22 February 2006 METHOD AND APPARATUS FOR CUTTI NG SEM CONDUCTGR W&, 2006
TECHNI CAL FI ELD The present invention generally relates to devices an
nmet hods for cutting mcroelectronic devices, such as in dicing
sem conductor wafers into individual dies. BACKGROUND An individua
m croel ectronic conponent or die is usually fornmed froma |arger substrate,
typically-a sem conductor wafer. Wafers nost conmmonly are forned primrily
fromsilicon, although other materials such as gallium arsenide and indium
phosphi de are al so sonetines used. Sem conductor wafers have a plurality
of dies arranged in rows and colums. Typically, the wafer is sawed or
"diced” into dim‘fﬁép S AHPARATISS FOR Do T @ SEMIGQNRUCTAR WAFERS

set

per pendi cul ar S 0 parall.el lines or "streets" |lying between the rows
and colums. In a typical dicing operation, a sem conductor wafer is
attached to a carrier, such as by use of an adhesive, and the carrier is

nounted on a tabl fer w. The wafer saw includes a rotating dicing
bl ade which is at ﬁ'gwﬁg FAEE otating spindle. The dicing blade has a
peripheral cuttinghgdassendirventidy gbreeralhprdiatds o tbvidesiaoddgtiaods fot estting

ot her abrasives to assist in cutting the . sem conductor v‘\/af er As,t-helbl ade
of the wafer micwelestropicagevices suehes g diFing SemigpidiFtor WaleES: iRy idiidua

t hi ckness of the wafer and is carefully guided along the streets between
adj acent die 1€5The bl ade may be gui ded al ong these streets by noving the
bl ade relative to the wafer, by noving the table of and the wafer relative
to the bl ade, or BACKBROYNBoth the table and the blade. If a blade is not

bl ade can trace aAn pHRERRPReRebR T CHIERCh 8RR Syak dfre BbIE

the spindl e- |f/@BPRObMraLS, ?Taﬁﬂ?y\d ?émhendﬂmﬂdirt welfettvi tWaﬁeurtlrgd;srtlrx_l:cglgﬁ%my:&frgce

E:O?mfg_ H uﬁggaq%aéggén@ frorrzli tsiligtlnjr[l, S?n%ugﬂ o?henrﬂorggtelrigg sucn as gaflium a%enige
and indium phosphide are also sometimes used. Semiconductor wafers have a
plurality of dies arranged in rows and columns. Typically, the wafer is sawed or
“diced" into discrete dies by cutting the wafer along mutually perpendicular sets of
parallel lines or "streets” lying between the rows and columns.

In a typical dicing operation, a semiconductor wafer is atfached fo a cérrier,
such as by use of an adhesive, and the carrier is mounted on a table of wafer
saw. The wafer saw includes a rotating dicing blade which is attached fo a
rotating spindle. The dicing blade has a peripheral cutting edge which may be
coated with diamond particles or other abrasives to assist in culting the
semiconductor wafer. As the blade of the wafer saw is rotated, it cuts at least
partially through the thickness of the wafer and is carefully guided along the
streets between adjacent dies. The blade may be guided along these streets by
moving the blade relative to the wafer, by 'moving the table of and the wafer
relative to the blade, or by moving both ihe table and the blade.

If a blade is not precisely mounted on the spindie, the peripheral edge of
the rotating blade can trace an irregular path with respect to the axis of rotation of
the spindie. Commonly, a blade will be mounted with a fiat blade surface clamped
flush against a flat surface of a mounting hub carried by the spindle. If the blade
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.1 22 February 2006 is not properly clanped agai nst the hub, F '
the attachnment of the blade to the spindle may cause the peri@p%;erggﬂyawrmoe

cutting edge of the blade to oscillate or waver irregularly. Sonetines a
foreign particle can become wedged between the nounting hub and the face
of the blade or the nmounting hub or the bl.ade may have a burr on its
surface- Such a foreign particle or burr can cause the blade to be nounted
at an angle. As the shaft is rotated, the path scribed by the peripheral
cutting edge of the blade will wobble. Wavering of the blade as the shaft
is rotated cag redpfdetipeldmpaiagainst thevi, @nywiay indhe plaghment @bthedhiade{o on

the wafer, d di bath . si f the, st ' t

wnters ol o tamerelBansoraurmie peipiaal SAfid oo AP HIEE 1o RENERNEHC! OF

- chi pping of t\t}sxéalﬁrégﬂsrlw ShigtiMeE arforaigTpaitiog chnasscon) wetged batwbbre tis r eet
ade stays th

even if the b I'n the proscribed width of the treet. The
difficulties meantrighed andtthe faenef the hedatarige deYrigadiubeestiiesblads dpdhsi ng

as the sem conduct or industr \ t : SAUR: e
are two vari efg¥&R gi“”ﬂb’ﬁﬁw}ﬁf? v%'fcgré)ﬁegé‘ ng)%ﬁméejbrrar f;\ee?‘flt% %%Iay - bc]ﬁaol- ®
spindl e saws paidhbhrRad adtl &h arlale- Ay t5é dmaftpisncitate)l, dnel paft rscped diye teaws
(W th opposed, axially aligned spindl es_}). Cge such twin spindle wafer saw
is shown in perphesalzugingedge Pirehiads WHOWORRS. the entirety of which is

i ncor porated her eiw‘ w@?ﬁﬁiﬁﬁgq’?ﬁ%‘* %%ga&ﬂdﬁ, isS HitheiZedh SRS liee Gile ) ade

waf er saws sinmul taneou ace of the sem conductor wafer along
paral | el |i nedevistengutsidpahe irdéngeat sirdadlon tieciafgr, lampging dies arwond loadeth

typically have the_sane diangter and. are rotated t LQL atj on
axis so they $iFEs oplfe “@e%ngﬁm'cf’a YHY \33{?(55 %LS&WFQS\%? %@%&r&ﬁ%yﬁl

avai| abl e dualaph iRl ansaite dlidiRPr MoOURRoETR Ward [darhaging dBET €
the bl ades are nounted is sonmewhat |imted. It is often difficult for the

operator to vageceridonhadieekawwst fithadipdenetappaithinother progeried Widiuef tbunt
street.

The difficulties associated with properly mounting dicing blades is
increasing as the semiconductor industry rhc_nres to‘Ward dual-blade wafer saws.
There are two varieties of dual-blade wafer saws on the market today - dual
spindle saws (with parallel, side-by-side spindles) and twin spindié saws (with
opposed, axially aligned spindles). One such twin spindle wafer saw is shown in
Figure 3 of U.8. Patent 6,008,739, the entirety of which is incorporated herein by
reference. Typically, such {win spindle dual-blade wafer saws simultaneously cut
the surface of the semiconductor wafer along paralle! lines using a pair of paraliel
dicing blades. The two blades typically have the same diameter and are rotated
about a common rotation axis so they will cut the wafer to the same depth. With
commercially available dual-blade wafer saws, the aperator's access to the area
where the blades are mounted is somewhat limited. It is often difficult for the
operator to view the blades edge-on and the operator frequently must mount
blades looking along or parallel to the axis of rotation. This makes it difficult for
the operator to see the mounting hubs to which the blades are being attached,
leading to errors in mounting the blades. In addition, it is difficult to visually
confirm that bath blades are properly mounted. A highly-skilied, experienced -
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bl ades | ooking along or parallel to the axis of rotation. Thisogpk |
difficult for the operator to see the nounting hubs to which t{g EE@SZOOG

are being attached, |leading to errors in nmounting the blades. In addition,
it is difficult to visually confirmthat both bl ades are properly nounted.
A highly-skilled, experienced -2 22 February 2006 operator can sonetinmes
observe unacceptabl e wobbling of a cutting blade by watching the bl ade as
it rotates- This visual observation is nmade nore difficult if the operator
is only able to watch a face of the blade instead of the edge of the

bl ade. " I n dughpdth@f Gapaunet e phsare ninacodpdablefwalidingreina dbktingeblegel it gel y

limted t tching the f f the rqtating bl ade, i f
bl ate 1's uouswaghingrsatIaRens Hartaips. | Tk SEuaLseRtion TS B ipble Hiffeu R
Super i nposi t L@Q (%{%%tg?isf Gr‘ﬂgtag%] R0gatchel 1ee b ihe bREeTAseEd @M thd BEgSs ©fthe

|

bl ade. SUMVA ment the present invention provide nethods usef ul
in cutting a sladecdndualidade sdws,rant epergtags view gbiiedmid ldads: isargety, ling

i conduct fer. . One.enbqdi f ' i i
oo ot et yeienine Beraes R E BRSL T Bles fark{lew it ARk 88 BB €ty
substrate is @%%H{( haRRfedVif fbt doRfstely Bleciedbbpdapatimpositon oflive fedradeades

I rs

rotated in a spaced position wherein a peripheral cutting edge of
the bl ade is bgtweed the operates apdticmaabEdsr substrate- A distance to a face
of the blade is neasured as the blade is rotated in the first. spaced

position. A first 5}/@@@@9}9 In the neasured distance is determned as the
bl ade is rotated. e first variance is no greater than a predeterm ned
maxi mum vari ance, Embodimentsorfdhe tpoesent irventivre prayidsometiods disaful lin chiging a

eri pheral cuttjng,edge of the bl ade. The bl transl ated wi,th
Iroes:ogct to th%em%@ﬁqi@%d‘f}&sgﬁ{és%t Faﬁe@'?%m@ﬁ@gifaﬁggﬁ ¥ '?ésrkﬂa"ﬂcg:’rtv\émﬁ%ﬁgh
the sem condughps ©HbSEmMBb&mant dfotréesiveation toievidds o dnstByd ffor tdigfing ncl ude

term nating rotation of the blade if the first variance is greater than
the predet er nderaigonduater sdbslipieawiaerein the semiconductar substrate is positioned with

respect to a blade of a saw. " The blade is rotated in a first spaced position
wherein a peripheral cutting edge of the blade is spaced from the semiconductor
substrate. A distance to a face of the blade is measured as the blade is rotated in
the first spaced position. A first variance In the measured distance is determined
as the blade is rotated. I the first variance is no greater than a predetermined.
maximum variance, the semiconductor substrate Is contacted with the péripheral
cufting edge of the blade. The blade may be translated with respect to the
semiconductor substrate to cut at Isast partially through the semiconductor
substrate. If so desired, the method may further include terminating rotation of the
blade if the first variance is greater than the predetermined maximum varlance.
One adaptation of this embodiment includes positioning the blade in a second
spaced position after cufting the semicanductor substrate. The peripheral cutting
edge of the blade is spaced from the substrate when the blade is in the second
spaced position. The blade is rotated in the second spaced position without
cutting the semiconductor substrate, the distance to the face of the blade is
measdred as the blade is rotated in the second spaced position, and a second

variance is determined.




One adaptation of this enbodi ment includes positioning the bl aﬂaFéﬂﬁLﬁary 2006
second spaced position after cutting the sem conductor substrate. e

peri pheral cutting edge of the blade is spaced fromthe substrate when the
blade is in the second spaced position. The blade is rotated in the second
spaced position without cutting the sem conductor substrate, the distance
to the face of the blade is neasured as the blade is rotated in the second
spaced position, and a second variance is determned. -3 22 February 2006
Anot her enbodi ment of the invention provides a nmethod of operati ng,a

seni conduct or subgpaies sravdvehol te investioropeavides a MeHAd AroRAIGRR

w thout contacting the blade with a fl.o f.ligud ' sg~face
of the bl ade sesniconshictaselstaatersay Wﬁ'ﬁ’hém\?lyﬁ&%st Ldégtmﬂ ?lbﬁc%l @ﬁa@grlgar\{%?glﬁg%t:nce
to the face of I : 66 tof diavidat Aafistineentd hdgabasflthadlatiestsance
are determ nec&nk%ﬁngrtﬁgﬁjl?cgéwftﬁd% ggt ed [iqf the first devi at%on i grbiaa& er
than a predetponitored asebé biadedetates. | Aifirst kgselne fj'sfarﬁ'@eZ? i 18cg 9@9 aae
‘indicated, a fijrs ut at. | east ni (o] AW ] HeQNAuEL &ar i
substrate is #KHE %}Ffﬁet"ﬁ Drbﬁ%?ﬁ% ﬂ\ﬁ%iqtaéglliﬂoeyntd fgﬁ%@%g&? hge%ﬁgfggew flﬁ g‘f f Fow of
liquid, such agicateriapiHedst deyititidn idgratdrdtant praditamyned maxistuerd deviatian.

sem conductor substrate saw is provided i ccaordance with anoth

embodi ment  of Oolyeifi He®mopnis NAt ¢ '%atﬁgt ﬁ‘o%,rsfi ‘éau@gge%srtaaamﬁgy rtbﬁ%%daf rom

a bl ade mount GaLL) kA BBARSE noluclvith GRWIads RN oititading ihomy erinen the
new

bl ade nount an ade is rotated prior to contacting a
sem conduct orficsubsitquid, sueh ek admelingligblade. Prior to contacting-the

sem conduct or substrat i th t he new bl adge, di st e new
bade is nonitored é%etgﬂ‘inosl% a?%’f‘%taei’,?aqg B@gé%@ﬁr&;&c{té&ﬂ%@%ﬁ%&% E‘ce of
the bl ade andy.9idde\h abdddaddeamit Beothessthbakmehtsdfanes mventiorr enehisimettiod and
an error is i n8i cated if the deviation exceeds_a predeterm ned maxi num

devi ation. Onhyséd blade istamverdromabladedneidttsarries ¥ua shaft Rate saw. | @ 26w
partially through the e CONAUCHUeSHBEH 8h& the new blade is rotated prior to

contacting a semiconductor subsirate with the new blade. Prior to contacting:-the

semiconductor substrate with the new blade, a distarice to a face of the new b'f‘;a;dé
is monitored as the blade rotates, a baseline distance to the face of the blade and
a deviation from the baseline distance are determined, and an error is indicated i
the deviation exceeds a predetermined maximum deviation. Only if the error, is
not indicated, a cut is made at least partially through the semiconductor_subsﬁ%te.,
with the blade.

Ancther embodiment provides a methed of exchanging a blade of a
multiple-blade saw which includes a used first blade and a second blade, which
may also be a used blade. The used first blade is carried on a first shaft for
rotation with the first shaft and the second blade is carried on a second shaft for
rotation with the second shaft. The used first blade is remaved from the first
blade mount and a new first blade is mounted on the first blade mount. The new
first blade is rotated in a first position and a distance from a first sensor to a face
of the new first blade is monitored as the new first blade rotates in the first
position. The first sensor is associated with the second shaft. An indication is

made whether a first variance in the monitored distance as the new first blade is
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wi th the bl ade. Another enbodi ment provides a nethod of exchaggz %%6
of a nultiple-blade saw which includes a used first blade and a seco

bl ade, which nmay also be a used blade. The used first blade is carried on
a first shaft for rotation with the first shaft and the second bl ade is
carried on a second shaft for rotation with the second shaft, The used
first blade is renoved fromthe first blade nmount and a new first blade is
nmounted on the first blade nmount. The new .first blade is rotated in a
first position and a distance froma first sensor to a face of the new
first blade is @ bi@ead Apredbrrredimadnubl fadevarsrseedt he firsbvaniange is

posi tion. The | rst sensor is associated, with the.secon
i ndi cati on i ot mﬁew\ﬂ@ﬂﬁée e Tirgly3rianes @ Semiendy ﬁlﬁ%{ %nﬁ%ﬂ‘a&eﬁ]ﬁ%ce as

the new first bLﬁﬁEegdnE@h m% ag\ﬁ@#{r%gag@%hq@é ab&shceieaedsTas plegttel eyl ned

maxi mum f i r st“of Irst variance is not greater than the
maxi mum f i r sty Niaén amvegrise neming thedsecand stis® tangt hardigstbeensepraigralyawitht h

compr | Se. movirepeie TEdER e era e e oo EE R B <Gl e

respect to thg. %bftﬁ% rgi,b[gg]@reby changi ng the distance fromthe first
sensor to the ace o new first blade. Another enhodi pent of the
i nvention provi desﬁmtl'mrﬂnh@ddmﬁt@ﬁ theaieentioa provides asemisHIUGRE YalerSav. | er

for a mcroel ct ron| C V\c%egkgggl?%r da%t%bfé@froqlﬁv\fd{ﬁﬁéceﬁ @fat dx‘w%rc%'mﬁd to

the driver an e carrier rst s has a first
axis. Afi rstsr#alftaéi@omwmo ite drver aedleatdhds epriosita ﬂwdaumrert Fﬂaeimifsham s

rotation wth the first shaft andaflrf%glad daertr by .t he, first
bl ade nount fafirst axias iFolirst Dlpgde mayat 1§ GHetpAFRS Hb h?éforﬁpga'@”has a
face and pe“vﬁgﬁh@'frgyéﬁ FHGRs bid eslgré:'éﬁfed'ﬁ"yﬁ]@%ﬁ%l&&@'ﬁﬁdﬂﬂ?ﬁr%ﬁtloﬁ' ade

and is oriente rd t ace of first | ade. The sensor nmintains a
fi xed angul arwifrosietfi rstrb!mie mousts p'Ei‘(stf" rsbblaﬁ@ha$ ﬁéaceaan% pedgharakcutiingsedgs. ade

's rotated WiA rs1ert1shc>er iés Qgéctedaf om % 9,{"8[%8 a¥18 |srT§r€T1 ntfég towar'd%g?ac% fcfhe first

blade. The sensor maintains a fixed angular position with respect to the first axis
as the first blade is rotated with the shaft and is adapted to measure a distance to
the face of the first blade. A processor is operatively coupled to the sensor. The
processor is adapted to indicate if the distance to the face of the first hlade
deviagtes more than a predetermined permitted deviétion from a baseline distance
to the face of the first blade as the blade rotates. ‘

Yet another embodiment of the invention pravides an alternative
semiconductor wafer saw which includes muitiple blades. In particular, this wafer
saw includes a carrier for a microelectronic warkpiece, A first spindle extends
opposite the carrier and has a first axis. A first blade is carried by the first spindle
for rotation therewith and the first blade has a face and a peripheral cutting edge.
A second spindle extends opposite the carrier and has a second axis. A second
blade is carrted by the second spindle for rotation therewith and the second biade
has a face and a peripheral cuiting edge. A first sensor is carried by the second
spindle and adapted to measured a first distance to the face of the first blade.
The first sensor maintains a fixed angular position with respect to the first axis as

the first blade rotates about the first axis. A second sensor is carried by the first -
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the face of the first blade. A processor is operatively coupl esh @pldsiv 2006
sensor. The processor is adapted to indicate if the distance to tRe ce
of the first blade deviates nore than a predeterm ned permtted deviation
froma baseline distance to the face of the first blade as the bl ade
rotates. Yet another enbodi nent of the invention provides an alternative
sem conduct or wafer saw which includes nultiple blades. In particular, this
wafer saw includes a carrier for a mcroelectronic workpiece. A first
spindl e extends opposite the carrier and has a first axis. A first bl ade
is carried by the, fahaﬁ% a8pbiaelie méapire atswcbnd distanceviot thedace ohihe sandb| ade
has a face and & perip

eral cutting edge. second spindl e exten
opposi t e t he iade.i Fhe srdonrheensos SEBMAINDG Q’Fe%a%@'g@'nﬁo {tfﬂrh‘ﬁ@ (essp%gf fol g by
the second spindle for_rptati ew 6RO GxR! aleradeasonmisf ace
and a peri phetesPne &% g 3dsgeggﬂi%?ﬁes¥&ést§%§grgu%@%cs}?r ﬁgd by tﬁgosecond

spindl e and agapimely courpasiy thd fiastfdndstecdnd sensest dhetpeogeseer igfadaptedt tor st

bl ade. The first mai nt ai fixed | LT O t tt
Che Tirst axiiodaste FEreipaiotPRds| SISAEe andlt TROORP (LIl HeafEEC, '€

sensor i s cart g iicklebinain irS 9&dTRArar P8t iivadbtiomofiifiss sadtmut ed

to neasure a 'seécond distance to the face of the second, blade. The second
sensor mai nt adigtanee kisxbd sacond bledpdeiatesosxopedin pessissmineg PREMUELERFRIaxi
as the second b] ade rotates about the second axis. A processor is
operatively cif"88% to the first and second sensors. The processor is
adapted to indicate if variation of the first distance as the first bl ade
rot at es exceeds a BRIEEdEESCRIATONTAKITIHEDRAVENGEriation and to indicate if

vari ation of the second distance as.,the second bl.ade, rot ates, exc ,
pr edet er m ned maxiFﬁﬂ}ﬁPsédén%FﬁjeU‘é‘SFaﬁ‘fj%r{’evBFﬂ%E% %@ﬂq‘-"f’%{]\? trﬁ'%Eg%gA@V NGS
Figure | is SGheMICE ilhime/ddibdinert SIARd RBASH O substrate saw in
accordance wi th one empodi nent of the invention. ) . .

Figure 2 is a schematic isolation view of the encircled portion of Figure 1.

Figure 3 is a schematic elevation view taken along line 3-3 in Figure 1.

Figure 4 is a graph schematically illustrating oufput of the sensor of Figure

Figure 5 is a schematic side view of a semiconductor substrate saw in
accordance with an alternative embodiment of the invention.
Figure 6 is a schematic top view of the semiconductor substrate saw of

Figure 3.

DETAILED DESCRIPTION

Various embodiments of the present invention provide semiconductor
substrate saws and methods for operating such saws fo cut semiconductor
substrates. The following description provides specific details of certain
embodiments of the invention illustrated in the drawings to provide a therough
understanding of those embodiments. It should be recognized, however, that the
presert invention can be refiected in additional embodiments and the invention

may be practiced without some of the details in the following description.



Figure 2 is a schematic isolation view of the encircled porti o pEpFRiANR06
1. Figure 3 is a schematic elevation view taken along line 3-3 1n Figlre
1. Figure 4 is a graph schematically illustrating output of the sensor of
Figure 1. Figure 5 is a schematic side view of a sem conductor substrate
saw in accordance with an alternative enbodi nent of the invention. Figure
6 is a schematic top view of the sem conductor substrate saw of Figure 5.
DETAI LED DESCRI PTI ON Vari ous enbodi nents of the present invention provide
sem conductor substrate saws and nethods for operating such saws to cut

sem conductor su Mgtl:_eg!iAﬁge\;ﬁwl | ow ng description provides specific
details of certai ments of the invention il Iustr%& #?2 the[0 :

drawi ngs to provi deigarethachematicatiydbEsraiagi & Feprcniyser e PifeREY 1Y 0
shoul d be recogni zed, haowever i RO FRgBs anvedfkect ed
i n additional a&%‘gﬂ?%‘ﬂ 0%\%8“1"%@%?%@%&‘?&3@%@5’;” b@mgr acticed UWI t ﬁout sone
of the detai | gpid14 Rehidobh® Wengsede e sipidrion . wafsr 122 IFaineuempodiorst Sf kg £

BLADE SAW Figure 1 schematically illustrates senm conduct or.. syhstrate saw
10 in accor diweation, tthe ovfer bRl frdhtroEia I%@”ﬁn%‘rﬁ'éiﬁ L J'Xsﬂa?%g”*%‘

| ncludes a valgne 1siRh Gaét 4HeS inBHedBnisRtof SortHIReY thot niiofient 2re Wall One

enbodi ment of P ntion, the er table 14 Is rotat abl e and
transl at abl e ifiown fri thedirthord resat mit beplisoussedSinofetaibhene. t abl es and nechani sns

for controlling their novenent are |  kno in the art.,. be
di scussed i nI dgt ai T'!“ﬁ%"f“"é%gﬂ%’ @ﬁ%‘”fgf%@sﬁ?pf\gf?d}ﬁm?gés E”%‘B%E%dr %‘ﬁ%%r{mig%h is’
posi tioned adjaeenbpfdf WHeesubmid 20 Ln (BRE diypResitedforman Ih akgurany the

su

desired form I'n Figure 1 the pport 20 is schematically shown as an
upri ght st rucsupport2d o schemetigally chowg as an upright structure éxtending vertically

from a position adjacent the table 14, but any structure which properly positions
the blade 40 with respect to the wafer 12 will suffice. The support 20 in Figure 1
is shown as enclosing & driver 22. The driver 22 is operatively coupled to a
spindle 30 to rotate the spindle 30 about its rotational axis A-A. Any suitable
driver 22 may be employed. In one embodiment, the driver 22 is an electric motor
which can be electronically controlled by a processor 60. . .
The spindle 30 may be carried by the suppqrt 20 in any desired fashion. in
certain embodiments, the spindie 30 is movable with respect to the support along
one or more axes. In one such embodiment, the spindie 30 is adapted to move
toward the wafer table 14 and away from the wafer table 14 under control of the
pracessar 60. For the wafer saw 10 of Figure 1 wherein the wafer table 14 is
generally horizontal, this motioh of the spindle 30 may comprise substantially
vertical movement. The spindie 30 may aiso be adapted fo extend outwardly from
and retract inwardly toward the support 20, such as by maving laterally generally
along the rotational axis A-A of the spindle 30. In the illustrated embodiment, the
rotational axis A-A is substantially parallel to the horizontal plane of the wafer
table 14 and the spindle moves horizantally alang this axis A-A.
~ Any suitaple spindle 30 may be employed. In one embodiment, the
spindle 30 comprises a shaft 32 which may be coupled ta the driver22. A
mounting hub 34 having a mounting face 35 may be carried adjacent an end of -
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froma position adjacent the table 14, but any structure whic
positions the blade 40 wth respect to the wafer 12 wll suf E%EQB%A%ZOOG
support 20 in Figure 1 is shown as enclosing a driver 22. The driver 22 is
operatively coupled to a spindle 30 to rotate the spindle 30 about its
rotational axis A-A. Any suitable driver 22 may be enpl oyed. In one

enbodi nent, the driver 22 is an electric notor which can be electronically
controlled by a processor 60. The spindle 30 nay be carried by the support
20 in any desired fashion. In certain enbodi ments, the s%§ e 30 is

movabl e wi t h {re Shek B2tspatie awapfion thel mgorid@le bie moMating eﬁﬁwswd $8ch

enbodi nent, the spi.n 30 i s adapt.ed wa 14

and away frorﬁ@ﬁ?%‘?yeplat‘?f)lsé‘dlﬂ? g PE@%%‘;& E1 o?ﬁﬁ@éltﬂ ﬁﬂrg%cei-@%rrﬁ@ghﬁlg

thhe waf er Sa}’i’ﬁégsﬁfof 'ﬁ'\éJHTo%mﬁng\’ﬁQb siIsHolie Wedees khavh eribdtation vgﬁmmrspbd:tyto
orizonta

I's notion of the spindle 30 may rise su tant
vertical novehenotatiohe axs Ad of i ﬁ@dlﬁﬁgo E{@fe&a@&'@& fage ggt'%ﬁﬂ %}/@Wdl y

from and retract ASMpport 20, such as by novi ng
lateral |y gerf&BfT @cﬁ’@rtgn% hié%r% at ?onﬁl axis A -A of the spindle 30. In
the illustrated erfpedipimdié 30tmhay lrfoblcbtai mmintlagmeoham&m for Siptmiyt meuhtihg v

parallel to the horizontal plane of Wih b e 14 and the g%iﬁndl e
noves hori zorh'éﬂ@?oﬁélﬁ@t the mogRting S?@Blr“i‘ 419 BELHNVRIT &0

enpl oyed. In grigy ol Mhpig e pdkse %&ﬁﬂﬁrméﬁﬁaﬁsrﬁh@fs&héﬁnaﬁw@h may

be coupled to e drive mount |1 hg hub 34 having a nounting facé 35
may be carri etluad;ted:em:t zamek@inihgfnut 3622 Mrrafanryngzom Gﬁh@r sether raqurﬁmced

f h
Dl anar " and. neJSHETE S RUEPES TS RBSRRY TERILA PRE A0l RRCEE Jeey
the mounting [Bidmnidd rﬁb%&ﬂeﬁ@g@ an b0RMa® §4RF atd Badei 400arhe SR ctamp bhe

rotational axis A -A of the 'spindle 30. Preferably, the face 35
subst anti al | ynowdingeiage 4@l @rthe dladecd sgainsioivg mavitngAage 31 tbsmwrémgo may

include a moynting REGAARRSHdrBliod, tdhdriBR YPiHeWodhting face 42 of the blade 40
covered by the mounting hub 34 will have a smooth, flat surface which Is adapted
to mate flush against the mounting face 35 of the mounting hub 34.

Any conventional semiconductor substrate cutting blade may be used as
the blade 40. As noted previously, many such cutting biades include a peripherai |
edge 46 adapted to cut the wafer 12 or other semiconductor substrate. A wide
variety of such blades 40 are commercially available.

In operating a conventional wafer saw, the blade 40 and the wafer 12 are
contacted with a flow of a cooling liquid, such as deionized water, to minimize
damage to the wafer 12 due to localized overheating. In the saw 10 of Figure 1,
this flow of water or other coaling liquid may be delivered through a water line 16.
To prevent the water from spraying as the blade rotates and to help protect the
blade from inadvertent damage during rotation,-a shroud 38 may be provided over
an upper portion of the blade 40. The shroud may take any desired form, In the
illustrated embaodiment, the shroud cavers an outer peripheral portion of the
blade 40. The location of the shroud 38 should be selected to avoid any

interference in measurement of the distance D by the sensor 50, discussed below.




bl ade 40 agai nst the mounting hub 34_ This nmounting nmechani sm ﬁ%ﬂy@?ﬁ
suitable form In Figures | and 2, the nounting nechanismis sc gﬁ%tlc I y6
illustrated as a retaining nut 36. The retaining nut 36 or other nounting
mechanismis adapted to releasably retain a blade 40 on the spindle 30. The
retaining nut may engage an outer face 44 of the blade 40 and tightly clanp
a nounting face 42 of the blade 40 agai nst the nounting face 35 of the
nmounting hub 34. In ordinary operation, the portion of the nounting face
42 of the blade 40 covered by the nounting hub 34 will have a snDoth flat
surface which is gompteste 4©tsrptbﬁeriyl mstntegairthe spinglendiAbe Myuntieeass 43 t he

t hub 34. A
o used as s iate A0S o WtedY BRATOUIEY © i L Pelep DR RARE ™
i nclude a peqd@,l,}ﬁ;ng\ i3I A 4pyadapher 30 Guinet Brdeabers Ad propetihetamped

sem conduct or trate. w de variety of such blades 40 are cogﬂarm ally
avai | abl e. | nb@tp,eeatthegemlmnmwhﬁ(ﬁ amal thgamexntggahut Ba, Bryaweradie ppdedd

wafer 12 are con act th.a fI ol Ok M zed
wat er, to m nif@Y gﬂ@y ag ot efg f%?f%ﬁf ‘i‘ﬁ!g Aa'{noféeg i ze%&ﬂver%eatl ng. In
the saw 10 of nﬁvaﬂr\éﬁtéfthe b@ﬂ.pﬁnefrétmﬁfg ouieets eftheblaele 40pakking daimgue to trey be
delivered through a water line 16. To prevent the water from spraying as

t he bl ade rotwaég'ianﬂs neicH@PpYr ot ect the bl ade frominadvertent damage
during rotation, - PJ?Ugcrﬁe%almwemagﬁé{dtbge%nemf PROGAPSINGET egn 1 he

bl ade 40. The shrou e an esire orm | ustr at ed
enbodi ment, t Bgcdinkered mmmsn@nh@m:me Afe i ghe spindpod@.i dn FRdurel?e a buradle 40.

The | ocat f the shroud .38 shoul d be sel ected. t i terf
T measur enonbxignds REMErdY Seeutt Boorin Gencs:otae ttnd AR ae B RLE 55°°
February 2006tH52mBG@ r@nﬁgé 43 Q50 BIRREA0. Y (IBHHEIE beOihddreos@ithal Mgde. 2 tshe

mounting face | ade 40 should rotate in a plane which'is
subst anti al | ynpletrpende sotlaranddhe kize afdhabraifahankeen axaggsrated dorspirpesss 30.

'f the blade 41‘0 rlfustrgt?on.)or Sh&! 2 bﬁhagpr‘ﬁgy arise due fo inadvertent damage to the
mounting face 35 of the mounting hub 34 or to the blade 40, As shown in
Figure 2, the burr B prevents the mounting face 42 of the blade 40 from lying fiush
againét the mounting face 35 of the mounting hub 34. As a consequencs, the
blade 40 is not oriented perpendicular to the rofational axis (A-A in Figure 1) of
the spindle 30, As a consequence, the point of contact between the peripheral
cutting edge 46 and the wafer 12 will shift from side to side as the blade 40 is
rotated. This can chip or otherwise damage the wafer 12 being diced. While
Figure 2 schematically illustrates a burr B between the mounting hub 34 and the
blade 40, much the same situation can arise if some foreign article becomes
trapped between the blade 40 and the mounting hub 34 as the blade 40 is
mounted on the spindle 30.

The‘saw 10 of Figure 1 also includes a sensor 50 which is adapted to
measure a distance of the blade 40 as the blade 40 rotates about the rotational
axis A-A. In one embodiment, the sensor 50 is adapted to measure the distance
from the sensor 50 to the mounting face 42 of the blade 40 without any direct
physical contact with the blade 40. This may be accomplished, for example, by
directing a beam of radiation af the blade 40 and measuring the reflection of that -
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bet ween the retaining nut 36 and the nounting hub 34, however,
may shift slightly as it cuts the wafer 12. This can lead to é%%&&ﬂFﬁéﬁ$iﬁﬂ%
erratic novenent of the peripheral cutting edge 46 of the blade 40,

ri sking damage to the wafer 12, as noted above. Figure 2 schematically

il lustrates anot her problem which may be -encountered in nounting the bl ade
40 on the 'spindle 30. In Figure 2, a burr B extends outwardly fromthe
nmounting face 35 of the nounting hub 34 and abuts the nounting face 42 of
the blade 40. (It should be understood that Flgure_Z is not drawn to scale
and the size rgfijatibe biptig blebamdeBg fmea@gem\te a variety @f peBwentast distance

illustration.) Suchaburr may .ari se du |.Nn n

mount i ng f ac dNESURMEMHAPNITRT F‘?‘%bﬁ'uﬁmglﬂ) Y6 tﬁ%ggxﬁ%égﬁ E&H AS shoﬂas!p
Figure 2, thesepxgﬁz(/e IrPEFrE S0LR| bRBoARILM bﬂﬂaeflﬁﬁ@tl%a fHe stehﬁob‘&@d:emﬁﬂsés am
Iylngflush agal e nounting face 35 of t he nmountin

consequence, (I(hl Iaﬁﬂrah@lmm@t ﬁ@ltlSer Fleght 892 Bt ?Qflﬂsa?E%FB" ?%ia’p&%‘?monal

axis (A-Ai n Fiqure.l 30. As a consequence, the point of
cont act bet Cﬁ@qrﬁ%ﬂgﬁaﬁg |ﬁg edge 46 and the wafer 12 will shift

fromside to sideTas sdppokisodp é@aptEd to ahaintth aTfixesd aaguiamrqjamwtmmtw se
damage the wafer 12 beln di ced emat i cal.l |IIu rates
a burr B bet \Aﬁéﬁﬁfﬁﬁ%thﬁfﬁgﬁtﬁoﬁ@l% g’ﬁ'& stpﬂgﬁe %658 ‘ﬂ@om%%ﬁ%

situation Cagh%]éﬁ?;\ﬁ\ %Hr{ﬁ b%'dﬁﬁlerﬁr&f'ﬁ%@eﬁeqm;énsﬁr%@ne%.%hﬁtaﬁaembhe

. bl ade 40 an € nounti ng unted on the
spindl e 30 _ 'EmerlaiiWylﬁIeoEungcgm@ 1V\&lilgothisn enedres f@atsérm@ﬂgalarvmaims@p

dapted t di st t he bl.ade 40 as, t 4
Sbont e’ oltver e St R0a0 M TR Adhehs oaPe dREd; TRl BBt e
to measure theydh HANRE didi® Bé@eéﬁﬂﬁ@ﬁaeﬁ&bﬂﬂ@ ér'ilﬂﬁ@!d!'aﬁé NRodritfg fééeat the

bl ade 40 without any direct physical contact with the blade 40. This may
be acconpl i sht vamnvgxtamp.l eyerby theliblada Isnigeahbawisd eradhehiubPdarstthe

bl ade 40 and sr;g?naﬁ rezb ngt %Iatgé lm%érdl?rnar?&( oh{\}?ﬁrdly with respect to the support 20

along the rofational axis A-A.

The sensor 50 is adapted to monitor the distance D from the sensor 50 to
the blade mounting face 42. In one embodiment of the invention, the sensor 50 .
monitors the distance D during the entire operation of the saw 10 as it cuts the
wafer 12, Cooling water on the blade mounting face 42 can interfere with
accurate readings of the distance D in some embodiments, though. In an
alternative embodiment, the sensor 50 measures the distance D to the fnounting
face 42 only at selected times, as described below.

Figure 4 schematically illustrates three idealized piots of the distance D
between the sensor50 and the blade mounting face 42 for three different
circumstances. In an idealized condition wherein the blade mounting face 42 is
perfectly flat and the blade 40 is perfecily mounted on the mounting hub 34, the
distance D will not vary at all as the blade 40 is rotated unless the spindle 30 is
translated along the rotational axis A-A.  This idealized circumstance is
represented by a straight line A in Figure 4. The dashed curve C in Figure 4
illustrates a piot of the distance D as a function of timet for an improperly
mounted blade 40, such as the blade 40 shown In Figure 2. This curve C is
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22 February 2006 radiation by the blade nounting face 42_ Any ﬁF@bY@ér‘XGZOOG
of non-contact distance neasurenment devices can be enployed as the sefAsor
50 if they are suitably sensitive. In one useful enbodi nent of the

i nvention, the sensor 50 conprises a CCD | aser displacenent sensor, such
as a LK-2500 series sensor available from Keyence Corporation, Osaka,
Japan. The support 50 is adapted to maintain a fixed angul ar relationship
with respect to the rotational axis A-A of the spindle 30 as the spindle
30 rotates about  that axis A-A In the enbodi nent of qu%gljre 1, the sepsor
50 is shown agermiam,gsmumma;emtw patisdSphshirepieseiriane samriste{8ypidtion Aot

the angul ar rel ati r t S
remai ns fi xedthe; @!ag%ga aﬁngﬁl E?tnéﬁa)?sllhﬂ d@%@%& %Z]{%\i%ﬁé%cﬁlgﬁégrécﬁfégr
and the bl adey t%DHfHdrl%G if @gﬁeglgmnwd Imaxifiom Qeadingi toea reinémumf realdingbl él'dim [ s
i deal | y nmount e hub 34, as the spindle 30 is tr slatedl

and out war dl yvawaﬂmnrleﬂnfednstar@etm@aywld?@d aVariyeenG 1P 6#‘&‘1"%\‘%&%

A The SenSQrerate (B ARANDET At BRI Of ) GellRLEACE! B W GiRcliRE Anaias S0

to the bl ade®JBHE n-one e nent i nvention, the
sensor 50 nNDOfbinARs skhurdiotbane eiddedusurntigy fime 4ht The adpet disteoce Bfwdlrv@r)s aw
10 as it cuts the wafer_ 12. Coolinhg wa

t bl t)
can i nt er f er e2hpytihishasaing @SF%'&&Q‘I‘QS&%%%W%%f@gtfﬁc‘zﬂl%tﬁ%%wn c ange
embodi ment s, 1 BAUAR bakBiRdisBbe HaRy & Geatharth renine dis sensor SO measures

t he dlstance he nmounting face 42 only at sel ect ed. times,
descri bed bel ow. Fif g sadasehénextesss| § predeienined S Vaieacs Yech gt s

of the distan D bet en t he

or three i fPEAEAD ey BB GReELr AP el TeulipenonBSRi 3 e des e

bl ade mount i nghe @Geatidd D.Sof REELRET bxtekligh pa@abteﬂmn@di aReimOn tevigesd BRL) Y
nmount ed on the nounting ‘hub 34, the djstance D will not vary at all as the

bl ade 40 is rbiFanbariakassas AR BPraiAnthgbinesblage 4R 4s likely "HIPFGﬁ@r!Y Aeunted
rotational axpg ks ApsEBfeSsd_ ARk B Gh deniREANERahSe Vi, and/or deviation Dum,

may be selected to materially reduce the likelihood of inadvertent damage to the
wafer 12, while permitting reasonable tolerances in the mounting hub 34, the
blade 40, the spindle 30, and the fit of the blade 40 on the hub 34. In one
embadiment, for example, the maximum permitted varance Vi, is about 2 um
and the maximum permitted deviation Dy i$ about 1 pm.

The data from the sensor 50 may be delivered to the processor 60. The
pracessor 60 may comprise any suitable structure which is adapted to process the
signal from the sensor50. For example, the processor 60 may comprise a
computer running a program adapted to process the signal from the sensor 50. If
the processor 60 determines that the variance V. as the blade rotates exceeds the
maximum permitted variance Vi, of if the deviation D. exceeds the maximum
permitted deviation Dmex, the processor 60 may indicate an error condition. This
can be communicated in any desired fashion. For example, the processor may
deliver a waming sighal to the operator on a display 62 connected to the
processor 60. Alternatively or in addition to the output on the display 62, the

“warning signal may comprise an audible andfor visible alarm signal on an
alarm 64 cannected to the processor 60, This waming signal may be designed {o
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represented by a straight line Ain Figure 4. The dashed curveZFéPriEHrg 2006
4 illustrates a plot of the distance D as a function of tine t for an

i nproperly nounted bl ade 40, such as the blade 40 shown in Figure 2_ This
curve Cis -10 22 February 2006 generally sinusoidal, with a period P which
represents one conplete revolution of the blade 40 about the rotational
axis A--A During the course of each period P, the distance * varies from
a maximumreading to a mninumreading. This variation in the distance D
may be considered a variance V,: for the curve C. The , aver aﬁe di st.anc

Da, g of the cysivies Gitemiorber 3 homghoperatersodhp speraterecal opReRtde RS

sensor 50 to the blade nountjng.face 42. s ) y
about this bastaryene @i 'Eﬁ%ﬁﬁf@t‘?ﬁ" d?ecggsefzm‘e?;ﬂ%%%gé#%#% e@%ﬂgﬁﬁBﬁﬂg S%r%@num
change from Lh eld hsleaRRSREIdIgth dpivdat 3WrbyD thé odriven@2c ifr wee C.
I f the vari an'%egaﬁagéc{geggmghpredqt er m ned magi mum vari ance V,, t-t}gp | ade
40 may be congirered.iexpeeretHeymmguneECHH R ¥adg R e 6.1 hedgyialon Dy

the deviation D., of the curve ; t er A rGRahE @Y kid | on
D., this ca??“’ﬁsd%A‘R%Hreaqg*?%rﬂ“?eﬁnad‘ﬁégﬁ‘?@ﬁd%@i t "é“bpqggﬁmfgﬁ?(sf i kel y

i mproper |y nogaiedo iAthishiassiph ahdinior Brevenbdamage pethe waler W2aby sap@ch/, |
and/ or deviation Dn may be sel ect eéi aﬁr materially reduce the |ikelihood of
i nadvertent duiage 1merqpﬁ8m%mé‘%dq*§,e ile permitting reasonabl e tol erances

in the mounting h thewdAd6ntdhnedie @Bited! eudOB amich hecHdmatiehit he
bl ade 40 on the hﬁggﬁeﬁlﬁ%&le en_%odi_rrent, for exanple, the maxi mum
pernitted varilascate¥nmbladestivparating puithin mgceplablearperaing earmetsss.delfitat i on

Dmax i s about | . The, data .fr.o 0 L Ver.§

oroceseor 00 BB i bk cosaigt TPt ECtern iy R 15, Ko cEall B 10
i s adapted toqRiRAEESS 418 thei @nabr 60 am thbevlags sasurbifly fBes 42xasmh ecuridA.
processor 60 nmay conprise a conputer running a program adapted to process
the signal frldaveyer, sessiEFianee Ve ol theCupiedd 63 483 HtigEiee Faxiadmy PRmi{erk

variance W ag the R} adegotal qfe QXGERISDL Bfthe cuive B is less than the maximum
permitted deviation Dy If the maximum permitted variance Vi andfor the
maximum deviatlon D are appropriately selected, a blade 40 exhibiting a
variance Vg and a deviation Dg as shown in curve B can be used to cut the wafer
12 with little or no inadvertent damage to the wafer 12.

Figure 3 schematically illustrates a re!atinnship between the position of the
sensor 50 and the mounting surface 42 of the blade 40. For a given angular
displacement of the blade 40 from a flush mount against the hub mounting face
(35 in Figure 2), the variation in the distance (D in Figure 1} between the
sensor 50 and the blade mounting surface 42 will depend on the |ocation of the
target area 52 of the sensor50 on the blade mounting surface 42. If the
sensor 50 is oriented to detect the distance to a target area 52 pasitioned
adjacent the peripheral cutting edge 46 of the blade 40, the change in the
distance D will be at or near its maximum for a given angular displacement of the
blade 40 from a flush mount against the hub 34. If the sensor is instead oriented
toward a target area 52" positioned closer ta the center of the blade, the variation
in the distance D between the sensor 50 and the mounting face 42 at that location
will vary less for the same angular displacement of the blade 40 from a proper -
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maxi mum permtted variance V,., or if the deviation Dc exceed ﬂ?ﬂ,
permtted deviation Dm,, the processor 60 nmay indicate an errszoérhglgn | :Egr%%
This can be communi cated in any desired fashion- For exanple, the

processor may deliver a warning signal to the operator on a display 62
connected to the processor 60. Alternatively or in addition to the output

on the display 62, the warning signal may conprise an audi bl e and/ or

visible alarmsignal on an alarm 64 connected to the processor 60. This

war ni ng si gnal may be designed to -11 2 f6trgetpintle 30 aediee on of
a human oper gi@ntisg pobitionpd? Heoerah ' ﬂ%ﬁ%&#ﬁ{e&ﬁ@v 10 an%l i nt er‘éﬁ@&_ in
i s

its operation, if necessary, l ﬁr@g(;jmdﬁortbewafarﬁéblﬁﬂ&cg&%ﬁns

adapted to tep | of the spindle 30 b ' IUntihe
lﬂdf%rtoéatf%‘?g?%%ﬁ NP% ips o é;{}%?%b"tﬁédg&dt{q b

variance V,, exceeds hberapwdnowapbihe 5389 tgrget éﬂ%/ae 17, or if the

devi ation D. W'ixce s the predeterm n%ﬁaiﬂ?ﬁa%ﬁ%f?% ki distafice Betweendhieng

rotati on of thes 4bl & boweven e F PR LRI SR~ can i mit or pr event mRge to

the wafer 12 by coptagt, %%Igr fbid MprORariéy, trewensar tﬂrﬁ%telcggt_lorp%gpe i

shows an int %&-&a@ dgfate curve B which SChe”&B @s'tﬁe ré'léﬁiyéslgdﬁt(ﬁﬁgfa

bl ade 40 operghidmouitifd facacepti abie HHERPFTG D Q fers. The ' curve Bis

not a straight horizontal Ijne rgrprtgﬁgq&i&ggrmqn@haa@evm taé | propesshe can

di stance D f ribm spiadigeids & 189 WSt B 3de mounting face 42 ' r A
However, the g%re}rﬁqiﬁgﬁipé/?ad?ﬁs bheeqsnger Briet ress? ffﬁ%hthﬁf@”%ﬁ?%émgﬁgrgrﬁbte t ed
] ar

vari ance V=, . , the deviation, DB , uLMer&nb§. | elsndd)athet he
maxi mum  per midd eadjdglv tret iasrepiable pDF@UP%eB%}E%%F% %er it tftlgd variance Vn,

hi b1 t1 1 . Rl Y trivavt efeymmitededavdationDrst ¥k 40
e ROl ar DR Vo 2R A el qioymite

a deviation DB as sho in r
used to cut tRg We fir thd 2anget brda 52" withop rAgiup FadlRim %%Feﬁtgﬁa%gh‘%ag%tﬂﬁe@mf er
12. Figure 3 schematically illustr, lati-epeddils Ret ween the position
of the sensothﬂdhélﬁ&”‘{H%y%%%r%%%iﬁé?gg@ﬁﬁ (%ffé the bl ade 40. For a given

angul ar
DUAL-BLADE SAW |
Figures 5 and 6 schematically illusirate a twin spindle dual-blade

semiconductor substrate saw 110 In accordance with an alternative embodiment

of the invention. The structure and operation of this saw 110 bears significant,

resemblance to the structure and operation of the saw 10 shown in Figures 1-3.
Two distinctions between these two designs are worth noting, though. First, the
saw 110 of Figure 5 has a pair of blades 140a and 140b rather than a single
blade 40. Second, the sensars 150a and 150b of the saw 110 are adapted to
move with respect to the supports 120a and 120b rather than being permanently
affixed to the support 20.

The saw 110 of Figures 5 and 6 is shown as having a pair of supporis 120a
and 120b, each of which houses a separate driver 122a and 122b. If so desired,
both of the spindles 130a and 130b may be coupled to a common driver 122
andfor supported by a common support 120.  If separate drivers 122a-b are
utilized, their operation can be coordinated by the processor 160.

As with the prior embodiment, a first spindle 130a may comprise a

shaft 132a, a mounting hub 134a and a retaining nut 136a for mounting the first
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di spl acenent of the blade 40 froma flush nount against the h
face (35 in Figure 2), the variation in the distance (D in F:”%%FQHH.;E‘&%OOG
bet ween the sensor 50 and the blade nmounting surface 42 will depend on the
| ocation of the target area 52 of the sensor 50 on the bl ade nounting
surface 42. If the sensor 50 is oriented to detect the distance to a
target area 52 positioned adjacent the peripheral cutting edge 46 of the

bl ade 40, the change in the distance Dwll be at or near its maxi num for
a given angul ar displ aceyent of the ey 4 Aoyl @298l nst
the hub 34. blaﬂﬁé4géns§t‘mii%rl3ﬁ'r%tsgﬁamgrsl%jfﬂle 33&? Je?tlH;éé::trget area 52"

posi tioned CI ara faifif nbt@@&atotmwmameaemdbladewﬂb
di stance D be V\ght'ﬁfnéel@qs;%ﬁfogp E?O aarg ! 'Eghe nounting face 3h Bi]asit @ﬁ%tlon
will vary |ess forAtwsterdable 1a|4gumwoamogpwatﬂ&éﬂ? lra)ProtXH@%O B DY

proper .12 22 Februar 00 t | ns S Rligd to
nove W t h the siﬂ aéé f‘lc{g‘h]%%abn'%ﬁlg?? F%t?g} fﬁo%]a{{a?%xﬁ? ?l‘_fothrn%%cgg with
respect to t hgeg@ﬁgﬂéd trgeferddce lﬁdﬂﬁer&wﬂ&@r aEé)scMnhdaticallwvapswmm Ergue&hﬁéd In
toward the sane nount i n face 4

52 )
the sensor rekigumes g%ﬁ?‘{a%gﬁ@ Oﬁg‘rétq’iég%ﬁ %&g%?és B‘é‘?% A DERES aai‘:rpsarﬂ:e “I/&é)tan\d/er
the vafer table 3dek 3 Y764 Off debiey, SPHAGE WAEARTe baTBLIRAA R dalivdriefiowbRde

mounti ng face" vary € protessor nonitors the relative position
of the spi ndh@t&%rmdrMGommldmmhmﬂth@\kéadaa*r@ however, the processor

can determ ne the radi us of the r o tar r of
the bl ade 40 HencelheHgal- %‘1‘5}9 uifof‘%@u%ﬁ? %g %g l‘g?% ?3%8 %Fa{eg%n%ﬁg?gé%
accordingly. BRALGH R%E%r%téaaus%béw%ﬁ éEbciatednshe! dsfethamrad@smmeran 1408
deviation D,mXx W l'ess for the target area 52' with a radius R2 from

the center of redpectivelylelf 40 desineth onaey baih ¢f these senspre1$Ga-gean fecamerd R th a
larger radius,R . DUN-RAPE PO Bl Ritfle DRRDAIB bERIY ddrtiSiigh © @

twin spindle
the sensor 150a or 150b, respectively, is directed. In the illustrated embodiment,

however, the sensor 150a or 150b for each blade 140a or 140b is carried by the
shroud 138b or 138a for the dpposite blade 140b or 140a. In particular, the
shroud 138a associated with the first blade 140a carries the second sensor 150b
for measuring a distance to the outer face 144b of the second blade 140b. '
Similarly, the second shroud 138b carries the first sensor 150a for measuring a
distance to the outer face 144z of the first blade 140a.

The sensors 150a-b can be mounted on their respective shrouds 138b-a in
any desired fashion and in any suitable location. [n the illustrated smbodiment,
the first sensor 150a is attached to the second shroud 138b via an L-shaped
bracket 152a.  This bracket 152a is positioned toward one edge of the
shroud 138b and extends downwardly beyond the bottom edge of the opposite
shroud 138a. This orients the first sensor 150a toward a target area adjacent a
periphery of the outer face 144a of the first blade 140a. The other sensor 150b
can be mounted to the other shroud 138a using a similar L-shaped bracket 152b.
To avoid any Interference belween the ftwo sensors 150a-b, the second
sensor 150b may be positioned on the opposite side of the shared rotational axis
A-A of the spindles 130a-b (see Figure 6),
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sem conductor substrate saw 110 in accordance wi th an alternatjy
enbodi nent of the invention. The structure and operation of t%}lgeggﬁqﬁ?%
bears significant, resenblance to the structure and operation of the saw
10 shown in Figures 1-3- Two distinctions between these two designs are
worth noting, though. First, the saw 110 of Figure.5 has a pair of bl ades
140a and 140b rather than a single blade 40. Second, the sensors 150a and
150b of the saw 110 are adapted to nove with respect to the supports 120a

and 120b rather than being permanently  affixed to t u I m2 saw
110 of Figures 5 Aadhé saw Ji6ws eReTRiEF h‘g”‘éyz%ﬁ FGB‘Fatgﬁp% ?ef.l “%‘Eog'sag‘n

120b, each of which,hous S abple? fiy sigdetbier ed,
both of the @BW%%@%@F@EE@E ?L@%{)%&t gég%nudlg%aeto a coﬁi‘rooprl? )(;rl \s/’er 122

and/ or supporbgaedésbymaal@ﬁ@mgpampmas bacthe vafaf@epﬂilatc@f@?q&/%ﬁ%b%ﬁéﬁe% 4r e
utilized, thelrr operation can be co | nat ed by th
the prior enodimpone ofbeifyaftihe ﬁpm%éq'ﬁﬁéerﬁﬁ@ a&%@ﬁ?@i &%}nthﬁ Q?Léggw a

nounting hub 134a #3406 WS afendn wra tamist bylBe22
February 2008® BF%&%&'&EF\&S?%HFH%“%E%COM spi ndl e 130b rra%/%aﬁ% ude a

shaft 132b, apifaktB0gbhubcdsdibglyard therspindles Ag0 AtpveL b Flteh alCRe

d bl ade 140b. A waf 14 t t
secona s LiCH. 8 ECar, LD G, BN QG 8 19085 o K sspian

- (Four such sy AR5 WiNGd 8kbclY, 40k ence nunerals 1-4, are scherratlcally
shown in Figure 6.) In Figures 5 and 6, ’ﬁ g of the Iades 40a-b h‘%&shown

as having a separ zblaéa\ifmf@rbﬂtmmeth?l%ﬁﬁ‘sﬁﬁ ef b felivgred, °sian8?[8 ter

| ine can be used to di &4 oho
borh of the a1 480 Kk ot AeRirandE g e e By e

a separate Sqps Qj’spi,{opeez Off th& Qlistarcesmrasanueachbyl irst sansers §5Qab dalk edtsitdesef o ne

of the bl ades 140a or 140b, res tivel I f so d sire t
t hese sensor SAcEEPiEbIE ERAT %’E‘gca?rﬁﬁ'@gerﬁ'ya %armng Sfgriat e Bo 88fiePLa 16" the”"

aperator via an alarm 164, Instead of or in addition to delivering such a warning
signal fo the alarm 164, the processor 160 may terminate rotation of one of both
of the spindles 130a-b. In one embadiment, the processor 160 terminates rotation
anly of the spindle 130a or 130b carrying the blade 140a or 140b which falls
outside of acceptable operating parameters. [n an alternative embodiment, the '
processor 160 terminates rotation of both spindles 130a-b if the data from the
sensars 150a-b indicates that either one of the blades 140a-b is operating outside

of acceptable operation parameters.

METHODS OF OPERATION |
The present invention provides a variety of methods for ufilizing a

semiconductor substrate saw. For purposes of iilustration, reference is made in
the following discussion to the saw 110 shawn in Figures 5 and 6. It should be
understood, though, that this is intended solely to ald in understanding the
methods and that methods of the invention may be carried out using devices
which differ materiglly from the saw 110 of Figures 5 and 6.

' One or both of the blades 140a-b will be replaced with a new blade as they
near the end of thelr useful life. Often, both of the blades 140a-b will be replaced

at the same time, but it may be necessary to replace one of the blades, such as '
A5




t he support 120a or 120b associated with the bl ade 140a or 140
whi ch the sensor 150a or 150b, respectively, is directed. In ?ﬁ#@%@ﬁé&yzoos
illustrated enbodi ment, however, the sensor 150a or 150b for each bl ade
140a or 140b is carried by the shroud 138b or 138e for the opposite bl ade
140b or 140a. In particular, the shroud 138a associated wth the first

bl ade 140a carries the second sensor 150b for neasuring a distance to the
outer face 144b of the second bl ade 140b. Similarly, the second shroud
138b carries the first sensor 150a for nmeasuring a distance to the quter

fﬁce 144a of Bhe &Hhet%édwlabGMagedThé'osgmesgff L@l%‘?@n'ln‘lgé dea rekinian N
their respective shrou i 38b-a.in a0 AR0iRRq AP, S¥hd abl e
il RE SN G AR E O SR R P T Wy

| ocation. |n fHE13G3 may he“f1 TSt sensor Y-af tached

to the second,ghr fﬁ%!g tﬂé%ndré {h@ﬂséd fiRke pedie 1bllOaC¢féthe1§|ﬁadle'ﬂKBDa bAavefirst 52a
I S positioned tomar one edge of the shroud 138b End ex ten wnwar dl y

beyond t he bobtadem Hdganay be pesitipprsken Be spindirdo9adhe rel*ﬁﬁ”ﬁ’%‘? @'F%b?l r st
sensor 150a tﬁ\é\@fﬁg‘ﬁaa h%ﬁ) tﬁé.Irﬂev@q‘rﬁeﬁﬂatdea149§r6r8k!ﬁéysﬂfldlhhﬁlﬁ‘éu"ﬁdd fipee

144a of the f I sensor can be nounted to the
ot her shroud iB@udusisagnay bé mlidcad back hamsadngmalcm;ﬂﬂonmut al euterhatiphanal

interf bet the t 150 b d 0 b
oS i oned. on PPHIBNGRER fi% DAl OF. <178 Srape e ROy bETPR%ed PuhyFRY | o°
spi ndl es 130a1‘rpe§%ﬁ§dd: gy e 6). -14 22 February 2006 As the saw 110 is

operated, it na sirable to alter the distance between the first
bl ade 140a and theaneMn@matmleMDbs moupiegpat ts/spindlg i 30nke waides? af4be

oo o "ot ofpile G s faraty dn e, SapbdieR et B e VA Fahle 4By
tsﬁ 28 0;; | ﬁg?gsl?l:%ge% %@ﬁé 5&de @iﬁé&%ﬂ%!ﬂ@ﬁ@nﬂh‘é’fhlzﬁﬁhﬁ@&b Rad besn ré‘;ﬁédfdded by

Accordingly, as the spindles 130 nove to alter the
di stance bet sehe thirsiels| @ aveorotated tae stistance froro e Renspe§Ba 4o IBDAUIT t o

their respecti ac% 144a of the first blade 140a may be monitored and the distance from the
second sensor 150b to the outer face 144b of the second blade 140b may be
monitored. The processor 160 may receive data from the sensors 150a-b and
determine the variance and/or deviation for each of the blades 140a-b generally
as autlined above in connection with Figure 4. (f the varlance and/or deviétion of
gither of the blades 140a-b exceeds the predetermined maximum value Vi or
Deax, T@spectively the processor 160 may indicate an error on the display 162 or
via the alarm 164, Alternatively or in addition to indicating such an 'error, the
processor 160 may terminate rotation of one ar both of the blades 140a-b.

The blades 140a-b may be replaced with the spindles 130a-b spaced
sufficiently above the wafer table 114 to space the peripheral cutting edges 146a-
b of the blades 140a-b above the surface of any wafer 112 in the wafer table 114.
in one embodiment, the blades 140a-b are rotated with the spindles 130a-b in
these elevated positions and before the newly mounted biade(s) are lowered into
contact with a wafer 112. This will help identify any problems with the mounting of
the blades 140a-b before an improperly mounted blade 140a-b is allowed to
damage the wafer 112. In one adaptation of this methed, the first and second
blades 140a-b are lowered into contact with the wafer 112 only If the blades 140a-
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bl ades 140a-b will be altered, as well. Data fromboth of the ZepeBhsary 2006
150a-b can be delivered to a comobn processor 160. Aspects of perfornance
of the bl ades 140a-b can be displayed on the display 162. |If the distances
measured by the sensors 1 50a-b fall outside of acceptable operating
paranmeters, a warning signal can be delivered to the operator via an alarm
164. Instead of or in addition to delivering such a warning signal to the
al arm 164, the processor 160 nmay termi nate rotation of one or both of the
spi ndl es 130a-b. In one enbodi ment, the processor 16D term nates rotation
only of the spig@d epddfig avithiBaboapiablyipagamelers pad dhe 4uacesson Jeh dRRs Jiet

falls outside of acceptable operating .paganeters- _|a |
e A S o e T TR 3 g
Ib}‘ the data fro }J};%ssc?%%%@ 150y Ihdicaté eay efrot taain @ipehator amethef opdratar
ades 140a-bis"operati ng outside of acceptabl e operati.on a%gpetehﬁ.
METHODS OF OPERATddDrihe whetseio idwerciei adss ddGarkante %tF'ﬂ%an With {63 s
for utilizing a Sﬁg conductor substrate saw. For purposes of illustration,

reference is MEIE the foll ow ng discussion to the saw 110 shown in
Figures 5 and 6. |14, ik thedRafern iR rtae pedphdrabagiing etges 14fizsh iof bbit afribed

| el t id i d t andi th th d t hat t. hod th
S venti on any rbigtiba: binges Sa <oy RICATOGET N oA I s sl ST e
the saw 110 of, fl oy es 831 e&ﬂro@;]ngg}% AlstPRE oot §8nMbadesabifambihel whidve
ade aSs

repl aced with 'a new bl near the end of their useful life.
Often, bot h- oftablbel 14| tebedepth 6fthe onid by the blegent4la-b santheecadioled.i fesomat it

T e e by 1 B bl 2 S Hotiel pBteh 2B pierho 2000
retaining  nuta3PadihrdiRhl itosaine thidt@st haftehtreupbrlidBoutehastiseahi hbde] that  of
the way- The user nmy then slide the used first blade 140qbpff the spindle
130a A new f iwafer 112 may be broken along the kerfs left by the blades 140a
B Depending on the nature of the sensors 150, an undue amount of fluid on
the outer faces 144 of the blades 140 may interfere with precise measurement of
the distance to the blade outer face 144. Hence, in one embodiment, the new
blades 140a and 140b are rotated and the distance is monitored using the
sensars 150 before the blades 140 are brought into contact with a flow of water or
other cooling liquid from the water lines 116a-b. |
It may be desirable to check the status of the blades 140a-b from time to
time io ensure that they remain properly mounied on their respective
spindles 130a-b. It may be possible to monitor the distance from each
sensor 150a-b to its associated blade 140a-H while the blade is used to cut &
wafer 112. In an embodiment of the invention, however, the processor wil
indicate an error and/or terminate rotation of the blades anly when the blades are
not cutting a wafer 112. In accordance with one specific embodiment, the
spindles 130a-b are moved away from the wafer table 114 to space the peripheral
cutting edges 146 of the blades 140 from the wafer 112. The spindles 130 may
be returmned to the same position with respect to the wafer table 114 they occupied
when the new blades 140 were installed on the spindles 130. in an alternative
embodiment, the blades 140 may be mounted on their respective spindles 130 at -
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bl ade 140a may be positioned on the spindle 130a, the retalmrggpgbnkﬁgqoos
may be tightened to hold the new first blade 140a on the spindle 136a; and
the shroud 138a nay be placed back in its original position about an outer
peri pheral portion of the first blade 140a. The second bl ade 140b may be
replaced in nuch the sane fashion. Once the new bl ade 140 is nounted on
its spindle 130, the shaft 132 of the spindle 130 may be rotated- In one
enbodi nent, both of the shafts 132a-b are rotated at the sane tine even if
only one of the bl ades 140a-b has been replaced. As the bl ades 3 8 are
rotated, the gifiat ateetibm amtthe psepesoroursiog af dhe iadsstdo o fig.sAR 35 Bl he

first bI ade 140a ored an e di S Sepend nsor
150b to the dﬂﬁbpeféffgnﬁgﬁge%’f e S8 Lér%dar%l ag% C{)ﬁﬁmtﬁ%%ﬂmm torng The
processor 16Q, gpgoﬁmlgg tisatiee blass ke rsmasmrspérﬁonabnmdd:andmt mfnnrmedt he
vari ance and/ or deviation for each of the_ bl a% éAtB %(e:t g‘ al n%

outl i ned abow & differsnhelevation, @lehasabaPasyon Frose, aé:\ 8”8 Jﬁor‘

devi ation of etE' setﬂiweé?toi d @gd bl ?Q@?Rél-é;%’ce}ﬂ &mﬂg de?ﬁtrwﬁdﬂi'm ned apExi mum

value V,t, or® e processor i ndicate an error on
the display %fg waiter litHed 1t1Beo@lnatnrmtﬁﬁﬂﬂwemla@smumuwcmﬁaﬁmm|GPDWC{'J§

I ndi cating such an error, ces 160 r.ot one
or both of t HwPREES-RaIBITAS 1 ISEiTA0 MR DL LY SR PE b
spindi es 13038 Gaah&d ot iéddchemic! serbRvim0alte Wi rdsplbivelbiades 14gabe ( he
peri pher al tlng ges 6a- b of the bl ades 140a-b above the surface of

any waf er 1123arrbetmemtva‘£9ér table 114. |In one enbodi nent, the bl ades 140a-b

are rotated vvith |ndI '

are yotated (e SRAMLPId 00 el ERFG I CHRSE LBOBA AiFoS S

112_ This wil\}ithehe waRptis vif any gscebbdemduniind) dibek rﬁmist ihag tod miehsuredades
140a-b before an inpro nmount ed bl ade, 140a-b i s Iome e t he

|y t
waf er 112. rﬂfétﬂéc%ﬁj@ﬁﬁgglaélﬁs JA0 R RngREdRbYINIPRECERta i @Q?ﬂ?ﬁﬂ“n@ Sdes
140a-b are l OIYVﬁ{a?(CLe SUsQibtP R Groritl 4 Beddh df‘@f:ﬁ%ﬁérlr%aﬁﬂblé firkt dhRsr2d@sin140a

e the wafer 112 without interfering with normal operation of the saw 110. For
example, it is common practice in the industry to check the cuts or kerfs (14 in
Figure 6) already formed in the wafer 112 from time fo time to ensure that the
wafer 112 is being diced properly. The interim, post-cutting measurement of the
blade mounting using the sensors 150 can be performed during such a routine lull
in cutting.

In one embadiment of the invention, both of the blades 140 are returned to
a specific, pre-defined location each time the rnountihg of the blades 140 is to be
checked with the sensors 150. Retuming to a specific location each time is not
required, though. The variance and deviation measurements help identify
irregularities in the motion of the blade as it rotates and thess measurements are
independent of the actual baseline distance {D.y in Figure 4). As a consequence,
an improperly mounted blade can be identified even if the baseline distance Dy,
between a sensor 150a-b and the associated blade 140a-b differs from one
measurement fo the next. As a consequence, the distance between the blades
140a-b can be varied to cut aiong different streets on the wafer 112_ and the
mounting of the biades 140 can be checked without having ta return the blades to
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22 February 2006 b are operating w thin acceptable paraneters gnfebAfary 2006
-processor 160 does not indicate any error. Rather than leaving this
function entirely to the processor 160, the processor 160 may sinply
indicate any error to an operator and the operator can determ ne whet her
to lower the blades 140a-b into cutting contact with the wafer 112. in
cutting the wafer 112, the peripheral cutting edges 146a-t) of both of the
rotating bl ades 140a-b can be brought into contact with a surface of the

fer 112. B trolling the dist f the spindl es 130a-b f
et o1 tabl o a heme Resitein: ingke S EBESPA 8 BIHE 1abs oy B

controlled. | 0 Cl.C [ € waGS1 BR)igg tPmevé tebide 40
partially thr%‘@éﬁ%h%‘ {V\H/;%%{rﬁaﬂ%?@e%gt eeg?ét{:ﬁgn“&ﬁr%ugh "?gt s entire thi tgkness.
After the par{g alspesifichasatheewnithaedsect he theratipportl 20. e isbilitt bk eheelt 818y t he

kerfs left by the bl ad 140a-b i nat t

150, “an’ undusmenoiir obia Peres SHOSENE dncaiops Gl i B 2 RASES 1y

interfere wth, pr ﬁ&isﬁ%i(@ﬁél%gra‘?fﬁiﬁﬁhapiﬂadé heovinfdnts) aRlbifg téieuld) e pridise f ace
i

144. Hence, in one e ment, the new bl ades 140a and 140b are rotated
and the di st areggstiatiomufitheobledesitéthgr 4thwith thensiisels antnepusier d12.he bl ades 140

are brought into contact with.a fl ow, of | LaHkd from
the water 1ines 116"3%&'elf9r%93§;’agoét %ﬁ/sblg rﬁ%ﬁ%tg&é@%%@? ﬁg%@iﬂg‘td Elgerl(% g’fﬂ%

bl ades 140a- bjfybafir ha® béen Eédtrbbe hensuifer puhaises lnéjliustratiom bt tiae vayous
mounted on their respective spindles 130a-b. It may be. possjble to. nonitor
the di stance mogiicaliens mayrie FiapSoulpt Seviating Jisgp e (?(H”rﬁlaﬁ‘]’]es‘i%@agfb ile
the blade is : - fier : ieREéﬁ [ PN,
however, the g&%gtéésrgo%%v]&\? lﬁifﬂd{ﬁgﬁéélﬁ%ﬂgﬁﬁﬁ%ﬁﬁgﬁ‘g/ or tte%cmb%gﬁeélapgi&gﬁﬁcgn of
t he bl ades ontlgimdien the bl ades are not cutting a wafer 112. |In accordance
with one specific enbodinent, the spindles 130a-b are noved away fromthe
wafer table 114 to space the peripheral cutting edges 146 of the blades
140 fromthe wafer 112. The spindles 130 may
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be returned to the sanme position with respect to the wafer taberdbiidiSb06
6ccupi ed: when the new bl ades 140 were installed on the spindles 130. I'n an
alternative enbodinent, the blades 140 nay be nounted on their respective
spindles 130 at -17 22 February 2006 a first elevation and the proper
nmounting of the blades 140 on the spindles 130 may be confirmed before the
spindles are lowered toward the wafer 112. The later confirmation that the
bl ades 140 remai n properly nounted can be performed at a different

el evation, such as at a position closer to the wafer table 114. In one
enbodi nent, the bl ades 140 are spaced sufficiently fromthe wafer table 114
and - the water lines 116 to ensure that&ﬁﬁﬁ | ades are not in contact with
a continuous flow of the cooling |iqui his el evation, the spindles
130 may be rotated and the distance fromeach of ‘the sensors 150a-b to
~their respective bl ades 140a-b can be nonitored. The processor 160 may

" preclude | owerin 0 Gty -the wafer 112 if

t he second ﬁﬁunt%ﬁ @W@&? ?Hé%ﬁeﬁﬁgﬁdﬁgfoﬁgasurgegtcom}%sl%lgnces to the bl ades
140 no longer fall ﬂbﬁﬂbrﬁhgﬂﬁ@%@hﬁiﬁnﬁuapesams&m@vm&rmpe@ﬁ«sablacte of@sa6
‘possible to performa second check after E rag a first. serles .of cuts in
the wafer 112 wi t howtatingitbeftdadend & irat |P B'@F‘a‘ﬁm%ﬁ' of “Ek&188w 110. For

exanpl e Lt 1S CURHANIOR dRokifohAUSLTKohdusdiatiosiite; ot s of kerfs

(1-4 in Flgure6e) 4 E5¢ fer 112fromt|rretot|rret
ensure that the wameastj’rtt@adlsbmcagodafae@lobﬂ@dadg;asﬂn@blaqipéﬁr%ated in the

t-cutt t  of
e per for med dur it oaer Eesiion pad SRGRGH fraCydtBs i B METRpesaninoe Tt
the invention, b@skedfade ﬁéotsqe@udfeesﬁrsr_waa?eéaewem%a °f ‘639“5"%56@1:?“? fgtion of the

pre-defined | oc aiblaﬁeﬂ a€ ACdtatts; md, tittae ALLIVEHEME iho gagietthad® predet@mingd tmaxilham
checked with the, ors 150. Returning to a specific location each tinme is

not. - required, g tack§ 148 SLARGAIAGS: Sidtrale With TRASHIENTRN S J1elk
[ ify '
: the blade and fransfating the blade with respect to the semiconductor
substrate to cut at least partially through the semiconductor subsirate.

2. The method of claim 1 further comprising terminating rotation of the blade if
the first variance is greater than the predetermined maximum variance.

3, | The method of claim 1 further comprising generating a warning if the first
variance is greater than the predetermined maximum variance.

T4, The method of claim 1 wherein the first variance is determined without

contacting the blade with a flow of coaling liquid.

5.  The method of claim 4 wherein the blade is contacted with a flow of cooling
liquid when the blade is cutfing the semiconductor substrate.

6.  The method of claim 1 wherein the blade is rotated in the first position prior to
contacting the semiconductor substrate with the blade.

2




irregularities in the notion of the blade as' it rotates and ti®eFebruary 2006
feasurenents are independent of the actual baseline distance (Dave in
Figure 4). As a consequence, an inproperly nounted bl ade can be identified
even if the baseline distance Davg between a sensor 150a-b and the
associ ated bl ade 140a-b differs fromone neasurenent to the next. As a
consequence, the distance between t-he bl ades 140a-b. can be varied to cut

30 can be chéckedtts RS ALGEY T BFd SoAId BoslTBify A9 Fibag, Bta SeRlRs *

2006 a home posi t igped! Poditish Sitegloeithigatie semichadudiorisghsteaté, théie mounting

of the blade 40 on the spindle 30 can, ,be checked w thout, haying to ve
the bl ade 40 to eutipe@dgecol beabirdn Rt sP%‘%ﬁé&Pmt e ﬁ%"?&ﬂ%‘é’rlgf QB‘?ST'%I’%

ability to CheCkp\%Elgq iuga;%de”n iﬁrtpr%%c%@%'gﬁcéd‘lggﬂﬁbrﬁrm In‘g’: {lgg%ﬁdé 54 Yh&1 ng

- themto a fixed eac I m nates I-t1ona e novenents,
- hel pi ng ensure nogeraptieGpaged r pgsitddn awitiwout otulting KeadssmitdQdumtord Gsubistriatet he

streets on the wafer 112. Fromthe foregoin [ i 11 be appreciated that
speci fic enbodi mefegsying e distareento @ﬁ%&‘ﬁlﬁpﬁééﬁ%m%@éggﬁ E?tﬁteﬁdﬁ e ;
purposes of 111 Ustiay cé’&%oéiﬁmaa'@aétemnmgg%&bﬁ@&émﬁew e
W t hout deviating from ﬁ_e spirit and scope the Invention. Accordingly,
the invention is efdregulantiesdn raegiiongbthebladecasdpidated cl ai ns. 22 February
2006 CLAIMS 1 _ A nethod of cu_ttiggl a_sem conduct or substrate, conpri sing:
posi ti oni ng &he s wethedol ofairubuhetgaie the fint spaged fositiends Bhe gamefpasitingny,
rotating the bla | L1 osition wherein a cutting edge of
the bl ade is spa%%??%%d%%%s%@ggﬁ%ﬁctor substrate; first spaced
position and determning a first variance in the nmeasured di stance

8. The method of claim 7 further comprising contacting the semiconductor.

" substrate with the cutting edge of the blade if the second variance

is no greater than the predetermined maximum variance.

10. The method of claim 7 further comprising terminating rotation of the blade i
the second variance is greater than the predetermined maximum variance.

11. The method of claim 7 further cbmprising generaling a waming if the second
variance is greater than the predetermined maximum variance.

12. A method of operating a semicanductor substrate saw, comprising:
rotating a blade of the saw without contacting the blads with a flow of
liquid: |
monitoring a distance to a face of the blade as the blade rotates;
determining a first avefage baseline distance to the face of the blade and
determining a first deviation from the first average baseline distance as the biade rotates;
indicating an error if the first deviation is greater than a predetermined
maximum deviation; and, only if the error is not'indicated,
making a first cut af least partially through a semiconductor substrate with
the blade while contacting the blade with a flow of .quuid.
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‘as the blade is rotated, the first variance being indicative of2 February 2006
|rregular|t|es in the notion of. the blade as it rotates; and, if the

first variance is no greater than a predeterm ned nmaxi rum variance,
contacting the sem conductor substrate Wth the z ut t in g edge of the

bl ade and transl ating the blade with respect to the sem conductor

substrate to cut at |east partially through the sem conductor substrate.
nmeasuring a distance to a face of the blade as the blade is rotated in the
2. The nethod of claim1l further conprising term nating rotation of the
blade if the first variance is greater than the predeterm ned maxi num

vari ance. 3y ThopfPlRfhad R 12 furihisr bbmpriggmariTiztinggetativa df fp blaarfhi ng
if the firs variance is greater than the predeterm ned nmaxihum variance.

4. The met hod ofarcémbmis indidededin the first variance is determned without
contacting the blade with a flow of cooling liquid. 6. The nethod of claim

- contacting {1‘{?' e %O‘SJ ?]agﬁ.le@ #¥rth8r Borhpbrth éeﬁ'éiﬁﬁh@g warhiig zﬂaM‘éﬂ%rﬁé’le |

bl ade is cu ctor substrate he et hod of claim1
wherein the bl aqﬁdbateﬂotated inthe first position prior to contacting the
sem conductor substrate with the blade. 0 22 February 2006 7. The met hod of

claiml further orrprl sitiLonin h ,
position after ¢ ﬁ?‘:ﬂ%f 32%’3%8@’ g‘lﬁtfs?eﬁdéqs?ﬂé&%u ti ng e etr(')? t he
bl ade bei ng Spag}dméarmctd?@.uﬁﬂmt@ww@r phetd siittiag edgabEihetthadenl ade is in
the second spaced position; rotating the blade in the second spaced

position without cutting the_ sem ¢gonduct or. bstrate; .neasuring the
di stance tol&he T'E&:@eﬁ'fo%t‘?ﬁél%ﬂaé eif e @qta@&ﬂmgf'ﬁ%ﬁ‘ﬁ%‘sa in the second

spaced position and ‘deternining a second variance that is- indicative of

irregul ari t4es. iThd ietidd oPRidkh ‘tﬂﬁvﬂél'éiﬂﬁhésdrsténwit@ttﬁé fa8e oT hﬁe rstadwds of
claim?7 wherein the first spaced position is the sane g
monitared when the blage is in a first position, the blade |n the f rst posmon

being spaced from the semiconductor substrate.

18. The method of claim 12 further comprising positioning the blade in a spaced
position with a cutfing edge of the blade spaged from the |
semiconductor substrate; rotating the blade in the spaced position without
cutting the semiconductor substrate; monitoring a distance to the face of the

blade as the blade is rotated in the spaced position; and determining a second
average baseline distance to the face of the blade and determining a second deviation
from the second average baseline distance.

18. The method of claim 18 further éomprising making a second cut at [east
partially through the semiconductor subsirate only if the second deviation is no
greater than the predetermined maximum deviation.

20. The method of claim 18 furiher comprising terminating rotation of the blade if
the second deviation:is greater than the predetermined maximum deviation.

21. The method of claim 18 further comprising generatihg a warning if the second
deviation is greater than the predetermined maximum deviation.




as the second spaced position. 9. The method of claim7 furthez2 p@mérgima
contacting the sem conductor. substrate with the cutting edge of the Dbl ade
if the second variance is no greater than the predeterm ned maxi num

vari ance 10. The nethod of claim 7 further conprising term nating rotation
of the blade if the second variance is greater than the predeterm ned

maxi mum variance. ii. The nmethod of claim7 further conprising generating a
warning if the second variance is greater than the predeterm ned naxi num
variance. 12. A method of operating a sem conductor substrate saw,

conprising: rotating a, blade of ¢t Lt hot ' d ith a
flow of | i28ui dA W%r?fﬁg?xﬁh%}gé'{h;ngng gé aQ?;%:e&?g@ t ﬁecgtfgagggﬁ?t?hgaﬁ ade
rotates; deterga',rﬂ"j,ri@;ngof first average baseline distance to the face of the
bl ade and determning a first deviation fromthf fi.rq?t a\ész‘raﬁ%? beag%lvi ne

di stance as the biramevingeaises:blade e blade Tipuat satpied PR A i 4 i ation
Is greater than a Nl ' hdtd on; and, only if the error
is not' indicat ed,lﬁ&ng%ﬁﬁ%rﬁaaw?]%gte%?)l}!t‘gg'[ﬁqﬁggg@’part ially through a .

seni conduct or subgtrivate contabting Asehlicansugier sebsicHe 264 thy ftﬁ%b'BSﬁd@t%% a
flow of liquid. -21- | %2. February 2006 13_ The net hod of claim 12 further
conpri si ng ternm?di’?vﬁga Gtation of the blade if an error is indicated. 14.
The method of cl aighot 210f ebtitagting aher semnivondyeter aubsigitea with rthagnew blades r or
is indicated. 15. The nethod of clai E)Et% wherein the first I s made by

contacting the mssipdehdditaicedarsera W%{aﬁ%ﬁf I?Igge Q}fc’téitshg edge of
17° The met hod of PEGi & TR e e o "The b ade i s
determining a baseline distance to the face of the blade and determining a
" deviation from the baseline distance;
prior to contacting the semiconductor subsirate with the new blade,
indicating an error if the deviation exceeds a predetermined maximum
deviation; and, anly if the error is not indicated,
making a cut at least partially through the semiconductor substrate with the

blade.

23. A method of exchanging a blade of a muitiple-blade sermiconductor substrate
saw which includes a used first blade and a second blade, the used first blade
being carried on g first shaft for rotation with the first shaft and the second
blade being carried on a second shaft for rotation with the second shaft, the
method comprising:

removing the used first blade from the first blade mount;

mounting a new first blade on the first blade mount;

rotating the new first blade in a first position;

manitoring a distance from a first sensor to a face of the new first blade as
the new first blade rotates in the first position, the first sensor being associated
with the second shatft;

indicating whether a first variance in the monitored distance as the new first
blade is rotated is greater than a predetermined maximum first variance; and,

if the first variance is not greater than the maximum first variance,
23




moni tored when the blade is in a first position, the blade in $hgebhify 2006
position being spaced fromthe sem conductor substrate. 18. The net hod of
claim12 further conprising positioning the blade in a spaced position
with a cutting edge of the bl ade spaced fromthe sem conductor substrate;
rotating the blade in the spaced position without' -cutting the

sem conduct or substrate; nonitoring a distance to the face of the blade as
the blade is rotated in the spaced position; and determ ning a second
aver age baseline distance to the face of the blade and determ ning a second

deviation from the,peaAgd SufbatsichRSebsRae Wit PBGRw (St biEte arel it e

claim 18 further conpristng nmaking a second out at least partially through
t he sem conduct secsuddsiedaat e only if the second deviation is no greater
than the predeterm ned nmaxi mum devi ati on. 20. The nethod of claim 18

further congri si t I nat | | iLs tHef sedofg SHREOASH th
devi ati on “s" griﬁgépgtbﬁg%?t iégrg]péré;wg?%Dﬁggélﬂgxr?&nﬁ#dﬁev?%ti on. 21. Th(éa
met hod of cl ai nfid8 damsbhestecalypwitlsinegpepdrier tei fitgt hafy theigby fohahginge§nd
deviation is greater than _th redet erm ned i mum iaiion. -22- 0 22
February 2006 ZQ!StWQ%f%W%ErSEWQE& tﬁ% ?%C%?rﬁﬁ%ﬂ%f’ ﬁg&ﬁla%e(:onduct or
substrate saw, conprising: renoving a used bl ade froma bl ade nount

carried on g, shaht eéthbhef eRivn 23Mithei eagnprisieydnnirdéing notatien bf deebladearit ;
prior to contacting a sem conductor, substra e. new bl ade, rotating

ith th
the new bl ade; Pia st YHIaNGRIBIETHRY ”ﬂ%th?é’ﬁ?‘i%ﬁ%m‘ﬂ%%m%w Y&t/ th the new

bl ade, nmonitoring a distance to a face of t he new bl ade as the bl ade
rotates; prigor ffeGRBHAAdIWaih 93 SaAhGORSHS sty gérl?é?rbﬁﬁﬁ @ Whirlihg iFethaemst
bl ade, determ ning a baseline distance to the Tace of the blade and
det ermini ng a _ variance is greater than the predetermined maximum variance.

27. The method of claim 23 wherein the first variance is determined without

contacting the blade with a fiow of cooling liquid.

28. The method of claim 27 wherein the blade Is contacted with a flow of cooling

liquid when the blade is cutiing the semiconductor substrate.
29.  The method of claim 28 wherein the cooling liquid comprises water.

30. The method of claim 23 wherein the blade is rotated in the first position prior to

contacting the semiconductor substrate with the blade.

31. The method of claim 23 further comprising cutting at least partially through the
semiconductor substrate with the new first blade and with the second blade.

32, ‘The method of claim 31 further comprising, after cutting the semiconductor
substrate, rotating the new first blade in a second position, monitoring the
distahce from the first sensor to the face of the new first blade as the new first
biade rotates in the second position, and indicating whether a second variance
in the monitored distance as the new first blade is rofated is greater than a

predetermined maximum second variance.

-24-




devi atiron fromthe baseline distance; prior to contacting the Zep:BAMYZA006
substrate with the new blade, indicating an error if the deviation exCeeds
a predeterm ned nmaxi mum deviation; and, only if the error is not

i ndi cated, making a cut at |east partially through the sem conductor
substrate with the blade. 23. A nethod of exchangi nhg a bl ade of a

mul ti pl e- bl ade sem conductor substrate saw which includes a used first

bl ade and a second bl ade, the used first blade being carried on a first
shaft for rotation with the first shaft and the second blade being carried

oo Lot Bl s RSO pis e, o5 o

conpri si ng: romthe first bl ade nount;
nounting a new f,j,,jﬁtorpl ade on the first blade nount; rotating the new
first blade in a first position; nonitoring a distance froma first sensor
to a face of the new first. blad t he new.f j o] 0t
first positfoén, Ttﬂﬁe"ﬁtiﬂ%fgg‘élﬁ%szaﬁﬁﬂ %%%&Sl[@ @%Enr@ntﬁ%eﬁe[]cgﬁdgtesggfﬁgﬂgh@? t
i ndi cating whet hgg: aghbdrSlatatany ange réspetheo mhaifirstr elaftli fHetstne chsndihg thew
first blade is rotated is greater than a predeterm ned imumfirst,

Xi
vari ance; and, distanhe froirtbe fivel spagdo the ts6e ot E’é‘fﬂrtsﬁa'lg%?h SRR r st
vari ance, -23 22, F ealel @de | substrate with
the new first bﬁggj@%@tﬁn%ﬁ%@&%ﬁ@%h@g@ggg%z . Tﬁ%%n%t hod of claim 23

further conprising noving the second shaft and the first sensor laterally
with respec85to Tie nfathadt obhiafe 23t Wehebyoropdsiog iemevieg the seaerd biadenireme

(L1t Seon0r 0 B ke B 1L i tyodon R s vk 22
rotating the new second blade; monitoring a distance from a second sensor to
a face of the new second blade as the new second blade rotates, the second
sensor being associated with the first shaft; and indicating whether a second
variance in the measured distance as the new second blade is rotated in the

second position is greater than a predetermined maximum second variance.

36. The method of claim 35 wherein the semiconductor substrate is contacted with
the first blade and with the second blade only if the first variance is not greater
than the maximum first variance and the second variance is not greater than

the maximum second variance.

37. The method of claim 35 wherein the maximum first variance is equal fo the
maximum second variance and the semiconductor substrate is contacted with
the first blade and with the second blade only if neither the ﬁrst‘ variance nor
the second variance is greater than the maximum first variance.

25 ©




the first variance is greater than the predeterm ned maxi mum \8r Fapetiry 2906
The nmethod of claim23 further conprising generating a warning if ther¥i rst
variance is greater than the predeterm ned naxi mrum variance. 27. The met hod
of claim23 wherein the first variance is determned without contacting
the blade with a flow of cooling liquid. 28. The nmethod of claim27 wherein
the blade is contacted with a flow of cooling |iquid when the blade is
cutting the sem conductor substrate. 29. The nethod of claim 28 wherein the
cooling liquid conprises water. 30. The method of claim23 wherein the
blade is rotated in the first position prior to contacting the

sem conductor substrate with the blade. 31. The nethod of claim 23 further
conprising cutting at |least partially through the sem conductor substrate
with the new first blade and with the second bl ade. 32. The nmethod of claim
31 further cogrising, aAtsmicenducty vdfer sem cepmshsigpr substrate, rotating
the new first blade jn a second position, nonitoring the distance fromthe
first sensor taoca[rﬂgrEpé@énrgfoq?%rqu@qkpgqceu ade as the new first bl ade
rotates in the grRepnd position, and indicating whether a second variance

in the monitored di'stance as the new first blade is rotated is greater than
a predetermn Beshafheeiiled de dlmdriver archextending oppasitsrtharcarigothedshafthe

net hod of claim 32y iﬁé?nr%})&sbe first position differs fromthe second
position. 34. The ne of Cclaim 32 further conprising noving the second
shaft and t he a Blads mauehsariet dtydhalshygft fortrbtatiea péttt theehttfie first shaft,

t hereby changing the distance fromthe first sensor to,the face of the new
first bl ade, Qfﬁlgfje rin%cf)f)y 368 bﬁ% fougt &Hi rgia&'ﬁ@ew'gth@%g#aéj?emﬂ’d'ﬁti' % i ng the
second di stance, 3bladEltravifRf #efbetdndcd peApiatal sUitiMfedgonpri sing renoving the

second bl ade from .
a sensor spaced from the blade and oriented toward the face of the blade,

the sensor maintaining a fixed angular position with respect to the
axis as the blade is rotated with the shaft, the sensor being adapted
to measure a distance to the face of the blade; and

a processor operatively coupled to the sensor, the processor being adapted
to indicate if the distance to the face of the blade deviates more than
a permitted deviation from a baseline distance to the face of the
blade as the blade rotates.

39. The semiconductor wafer saw of claim 38 wherein the

sensor comprises a CCD laser displacement sensor.

40. The semiconductor wafer saw of claim 38 wherein the shaft
is adapted to move transversely with respect to the sensor.

41. The semiconductor wafer saw of claim 38 wherein the
sensor is carried by a support and the shaft is moveable vertically with respect to
the support.
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the second mount; nmounting a new second bl ade on the second blzdeeBRiHH/:2006
rotating the new second bl ade; nonitoring a distance froma second sensor
to a face of the new second bl ade as the new -second bl ade rotates, the
second sensor being associated with the first shaft; and indicating

whet her a second variance in the nmeasured distance as the new second bl ade
is rotated in the second position is greater than a predeterm ned maxi num
second variance 36_ The nmethod of claim 35 wherein the sem conduct or
substrate is contacted mﬁth the first bl ade and mﬁth t he second bl ade only

if the first \arlance i's 'g'r%g'tf’ﬁ{?tﬁéwa%r}ﬁt@% ?@éﬁﬁyﬁﬁ c? and

t he second vartfance is ng

The met hqg niveabli tmr%5ew@ﬁmitmréstp>@cm>th@unpﬁ¢m & vaigth@Baselin® dstdAte.t O t he
maxi mum second vari ance and the sem conductor subsirate is contacted with

the first blade and with the second blade only if neither the first

variance o ét ghe Secondgﬁé%&'ﬂ%%gg%oggﬁﬁéresraﬁ&ad? |H"§8 WSy R S

vari ance. ebruary 20 tor saw, conprising- a
carrier fmmceveabier\mm mspeohtodhmevk@reaearyahdrbasehne d:sﬁimaél coupled to the
driver and extendi ng opposite the carrier, the shaft having an axis; a
bl ade nmount carried by the shaft for rotation with the shaft; a bl ade

carried by thegbl ade moumhe%@muddhua&ﬂopwmﬂsfawdsméxhﬁ@@fm%ombhsm?bl ade
having a face and a peripheral cutting edge; a sensor spaced fromthe bl ade

and ori et eeplingvigrigl supe!yf linecasitioned tpidgtieer a eoling dvich therbrogeasaribeinta fi xed
| tated with th
angul ar %I%E{éooﬂ& e'&gh!& ﬂ&ﬁgﬁ‘g@%ﬂn r?eygﬁﬂesto%rrhfﬁﬁ PGS béc% {q@ f@ﬁa‘3 W €

shaft, the Sensor bein sure a an e ace of the
bl ade; amwhen theceassomooipensdhbd dtsle;noedu@lheﬁhctemfttlheb&dasor, t he processor
bei ng adapted

45, A semiconductor wafer saw, comprising:

a carrier for a microelectronic workpiece;

a first spindle extending opposite the carrier, the first spindle having a first
axis;

a first blade carried by the first spindle for rotation with the first spindle, the
first blade having a face and a peripheral cutting edge;

a second spindle extending opposite the carrier, -the second spindle having
a second axis;

a second blade carried by the second spindle for rotation with the second
spindle, the second blade having a face and a peripheral cutting
edge;

a first sensor carried by the second spindle and adapted to measure a first
distance to the face of the first blade, the first sensor maintaining a
fixed angular position with respect to the first axis as the first blade
rotates about the first axis;

a second sensor carried by the first spindle and adapted to measure a

. second distance to the face of the second blade, the second sensor
maintaining a fixed angular position with respect to the second axis
as the second blade rotates about the second axis; and

[10829-8552-000000/Amended copies 28905] 27- o



to indicate if the distance to the face of the bl ade deviates 2pFebfly 2006
permtted deviation froma baseline distance to the face of the blade as
the bl ade rotates. 39. The sem conductor wafer saw of claim 38 wherein the
sensor conprises a CCD | aser displacenent sensor. 40. The sem conduct or

waf er saw of claim 38 wherein the shaft is adapted to nove transversely
wWth respect to the sensor. 41. The sem conductor wafer saw of claim 38
wherein the sensor is carried by a support and the shaft is noveable
vertically with respect to the support: [1 0 82 9-8 5 52-0 0 0000/ Anrended

copi es 28905] .- 26- 4 e, i conduct or_waf er .saw of
cl gi m 41 V\/ne]r &l %ﬁ?%eg'séﬁa[ﬁ)t%%t@wr;gégg%fje?q rtg%swgfgé‘ﬁyswq P@Q?)%rét tﬁ% t he
support to vary therdcessbr beindi sdapteckto #ilicatdéf samtioansguné dirstvait@hceaw of
clai m 38 wherein the s, noveable with respect to the sensor to vary

haft. |
t he baseline dist aﬁéet.?'efﬁf.st Pladesiates Ricepds avrfedetargingd madmHmaarst ur t her

conprising a cool ivagatidriHhd t6URELYte if NAriBAcH bf Ie debondBldtifle 8s 09! i Ng.
fluid, the processor bein adapted to control flow through the supply line

to termnate flow 6ECQbbfagy fotaleg exdeedstmdredetsuningd thaximum Isecdndt ance
to the face of ther}iéﬂﬁT 45. A seniconductor wafer saw, conprising- a
carrier for a mcroelectronic workpiece; a first spindle extending opposite
the carrier, the first spindle having a first axis; a first blade carried

by the first spindle for_jyotation with ég% first spindle, the first blade
having a face“&nd a peri -]p-h%fsﬁrln'%"fjf'f’tr‘?ﬁw éa“éoé‘é%'ghﬂﬁ WHEFRID @%Wtséndi ng
opposi t e dxiecaiatifesvith the ssenskispi ndl e having a second axis;

47. The semiconductor wafer saw of claim 46 wherein one or
both of the first and second spindles are adapted for movement transversely along
the coincident first and second axes.

48. The semiconductor wafer saw of claim 45 wherein the first
spindle is adapted for movement transversely along the first axis, movement of the
first spindie along the first axis varying a baseline distance of the first sensor from
the face of the first blade. |

49. The semiconductor wafer saw of claim 48 wherein the
second spindle is adapted for movement transversely along the second axis.

50. The semiconductor wafer saw of claim 45 wherein the
second spindle is adapted for movement transversely along the second axis,
movement of the second spindle along the second axis varying a baseline
distance of the second sensor from the face of the second blade.

51. . The semiconductor wafer saw of claim 45 wherein the first
spindle is adapted for movement transversely along the first axis and the second

spindle is adapted for movement transversely along the second axis.

[10829-8552-000000/Amended copies 28905] 28-
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a second bl ade carried by the second spindle for rotation w tipz pehafE9Ebo6
spi ndl e, the second bl ade having a face and a peripheral cutting edge; a
first sensor carried by the second spindle and adapted to neasure a first

di stance to the face of the first blade, the first sensor maintaining a
fixed angul ar position wth respect to the first axis as the first bl ade
rotates about the first axis; a second sensor carried by the first spindle
and adapted to neasure a second distance to the face of the second bl ade,
the second sensor nmintaining a fixed angul ar position Wi th respect to the
second axi s the seco bl ade r ot tes about ond axi s: .and

[ 10829- 8552. 0GB000/ AnendigGESBl‘%Oé‘dt’é erﬁWB %'"ng’s?’%‘gf‘i)" Hsplirsh

pr ocessorsemger edmprses & Cqn m@etonsptaeemehséer@w. second sensors, the
processor being adapted to indicate if variation of the first distance as

the first blade rotates exceeds a predeterm ned maxinmumfirst variation

and to indi caécg i f vari aﬁ"h@@emdc&n%cl%?ﬁ%‘?@r ch“%‘aagﬁ.] g?.v\;hlé?elgfzﬁé:ond bl ade

rotates exceeds a predeterm ned maxi mum second vari ation.

semn condwecond wahsgr comprises @ GC D 14sendigplaceméentesehsoist  axi s coi ncides with
the second axis. 47. The sem conductor wafer saw of claim46 wherein one or
both of the first and second spindles are adapted for novenent transversely

along the coisaci dent flrrﬁés@ﬁﬁbo?ﬂgeuadM%amﬂ&c|§h€4§wmb%mMﬁ@E waf er
saw of claim45 wherein the first E indle is adapted for novenent

t r ansver SE14,58008A §Pinsies aregachmaveahts wertieallyorith faspeet todbe spiriedll e al ong t he
first axis varying a baseline distance of the first sensor from the face

of the first bl ade.
55. The semiconductor wafer saw of claim 45 further comprising

a cooling liquid supply line positioned to deliver a cooling fluid, the processor being
adapted to control flow through the supply line to terminate flow of cooling fluid -
when the sensor monitors a the distance to the face of the first blade.

56. The semiconductor wafer saw of claim 38 wherein the shaft
is a first shaft, the axis is a first axis, the blade mount is a first blade mount, and
the blade is a first blade, further comprising:

a second shaft extending opposite the carrier;

a second blade mount carried by the second shaft for rotation with the

second shaft; and

a second blade carried by the second blade mount for rotation with the

second bilade mount, the second blade having a face and a
peripheral cutting edge.

57. The semiconductor wafer saw of claim 56 wherein the
sensor is a first sensor, the permitted deviation is a first permitted deviation, and
the baseline distance is a first baseline distance, further comprising a second
sensor that is operatively coupled to the processor and is adapted to measure a
distance to the face of the second blade, the processor being adapted to indicate if

the distance fo the face of the second blade deviates more than a second

[10829-8552-000000/Amended copies 28505] -29- [o}




49. The semi conductor wafer saw of claim48 wherein the secorgh pebAfHry 2096
adapted for novenent transversely along the second axis. 50. The

sem conduct or wafer saw of claim45 wherein the second spindle is adapted
for novenent transversely along the second axis, novenent of the second
spindl e al ong the second axis varying a baseline distance of the second
sensor fromthe face of the second blade. 51. - The sem conductor wafer saw
of claim45 wherein the first spindle is adapted for novenent transversely
along the first axis and the second spindle is adapted for novenent
transvers . fhe second axi.g. 0829: 8552- 000000/ Anrended copi es
28905J - %rﬁ'"%?&%ﬂ%%ﬂ@m?&)%e%‘ﬂ&ﬂ%&%% 3@6}?838?'6? gl L S/EWA ¢l ai m 45
wher ei n tifiedd bs the ssmitlad®riateses a CCD | aser di spl acenent sensor. 53.
The sem conductor wafer saw of claim45 wherein the second sensor
conprises a CCD | aser displacenent sensor. 54. The sem conductor wafer saw
of claim45 wherein the first and second spindles are each noveabl e
vertically with respect to the carrier. 55. The sem conduct or wafer saw of
claima45 further conprising a cooling liquid supply Iine positioned to
deliver a cooling fluid, the processor being adapted to control flow

t hrough the supply line to termnate flow of cooling fluid when the sensor
nonitors a the distance to the face of the first blade. 56. The

sem conduct or wafer saw of claim 38 wherein the shaft 1is a first shaft,
the axis is a first axis, the blade nount is a first blade nount, and the
blade is a first blade, further conprising: a second shaft extending
opposite the carrier; a second bl ade nmount carried by the second shaft for
rotation with the second shaft; and
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a second bl ade carried by the second bl ade mount for rotaﬂ(n1g§pgbrﬂﬁy2006
second bl ade nount, the second bl ade having a face and a periphera

cutting edge. 57. The sem conductor wafer saw of claim56 wherein the
sensor is a first sensor, the permtted deviation is a first permtted
deviation, and the baseline distance is a first baseline distance, further
conprising a second sensor that is operatively coupled to the processor
and is adapted to neasure a distance to the face of the second bl ade, the

processor bei ad e i,ngi e f he dist.ance to the, fac f the
second bl ade ?ebv‘i at €& ﬁ%étﬁog I n(ﬁ%%%éc\ﬂ’ﬂﬁ'tﬁ"ldg%fﬁ'a‘@gﬁgd@o%@o‘jaﬁﬁe d@@ copi es
28905] - 29add i tdasratbnith2D86n$a! tHed blededs\thaisadnbéingBdhpias enthdiasel i ne
di stance to the face of the second blade as the second bl ade rotates.

[ 10829- sdmnsysrrahoWitheasiert do fiesensso5] -30- a 22 February 2006 58. The
met hod of claim1 wherein the distance to the face of the blade is
measured with a sensor, the bl ade of the saw being adapted to nove

transversely v@d.h rEspenéthbd dhelaHans8riurth®r coneprigiidadodhgcina Bi@ furt her
conprising noving the blade transversely with respect to the sensor. 60.
The net hdgerlﬂ"e@ With rgpRed e thengergast ance to the face of the blade is
nmeasured with a sensor, further conprising noving the blade transversely
with respect to the sensor to a second spaced position after cuffing the

semi conduct or 8lubstThe enethod aifi algint Hewhbrgle the distanseaoniesiasast theosi tion;
neasur i ngﬁkt’he di st ance (go the face of the blade as the blade is rotated in
the secortiPd9aiScMeAsired oWitAna 88RM i NIt LCYBRGHAY v AV dhe hhlades

i ndi cat i ugyflvelddie Witabd, N i f b as ki~ O s. 61.
The met hod of cl afm 12 r\l\ﬁse%it'ﬁ %m%%gﬁgégg%eé)tsghgﬁg %Fg%%doﬁo%lhgﬁ éﬁére_
cutling the semiconductor substrate; rotating the blade in the second spaced
position; measuring the distance to the face of the blade as the blade is rotated
in the second spaced position and determining a second variance that is

indicative of irregularities in the motion of the blade as it rotates.

61.  The method of claim 12 wherein the distance to the face of the
blade is measured with a sensor, the blade of the saw being adapted to move
transversely with respect to the sensor. |

62. The method of claim 61 further comprising moving the blade
transversely with respect to the sensor.

63. The method of claim 12 wherein the distance to the face of the
blade is measured with a sensor, further comprising moving the blade
tfransversely with respect to the sensor to a second spaced position after
cutting the semiconductor substrate; rotating the blade in the second spaced
position; measuring the distance to the face of the blade as the blade is rotated
in the second spaced position and determining a second average distance and
a second deviation from the second average distance as the blade is rotated,

the second average distance being different from the first average distance and
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bl ade is neasured with a sensor, the blade of the saw being adzpFeBriisty D08
transversely with respect to the sensor. 62. The nethod of claim6l1 further
conprising noving the blade transversely with respect to the sensor. 63.
The met hod of claim 12 wherein the distance to the face of the blade is
measured with a sensor, further conprising noving the blade transversely
w th respect to the sensor to a second spaced position after cutting the
seni condubgdecend slavigtion heingindigptivecoljragularities i theetetian o de bladsosi t i on;
neasuringﬁ;ﬁﬂﬁg{ tance to the face of the blade as the blade is rotated in
t he second spaced position and determ ning a second average di stance and a
second deviation fromthe second average di stance as the blade is rotated,
the second average di stance being different fromthe first average distance
and [ 10829- 8510t sG> tnethed pf relting epgemicoppiuger substratebeerapkisingn6s t he second

devi ati on bei aTelp [V ' Lt d t f :the blade as
it rotates. 6% é&%ﬁi@”& %?rm&?b @Pﬁgpgaé%t%tgmtiﬂ%e{sggcﬁb%B@ggeo,f X rising:
posi tioni ng t hetatiew therkdadd o1 a findisipaabe paisitionrelige atctthgobdygieobfhea saw,
rotating the blade in,a first spaced position wherein a cutting edge of the

bl ade is spaced frdHf¥hE SRAREIRIN RS eqiENdULS;SUREHA® i ng a distance to a
face of the b'tﬁgﬁs%@a@lis‘i@ﬁ‘é@fo éf‘?éeh@f fhbafigqd @ithéé’%?ﬁs%q a‘s[th[a[&ﬁaeéé E’ite of

spaced position an etermning a tfirst averag ance to
the bl ade and a fi rretatedn e finst Spaced pesifiom ahd detemdgiegd tshaverage t he

bl ade i tated, the first.deyiati i i ndj cative. of i Jariti
Dl ade o Ot at o0 e 58 yAh BRle A S oY L o
no greater than a Wélré@%%%rﬁﬂeté@%éiﬁr@d%tibqgtag?&%b%&i A&viktith being

sem conductor substrate with the cutting edg
indicative of irregularities in the motion of the blade as it rotates;

and,

if the first deviation is no greater than a maximum permitted deviation,
contacting the semiconductor substrate with the cutting edge of
the blade and translating the blade with respect to the
semiconductor substrate to cut at least partially through the
semiconductor substrate; or

if the first deviation is greater than the maximum permitted deviation,

indicating an error.

65. The method of claim 64 wherein indicating an error condition

comprises terminating rotation of the blade.

66. The method of claim 64 wherein indicating an error condition

comprises generating a warning.

67. The method of claim 64 wherein the first deviation is determined
without contacting the blade with a flow of cooling liquid.

68. The method of claim 67 wherein the biade is contacted with a flow

of cooling liquid when the blade is cutting the semiconductor substrate.
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the blade and translating the blade with respect to the sen cRRdediroary 2006
substrate to cut at |east partially through the sem conductor substrate;

or if the first deviation is greater than the maxi mum permtted devi ati on,

i ndicating an error. 65. The nmethod of claim 64 wherein indicating an error
condition conprises termnating rotation of the blade. 66. The nethod of
claim64 wherein indicating an error condition conprises generating a

warni ng. 67. T8 nmelhednethod ofiaisu Sdfertbencemerisingspositiaring ithe blade

d i ' ' t | it h ' | j,qui d. 68.
et nol] 87 SREM, sB90% T b R bafo! el skl o R 1}
cool i ng |duitingl edbef the bladadseing spatéd front the senicondgdter StibstEs whdire .

[ 10829- 85%5- ﬁGOZ0,0I_Amandmants 21.2.06] 32 0 22 February 2006 69. The net hod
of clai m62 PlaaeHerin dBRpiacondgshaset: petiion fokating Hiecblads i thecsrrPnshaced
position &lng Lean iSRS . | e of

t he bl ade %C?Egﬁgglgggdwwglﬁf? Egﬁgeﬁ#é:ctos% ul;é:t or Ciﬁlbgy P%@emqg%éé%ge %gade S
in the sesemuhdsperage pidaindaty theobaeiaidhe biada aslithe hladkeds selated! in $waced

position withqut cutting.the sem conductor substrate; asuring a second
aver age ﬁ%qogac%oﬁf@_dtﬂ%‘gﬁ"%@naf&gtﬁ@'ﬂf%@ %opaé;%]a_ilﬂ’é'ﬁﬁgmr&\eag%@qdn t he
second spPRARREgd Arthhas) adMe BRI B BtdI8d AhSERBAd MRMAAhBEIAG MBiERReSecond
average distance as the blade Is rotated, the second deviatfon being

i ndi cat i v&f irrggularitieg)in tnei mptien phtheHdadeeisdtrotdteshe bl ade as it rotates. 70.

The nethod of claim69 wherein the first spaced position is the sane
position as the second spaced position. 71. The nmethod of claim69 further

conpri sing com@ct i Tige igthod &F IEIRF BOtWheRIP Hd fits? sMakBd it Id @ edge of
the blade if the second
same position as the second spaced position.

71.  The method of claim 69 further comprising contacting the
semiconductor substrate with the cutting edge of the blade if the second

variance is no greater than the predetermined maximum variance.

72.  The method of claim 69 further comprising terminating rotation of
the biade if the second variance is greater than the predetermined maximum

variance.

73.  The method of claim 69 further comprising generating a warning if

the second variance is greater than the predetermined maximum variance.

74. The method of claim 64 further comprising moving the blade

transversely with respect to the sensor.

75.  The method of claim 64 further comprising moving the blade
transversely with respect to the sensor to a second spaced position after
cutting the semiconductor substrate; rotating the blade in the second spaced
position; measuring the distance to the face of the blade as the blade is rotated

in the second spaced position and determining a second average distance and
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variance is no greater than the predeterm ned maxi mum vari ancezs Eap ,}[gn,? 2006
nmet hod of claim 69 further conprising termnating rotation of the B ade I f
"the second variance is greater than the predeterm ned naxi nrum vari ance.

73. The nethod of claim69 further conprising generating a warning if the
second variance is greater than the predeterm ned maxi num variance. 74. The
met hod of claim 64 further conprising novi ng_ the blade transversely with
respect td SeRend ggyigtiondmmthe sesond@veragd distaree asithebladeospotaiedg novi ng

t he bl ad t 1 : t se d spaced

posi ti onetQ]se ts;e?:ﬂﬁkéﬁa{v?fér%e %{eﬁgéﬁn%?ﬁgﬁ:e? %étqgourﬁgﬁéﬁfsé;agﬁﬁqgﬁ &%@nlcﬁ@rﬁileade in
t he secontiesygwoad dgwiationi eing ireicativiendf itreguidiriié @t thd Mmotibe dof A€ bRide he

bl ade as thi?ébl ade is rotated in the second spaced position and

det er ni ni ¥yt E08SHNd average di stance and [ 10829- 8515- SGO2001Anendment s
21.2A6] 33 0 22 February 2006 a second deviation fromthe second average.
di stance as the blade is rotated, the second average di stance being

di fferent fronf@.he Aimsthodvef egehatigigrcblagiedol bhecraicenddetde\sudbirgte bei ng
indicative of irregularities in the notion of the blade as it rotates. 76.
A net hod ?ﬁw’é%?mf?g'i‘gwg a bl ade of a semiconductor substrate saw,

conprising: regmd 3 fikdth I eds t ' 0 shaft of
the saw, nounti na}ﬂgg selcégr?zé%elbgg@e%% étq?emgpgde Fr'ogglrﬁh;a %ﬁ%f({)?]e g%&’ﬂt acting a
seni conduct or rvabstingaeewbnd bidde crethenuladé anteunt; r ot ati ng t he second bl ade;

DT o ocont T BORGRE) SR B, 1 SR R o
rotates; rotating the second blade;
prior to contacting the semiconductor substrate with the second blade,
monitoring a distance to a face of the second blade as the second
blade rotates;
prior to contacting the semiconductor substrate with the second blade,
determining a baseline distance to the face of the second blade
and determining a deviation from the baseline distance;
prior to contacting the semiconductor substrate with the second blade,
indicating an error if the deviation exceeds a predetermined
maximum deviation; and, only if the error is not indicated,
making a cut at least partially through the semiconductor substrate with
the second blade.

77.  The method of claim 76 further comprising terminating rotation of
the second blade if the deviation exceeds the predetermined maximum
deviation.

78.  The method of claim 76 further comprising generating a warning if

the deviation exceeds the predetermined maximum deviation.

79. A method of exchanging a blade of a multiple-blade

semiconductor substrate saw which includes a first blade and a second blade,
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prior to contacting the sem conductor substrate with the secongh pkBfeary 2006
determ ning a baseline distance to the face of the second bl ade and
determ ning a deviation fromthe baseline distance; prior to contacting the
sem conductor substrate with the second blade, indicating an error if the
devi ati on exceeds a predeterm ned maxi num devi ation; and, only if the
error is not indicated, making a cut at |east partially through the

seni condUbedirsishigderhaing grtried eRea Gt shaftdpamation withh erfw@shsgaf@fancﬂ aim 76
further -S| LAt i l; [

devi at 1 o Byveeandipd® BEhGodieh e ol shefdof ARl WERel todelBhon o

cl ai m 76 ghaft, thesr metingat cenpdsiggnerating a warning if the deviati on exceeds

t he predeterm ned paxjmum devi ation, 79. A nethod of exchanging a bl ade of
a multiple-bl d&@"ovw#@d{?ahfelﬁé?f@%ﬁl@%ﬁéb@gﬁmv@h includes a first blade

and a second bl,885i &S % cﬂﬁﬂts 21.2.08] 34 22 February
2006 the first gﬁa@ed%ei ﬁgblc%g%?bl ed ongaﬁglaggﬁ shaft for rotation with the
first shaft amdtatingehs disiohblddiedde firet pasitien;ri ed on a second shaft for
rotation with the second, shaf t he. met hod conprising, r ving the first
bl ade {1 om ¢ hANSTIGIER Hiage fom Ssahererdorh o B R BIAge Al st

bl ade mount; ot atth8ghikr@didde Fétakdsamethienfidt bbsisibn P fir‘s@%én@@ﬁbéﬂp' ng a
distance froma first sensor to a face of the third blade as the third

bl ade rotates in tlasspriatad yiibithe saconthehdff;r st sensor being associ at ed

i St ance st MCER wHeRieear st aMaed Ff 1t bokibrotHRREE AL Bl nea ™ =

maxi mum first blade is rotated is greater than a predetermined maximum first

variance; and, if the first variance is not greater than the
maximum first variance,
contacting a semiconductor substrate with the third blade and with the

second blade.

80. The method of claim 79 further comprising moving the second
shaft and the first sensor laterally with respect to the first shaft, thereby
changing the distance from the first sensor to the face of the third blade.

81.  The method of claim 79 further comprising terminating rotation of
the third blade if the first variance is greater than the predetermined maximum

variance.

82.  The method of claim 79 further comprising generating a warning if

the first variance is greater than the predetermined maximum variance.

83. The method of claim 79 wherein the first variance is determined
without contacting the third blade with a flow of cooling liquid.
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variance; and, if the first variance is not greater than the sREbBHBA/II0E
vari ance, contacting a sem conductor substrate with the third bl ade an

with the second blade. 80. The nmethod of claim 79 further conprising

novi ng the second shaft and the first sensor laterally with respect to the
first shaft, thereby changing the distance fromthe first sensor to the

face of the third blade. 81. The nethod of claim 79 further conpri sing
terninating ro%bti ohhemethod of glaim &3 a@@r&lﬂ thadhird bﬁdev@rqcmﬁ@@ed ithr eat er

Furthor ooy e, PR Ren Bl HE° pidt i WL R e o

t han t he sutetieter m ned maxi num var i ance. 83. The net hod of cI a| m 79 wherein
the first variance is determned wthout contacting the third blade with a
flow of cooling liquid. [10829-8515-SG02001Amendnent5 21.2061 35 22

cont actod wi {10 {1 TAPTE8R S Bt ST SR Ltfinbaldfd destiesh 1 ng

t he sem ceafduct or substrate. 85. The nethod of claim 84 wherein the
cooling liquid conprises water. 86. The method of claim79 further
conprising cutting at least partially through the sen conductor substrate

ui th the Thi rspl adpandid b 436 S890RHer BbAdReind bunREaTEBABLpSE! af m 86

further conpri sing, | ng t Seém co atl ng
the thir othhilglethewsemmndudtop@sabsirm withdhe ttioird biadehand ivittatheesécona t he
first sensor to the face of the third blade as the third blade rotates in
t he seco ﬂ%m tion, and indicating whether a second

87. The method of claim 86 further comprising, after cutting the
semiconductor substrate, rotating the third blade in a second position,
monitoring the distance from the first sensor to the face of the third blade as the
third blade rotates in the second position, and indicating whether a second
variance in the monitored distance as the third blade is rotated is greater than a

predetermined maximum second variance.

88. The method of claim 87 wherein the first position differs from the

second position.

89. The method of claim 87 further comprising moving the second
shaft and the first sensor laterally with respect to the first shaft, thereby
changing the distance from the first sensor to the face of the third blade, after

monitoring the first distance and before monitoring the second distance.

90. The method of claim 79 further comprising removing the second
blade from the second mount; mounting a fourth blade on the second biade
mount; rotating the fourth blade; monitoring a distance from a second sensor to
a face of the fourth blade as the fourth blade rotates, the second sensor being

associated with the first shaft; and indicating whether a second variance in the
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variance in the nonitored distance as the third bl ade is rotatzrFeBbrgHryH0D6
than a predeterm ned maxi num second variance. 88. The nethod of claim 87
wherein the first position differs fromthe second position. 89. The

nmet hod of claim 87 further conprising noving the second shaft and the
first sensor laterally with respect to the first shaft, thereby changing
the distance fromthe first sensor to the face of the third bl ade, after
noni t or i fgeapdred distangesearibe withbblegeeisniiatedr imthe secert mesgitivnsisance.

90. The @égwgﬂﬁélﬁ?%@mﬁéﬁ%g&i ricé%l(iggﬁ%ﬁ@%/i ng the second bl ade

fromthe con pounting a fourt ‘he second bl ade nount;
rotating the fourth blade; nonitoring a distance froma second sensor to a

face of the fourth blade as the fourth blade rotates, the second sensor
bei ng associ altd whemataod jof Glaigh 8 twhergin thedpemicongugiestavdstratesiscond

2006 moast i g 2y RS N b W OPEIRORA taof e Tl ™

posi ti on is sot greatee tharthe maximdet frstrivagansaandine secomdl vaaan@nizenot91l. The
net hod of cI%g&QO wherejn the seni conductor substrate is contacted with

the thir@Bf afh NSIMEKINWe SeSPeYaHRReR only if the first variance is,

not greater than the nmaxi mum first variance and the second variance i s not
greater than the maxi mum second vari ance. 92. The nethod of claim 90
wher ei n t he medd.nurtHe nesthudrdfaciaien i99 whgreih the rmagnmumx ifinstnvatngadisvar i ance

and the sem ?gnchtor substrate js .contacted with the third blade and with
the four t3AY5 dANENTEXIMUMSEGORd Yadance apd hg rsepicendustor gubsisalenis

variance doht&ttedhfth HeAthirdNSa8BdnmIth ithé ol bRISonlY F néitS ithe Gir&tf

exchangi ng a bl ade of a sem conductor substrate saw, “conprising: renoving
a first biad@acenonithke béents variancedagréaidr thandhemasximuim firsé vadance.

93. A method of exchanging a blade of a semiconductor substrate
saw, comprising:

removing a first blade from a blade mount carried on a shaft of the saw;

mounting a second blade on the blade mount;

prior to contacting a semiconductor substrate with the second blade,
rotating the second blade; |

prior to contacting the semiconductor substrate with the second blade,
monitoring a distance to a face of the second blade as the second
blade rotates;

prior to contacting the semiconductor substrate with the second blade,
determining a baseline distance to the face of the second blade
and determining a deviation from the baseline distance; and, only
if the error is not indicated,

contacting a semiconductor substrate with the second blade.

94. - The method of claim 93 further comprising terminating rotation of
the second biade if the deviation exceeds the predetermined maximum
deviation.
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nmounting a second bl ade on the blade nount; prior to contactinge February 2006
sem conduct or substrate with the second blade, rotating the second bl ade;
prior to contacting the sem conductor substrate with the second bl ade,
nonitoring a distance to a face of the second bl ade as the second bl ade
rotates; prior to contacting the sem conductor substrate with the second

bl ade, determ ning a baseline distance to the face of the second bl ade

and det erm ni riep-a dBve asitiaer of daing B8 fudber corvpdsing @aeneratingds wamning i f t he

error is t,J ngdi tJ ] chor._substrate with the
second bltggge@gbﬁ?éﬁ%sd%@?%g%dg?&ﬁ 3‘?@%&?@&1 &%‘F'a@o&mri sing term nating
rotation of the second blade if the deviation exceeds the predeterm ned
maxi num devi ation. [10829-8515SG2001Anrendnents 21.2.06] 37 0 22 February
2006 95. The nethod of claim93 further conprising generating a warning if

t he devi ati on exceeds the predeterm ned maxi num devi ati on.
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