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phar maceuti cal conpositions containing themand their
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The pads and wheels are oriented in opposed relation to
hold the wafer therebetween in a vertical orientation. The
hydrostatic pads beneficially produce a fluid barrier
between the respective pad and wafer surface for holding

the wafer without the rigid pads physically contacting the



to their pharmacol ogi cal paraneters, including

gyneconasti a, breast tenderness and hepatotoxicity. In
wa@da7tiseng drug-drug i nteractions have been obBeTvsZOT/M60981

pati ents receiving anticoagul ati on therapy using

coumarins. Finally, patients wth aniline

sensitivities could be conprom sed by the netabolites

of non-steroidal antiandrogens. Non- steroi dal agonists

and antagoni sts of the androgen receptor are useful in

the treatnment of a variety of disorders and di seases.
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[0005] Double sided grinding is one process which
governs the nanotopology (NT) of finished wafers. NT
defects like C-Marks and B-Rings take form during grinding
process and may lead to substantial yield losses. After
double side grinding, the wafer undergoes various

downstream processes like edge polishing, double sided
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th
naar%‘%%&ﬂl@werﬁ%%ﬁrem?ra@ %%&O@ﬂn%%?% b?gﬁﬁ Uon

r&GEnsd 5t N0 BE GhlFaR0 rakeh W@rﬂﬂu@ﬁotmgt@aaodwaeetr
of the present invention, is chloro;ln an

nEHeRR WYO%StHéHeAéé’eﬁteq%Feerﬂ|ao%telFe4t1P% gEpBeflegater has

béé%;%&ffsﬁéauﬁncQnﬁbiméﬂldg éﬁﬁ§¥w%usﬂ|$ﬁﬁébiréblb
4al kyl ) - ar

¥ het er oaryl and - (C2-4al ky
Rty GRBLEIRS HE AT G o KPAg] WAELT by the

doRs1oN& Ly ?HQﬁHEEUE%%\Mé'1dHH%££hé&Dlﬁpﬁﬁéebégh¥pollshlng
one) substifuents independently selected fromthe

NFROUPPHASY SPFRAFUSEIRA tog diPWaRR 0xYe IR B BB X eeparns, from a
déﬁﬂi@ sbﬁ@ﬁgrlNBEﬂqﬁgdﬂﬁyﬁfu§h¥y| andgphenyka1WhesRint of

and RF are each independently selected from
ttmd%gr@%l@g rBmer safiyd hysheP Skt F P2 AR) phénpPti §vailable

f&@t§ Q|£¥méu9§kbku%%%‘Mﬂ&bfﬁﬁ*éf&é@@ (prhekera Mncrease

one) substituents indepéndent|ly selected fromt
the oupetdnsPsei hg et sital by iRy @R RyPLOF6REr a number of

@#{9¥§mamygégé s,Cﬂﬁ%yﬁﬁuéﬂ/ (haﬁé£5ﬁolégyn8ef%EQWe&o each

am no and di (I ower al ky am no; wherein the
ome y| befohet éh@apwobhmtliﬁerr%@@ﬁel@?daénﬁaf:?réﬁcéed

sfMPfékiye”bogEQH@- %éggﬂégﬁﬂéahflrmlng desired operation
of the double side grinder (e.g., successful realignment of
the grinding wheels and hydrostatic pads) is also not

readily available.



substituted with one to two substituents (preferably
one) independently selected fromthe group consisting
wo@toohabween, hydroxy, carboxy, |ower al kyl, | oR&T/US2007/060981
al koxy, fluorinated |ower alkyl, fluorinated |ower
al koxy, phenoxy, cyano, nitro, NRCRD, - (| ower
alkyl )-NRBRc , -C(O-(lower alkyl) and -C(0)- (| owner
al koxy); and wherein each Rc-and RD is independently
sel ected from hydrogen or |ower alkyl. In another
enbodi nent of the present invention, R4 is selected
fro gro g keny ypyl,. and
r]flw\?\llref}ére n%%t Fe aryqti%p %?%n%}l% s%%gt ?t)éut%g as
hydepauahﬂﬁlnﬁﬁiusabbaoihea waiiedi-rérmpeing ke present a
ntj.q R e fr I g -
Aok B A Shiide e S B R oPRor acsad it T Fhe ks
copﬁagmur|waﬂﬂm$cﬁerﬁrosesehegt@dtfﬁmnhﬂufqnqnxnng to

consi Vi I
moavej'nenl yq :P%/%I Wl(liels ‘th%l yI a&ao%e%gscf wafer
suZfaaer meTDtBGQ'd)loiyZiprmpemm?a-zwd, upon repeated grlnder

3- Lh ropen - carb
OP§F%%éh 1gropen 32 Fb @ 3§ %%%yl- -proﬁ%n %ﬁé grinding
sy%tiémsditﬂﬁiifly@r&vid@penaﬁeybpoZom&t tfyele%q@rlopam Be§/$ ) time,

I,Sopr openyl ropa-1 di_en- - met.h ropa
115%eh Ayt PO, Pt opa oo R B y i S
nah-oh:ldi;ﬁﬂ-odgyllto Ise prepygn$zyzki a@ﬁ) J_]I@remrpgm:édydz;th less lag

(-)-1-pr.o op ydr ox
sifie S SR ong i PO ER 71 A RS viekda
phenyl . | n another enbodi ment of the pr esent
4 ed fromthe group consisting of
%@I Ogﬁn “WEE ﬁyﬁﬁﬁé (-)-allyl, 2-nethyl-allyl,
2- priaoen: 13- yloneZQamﬁ@@ﬁneﬁtybf Enzappamu&- W the

in%%letgh%%tﬁfarl og?)lp%g_g Sédﬁl %E‘:?erliye arvolpnegn 3- ﬁ%ir of
grarﬁhdigfreﬂtyéla Prapenp34iyl pﬂﬂwxmdta&:pf qmazms 3-yhe

rllggﬁ:ﬁe@yeﬁlg Iggh%iydﬁpsﬁgt_if %Jladj[ 3- rmth pe arll())fea_%o hold a

gehéh%fﬂy4fyét &opkp@¢6e31mla @ﬂbﬁbwydnbﬂaalalflrst part of
pr propyn n
thﬁqatorréfple%%dmewsaitlpﬁsdpﬂo@e@yrﬁe dipgjgheels and
a selegiedbdromthengr Qkiﬁk@@@z%estd&@dﬁlﬁ/icﬂyed between the
(#)-vinyl, allyl, Z-2-propen-3-yl, rqg
hydr.Qf tent 2 y#Pady - pFBpy Aranger CoerS payrp%uwlaﬁa of
selrdords -PBOPYIT 8- ¥b. mbA saret kel ieyotidaid cwdeh hehe
present invention, R4 is selected fromthe group

waEdni ate rRPSf tRe opPEREATE Y Sz 52 Ben- 3yl and

(+)-Mowsy | nrRaneabedheanheat bire aprRIeMy ldwefshté@@ssmg a
R4 is selected fromthe %Joup consi sting of al keny

seHGARAU AR ar 9FerwhEFerR T e T KMy IPTLSpt | bﬂgﬁ{l}}lon
d&iﬂ&%'éi@@dgﬂﬁﬁeﬁ Subshict uge solactiash d¢ omzah@agé@uan a
consi sting of hydroxy, carboxy and phenyl. |n another
Plafsodi Heht 2 oP2t ReCpr 8RN e i3 Bel&cPéd
hJ&f&Eﬂzb@l&r}@aaswgs h%%'dng;o()fgl\ﬁ.'rfwltzhé ) a¥iAYl A distance
(-)-vinyl, allyl, (+)-allyl,” (-)-allyl,
betwrahytbal Wﬁerzamﬂoaénleaﬁt P _§RHeR- BS yeasured and
udsd: ‘@cgO@@Qeésy%aférnﬁta?%lto#oqr&%ﬁn 3-yl, 2-
car boxy- 1-propen-3-yl, enyl~"1- propen- 3-yl,
3, 3- R eké hyl qt:p]cbp@noghyjr agpgct of the invention is a
syl 4] hyl 2 2 BLapeRs g, ¥an o2 BRI %@rgpﬁgrﬁpx!e):e in a
|sopropeny? propa-1 5 di-en- 3- % 3-net hyl - propa-1
doub Ik eﬂl@eygrlgderhpﬁ. phep&viee ztkdii'enbcgl@qs the workpiece in
1-buten-4-yl, 1-



propyn-3-yl, 2-propyn-3-yl, (+)-1 -propyn-3-yl, (-)-1
- propyn-3-yl, 1-hydroxy-2- propyn-3-yl, 1-phenyl-

WO progpyutes8- yl , 2-butyn-4-yl and phenyl. |n anoP®BUS2007/060981
enbodi nent of the present invention, R4 is selected
fromthe group consisting of isopropenyl,

Z-2-propen-3-yl and (+)-vinyl. In an enbodi nent of the
present invention, R5 is OR6g wherein R6 is sel ected
fromthe group consisting of hydrogen, nethyl, ethyl,
- (O - et hyl and -(O-ethyl. In another enbodi ment of

r t odi
> preol BN 4 WA i oRP et R 828, SRS SEar
hyviﬁ:t:htahecap@ma 0 Thiw c&th*etlr@y arerboend &6 ﬂ@rami'a qringgensor

str ur | ecred f r c [
B T R Rk s M e e S
woblpyneoleylw)n;l& (tzu,éS-vethﬂyMIeBCé unanyb}d 21| rohgazighuldianyg i de
xazol i di n 1 xQl anyl r
grén ?r Té %Qste Jfo 5%%?%?n§?? ¥ pg%d%?%%f‘%ﬂggable to
rebetmaahyimta- ;fyﬂrdndlﬁt;é)at 2t ¢estahpdr epysamyl ,The processor is
dr o- 2H pyr an
P g F Ao Sy t%%%ﬂx%ﬁ‘yfd% BF SedRiSeS ATine the
me a3hexaz idiamsn cnd 2 1 ,3]dioxanyl; wherein the ring
structure is optional I y substituted Wi th one or nore
substituents (preferably one to two, nore preferably
BROBE wlssIPJItaIe]m\) omdepe nORAN L ¥GSsel ect ed fromthe group

con (G- 2a| Kk
- Zaﬁlgysjﬂhal ]1 nan t‘gherl]‘em?rgo | rrente eflev e:lr?rnesoefnta
watfetteraﬂjamln% cﬁdtdléé @fethakpmb@gatrlter widihud ey at om

h they are bound to forma.ring.structure
hySEPEeeRd FAHY PO SbRRong: EPFRYSor o &' Yl foonductor
waZed- @d@ﬂﬂﬂbﬁdﬁEﬂb@reﬂetﬁééﬁhﬁdﬁotheamydrdbﬂét;aypads

d| oxal anyl , 2- r[ 1 ,3]dioxanyl, 2-imdazolyl and
S.?WB‘xéz”oled? {7 wherein the ring structure is

opt ij@vald]y SLEJ!ISIItZJtJ&d M ¢dhonetoe BRte sukstitiventsimilar

(preferably one to two, nor referahly one .
tos%ﬁﬁ ’ tlueﬁ¥1§t |Wd1e]i)em%n9ﬁ7n§é$‘§ct” e&%n]t%lfr?eragjrjo%p“o’hlfted
anCoRSIr&tiid¥ 10f mﬂt@a et hyl , hydroxynet hyI

hydr oxyet hyl , and - 1. 2a|k % halo I n_anot her £

embd® ¢~ of e rje%e?lts?kh%‘éﬁ +Gnt ﬁ&qf{?fdroe“ thereo

i1taken doaes n%rméxhtametatterrhm wmdzﬂeytaaw dpuad
to forma ring structure selected fromthe group
gréaﬁ]enﬁ i"MEF 2, 5- di hydro- furanyl ,

droﬁﬂkﬁnyi i- élscﬁémaﬁh@X@Ea@yMﬁfer side of one
4- hydr oxynet hyl -[1 , 3] di oxal aml/%f-l),
sz tgw aﬂldtror?e%yhlydf%ta I6i eeaitail FB3{ 11 3] di oxanyl ,
gazo] vyl rarfl Z0Xxpagz0higi 8¥brikn &’é@tﬂé@erﬁf@@mm

of t he present i nvention, R4 and R5 are taken together
nagotiPRHOHE FHE BRI ERSEHEPSarE BoFRR P IHRE AT r VAGET
grRRUC Y & ﬁ%%tﬁgfékoﬂbﬁﬁlﬁﬁo%ﬁ%'ﬁ'E“ﬂGOfl and
2-tetrahy rofurané [1 ,3]-dioxolanyl, 2-(4-
W@%@rﬁe&mwohs e@f oxal anyl ), 2- (4-chl oronet hyl -[1
Sl pnylrrd: 4B 11s331d8;9é§m(ka12r|e?91%7&1ﬁ/ét%t€1 of the

2. oxazolldlnyl I n anot her enbodi nent t he present
ram@éntnmwflm ahdtiRs apEfesRe®lt 6ge HEALSF t PE t BeCat B

to vy heﬁﬁﬁ%e dopnd, tQcﬁ@ﬁgkécrbqgk§Q£M§Jéﬁfbn of a
sel ect ed fromthe group consisting of

grdnsiedi hiyeror ok ahyngand vafesncdyirigiardayice | af the

present invention with hydrostatic pads shown in section;



anot her enbodi nent of the present invention, R4 and R5
are taken together with the atomto which they are
whoandsdzes f orm 2-[ 1 , 3] di oxal anyl . Addi ti onal PCT/US2007/060981
enbodi nents of the present invention, include those
wherein the substituents selected for one or nore of
the variables defined herein (i.e. Rl, R2, R3, R4, R5,
R6) are independently selecteéd to be any i ndividual
substituent or any subset of substituents sel ected
fromthe conplete list as defined herein. Additional
embd@0fHt s 6T1Q-hed presenteh heegtiioncheaude aMye
elsknglie € qund bset of conpounds sel ected from
t he r?&r g?;nt ati%f%%n%gﬁrﬁ §"Pi §T&dCtn RISt 1-ncluding
thie by oRaptdsemands V@%ngml_?_dglﬁgogmb@& Zspgﬁls&pta "
sehh isted in 0 el ow. Unl ess
ot Eggv%h%goﬁg%e , lei%%se}%l%ngae}:gﬁ‘ﬁ@h?&w@@rﬂ’er is

pred@R2SIn t REG.i $t 6 @?mmmpbcthe? ?@ﬂpgumgf\ﬂa%\xﬁrostatic
ar gpa ture of. stereo-configurations. Were
P ste?ggg%%ie%ec@ee(ntler}vﬁ%tjp?%seﬁ??wf‘ﬂg Yrrogid@ g -pocket
conéspynations odr @ ifftcandefl tivei pdiicahett B e RSt A far

dustgregscantiguration of the center has not been
udetér?nrneg,lh uto%tehréancdli‘?%cti on of the optical rotation

has[B@@hldet BEGi néd. iEakl wanelRw&@%i@&w?oQOBEO%ﬂ%S left
ula_ (L) S| WAFER GRI NDER AND MET
hy ﬁ%ﬁg%g%ésf’ %lé %%;’FEE NANRSFORY Y9 BACRERGUND S FHEL the
wa fa/ENTI PNep 00O L oTHIIS ugtrentd orns ek apesigengsal |y to
£ s doubl e side grinding of sem conductor
re\/\<Ji/a eé%ggﬁggn‘grlgﬁpgﬁei SRk | y to doubl e side grinding
appbP@2ud andi@et hBdssf ar biorpoay ed wafer @@@%939599§tic
the

Sgpi conductor wafers are commonly used in
pa%r%%ﬁ%ﬂj bnsgf Wﬂﬁ?‘e%ﬁ‘&t &G @fain rﬁfHéW@n¥thbhntom;
- ci rbeQ28Y i Fpei nt edisTheweirkgUistiide IS 445t Ipr.é{“‘fgar o

rrd N JAniaturized formonto surfaces of the wafers, then

the wat ef &~ 47 e “BFBREASi FPETGGEdME Thips. imiecthbs ports
witgnil |Ere chyeub sty tiequbbes ddhalr wafer, syr f aces be

ext fl and parallel to ensure that the

ci rfé%i// caEﬂIt%‘e bt op®r#y prilAresovararmn ety relevation
of surd duelnfstdei wapen. oForaecompl lish Jdi s 2,971 0ALY,, o
hyd&roccﬁa s, is commonly used to inprove certarn featlres

of the Wafts tes gFelpravRess angpadiineliseglabpening of
thet lpeyl;are cut froman ingot. [0003] Sinultaneous double

Si g%o%r' ndi % operates on both sides of the wafer at
t he “S3 i G&ngibﬁﬁad%dgerspectlve 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;

[0031] FIG. 13A is an elevation similar to FIG. 9A
of the right hydrostatic prad;

[0032] FIG. 13B is a bottom plan thereof;

[0033] FIG. 14 is pictorial representation similar
to FIG. 52, but showing a semiconductor wafer ground using
the wafer-clamping device of FIG. 6 and Subsequently

polished;



wafers with highly planarized surfaces. It is
therefore a desirable grinding process. Double side
w@eoondaees t hat can be used to acconplish this POUSNE7/060981

t hose manufactured by Koyo Machi ne Industries Co.,

Ltd. These grinders use a wafer-clanping device to

hol d the sem conductor wafer during grinding. The

cl anpi ng device typically COH?rises a pair of

hydrostatic pads and a pair of grinding wheels. The

pads and wheels are oriented in opposed relation to

hol waf t her.ebet ween .i vertj ] Lon.s

The IR)ARdst at 18 pade Benet IABITH Br cHopes Seprarac o
cliaphihgr shetweers tdye risspent | ¥ espabfiaandolabesegurdoachictor

or holding the wafer without the rigid -

Wa%ﬁ§sp859 &ﬁﬁ%ﬁﬁﬁquf?%%gg?%rw ﬁ?%ngnggﬁgfﬁg hycirostatic
padeduees rdamge d cclideimadreriohat may be caused by

physi cal _cl anping d.allows, the wafer to mpyv .

(roﬁgﬁgfltanggﬁri&%%y1Fé@aﬁfV%F?%ﬁ?%er%%ae§§P q&as™
simithrl €ss fod.ctism.oMhilendhhg gtiredsrg processafer held by

significantly. i oves flatness, and parallelismof the
hYﬁFgﬁﬁ&t%éTéFxghggéc ° FtRGn?alé0 cause degradati on

of tflb@3ateqpol egy.ofl @ hHes waferasuréacesng] 60@4ksks dnder

to identify and address the topol o degr adat.i.on C s
SeRAREBINS t e VT Hh P SLRT CORATCE B TR | P grinaing

whaenulf agh-urey syeonsidervide sasogepadogy (NBelof ltdmwerally
waf er surfaces. hbnotogolog% 3?8 be%ndQefkp d as ngf

shid&Firafifgh G R r" P FacBewit Avn " ¥eabstc P

acwaveliengtdy afnabottsdh? Mmventabauto2®afarsitisld by
spatial wavel ength corresgonds ery closely to surface

hyfeasttdd Pade ManohetBF*SEaf& for processed

sem@owuct orrwaf ers.i Jhe § o490k ngidefi Riot iFaE.has

been proposed by Sem conduct or E&uhpneg%§9nqbwhter'alﬁ.ft
CoRPETAGt | THEFSIZEM Y WahefPobSF Y Fadd as<iti o't of
anbih& eS8 GONAUCT Or o F Nest ¥ GSEMy deewment 3089)

Nanot opol ogy neasures, the el evati onal devi ations o

one [A#38kce” FLG hel vaferd anbrbbeS T RGL3ConS der®: 1

co ?Jﬁ&%%&%é@é@ﬂﬁ phrbhe wakenciasy Widn tTadbiaDnahife
~flratness neasurenents. Several netrol oqy neth_odg,haveh 1s:
inpsuideiet vpredi B dePEEECRAE Ly &ddrtd Ahaing GRS Wheels;

surfapopri aii@ns: o Fog érkakagﬁesimg_a&e&wmms
deviation of reflected |ight fromincidence |ight _
cogirlagWs T et BEE § BRS o NV ERFCE Fa e sauittidae KT athongombined

orHiese Jethods, af ecysed, t 9oRaATANE H38aK tohyahdbeyzoiWhl tilt
of the grinding wheels;

[0040] 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;

[0041] 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;



variations within the wavel ength. [0005] Doubl e sided

grinding is one process which governs the nanot opol ogy
w@ booy/181708 i ni shed wafers. NT defects |ike C MaPRBEUS2007/060981

B-Rings take formduring grinding process and may | ead

to substantial yield | osses. After doubl e side

grinding, the wafer undergoes various downstream

processes |ike edge polishing; double sidedpolishing,

and final polishing as well as nmeasurenents for

fl atness and edge defects before the NT is checked by

a nanpyEpper n : r oA Ml h :

surface 1's rreFai[sdu'r eégﬁ%ig%?gggg%eggggﬁb%é\%a ed "
pagdliiadhingi.n Thlsck thereran fodal @f ian rdatErap ol ogy t frestem of
thclgla-?s yeaver, lll’tgig\{qgser I's not neasured until the

ette of wafers is machined. If suboptiml settings

of tIO4RT ndeFicaus® am Nisdeémetict kénle vievs df kdle
that all the fers i h ssette will have this
naélé%éjao%oe i%éé‘g %S %?ge%’y)%c% d loss. In addition to

t hi SLOG4%] operTai.or2zdhass t® gwabht ehget noheutgedbatiom a

e the 1 assgregFthfaEBgr n8ach cassette which Leads ...
PHG % Cohsidet abl @ anduntof "Gown—t1me. 2 12T he hex ’

cassEiG45]) s Fuundyh thoud acheesdback dilkgmean @A anesk
oI &1 £l 4] o521 D Lhe nex), cassell e e Loons or

iWProper gri Ader “%8t Frngs: SO, N EClrtent sys?em
fionlte crleen@iterafadystachahobel slardasut eicorlhenefbeége of
Wat&heere IS a neegl for. a Irlel_iable predi ction of

o5t -%Joa}r?%ﬂ?%g 4E+88FS duri ng grinding. [0006] A

typi p046Rf errot amiagi dexi eesh that dsdeublteisiaetor

.gr.inder. of the Qri 0 i s _schenat ifcal |‘7Vﬁ/ hown in

ar

TififE SLMENS SCETRAAG REARSIT Ot T oot at i ¢
pads[dd4 7 hol dride. vaderaddi ndepardenthyafpddneyy profiles
not her. They respectively define cl i ng pl anes 71

o e O ane R b et e Tor AP G ot apsRra e

systmt he wafer Wis centered at a rotational axis 67
of the eel s, whi a cl anpin ressure of t )
oy TS eadMAT B e R Ra e e e s ey pyeaicted

pIQﬂ'th.l% a\/&“c@f%h{ag vaf ehedé&wo@a@d Aas Qﬂﬁn&gh@gi@b@ﬂemﬁl'for a
an ' are he coi ncident during grindjin Fig.

watqh ARG Bt 1 8hRR hiRPn tprafy SGass | . ri%% éﬁéﬂﬁ) %83?d that

wa e M 08 7l yo UE OHREghY twheek®e Rge A@ENErStofile being

di scussi on regardi ng alignment_ of clanping planes may
ol Ffifhdt TN U S PATNERPSNG. 69652, 358. However, if the

tWo [0049] 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.
[0050] Corresponding reference characters indicate
corresponding parts throughout the several views of the

drawings.

DETAILED DESCRIPTION OF THE INVENTION
[0051] Referring again to the drawings, Figs. 6 and
7 schematically show a wafer-clamping device according to

the invention, designated generally at reference numeral 1.



pl anes 71' and 73" becone m saligned, the clanping

pressures of the grinding wheels 9 ' and hydrostatic
w@awsa10709r oduce a bendi ng nonent, or hydr ost aPCT/US2007/060981

cl anpi ng nonent, in the wafer Wthat causes the wafer

to bend sharply generally adjacent peripheral edges

41' of the grinding wheel openings 39' (Fig. 2). This

produces regions of high |ocghized stress in the wafer

W. [0007] M salignnment of clanping planes 71' and 73

i's common during double side grinding operation and is
THICREM AL ¥n S A4S DY ; DOLERERY OF, £ B 1914 NELOG Whegl §o8p1

) %glqﬁ%Jggto t_% h;%?%s?gtﬁg gads fiﬁj?%%g. ) ) . ° ©
s iPes sd bl edevod esh ofh ni s atlieghopat car gsseiwat ¥ cal | yeference

' t rat Ln_Figs. a aal [ }ﬁgg - -
nu@%%%f%é?i%ﬁ % gt'h?ée %Fs%gﬁcplﬁb giélfﬁﬁé e f?%%? %%égder
int heyiech sthze | et Eeal cshinpting dgevilee dr inmdi fge wheedisigcludes

rel-atd t h t ati S o] t]
R 50 e LR, BhsERRES prhard AT G KD
MadFiigie 2Zldusitrsesofid. podedi.s har actizehmping device 1

ertical. ti e ' hog i zont al

ho\g)ésg &a%%é%%%hégﬂgégéﬁﬁg%%f IWt%hfgerr e@%goc C|Jl ! gréllndi ng
wontigeleddt ys. d@s dgdaBe)l geRegarld 2 at [Wistm atles drawings, in

conhi.nation of.the first e and seco de. n
2 SR NAL 0o OLe 108 LLERNRTRAR A0d RGN IRdRual teBen
sWfacmu f acvervafak arnsb¥ thridiegimitheycembéraof thhesame
respective grindin | _(CFEig. ..-hese_nodes._are
cAROPEIAYE SRBRALTE PISFRotE Sacd daxa NEPEEES ke
wadnc'eptsuatioas prsaki gomenepmay bhealklsitivel gndmalikcuitry

I.n.additio each _qf the s 9 ' is capable of
e OB achpRb-bRSoRN R 2 o REEP BT s
cltdangityl @fvibe trét whéels canrkhdaidd eriendr f tioant hat

of. the,right wheel, and.the sane i.,s. true for_ the
ST T 08 5 P REbEE, (e S0] Bpef e scope of
theaginivdertei of . hydrostati ¢ cl anpi ng nonents caused by

m sal | nt of clanpin | anes ,71' d 73'_is .rel ated

Lo R Rt R RSB Pl FiGpaa® BT ropti€ FFEe-
clexasiple, dév gher 1 maentsicar e cgeneral | ¥ giatisedi hyipgdeheels,

11' that cla a_larger area of the wafe e.J.
S T o E e AT B s st Pt by Ue 3l ge
rddbadii Che By ceahar 1efrpaddch-agpintidrd ocat ed pads,

rel atively |ar di stance apart fromth i ndi n ,
ISTHEEIZ TS 4PY ORSF SARPS o6 FOMET) Adeh (PR Dxar ( “aRRGHLVELY -

THY drost adhe pagnel aspib®afale® Qre made for ease of
description only and do not mandate any particular
orientation of the wheels 9a and 9b and pads lla and 1llb.
The letters "a" and "b" are used to distinguish parts of
the left wheel %a and left pad 1la from those of the right
wheel 9b and right pad 11b. The grinding wheels 9%9a and 9%b
and hydrostatic pads lla and 1lb are mounted in the grinder
3 by means known to those of skill in the art.

[0053] As ig also known in the art, the two grinding
wheels %a and 9b are substantially identical, and each
wheel is generally flat. As seen in Figs. 6 and 7, the

grinding wheels 9%9a and 9b are generally positioned for



the wafer (i.e., hold the wafer very rigidly), or by
pads that exhibit a conbination of these features.
wQ 0®0A307D$ cl anping device 1 wusing p rior artP@EUS2001/060981

1 (an exanple of one prior art pad is shown in Fig.

4), the bending nmonent in wafer Wis relatively |arge
when cl anpi ng planes 71' and 73" m salign because the
wafer is clanped very tightlysand rigidly by the pads

11', including near perlphera% edges 41' of grinding
wheel opening 39'. The wafer cannot adjust to novenent

grq_fndg.rn!gn@r{&m@ v%_thagﬂet ng\é@f W t%%q:%l Sg]ch\ré(r center

near opening edges 41" (Fig. 2 ) . The wafers Ware
ofnsheumiafiorm y Ryreemdehadyt héyeaeheh@ea}nc?@larrabl ¥ extends

el 3APLPROI t‘?@f r&s %Hét WQ%E}% b€ heé% Yof the

subsequent ces i ng pol I shi ng al 1 gnnent
wagfrgl @m @mmsamwe andce8tredn aaliso Wause tihe wafer at

th% er cont - I% 19 'fl? evef]sHQgge@ U\M(}Il% ¢ face area

Uie to d opnent ndesira
ofnm@tmpmiiﬁgw W et wwesund theigooope rwdfiem W .If 0@@@}tion,

atFhaurgs @ﬁac?@(:an f%lsijﬁéﬁﬁéur?l%%%%' 9%“ ot %‘0%;%90 ALY

features rmon aces o roun

rewedrd vel dvpiiigs ppanesd 7¢riaddng3wheisdal i gﬂhmdfeuchelltates

f.er ds r|n gyoReratio Th

l% gcgl%l ncﬁoll.[lTIl e&g%éﬁ g?- nmar %gg( %38397'(”1 edetween the
gandun$SWK£eK§H%ﬁ &) 9bThe ceeteﬂammﬂng(dévmw«s) @7’ the

re general e Y. i_nat e t
5 e e S TR ot b LS g er g e 871881 ene
laﬁmIhydﬂuaﬁht1mggad9llareagemewalM¢hanﬁx&imq epe

co ateral shlft S haori zont al |
cofPUAAALON, oo L2 GLALARAL LB AN BF WS o do ' mble
rearad:f:(& thavehe etacght/ehydlraegatpeapatd) Mal,| eyhich remains
atlon SOCI ted th them The are there
fl |¢§ of poor lm% gﬁo?868ﬁo§y Aid & é%lcongHCtor
waﬁlegmlv\f iicant I‘c;h@fcﬁeewzicabﬂl It R wefpr-dl ammiad WezZede in
C|rc on.waf er surf

R SR PSR SR T PPN G HRGET % 1 HE PTTRE 74

gramdiifd wiseslgonahot ehakagypotegpaadat i-ore canxebe during
orrected by regularly ali n|n the cl.a | anes.
VadSE LRe R €6 B "EhL GPLABPIG S0 pS A D s WPE s

hyﬁl@s&f&fﬁaﬁi sood ghdf eseptspbndgak @jr:llrftﬁl.rgjlvﬂdéélg move

MBS, Sur BEUSER 12 BhANeS Lo Ol ver e rom Al gD
of the invention.

[0054] Still referring to the wafer-clamping device
1 shown in Figs. 6 and 7, during grinding operation, the
two grinding wheels %a and 9b and two hydrostatic pads lla
and 1lb 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 1lb define vertical clamping
planes 71 and 73, respectively, and produce clamping
pressures on the wafer W that help hold the wafer in its
vertical position. This will be described in more detail

hereinafter.



Al'i gnment steps, which are highly tinme consum ng, nmay
be reguired so often as to nake it a commercially
wo pqgrast7ogal way of controlling operation of tPET/US2007/060981
grinder. [0012] Further, there is usually sone |ag
between the tine that undesirabl e nanotopol ogy
features are introduced into a wafer by a doubl e side
grinder and the time they argudiscovered. This is
because waf er nanotopol ogy neasurenents are normal ly
not taken upon renoval of the wafer fromthe grinder.
Inst[%@q-, waf f@ﬂgt iy I ured er
t he gr ou5n]d V\g{eer asrs)(%g%%"g%%)#?%%gg?i lﬁga@%@ﬁi S6ﬁ’i nt;Hé
hydwpatattis: rérdlesl Fabkednahbt opokdgy sftedtigresry during
LOL ced int o the. wafer Qhy - ' | nde
R T WL St M e R 4
refeasumcenentne Holwelvér , mpegat ke eddiradk ifr om wadoobl e

[ ri r oGy Sl ' [ th .
regfi %ﬁgf% ng%dwl‘?{e%%) %%%%égrgg% Sﬁlg‘%gté’é‘s eSL?S!s S%dg{? rg(\ﬁka?% abl gs s
knfoon somechte reeriaf t @rdébenpr oblrewoapioses.5, Thifs ey drive ring

i ncr e. t.he vyi I 9s c e the grind an,
14, DEEERAR LG MRS, 453, REEAUSE, LhE SIIMBL s8R petratea
bynamotepol logyeslefecf sgt o6eachrore, ibefonetirh@robbenthe

wal xf%%9%&%%?@3%@dwgg%EGE%e%btékTJnagﬁ% %ﬁhgagg% ral axis
eeédback confirm ng desired operati on of the double

WCsi(dergraldexx{2.YC, gsueceddfulcorealspgnminttofhehezontal
ax@ g.?);a”gar‘l’@?ﬂa lé’é‘f‘[j%%%{ S?iéata'ng ﬁg%f/)(s'teie aEL:Ls’c_:I([)s nog ang 12)) -

rea y avai ccor ere 18" a nee
Atf athea dany osimed i ctipadgusabied whaalaf &ra dArahpdigengage the
Vi of . a doubl e. si de_qri.nder,.capahl e of effectivei:
T SISk CORUUEE oF CRAPEFS Far Spracaei Ty Bt QEPFIeT -
Onkofotfi Wheg witeatby ef@nbéndf Oyr irbdiang swhieeltthes sdhatdirection

o<SHLARLAED 1 8 L SULLREC, 1RO, 2P0, L e
difrefcta cdoud ecise deagerndi ng systens that provides

nangeelpoy deedback, Rl oss Hie, Lo e pcoeratic
paides b8« enogni medoandhenphestnties it diesm liag §rovter
S LSS el Y ool andgr, YALEL ML dirsio oo
llapparat Usigd . the-ipmentiloBtirata dowblesdsengr+nget
h;g?gggééﬁéngédoilb. As can be seen, the two pads 1la and
11b are substantially identical and are generally mirror
images of each other. Therefore, only the left pad 1lla
will be described with it understood that a description of
the right pad 1llb is the same.

[0057] As shown in Figs. 8-9B, the left hydrostatic

pad 1lla is generally thin and circular in shape and has a
size similar 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 lla 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



gri ndi ng wheels and a pair of hydrostatic pads. The

grinding wheel s and hydrostatic pads are operable to
whodod/1zo7general |y flat workpi ece in a plane sorP€Tras20a7/060981

first part of the workpiece is positioned between the

grindi ng wheel s and a second part of the workpiece is

positioned between the hydrostatic pads. The grinder

conprises a plurality of sensgrs operable to neasure a

di stance between the workpi ece and the respective

sensor. [0015] In one enbodi nent of a nethod of

r%@é@'ﬁ&fé‘réefl%?ﬂ@u&&%l}ne‘&%f%; gfg;ﬁﬂ d&g}gﬁie tB? about 300

present i nvention. A doubl e si the't
i | hatlmﬁ@@uicﬁebﬂ/aﬁeﬂemtQOQ,amélqmqm a it ra olflyc_irostatlc
pl 00 yheel 3 and a-Qall QL MALOSAl | G PAUSST 3, Used
to grind t waf er i st ance between the wafer  an
wmhqeas@emtsegséroms theasgope a:rﬁal Wsedinvemssess For

e MBS na@%&&%g vbe[ lez@h o W Aangther &?Qf&tg 58]‘6]:&%8 to

invention is a or asseSS|ng nanot opol 0
Gﬁweﬁkgie%@olmmawdﬁable side grinder of the type t hat

hol d di
e COREL "2 SEREG: RO AT IENL B BB AL H e o
theoriprdsestatitensd d)ihe seni@de@per ald fee osn@asﬁaeeal 9a

fro e th rkple whil e the
s ANaELy | PSS TRRR vl T S T S
Oﬁaﬁamw@mlsoscenpydsestatpcopaakatsnﬁw&uﬂZBap 2Begei ¥Ba, 29%a

an@tﬁ%@&rﬁg& 2 Lgasty ?Q?s %er&seo he, Processarl s
operabl e to assess hanotopol ogy (¥%e workpt ec&tsi ng
pqawirmmgwr@@ndrstamceadBRﬂEE @ES@RI%ﬂgﬂiﬁﬂiﬁﬁEwheel

El he c side e|levati
orgR I PA Rk Sendebfad BNIRL L e EEKE] SBa) ot
thyydrashtbtac phdbaahdsgdendﬁmgoﬁheﬁkspmdib@dy 17a, opposite

seni nduct fer 05|t|oned th rebe ween and .t he
A S el B L P RO e F 2 50 g
hyﬂﬁuauatncspdeketeyabumncsmﬂﬁlmmdﬂmda(iodketbuwlmhbht

ade .ar rlnd m@ elsclater Iy shifted and vertically,
%pﬁ% %5%@ ﬁ?c? 9PPs O SefferaliE TNt e %vﬁggbﬁlon’
hydny&ﬂﬁt1¢Ip@ﬁraithgmb@eib@ﬂﬁ@hdﬁIﬂhéﬁubwﬁrmy@absththc
pocké%é”l 9£QQX§QSEEi four pockets, does not depart from
the scope of the invention.

[0059] The six hydrostatic pockets 21a, 23a, 251,
27a, 2%a, and 3la are each arcuate in shape and elongate in
a generally circumferential direction around the pad 1lla.
Each pocket 21a, 23a, 25a, 27a, 29a, and 3la is recessed
into a raised surface 32a of the wafer side face 19a, and
each includes 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 scope of the invention.

[0060] Still referring to Figs. 8 and 92, it can be
seen that each of the pairs of pockets 2la and 23a, 25a and

27a, and 29%a and 3la are substantially the same size and



[0020] FIG 4 is a schematic of a wafer side of one of
the prior art hydrostatic pads of FIG 1 ; [0021] FIG
wG200743@09i ctori al representati on of nanot opol PQLUS2007/060981

surface features of a sem conductor wafer ground using
t he wafer-clanping device of FIG 1 and subsequently
pol i shed; [0022] FIG 5B is a graphical representation
of the radial profile of the gurface of the wafer of
FIG 5A; [0023] FIG 6 is a schematic side el evation
of a grinder incorporating a wafer-clanping device of

sﬂéﬁepreﬁ?%ob?}fenﬁho%h‘@' LR &Séé&';‘}a aﬁ?aShBI’I’Egb‘Es 2la

section; [0024] FIG 7 is an enlarged sc erratlc €
ard e¥3a | eAchf hehe aaberLfelcanpiany delvigecuthet €oP8 cm” (2.23

lIVerI %&Qgﬁé‘%%}/déﬁét §I7 Cegéﬂshg@% ar Is?uh LR élmffx_eéaf‘ of about

a sem conduct or warer pOSItI oned et ween
2102)@5<}m"1‘:|@ B 50 perspavetketof 292l shtl Bjidr estcat imve a

5% APS?DE%SQBBu%n%%ﬁHkPQmESQ?M%ﬂg @ygrOStawé%al ocket
poc et configuration of a face of the pad that oppos s
suhacmf aredupifngagr LAdi g opendt i 165 . $0026] ARG 1DALMY and
aglrég@{gr % EIStSIL%%tc'k% urtvj\‘%\ %eﬂ GA‘V éoéﬁ IIISrQ%Ig surface
show ng a~gri ndi ng ee I'n
aprantdnthe pkHussr atb@wthéi r17p03|3thm1atated>ataonbhl psher

hy t 0927} FI G 98 [ om_pl of _the
yrIIJIro gtlggpag gf% IQI 1%1? v% ergagglenpjs: cs)\%ﬁlt
invrephantom FpOO2BEmELE, ]tiha sreatmafreaty sheleakbevadi.@e or

I t A h I flyid
LSyt b A OVA hapel 5, d0nest L1901 W
leaﬁace[aoazeaa BEGsath |osE mcéﬂitafgkﬂ fana@n%ﬁt aiLy about 31.82

At thehdostatlc pa I .
Crﬁ I stérgtl ngj IOC&ﬁlI}/OiIEI of &rll ar os?a?l cﬁpockgtos?kree Sti%e 27

ZTb :as gabnding 6whelcmdpehi. 6@ dah?i heapdda ERE30lceFldGed 2of
oAaoBCLIREELLYS o Ao B G SR LI 7 42 4.
Apla;dtaihrpngkgltl edmfgx%pezrxﬁa ant stuw fbhﬁcbr aawaf eadcan 'bes
et on G Tt Fo0B G b SRt Re ARt Hy dr e oot
sypafkice area to pad working surface area is about 0.26 (the
working surface area for pad 11' is about 900 cm® (139.5
in?)) .

[0061] Pockets 21a and 23a, 25a and 27a, and 29a and
3la, respectively, are also symmetrically located on
opposite halves of the wafer side face 192a (as separated by
vertical axis 43a of the pad 1la). Pockets 21la and 23a are
generally below horizontal axis 44a of the pad 1lla, while
pockets 25a, 27a, 29%a, and 3la are generally above axis
44a. Pockets 29%9a and 3la are generally above pockets 25a
and 27a and are not located adjacent grinding wheel opening
3%a, but are spaced away from the opening with pockets 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



[0032] FIG 13B is a bottom plan thereof; [0033] FIG
14 is pictorial representation simlar to FIG 5A, but

WG h@n1syom seni conduct or waf er ground using thBCT/US2007/060981
waf er - cl anpi ng device of FIG 6 and subsequently
polished; [0034] FIG 15A is a pictorial representation
of clanping stresses applied to a surface of a
sem conduct or wafer during gE' ndi ng when the wafer is
hel d by hydrostatic pads according to the invention;
[0035] FIG 15B is a pictorial representation simlar

to FI.G__15A of_cl anpi stresses Q f.er b,
CORPAGROR 1 GRS BT CEheP RNt of 2art 0 GOFR" AHAL T s oF Ehe
toghaadphostkevi ngisfaes sesesnisehbcenddcberl omaftdrs pad's

adj acent. a peri phery t he gr.indi ng wheel s '
hogd o8 t‘g grigéi ﬁ%oﬁ%ge s Iu%tdeef:aﬁ OyOCgm'%? and
ineeRpadd et saheh dobyohydrast dati'c ipadseacooradiange 1 ng

tion fers .h

t he present i nve 0 I hydrostati.c
ot REPITRE (i of ey 12 ERa0BY] PRAL 117 i i d dfues o
grSihdimay Wiedl Gpdhiagnpari agdstpessddutenaf@rid-ring
resulting fromlateral shift and vertical tilt of the
fogMatdiy wheel s; [0038] FIG 18 is a graph sinmilar to
IFl G[Olf%ﬂﬁh‘?&fﬂqqgréén%$85@§ PR mﬁeLSh_eemlrtc:ui@aT rg):nhfnding
ateral shift_jin conbination wt ori.zontal tilt o
wherd  GRAHHY %A#a%ereét[ 6636P7EFE T9 3 ¢ WYr ST 5t 1 8F tPe
boUthf Elﬁnbolﬁ @@érplad ffyd'mgsfsbrcesspaldi Ill\a?faﬁ?fds Tesed téagadfd oghaped
t he conbined effect o at er ift, .vertical .tilt,.
Lo F 5+ TR F T HRRLGE W ﬁsiggianﬁﬁgmeﬁ%% léi‘fszémf’eﬁ“gl into
en@a@en@ﬂ% Sﬂﬂt}gr'laﬁé mfeﬂmar bfﬂ@t@ﬁrp@rf G5 pefeewi kehe
nanot opol_o val ues for wafer, round in a prior, art. .
TR e h BBy 2o Eo St drd ke ] o enShedhl in Fig.
omwaf ercl aopi g devbpendhqt Beal @RIy [O94dd sbkds 210
is a schematic illustration of hydr ost at i ad
rotedoitinl T6. 5 88cBRdISHBOAFRRAIST (Fo |FRONEE dnhen
refeiomidrg hwdrest abbaipgcketincemd gunatdworaedid apfaceral a
the pad oggosing a semn conduct or, wafer during
ragiiGRlithy; QD0API RELRY YRORd SPSHEWRtT P 1O erEvEl i TR
(Pardigl) Yahd Bl gekrdhadr aehidn ¢fe i groned DPelgeyY of the

gf?ggfﬁgcgheel 9a and radially opposed edge 4la of the
grinding wheel opening is relatively uniform and is
generally on the order of about 5 mm (0.20 in). These
distances can be different without departing from the scope
of the invention.

[0063] As also shown, raised surface 32a of pad 1lla
comprises coextensive plateaus 34a extending around the
perimeter of each pocket 2la, 23a, 25a, 27a, 29a, and 3la.
Drain channels, each designated by reference numeral 36a,
are formed in the raised surface 32a between each plateau
34a of the pockets 2la, 23a, 25a, 27a, 29%a, and 3la. A
roughly crescent shaped free region 60a is recessed into
the raised surface between grinding wheel opening
peripheral edge 4la and edges 38a of inner portions of

plateaus 34a of pockets 2la, 23a, 25a, and 27a. Clamping



the present invention; [0043] Fig. 23 is a schematic
side view of the nanotopol ogy assessnent system
wQ o@14307p8 G 24 is a graph show ng out put fr onP@r/US2007/060981

plurality of sensors of the nanotopol ogy assessnent
system [0045] FIG 25A is a schematic diagram of one
exanpl e of |ocations at which boundary conditions for
finite el ement analysis can hg derived from know edge

of wafer clanping conditions; [0046] FIG 25A is a

mesh that is swtable for finite el ement structural

| ysi :
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trat dict | t
R e i
2 1jal,l L%”iar,atZErag thiea avepageanddiBdk prechi limdlordd hat £ wafeér

fter. n t ay i.al-.pr.of il el

DSB8 1 2 hachabpee CoRed PoOIO] i Y pgekers.

Chgmanelid 143est ¢l lugttheedobyehadidem Betrween wihehin the pad
peltedBrln val u ofth waf.er .of FI.G _27

oofhe LA tr o e Ch Bhe st R e e mrE U975 pane
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o A oty EE9T iy B8 d2ed indl'Udes O TERSC20
11m1dmm:o&i @@E&Bﬂgo&aanub&ctsuneﬁr@/ éoyoi Machthet allows
RUSTETIR N LR EPCL TR STE I S
duridesignod@ethgenetal by rgt 184 T Aike: idrayil NgsSs i s Bance.
Clamping force of the pad lla is provided primarily at
pockets 21a, 23a, 25a, 27a, 29%a, and 3la.

[0065] Figure 11 shows orientation of pockets 21a,
25a, and 29z in more detail with reference to a left half
of the wafer side face 19a of pad 1lla. Radial distances
RD1, RD2, and RD3 indicate location of peripheral edges of
the nearest vertical side wall 37a of pockets 2l1la, 25a, and
29%a, respectively (the nearest vertical sidewall 37a refers
to the vertical side wall closest to edge 4la of grinding
wheel opening 39%9a) from the center of the grinding wheel
opening, which ideally corresponds to grinding wheel
rotational axis 67. As illustrated, distance RD1l is
nonconstant around nearest vertical sidewall 37a of pocket
21a such that a bottom end of pocket 21la is further from
opening 3%9a than a top end. Specifically, distance RDI1



a vertical position within the grinder 3 so that both

surfaces of the wafer can be uniformy ground at the
w@a002/18G70&. Thi s i nproves fl atness and par al | ePCEHOSN7/060981

the wafer's surfaces prior to steps of polishing and

circuitry printing. It is understood that a grinder

may have a cl anpi ng device that hol ds workpi eces ot her

t han sem conduct or wafers mﬁ;?out departing fromthe

scope of the invention. [005 As al so shown in Figs.

6 and 1 , the waferclanping device 1 includes |eft and
rah! f%'%t PN U, e Jé dgﬁ' g”%?dt%%%a'é% tB’CFt-ro end of

reference nunerals respectively, F t
than@ock@htthydﬂmswetlb2pQMS(4désughat@wabyiHéﬂeﬁem@eend

(£ Y5 ke and Lo, %xﬁép%&' ié% Yoor B el t 41 9nht
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wheel 9b nd r| a grlndlng ee d
hagﬁnghg‘hy Fost @ abg g h??a ang6 b are é v§§u€% are
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RD\maaly Io:3 gmfrectcadld;’yan‘ltam.tlﬁ\suseeheplatrtﬁjr@ fioranthed $cope of
the g;lgglqg wheel s 9a and 9b are generally positioned
orgrln i'ng engagenent with the wafer Wtoward a | ower
cent[e0 &x] the«“mﬁim 1A @Beophhoysoﬁ:aeaah meaejarﬁm M1

9b ext ends be he per
MBS QL bt EF ARl BRSPS ve B S a Bitg 67 to
tHﬂCnﬁdﬂdﬁﬂy%ﬁmMeﬁmoBheeWQéeB88.cﬁh&ﬁwatd3u$ EhsumﬁsPOCkets

the face area_of 4L ch maf VV| gro

nﬁg E%%Tat . e?ﬁeagg A58 15 st orre of %undary’ of

zayd|p£dgpww@eksr8e)oreaboaa@omnvemsﬂdﬁn\hetseems radial

pai red qri dlh wheel . This faciljtates |oading the
B e D, L OR R 8s  Gits0t m S 571 ni ng
i vhes) s @8l qwd9b1hnrahgeel &N G bdeMi cneoel mh {He25 in) near

rinder 3 inthe ill strat d cla devj ce
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erlde L @ydEsponeli Agwhet-t grigrdizBe: \fy{@ﬁeje@avjaﬂd @ﬂﬂnatﬁg wheel
oﬁgﬁg%g edge 4la. These same measurements, when made from
the peripheral edge of grinding wheel 9a (when received in
opening 39%a) 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 2la and form ratios with radius Rl of grinding wheel
opening 39a ranging from about 0.30 to about 0.057. By
comparison, corresponding distances in the prior art
hydrostatic pad 11' (Fig. 4) are constant because innermost
peripheral edge 38' of the raised surface 32' coincides
with grinding wheel opening edge 41' (i.e., there is no
zero pressure (free) region in the prior art pad 11'). In

this pad 11', radial distance RD11' is about 87 mm (3.43



relative to the right hydrostatic pad |ib, which

remains fixed, to further facilitate |oading the
wa@esrasntogict or wafer Winto the device 1 . A PCT/US2007/060981

waf er - cl anpi ng device in which both pads are novabl e

relative to correspondi ng grinding wheels or in which

both pads are fixed during wafer |oading, or a

waf er - cl anpi ng device in whigh a hydrostatic pad and

correspondi ng grindi ng wheel nove together during

waf er | oading do not depart fromthe scope of the

:Ln\;va}la%lgl %%np%‘%qéélévf%;%k%méﬁEe%E 919'1:_5'1% &Dlégrléahc?rfl edge of
th@ugnyy@yngKWH@ﬁbp%Fatooadgehé8fmgsg@bmmUmﬁmmee[% & in) .

and \r%grc%g%t%sé a(],; a(@gd§1&1§n8n.dLlL>I %fo %nventlon

Vi Ce are arranged 1'n opposed re at1
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The r|nd|n a an b nd hydr, t lla
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r VVthat heI hol d_t § |ts ertic
Ovﬁ%éﬁﬁ‘Cla ST Wi ¢ ?C%eaﬁgscr%b E et ai %Be water W

bd&elwmaj‘ﬂeervollﬂﬁ)é&]:f Réfeddi mgc@awteldculraid yeheo Hygrostatic
ost and lib._.rem st on
po& eltng olp g%% T"fe%&} 3951 rI31 d’gﬂS aé b aﬁé/b 27b,

asdriv I"'gnat’e
2 9generad Ig&ﬂsydmﬁimge@peraumehallsléedm:m thlenvmcﬂ@rty%n, the

rotation relative pads an rin wheel
o SISl EL e e SRS
Thﬂh Sﬁedﬁﬁi@ﬁlyﬁ Iongr&4cea@@g®@-Eb&oMﬁEHtVV@enbeﬁtlynd
a notch illustrated by broken |i in Fi 6
D SO ST IR A e S SUEH R AR U EUN
FudtHedingd 10N Bt pbskeeeteab.aﬂ&a\NzaaxﬂﬂTaJ axbs o,
ener a corresponds to hori zont al S
2o L A a e RO bRty e o g 5Ty T R ing
ecﬁﬁﬁi‘f 41{Narrm:(1jcﬂhel}grwdhngrwheaesﬂ%samaBtare:mgea@e bhezero
waf er nd r posite directions_to e
Pt TS b rE R eEReRes AT on St e Y, havers
clsaEith restton asotha wabeks Wiandndeiod hef ¢oiatesgi Rheel

an opposite dlrectlon to the wafer. [0056] Referring
© 4&% 2331380t he hydrostatic pads 1la and lib

of tFUbégl]VentWaOEéﬁeE e Shewnhendgneakerrigidly by hydrostatic
pads 1la 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 %b move (i.e., less 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 4la when the wheels move, but not as sharply as in
prior art grinding devices. Therefore, hydrostatic pads
l1la and 1llb promote more uniform grinding over the surfaces
of wafers W, and nanotopology degradation, such as

formation of B-rings and center-marks (C-marks), of the



detail. Figures 8-11 illustrate the left hydrostatic

pad 1la, and Figs. 12-13B illustrate the opposing
WO e@hit3drggir ostatic pad lib. As can be seen, theCTNE2007/060981

pads 1la and lib are substantially identical and are

generally mrror inmages of each other. Therefore, only

the left pad 11la will be described with it understood

that a description of the rig?t pad lib is the sane.

[0057] As shown in Figs. 8-9B, the left hydrostatic

pad 1la is generally thin and circular in shape and

has size simlar. to the wafer .W.heing ces Jh
IhRafer Wis ¥ HSUSerr%. Céﬁdi ﬁrpﬁalﬁfncj)‘rrﬁaigﬁecgi ggl.rh%QSA (g%g % Seen
byt @osdrew idd sEtes at $nshidpl 4The Filgurst 5t edl hyslfrosteas i @

d a_ has di aneter .of about _36.5.cm.(14.4.in). a .

o T B ST G5 P PRy PRESERE AN dif ot M Whie
Fieperiat iionwétadbodt Q00ace? FldFchmndn)sing tpdds 1la and 11b

her ef.ore capabl e of bei used to .grindstandard
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subtstshaid £ be finder sfosdrihbeugnd tdeatt car -hyadrlost atimwarks) .
pad have a diff ng _di, ter and surface area
Wit h %%par%QEf?ﬁoﬁ$§ﬁ£9s&gggsgfa%ﬁeti Vet on. - For™ 2
waeaiTW e Bd pad paysbelsi zed anka gfediced rsoale€idorandeby
to grind a 200 wafer. [00 As seen in. Figs.
Py &@%,p%gﬁoﬁgm17aF69uf & ag’]@r c?ﬁogtejlsgc}g p‘élosﬂalgly
iﬂlhﬁiiéﬁhﬁte&f atm%wr sskdﬁs%acemb&)ad guredlired eftye@ppasdt e
the wafer Wdyri t he grindi ng operation. . Six
T at ¢ cpfsﬁc@?@?éf& p%@é{eszéad?e Zaz;]al,g%%‘ and” 393"
wafﬂHﬁ@CbH nsthﬁ_swlalﬁgr n%igdegfiaﬂ@ Lg_acrairrﬁh @tﬁﬂﬁdl pogi theakd
genera radi a about a grjndin el openin .
ORI ERt + GeRerdl | § By PeFbrse et S0 St e fRE 17
tHeatk ldegimbpck sidardbasef drherpathdorywddastoppesst €ormed
the wafer side face 19a, is enerak%&EIlat nd fre

. e o

imytrioRt af | EhpBcREts, PEuPAESUIT 3 Bt tide pock ‘ESPWCFHSHELarlY

irdepaté 001 6Kem Lheeseepe @fidhe-ddMenti®fiohd indicated at
addition, a hydrostatic pad with nore or fewer

th
9% i30GqyAP bsPUET c thEcRETS TS FRThEsfI @t W?{ﬁrﬁ%cﬁgﬂggent

o0esi Mt wHeRar bpbhoadt Reigeeope Hfaddesimyenttoaiso
- [0059] The six ﬁydrostatiq pockets 2la, 23a, 25a, 27%,
indcatpy BAECaHBLEQER 4 datte i1 tApRt SReSef ohfaPB I the

wacdenerall ¥opkraurf eent ia) LHdwctioneagounssl heapadst
sggggses 97 in wafer W held by pads 11' are in close
proximity to peripheral edges of openings 39' (i.e., there
is no zero pressure (free) region).

[0070] 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 lla and 1llb 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
41a) and more uniform wear of the grinding wheels 9%a 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



Each pocket 2l1a, 23a, 25a, 27a, 29a, and 3la is

recessed into a raised surface 32a of the wafer side
wo a@a/13@e8 and each includes relatively flat vPCT/USZN07/060981

sidewal | s 37a and rounded perineter corners. The

pockets are formed by cutting or casting shall ow

cavities into the face 19a of the pad 1la. Hydrostatic

pockets fornmed by different phocesses do not depart

fromthe scope of the invention. [0060] Stil

referring to Figs. 8 and 9A, it can be seen that each

of Pail LS 0 . n .
ot I R "L Bhe TR ERRT AR B S8, 208 EdRped Berioas
ofMorzwwer , Alaot hefi khestwhatedd phd diliaft pocketi $t21&hand
sé¥%1§g§hc£§¥gdag§u%g.c %%%%‘g éggngfgéb?§vggg &%S%Eibuted

in 3, pockets 2 an a each Have 4 surface area o
tlabowth 2Zh@2wefBr( W. 22 tihndess antbrpooketd OamandoBlaf

each have, a rfac rea of_ ahout_ 36..18. 5, in
SR PR e ieh e Y s TSI oasipry Bhxes
tHb5gbBtndm@ (24otdbpioldgyvanictss rsednai ofive otal shocket and
tsgréq&g %%ga tgnhhe “D%Qe surface area of the pad is
about® 0. 177 Fhir§9Fat §°¢an e other than 0.17 and

stil [o®21\M t hFhgthhesstépe S0k ribbé ipredsenti i hventaoa. lower
tjo.my bhe about 0.2 6 | es

For exangle %he & 90 s. By
STOTPETT sof ATEFi & SRyt ads T 1% 47 T3 s iP5
hadeasiodteachadt paeketrsl 21'b antb23yrisdabguirhd2182 %9anBnd 9b

4.93 | :a.surface area of each of pockets 25' . and
sthe b G7ksl <8aty, 35 ARS8 - BOEKE! 1:8° 1Bl
cofueathgol npeeaketrs W2 2d jarckriXl gt Snd@bogt wA&e89oprRing edges

7.42.in . A total pocket surface area of .th riqr
a4 1800 10 el RS LA S (50 Rhst SogRY 372 ana
41RtbegDhnt oak tpadkeit Urdeaacen ad eal dok padswatkhngarc length
urface area is.about. 0.26 (the worrkjng surface are
of of AN 115 FEVABOUCISEIEHE (THOTE | hBY) PSTERGRTE Cages
(Pocket s12hgtand f23doudbat BNdnd)7a, shte298sand @Ft&Eers W held
respectively re al sqg sy trically lqcated on
by RBLT T S Fhi DEE TR e Wit ° st le Fa2ed1645038°¢ generally
bgeparatedch yumerhilcall axis 4o et henpadrklkd) held by pads

Pockets_2la and 23a are generally bel ow hori zont al
115 3nda41Bf atRe dﬁ&&qqaat,e%ﬁf?féeb%&%tEyzﬁﬁfef?&,cez%lf“eral
oand 3la are generally above axis 44a. Pockets 29a and

3la are generally above paockets 25a and 27a and are

not [QQ4Fed atif abERt 1§r PrdiegrAtest 'dpenfhgesses 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 3%a and 3% 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 as
compared to wafers ground in prior art devices.

[0073] Figure 17 illustrates stresses 91 and 93 in
wafers W when the grinding wheels shift and vertically

tilt. Again, stresses 93 associated with pads 1la and 11b



39a, but are spaced away fromthe opening with pockets

25a and 27a | ocated therebetween. In this pocket
woriens@ds on, about 15% of the total pocket suP¢HUB2007/060981

area is |located bel ow horizontal axis 44a. This

percent age can be 23%or |ess w thout departing from

the scope of the invention. Byconparison in prior art

pads 11 ', at |east about 24%zof the total pocket

surface area is | ocated bel ow the pad's horizontal

axis 44' . It shoul d be understood that increased
ﬁ%{b@&ﬁ’ é%‘cs 4404 RGILASAS, ?%J'ﬁh PLCEF th
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o6 e Tod @nmdumg wheell 9aefiamd sOIH)9aneerd rb%elaned canthe-mark

(COJQH V\%]Hé%?lohl l gsgfreabl%%opad Ila, a radius R of

grln apeiii n a s about 87 mm (3.43 in)
and EOQH%I anc%ldaem\ela& petiphepaksedgeessfed EL and 93 in

lvglgw%%rze{:hgawg a%‘l’ﬁ'tjlty a‘%PcPC}?ezdl rgt‘?af} 1%'?‘9 As

grlndlng openrng is reéelatively Tor i an
cage st adsete;/nonsthessedemohtamm J&ﬁtmii)de?Oofnﬁhe Whéseo W

dlstance an be di fer nt _w thout, de art| fr
doscmom_é 0] éjf%es?n%%n |8ﬁp P’O€§3] OAsStlfe% [ ogg rgccoaglngly’

wasﬁmfsao'/é l%hdolbypladdélalaomd sed &hﬁ)«t@h%@!ﬁdphat shesply at

34a exten aroun d th ter f ea h ocket 21a,
thent By dtﬁlgleiga gﬁfa i

ain hanne te cﬁ
hode:szcgnmmiy b’g{l]’.'éf ahelneerﬁmgeraaid/aﬁa,caﬁarlf OfdmdatﬁJohhes
|se($| surfac

g 2a betl\geen eac Iat eau%34a 1‘9% tﬂe
&ﬁ(e 5 AW 235, TE8H; 578 Wéhdl% -9 A TOughfy
smmwsha@ed%r ee waglecm; Gﬁares daac@esdseldyi Bbhe tbeRbined

AR P REe PEeRRE N A o 2PETS rine F

mlraiﬁa;ysmaéalgf pocket s 21a 23a, 25a, and 27a.

fr egﬁ#(gg%gr cq P&uéQGZ g\azzggr\’é\/sl %pleofef eCt.I Velgerzceerntj?]t.e
nanotopology values for wafers ground using hydrostatic
pads 11' of the prior art and hydrostatic pads 1lla and 1llb
of the invention. Nanotopology wvalues for wafers ground
using pads 11' are indicated generally by reference numeral
72, and values for wafers ground using pads lla and 1lb are
indicated generally by reference numeral 74. The wafers
ground using the pads 1lla and 11b of the invention have
consistently lower nanotopology values 74 than the values
72 of the prior art.

[0076] Hydrostatic pads l1lla and 1lb of the invention

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

in a single operational set-up. A set of wafers may



60a. These features will be further expl ained

hereinafter. [0064] Referring nowto Fig. 10,
whyarostret i c pockets 2la, 23a, 25a, 27a, 29a, PeMUSHA7/060981

each include a fluid injection port 6la for

introducing fluid into the pockets. Channels 63a

(illustrated by hidden lines) within the pad body 17a

i nterconnect the fluid injecfjon ports 6la and supply

the fluid froman external fTuid source (not shown) to

t he pockets. The fluid is forced into the pockets 21a,
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wag fers to the Vﬁit cal (fg§t to gg% und a
gﬁ e%p%ﬁ?ﬁa é@gf ﬁﬁﬁn Fi& Tt BF°

c;Ltrbeurgrelmﬂideg d&heﬁhe oq@@ﬂeﬁgw whi ehlicdedld yreoiy ecs:poms
to grindj E%imheel rota% oa aX| 67. A s illustra
5hesg

wafipLirg FE TR oN rgﬁ YSFedredi® %%ﬂt?%a Slermine
thei dewaldg3kmofapbsket 2la such that a bottom end of

ocket 21a |s further. from opening.39a.than a top e

g s R BRI LE eV S S M s g T2
hy4okdat)id qmi e dberbohonbend sebohle pockeind®r abput

112 nm (4.4 in) toward the top end (these val ues are
lnﬁﬁ@?%%ﬂefcﬁh%d%%%tl%Sﬁ?Slgﬁégﬁﬁ I9& ROor S snce
nuRRB3--ar e el atdvel yagessbanthtie pear edrvefddCa@lnavatd Sparts

37a of ockets 25a and 29a, respectively, wth RD2
thé@len@’aéj Vit died Bf taBotiE T3 E3SHRPEATE tn)E h FgpRInated by

the same reference numerals, plus "100". This hydrostatic
pad 1llla is substantially the same as the previously
described hydrostatic pad 1la, but has hydrostatic pockets
121la, 123a, 125a, 127a, 129%9a, and 13la shaped and oriented
differently than corresponding pockets 2la, 23a, 25a, 27a,
29a, and 3la in the pad l1lla. Similar to pad 1lla, the
pockets 121a, 123a, 125a, 127a, 129%a, and 13la are radially
positioned about the grinding wheel opening 13%a of the pad
11la, with pockets 121a and 123a, pockets 125a and 127a,
and pockets 12%a and 13la being similar and symmetrically
located on opposite halves of the wafer side face 119a.

Additionally, pockets 121a and 123a are elongated in a



having a val ue of about 165 mm (6.5 in) (these val ues

are the sane for pockets 27a and 3la, respectively)
woRawi7abo708 st ance RDI may be constant and radi aPCT/US2007/060981

di stances RD2 and RD3 may be nonconstant w thout

departing fromthe scope of the invention. [0066]

Figure 11 al so shows radial distance RDI| neasured

radially fromgrindi ng wheel ,¢otational axis 67 to the

radi ally innernost edge 38a of plateaus 34a of pockets

21a and 25a. The edge 38a defines the end, or

. I f ze r e eqi :
o e S o BB S e o 1o dge™® P2d
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a rddiclgly opposied adieriwsd 1 por toohenpledge 38wt a center
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clpmipdmagr tmdwyidigstatctopad td' a( Eiogatd onadr eexconstBingrinding

because. i nnerpost peripheral edge 38' of the raj
ST - , th
thel?ﬁTsacoef o EoT het daelgpvmn?hggyilr? i'ng wheel® oepcelmft‘%%gg%jﬁe the

f14d'd (dressutdeire éschopzeketpr(esswons fadsmet egf opockets)
the prior, art pad 11 ')..In this pad 11'. radial

conidt B dnide N Bmaa CBY Frirs s iny SRe T gakor
comgasiirieneind«eoamddet per bfhehal cetge gfodire: gr) ndi dige way
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oI EOsTH i At ITATEnd P &St e e SR Rave  at Y
makeasi tie di0idowb Agthenetri Ciial sf eatarriesy asniconpas edotets

prior art hydrostatic pads 11'. Tot al drostatic
R L A G o S R o T O B R e
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which will hold the wafer stiffly in the region of the
shallower pocket.

[0079] The hydrostatic pads lla, 11b, 1l1la, and 11lb
illustrated and described herein have been described for
use with a wafer W having a diameter of about 300 mm. As
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 described heréin.

[0080] The hydrostatic pads 1lla and 11lb of the
invention are made of a suitable rigid material, such as

metal, capable of supporting the wafer W during grinding



This specifically lowers clanmping forces at the |eft
and right sides of grinding wheel openings 39a and
wW@2w7/150708 her nore, i nner pockets 2la, 23a, 25aPCRU8§2007/060981
21b, 23b, 25b, and 27b are noved away from grindi ng
wheel opening edges 4la and 41b with free regi ons 60a
and 60b of zero pressure forned therebetween. This
specifically | owers cl anpi ng-f.orces around edges 4la
and 41b of grindi ng wheel openings 39a and 39b. [0068]
Wafers Ware held less rigidly by hydrostatic pads 1la
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particularly indicates | ower stresses (Ilght col or
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plurality of measurements used to define multiple boundary
conditions, recognizing that it is often desirable (or
necessary), to define additional boundary conditions for
the finite element structural analysis of the wafer.

[0082] For example, one embodiment of a nanotopology
assessment system of the present invention, generally
designated 301, is shown schematically in Figs. 22 and 23.
Although this embodiment is described in combination with a
double side grinder having a particular hydrostatic pad
configuration (as is evident in Figs. 25A and 25B, which
are discussed below), it is understood that the

nanotopology assessment system is suitable for use with



98 and 99) over the entire surface of wafer W adjacent
grindi ng wheel opening edges 41a and 41b. It also
wo p@h7aat7es nore uniformy distributed stressesPeChusgnoe09st
the wafer. By contrast, and as shown in Fig. 15B,
| argest stresses 97 in wafer Wheld by pads 11' are in
cl ose proximty to peripheral edges of openings 39
(i.e., there is no zero pressyre (free) region) .
[0070] As can al so be seen by conparing Figs. 15A and
15B, concentrated areas of |arge stress 97 are not as

eval ent, durj . '
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91 and, 93
pressurized air is exhausted to the air. Such nozzles can
be rigidly attached to the hydrostatic pads 305 or
otherwise fixed relative to the hydrostatic pads. As those
skilled in the art will recognize, measurements from such
dynamic pressure sensors 303 are indicative of the spacing
between the hydrostatic pads 305 and the surface of the
wafer W. Accordingly, measurement of pressure by a dynamic
pneumatic pressure sensor corresponds to distance between
the sensor 303 and the surface of the wafer W.

[0084] The sensors 303 of the nanotopology

assessment system associated with each of the hydrostatic

pads 305 are spaced apart from the other sensors associated

with that hydrostatic pad in at least one of an x direction



when the grinding wheels shift. As can be seen,

stresses 93 are significantly |less than stresses 91,
w@r@7asE@osor e nearly constant around the enti rBCT/US2007/060981

peri phery of grinding wheel openings 39a and 39b than

stresses 91, including at the centers WC of the wafers

W (corresponding to an arc | ength of about 200 nm

Accordingly, in the present b?vention, when t he

grindi ng wheels 9a and 9b shitt, the wafers Wdo not

bend as sharply near their centers as conpared to
ar¥BLhS GLOUNG LA PEI OF Q1 eyl cesnd0F3] SoHagndie

i1lustrates stresses 91 and’93 in wafers Wwhen the
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the wafers 0 Nnot i ncrease as §har§?y 4s” do stresSes

ra@ib. iAccordh tghyiabdfetseWrhelrd rbyimpards df actamddisbrdbution

t._hend as_ sharpl t their peripheri en_wheel s .
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paalzd/ars Giavex kséosoasi 6031 shaedwoed . sBiand adpaesulihsat least

o ar%n§qgﬁg in Fig 19 whe % ressg; 91 and 93 ighmafer§’

e TRuse b YRR b TEF & FEct Br Shi T, T x-
coverdiircdle ts¥4temndMborbzent alwhidn tthef grdno ngtwbhephds 305
arpr75'1fj ur e 20 chartstup er. 0. 05 perc%]tilgS shown in

Fafotopot B4y~ val' uBBP P th&f el GFsut Ustw *
Fikydrast et ig. pasised lthef gtrheder drs ard wdwl) hydrestahsers 303
arggds |1 a qu.lib of the.invention. Nanoto olquhvglue% e

oF VRIHT S gh OURA 687 g {FRdE3ET S TindPtati pyarostatic
pagenetiald yodyredf eience Bemeal if2,trantbdmadtdasyfiobstatic

f roun j |1 nd |i r
pavc\ﬁ %hse gsgr![lsgrgsggg E%d% se%s%rd paibr aar6e 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 opposite sides of the wafer W
held by the hydrostatic pads 305, facilitating the taking
of simultaneous measurements on opposite sides of the wafer
at the same location. This allows the positions of the
surfaces on both sides of the wafer W at that location to
be determined simultaneously.

[0086] The number and arrangement of sensors 303 may

vary. In general, those skilled in the art will recognize

that there may be an advantage to having a greater number



i ndi cated generally by reference nuneral 74. The
waf ers ground using the pads Ila and lib of the

WO pwensi7e$ have consi stently | ower nanot opol ogRCT/EB200%060981
74 than the values 72 of the prior art. [0076]
Hydrostatic pads |la and |lib of the invention may be
used to grind nultiple wafers Win a set of wafers in
a single operational set-up. 28 set of wafers
mayconpri se, for exanple, at |east 400 wafers. It may
conprise greater than 400 wafers w thout departing

off reenddes sgopepetatiRe iteNtdang Asingle opesBthofakore
set-up is generally considered continual operation
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waf er, and an average of those values is t
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according to a second enbodi nent of invention. The'pag
refesiynat el §erehaldny Shp tief erarhket hudedal (PPBatiang
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C11ascS:;E1>‘ t he ?irst enb%ﬁ]nent are degfgné?ed %y the Same. -
Sh%farenseovuneraFs g -pl2pd " 1¢0'ch THE s2 hyalp osf abpongady

did £d o SUBSEAOLLAlEL Yol NS SAMR: At R PLEYEOUSLYS ) Thi
Cdescr%%%d ﬁydrostatfbnbgg‘l a,ﬂnﬂgﬁé% %?%éogtétfc) s
PYckdes 3oma, s¢R3aatizFa bel2d®en 1126%m, samslo181308hapdd the

A ordept ed di-ffepently { e ' k
R e e L R L R S L
31Simfar voipaditlags flos sidrdicett® Rdmivd 23aundasg, conditions
£ nd-1 r adi al | osi tione bout _t he.

A EaEnd LR, 1% ald B0 1 aned Btk oo
begjookest st i@lacandr2348,3 p@mk€ﬂ$5$ﬂﬁdﬁﬂnﬂ 123acaandlso reduce
1ﬂ&9qﬁ555%28§ fggais%%éT%é%%é%Ig%z%hé”ﬁ&éygggg£kga£%%kets
on the sensor measurements.

[6087] As noted above, the sensors 303 are
positioned to take measurements at different parts of the
wafer W. For instance, some sensors 303 are positioned to
take measurements that can be correlated with the central
portion of the wafer W, while other sensors are positioned
to take measurements at the portion of the wafer that is
vulnerable to B-ring and/or C-mark defects. Referring to
the particular sensor configuration shown in Figs. 22 and
23, the sensors 303 are positioned to take measurements at
a plurality of different distances from the center of the

wafer W. At least one sensor (e.g., the plurality of



| ocated on opposite halves of the wafer side face
119a. Additionally, pockets 121a and 123a are
web@ngai7esl i n acircunferential direction arouneCT/O8200Z0k0981
I[lta. In this pad Ilia, however, pockets 125a, 127a,
129a, and 131la are elongated radially away fromthe
grindi ng wheel opening 139a. These pads Ilia and 111b
are the sane as pads 1la andshib in all other aspects.
[0078] It is additionally contenplated that a center
of clanping of hydrostatic pads could t e affected by
14 h s 0 p .
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pdx;pdvmftian, padswafar leink, dhe st drehddldone| sesspat ed
descri bed herein _hav descr us t
pOSldC T WhavT ngﬁa m%etrero‘%gf bdl J%633(9)0 %‘mé Relt! fne
pqn'teiv@musfytlséaWeﬁerath)aatrcﬁ a/tulmq:mecblmytd»eBsrzeg‘ endgdor C-
md ucge s,ga}e for use to grind a 200 mm waf er w t hout
arepa? Ay Fromthe scope of the invention. This
appl [@®88p edtie ofafhe Wydxagstfateim ipadredipmenss ohs bending
descri bed herein. %QCS?J drost tic ags 11an%|id the
REEE Thel FnvEnfPER A fgra $UTt abre"rrgrd ’

detmmﬁaﬁionsuehtas Watf@lr w:apabal eyiofesupposting phethe wafer
(_:% W dur i ng %rl n go 31»%5' on, andtéof W t gt angbng ensors
mG B pOATREE gP PP HSE T AYHBSIAtTE AU ThAESHr GPReP
363 mi@rhytrbgw pelsenialnedd mottdepanéafnoamehessaape
the invention. [0Q081] Accordi her
d%éf?$@PFn gﬁFFBﬁes fro the(%ékté&t Qgé %aferp%Ctthey
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 lines. The sensors in sensor 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 shown in the drawings, the radial lines 323,



a system for assessing nanotopol ogy begins providing
f eedback on the wafer nanotopology while the wafer is
w0 poorhao7d®ubl e side grinder. The nanot opol ogy PCT/US2007/060981
assessment system conprises at | east one sensor
configured to collect information about the position
and/ or deformation of the workpiece while the
wor kpi ece is held in the doufjl e side grinder. The
sensor is operable to take one or nore measurenents
that are used to define one or nore boundary
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imagbeaati paking i3BIF gshol? And.232) Acthhouglenttsiigis one of

enbodi nent .i s descri bed. i n,conli nati Lt h .
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cahnNYerkiombe [NA8RlcKRE 06 MBABuFensdrs B30I He. gihed sensor

plurality of sensors) are positioned at the inner.
Pa%ﬁr?&&%yﬁfo’%q{el%d‘?%sitﬁ?i @a%§63%§6‘§.g51 rFLhtaﬁ_e portion of the

waPakt itGuldle erhodh neshsshopAikd However, the measurements
by the sensors 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.
[0090] 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 sensor 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



the drawi ngs, for instance, a plurality of sensors 303

(e.g., four) are positioned al ong the inner working
wao7asgoof each of the hydrostatic pads 305 (FCTUSR8)/060981

. Any type of sensor that is capable of collecting

informati on that can be used to define a boundary

condition for a finite elenment structural analysis of

the wafer can be used. For esanple, in one enbodi nent

the sensors 303 conprise dynam c pneumati c pressure
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duP%‘H8t glr%@i ass m%g%% st em associ ate with each o
rost ati ¢ SSS 'reaEpéﬁéétaﬁéllet SBSHRL hee-g-, the
pl@rhénts’eniorssnmuat esbsbh bhatshydr est atiL Pad 4 n

f di t d direction of an
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hy@ggvsuetme@osaetﬂmts Ihe maf &l sdhbseheh8oll 1S Phae

Spaci.ng the sensors 303 apart in t hi's “manner
ml%ﬁ%??n{na{%% HisEBF Se isdrcep sakéeatnmbasumefen W to

reb@tleebgnﬂnggekoSwﬁéééxéﬂ|£mé0ﬂr£ﬁ§1§ﬂBBaB%t%%éH“%lamplng
er sensor takes a nmeasurenent

corre% on lﬁa f” 3 §i % &shtCl Rt RenbYn thRe hydirfoadatic
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to ak(ljs 30 af t he errbodl ment shown in the draw ngs
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du e of t]tje di stribution of sensors In
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meéﬁﬁkéﬁéﬁt@rﬁréﬂaﬁeﬁaﬁEa%E'ﬂhéﬂwéf@§tsubjected to a
relatively higher stress upon grinder misalignment. In this
sense 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 system 301 to be positioned
between the hydrostatic prockets and the grinding wheels
(e.g., in the free regions of substantially zero clamping

pressure) .



one of the x direction and the y direction of the x ,

y , z coordinate system Moreover, when the
why@rosizes i c pads 305 are positioned in opposi PCDOS1007/060981

one another 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 hydrostatic pad being

paired with a sensor in the aher hydrostatic pad. The

sensors 303 in a sensor pair are generally aligned

with each other in the x and y directions, being
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CHRS [ORIERY Pho8EDSON RdlS JIASAIY sdfe ORSEAL: nfHoRBtatic

P%&K%ﬁﬁa@%3toFH§VPﬁ§rat@@éaﬁ§rJﬁﬁ#ﬁér@mes%ﬁgéﬁg 303g. the
plRecause, t heyseaubdsbe nused 1o qhtal nyyoLe, "EasUbEEERRkS ed to

and def1ne a greater nunber of "boundary conditions,
be byl eeedciagtaicemeaismupnanthef reB Uk tB2BE pRethe wafer

w fir ¢ ec.@b $oBPLqaR8! Yeis tfi e MR .Y, def or pat L op 8t ﬁggnder

areas between the boundary conditions. However, ere
mij sl gnenpr At Feakel omindeyr s rrélmmmérpj@q‘:ts‘eh@owgfer to a

r&%l&@iy%wﬁeg sklels$ %%Sltrrfﬂéo'&é&g{twﬁ §89§8E§ 393 mping

have m ni mal "1 npact on the clanpin unction o
bmyﬂF%quaﬂlféllrmdﬁhgggsa@@dv|Ccleiﬂu@m~m by ntlhhdehydrostatic pads

wHRAN APl o9y ﬁ%égﬁigﬁ%ﬁystem 301 shown in the

dr aw ngs, i nstance, the sensors 303 are positioned
at tmso%ﬂ}ht ea?é@ B1cafvt hethydr ¢Steatsen gyads 305 aat her

ﬁéﬁﬁbfﬁ Egedg¥g593%ﬁ%b%mﬁ%ﬁkﬁ¥%%%ﬁ%%d&ﬁgzros?gﬁce from the

corresponding to t ['at eaus
qnﬁm%tEOSEBeawefshoWnS@mfaqy :&nkvwﬁmﬁors 30Fapref in

g 88-;?9%.%&98% 97% ved fxrooégé’@&?r%%ia ii?%] 22),, which
>conditions rovi es one separ ation befween the
:HsmmﬁWQbB@standethevar@asaﬁrtd&tawﬂmﬁpﬂ%cfanpedhbysensors.

ridGANALOsL 8! Le1PAgKeLS 3o Jore Ml L 1oL 5, R85 DI @
erive boundary con -ons 1 edge 0 he
aHﬁ&WﬁﬁW@,d@wdlth@ﬁSisTh@tse&wmﬂﬂeml Although Fig. 22
depicts hardwiring 353 connecting the processor 351 to the
sensors, it is understood that the processor and sensors
ﬁay be in wireless communication without departing from the
scope of the invention.

[0094] The CPU of a computer workstation can be used
as the processor 351. Further, processing of data from the
sensors 303 and/or information 355 derived therefrom can be
shared between multiple processing units, in which case the
word "processor" encompasses all such processing units. In

one embodiment of the invention, the processor 351 monitors

the sensor data output from the sensors 303 during the



bet ween the sensors 303 and the pockets 313 can al so

reduce the inpact of |ocal influences of the
whyarostret i c pockets on the sensor neasurenment BCT/PSD87960981

As noted above, the sensors 303 are positioned to take

nmeasurenents at different parts of the wafer W. For

i nstance, sone sensors 303 are positioned to take

nmeasurenents that can be corrdl ated with the centra

portion of the wafer W, while other sensors are

posi tioned to take nmeasurenents at the portion of the
gmiaf@ing hate rstvohnerakl eutt@u- rimgn afd Ofe Ks BREK303 can be
lO(;Q§t§érRELE££in .to th% parti cul ar sensor

oht1 gur atTon°SHEWACFn IR GS T 129 AnFaset endéasoks study

tI80 e posh t bBnedet griake neagpy-anENtS. af £ agpkurali t ¥he
oA, different, distances fromthe center of the wafer W

SOAT 1R oRe SBREBFS(805. CameSidirsriayedreenrbisally,
ad rslidven semsbigpak4, daa-gnat @hd2Jr =5 O8I thONGH: AR g
o %be_genter of the wafer Wduring grinding where it can
HSke ehsurement s related to deformation of the

centfad95or t imn @fe th@bvaigentAbrl @ast QRRMALNSL the

sensordée ,.the plurality of sensors in the sensor
PESATER §$g%ai%d° BABLE FOi &sfoding i treaedt pensor data
frpet iphersdn porsi 80300t parwafirer Winite dBLALLVELY ructural

fa{ fromthe center of the wafer) during grinding.
B0SHY G- Sttt et ® sEksF Fe. dhe PROIsEH 1151 spokbasbe ssensor
daitia tdhte senises Pai rideshengteddiny icp Qi 1d.0N€8-8Rc a1y
Nt rnedlﬁ%e ﬁlstance‘fronmthe center of the vafer W

Fél a1V D ThetaE TaiBt 95h8IdeMs S asHsi 9 ohed PeBpre the
fivheierd phelyeofot hervabehgandet he ial; Jigast ane se850L g
. _pasitioned near the center of the wafer (e.g., near
10 g Yportd ot B3 THEN waF eRAERSL Cve leularsinssinonds B-e i bige
seaR@iDIstePrkndel £648) in £O988L sThenwaler, Womy &ﬁ%diﬂg

response to bending nonentsS as it is rotated in the
CY&ﬁien&é’RWdeﬁ%e%%nt%, CPpRelgEforiati Giiasfs t etamf 261 W fast
in&eed;gisted |DeAtd aps O &9@1’1&@5? Ry Gh agsENe o1 oy

wafer rotates in the grinder. The sensors 303 are no%
SPERLY IFINN TGN $ 47 t akeeRedsur enmspes katoudi fdwrlemt and step
360i st ahees framd [ ohet el Was 1t hey are

al so positioned Jo‘tﬁ %fﬂgr eﬁ}t‘lerggio\glaslesioﬁes%é&gS%%e,rable to
degsymdpeeRdicnPF e ¢ HeoeeAesy obnohé iwaferfrdiorthe sensor
datBSEAMC o FRNSYrPAKS B_LﬁﬂgeLeQEﬁeplc&SIatnlaq_gzesdist Oojpethe

about the sane
wafer W using the one or more boundary conditions derived

from the sensor data. The boundary conditions derived from
the sensor data are supplemented with additional boundary
conditions derived from knowledge of the clamping
conditions 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 scope of the invention.

[0096] Figure 25A shows 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



di stance fromthe center of the wafer, but they are on

different radial lines. The sensors in sensor pair R
wae@7gaeies al |y on one radial |ine 323 and t he BENES2087/060981
in sensor pair L are generally on another radial |ine

325 extending fromthe center of the wafer Win a

different direction. Further, the sensors in sensor

pairs C and U are positionedgenerally on a third

radial |ine 327 extending fromthe center of the wafer

Win yet another direction. In the enbodi nent shown in
hydreo sit ad agpadkheocadindl A1t IR 328he 38 r#hBters of the

n ipstantlallg E ui di tant from one anot her. Thus, the
¥ FoH ReB°s t83§ 354 ForsABYIRES of BBENt SpRgable for

pé&iﬁEﬁSn@ﬂhhf@ﬁ@ténéu@%énﬂ*é%ﬂﬁﬁtuf£ﬁ SRatLBYs0b £t Ree
lines with respect to one another and the
%ﬁ q@ '¥Oa?fFBFEthﬁa&XQrQ%qﬂﬁﬂ%ﬂRﬁ%smﬁ?@hu§@ﬁséﬂsthe

estdigp pOSshbvAedncangar v sul theuto ftepastd ng éi@@hk*ﬂ%
pe of the invention. 089] Mor eover, sensors
dﬂalér:fg TReF t R ¥NBaS R tAFT P £ |Gt Hiea W o h t@gpeéheto

hﬁomw@@m@ phathe1qri ndingappanaldsap 0L . exaeler, theose
nsors in_sensor pair L are_on opposite si des of fhe

ng” whBRl 8T8 Piéh the™s sifvors i ¢eSemnsobopailprR .

cdﬂﬂiti@n@Véﬂﬁn&ebElea%.§%§Hnﬂﬂfﬁﬁﬂi@|§8§ Bd &ﬁggwgular
F| . 22)_ that contains one of the sensors in sensor

19S5 R ihd BRESoPSiRE sersorid ian% &R pag r aprangtus .

thaI[0@9pPrpaﬂﬂhQ§|@%etﬁoﬁﬁﬁaﬁy’dﬁmdﬂ%fﬁﬁ%(HeEIWéd from
coordlnate s%sten1(def|ned above) intersects the

Rt i SRASOE vheBRs 9N, CRERARSE e Wi dFke i poveds sy

ccpanrtsl&l@r@eflaés ROsit i-pRed 139, falf}ﬁy (%@df@?b’:tlst,hgnd
sane dj stance fromthe center of the wafer

PIS51 7 ok Df 0§ heh farafeBeind esebj-ectidd ¢en h@ars@t@nenii by
praeofi dde seas Eo@éb%%rC@@l|@%¥E5¥E§QQJ§££§getglemePt

nmeasur enent by the other sensor pair after rotation o
AN Sat 2T brPgeafRat tpopresd of tre skdre ¢6 the wafer,

1d3ﬂﬁﬂl§§n§Q§r@§i£t159“%%e%af%ﬂer%ﬁ?%%%%%?ﬂ%fo ?%hShape of

sensors in sensor pair R may be
ChGormadspio illi P deasafehenticbpdne ssans 0351 | insehsofinite

elRAdnd Epr%?ﬂ&@fstbg pater. W %ﬁ:‘ef:{ ?ﬁfﬁlié ré’é({?‘éﬁge' Phe

the grinder. [0090] Furt t onée sensor
g%%?%}ngtHﬁ9$¢®$aFYPyC@ﬂlyem§®m§hswxnﬂnﬁmommw¢30§yaﬁdatures

exth oS RPSiLd pped _E/famegﬁubgh%wf% '%afi@%gpm J.le can be

hori zontal center i ne
exifidsssd dngsermapeobt defosmpsdon as a functlon of distance

from the center of the wafer. One example of a raw wafer
profile predicted by finite element analysis using sensor
data is shown in Fig. 26A.

[0098] In one embodiment, the deformed wafer shape
using finite element analysis is calculated as follows. A
mesh using shell elements is identified for this analysis.
The details of one mesh are illustrated in Figure 25A. It
should be kept in mind that the wafer deformation is likely
to be more at either the R or L B-Ring sensors depending on
the wafer clamping angle, wheel tilts and shift. The higher

deformation tends have a stronger correlation with the NT



(e.g., the plurality of sensors in sensor pair U) is

positioned to be substantially above the horizontal
waeenvasi7ose of the wafer. Another sensor (e.g.PCT/H82007/060981

plurality of sensors in sensor pair C) can be

positioned tobe relatively closer to the horizontal

centerline 341 of the wafer W. In the enbodi nent

shown in the drawi ngs, for iA6tance, the sensors in

sensor pair C are slightly above the horizontal

centerline 341 of the wafer W. [0091] Moreover, at
deE@@@@fdﬁgls@mﬁNei@rg,,tbheaptu&@“ﬂ@ﬁsﬁeﬁﬁﬁﬁﬁﬂﬁhénhlgher

S or, [ n oned near_one 0
Oft%g%oggﬁfnégﬂga%g?nRtﬁngh§d%85?§ & 3B pfocations.
Thee geif@m g tame igrg mﬂmeagtmhbgblsogtar&d,c therefof esimulated

i be adj acent th rindi ng wheel s during
usg% r%tEQ?%%? ar?é, g?efﬁag?gGHérgé et P T%% post
po,@ll@hangt wﬂbflssermpste@ sepsal1paiiks 1Rss Qhaﬁmdld— debsdndas.
t wheel s t han any of

0S| ed closer h rindin
T ST Pche 87993, e rédabsay abyere orinding
Whgeﬁndemanaﬂlxnwmﬂﬁur@ SOBE @5 BdekS deanRSUECthey
rag@tgr W L atlv ¥ her stress at the transition
etwedn ¢ an‘pl b§r e 13?. FaP h§rwhdeltse0 i ol difefy are
twt;ypbhetlsy@rl@sigat‘drﬁermd@ ke dDsPbEBRMERATE ANV IRENSOf o
oser to the grinding wheels than any

: pasi tioned
poz’g%tsh%%ﬁ rostdaet%ecr“b]oré?( tkga%icg QRAFBF FEStitthef i de
fladpaceﬂEmeha @maﬂyémeWﬁﬂlévQﬁéq@@ @BERALIRN LA RErage
dlggﬂgld%%e 3’3§F§$S oned to take neasurenents from
FE of R 62t eth® 02¥Srepst VERLafigpRIt can
bespﬁeSSedpa@ gr imgerps Sl é geIRRs . (FRgtRES 259 gse HdBi fhgs
one ad%ltlonal advant age to using hydrostatic

S
frg%ytgﬁoga WO S HE FYRIr D% at PenpBaRees igaargh the

ads
Spm:veiu avay efr e g grd 1uli ige Wheek s qt ?r%%qet & rve
(Ffegterz % the clanmping force away fromthe grinding
Whee ? d -descri bed above) because this configuration

of DQU99$tatmﬁ pockebs AldWs IMDIE) NOPMAQLt e 17 8 in
sensorggsos t he nanot opol ogy assessnent sy sten1§

bk HO&t COREE FasweEiahby ddbsianpe Ei@(ﬂ@é‘t @raq«mfssmg

stébe grtedi ggivaeels @ 9-indthddbE, fﬁgfeEggéggs %
bst ntially zero clanpi ng pressure) eas
po"zln ‘?h@ift%ng&lm(jéf’@ l?%”etfpﬂlzwamawt@poé@gyorysaw is

deﬁ@ﬂﬁﬂﬁe@ahbtub}y h&ept?l%lr{dt%‘;%ﬂlé& b§f£@£t B%Enfd QD LRE

openi.ngs 345 in the hydrostatic pads 3
aft downstream processing steps (whlch typically

change the nanotopology of the wafer) are complete. Thus,
in one embodiment of the invention, the processor 351 is
operable to predict what the wafer nanotopology is likely
to be after one or more downstream processing steps using
the raw wafer profile derived in the finite element
analysis.

[0100] For example, a spatial filter can be applied to
the raw wafer profile to predict the wafer profile after
one or more downstream processing steps (e.g., polishing) .
Those skilled in the art will be familiar with various

wafer defect/yield management software tools that are



and, therefore, positioned to be farther fromthe

grinding wheels 9 in operation. That at |east one
w@e308070e. g. the plurality of sensors in sensPCT/psion7/060981

) is also farther fromthe grinding wheels 9 than at

| east sonme of the hydrostatic pockets 313. Further,

that at | east one sensor (e.g. the plurality of

sensors in sensor pair U) c8fi be considered to be

positioned to take neasurenents froma part of the

waf er Wthat subjected to relatively |ower stress upon
avgdilpddre s ateghoent thist hepe gifi reens dlhati SHbEESE. Some

r relativ hi gher stress at the
e o Bfhiber o bl G By CEfE Gy A e vheRp et ande
fremaddicig by f Hemmyalrossahi ccpads FaRe dfMeF£rd Sfrom Zenpire
the sensors 303

sal i nt..J0093] As already noted,
Ofg?%%gp%qar% ‘e Cip[o’ ﬁ}f;e%%n?ﬁ?ﬁr ﬁﬁ%it&’ﬁ‘rﬁo&ﬁoni He& 3 %Y ance
Sefiigmnicve tsensore t o- thea waf ewaW sukf, ace.; Hifi SENSOidanager
e 4.n _signal.i.n onnection with a processor 351
SO?E%&%%? ﬁOWM#hﬁgqggd%%ggﬁPiogg Péc SNE S HSor ©hat aThe
fidueped fracind e seilsor 5s . rdpecpeaeassek 351 an bene
paratus, but this is not

from.the grinding a
na%é%‘é%‘f@é&.g&m?a%&e% §°0 25° daBF EFs CHAHIF IHRPSEF ing . One
exgopAectifng tifid terooesenfed5grboitbe iSeRSQJh id 8. 26b.

u rstood that the processor and sensors may be in
Bymﬁge %gén@b$%ﬁﬂ3ﬁﬁi%%é%ﬁtﬁﬁﬂflaﬁpgﬁFﬂmﬁﬁr@ﬁﬁmrﬁbe finite

elsvepe ahatlyeiisnventdomnial 0094btdpe16BY aba LURME (c.g.,
sr0Qr ksfation can he used as the processor 351. Further,
processi g -6F dat’a Friont t HRSseA¥BrErses ar@amssing (e.g.,

aftefopmatisan n3p5 fier i aditiber e Fopneanshe tshared aneters
(eagtme%n n@]téple .ocessiqg units, in which case the _
woi 6 “BrOEESSore sedlafpdstienhpisesssitig clamping)
usedi ia. the &ﬁ&i&@m@ﬂdﬁﬁﬁt(ﬁnibﬁsﬂﬁvéﬁhiB@'ﬁﬂ%%—tune%}for
begéogessor 351_n0n|tors the sensor data output fromthe
seniSor8t363%4d g t hegri ndi ng operation. The out put

frofotbe]sensofise 303tBaNKRe J@a8d F0r ﬂé”éﬁé?ﬁﬂf@ to
athering pur poses and/or to study the operation of
TEFhRVGr PRUPRY Sppar SR tie geenseds pRd astsp@s fioothpiece

natdreosensgrs r203 G he sl ayed or ?thﬁg! Yo B RN 1y
24, during _and/or after the grinding operation

Pr“?g?gflégé] *FnOBhé Bdddi AR HPL ¢ heoi AYent fen 1nflgmation 355
(e pyocessenidbddi NTORE aRlAdQUse the; npaLlared S&Rsar, ¢
acé%gg'in response to a negative nanotopology assessment
(e.g., as determined by the Processor when one or more
wafer profiles fails to meet specifications or other
pPredetermined criteria). In its simplest form, information
355 directed to the remedial action may comprise outputting
a signal directed to one or more human operators (e.g., a
process engineer) that an adjustment should be made and/or
that the grinding process needs attention. In response to
the signal from the processor 351, the human operators may
adjust the alignment (e.g., at least one of an angle
corresponding to a horizontal tilt of the grinding wheels,

an angle corresponding to a vertical tilt of the grinding



fromthe sensors 303 to performa finite el enent
structural analysis of the wafer W. The processor 351
w@elo7asi7es sensor data at a tinme 357 in the griPdi/ng2007/060981
operation, preferably near the end of the main
grinding stage (e.g., before the finishing stages of
grinding are initiated) , as indicated in Fig. 24. The
mai n grinding cycle corresponds to the second step
indicated in Fig. 24. The conplete grinding cycle
shown in Fig. 24 consists of 5 steps: step 361 = fast
whie:ﬂﬂ@c&n$t£p8135i3t :bd?(’ai/vﬁlegr thei _G ieyale; vﬁ{e[;%Olé’Jﬁ5of 1|:he
QW spee rindi ng cycle; step.367 = spark-out cycle;
gr}ﬁl St e‘—’lpnéjli/é%L :&me%’fe¥§%lff§cf°fcf&|ue‘.d 'Pﬁjé’%]rlo%%s%%rg@%l
poickedperabl hd chdét esfhaecopader tRbieneddas¥inder
ec%qghkhpns f ngthe senior data and to performthe
P e‘%hé%k HAFHEVEL8f Ofhd PwaFEH tWlsi ighe hePoretor may
adgu storghdh anidatye sONEit bonS stehiovethd rem4:e Se880Ings of
thdata“ The bpundary _condjtions derived fromthe sensor
Fat™ 4t ersugem%n’enYEﬁ WP ZddSt ifoFalSdumsgy-  The
proariistdorEs defid ¥ edl §6 0prkhowkedad of it¥e, ShAMbARS5s o
._condi tions created by the hydrostatic pads . The
lmﬁ’ﬂieﬁkﬁnﬁtg TR & %fﬁ%d%%% EFRECRE  WAPEH DrastEasbingsa
gréaldieet oadasd ovathgpiini ferelem®alh &, uddn@locessor 351
anal ysis ¢ vary without departing fromthe scope of
CaPhg’%y RSO T%o@%?vfsiiau%gf%m%ﬁ&ﬁs e @l epting
anga&?’ﬁls_(ﬁmdéﬁ?aid Oélksp%\fi‘é%hc?rtbﬁﬁﬁd%@étﬁwiéf 8@? Lést one
erived, from know edge o e clanping conditions.
of) ﬁhﬁ FTIBER Dot @OAAPEI bR Avelr@sthiatds dadmdin
retbenpes iveetie Meddohydies] abhe/Badend302and Al $0 c1amping

around the perinmeters of the hydrostatic pockets 313

foELE OPsERshoRE o e dinthbre £he pacissrimah finide

supbemedt tsf riid Wedkandl ysbs of kbhe swaf W, . &dhagsy
the hydrostatic pads 305 used in the exanpl’e shown in
Cap §§. TESROATI V5B Pt B2 BPFghEPY tAitlf @ieriirol a set of

achydrestsat ino Peaksin cophi gus aki QaHlhan tal?ﬁdytdrﬁ;rﬁél ﬁf%%ition

pads 11a, |ib described above. However, those
ofi At et WY 1ok e hoti 2 diaef rheeBsuridany durdiias omsic

padBdsdevelop-a e ik t@bl gqber the particul ar

hydr ost ati c_pads being Used in any grinding apparatus

. [ d84PR1usT ngorRe chORRdaRY tc o1did itvrishoér p¥edrbreasing a
seheosene®o datare t T COFPINALT 0B %hghpE%% boundary, . ; n, a

condi tions derived fromthe clanpi ng conéﬁtlons, and’
semiconductor wafer W is loaded into a double side grinder
having the nanotopology assessment system 301 described
above. The actual grinding of the wafer W proceeds in a
conventional manner except as noted herein. During the
grinding process, the one or more sensors 303 collects data
that is indicative of wafer W deformation and that can be
used to derive one or more boundary conditions for a finite
element structural analysis of the wafer. For example, the
sensors 303 of the nanotopology assessment system 301
described above collect a plurality of distance
measurements between the surface of the wafer W and the

sensors. Further, the sensors 303 of the assessment system



properties of the wafer W(e.g., silicon's materi al

properties) the processor 351 perforns a finite
web@masit7oanal ysis of the wafer to predict the BOEPS2007/060981

the wafer, including a prediction of wafer

nanot opol ogy . The shape of the wafer Wpredicted by

the processor 351 in the finite elenment analysis is

the raw wafer profile. Becaus® the grinding process

typically results in nanotopol ogy features exhibiting

radi al symretry, the raw wafer profile can be
3Expressedti datar gEmofl tdekerimty on-as RifH8eEheNpAl-ts of the
WQ gtanﬁg f£0n1the center of the wafer. One exangle of

4 TawWaf 8F PROFPIE prEQTCRE BYL 1 it ePeFendAt the grinder
canabyshss Usk8gdsensobedatddve shown in Fig. 2 6A

[ 009 é ég one enbodi nent, the deforned wafer shape

using PRl t IR R YR | SheaFemSAtEd Measure the

ddwldoien ALNERB WabNgushelde LlemBits wSrkdestef igd EOhs of
this analysis. The details of one nesh are illustrated

Liht R Gar e 23T E18R0Ad THE RFFRIFGR nuSenaiathd with B-

riwef ede glot o MabhaNths birkelasddd b more Gbe LALNET tENcRei ve
or, L B-Ring sensors depending on the wafer clanpin
S%‘bl%l,sm%%?— ERFEsTARE &Sl SCTHRE TidHeragee8F nBr FORY

dd engiss hay et e StbORPEE cEOMLElAL] fhethe ived
NTdegradati on, Therefore, to cgg?h¥%§tlﬂ S eff%cfefﬁéve

SHiYHerddFa t nel PuBNPERBENGEOREMENT 4 SthpperEcas PORRUre

tHOCRv DiSion THE ¥RECEwEl AMRING AU £ O- WL 98LBE LECPRHS torms
i s simulated using a foundation stiffness boundary

O SHFtF0rS Fhe2 pBSETLHOR SHi FGaNT Ik RigppRit 28S0QsaRRywith

C-iMutiesse FbaPs 10a88CORES prihe swaf-ersli spl aﬁ@}?&ﬂlél £89
t he, periphery of the gflndlng wheel (arc Cin Figure
TER)VE SS'eonst ek rRECeFER tey Erpmy ddiausenextendidgCt Memk

adie-centeroid Hherpatet, nta?l%ft%rﬁl%éty\ﬂff&% Nt Se aLQE%ieved

the arc. The displacenent at these two pol nts can
ST ied- based on the results of the finite el ement

anal psi ¢4 ANe Y &lages-4 03 vi e&ﬁaﬁ%‘mﬁz"éeé@%o‘}j 'é:aacec'BE”Ehe

at that radius. The average di splacenent can
PISSRIFN ad¥ b r@dipRoFrereivesyenFinyaae 964y thfReadinags

Aeld AN I A PLRT Lhe CURKS A §an, RAsSEd,L T oughotig
spatial filter to generate the filtered profi cUrve
AN QGJure- 2eB)cal i poddirileyed kesbehappr eoh af g bg4t kdseing
aﬁggdﬂ‘%kﬂé&tgﬁéaﬁiiﬁaﬁhgshe&%ea%%ﬂﬁ%ﬁﬂégkgdgétﬁ leto
waf er processing
assess nanotopology of the wafer W. In one embodiment of
the method, the processor 351 records the sensor data from
a time in the grinding process to assess nanotopology of
the wafer W. For example, Fig. 24 shows the time-varying
output of each of the sensors plotted alongside the steps
361, 363, 365, 367, 369 of a double side grinding process
cycle. The processor 351 records the output from the
sensors 303 at a point in the process cycle (e.g., the time
indicated with 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 conditions for



steps after grinding. For instance, wafers are
comonly polished after grinding. Further,
woaneiapes ogy yield is determ ned not by the PCT/US2007/060981
nanot opol ogy after grinding, but after the downstream
processing steps (which typically change the
nanot opol ogy of the wafer) are conplete. Thus, in one
enbodi ment of the invention, 40he processor 351 is
operabl e to predict what the wafer nanotopol ogy is
likely to be after one or nore downstream processing
Pt pEning nghehéinawenef emeprofsimdariyedahd1 §8€s of the
waddi tyg. el ement analysis . [0100] For exanple, a
spatial filter can be applied to the raw wafer profile
to phER2l (The waferegraf i 38l apteFoORE ar fABLE®e element

tre c ing.steps.(e.q., polishing) . Those
T Phe SRRl p B0 Mendti e v oeovarery
caefidcitdng ednld nanpgenktar solindane tRolE 4 heds (e.g., the

val .fo performthis t of spati al
boﬁns%e% n%&%b%ﬁeogi a%%f:égegn%lrﬁﬁ‘ginleéqqeg&? Hee egtamping
Comshlbjigirss SOFtqvar 25A) onTBeCraniok Sarkrerd a1 F si FABLsed

S rom Zenpire of Palo Alto, CA Exam nator
Osget%%%% rom Al a§§o§%9958ﬁéfu&’la§req Lo issallpEg. 26B) .

Thgasteiveni a IV 1 lanele Yileb drhbageabsebt Way & SR 4 g So1ied to
th£e9?ﬁ9k££@é£ﬁ ;ggn%va{e, CA. .The filtered wafer
thlpro il e s Tapresentat?vB GFGhattend ifksHot St vegPe 5ogy of
i kelfprt &V beftadt ext dowh BEFepROBRSSIRG 1 HANe; &5 of
poﬁi%%ﬁ&ﬁfed wafer profile is sh%mn in ng? 5%%?”%%3; after
conparlﬁg the raw wafer profile derived fromthe
fi nil0d 0d]lenEht amalkysiss rt @aCtﬂ&}iéW@OEH@OLQQywafﬁr profile

urenent.s .(e.g,, froma Nanomapper(r)) after the
an?%%%é?%@a%ﬁ%%ﬁﬁé@ﬂWﬁ#?%.@??fé??eFopSMQQHQﬁﬁ thst a
pemﬁnb@ﬁ@@h\MﬁEﬂhE df&hd@iaﬁEtﬁr§eE§e@t,tgp%@%yﬁbpology
deﬁ%ﬁgltl ?ﬁjg%ggted to hydrostatic clang;;g) used i n
e T nite el Tl YB3 cansheeri fést aiwed Wagrer profile
anfébrer idarrelatiaofr [DAO4] 1 Ertber ot hRe RLOCESSAr, 30 v cn
tolagggerable.t recei ve sensor data fromthe sensors

and "as8eds vior Kt & iRt dponegyreLenivt ke rdemsence meets
Prddéaerhﬂnéﬂﬁdﬂﬁﬂgﬂﬂ&ﬂﬂjft{ﬁépﬁg%g%gggri§5quﬁyg%d%?%ﬁ
e e

operable to provide information (e.g., predic
thﬁgo%ﬁﬁopﬁﬁﬂgﬁﬁ 1t NIRRT el BRnatPbod day criteria,

theesponsesbe aniegaldae NN OPP! 99Y; agsessmenl g%ﬁ%diment,

cpndS detgrn&ned by the processor when one or nore
e Iremedia action comprises signaling one or more human

operators that the grinding apparatus need attention. A
human operator then adjusts alignment of the grinding
apparatus and/or adjusts the center of clamping, as
described above. In another embodiment, the processor 351
implements remedial action in response to a negative
nanotopology assessment and operator input. For example,
the processor 351 can adjust the amount of hydrostatic
pressure applied to one or more portions of the wafer W to
adjust the center of clamping and/or adjust alignment of
the grinder using one or more actuators under the control

of the processor in response to operator input.



wafer profiles fails to neet specifications or other
predeterm ned criteria) . Inits sinplest form
wo pdoonsedg on 355 directed to the renedi al acti POT/IE3007/060981
conprise outputting a signal directed to one or nore
human operators (e.g., a process engineer) that an
adj ust ment shoul d be made and/or that the grinding
process needs attention. In gesponse to the signal
fromthe processor 351, the human operators may adj ust
the alignnment (e.g., at |east one of an angle
cor 2?%95‘0" g %Ho@h@?r éﬁseaahewtl t Qinddie. Oriodi 59
an angle corresponding to a vertical tilt of
commElgﬁsnddngl\ﬂte@Igs thved griskiling bef weehseRaegt ngigtgpieces.-

'}Ef‘é ag;%, t 06 PLESSULS fHHid First
Fo}éﬂ%g%\ﬁ%égfo lghe pocket's %e y%lr ostatic %g&s to
workpiece gnldndténenp@rf&ﬁcrmnteﬂomi:@e%ﬂat pfeey @ringing the
op u
£ B8P kpRRoeS TR ML TR 8L 50t A8 SPERATRY oY meosive
datheftbmmbh@l @drmox&etatmmgase)sesEhreapptb@mé@lgys@ﬁ rtﬁye first
ro [ t her n 3 e
woPRBarE TR Oie T DR 20 vat TR g S B ndiy L Doessor
35er meesse\raam@blten tRoyv idst amtermehgopr 86es forr SLBIiJGamtlng
anP2aQPRLARLE Lo QYIS [ NIQL B 0p 383 OGN £atlng
an“adiusthent to a position of application "of east
grmndln‘ﬁg trhes egr rm‘ldwgmvl"ﬂe'leé shpddpetathe W@rsogtratreﬁme to
n_respons a Lor, of
th%l Snping fjgartcae on t‘ﬁ %erq §i3 Fﬁ Sti ntg;?l&t %r}&eg{ssure
wonkpfikied sslmplased:ltea $¢1@orp©ckerkp3$3e Li Kewitdes sheuation
sor 3 an b, e re n r to,
Whgg ?’gﬁe gosre 5t act ua?o(?gg élc%{g é% %)%Q{e%t g avHeBP%%éd
flhdxt&djeustnetrhe armaslyssm méyabel gastfocmedoffdmeeagm ndihgr in

wheel s and dﬁrostatlc ad535to real i
they Fﬁ&&e fd‘ﬁ/ h-one en% ms%t of ngﬁceLﬁ& fthe entire
capketessiot vaam ol uisé en wabendacdcfr ditreg steotth:egs are not

prgrﬁ%%e%t % ({\3% (g?f%a cond e!cgrc V\%.fer WI S lgargelge of

lﬁawn e nano opo 0g
thassesyrent tSyst eim 304 nesenybedaabmtelerThmeain the
ri ndi ng .of. the wafer. W proceed n_a cony on
Ca%ﬁﬁﬁjf e n%t%ﬂmﬁg?gi RE %Bﬁ ﬁgan}ehe gr %l%%adlng to

1a@l&;@@esﬁeltcham withoae Semsmfs::ﬁﬂfbfcalritm:meml’aim

that is indicati of . waf er or.nat i nandthat ca
BB AGRE (0 T VI ORBLBEnPE. bRnAATy Rt | GHe PRErator

doadf IM¥d @ave to wait to get the feedback from all wafers
in the cassette and avoids a considerable amount of yield-
loss. Therefore, a reliable prediction of post-polishing NT
defects during grinding is provided. Such a prediction
helps the operator to optimize the grinder settings for
subsequent wafers and cassettes such that the nanotopology
defects after polishing of the subsequent wafers is
minimal.

[0108] FIG. 27 is 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,



el ement structural analysis of the wafer. For exanple,

the sensors 303 of the nanotopol ogy assessnent system
w@om7dawes i bed above collect a plurality of di BECHOIS®07/060981

nmeasur enents between the surface of the wafer Wand

the sensors. Further, the sensors 303 of the

assessnent systenBO0l collect data simultaneously from

different parts of the wafer 4and at various |ocations

with respect to the grinder conponents, as descri bed

above. [0103] In one enbodi nent, the sensors neasure

ast ke Bl @b pf 2 t AenbiwappUif.acash Ofsd ey Wor kpi eceubBrates
ternms of_ distance in ,a portion of the workpiece

Ongs SEE R W th %F?%CaéfieEF§fléﬁd Fhe-hi graisesrbased on

fiinS tepesabhen t 0ah8TeEYE, SHER S tRNG® dad dkvpuifent of the
. sensors and assess B-rln defects in the workpiece

LOYERGSHD ogib e r oA RRE F—éeéu treéd Usdiedie ddike RROARhSEhBRSed
orerrRdidEd , rEH8 SCRASAbRPBAsULS ilhe a%vlfié&ntﬁé fBeer.

two surfaces of the workpiece in terns di stance in
FIS -pdtd i'oh df9¥aeRwot kprésatassoding etpwiekrd parketvween the

pridefieslsy Euﬁhﬁ@eriQégsﬁQBt%ég %, oRRS able 10, L8ECLYSs of a
such di stance data fromthe sensors and C-Mark defects

numpeth & gfkpT B e2RAnbhEparsyy 1f Fomitie vakesverlebhsdr on
crdatR DA 2 Ihe, SERsSOks 303 alh %@ﬁ@&e%ﬁnga}gélﬁg R =

t he processor 351, which receives and processes the
O.Fensor data. Qutput fromthe sensors 303 is optionally

| oggeA @/ ehgrRARNLRld &é%ﬂ@gnéslﬁt}@f’@l‘o@l @I%Vldes

24 (during and/or after the grinding) . The sensor
ra@dich facdeak t 9" asiesEapakePepeIay Pt Ctlrr@amm epf\he

grihRNe erbodi Aepinof tEﬁe”@b@@%@tﬁnglQLPQ9§§QNa§Ing

records the sensor data froma tine in the grin
am%%gslq%y FBaesBeginobepokregyhef wafemafeindingFoycle is

co é3 ﬁﬂﬁkhgéméPQmsngﬁgtgb%geﬁﬁﬁéﬂggggggQQ£a8 %aCh

the sensors plotted al ongsi
Ob@@‘&ne%ﬁe%@ge aPohigbibbe $hndeogitinadithg mAmCessnegotéonal

namecoem%gs;%e§é&aéﬁcggg%eme o2 Al efJ_I O:még?{c§$8§0£8
at a p0|n In rocess cy cle . e tine
maa%ﬁn%nw&ﬁawtma@¢t©&p35@yunThege @@su&msﬂnﬁéntap$eally not

oo GaRGUL rjgcg;g dat a,f ﬁ%ﬁaaﬁggld,at RPIALS J0R:

processor uses t at set erlve oun a
raﬁ%ﬁmﬂMVﬂuﬁﬁxﬁﬁmﬁfoManmgOtherha®Waauagﬂ&HatBaxuabMea

tﬂyyﬁéﬁﬂéhéﬁméEﬁEﬁgfgk ¥%e present invention will be

recognized by those skilled in the art in view of this
disclosure.

[0110] In the method described above, the sensors 303
collect data on a substantially continuous basis during the
grinding operation. However, it is understood that data
could be collected from the sensors after the grinding is
complete while the wafer is still in the grinder. Further,
the sensors 303 may take measurements intermittently or at
a single point in time without departing from the scope of
the invention. Likewise, processing of sensor data can

begin or continue after the grinding operation is complete



[0105] The processor 351 perfornms a finite el enent
anal ysis of the wafer using the sensor-derived
whowidan7ys condi ti ons and any ot her boundary cobPdi/UBZIN%T060981
(e.g., the boundary conditions derived from know edge
of the clanping conditions (Fig. 25A) . The finite
el ement analysis is used to generate a raw
nanot opol ogy wafer profile (Rgg. 26B) . The spatia
filter described above is optionally applied to the
raw wafer profile to predict the |ikely nanotopol ogy
arf/dhey meder c N afh @k -2 1 doWRHJRAM A N €818k NGr $H8Br without
(e.qg., after polishing) @¢[0106] The processor 351
deras evird t FECP alh RaferPer 6ffi tecarddrasint i fil ter ed
waf efof of i 1xa 0 amal uakiso & DReRET bor %@C%a%foﬂd%QDlogy system
grinder wth respect t o nanot opol ogy denmands
des/@Er R o AEg E6nShedn BIse sl Wl Propel egdnafop wafer
wﬂlléEﬁ@dlyaﬂéidDQQE%H%éfﬂy 9t RETa MRS L Ss i e gpﬁhﬁgrtobut
determne if the grinder nanotopol ogy performance
itheley sipledeterdi AatethrenagotdPalrgipratessenegslsystem
t a [ h
d
cékaﬁﬁrﬂ§§§ Eg 55%@%895§%$% 6id5§ 5@*“éf@ré feld in
nanot opology criteria, the processor initiates
dirfefreinal eéw@ﬁatmn@ne(eemoduhmzortw}emahaut departing
£AGH 100 conprlsgs shanaling«Qang, or nore human operators
that the grindi ng apparatus need attention. A hunan
oper @B 21 héd Hujush seappghments of)ft k&g riamditrpology
aSRPaL Al 4s éggégﬁ agb%§H%éd“Eé?Ql égfgi nPiﬂQteaélement
descri bed above anot her enbo nent t he processor
argsly s gl éﬁén@echewed‘uem t@ctamam theemeet@goéogy, those
sﬁeﬁféd an”@ﬂgt %E‘E' %Qilasx%%%%ﬁ@e angl, opekat Ecéﬂp%ta from
For exanpl e, e processor 1 can adjust the anount
a(ﬁumgﬁﬁo@fa@uchpfegémﬁee%ﬂMGﬂﬁjanﬁky@e©rmﬁnrbe used to
dj ust cepte
wﬁQEErg%%% Jgé¥ﬂ¥ﬁ:%§% nt Eﬂ% e g%.% using
nanﬁ¢QHOh@gE mcthan@reqmmﬁilxIpenﬁnﬂmxmgoé fhelte element
' ns 0 tor .Jdpp 0 n
R, el R e P o1 Chmp i obes o
W&ﬁﬁwsnmnghehergndedin@ @Mﬁﬁﬂnm&nmﬁy smmkpaecEs tRer sensor
d§%§qﬂkg aﬂggggrln 3&1 %kabH%_ rlfg gng.analy81s
'ecd and thén a secon pi ece Bt er grin
wdimpéxfstmmdrkpheceesﬁﬂtqnaﬁxﬁhﬂnpfﬁﬁlmssoﬁenabbeeﬂement
ejve data fron1th sensors and assess nanot.opol o .
e A PR P RBToge o Tha SERSTre Harg, or ERe*Phser in
thkheyeafider, wihboptoeessally performing a finite element

analysis of the wafer that is in the grinder. Databases and
learning routines can be used to augment this process,
thereby reducing or eliminating instances in which the
processor performs a finite element analysis. It is also
contemplated that experienced human operators of the
nanotopology assessment system may develop the ability to
recognize signatures indicative of nanotopclogy defects by
viewing a graphical or other display of the sensor output
and manually implement remedial action without departing

from the scope of the invention.



351 is operable to provide information 355 for
i ndi cating an adjustnment to the position of at |east
woer@708070$he gri ndi ng wheel s and/ or the hydrosteCT/USpaTe60981
in response to the sensor data for use when grinding a
subsequent wor kpi ece such as the second workpi ece. In
the situation where the workpiece is a cassette of
several wafers, a finite el efdnt anal ysis may be
performed for each wafer in the cassette and there is
no need to wait until the entire cassette of wafers
has e brg@ﬁﬁpwqrdlﬂisﬂﬁtﬁm@seasenﬁmhlptﬁaaraandif
naaRd¥bddeleetad S deh et eda r e of the wafers,
qlhen jt is Iikely that STher AFSFS (7% RAThER te. 1f
SHHIC TafP P &R L agy oranhbes ansedekectad @R i e herein
folrabgesundal d# 085 Wi B f.orm of intervention
Acgording to one %nbod?%%n?ggﬁnghéniﬁvéﬂ??%ﬁﬁrtﬁ%-g-' a
Safpefateit dBEsl it tawered) waithbotgekpbhe feedhask the
scbpemod lcnaafgl s the cassette and avoids a
consi derabl e anount of yieldloss. Therefore, a
éelﬂg&aﬁkwg?@@tFahr@ﬂupiﬁgwﬁgdﬁ?ﬂﬁ@<&%:ﬂﬁée§gﬁsfnt
in@dhkRGnILAEHHG 4.5 €g; ch_a_pred ction helps
t he_oper at or toI%pfgﬁg%%gt%%b #?WEEFQ§$tFPﬁ§$qﬁN'the
arEhBiegueRt warer’s dhithe’assed t sasdchatbal ntk@ded to mean
thaanehapel gy defect r%%%er o%%shiﬁ of the subsequent
W wafers is mniml [ ‘%]Ogl ©29 ggeﬁtérapﬁhe terms
C‘i’z‘g’u’zﬁ&ﬂi}mgtﬂtlzglp@d@t _@mqb;wﬁwm@cg@fe: ﬂﬁtte%fd%@le to be
in€medi,aent, 4o e ention for articul ar wafer an
il lustrating ?he gggﬁé&ggﬁﬁﬂﬁﬁyg? pPadeheRbapr eliements
Othet thap Sheelwafted aflicererpod i shing, as determned by a
NanpoBpPEer .a id line illustrates one exanpl e of
. a predi cf?ed Sp:%ffééu%fc?.ﬁ%gﬁﬁf EPUSEs &F Sﬁ‘cﬁ it eche above
w1t enendenaatysgs fraoc ahdi rg-dme ane @m@oﬂhggﬁgiggrggg is

ind Ve | O, + The, dashed ine illustrates the profi
based on t eggét§§F§8§l5%&&ﬁ8ﬁﬁﬁ%é?lWﬁﬁ%ha%ﬁﬁﬁyééécrh@tion

andyegfEwn FiG the BSCamQEﬂQhﬂd|dﬁﬁﬁﬁﬁéémbﬂ$§1CBérghégEngted
as between 1 fvgrggac%e B-ring values plotted on the
hori zontal  axi S of "8 ndfb&r ‘o WVEfF sSefee t he act ua
B-ring values plotted on the vertical axis, the
correlation coefficient being R = 0.9. [0109] The
net hod of the present invention provides rapid
f eedback on the nanot opol ogy performance of the



grinder. For instance, the evaluation of the wafer
nanot opol ogy can begin before the wafer grinding cycle
WO g00caspbet e. Furt hernmore, nanot opol ogy feedbaP&T/vs2v0nes0981
obt ai ned before polishing. In contrast, many
conventi onal nanotopol ogy feedback systens use | aser
i nspection to neasure waf er nanotopol ogy. These
systens are typically not comgatible for use with an
unpol i shed wafer |acking a reflective surface. Mny
ot her advant ages attai nable through the nmethods of the
WHEESERtCcLAVEenbi op:Wi || be recogni zed by those skilled
inthe art in view of this disclosure . [0110] In the
met hod descri bed above, the sensors 303 collect data
onL a salbgséapt kakhyieC iU i@t Ss 0y | 80phRe of grinding
i ndi ng operation, However, it is understood t hat
Wheeg]a?t FROF PBET cBF| BYPEQSrdma madfensdie @Fiefipgewheels and

hyd:@d ek 1@ HSa60pBk aGe mlﬂa%l@ecaﬂafﬁdlas i&héiﬁalmyt heat
grinder, Further, the sensors 303 nmay

Worﬁﬁ%ﬁﬁﬁeh%n%spiﬁﬁérWFFPeﬁtF&ﬁﬁtzﬁa%FS?%g¢%ep%PﬁkPFﬁce

posﬂﬂﬂﬁhd@t$6%%egﬁpéhb|@&1n@9@d|%hé%¥§“%§ﬁ dN€ccond part of
i nventjon. Likew se, processing of sensor data can

the Biaji P 7R ORPF hliéOBPLe PStHESHY i Tt Hy Dpes et bp Pads, the

grifdml &iRandsongatt gfyt-he 1 %%'é%ﬂé%g%“%%éfgﬂléhgo measure
grinder wthout departing fromthe scope of the

a dishante RetTese1fhal ¥erkphecentyod er wspaetive sensor, at

leadﬁﬂgﬁﬁﬁm%?gﬂhéY§éﬁ§bQ%S%%hm@jéﬁ%@@ﬂ'é@é@@“@na§§e§éégg one
nanot opol ogy of a wafer while it is held vertically I

of ap dgoubtecctdengpnfder y Bdrsation unideast®dodyt hat Orhbogonal

cooMBNPLQPOL PYY-ASSESIARAL SBY SHRMLAN DE USels Q- 3§S88Sthe x, e
nanot opol ogy of wafers held in different orientations

plang g., horizontal) wthout departing fromthe scope of
the i nventi on. [0112] Although enbodi nents of the

nanot opol ogy assessnent system descri bed herein
pet f or M fipilpbeepépenorangleysias fasrt ebwhtwatier Cii@lm 1,

furt@r%%?séozhﬁlslﬁﬁ?ﬂgt nggsg@é’ssy}o%%es_ckiﬂleedté nrégg d%dcgl from

recogni ze that "enpirical data from a nunber of
the faemfecer%l engardangl yoakeregche arsdmbrol devel @lpd wherein at
leaidgLiasall ow ng the processor to assess nanotopol ogy
MAthout actually performng a finite el enent
stthgc turasle saval ys$ sopfopbératpl edjufstsdisoraatai dorofi at

Lea @Il | e Lo 0L RARE ol UL LI A SN AR L8218 ads in
response to the sensor data; and/oxr

the processor is operable to adjust an amount of
hydrostatic pressure applied to at least a portion of the
workpiece by the hydrostatic pads in response to the sensor

data.

3. A double side grinder as set forth in claims 1-2,
wherein at least one of:

said sensors comprise a plurality of sensor pairs, the
sensor pairs comprising two opposing sensors generally aligned
in the z direction of said orthogonal coordinate system and

positioned to be on opposite sides of the workpiece, said



data for another wafer for which a finite el ement
anal ysis was perforned, the results of the previous

wo povtizo7e$ enent anal ysis can be used to assessPCT/US2007/060981
nanot opol ogy of the wafer in the grinder wthout
actually performng a finite elenent analysis of the
wafer that is in the grinder. Databases and | earning
routines can be used to augggnt this process, thereby
reducing or elimnating instances in which the

processor perforns a finite elenent analysis . It is
sens?%sgagggtgggkgt%%édgg 'PSC§Q hugep BH%r%EO%%éﬁx and vy
e nanot opol ogy "assessment system nmay devel op t

direagbibnsy vodrecogni ze signatures indicative of
nalon gﬁggyhg_@; G SR\ UG A O a#hfgggtoge%a@r
sSp of theé“sensor out put and nanua I mpl enent
positémedilabeaetradd widrheutf departaagalr éﬁnﬁhé?@@b@e ggnter of
the inyvention. [0113 r e Jaly
the Yﬁrkpa ranG %po %%?nggéggﬁgéf %&S%gn§§%FE§%§0r%;u¥ on @
secomdf endibfl desier ethomariot opeh bgy QénSbeday%éimca% the
. escr.i bed herein,.for a S farn in
flrsg andn&er éa §ads, éi l ?%gfgétggdﬁggym@oﬁf%. W t hout
diredemahsun@daﬁmnthe scope of the invention. [0114] Wen

intr in eleme softhe nye r
p?%f%r?gar nﬁoainenﬁﬁﬁﬁoﬁ%er d$§l% % %r?EE?@ %ep%@% spaced
a flkan"drgﬂmﬁbamﬁtdmfﬁumﬁntwe P At ehdedotrpieae tarat a second
ere_are ane or r h I
sensbgoRRFLEhd S CTeI Gt R e S hay Rg e Rands
workbache, |mﬂaﬁﬁﬂﬂﬁtnmhmEchehhelhbed@fﬁaydmizﬁnhM|Eh@J8600nd
ai telemsnts other than the listed el enents. [0115] As
+8L3&F 6us changes could be made in the above without
departlng fromthe scope of the invention, it is
[ ed that all matter .contai ned i t.he abov
de cr| 19 a% &> 5RowAT FRERe ® gcconpgﬁyiﬁb r aw falgs 1=3
wherghal lchlee hy’d:tr&fspt[zeﬁﬂd psads| kashr abinpe iard andtodin mvmg a
[ i Nng. sense. A double si de

I
oS A5 SO1se AT, | S SLANDLS, o UL, 8 0poning
in thal boefy il asd @di€ipqds, réb@egmun@|mmeMuﬁﬂﬁheugk1ndlng
hydrostatlc S being operable to.h en
wheef ot ARSI SR i 5t P SRESAETRTE PRt T (g eede, s=id
plureQlikpi ece postdionesmbeiveas the lghistditvg weessrangdpaced

eSS AL A Lhe verkpigoe posi U] oned, belueen, ke

positioned at a perimeter of at least one of said openings.

5. A double side grinder as set forth in claims 1-4,
wherein at least one of said first and second distances
corresponds to a distance from the center of said workpiece to
a portion of the wafer associated with B-ring defects; and
wherein said plurality of sensors further comprises a third
sensor, the third sensor being spaced a third distance from
the center of said workpiece, the third distance being

different from the first and second distances.



grinder conprising a plurality of sensors operable to
measure a di stance between the workpi ece and the
w0 e@past7i¥e sensor, at |east sone of the sensoPGI/DEINTY060981
spaced apart in at |east one of an x direction and a y
direction in an x , y , z orthogonal coordi nate system
defined so the workpiece is held in the x , y plane .
2 . A double side grinder aggmset forth in claim1 |,
further conprising a processor operable to receive
data fromthe sensors regardi ng workpi ece
nagot opoldgis 1 @ngiabegeiAdat heaskton®afy fh&1aims 1-5,
n Ipnocg&gﬁr is operabl e to adjust the position of at
whernfagds Fhsn @151 % hi? gF RhaR ngRRhEBESPARES e MRIkdstatE
subsfads iidl Iesponsecd 0 phensensor data; and/or the
processor is operable to adjust an anmount of
hydrostatic pressure applied to at | east a portion of

t e, wot kid ©6ea by st BeoBrdeesiatl Ghads ldldEeSPORSEetOusing a
the sensor data. 3 . A double side grinder as set

doublgy 1 4 TTRIMRT 120, tet¥PR Afaltedstldsnehst (wasted in a

planSEREAS £ YW+ S€r agpl yrahbt ynek 1sensey ao%ia[i% Jf]ehydrostatic
sensor pairs. conprising two opposing sensors generally

padsy| ithfed'q T ahes SR + 2tRPORCaPUSARE o theyorute between the

wafe&?%ﬁ'@ Al e Syt %éngeﬁgé.ﬁf.t Eﬁaeglett%rl?fﬁrﬁm&m{“ €
si des of the workpi ece, saidsensor palrs being spaced

nanokonol G4y ats ieastheoneeasurpre digf@ngeadirections;
and/or said plurality of sensors conprises a first
sensor positioned generally on a first radial |ine
f fom a e dREOdf2 ¢ heehoERBrBcénagd ad s coondh segisorat least
one R@sitioned generally on a second radial line fromthe
center of said workpiece, the first and second radi al
| Fhesaegeerdingg ish rifferesd wiidet Fbaswaded/ drs dai dhe
grinBlW:aliddyHf sensors conprises a first sensor spaced a
first distance froma center of the workpiece and a
sEBBnBl3BeRsGn SPdctl theacoher dist hadd finom shésdentterally

vertQaing 1uerkpiace/ the first distance being different
fromthe second distance. 4 . A double side grinder as

séhef@?FﬁrFﬁmﬁﬂﬁ|ﬂpmpﬁﬂéwmem%ingtheiﬁydﬁ@$BmMG:qmnnpnduct
a fi%@%%‘gygﬂéﬁﬁe§E£ﬁ@@uP§Y'an§ysis of the wafer.

9. A method as set forth in claims 7-8, wherein the
measuring comprises measuring a plurality of distances between
the wafer and a plurality of sensors, and wherein the
determining comprises using said plurality of distances to
determine the nanotopology of the wafer, and wherein the
determined nanotopology of the wafer is indicative of the

wafer after a downstream processing step.

10. A method as set forth in claims 7-9, further
comprising adjusting alignment of the double side grinder in
response to the determining and wherein the determining
comprises using a processor to assess nanotopology of the

wafer and adjust alignment of the double side grinder.



wor ki ng surface area for hol ding the workpi ece and an
opening in the body for receiving a respective one of
wo b@7080708li ng wheel s t heret hrough i nto engageneet/Uston060981
the workpiece, said plurality of sensors conprising at
| east two sensors spaced apart in at |east one of said
y and x directions and positioned at a perinmeter of at
| east one of said openings. 48 . A doubl e side grinder
as set forth in clains 1-4, wherein at | east one of
said first and second di stances corresponds to a
di stance fromthe center of said workpiece to a
portion of the wafer associated with B-ring defects;
ant! whet erptRafddapl §r&l ifoy tof demsleriang uhﬁ%r further

Con%ggﬁgﬁg§Q§talégg{doﬁgnggﬁ, the third sensor being
spaced a third distance fromthe center of said .
WSFKBISEEET 13k AR dPSt AHEECBERPRE CPERSSAHS fARimM 9fé to at

leadt ISto@ndi $8CHORA ESH8REEI B 1A FRUDIR, SHLE DL RASEds in
as set forth in clainms 1-5, wherein the plane in which
respAE sk piee edekerelaing/aaeddorantial |y verti cal

PLangy 4 pAdEidod of BEPEERSHhATLASEHAMNCINL, of the
waf er "usi hg a doubl e side grinder of the type that

wafeip|aiyd 13 walt ek he nagophane twhivklre s i @ fPyp $ pldragapplied to

saidMgg%éﬁéngg.Q@érwggkgxgkgstatic pads, the nethod
conprising neasuring a di stance between the wafer and

at | east one sensor and determ ning waf er nanot opol ogy

usi-ng Hbq§ﬁ§@§ﬁr§grd5§5@%%§ngsnad%ﬂgggﬁgbfso§e£_@Qikﬁiece

inclaim7 , erein at least one of: the assessing IS

in peddrhediwe| grindenabdr the typehdhgt faekds apldgovorkpiece
. o ich_t f.ery.i i :
i e e 2 B g
hydragprt sescads ngtsai dvditsrawesnirg sdoyaiuct a finite
el r u al_ysi fot 9_. d
it R L T i
the MBS0 nelasurpnracplumaliiliey tdfe distkmicese besweehd in the

dou%fga§¥ﬁ§ﬁ%ﬁﬂngIP!Hkéjity of sensors, and wherein the

eterm ning conprises using said plurality of
di straneess sorderermie thve nearwitwpoiogy Bfonheawdf e, least

.0t ' t f
one L e P Rk o Pl i BN ol e ahe”
nanqirapessing it epe workpiece using the measured distance.

13. A system as set forth in claim 12, wherein the
processor is operable to adjust at least one of: (i) alignment
of the double side grinder; and (ii) hydrostatic pressure
applied to at least a portion of the workpiece by the
hydrostatic pads.

14. A system as set forth in claims 12-13, wherein at
least one of:
said at least one sensor comprises a plurality of sensors
spaced apart in at least one of an x direction and a y
direction in an orthogonal x,v,z coordinate system defined so

that the workpiece is held in the x, y plane; and/or



10. A nmethod as set forth in clainms 7-9, further
conprising adjusting alignnent of the double side
w@eriondar7o$ n response to the determ ning and WheCBUS200M@60981
determ ning conprises using a processor to assess
nanot opol ogy of the wafer and adjust alignnent of the
doubl e side grinder.11. A nethod as set forth in
claims 7-10, further conprisjgng at |east one of:
adj usting an anount of hydrostatic pressure applied to
at least a portion of the workpiece by the hydrostatic
Padsql 0+r §3RANSE, 0 sté}%ﬂft@&%ﬂggs angh Qrstu%'erﬂl%o%
processor to determ ne the nanotopol ogy of the wafer
posigadnad] wsinatrel hyroemta of 1Ky dr éétialallc lares duras gppremeer of
the §@ l%c@ratﬁ@na of éc@ﬁdm?éhgbgcgosa%ld%&yﬁeeﬂgfﬁly on
assessi ng nanotop ogy of a workpiece in a double side
secogdi nuetiaf tine typeendanghbrds the werigrirecd isnid
work%li%% ""'1{1{1% 3 PAL{ %1{{' géééghagr‘é@ﬁ%ls l‘?ﬂ%%& én@{ng in
ydrost atic ‘pads, e system conprising; at |least one
dif fegrsadr dﬂm&@ﬂﬂ@n$o aedéare a di stance fromthe sensor
L gate ponkpl o, yhid 8, L0e ORKRLEEE LS gl IdLddis
doubl’e SI r|n er; and a processor operable
posuﬂaumadembubefaoﬁlsatddastaeagtfanelgemﬁntenrmi the
wor J.()ecceessagr{d belggcgggr %l’lgogfo g%t.l.gr ?n%% nt%’]%é)pflgegé(ogé
I ece USINng neasur e stance.
disﬂﬂﬁd&ﬂﬁnﬁmsemef@emhernoclaanﬁlﬂonﬁmyaﬂawtﬁhﬁpﬁt&%@s@tstance

. bl e li t
veing FREARE Mt e Ry arostat e
pressure applied to at |least a portion of the
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forth in wher ei Feast
durﬂﬂg|gﬁﬁﬁd1ﬁ@ sénSbe womﬁpnse@ @xﬂgnundiquwhsehsorshe

hvdeS X c apgg égmat | east one of an x direction and a vy
YA St OrP TR GRATBFtRbg8nal x,y, z coordinate system

(ﬁIbmmbSﬁothhblHEEngmkpmankpﬁedEﬂthnngh@rxndlygr the

lLane, and/orsaid at | east one sens r rlses
bOdf|W%¥l%%n%oVOﬁ%§P9i8H§§a§8n8r§P|f‘ég a f |rs ElglbOdy also
havidge fHem acseal eaxos pbeamwdqrnxnngnukhesemmmdr,

sensor gositi ned ener3¥my on sggond radial lin ot
extent Ry PP o PERE S &Rt %r&%?%%vm?hs “Eirst
griﬁﬂﬂh@&ﬂﬁﬂglraﬂéaéthkﬁ&@he&hmuﬂdnyagément with the

workpiece, the opening having a peripheral edge defined by the
body and further having a center;

at least one pocket formed in the body and being adapted
for receiving fluid through the body into the pocket for
providing a fluid barrier between the body and the workpiece
and for applying pressure to the workpiece during grinding,
the one pocket being arranged in radially opposed relation to
a portion of the peripheral edge of said opening at a radial
distance from the center of said opening;

a free region formed in the body between the peripheral
edge of said opening and the radially opposed one pocket, the

free region being constructed so that the hydrostatic pad



different directions; and/or said at |east one sensor

conprises a first sensor positioned to be a first
wale@vaswes f rom a center of the workpi ece and aPGEUS2UA7/060981

sensor positioned to be a second distance fromthe

center of said workpiece, the first distance being

different than the second distance. 15. A hydrostatic

pad for use in holding a workgi ece during grinding of

t he wor kpi ece by grinding wheels, the hydrostatic pad

conprising: a body for holding the workpiece during

appUiéadimgsthheibody hayviditnd Wef ki R surd acs aneawdRtipdece at
center, the body also having a horizontal axis passing

y
the (hr et ghePhencBREEr 1ranssped™y fornmed in the body for

regei yeagtraohier sen@dmditngiheeted hesgt BLOUGR iiiNt@nsor being
engagenent with the workpi ece, the opening having a
Opefp%‘?%%h%?awe@agéedéf HEF B REPRFP aHee f sprher Bad fge

worlp £8B¢ eforatiskeast 10ne Rackel it eds i PutPErROUYNARG sis of
beln%?adapted for receiving fluid through the body

the jyepkRphaCPocket for providing a fluid barrier between
the body and the workpi ece and for applying pressure
to_the workpiece during grinding, the one pocket being

artangeft FRUPAG &lAF sPposiar redeprdRierg:a portion of

the peti-phergiedae Physals opening at a radial
di stance fromthe center of said opening;, a free
r e§i BALFoPiel YPH Ofié ety a5éd meldpe t i pet hphehgkeledgad

hyd®bs €2t fdo0psakngeand Whe adially pppesed QH%Q@%%&&
the free region being constructed so tha% t he
WOrkRHeeRt Abi @ Padapphiéd subsiteait ikdty »id ehanpprgriece

posP¥ £5S& ept oL Bg %ﬁ%k@fﬂﬁafﬂgtJHé%%é*%ﬂggéOgeﬁggasggét of

use; and at |east one sensor at t free region,
the gapsEripeengospeiabed e tmsmsurdia ivdrantet bet redn.

t hg :and Steh i Se,, | Lnite 4.
1 oront ot G0t el sl st & ot T Fe iorkprace] fodigtance
betwreib| i derjpiager apshphissinagrectpie otngeindang a
pro&@@§%§'oﬁe?ﬁb%eothxgkgi g égu¥ﬁoﬁh§%§réggéﬁg and assess

wheel s and hydrostatic pads being operable 0 oFd®4
workpireal ngnetapowopkpifecs ithe grsger wilabaa first part

of the workpi ece positioned between the grinding

wheel s and a second part of

17. A double side grinder as set forth in claim 16,

wherein the processor is operable to perform a finite element
structural analysis of the workpiece using the sensor data:
and wherein the processor is operable to provide information
to predict what the nanotopology of the workpiece will be upon

completion of a post-grinding processing step.

18. A double side grinder as set forth in claims 16-17,
wherein at least one of:
the processor is operable to provide information for
indicating an adjustment to the position of at least one of
the grinding wheels and the hydrostatic pads in response to

the sensor data; and/or



t he wor kpi ece positioned between the hydrostatic pads,
a plurality of sensors operable to neasure a distance
wheanasrrog he wor kpi ece and the respective senspPCT/US207/860981
processor operable to receive data fromthe sensors
and assess wor kpi ece nanot opol ogy fromthe sensor
data. 17. A double side grinder as set forth in claim
16, wherein the processor igjoperable to performa
finite element structural analysis of the workpiece
usi ng the sensor data; and wherein the processor is
09%&%&%6&8%&0%' de, r@twnpfgvgagdmo%tmp for
nanot opol o e “wor plece Wi e upon conpl etion
mdl@étangosn gdlj@@ltn@rm d@@mgowe’plO&SOanéo&ﬁIaétsPd@ of
the iﬂgﬁﬁngsl%EEes &A%é'%é”éﬁgsﬁ adf dgﬁgreWﬁ)a%nl%%ﬁﬁnt of
ssor is operable to provid
hydroatatnrat pmsfscmr.rea ramﬂauted]gtcana‘ad}@@tsﬁeﬁt Ppéfttll%l of the
ositi e, e { ndin el
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grlnamdgowhbelﬁnmaﬁﬁuwvestwpﬁm@bWertplppevwbém|ﬂhﬁ¢ﬁﬁ%ﬁﬂ#ng
wheeﬁgagfrre]g:%%% ré[g%%n L&t%etg@{]t t O.II_”nggo%It ?]Lé Qfoxqulece by
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an angle o ti've to '
shlfthefmmmbp@mmmdMng1WHmegplpdrpgndMGeﬂsrat@ apliaa: tin which
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grin@ié)x.a vertical tilt of the grinding wheels; (5) a
shift of the grinding wheels perpendicular to a plane
in which the workpiece is held; and (6) an initia
s&tai ng afouliies g&i adegrindr Asdeeld €witte yriabeinasl6e-18,
et forth in clains, 1

in_the .processo
Wher&ﬁ@r eﬁ??ﬁﬁ%ﬁﬁﬂel?n?%?ﬁﬁﬁqgn o5 4§ﬂlnf%£méélon tor
1nd1@@twﬂgnyﬁ ddyaﬁtmmmmntooénhydbu&tawﬂ:qydﬁnﬁnailc pressure
applied to at |least a portio t he r.kpi ece b he
R A
hydrdeukle sigeigrimndesspsnset thorhk islaarx:éoaa e 6= 19,
wherein at |east one of: said plurality of sensors

conprises a first sensor spaced a first distance from
aqent ex @bubhe swwakpyecedand aa seoonfbrth in claims 16-19,

wherein at least one of:

said plurality of sensors comprises a first sensor spaced
a first distance from a center of the workpiece and a second
sensor spaced a second distance from the center of the
workpiece, the first distance being different from the second
distance, wherein at least one of said first and second
distances corresponds to a distance from the center of said
workpiece to a portion of the workpiece associated with B-ring
defects, and wherein the processor is operable to receive data
from the first and second sensors and assess B-ring defects in
the workpiece nanotopology from the sensor data; and/or

said plurality of sensors comprises a first sensor

positioned below a horizontal centerline of the hydrostatic



sensor spaced a second distance fromthe center of the

wor kpi ece, the first distance being different fromthe
w@e@onsh7as st ance, wherein at | east one of sai dp€T/S2007/060981

and second di stances corresponds to a distance from

the center of said workpiece to a portion of the

wor kpi ece associated with B-ring defects, and wherein

the processor is operable tgyreceive data fromthe

first and second sensors and assess B-ring defects in

t he wor kpi ece nanot opol ogy fromthe sensor dat a;

pads 2BH5E0L $aig R W egliarly i BENSRES SBARL %%%da]:fdxrlsztontthal

sensor p03|t|on ow a hori zontal centerline of
centhydiost avhepads: &id keaweoresefisspipodiitisdnedhRaeond
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first a second di stances corresponds to a
workdisteante fr eauntieorent ethof wvgakdinoekpiseosittg el with C-mark
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ereln t € processor 1S operab eto
fromr Ebel Ve radt &rfd oreadred f sessoandasdcandesensoraghdiefects in

the f8% nfple%e”%fa& d@%pegéggégﬁ%% dgg%kee% MNapat.opol ogy

he sensor | e si e grlndér as set
forth in clains 16-20, wherein the grlnder i s operable

a?t grl I’KZI & fﬂ_{et% %k&:?ﬁge%ngs s%%C%%)e DT krpl EfLims 16-20,

er grln wor kpiece rein the
wherpniocﬁ@orgnmdmera‘bl @p@oabbeelt@eQrdaltda af rfidmathevorkpiece and

nsor nd asse n L oqy . af r | ec :
s soBBP AR S P RN 0, IS il ol oo
the pmenﬁﬂaeﬁ(quQp@xmblafbonaebenVEdrdaﬁﬁ(ﬁnqmmﬁﬁﬂ1Sensors

adj_ust ment t.0 th OSI I e. of
and GO ol e e cafas FRdted cldf cne sencox
datathkthmyrEMndam@.phenegsondnngd@a;&h&ﬁnﬁb\Mw¢qn@@e

. od, of roceSS|n .a ondu e
lnfoﬁsﬁ%ﬁ%?(fn%ﬂ%F%%%e grPndér %6 u'fghe {&bg: th!#%g {l%n of at
1easwabme|dfztnﬁeqmlmdihgawpaensobn@nummrkydﬂm&ﬂatamdpads in
q{ gxhrostat C 3 g % n 1 qH{|S| ond
resPﬁélEﬁJ NFEE dF ST ERE e BERWEER Y Il ergI and at T east
workpAecensor and assessi ng wafer nanotopology using the
measured di stance. 23. A nmethod as set forth in claim

22, wherein at |least one of : the assessing is
perd or rechabihb@ bliepwatessiisid m tdengromdectoandhder using a

the plane in ich_th fer held .
doub&ﬁbglé:%i%% er of geW%ype holdc's athe wafer in a
plane with a pair of grinding wheels and a pair of hydrostatic
pads, the method comprising measuring a distance between the
wafer and at least one sensor and assessing wafer nanotopology

using the measured distance.

23. A method as set forth in claim 22, wherein at least
one of:
the assessing is performed while the wafer is in the grinder;
and/or
the plane in which the wafer is held is a substantially

vertical plane; and/or



vertical plane; and/orthe assessing conprises using
said distance to conduct a finite elenent structura
war@g31788 of the wafer. 24. A nethod as set foPCTUB2007/060981
claims 22-23, wherein the nmeasuring conprises
measuring a plurality of distances between the wafer
and a plurality of sensors, and wherein the assessing
conprises using said plurality of distances to conduct
the finite el ement analysis of the wafer, and wherein
said finite elenent structural analysis yields a raw
the mm%ggao@ﬁeigég akibbe \&qfcﬁrdléﬁb%@t@@dcéﬂaﬁegr
onpri sing using the raw nanotopol ogy profile to
flnlﬁ%oﬁjﬁm‘@%ﬁts'?ﬁécﬁ&ﬁétloﬁélaéwlﬁr offi Idofvaferwafer is
likely to be after a downstream processing step. 25. A
met hod as set forth in clainms 22-24, further _
cotbri sh ngeBlRofeast seite forthadirustliaignal 2gndént weprepe the
cadpile SbAS-9ELRIRE LD HSPANSA L 1N, aSEE §é€9nces between
and/ or using a_ processor to assess nanotopol ogy of the
the wFeer apadt ® mwaéetwnfoér mnsmfsfrorarid]dmgﬁang ‘ahe
asseaodém MESho kO ki gauRgt %wﬁp&aﬁ%%ﬁedggtaﬂsgs to
t orth i

nethod as se al ns _
ctwﬁprtﬂs&! nfladfaselageat koadtysorre of the Faf e o agdi wherein
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grinding wheels are applie t a port
thetﬂﬁﬁ@ﬁﬂk@l@@ﬁ byotfhéchpdr ddteatiafpadss {Byedy to be after a

dowﬁgg ﬁﬁogégg & g@ grinding wheels; (4) a vertical

e grln I'ng eels; (5) a shift of the
grlndlng wheel s perpendlcular to a plane in which the

WO%F" eﬂemﬁﬁhgﬁl s a0 (@) ap inid] A, sepbing OEuS:lE%er

grin erein the nmeasuringconprises neasufi
comﬁﬂiﬁ%@@tytoledSStaneesfbetmeen the wafer and a

pl éﬂcﬁja%égngf ai%%%gq%%ts %3° %apc?é&bié‘ Qldée'ﬁ‘%‘ina et
an x direc irection in an ortHAogona
resnnnﬂ@|matehsyaseﬂsdehgne@ndf¢mat the plane in which

kpi ec heI S the X and wher ei
thgsﬁgésgrgngcﬁgsperforne %|%P%éﬁh%ﬁ$ |gbeé:|ngWafer and

to mrounde i infbemdoibhe feirdé ngriiaedeimg 2am Ad$ysteantoro
alidsSsessing Qﬁno&ogghog%l%f alyoaﬁﬁlece in a double side

rinder”of “the type t Rat “hol'ds T He  wor kpi ece

26. A method as set forth in claims 22-25, further
comprising adjusting at least one of the following in response
to the assessing: (1) an amount of hydrostatic pressure
applied to at least a portion of the workpiece by the
hydrostatic pads; (2) an angle of the grinding wheels relative
to the workpiece when the grinding wheels are applied to at
least a portion of the workpiece by the hydrostatic pads; (3)
a horizontal tilt of the grinding wheels; (4) a vertical tilt
of the grinding wheels; (5) a shift of the grinding wheels
perpendicular to a plane in which the workpiece is held; and

(6) an initial setting of the grinder; wherein the measuring



in a plane with a pair of grinding wheels and a pair
of hydrostatic pads, the system conprising; at |east
wWor@748018%0r operabl e to neasure a di stance fr oPCT/082007/060981

sensor to the workpiece while the workpiece is held in
the doubl e side grinder; and a processor operable to
receive data fromsaid at | east one sensor, the

processor being operable to ggsess nanot opol ogy of the
wor kpi ece using the nmeasured di stance. 28. A system as
set forth in claim27, wherein at |east one of: the

comg¥ DESSSHEabSroAgT abbe ulr@ 1ReY M@ d¢ Hhé€s €bEARBEN the wafer
structural analysis of the workpiece using the

and B Rt Ed! 4F¥t 8hc ESNERFFoFRARE hraRss ot i 3t opeRgbkl 8neoof an

x di¥&et énvWaal bhe panelepelodh ofn tdie: MOs&RL ECe Wk nhge
after conpletion of a_post-grinding processing step;

SYstafy/ SrEimerefR thatpltdCe®dang siiopersdietltd warksiers is

neld esponse &9 Lhg18@B850L datmale Ifastic ORE20Erihl) is performed
al i gnment of the double side grinder; and (ii)

whily deleRtuRferptésberedagpioved tier dihe ed@ebhe patdronrapder.
t he wor kpi ece by the hydrostatic pads.

27. A system for assessing nanotopology of a workpiece
in a double side grinder of the type that holds the workpiece
in a plane with a pair of grinding wheels and a pair of
hydrostatic pads, the system comprising;

at least one sensor operable to measure a distance from
the sensor to the workpiece while the workpiece is held in the
double side grinder; and

a processor operable to receive data from said at least
one sensor, the processor being operable to assess

nanotopology of the workpiece using the measured distance.

28. A system as set forth in claim 27, wherein at least
one of:

the processor is operable to perform a finite element
structural analysis of the workpiece using the measured
distance; and/or

the processor is operable to predict what the
nanotopology of the workpiece will be after completion of a
post—grinding processing step; and/or

wherein the processor is operable to adjust in response
to the sensor data at least one of: (i) alignment of the
double side grinder; and (ii) hydrostatic pressure applied to

at least a portion of the workpiece by the hydrostatic pads.



