 300 MM Agdu emiously Sf atigd. o4 Rydrostatds, pad may be

sized on a reduced scale for use to grind a 200 nm wafer w thout departing

from t heialopd &5ie (Y iRfv &t i AL dipI haEinD 2PV HEMRRY &3t ati ¢
pad di mansianss e ridetidergidy could BHABEIThe hywtrost atde pads ha and

1o of téggsurements and define a greater number of boundary
conditiong, thereby reducing uncertainty in the results of
the finite element analysis for wafer deformation at the
areas between the boundary conditions. However, there is
also a practical limit to the number of sensors 303. For
example, it is desirable that the sensors 303 have minimal
impact on the clamping function of the hydrostatic pads 305
and vice-versa. In the nanotopology assessment system 301
shown in the drawingsg, for instance, the sensors 303 are
positioned at the plateaus 311 of the hydrostatic pads 305
rather than at the hydrostatic pockets 313. (Pogitions
corresponding to the plateaus 311 and hydrostatic pockets
313 are shown on Fig. 25A, which is a map of boundary
conditions derived from wafer clamping conditions.) This
provides some separation between the sensors 303 and the
areas of the wafer W clamped by the hydrostatic pockets 313,
for which it is possible to derive boundary conditions from
knowledge of the clamping conditions. The separation between
the sensors 303 and the pockets 313 can also reduce the
impact of local influences of the hydrostatic pockets on the
sensor measurements.

[0094] As noted above, the sensorg 303 are positioned
to take measurements at different parts of the wafer W. For
ingstance, some sgengors 303 are pogitioned to take
measurements that can be correlated with the central portion
of the wafer W, while other sensors are posgitioned to take

meagurements at the portion of the wafer that is wvulnerable



invention are nade of a suitable rigid material, such as netal, capable of
supporting the wafer Wduring grinding operation and of w thstanding

repeat ed wyoizndimgroase. Hydrostati c pads nade of other, ®CEIBaMlYsM$ygi d
material do not depart fromthe scope8of the invention. [0088] According to
anot her aspect of the invention, a systemfor assessing nanotopol ogy begins
provi di ng feedback on the wafer nanotopol ogy while the wafer is in the
doubl e side grinder. The nanot opol ogy assessnent system conprises at | east
one sensor configured to collect information about the position and/or

def or mati B of1 1h b Kpi Ever ithi df e Hes wotkiR ecg sthetif iRpEHC WD e si de

gri nder .15 s i disr PRl o0 trakei phe of Jmd e dTeasis es@idSrd hat are
used to define one or. nore boundary conditions for use in a finite el ement

struct ursl> et RIT OrONSHE bafet e ITeFTAEHST dtd 3 At e 89 em nay have
only a siintffersensbistdrated afkesm aclsd noprec e asiirgmenta fissedi 1 Adefaeams: a

single b condition w epart | e e invention
(as | ongoqgg; %%%Paeée' 'n’oueg%é gglulﬁnr g%r{/{%%:o(%%i él%%?% glerbztﬁ?egrsn? %cgepfi nite
el ement Raial ydgsignage@ o)1/ 18 TxSRRCIONRP 0ldd 03NS x5 ¢ ncdfudirey any

boundar y, pondif | s ddaj: Gam e wlelidett QladasEddisiiedise of sensors).

I n sone enbodi nents owever, the one or nore sensors take a plurality of

measur erehtat ek deP (AR RIMAHEL RIS piRe MRy RIHGI ois, LR MR i ng t hat
it is ofAien sasi radd efitir nasassAaryd .g 10 wed igreuaddi dy asml sdrasmearin
conditions for the finite, el .erreq{ CZtrguct :@I anal ysi s. of Cghe waf er .

[ 0089] For' " exEmMHi ¥, Rt eritoth e D & t oo I Gy A EES Tt s@%ﬁ em of

t he pressmtiphaent imngt generfalihe desiagnad edi 301, nesl sthiovel s cheeneftraal |y i n
Figs. 2 qﬁgg 1S e j j crd.bed, i 559(%)_'_1 nation with
a doubl gtkgéllgseégcrelﬁld%%: avi%%ﬁe;r)p.artl cﬁgr%?%lﬁgi't a%‘“lblcplpaa({;h configuration (as
i s evi de¥BNSQYE Figysy - 253Aaml 258 1tthich serseliscussee BamRgr Raiy s

under st Q@ fdyad t ddhayNanotonol 0h &5 Sa8 ST rify B A | $i Std@dl erdpr use with
ot her doubl € side grinders (having different workpi ece cl arg)l ng systens)

g
wi t hout d¥HEFFRIRE fHonhe"dipd’ ofe ke Thvient Hdh. 2 F ke dEr ,©%%e i nventi on
is not |dended gk ithieomanaiapol gy sasigiaty sef fshduiaBdsaehotipasses a

doubl e s]ifede 1_vgri nedisn Aappar at S 8¢ ui pped v@ﬁeh & aenroté)Potl ogy, sessnment

System oo 1He Brestmts it I {DOso g DI Hre <haole 0% (e. g.. a

pluralit{eaof., near the portion of the wafer that is vulnerable to
B-ring and/or C-mark defects).

[0095] The wafer W may flex in response to bending
moments as it is rotated in the grinder. Consequently, the
deformation of the wafer W at a given location on the wafer
may change as the wafer rotates in the grinder. The sensors
303 are not only positioned to take measurementsg at
different distances from the center of the wafer W, they are
also positioned on different radial lines 323, 325, 327
extending from the center of the wafer. For instance, sensor
pairs R and L are positioned to be about the same distance
from the center of the wafer, but they are on different
radial lineg. The sensors in gensor pair R are generally on
one radial line 323 and the sensors in sensor pair L are
generally on another radial line 325 extending from the
center of the wafer W in a different direction. Further, the
sensors in sensor pairs C and U are positioned generally on
a third radial line 327 extending from the center of the

wafer W in yet another direction. In the embodiment sghown in



sensors) are positioned at the inner surfaces of the hydrostatic pads 305.
In the particul ar enbodi nent shown in the drawi ngs, for instance, a

pl uralityof20semngmes 303 (e.g., four) are positioned al ea@/aBia/HDFImEr
wor ki ng surface of each of the hydros¥atic pads 305 (Fig. 23). Any type of
sensor that is capable of collecting information that can be used to define
a boundary condition for a finite elenment structural analysis of the wafer
can be used. For exanple, in one enbodi nent the sensors 303 conprise
dynam c pneunatic pressure sensors that neasure di stance between the

hydr ost dthe GRREHIP t HdSvafadial bhyinasidd ngd esi ARk faced by
presfsurltgﬂﬁﬂsd@%ﬂﬁilw%q C)LséscguOif%iasﬁH}ZtZE4 |&dg|_nﬂ%ﬂt9'ai‘rﬂatﬂibﬁ .gerry@é,ertr{@h]gaditald o th
manur act.ur e (S} . e essurli zed alr 1Is exnauste 0} e
e O S A S, e L SO 0L S B0 ALt o v

att achecre drivetlwydr ashedrer padse 3gmainptdierihs erdded Iled iwech o t he
hydros%f}é Dads. A5y d Nose ki 1] ed %‘%trﬂﬁn@é} de!%' if@ec&g{g 28 g fPAsUr ement s
from suc . nam Cc pr es.sure sSensors ar.e .I nal cati ve O h.e spacl ng

bet ween tireehyalrered athiclpagn BSOS ek tihes Surdnrd @GN e e drhayt

Accor di r&%ﬁaﬁﬂ@?%ﬂﬁ?mh@fsﬁ@%ﬁ &Y a-Avham,e pneunati c pressure sensor
s to di

correspon stance between the sensor 303 and the surface of the wafer
W [0091] The E¥htdlrs 3@Fesfathe SRS 1060 18s fesdrdmnesy sttem associ at ed

Wi th eacdi ofetdier ystpst@id aripadsredr ecspasesbranard 41 amd he ot her
sensors associ at ed vvitqithat he/drost tic ﬁg(?d in at | east one of an x
z

di recti oft g VPRI on BT dHRPAR tHogonal codtdi it £%yst em
(Figs. 22 aarml @8)omteds e siclddatf tthies wafierd Mig sviesd s 10 fithen xthey pl ane.
Spaci ng S {01 th s : il of one sensor
to take %&?nsécgﬁgu?lg{nesn%%g%lf?@%lronﬁdi n@%ts%%e@flo%%ﬁ oinrli ggn}%fc‘%;agurface of the
waf er WARRY a6 tieane ehsbor (2hves Bl Sreaddlr it eotradpomiiqget che

di fferendednoad i 00 hddie Said acend die yafede dOQQAS U hetnsach of the
hydrostati c pads 305 of |, ,
palr L and that 1s perpendicular to the x, y, plane of the

coordinate system (defined above) intersects the grinding
wheels 9. Because the sensors in sensor pairs R and L are
positioned so they are about the game distance from the
center of the wafer W, a portion of the wafer being
gsubjected to measurement by one of the sensor pairs can
later be subjected to measurement by the other sensor pair
after rotation of the wafer brings that portion of the wafer
to the other gensor pair. However, the measurements by the
gengors in sensor pair R may be different from the
corresponding measurements by the sensors in sensor pair L
because the wafer W may flex as it rotates in the grinder.
[0097] Further, at least one sensor (e.g., the
plurality of sensors in sensor pairs R and L) is positioned
to be substantially below the horizontal centerline 341
(Fig. 22) of the wafer, while at least one other sensor
(e.g., the plurality of sensors in sengor pair U) is
positioned to be substantially above the horizontal
centerline of the wafer. Another sensor (e.g., the plurality
of sensors in sensor pair C) can be positioned to be
relatively cloger to the horizontal centerline 341 of the

wafer W. In the embodiment shown in the drawings, for



t he enbodi nrent shown in the draw ngs has the same nunber of sensors 303 and
the distribution of sensors in one of the pads is substantially the mrror
i mge of wbeodiwtmebuti on of sensors in the other pad. EGomaBrueniiiyz both
hydrostati c pads 305 have sensors 3030t hat are spaced apart in at |east one
of the x direction and the y direction of the x, y, z coordinate system
Mor eover, when the hydrostatic pads 305 are positioned in opposition to one
anot her as shown in Fig. 23 (e.g., when the grinder is in use), the sensors
303 are arranged in pairs, with each sensor in one h drostatl c pad bei ng
pai r ed vﬁft%%%%rns@?elﬁﬁftsr@%t%rs%%ﬁ%#cc@tﬁ Rens @303 in a

sensor. naid rgflelmplédéh@émﬂf@ 1 m%mh%mrlmbt he x alnfl Y
I rections, ff#]@gq%(space eéjpart I’Ogl eacC other in substanti y only the z

direction of y MOF Y& di Fdt & st GRS FfESSens'6r9 30395 a sensor
pai r ar eplposilitonesft wemppasiie simese qfa e szafcer alldhel)d 1y the WO

taki ng G0 ATTIRES Mo S alf RSy Bhe IRt i) L% tne

sane | ogzad=mB0Hier afdewisving Posigiontind vheelkurd aved omdiirrd des of
the waf g5, Watoddated C}?@ta&faé&n@%r@&t mcmaﬂg %H@éf@&ﬁ%ﬁg}' [0093] The

nunber and arrangenent, of sensors 303 vary general ,” those skilled
in the HRENFTION ecHght L that H@@W%es%ﬁﬁ%v%t%g’e §R2 havi ng a
greater glUReriwf Sensisod3ibacaussr theyreaul o beaused) tis obtain nore

measurenents and define a gre er of baun condltl t her eby
el P o e e P S g e & ST Ty S IS T or
waf er dmmmumatpd&em%b@kmdmmwm% cpnmdideons. However,

there '%%ﬁ%%nﬁ’%ﬁftirﬁ%mﬁé Elﬁcg%%‘have@%rﬂé)éﬁ SESQESe 303, for exanpl e,

it is desira e sen npact on the cl anpi ng
f unct i orrlfat e hy drisgheit | TL RS agoa:%otmre@mrsdoeuwleqm@mmr@ol ogy

assessmeil SYSteMdihShakid 4 e dremimgs, BRE&stdie sensors 303
are posi ti oned %t theé; | at eaus 311 of the h%rﬁé{statl C, %beds 305 rather than

at the MAfFOst®R A % opse app iSRS c?oCPr 4 FHIEDIER eaus
311 and drysrpsimling packels tlah adey &ismwrhe)rhﬁhgast%tﬁ.c Woaketis 3 3map of

boundary ditions deri d f.rom fer ndi ti.on This provides
s serdi P SREaed e ddt B nt AP SRR RN QR
cl anped cmeliahmdryctraxstm |o:prmmofk@1@:1 33, bef. cposmmmmed is qfds@| ble to derive
boundar%gé%]g} dohanss f#.0m @gygxeg%afogdé itd ans. The

t t

separati ween t he sens 303 an e poc ets 313 can aI so reduce the
i npact dfelajgare bnfiidiriesstoreIhaRsRIrdstRAds it HorakletF Rt hel & dHsioy

measur e e there may be some additional advantage to using
hydrostatic pads 305 in which the hydrostatic pockets 313
are moved away from the grinding wheels 9 to move the center
of the clamping force away from the grinding wheels (as
described above) because this configuration of hydrostatic
pockets allows more room for the sensors 303 of the
nanotopology assessment gystem 301 to be positioned between
the hydrostatic pockets and the grinding wheels (e.g., in
the free regiong of substantially zero clamping pressure) .

[0099] At least one other sensor (e.g., the plurality

of sensgors in sensor pair U) is positioned to be farther
from the openings 345 in the hydrostatic pads 305 and,
therefore, positioned to be farther from the grinding wheels
9 in operation. That at least one sensor (e.g. the plurality
of sensgorg in sensor pair U) is also farther from the

grinding wheels 9 than at least some of the hydrostatic



[ 0094] As noted above, the sensors 303 are positioned to take neasurenents
at different parts of the wafer W For instance, sone sensors 303 are

posi ti onewiotoltak®2measur enent s that can be correl at ed RCThBiheoTesx r al
portion of the wafer W while other s¥nsors are positioned to take
measurenents at the portion of the wafer that is vulnerable WO

2011/ 117792PCT/ 1B2011/ 051152 28 to B-ring and/or C-mark defects. Referring
to the particular sensor configuration show in Figs. 22 and 23, the
sensors 303 are positioned to take nmeasurenments at a plurality of different
di st ancePFHIR t3ﬁ]e3 ceEihe tHehatlerlagstACnNR e serortii®. g., the

plural ity fasens s ddhddies Sﬂnsﬁné@ fpadﬁﬁitg)naéﬂ Ka dsndasdtdonas near
the center of the wafer Wdurin rindin ere it can t]gé\kehneas renents
rel at ed R RGBT OF DIt %eg?éh%ﬁm 3 i 0rPH2 (1R Wt lert " atWd st one

ot her sensdiaf esupjedtwd Harsdlidtyiwilsensoss strddwe §ensarrpaigs desi gnat ed
R and L) i oo oty ; e
o R o SRt d e SRl RS, ad el o WS

relativer?y ar’from the center ) during grin .
sensor (kelptivdley prighe tstdsseisdrle | trans sens dretpegen delsgmvanr®ed U) is

posi ti ongd @l it S{dBG alifedh StANE & fAQMmAde, Fatemairddeval egadi rel ati ve

to the at’ | east™ one sensor_ positioned near” the periphery of the wafer and
the at |Gyt GHFRehs i FosiIEd near the center of the wafer (e.g., near

;hfe por;i OF gn;ogtlthﬁoMafpf@ atl\fllv@tadysfn;dtletagr afdlee de@ Bl @%)ﬁggi/eoro&zmle _
ef ects).. e er. Wnma ex_.in response to bending nonents as it
s 1ot alS G He It b et AT drrilt i O TN el er W at
a gi ven tloeatafoer oh duef avad erThmysexiemge A3 tdwee waf esigrlatres i n t he
gri nder. NSOr.S. | y= postii 0 t ; s at
01T or oo anise Him A Qedl PRI 20D | MY E IS
posi ti oned XATM S FAMOY dtitad Uttt M I [ABEE ety from t he
center girddies W ef51 Ron ISt ANS e SEASPIc A4S R A dpH S Resi thaned to
be about the sanme distance fromthe center of the water, but, they are on
di ff er ertP Y ARINPG FRAVTHRA st @Tth Bhsor? iR B @ géhegrdidy on one
radi al 135 ddtheadnthddelsensiceddosaIBorepaiie Llsaiggeneialdy on anot her
radi al Iincr[a 32%5 ec?ttei}nq:i fromthe centeci of the wafer Win a different
di rect i SIS , e EERIOIETH Teridtt TITE T5HA 1T ar'e ‘ot 17Ghed
gener al lgomomiral ¢dt yah rvaiditabut | depB27i rextforeh nohe reagppdheoTarhier of the wafer
Win yet-ﬂn%{ gl direction. In the enbodi mrent shown in WO

92 [ 1B

1

2011/ 1177

2011/ 051152 .
00101] The CPU of a computer workstation can be used

as the procegsor 351. Further, processing of data from the
sensors 303 and/or information 355 derived therefrom can be
shared between multiple processing unitg, in which case the
word "processor" encompasses all such processing unitsg. In
one embodiment of the invention, the procegsor 351 monitors
the sensor data output from the sensors 303 during the
grinding operation. The output from the sensors 303 can be
logged for information gathering purposes and/or to study
the operation of the grinding apparatus. If degired, the
output from the sensors 303 can be displayed graphically, as
shown in Fig. 24, during and/or after the grinding
operation.

[00102] 1In one embodiment of the invention, the
processor 351 is operable to use the monitored sensor data
from the sensors 303 to perform a finite element structural

analysis of the wafer W. The processor 351 collects sensor



29 the draw ngs, the radial |ines 323, 325, 327 are substantially

equi di stant from one another. Thus, the radial |ines 323, 325, 327 form
angl es ofwealkout1112@ degrees with one anot her. However, wrheIBpacbiigsof the
radial lines with respect to one anotder and the nunber of different radial

| i nes al ong which sensors are positioned can vary w thout departing from
the scope of the invention. [0096] Moreover, sensors 303 are positioned at
different locations with respect to conponents of the grinding apparatus.
For exanple, the sensors in sensor pair L are on opp03|te si des of the
gri ndi ndlafedd’s @ F¥emiTie Yerdde IS PY@RTIR, BHSLSERMW dent i n

that an ddmgihad Yertd ase t&?el SO fdhnZ Bt ddat (€ant aigsc one e t he
Sensors inh sensor pair apd one_of the sensors |C$} sensor Cg]rﬁ L. and t hat

is perp P9 (F AR 0T BT IHRE AR He ot i Hat S35yt st i Hed
above) imtaer 523431 srhehenag]m nglt ingd e et e 192 @Bﬁﬁa&gﬁaﬁdte S NS SSédDIB:EnSOI’

pairs R td S h r t C m t he
center d% er %é arg)&gdgh gzni o?ﬁ}%eceo ebeél‘je g&r% déc\f Seh(MI?
measur erﬂethJkg/ o?hfie st Sefsdr PErS: o%ﬁrﬁp a?&elr %efMjE’Cﬁ%QﬁI ostep
measur emggy  byndhe gm}ﬂ?au%cfra%l@al de & 145 rotatdpnafed @rmiﬁ{g brings

that portion of the wafer 1o the other sensor_pair. "However, the

measur erfBftse hyE 1R FehsorPITE s FYPeft r RISEFe S Fer@ire rom t he
corr esp%@hfw:mw@mﬁ§ RO SE SN Sid Nosenasle P& Iddcdagause the

wafer Wmay flex as it tates in the grinder 0097] Furt her, at
'onst ot dioTs HourdHE Fandiiagrtt SEReHS TR SH DTS ¥ and L)

i S posi tpenBot cclee Sulistardliahdnt belaydie dorilrmontaiecantwesdnge8ll (Fig.
22) of t e urality of
sensors (%}ﬁ sensorré,\gflg(% H; &%isqﬁ]%r{g%r}%r%? 3{) n%ealéy a%ove t he

hori zont@taernths Ib@@dﬁr}t r@rmfteuronaﬁmweckeﬁm {he gengdie gt al ity of

sensors 4k safseRdideLOwLan &ﬁi:p@ﬁdﬁap%ﬁ&axbﬁ sl My &doseiqto the
hori zontal centerline 341 of the wafer In the enbodi nent shown in the

dr awi ngst FBrk n%%%ﬁfﬂ%lﬁ@ﬁ@ﬁ%ﬂ%ﬁ%@% created by the

hydrostatic pads. The grinding cycle and the time at which
the processor 351 collects data for the finite element
structural analysis can vary without departing from the
gcope of the invention.

[00103] Figure 25A ghows one example of a set of
locations for which boundary conditions can be derived from
knowledge of the clamping conditions. In Fig. 25A, boundary
conditions are defined around the perimeter of the
hydrostatic pads 305 and also around the perimeters of the
hydrostatic pockets 313. Fig. 25B shows a mesh suitable for
performing a finite element structural analysis of the wafer
W. Note that the hydrostatic pads 305 used in the example
shown in Figs. 25A and 25B have a slightly different
hydrostatic pocket configuration than the hydrostatic pads
lla, 1llb described above. However, those skilled in the art
will know how to define boundary conditions and develop a
mesh suitable for the particular hydrostatic pads being used
in any grinding apparatus.

[00104] TUsing the boundary conditiong derived from the
gsengor data, in combination with the boundary conditions

derived from the clamping conditions, and properties of the



i nstance, the sensors in sensor pair C are slightly above the horizontal

centerline 341 of the wafer W [ 0098] Mor eover, at | east one sensor

(e.g., thwopburabisty of sensors in sensor pairs R C, amdTiB201s0f1052 ti oned

near one of the openings 345 in the MWadrostatic pads 305 for receiving the

grinding wheels 9 and, therefore, positioned to be adjacent the grinding

wheel s during operation. Simlarly, at |east one sensor (e.g., the

plurality of sensors in sensor pairs R, C, and L) is positioned closer to

the grinding wheels 9 than any of the hydrostatic pockets 313. As discussed

above, drdfRier" M i grimetCoth' S ORat /jF 1 hd R EORQUT XD et tCSRIFT Wt o

\rNﬁl alti vgjaa &F&sn@é r@iﬁiﬁté l@Ldénﬁ@f[tsitéﬂanlry%ﬁ \é@g%rtrgé &F@ﬁéﬁﬁ Ry the grinding
eel s and. cl anpi n rostatic, s.305, in which case any

sonsor s PR i5ds, HorEt ot Ho Chelor (T G et ST i G1E ¢ he

hydr ost ata foe p acdket o3 @nd/ Tie pdsdpe one e vief eadjvaqerdd ide=dyrvyndi ng

wheel s i ope J . cons| e itioned, t

Toasur entit SH RO Lot o (T v e by Ced T 1 ot vy Wigner

stress upotegyrpreisrlend Redapgrenthe |9rindins angecadrerteymesge bley some

addi t | onale AANAGE AN SRS YELASIAL Coaeds: S0, s MU i ost at i ¢

pockets 313 are noved away, from the grinding wheels to nove the center of
t he cl anfthgF FOret FnaRE IR t3 G RIFRIE e ! (et i bed above)

because ddisrofdrguatd ofurdt fordrestat d aas kietsn adHovseid € soamd or t he
sensors 303 of the nanot o%oqlgce)g% assessment system 301 .to bc? osi tioned

bet ween ¥He hy dFEstRIT P PoKetS HHE He G i ng v@f%eeqjsCt(ee.gk% inthe free
regi ons fofnisubhstlaanera |gnaerol <lepEaressuta)a is shoyr)0B9]Atg | east one
ot her s r (e.g., the plurality of sensors in sensor pair U) is
positioned to be farther fromthe openings 345 in the hydrostatic pads 305
and, therefor 00Xyl t ilohede enbedimetter theoRafieamad ndgifey Whiedes 9 in

operati qiyidhati@itd eadmane SensAid e g cdha k@ldd yrofiggnsaLs in
sensor pair is alsg farther fromthe grindi ng wheels 9 than at | east
some of NG HRAAMELHG L SAGRET 111877393@%F/f135%<b1f191©5t1f13§2 FPReKet s 313.

Further , THdalettdil®east @ne sed1sard e lgludtheatpddira ityguofe SESISOrsc i n sensor
pair U) can be .considered to sitioned to e asurenents froma part
of the vé\l?oelll’l ha ep&ubﬁ%cntuerbéjteto}%)teltalﬁ VESFY S rorsntlnaftels%n ulpsorli%ﬁlrrvder

m sal i grierite imptehaose grtimiertshe HatosubjRRinhesawd@rs tdependigy iarel y

hi gher t & i34 befyeen o grpi 1 gFiddi 4 eel s and
cl anpi nzg%gﬁﬁ%?y%ségﬁcé p%ges en thée:lr e i saﬂ%1 g%l”i%ﬁ:nenté.l l%é@[ 00100]
As alre PP Ot HeeEN SH'ES 3D F r @ Ifje red &8 1 - et ettth il Bt i on about

the di stangeaddomd hensansird 0 dde-wafere Wistl fac@ecThens aispisr 398 are in

signaling connection with a ocessor 351 (Fig. 22), which is operable to
F ecei ve IO AP FHbrH (1o SIS ATHRITH GRSHorOE1 T be

renot e fwafeit hel gnp ity ripeapparatdisostatid s si nadimepieddis g ough Fig.
22 e o SuD T 00, AR SUIRERE W05 SRSESOR ST 00 e RIS 1
communi Q8K i igh evnthoigd depsiralig o o shetlswoped ofeadeds nverhg orafer

displacement along the periphery of the grinding wheel (arc

ABC in Figure 25B) is considered. For every radius r

extending from the center of the wafer, there are two points

along the arc. The displacement at these two points can be

determined based on the results of the finite element

analysis and averaged to yield an average digplacement at

that radius. The average displacement can be plotted asgs a

raw profile curve (Figure 26A). Readings from the raw

profile curve are then passed through the spatial filter to

generate the filtered profile curve (Figure 26B).



[ 00101] The CPU of a conputer workstation can be used as the processor 351.
Further, processing of data fromthe sensors 303 and/or information 355
derived twenefwumoean be shared between nultipl e procesecmgBumi/Hd 152 n whi ch
case the word "processor"” enconpasses3all such processing units. In one
enbodi mrent of the invention, the processor 351 nonitors the sensor data
output fromthe sensors 303 during the grinding operation. The output from
t he sensors 303 can be | ogged for information gathering purposes and/or to
study the operation of the grinding apparatus. |If desired, the output from

the sensors 30X b tdivsigilajred agppisisiicdiady bvashswewskid IEdy im4hedur i ng

and/ or aftercide whiddi g qpaiatiPhdditiond OO r gy Sipdideyd  of the
i nvention, the go essor_351 is operable to use the m)n]il}%or . sensor data
from t héSes & 9o & 0t G N H iR SR aﬁoaa]réﬁfii s of the

waf er Waflther prooesisoy. 36irtdod e ciancsensarog NG 21d / 11d O 1kP011/ 051152

32 data i 7 1] e i _neli tion, e I ear the end of

t he nai nr%gtr ?b digr:;ge :siff%rb%&ige%’ig?% ba(ekﬂioér’léeJ giolﬁgr{cﬁﬂrﬁo’.shl?hﬁ{g 5{s aeglgseﬁ}) grinding are

i niti at et)wnetsr¢andiReRes s yndri e, (Wikecheti yp igrd nldi rghayas ecleor responds to

the 560%&&@;5&31'65{9 Ct §thd NedF ) e TSmO eten,gf | ngi ngheycl e shown in
o)

Fig. 24 consists 5 steps: step 361 = fast infeed; step 363 = nain

gri ndi nFreRRIEERt f F5° LT PFeed Rf iIRAIRF ISl S 1 stepPBE AR par k- out
cycle; al stap 3bWmawhaed wetdBciaydss1dhe 18 ocessof 5 lod safoper abl e to
determ ne one or no ndary conditions fromthe sensor data and to

re bo
per f or m{He 1 A1 ecf%% TEHAIRS O the Vel Bri WIS WY 1 oifEE O nore
boundar ypwmiidi ¢ | desidet | MedcHe amnitee seElsentdaea lyldies boundary conditi ons
derived from ns sup ted .wit i t4.0 dary
condi tions deﬁt\?/lleozﬂf r%xr%rg%é%"%r&gé %T %Itp%gqc%llacr%m?geqc%% I Heo.n%?péa%ala?ed by the
hydr ost &t clpadeaw THRL @i imidh gl € yie? el ¢thethie reafar i@l kher frascessor

351 col gt seatdd Aodhe: fd 4 (oSt sddisd uralg angdysi %ﬁg;r) vary
wi t hout departing fromthe scope of. the T nventjon. 0010 Fi gure 25A
Shows ofdIesE bl 16T ot 5 tnofat loamth lorke Mk ah Biokh iyt Gndiaf Sns can

be deri wiskdaonyiaiom edgeyaferthes et gt o @oingdi thaSard ek glaZeA, cdoundary
conditi ons _are flj n%gf ar Oéjpdsth:eiaﬁleggiﬁeeri of t§1e hyedrostfti c pads 305 and
al so ar dund the v Bt £ of* e ydros aﬁl%g]ooc?(r%?s Y eI’—'cfg. 25B shows a
mesh suiirablwld or perdlorigery: Ddiient A lonerd SyTucus aireanad yGiaz of the
waf er W r i I wn in
oﬁmagaezéggé]hélrae hl) oA sco@gqsfl ereggftﬁ_»ﬁ#&gﬁ@eo@ teAls&?,

Figs. 25A an ave a slight ﬁl | atic pocke
confi gur@i drcahidi? e FRAdroEtat] O dersl 2Ta, SEN et i Ped bove . Utbwever ,

those skif lyegh diad hawzar tad 111 dnowadiye £ s shefwdies bﬁl_’cﬁlﬂ@{r)’idq}gi‘@i tions and
devel op a sh suitable for the particular, hydrostatic pads_hei ng used in
any gri r‘?&ﬁ?r%l &t ss.unnyvak[o%ﬂ]ﬁl%iﬁfgl e PO g iohs deri ved
from t hersgersosn et Bye i 0f ot naie ammnve tdpd heybalmdaike opondh theons deri ved

from the, ol amming eonditions,; nd BORSELISRe s %110 red vater
profile is shown in Fig. 26b. By comparing the raw wafer
profile derived from the finite element analysis to actual
nanotopology measurements (e.g., from a Nanomapper®) after
the downstream processing (e.g., after polishing) for a
number of wafers, the parameters (e.g., boundary conditions
related to hydrostatic clamping) used in the finite element
analysig can be fine-tuned for better correlation.

[00108] Further, the processor 351 ig operable to
receive sensor data from the gensors and assesgss workpiece
nanotopology from the gsensor data. In one embodiment, the
processor is optionally operable to provide information 355

(e.g., predicted NT of workpiece) to implement remedial



33 wafer W(e.g., silicon's material properties) the processor 351 perforns
a finite elenent analysis of the wafer to predict the shape of the wafer,

i ncl udi ngwe 2priegdir™ei on of waf er nanot opol ogy. The shapePofi/iBle1/ogfisr W
predi cted by the processor 351 in thessfinite el ement analysis is the raw
waf er profile. Because the grinding process typically results in

nanot opol ogy features exhibiting radial symetry, the raw wafer profile can
be expressed in ternms of deformation as a function of distance fromthe
center of the wafer. One exanple of a raw wafer profile predicted by finite
el ement aHaISE| S IR TRPIESH Aa1FF S EhARNQFPIR pIve¥esessment 00105] I n

one enbodi rent ,ad heewehermed mafede shaReedisdngridmidee ebemiite anpdassi s is
cal cul atedq%glfoI%V@ A nesh usi n(glrélhel |. elements is |de%e|f| ed. fo this
anal ysi % et 1S JIf° IHe s T34 RAT A LTI FIRS %erﬁ shoul d
be kept dmitwmih)t hatn tites veaifrgsl ebef dfowat,| aimficrmha tkiedry 356 bl merteedatt i t her
the R ore ngI e, wheel
tilts andﬂ_es %&gﬁ% n% orgwygér%flgsné Po:u%j veé %r%jnger correlation
wi th t heliNPdet ddatdm. orrhmnee druman orALARS t (8 g ef fe@radrshi gher of
the tvo geadiags Rand dn s ARG alndold doGRIdONSa e waleryd ampi ng

due to hy rostatl c pads is sinulated usin foundation stiffness boundary
condi ti &quqﬁél%ﬁo%?fi JHSHE I@Itt'r%ntcjd?i%ut JRERRNTY G tha St 10
seconds.fdie wef efrstspdacerEnt elonguiidie @eftphery wfy tattejxgerﬂ ngieng wheel
(arc ABC i n Flﬁqrhutee 25B) is on5|dered or eve radi us r ten ongafrom

the cent®r arer, % T3 L1 anhtasn ncgo%ees%% 15he
di spl acemenitzattdhesel tt vat Mmtgrmﬂga weteslran) reed doaglesl on the results of

the fini gg@w i %qd ver I r cenent
at that é dle4 I?é;\a/ée(%/;%é’ ISp a%e‘%e canykLee E%‘Totte a@geg ﬁéavsﬁﬂpd?ofl |l e
curve (Fa ofthtief R EX9t waRaa di iy 9 e thevhremn r oFf | e giadge ambiPpassed

t hrough dihe dighe fod try{p rade ddherd Iﬁ&cr@c@r&ﬂ‘ idig curve (Figure
26B). WD 2011/117792PCT/ 1B2011/ 051152, 34 ]ﬁcé OCEA It will be

appr eci FEH B LT 11RETRE R FrIRIHAPIHS SR usual |y addi ti onal
wa}c er hpgponesf ﬁtd@xﬁé%@%ﬂfimracﬁiimm,g t@rﬁthamemaywaafcgﬁsStartme:gmmnl %
pol i she ter gri.nding. Furt anot opol o i e et erm ned not by
Phe. nantDEBTIH i bt Tl e i A e Hshet™ ol SRSt ng st eps
(which tipizal |yhe Hangeotiies nmmtsmmng;/sm tTee wafergssore Tohplat e, Thus,

in one @V&E@i]@;- \/ 3"‘{156111 rable to
pr edi ct V\% eéré}ﬁeafn(r)htrg%) I%Eyl(?rgeﬁﬁoclcgsﬁgé]b ter&ﬁe or nore
downstr e%ﬁﬁleiﬁjoizjes%qwg)fﬁep@%dﬂgqg @}WW &* Spl”rjdﬂllf& dere& i n t he

finite elermmianatdssi shstance, [HHEGlodds@Xaidl a KPatadid tes can be
applied to the raw waf er roflle to prcedl ct. the vvafce roflle after one or

mor e dovtist PHEEERS P stepst Ve, PIigiihighy)? Ti%? et in the
art wil Ipdmtfmn ch:arapp]tutba/taircbmusf vatf ereaef enid w@ltchemagnag&nﬁrg sof tware

tools th v eto ype f.i Sone
exanpl esﬁ% n aaam?}lén]?bﬁkfel gh n Jté Aténaq%/sﬁls %%ﬁwar e 17 otn}1ll %Igsgjrof Sant a
d ara, Cdata,F@l@:/cmt Vitee de@ﬁi@ﬂalq@mllﬁlﬁpwq ®n Chre Bafgndyor soft ware
from Gal a5 htscér Uade of WAL é‘%ﬁlh?éa %“\tl?é‘dpo\@ rengger

software from Kn| echnol ogy of Sunnyvale, CA.  The filtered wafer

profile Ir%‘@“@p?%séﬁfﬁ%tﬁliﬁ%c?ﬁs%a%]t HETh RIS 19 KSEdPhe after

further :n{;smesm NebntNEl exasagd edfacddddes edld@fﬁ{ovﬂ{pfﬂﬂa@c igreshown in
the raw wafer profile derived

ol ooy el y 8 IR0 i A oD A G e ot R (A ©

Nanonappmee]aét%randldlmﬂﬂatemngmdmemnga(meagl:,graftﬂm gm:lncﬁmng) for a
nunber of waf f‘dogl §he UK glrge %{bﬁ)d&&&lt OQOlénq[pert)ﬁo(ao qbgt dto
I's can

hydrostati c clanpi ng) use nite el'ement ana ne-t uned
for bet tsemiggpn@ietionrwater acq@aiipsg] erﬁhﬁerprqwtprﬂdt‘e%fs@ro%lal S

oper abl e;diQ; dQHRIME S NS r ARt A fTURdAE FENSOTF b aPRES MUK ece
nanot opoI ogy framthe sensor data. In one enbodi ment, the processor is

opt i onal 13V Gierdf AP IHARRARY i 3FHTHIGHN D55, P IR R NT of
wor kpi ecjot®. I'THE eseiial eneichdd nd\ 20dHd ka2 RCT Ad204dd 05l 152

conventional manner except as noted herein. During the



35 action in response to a negative nanot opol ogy assessnment (e.g., as
determ ned by the processor when one or nore wafer profiles fails to neet
speci fi cavpansl/ar79et her predeterm ned criteria). |n itsPETapleasdsifisr m
information 355 directed to the renmediéal action may conprise outputting a
signal directed to one or nore human operators (e.g., a process engi neer)
that an adjustnent should be nade and/or that the grinding process needs
attention. In response to the signal fromthe processor 351, the hunan
operators may adjust the alignnment (e.g., at |east one of an angle

cor r espdidh 1P REMAIZoME Q19 tOfMYYRe IRITREHg3 WhetdSLe@s ®

The or | ndi b Hhesl o). of {he ar’ Tider anaror The Bt ebatr e of i supplied |
e grindin eels) o e grinder._and/ or e pressure o id supplie
Lot he PRREID Gt HE 19 o IS FSY (s G haeet fort ot mheo.

Al t er nate Maentorstiru@addidl cama e opef atlor weferad)ust dstem@lae grurent by

adj usti | njtd i e grinde . thunbrul e for
setti ng;%ge.ﬁ%:reé p%r%écggsfsitﬁ%%g%%n%tgépac%lgoog}gr%%sldedgesnt(ﬁerhtgr%f%{]eg?na ITon 355 to

i npl enerdespmdsdmidinv ertlions,a iplolal Ay af ubtstance greariirmnetiotess
vari abl g, Ffed NSlANGE s 4 e PF 00RS S £ 30 Iy Gty b OR&LAD) & t omprayd de

information 355 for indicating an adjustnent to acfpssitlon or application

of at | d8 SIS I RF ldih PIHREIEUNFTHTLhS By FFOstedt daiadtls in
re?pongesltrg_mtf@@ﬁmh fhadnd, d BiEH ll?ir%t}i fx;ﬁaale@wtceflr_mfje q&@ﬂwh' nghd ckzstts:e gESt he
war er y. a usti.n t he ressure o ul S | € 0o the ockets .

i kowi o731 it St th F PP 9 s fohaiive 4o 5k SIS 1 FSont r ol
a set ofdesxtuidtent ssalfarot. shown) that are used to adjust the position of at

| east one of i ndin hydr.o t realign the
grinder. . E(.hqu%?L]O9]%11 %)n%%%lgﬁod%g%%&dt )Eo %teqnﬁoﬁfgg%%%%%%ctetglﬁ ng a

sem condlRCort it 2T ddtordinguioradrs mriesert Workmeen, 1m sameaniduct or

waf er Wdssdgadedi d g Ga-dubl o sinle (i hsescdavd ek thedapatioppl ogy

assessnent system 301 descri bed above. The actual grinding of the wafer W
pr oceedst 118 £ eht | Bithl IR CSRYpt> s Jrﬁ)t%%ﬁl%e?]eﬁ - DRI’ he WO
2011/ 117A92P@H 303 / el S2r 36 e NEB b 1 o0ed Ss s ddes @er iig Nore sensors
303 col Icgecg ) tdata tt at is ]indi cative tof fo er deftq{ mat i on. and t hat can be
used to HerTVe one oi° norehoundary Condi t1ohs O a'Finit1e & enent

struct ursgnsoaldetia. of It enatdfer .emfordienanpl e;ha eesansomeB808ofthde

nanot op Yo 2SSE SAVAS ]#gc i ‘ﬁﬁ%ﬁ lect lity of
di stancceﬁér)r\e%asurenpnts eetweeﬁé[% e s%‘rafsﬁ{:e@g%t e %{e)ér :E\?fv?atn. t Leggensors.
Furt her Qi HE S _3?38‘-’1'&04 Hef dda SEMEi L a3 1R Foue st IWe?ptth dat a _

si trruhl tam§|d’eﬁe€é;i§,dlafrfc§r@’[€ Mééssf{lir tj"ﬁl‘é@é%pef‘)ﬁ%oﬁ% ﬁ@rféﬁ&@ix}@fgglﬁgf
Wi respe o the grjnder_conpanents, as descrihed above. .

' one. eHEgH H A G A SR o LM O 1T o4 S 1ol B ur f aces. of
t he wor kfiiee o tkp isramaiothsilange from fios tieare Bfed heenwosk pleace. associ at ed
with Bring de ts.. and the e r I S .operabl e receiye such

di stance dat aE ro]?%lt hg%see%se(#;oq‘gsn?%%sstg‘%éé@%ﬁ %geng'g]freéa%ai ﬁcot r%levxor kpi ece
nanot op@wgiedsemitle nevedlvetceensty aut @rdcesgrd Here v medita t he
Sensors gRasur ertde g_gé/lsa%%%sofﬁﬁeié%%r{@gs fgdgég@ i kpiece in terns

of distance In a port]on e workpi ece associratedwth C Mark defects,

and t he FraRleEr 1 BE1 SRLBMG A5 SHYH dbi B suh Wi HHE SIS from t he
sensorsd@ﬁuielc-d\fbé @ﬂ%%&iiﬂ ).iTEm&eséwdﬂﬂoiBmOB W%@D'whéé?@the reﬁei ved
sensor data. e_sensor transmt sensor_data to the

pr ocessdnrano%tl?p%ﬁ%}L ‘?%c %e%a%%q’gT o%és%%% ?rﬁ?eoigéﬁ%rbtr %gtt&?e Qut put from

t he sensortsh@D3 tilse quitoarsddy I BQgestail arhgrapisaaldatai Spdrayeed as shown
in Fig. i . af t i ndi T i.s. used to
assess n%lﬁ%eg %%I%%f*le%?éﬁs Ig# or‘L;ﬁée&'gQ orbaln?r%tféi o#éa}ﬁgéfreﬁlﬁeod, t he
processoral3yl W edtrdsSxHHe0 kendorg deda Fhaors d-he el mier (aiey grd el ¥ tpr ocess
to assesse nanat opol agy dnddies Wl e SUn @D the RitpLb SNowss § he

ti ma-var53y| ng out put of each_ of the sensors plotted al ongside the steps 361,

363, 365°B6P6B6P 0t f RIS LR iFHMYL T RELET G Lerhel B ocessor

351 recasiscddoBPutrddorad hehs ensais: Fomttite pdndord 3d® 40 acess cycl e

(e.g., tphéairgt-! nien It deI Cpartéacdesv‘é tchycl\/\eD ? eo.lgl./ ,1 1t7h7e92tpignre/ 1i51‘r12c9ilcla{toe5c} 1v\75i2th



37 arrow 357 in Fig. 24) to obtain a set of concurrent data from each of
the sensors. The processor 351 uses that set of data to derive boundary
condi t i orsOf20r/ppervkorm ng the finite el enent structural pamaByai/esies2 t he

waf er W [00112] The processor B51 perforns a finite el enment anal ysis
of the wafer using the sensor-derived boundary conditions and any ot her
boundary conditions (e.g., the boundary conditions derived from know edge
of the clanping conditions (Fig. 25A). The finite elenment analysis is used
to generate a raw nanotopol ogy wafer profile (Fig. 26B). The spatial filter
descri beaF EM0EE 1 sibgtidnad4dly ettt & tIrE r%ﬁ/v SRAGH YT idd-d o predict

Ehe |Ikeﬂ1tyonﬁ18é1§&mlﬁlﬁﬁ e Céeﬂét@ré[l\/ggﬁ{e?) %&@ésc&: M%%ﬁmﬁ@%ﬁm step
e.g., er shin € processor revie e raw
o & oA S Ao T houndary PRGOS B SR TR e S or aance
of the w]iemmtt vmttﬁuaftasqme]ctaﬂa)lmrmtcm)oimgwadmmrvds Thi s eval uati on may
consider t he g(?(y!hlv%fe h{%r%r'oc% Qfc f| letr oq_,ansvx/a‘ajgc e, rt%fll%sm Qr ot her

C

wafers in a b mne i the nanot opol ogy perfor mance
meet's prastelesis med e terfer usmgwetkmcﬁ:@w &5l vk rqrimdr Y hat t he
grinder dsndoti SRetdNg 40e Hanot ol Frdd&ii @otdePrpcesgp initiates

remedi al action. In one enbodinent, the renedial action conprises signaling

one or MRAERIRAFIPE GRS Cieﬁ%gtqu]ef@m ARty ek U heePmRi¥ht i on. A
human opesatioridden @ ustsnal igerentndfe téuaerggﬂmmﬂwlﬁpmrﬁé Ulﬁse’tﬂd/ or

adj usts the cent er of cl aﬁ*}o (%e Qsj][ descri bed abogjgIs QFanog&gé odi nent
the proce3sErSE T (bl EHE M P TR A AT BrPresponst t negdts ve
nanot op(ﬁpmylaalssfiasls;rmntdemurﬁqmi adlorve niputoptHornakanpmpyl tdk tpr adessor 351

ggpt ?gjns of t‘s]‘ﬁf% J\?ﬁ hcycg éﬁ%tﬁeﬂé&é?ﬁg&o&?p&%ﬂ% %/ or adé ust

al i gnnerfafsgr tVﬁ@@?@m@rd@mWQﬁm WOQﬁﬁ%HEH:t%'ﬁR)réetmderaﬁw control of
the pro y esponse to operator |nput WO

2011/ 11 792PCT/ 2011/ 051152 38 [00114] In anot her enbodi nent,

renedi al act i B Kohpr s BXAESSHy 3Be T istisn G 16t Tatb&@d§ant wor kpi eces.
For exarm}ceﬁl]téleaxgi,icMGihémﬁ/lhaemrvadcﬁ@:t@rcgfriml to férstuans kfieece and
then a secon d Work e]iﬁafter Ig{l ndl the f| rstt wor k |ece The processor
351 is dper a%ﬁr%al% rece Ve Yat'a'Fr ofm LA ELER IBhot opol ogy of
the firstemmrdpi edel d remmltdw:msmy dmrmldrmertem ti\y waheeprocessios 351 i s

oper abl r o the
posi ti Oﬁar}) % O%Iie%fé(ﬁlyé?éf ﬁ& rin nfgdfv:/ﬁdtarﬁé d]?&r ?jhlysir%{%s% atic pads
i N respdis et TS eifs orh el Bl TR T WW@S%C@%@E%%WS wor kpi ece

such as p:e) SeGaRth W IdPi e a | N hensidrdd ot e ddres Mer Q,thﬂ S a
cassette of several wafers, a finite elenent a a(%qums nma be performed for

each waf@et® iFF HE L STl Wik 1Herd s Sy tc entire
casset t pmfcemi@r a:h:ataabm mrmﬂmlal ldctt e setd iogs eamk&)dtﬂﬁerp:r Oopgie and i f

an NT de det.e r Q t t is likely
t hat ot hgee‘r%? %lrs C|§n [% sse é) S n%DrF%h Ig/% A S:’}%I ﬁrcﬁiorfeor}p aerllsame def ect

| eadi ng eredarges Hhiad cthe)ﬁrwdmtammeatﬂm meagd iattteenveimn o Accor di ng
to one anhodi et H ﬁh&érpva?d”btdsoib AN oRsiatyy daesyPgigfigye to wait to

get the feedback from all watfers in the cassette and avol ds a consi derabl e
anount GIPRAE} S cﬁ;l%d/%écbiﬂb?teg e Fente P st AR E of2$Host - pol i shing NT

def ect s dlbd g | 15 lﬁq R ke . enSibted e edired i rodeed ise t3w oper at or
to optim g t he %frl nder s ttings for subsequent wafers and cassettes such

that the 1 G b FER S Jt° t"’hén%%%]eq%ent wafers is
m ni mal nanotopcﬁ]ﬁﬁgtylEﬁ]sd%lﬁmézr?c isnd qpeaytod | ustutat |H‘t@: tdreanrlesli ciles

gﬁlgf: :Ie %I ng t%e aver ga(g%qgé% 85 lln&cerreqﬂ} é&re dfao&a%%éuﬁgsar waf er

waf er afét@llfﬁﬂltghlcﬁgﬁ QIS et rRe Fiekdbnsy caf ri:al’rﬁ)r‘lvﬁaal‘iﬁe‘r? W e abiusk Ithe
i I'Tust r%&&&“%@@%ﬁlrﬁ S &I LR Profidendic the wad ef-Hdaged on finite

el enent anal ysis, according to one enbodlnen of the invention. The dashed

line i | ISIHAIFE tHe T0F i T W< gipder the control of the

processor in response to operator 1nput



WO 2011/ 117792PCT/ 1B2011/ 051152 39 the data from a nanomapper which

anal yzed the wafer. FIG 28 is a graph illustrating the correlation between
t he prediwbediiBiriong val ues plotted on the horizontal aec3/iBfoiaosstber of
waf ers and the actual B-ring values pi8otted on the vertical axis, the
correlation coefficient being R = 0.9. [00116] The nethod of the
present invention provides rapid feedback on the nanotopol ogy performnce
of the grinder. For instance, the evaluation of the wafer nanotopol ogy can
begin before the wafer grinding cycle is conplete. Furthernore,

nanot opol ogy Fe¥Hkck Idamissheht ﬁ“}wlﬁ%er&quﬁﬁln@cqlﬁ%ontrast nmany

convent i g r N0t DI d eatbagki &y St st Lléiﬁoé NEPagdiared 0 measure
waf er nanoto ol o ese ens_are typical not co ti b e for use with
. unpol AT L | e gt S e R Paee ESA B 1ot Skt ages

att ai nab/bce:]t;linrmegmﬁdlezhmt hods=a@dnd heaqd{;e;@m aﬁnmntgmmdmﬂg tie= r ecogni zed
by those S I e ar 17] I n

t he net hoﬁd!esvgo?ﬁ@&dé%ovefh f/éscgérllgssgérrs %Ibg coI ]%Hdla% at%nreacésﬁgst antially
cont i nuolestadbasiem dirg Iﬂﬁﬂ%@rﬁgramﬁlaﬁﬁmr@mmpmﬂf the Ifslltﬁﬁ-'der st ood
that data,aqu &-bercgh |t sk ddomddie, sensaise A ter, the grifdiang

conplete while the wafer is still 1n the grjnder. Further, the sensors 303
may t ake® TeastrRRANARLS MRRETEER | RIRTRAt 2on 3R £ Poi digrting 3 t hout

gepartl Iwijd@iﬁléﬁtﬁ 156 i @oélhﬁldrﬂ\r/]cﬁmtatprllde_é,s%%é&)f pim@xsimgll@ senz;)r
ata can in or ontlnu ter the i ndin eration is .co et e and/ or
ot or CTheRd S R o G Ao TR o 1110 TG ho
scope ofdatee ﬁGSWGI’Ete o/vhen grmc{ﬂ@l&S]sxA{bmueﬂte \mntkp:hemtsuﬁh tdee

nanot op Y. flgsg Vighd Sq ahg%\? of a
waf er V\A(‘)lél 2 5 é/(|§Ij'isd?hr@e {)l calTy tﬁ}léa ou eéllgérllgc @gé)lé)%/

under st cigdl Q msﬁﬁfetéha?ﬁ)t%tﬂ@%/ V@fs@s%n@tfls@stt%rﬁlﬁ?@lﬁe aJs@cY?zﬂeﬁ‘ assess

nanot opahBe YL Ofpaed SFfe et ok idh i fif erant; &rﬂk?é‘t@ééé%tste( arth -t HEokd zant al )
wi t hout dep artln fromthe scope of the invention.

2011/ 11%2@# 1%%0&813/%5%%5121 4@6 entiygraie s Hbﬁjdf?‘%f%%d?%rﬁ%erbf t he
nanot opaiagyndas SES i ts sysieB dese mdxedotmset nmerioran IiNnidef etement

anal ysi S; fo Cieteache feroto assess | t R anqt op eorl ogy, ethose skill £ | n the
art wil % Sogni 76 t HAC ST ¥ i ?orﬁ1 MumbetS b s uch i te el ement
anal ysesthmy ddeheuseehﬁetrsjeuelmﬁ was@utae afhlbwhﬁgJet e q)lrr@datscnfr tu:h@ssess
nanot op Ei'tod‘tl I 1 &,

anal ymg I%or exanp @&&*&?ﬁsee/n%g_féd&é 6%5 J?en e r| ng&g

suf fici et I%P%‘?quéﬁlqrb tARC Fechigsy t'datc%ﬁef d?mmmfé?t v%ﬁ‘ éfhef or whi Ch a

finite elenEitianalmsd oy@ss ierf fRid@thot hesvesid twaf ddhegdd emious finite
el ement na |s an be used_ to asse%s nanot o%ol 0 of the wafer in the
i n%m

gri nder a3 paFGrHi Wy i% of the wafer
that is acmé.:tﬂae:gzrbmie:rmo@&t adn‘as;e&]anowmr Mg e obite Nes mniahﬁeused to

augnent i rQCess, r r o 1 nating i nstances in which
t he proc%rtsés%rcptper of rrsg&e:rl n| 159 Cgiena%éyés% sCﬁ}]%Jtr% sgrz Igcgl%%n éerrpl at ed
t hat experdeibed. Hugn a)gereﬂm@qﬁ heﬂ@mm opes RO A sHe il 2y/st em may

devel op dihie abilddy éé)ctrﬁ&?sgnfc?xe SUEALWLES dza{"fjéxc@téﬂ/c? st opol ogy

defects by view ng a graphical_ or other display of the sensor output and

manual | ﬁq%lﬁﬁnttn%r@?%o%qw 4% ko %@r%‘?t@‘?ﬂglgrkijdiﬁ tHe Stdpe of the

i nventi Gubsequent wafers is minimal.

[00115] FIG. 27 ig a graph illustrating the predicted
profile according to one embodiment of the invention for a
particular wafer and illustrating the average radial
displacement profile for that same wafer after polishing, as
determined by a nanomapper. The solid line illustrateg one
example of a predicted profile of the wafer based on finite
element analysis, according to one embodiment of the

invention. The dasgshed line illustratesgs the profile based on



[ 00120] Moreover, it is not essential that a nanotopol ogy assessnent be
conducted for each wafer. |f desired, nanotopol ogy can be assessed as
descri bedwbensvn7fer a subset of the wafers ground in aPgmiiBzar/0{1@5yg., a
sanple for quality control) w thout d¥parting fromthe scope of the

i nvention. [00121] Referring to schematic Fig. 29, another enbodi nent
of a wafer grinder is shown and indicated generally at 500. The wafer
grinder generally includes a first hydrostatic pad 506 and a second

hydr ost at i c ad 508 positioned opposite the first hydrostatic pad. A wafer
501 (brd%{ftﬁ @M%l%d@)an@%# kY E et tHee kst atf%Gpads 506,

gg?l/ /:IA.\1F7)Z7%39I’21é’)f 2 1%5%%liﬁ?tt@w]aél%a@r% hbetwefen the d Th
clu I.Nn e warer rrn r. e
%:5 U TS B b i R T b ave & Homaver

waf er grlf
t he waf etrunjse ndefr wodfdatg.ard umla.miﬁm]am:hr@a}ahmmqsﬂe:sﬁt%d coraitthe n t he

reducti . rad 0 p o) er grd nder.

[ 00122] c{pe]ﬁgllrés\%rlfe}glwsacgén r(r)%o d(’:%en ﬁeder?% 6%5]%0%\/‘5%]: V\%’téer to the
first hydrost EaaQJclqo]adTB@Gnmdnoei svefcm fnr@ﬁemntlrrmentaiome PBoYigest rol s the
flow of wgley E&&%@%@%@W&R% 1o dpe‘i%rr&éhéé“ St &fypodi nent,,

hydrostati'c pressure jn the pads iIs contro by water flow, though ot her
nodes ar¥ TenyH A e’dlStance [%E{alﬁ%tlfq’rbv@%&ﬁ@ ofak& ves 502, 504 are

any sui tradi s b Mepy tdad fkls’v?égﬁlrﬁad@ﬂillaa Oirllé:omfrég&zlgmdlhe; fCI:}ng.éﬁrlbi‘r)r eslsure of
wat er. For e flow contro ves 504 obe val ves,
ol | val VOB L o R M S TR D SIS f JobE S Ped

comnbi natbeﬁoﬁm@cﬂofshiﬁtga flrowaontasy , vmdnaesccﬁﬁaanmaﬁay be control | ed by
any SUIt e control |l ed.

[ 00124] con o]lL@i’};st %Cgb % % %psre%tﬁgrﬁee‘:?@ltcﬁieeév\%f er grinder
and t he mew&maﬁﬂr mn@pxg@zo%oﬂhem Lo ayatieBool hndeldes a

conput i %Mﬂﬁ@%ﬁﬁyg,@gﬂﬁmr&g 113 Qfa fBF € {4y of conputer
readabl e nedia,, and an_in ut/output evice. In sone enbodinents, the

pr ocessd?e%lfeci%veco?%ﬁ% dRRE LT |8sd‘@d?etr%ﬂﬁ% FF TR HHPHI Dw
control tred mlﬁﬂ?s &@%héﬂ}&:@sﬁﬁﬂ’ oi neyrsd 85 60101 1 s:)e)rmcatgxelztai easure the

anount of. el ect.r curre%t used by the% dl nqb eI S The control
system gﬁbcﬁf ec‘%l S tHE EFY &t WY BT WS ndi ng wheel s or
it may r ecei v@@lbﬂgnéﬂn mheommhocdommmeldombfm@m a:k@emoe:snﬁrﬁa oring

devi ce (ot; sho r i“E&gs eel s.
[ 00125] e am)\ll}in]a}tt of electri c&f% curr té&l}gge tﬁ%a glrg?n I ngﬁjc\;m S is
i ndi cat i 9l 1R ORR BN stHRYEEHT t HeL gr$ ﬁ&d@ﬁm%tﬁw Fra exarrpl e, and

as shownedun Fire @&1@&”@5 t e Wl dih avheel e d F Sthd auetnd ey waf er 501,

the WO 2011/11779 P 2011/ 51152
complete w e wafer i1is still in the grinder. Further,

the sensors 303 may take measurements intermittently or at a
gingle point in time without departing from the gscope of the
invention. Likewige, processing of gensor data can begin or
continue after the grinding operation is complete and/or
after the wafer is removed from the grinder without
departing from the scope of the invention.

[00118] Also, the embodiment of the nanotopology
system described above is shown assessing nanotopology of a
wafer while it is held vertically in a double side grinder,
but it is understood that the nanotopology assessment system
can be usgsed to assess nanotopology of waferg held in
different orientations (e.g., horizontal) without departing

from the scope of the invention.



42 current drawn by the grinding wheels increases slightly at an initial
state indicated at 550 conpared to a residual state indicated at 540.

Fi gure 30wehowgiirtye current drawn by each grindi ng wheelPCaoBmgoiihg
grinding operation. The current draw4ontinues to increase as the grinding
wheel s attenpt to grip the wafer 501, as shown al ong the section indicated
at 560. During this stage there is relatively little renoval of naterial
fromthe wafer 501. As the current draw reaches its peak at section

i ndi cated at 570, the anpunt of material renoved fromthe wafer 501

i ncreases. ThE) Gtr$len? ldhenadt fFPosi meaits sdalkNeevanamatcd asst of t he

mat er i aladgedommneds 4 tdes vefida 5y ther G5 tin di 1ok el smedr i Ng a
spar k out st}é%te dﬁ\f\/rten t(_gb“g dln wheel s bth%n to retract) i_ndi cated at
580 the TR ar AT 1S PIHRRRY el L1950 1y retract
the currentl sdavimrdps dackwiiol tﬂ*mccsgﬁmz:bwdhdte\mhpwmbac]atcmtaatfﬁﬁﬂ.a

[ 00126] C t V, current draw
of the g-rlllnﬁb ft[;g%l\hée sdjf Illftee cFOlZ%rh%&S érbaelﬁ H?%f eterm ne t he present

st age ofdeyreimth neyr opria |a)1nlowlllrrez C@Tﬁ)mrmw ceo GOaemkes this prediction
Wi th t he, 3k Yo B ARt AHL SR DM -5 P MES S PP Y afp ffhe Patdain detection

sof tware program.iTcl udes, conI:put er executable imstructions stored on the
one or rYr GOl FRTofptit e RIIR Sredifa B IHe Ut I hg d&Ge 602.
The comiy eih@@@m@éoﬁ eid r\@tﬂm&imw@r@@wttﬁﬁ e thengyocessor of the

conputing device 602, 27 contr sY, stem 00 is operable to
control @é &"3hFY rFeOIL %O](%m YT HEF | ow

cont rol p/eaﬂﬁﬁesne&l)z tlfi)éhréras]erb cmE ttttm sgueeg\acm‘.s gﬁ:mudlenge](mnm’rtm ned by the

pattern f T 953% ntr system
600 i ncr%g%s %e%%?eﬁségﬁ;sgeq nto? heé%tégdgfglst at P@d&ﬂ"l n}% tEWte ari (r)fléll ng
st ages dithe Wlb‘ebﬁl’nnfilr@% Qé?mla)lfllt t@@frqumg Pprivgese efemgidse gri ndi ng

stages, d:hieleiid et diawDfet heny 1 19li N9 weal sidgeAt bdSpoyestandhe
control system 600 thus contrals the WD 2011/7117792PCT/ 1B2011/ 051152 43

f1 ow comSAALVE Ve 5es s KR H§9htE R Ve Mt RER e He flow rate of
wat er i gndrdis, tﬂ‘@idtyﬂtg)smate]clm 209, 1 158k t:t'rustzh:nﬂte:aﬁ@ t he pressure

|nthehdrostat|c Durln the ri e or stages
t hat r%ve C5i0% éjfﬁ“%t%r r% kg o%? gs t e con%&qt syst em 600
cont roI scarieenp v exbrithradl  esgbanciserEOR] Iﬁﬂman CDIDE(EI’EE!BJ% athecHd ow rate of

wat er i Y. psagissc r e pressure
in the trt}p%{roscgba(% %%a%%éllﬁc thi sé‘g?? rtg iﬁ hd*?et ﬂa:&lg di n(g wheel s
support Jtetfe)%a]f%f? WHW%leW%V%rO%&WRW@@hM%WI s. By

decr easiied ey R epsaiei ddl tde dhriosd i tapasks &R0, s &M dWhidisud hi s

grindi ng nt of el ast] cdeformatlonthat he wafer is

subj ect &PC{ d‘g"’t@%]rh]a}frﬁ]tr? TS YT G R /R &t i on or

el i m natfimsm afhel ssipe @efdiaratnwimt o he waf er 501 resul ts in reduced NT
on the surfac f e r_501. 0Q 9 t|on t he control
system 600 th scplpzeérlf orl\/}nggrfegavr?%t ho& v:'\7nserné3[| N r<]ﬂt)llg_'(:ﬁt %e grinding stage is
det ect edlinoteopold‘iﬂ}eraﬁsmm&m nee tdrndat ttet riEleet@;Qh orefsof twake. In bl ock
620, changes e tmdlanIale ane ol sl alath 14, arsandance wiidyerindi ng
st age det ect ed |n bl ock 610 by the pattern detectjon software. The control

syst em 600 thet gt is ?%W@%@@W cghtd FTIRREE hee 19 ow ont r ol

val ves Sapd4rdi dal00ke 9 3bn thREl I ot d1du S WS 6Ky | SrdiushoOpaiadd e to
nmodul ate]é1 eréhydr ostatic pressure. [ 00130] The control system 600 is
al so opétabt& %4+ anot her method where a first hydrostatic pressure
is establi sheE:DCi]nZ]t heRIe;f@mIsJI@t ito Eaterd®b,c 308 .t @9, niancalber cl anp t he

et an élm&?y ver |caI q?asf 'I;I%]:mi fml@ owrp%%fﬁ{ Sé)ét%iehel G ont o

substanti a drostatic pressure in hydrostatic
pads SOQGIBB@lJSYtEWerﬁQCEducﬁtE vwétﬁrﬁlt e IRy a1l Mal esl BEE %04 to a

second hﬁ’ﬂﬁ@étkg}dfb%&sﬁ”ﬁad% dian thecdid sty PFessi & diHd ngh@ri ndi ng
of the wafer 1. During, grlndln t he_ waf er g he wafer 501 nay be
substant@qg#%;qn%gwggpqﬁﬁ & 1rst hydrostatic pad A wafer 501

(broadly, a workpiece) is positioned between the hydrostatic

pads 506, 508. A pair of grinding wheels (not shown) is



WO 2011/ 117792PCT/ 1B2011/ 051152 44 grindi ng wheel s. The hydrostatic
pressure is then increased to a third hydrostatic pressure to clanp the
waf er andwoaotigrmby i nprove nanot opol ogy in the wafer PBOTABXheoiihsx d
hydrostatic pressure nmay be substanti€lly equal to the first hydrostatic
pressure. [ 00131] According to another nethod, the control system 600
perfornms a nethod including the stages of clanping the wafer, grinding the
waf er, and renoving the wafer fromcontact with the grinding wheels. The
wafer is held in a substantially vertical plane. The pattern detection

sof t war @450 u@?dll%ciﬁcﬂe%féc‘%h%a?@g%lf ajel ier he e ATRE gpeindsomand changes

theI hygrwt%}mﬂ% eﬁtﬁkﬁasﬁé EAsdH S tes tde Shangey tsowd arbwid & essuge
applile to the wafer, t t ove nanhoto ogy | e rocesse
Per S R e A8 TP oY e T A R S angi ng
t he row:cls aet:e:lt:htcnigm tdiudi oom cohtNDI|devptadst 5812, 050 fddwugh ot her ways

of changi r ted. In the exanple enbodi nent, the
pressur | crcgab e?ﬁ(n‘ﬁw grgﬂ‘I 4gﬁstage I n ot her enbodi nents, the

pressure is iHdexsled Addrdinsg tfﬁ@vgrqqmmj, sedgre. SEXRAMRIErols the00132] Two
dat a sets) Werge %@éf‘% byh dreasiid %éf@s@éﬁf@% 03‘0631 dnd of S&lof wafers

and a second set of wafers. The test'ed wafers were free from entrance and

exit markoBCHRHRL ST Tars e feR SO TheE RS ristosdf dfat@f &S &R ground

accor di ngeddh@ 1AM 4 oNal pdd @SS (In &Ghid @ﬁm&ﬁﬁerﬂi rwdismtﬂﬂ?)
where the h drostathr%éres ure was .not alcscg? uring the i ng stage.
The secdtd ot et bt WeiS nglbttfﬁ%l]aec Wiy T tHe e nt of Fig.

29 wher eotther hyaltarstate ccqriesmirateds | ncreased duri ng the grl ndi ng st age.

The surfaces p&% tgge] t &5 ed vcx%f %rosnt\%%r&e vlgplq?%%: %q)zac%q)r dla)r}g3 f%lqll}}hhe t hreshol d

hei ght average tor sections séctions e surfaces
(i.e., SUHRIDUD FREHSS dritait aswearmaigle Ml e R E st kdre afckedt dithg to t he

THAL010 gmeasiieredit & @andar def‘dé}@ﬁﬁcfﬁlé hee M0 24/ ISAARAPCH 1R2911/ 051152

45 maxi mum peak to valle ertical stance within a section of the surface
of the v%ﬁ?e'r SGhimapike éﬁ%‘%]u‘fee?mrﬁ%l]ar‘@]t%n FHrOs@ I HRE sur face of
t he waf eli@dhhdl ers£inte Seaiddiise (ad 1-herighot henys esdniitsa tCisoh oavesta). The

THA1010 r ement ndard is n neasuyr enent, standard used to
eval uat e %e&nanocf opoWa)lgy ao]fv%ﬁaff’aorés(’ 2%% ace’ %%l%on§$%ﬁs?cgr‘}°&éradq Ythe | over
t he nunmz,takbﬂee ettt athe(maEnatlopollogyarod  they erbgmef@ately [ 00133]

Fig. 314 (?lr depicting the normalized distribution of the THA1010
rreasurenents oth data sets. The first data set is referred to as

Nor mal | zed THAIDEDE POR AIRBCIed SHESHI (FAXCa CORE T3 & dffer CRETRS 185 KT mal i zed
THA1010 ﬂ&@vféfeﬁ@lwr&[@rﬁk% forowasdhwad B wetvawer= Nord i zeghdi . e.,

di vi ded a comon di vi sor}e%c coordi nat e 04 each one of the data
poi nt's d?ng]gr%?%oﬁ%%t ]t“ifge%é TR B d9E e lr MRS Vi ch are
equal t puicdessrt hare tde oo akimatet QfomﬂYLe:éJEngaky]ae dad i 90,01 arid o
o eovern SO WL AL U1, b plofy g ot st ler el Lo
i nt er valof orhe hrormaoim digaieetq02 is operable to control the flow

control valveg 502, 504. The control system 600 is operable

to measure the amount of electrical current used by the

grinding wheels. The control system 600 may directly

measure the current used by the grinding wheels or it may

receive a signal or other communication from a separate

monitoring device (not shown) that measures the current used

by the grinding wheels.

[00125] The amount of electrical current used by the

grinding wheels is indicative of the present stage of the

grinding operation. For example, and as shown in Fig. 30,

when the grinding wheels first touch the wafer 501, the



[00134] Fig. 32 is a box plot chart depicting the normalized threshold

hei ght area neasurenents on the surface of the tested wafers. The chart
depi cts b 2platiz7oef the two data sets of Fig. 31 and fecTapmhl/ofuse set the
chart shows the respective mninmum f42rst quartile, nedian, third quartile,
and maxi mum [00135] Figs. 31 and 32 thus show that surfaces of

waf ers ground according to the enbodi nrent of Fig. 29 have significantly

| ower peak to valley measurenments than those ground according to the POR
The surfaces of the wafers ground according to the enbodi nent of Fig. 29

t hus hav@ 4 ¥fitovERWardt dpt ot ebhppardire s (et esl Whitwaf &5 ground

accordi %tﬁaiﬁh%lp%ad:@rnﬁ%ﬂaﬂeﬁi afers @ d EAGLoFSanNges W th the
1010 _of 6346, ile those

fF 9 hav li zed
B ound A RS 30 S 2001/ SRR ACT TP s ST HE: FERbve o
nor mal i Zed ewmdan giHAIDLY o»fhé)a]ﬁ?di&:l@e:m ag’nd:atdju@\o;aérmms | iKesv se
duced =
0°00826)° s D Cul e, b GRACRIe ik St Pl

0. 09956)attempt QUSR] NEE SOVRRT Etcrﬂe, o ?f;hcmn cHeang dfheFi gpcBomhows t hat

the nor mpld zed feake tosyal g4 é’ftw@é@r:’ﬁs OF O b saccor dance
with Flgl. 29 are distributed wt |nanarrovver ange conpared to those of
the POR 1t d e8IV &hdin, mattl‘%lféi]r s’fir%d:lﬁnvf%lf% 131 ehDfth%he second data

set (i.eurtdaw I%Iﬁaxar:ﬁeam{@s ci s ganis pac askddiash thaseofed hee faTet data set
(i.e., P ver max_and ?t of .the Seco data set have | ower

Pr).
val ues tHan "%r %u‘?gf r{%at'rﬁ% THEFTT st Yhed s e L 0615 Shen
i nt r oducihey @lwement sdmw tdeays esenthisverdk dreworl twiel g eficstr edf the

.e”bOd' éesg a’ilhe_Lr em \ﬁ@dafférﬁ;ltei*?e m?aferagb l%}{]hﬁq? %néﬁ{ foare
i ntended to rreant there are one or nore e el eient's. “The terms
"conpri sfhrels | r@l@eﬁ?ﬁgﬁ SRk G rfrags ef Whﬂferi@e—ﬁj qimsE G fhes e and

mean thaéeélr}?rtﬁ) Bt e @ddi {d Al e €l 8RN $ ild1erudai: tdiead i st gsk el enent s.

[ 00138] various changes coul d be made in the above w t hqut parting
fromt hé%ﬁ&fﬂé‘/ of Ay ﬁ@ri“d]irfg |V§h€?en]t%n%é]dl3f NRCEAE kit er cont ai ned
in the ahomertestraptdsparnsh@hoyd the ties aDoonmiednys NG it 2yd hgs shal | be
[ nterpreggeéj. as illustrative and not in a limting sense.
[00126] The computing device 602 ugeg the monitored or

sensed current draw of the grinding wheels to predict (i.e.,

detect or determine) the present stage of grinding

operation. The computing device 602 makes this prediction

with the aid of a pattern detection software program. The

pattern detection goftware program includes computer

executable instructions stored on the one or more forms of

computer readable media on the computing device 602. The

computer executable instructions are executed by the

processor of the computing device 602.

[00127] The control system 600 ig operable to control

the pressure in the hydrostatic pads 506, 608 usging the flow

control valves 502, 504 based on the stage of grinding

determined by the pattern detection software. To minimize

NT degradation, the control system 600 increases the

pressure in the hydrostatic pads during the grinding stages

at the beginning and end of the grinding process. At these

grinding stages, the current draw of the grinding wheelg is

at its lowegt. The control gystem 600 thus controls the



WO 2011/ 117792PCT/ 1B2011/ 051152 47 WHAT | S CLAIMED | S: 1. A nethod of
processi ng a sem conductor wafer using a double side grinder of the type

t hat hol dsotzha/mafer bet ween a pair of grinding wheel s aou/TB20p&DF118f
hydrostati c pads having a hydrostati c#3pressure therein, the grinder

i ncluding a processor including pattern detection software to detect
current drawn by the grinder, the nethod conprising a plurality of stages

i ncludi ng: clanping the wafer, grinding the wafer and renovi ng the
wafer fromcontact with the!%iépding wheel s, using the software to detect

each st agevartPehahgi Ryl e r ostatFUCpridsuridiatvahaes steea s change

the cl annor eSS FPRtd et tingie v@fede tig dhesehyi ¢ ey & gwnot opol ogy
in the processed waf er . The nethod of claiml wherein the

hydr ost a1t PEsHHL TCTERAR S DPERAY Tigh T 1S 1B @ i flow

control val vem0128] During the grinding stage or stages that
remove most of the material from the wafer 501, the control
system 600 controls the flow control wvalves 502, 504 to
decrease the flow rate of water input to the hydrostatic
pads 506, 508 and thus decrease the pressure in the
hydrostatic pads. During this grinding stage, the grinding
wheelg support the wafer 501 and grip the wafer between the
grinding wheels. By decreasing the pressure in the
hydrostatic pads 506, 508 during this grinding stage, the
amount of elastic deformation that the wafer is subjected to
ig dramatically decreased or eliminated. This reduction or
elimination of elastic deformation in the wafer 501 results
in reduced NT on the surface of the wafer 501.

[00129] 1In operation, the control gystem 600 thus
performs a method where in block 610 the grinding stage is
detected (i.e., determined) using the pattern detection
software. In block 620, changes to the flow rate are
calculated in accordance with grinding stage detected in
block 610 by the pattern detection software. The control
gystem 600 then applies these changes by controlling the
flow control valves 502, 504 in block 630. The control
gystem 600 is thus operable to modulate the hydrostatic
pressure.

[00130] The control system 600 ig also operable to
perform another method where a first hydrostatic pressure is
established in the hydrostatic pads 506, 508 to initially
clamp the wafer 501 between the pads. 1In this method, the
wafer 501 is held in a substantially vertical plane. The
hydrostatic pressure in the hydrostatic pads 506, 508 is
then reduced with the flow control wvalves 502, 504 to a
gecond hydrostatic pressure lower than the first pressure
during grinding of the wafer 501. During grinding of the
wafer 501, the wafer 501 may be substantially clamped by the



3. The method of claiml1l wherein the pattern detection software nmeasures
the current drawn by the grinder to detect each stage. 4. The net hod
of cl ai mwofartyher2conpri si ng decreasi ng the hydrost ati eCpnBy8unE1sUri ng
the grinding stage. 5. The methgd of claim 1l further conprising
I ncreasing the hydrostatic pressure during the grinding stage. 6. A
met hod of processing a sem conductor wafer using a double side grinder of
the type that holds the wafer between a pair of grinding wheels and a pair
of hydrostatic pads during a %r&i,ndi ng operation, the nmethod conprising: WO
2011/ 11 7F9UPEm9 Ry 951 1 drostatesg abIeFHTRY il W%?%ﬂi c
]Pf essured m t%ﬁﬂ?%ﬁ?ﬁ?ﬂ&i@%é%dﬁ tﬂc%'é]}’an% a{]ﬁe L\ﬂﬁfé’@f@{d dsing a
I rst stage the grindl ng operation, reducing the hydrgstatic pressure to
2 second MR DS U1 XU ERINGTY tHark 1ha'd1 75t h essUte dtrihg gri ndi ng
of the wafdrodtntasaquorakstagepfibd Meulgytiardi gyl opes@ialono attte first
hydrostatic pressure.
[00131] According to another method, the control
system 600 performs a method including the stages of
clamping the wafer, grinding the wafer, and removing the
wafer from contact with the grinding wheels. The wafer is
held in a substantially vertical plane. The pattern
detection software ig used to detect each stage of the
grinding operation and changes the hydrostatic pressure at
each stage to change the clamping pressure applied to the
wafer to thereby improve nanotopology in the processed
wafer. The hydrostatic pressure of this embodiment is
changed by changing the flow rate through the flow control
valveg 502, 504, though other ways of changing the presgsure
are contemplated. In the example embodiment, the pressure
ig decreased in the grinding stage. In other embodiments,

the pressure ig increased during the grinding stage.

EXAMPLE

[00132] Two data sets were obtained by measuring the
surfaces of a first set of wafers and a second set of
wafers. The tested wafers were free from entrance and exit
marks or other similar defects. The first set of wafers was
ground according to a conventional procegs (i.e., a process
of record or POR) where the hydrostatic pressure was not
altered during the grinding stage. The second of set of
wafers was ground according to the embodiment of Fig. 29
where the hydrostatic pressure wag increased during the
grinding stage. The surfaces of the tested wafers were
measured according to the threshold height average for
sections (e.g., 10mm x 10mm sections) of the surfaces (i.e.,
a THA1010 measurement standard). Measurements taken

according to the THA1010 measurement standard indicate the



I ncreasing the hydrostatic pressure to a third hydrostatic pressure during
a third stage of the grinding operation to clanp the wafer and to thereby

i mprove msioabopial™gy in the processed wafer. 7. TReTmBhO0S1052 cl ai m 6
wherein the third hydrostatic pressur€ is substantially equal to the first
hydrostatic pressure. 8. The method of claim®6 wherein the wafer is

substantially clanped by the grinding wheels during grinding of the wafer.
9. The nethod of claim6 wherein the hydrostatic pressure is changed by use
of flow control val ves. 10. The method of claim6 wherein the wafer
Is held W%ﬁ@%ﬁ%@%tq%l‘{#l\@ft‘(%l%\tllciﬁ]arféls‘:ance withimhed e HoP®O%l ai m 6

further wgopiist e MRASIHA Ngatdre. ammrﬁldgme ed et Mmdduatideid dused by the
gri ndi n&éﬁr eeI s of the doubl e side The net hod of claim

ri
11 furt TOMTIST hd Het et aiﬁengoﬁg&ﬁ ‘%Fgfee%fati r%léfre?l’n‘?dﬁgs At on based
on t he nessth@danmhmtsait shrectaddrcabvaetlragnt URes THATGEO gri ndi ng wheel s of

the double §,46 i Wenga P AP (AP FEL AR O LARe AP used to
evaluate the nanotopology of wafers surface. Uging the
standard, the lower the number, the better the nanotopology
of the wafer surface.

[00133] Fig. 31 ig a graph depicting the normalized
distribution of the THA1010 measurements for both data sets.
The first data set is referred to as Normalized THA1010 POR
and the second data set is referred to as Normalized THA1010
Low Pr. The measurements for each data set were normalized
(i.e., divided by a common divisor). The y-coordinate of
each one of the data pointgs on the graph indicates the
percentage of the measurements which are equal to or less
than the x-coordinate of the regpective data point.
Moreover, solid linesg indicate the bounds of a 95%
confidence interval for the first data set. Dashed lines
indicate the bounds of a 95% confidence interval for the
second data set.

[00134] Fig. 32 ig a box plot chart depicting the
normalized threshold height area measurements on the surface
of the tested wafers. The chart depicts box plots of the
two data sets of Fig. 31 and for each data set the chart
shows the respective minimum, first quartile, median, third
quartile, and maximum.

[00135] Figs. 31 and 32 thus show that surfaces of
wafers ground according to the embodiment of Fig. 29 have
significantly lower peak to valley measurements than those
ground according to the POR. The surfaceg of the wafers
ground according to the embodiment of Fig. 29 thus have
improved nanotopology compared to the surfaces of wafers
ground according to the POR. For example, wafers ground in
accordance with the process of Fig. 29 have a normalized

mean THA1010 of 0.6346, while those ground according to the



13. The method of claim 12 further conprising determning the stage of the
grinding operation is the first stage when the neasured el ectrical current
i ncreaseswoaoan1rm™eti al state froma residual state. PCT/IRZD11/0%1852et hod
of claim 12 further conprising determoéning the stage of the grinding
operation is the second stage when the neasured electrical current is at

its peak |evel. 15. The nmethod of claim 14 further conprising
determ ning the stage of the grinding operation is the third stage when the
measured el ectrical current decreases fromits peak |evel. 16. A

doubl e K@ RpTHh derndhprizehdreppai A §rehdi rﬁ]%eel@e Sxwtassor, and
a pair QiexFW&Hf&{ atd Ct:n@é?l@:,sé hesdiiddnli g Vﬂﬁ@'%@ﬁs hywehasd atd ¢ pads bei ng

operable to I eraII f fer in a thaflr art of the
wgf er pdasqctc?liﬂ%erbc nFthhg 2ggr &ﬁﬁ\,&g C@ﬁh‘éel 5 (grﬂajgn%zéfec%?ttpﬁi%ﬁcf toCF t he waf er
posi ti onebdretywamd hecdyrli st ato clpad=OR t hecdiy dieost at i @. qml% ) ncI udi ng
water f1ow ng dmer gt hupyah,fo Ml 3, & YdrastaliG Ries gr i nder

further conprising flow contrdl VES " 'ng e vvater T%Iowrate
t hr ough thet pdus rowinalol 2dvkredpk ctmttva)lllexhenewrmems: Pt ewsfiges the flow

control 6@’@5&&?& 081 N SEA L Dyride Pf oLesSPsrributed dvi it & | nder of

claim 16 wherein the processor_incl udes pattern detection software for

det ect i MPRERTDUSE FIRYSOWALEY rihdiEHrcdde e prist st Bperabl e to

control sedai, fdiow fate taiough tdenfd o cants Ol cival ssond despanse to the
st age detect ed ﬁ‘éﬁg&i pattern det ectl on soft
/

2011/ 117 0513 8% 5 Closely FPag dﬁ?%\et\:%%?e RRiTHU7 wherein
t he proc@srssm dastaamtabt:e o} rmu"he 1 heViamewegr oftled edx i axad rmnrce‘ht used

by the gr Igﬁ. I n, the
pattern dﬂ{ec%%on gf%ttsawar cPet ect S eqysatlggegsr btg{saelgl t?hé]tr#%( rreasur ed anount
of el ectef ddte UsEEthydatie 2t ndi ng wheel s.

[00137] When introducing elements of the present
invention or the preferred embodiment (g) 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.

[00138] As variousg 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 degcription
and shown in the accompanying drawings shall be interpreted

as illustrative and not in a limiting sense.



20. The grinder of claim 19 wherein the processor controls the flow control
val ves to increase the water flow rate through the val ves when the pattern
det ect i orweabtmarm®2det ects a grindi ng stage of the grin#CmgBpMoeHIS
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WHAT IS CLAIMED IS:

1. A method of procesgssing a semiconductor wafer using a
double gide grinder of the type that holds the wafer between
a pair of grinding wheels and a pair of hydrostatic pads
having a hydrostatic presgssure therein, the grinder including
a procesgor including pattern detection software to detect
current drawn by the grinder, the method comprising a
plurality of stages including:

clamping the wafer,

grinding the wafer and

removing the wafer from contact with the grinding
wheels,

uging the software to detect each stage and
changing the hydrostatic pressure at each stage to
change the clamping pressure applied to the wafer to

thereby improve nanotopology in the processed wafer.

2. The method of claim 1 wherein the hydrostatic
pressure is changed by changing the flow rate through flow
control valves.

3. The method of claim 1 wherein the pattern detection
goftware measuresg the current drawn by the grinder to detect
each stage.

4. The method of claim 1 further comprising decreasing
the hydrostatic pressure during the grinding stage.

5. The method of claim 1 further comprising increasing
the hydrostatic pressure during the grinding stage.

6. A method of processing a semiconductor wafer using a
double gide grinder of the type that holds the wafer between
a pair of grinding wheels and a pair of hydrostatic pads

during a grinding operation, the method comprising:
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establishing a first hydrostatic pressure in the
hydrostatic pads to initially clamp the wafer during a
first stage of the grinding operation,

reducing the hydrostatic pressure to a second
hydrostatic pressure lower than the first pressure
during grinding of the wafer in a second stage of the
grinding operation, and

increasing the hydrostatic pressure to a third
hydrostatic pressure during a third stage of the
grinding operation to clamp the wafer and to thereby

improve nanotopology in the processed wafer.

7. The method of claim 6 wherein the third hydrostatic
pressure is substantially equal to the first hydrostatic

pressure.

8. The method of claim 6 wherein the wafer is
substantially clamped by the grinding wheels during grinding
of the wafer.

9. The method of claim 6 wherein the hydrostatic

pressure is changed by use of flow control valves.

10. The method of claim 6 wherein the wafer is held in

a substantially vertical plane.

11. The method of claim 6 further comprising measuring
the amount of electrical current used by the grinding wheels

of the double side grinder.

12. The method of claim 11 further comprising
determining the stage of the grinding operation based on the
measured amount of electrical current used by the grinding

wheels of the double side grinder.
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13. The method of claim 12 further comprising
determining the stage of the grinding operation is the
first stage when the measured electrical current increases

to an initial state from a residual state.

14. The method of claim 12 further comprising
determining the stage of the grinding operation is the
gsecond stage when the measured electrical current ig at its

peak level.

15. The method of claim 14 further comprising
determining the stage of the grinding operation is the third
stage when the measgsured electrical current decreaseg from

its peak level.

16. A double side grinder comprising a pair of grinding
wheelg, a processor, and a pair of hydrostatic pads, the
grinding wheels and hydrostatic pads being operable to hold
a generally flat wafer in a plane with a first part of the
wafer positioned between the grinding wheels and a second
part of the wafer positioned between the hydrostatic pads,
the hydrostatic pads including water flowing therethrough to
maintain a hydrostatic pressure, the grinder further
comprising flow control valves for controlling the water
flow rate through the pads and to thereby control the
hydrostatic pressure, the flow control valves being

controlled by the processor.

17. The grinder of claim 16 wherein the processor
includes pattern detection software for detecting wvarious
stages of a grinding process, the procesgssor operable to
control water flow rate through the flow control valves in
response to the stage detected by the pattern detection

software.
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18. The grinder of claim 17 wherein the processor 1is
operable to measure the amount of electrical current used by
the grinding wheels.

19. The grinder of claim 18 wherein the pattern
detection software detectg the stage based on the measured

amount of electrical used by the grinding wheels.

20. The grinder of claim 19 wherein the processor
controls the flow control valves to increase the water flow
rate through the valves when the pattern detection software

detectg a grinding stage of the grinding process.



