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FOR DI CI NG SAWS FI ELD OF THE I NVENTI ON This invention relates generally to

saws of the type used in the sem conductor and el ectronics industry for

cutting hawooamwsbrittl e objects. Mre specifically, theP@TA8®WH40iNnventi on

relates to a systemfor nonitoring the performance and 5 paraneters of a

hi gh speed dicing saw during cutting operations. BACKGROUND OF THE

| NVENTI ON Di e separation, or dicing, by lsawi ng is the process of cutting a

m cr oel ectroni strate,} ' | Q0dVl [ ' ie Wth a rotating

ci rcul M\“ﬂ“ﬁ“ﬁ“\mﬁaw bl ah@"%@@ﬁmﬂﬂ‘?é‘ ﬁ:[é@g#mgf‘g}ie t he nost

effici om cal nmethod in use to today. It provides versatility in

sel ection ofo®Epth and width (kerf) of cut) as well as selection of surface

finish) and can be used to saw HELRPeOF J3E INNENTEIN conpl etely through a

waf er or substrate. Wafer dicing technol ogy has progressed rapidly, and

dicing i s now a mandalkip jnventinngelaies generalydp sawsoeftthe fae yeadiisdreduct or

packagi ng 088{1%{)}10319 r ahd cllgaroﬂfc?%d%?:rf%&&%ﬂtﬁh%ﬁh& b iﬁf‘e%ﬁe%ls‘ MoR! die on

silicon intégrated circulrt wafers. I'ncreasing use of I Croel ectroni c

t echnol ogy ispecificallpvthe presamtl intvgitiand elaies cua systenmiemoongsringthaperfermmpcedmflens e

and nedi cal el ecE rsl(\);%i o has cgreat ed an_.ar r@{ of new and difficult problens
e i F

for the I nddeppyter 180 dnesd fiplie SAY dUU0R FUUNROREFFUONSy s ch as sapphi re)
garnet, alum na, ceramc, glﬁﬁﬁ_{aﬂéﬁWOFfﬁ{}f }Wﬁgg ot her hard, brittle
i ne

20 substrates, are being used. ey are often co to produce multiple
| ayers of dissinlar n&tse%a:ah&,,, ot Biding aBkiaang 1Mk Srocds® of Oftrith £1 N9 probl ens.
The high cost of these substrates) jtpcggt her with the value of the circuits
fabri cat ed @HCTOPIEPHONRIUBEIr4te ingn iy indiyiduak Grcyis disgvitiym yatpfingerifcalas abrpgdye hi gh

yield at t h*‘s‘a&“bgigé.e?ﬁfs@'r&c% tﬁ??g?en -St'!tﬂgrrg& éfﬁ&erﬁ‘éﬁ{i‘%éaﬂtnﬁt icaPBR6E i RE

machi ning with rasive partic t 1s 25 assune I'S process
mechani $im i sodai milt provides versatilitygn iselekition of depths arshwidth &ierf) dfocuttas wellyasbe f ound

in material renoval behawi bet n di,.cing and ari.nding. The it heory of
brittle mat é?chg?m f F?{gqcﬁémgf”eﬂ}%cmggf Psnegg? B 8@8? gi‘%‘ﬁ@’{ P'[gﬁlm?fg%ﬁ%gl}fmﬁ%}%ri al
renoval rat evaforr pabseratei Nput to the grindi ng wheel. The size of the dicing

bl ades used for die separation, wo 0ii419s9 -2 PCT/ US00/ 4401 however,
makes t he process uniWater difing techinblpgy hiscprograsted tdpidik remd slicisghiymewfar om 0. 6

i1 000 Ml SR Bob P YR e B b AROCPLIL SRS 0 cHaT des!

u as rasive nateri ecause of
t he di amond egtensively for aeparsionof dieron silicor ireepsated cinquiit wafers. Wi th a strict set
of paranmeters is inperative, and even the s slightest deviation fromthe
norm coul d result in loompding esefodimicroelectroin@, technplogy in ingserwaveiand bjteid of a

sen conduct Qr fer i t f i . ] t or ices. A -
convont 1 onaPirel BemAte, Sembiths; e Ald AL Peltior it BIAHE R prrfds °0°
di es, 100a, ndwW@hq difficult. protseme for elre inthsstry o (Mere rekpengive hnd exotie materiatsepahase t he

chi ps 100a, 100b, . . . from one anqgther and the wafer 100, a series of to
o't hogonal " FHRBCE. fariet; Tt CAgaT. hsa, GeERclstrie g s ah bRB00. i s
processyg s @ﬁ&&atkﬂ%‘@béi? 6he@] Miey @ offeh esmbilddiloGodirvmltgieRyés of ade in
the formof an annular, disc that |is either . )
dissimilar materials, thus adding further to the dicing problems. The high cost of these
substrates, together with the value of the circuits fabricated on them, makes it difficult to

accept anything less than high yield at the die-separation phase.

Dicing is the mechanical process of machining with abrasive particles. It is
25  assumed that this process mechanism is similar to creep grinding. As such, a similarity
may be found in material removal behavior between dicing and grinding. The theory of
brittle material grinding predicts linear proportionality between material removal rate and

power input to the grinding wheel. The size of the dicing blades used for die separation,
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cl anped between the flanges of a hub or built on a hub that accurately
positions the thin flexible saw bl ade. As nentioned above, the saw bl ade
enpl oys a fine powder of 1 s dianond particles that are held entrapped in
the saw bI%Pé“’éE”? he hard agent for cutting seni conduct oPCIAS8Y4401The b| ade
is rotated by an integrated DC spindle-notor to cut into the sem conductor
material. Qoptimzing the cut quality and reducing process variation

requi res an understandi ng of the interaction between the dicing tool and
the materia S €20 C . : f terial
renoval by l&%‘&%?’oﬁr}gl?eé m(f epg gcrelpo e‘ﬁ&lmh um’éc}hﬁ/etgg gfr?figﬁnlg&@%g%%%?n@@ Isn, &i"@% Evans
and D. B Mar sh$l) milASMEL Pmmnste 11878ihm) pand d88ond Fdrticlesi(the imariebt kmowd inctesial)he

t hreshol d | ogad that .nmust .be applj.ed Qy ¢t abr asi,ve,.grain..t.0 se fracture

of tho_br i ¢ Arecstd PP dbrespEm el Bereibng decdi BF e GusthGittisine BROTH.

mat eri al i nepiand fihemdsstonysliancewith MeiriRt sed bf parames e finpesatival irdcdves thehen
join in 25 three di megsi ons.. The Evans and WNarshal |

sone of the c¢racks >
model predi é‘t‘@‘?shéeq“?tw&g’i‘m}@F&PT‘BHO‘%I’%E iR eoreplete f3lvES- of naterial renoved

by an abrasive parti nd the | oad.exerted.by this rticle. according to
the fol l owi ng equati g‘h‘% Ed?%fj’“%ﬁ*"#ﬁ# ﬁf‘ks“m‘ db‘i‘?ﬁ‘rgfgbaé‘gé‘lit‘}ﬁ/‘ﬁ%OO/ 42401
where, V i s fithRatidil dfi¥emizbndiiop devites! eATBMREntional defidon@udrsradafioTotBhaylinRel, a

is a material independent constant, Kis a material constant, and 1 is the
cut | engt h. aPhgaknjof ghigy. or fies s1q0a, 1908, r anfaemed o ity topsunfags. Inosdesitng fornul a
reci proci ty sdpatdte ftelchp¥godahador, he . %Hﬂ&ﬂxoﬁ@ﬁ&&ﬂgguaﬁfﬁog@’k&ri@s bt near

rel ationship to the material renpved. In other words, ‘a known vol une of
mat eri alo i s orthegopaldines perstieps” 402, Adhace ewiintp ths Wiglerel00n sEhitRroeese d alsdk nown

| oad on thekﬁg,%gsragﬁﬁﬂéqgag&di ng to Ginding Technology, S. Malkin, Ellis
9, pp. 129-

Hor wood Ltd., 139, a high percentage of nechanical energy

input turns into heat DRipisae tidues i@ rAddeds theGo BEASMmulaX RS BlaY R R
generation due to friction, which nay be observed as deviation fromthe

I'i near rel arlampshbgween the dangeacbr hub or kuitypala hih dhat seeyrately positiensdhatthinage t o
the workpi e?l%xiﬁfldsffa&rblﬁ'e.‘?',«’}q?é}hiﬁﬂe%’ abBQéihé’iaﬁz ﬂlﬁ&uéxﬁcﬁ@ﬁ zftﬁhe?ﬁ)%&dref&“ on of one
ns for ing diclng Opera

or both. Prior art syste noni tor ions rely on visual
means for 1Qiatdend paiticies that ire hgldadnirappedfin theasaw biade s tHechasdudgehr fat euttidese

i t {4 h h k th the.cutti t
D ot o HERREBY ot LAPRK hRL f R BERRRE LR o shor
secti ons of tHehemidehdikdt maeddalat ed in order to avoid the excessive tine

requirenents for a 100 % inspection. The results of the short section
i nspection nust be ex@ptanizingttikaicut qualitylend teduginppriodess validtionvedquims aon. | n

addition, these 2o.visual.systens only allow for t in ction of the top
surface evelTRIHEHIIE ?fgﬁl%ﬁ‘%%chogﬁf?”ﬁs%thies‘,hcé’?gstcgos PE%?’afég&cé‘imﬁgf’tﬁ&o be
Ther ef o, ewal Thtrhesh actkptkd tobeltfboiagetiall laMmoval by abrasion is described in Wear
Mechanisms in Ceramics, A.G Evans and D.B Marshal, ASME Press 1981, pp. 439-452.
This model predicts the threshold load that must be applied by the abrasive grain to cause

fracture of the brittle ceramic. The cracks create localized fracture in the material in
predicted directions. Material is removed as particles when some of the cracks join in

25  three dimensions. The Evans and Marshall model predicts the linear relation between the
volume of material removed by an abrasive particle and the load exerted by this particle

according to the following equation.

Eq. (1)

Pn



sem conductor wafer nust be perforned off tine. That is ) by stopping the
process and renoving the wafer fromthe dicing saw to i nspect the bottom
surface of the wafer. There is a need to nonitor blade | oad during wafer or
substrate WQUHPSPox 2s optim zing the dicing process andCRaISH44HI ng a
high cut quality so as not to damage the substrate) often containing

el ectronic chips valued in the many thousands of dollars. There is also a
need to performnonitoring over the entite length of the cut and to avoid

the need for interrupf; r S i t itori 11,41959
-4 SUMVARY OF THE | w&h&%owlgﬁ%v%@g%/%%ﬁ?ﬁc@%% s t?’hce151 "gﬁﬁ"%\/@#ﬁﬁs of
the prior ard is airhatértal adepdtidenttcondtarit € id marerial donstantf ardrl it ehefoat Rn@ht Mk ze

the dicing process and nonitor the quality of the kerfs placed in a
substrate byalwesf viksisdp therange offhbtol-Bsent invention is a device for

optim zing the dicing,process _and nonit.ori. the. quality of kerfs cuts into
a substrate. The devi égsumigg g’“élg JE7PIPH t’“&gltl‘é‘?’srﬁhﬁte eﬂ%‘“‘ “61918?)‘{%?“ he bl ade
of the dici ngvéanheaf refRitinkilp tolaic eiaEraefenbvedath qthaoastdnf 4 kovial iemdyr t he
substrate by nonitor neasuri Sgeat | east . one of a feedback control current

and a f eedbdrateriabis eBPVesh theadhe Fupsingreutting rherlhag exaried adgivnfoadamnethd) | er i s
1 o coupl ed Qi dfae monitor in order to control the blade responsive to the
| oad induceé on the blade by the substrate. According to another aspect of
the invention) the | oadeddding beGHhdiflg Techno®RaE 8. Malkias Bllistorood LY, apgoyval ue,
an RMVS val ue, or aqoeak val ue or éhe vol tage or current output by the saw.

15 Accor di n@Pt #%139. p ghoreresntage perechpical Bergh it [U5Rs ImtorfisatcBiting &g er

aut omat igal lyrCREbFRES. AHxcbNS hefFendhtidniRe 3P RRMoR whiBEnapbBdbRrvelihe feed
rate of the substrate, the cutti g‘%.depth and a cool ant feed rate in
response t o depiatigrofiom phelinedr slatiopshimbeivecn material a¢meyal and lead, gABEINSe aspect
of the pres i i . i{ter . { el m . t he
curront or - GATPLOS TR bBfkpicEe Wd bt tHAE Dol CeEREMARU BT R O | 20
on the substotit e. These and ot her aspects of the invention are set forth
below with reference to the drawi ngs and the description of exenplar
enbodi ments of the i nbEeRaTHYsteERIIErMEERURE Pirig\eperatippErehronyisebmeansfhe

i nventi [ . ; : Wi . Qi kL ON when
read i n Son eRikUERRIRPS b Ouh R hbuegl i A o LR R, Tt
accordi ng t dravanbthapthe cbiting prackss must boimterifupted un eslepfo tikuallginspeatthear e not

ar bi rar |y FShaRPpre ool oo HFOR SEHR G ale Sl o frap B b o o

the fol | oW rRgcdstigeifime requirements for a 100% inspection. The results of the short section

inspection must be extrapolated in order to provide full evaluation. In addition, these
20  visual systems only allow for the inspection of the top surface even though the bottom

surface is also subject to chipping. Therefore, evaluation of the bottom of the

semiconductor wafer must be performed off-line. That is, by stopping the process and

removing the wafer from the dicing saw to inspect the bottom surface of the wafer.

There is a need to monitor blade load during wafer or substrate dicing for

25  optimizing the dicing process and maintaining a high cut quality so as not to damage the
substrate, often containing electronic chips valued in the many thousands of dollars.

There is also a need to perform monitoring over the entire length of the cut and to avoid

the need for interrupting the process during the monitoring.



WO 01141959 -5 PCT/US00/ 42401 Fig. 1 is an isonetric view of a

sem conduct or wafer used to form sem conductor devices; Fig. 2 is a block
di agram of an exenpl ary enbodi nent of the present invention;, 5 Fig. 3 is a
di agr am sh¥QH41%he | oad nonitoring principle according tP(Fqu?@”"ézQ@rrpl ary
enbodi ment of Fig. 2; Fig. 4 is a graph of experinental data show ng bl ade
| oad voltage versus substrate material rgnoved; Fig. 5 is of experinental
data showi ng bl ade | oad voltage versus substrate 1o feedrate; Fig. 6 is a

graph illustrating bl ade | oadsgnfNiAfYCOE THIOINGEQTRSY operations; and Fig.
7 is another graph illustrating blade | oading during dicing operations.

DETAI LED DESCRI PTI ON n @iewof tHeahomdvnlingtof tke sriorseiTitGondluiqlof BR\présest
i ndi vidual chips are cut froma |arge wafer using a very high s

rr . ) ) eed .
rotating savnynHemto help eptiunizede diging rraceshindqmoniior Hiesqua Wféhep‘GPngPb?\‘ieQ)ffl t he
waf er al ong 'Juﬂ%‘ie%iﬁ&ﬁ@i&a‘?heﬁffs (102, 104 as shown in Fig. I) in one
direction f(?l 'owed By a second operation in an orthogonal direction. The

quality ef the chips irge pies@ idvéntiodlisth @eviterok Btimizitigthe &iking Prétesscdpippi ng 20
during the dicing operatjon. The inventors have determ ned that changes in
the | oad on mwogaeﬁvsma'etmf ket eptsigionaisubsteaters Eheydevdcechag plsensepthake| at ed

changes | n. afnflaEeiielshals ot e drtnd BEnBhEY A HEREACEARGES: IR phEed

di splayed in real-time to the operator su requi red adj ustnents can
be made wit louhe bladeeby thotsistratethy midndton mepsuviog akleasRefieefid fegdhtack Fingrol 2) an

moni For 200 HEP B Eobck coRlzBh Etbor AR ol ik GUE M soleBlt B, O o1
shaft 2G8. Coupledio the awnilercinloydes jpo cotitre] theiblade r@Pansilvei tu @e: 1od indbced watthr 202

at a rate of be&)yween %bout 2,000 RPM and about 80,000 RPM The rotation of
the spindl e YASEYY BOHOPLAGr i t ored by RPM sensor 208 which, in turn,

generates an output 2 I (o) t I i ndl e
mot or 202 to summing Al %g&g‘w%%ﬂ%i’n?t‘{fﬁfémv{/@%gﬁhg%ggﬁ’%'ﬂ%g‘él 42401 -6
sumi ng nodenéadffedbared de an averagetvable, si BNMS vahikd ot ® paqhi vatlleaf thid wodtag26 t 0

control the rotation Bf spi ndl e notor 202 such that the spindle notor
rotates at £VEEHIUH PEMESa¥onst ant speed. Spindle motor 202 generates

f eedback_current 211 LCh. i it o) i The | oad
noni t or lﬁ§10 peri odi ca%?f@'@?i‘% %H{r}iensoﬁ{eﬁgSp?éé)zﬁ%clsg%lﬁ?&eth?E%rﬁr]oaerr ate of
bet ween abouitohfitititlyasoetrals @Dlekir onaisf ttle speed df thetspindlec e tfesdirhetof thet hat t he

freedback current be. nonitored as a verage current, .an RVMS. current or
a peak curr éﬁ?ﬁuaﬁ%ﬁpﬂﬁt‘{gﬁé\’?ﬂg? Cpa%r}ﬁ%rﬁafedﬁ respppse 40 (S Joad Rlacgd 08 Myt 1 o
| ogic 212. Gpqerol logic 212 al so receives process paraneters 214. These

process paraneters 214 may be based on
According to yet another aspect of the present invention, a filter is used to

20  determine a value of the current or voltage for each of the plurality of cuts produced by

the blade on the substrate.

These and other aspects of the invention are set forth below with reference

to the drawings and the description of exemplary embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

25 The invention is best understood from the following detailed description
when read in connection with the accompanying drawing. It is emphasized that,
according to common practice, the various features of the drawing are not to scale. On
the contrary, the dimensions of the various features are arbitrarily expanded or reduced

for clarity. Included in the drawing are the following Figures:



1o historical data gathered fromsimlar dicing processes, for exanple.
Optionally) the control logic 212 generates control signals 215 which are
conbined with outEut 209 of RPM sensor 208 at sunm ng node 218. Sunmm ng
node 218 oYUM on these signals and provides signal 2FPETU§O¥EHM o]

spi ndl e notor 202 based on the process paraneters 214 ) the real-tine
information fromload monitor 210 and the rotation rate of spindle notor
202 as ~5 defined by output 209 of RPM sensor 208. Control |ogic 212 nmay

also include a filtergto ] wiYs v, e of the
vol tage or current folr:l éégsﬁlngg%ﬁgcgﬁts prsce)@}tjcgfé(gﬂgny eéqgﬁd;@e% t he
substrat e. Isemmdatiutioodyvicesnt rol | ogic 212 may al so generate signals for

di splay on display nonitor 216. The displayed i nformati on may incl ude
several parameters, skigh2 isa blodsdiagramefapexahparrembodigestof the presénhg dept h,
bl ade | oad) %%{H}ate feed rate, coolant feed rate) and the process
paraneters ) is also contenplated that the systemw || nonitor

devi ations i n processgst abyd i ; j - i

af f ect soitqhe quality olf:lg_'cﬁy s;J ?lﬁﬁ%ﬂgﬂgﬁgg tﬂ?ezlto ?ﬁ%lgﬂggs%il&g%%ﬁ%g&gﬁg& g‘f ovi de

i nf or mat i on exemplarg ¢mbadimeptcefdsigs2;it o fol | ow, 2s such as information received
fromother process stations which may be connected to the dicing saw
monitor via a networ KF8f S 2&apthplexpatigenizl datashewing biade dead; voHageNeT9F ocess
paramet ers ey mfdrdl Reghved @ menory as part of control logic 212 or in a
external menory, such as a nmagnetic or optical nedia (not shown). Referring
to Fig. 3, the exenpl®igys lsaFdxparithdn®il dg sRoWiRE bREECI0S vEIReVershdsubfrdré 9. 3,
bl ade 204 rotates at a rate Vs while substrate 300 is feed into bl ade 204
at a rat® Wedmtsutting force (F) 302 is exerted by the bl ade 204 on
substrate 300. Cutti force 01141 PCTNS00/ 42401..302 is .
proportional to the Inlggdg Bif %’ﬁ%hm@t}f%ﬂﬂé%%%“{agﬁr%w Fiitpg .‘Q?g%\ﬂﬁr@ﬂ‘,’“si n
turn, is prembrtional to the current consunption of spindle notor 202
required to maintain the rotational rate Vs. Using this nodel the inventors
have determ ned t hr ougjp. Bisranbtats gragh illustrating blude laadihg aoring dichigagperatior. | s
related to the feedback control current 211 according to the follow ng
equation: Eq. (2) Load = (FB - DEIAJEEDDESCRIPFIQN41) * Lsim* 288 (-0.0206
* YS + 7.2065) Lblade where) Load i s nmeasured in grans, FB is the feedback
control *current in 1dnabfreannfastyre of jranicondpcipideyised dndipidpadmhips pEg Git fremg e
sinul at or di $d¢ed Gefet! ﬁsm%andery%%ﬂ@eaﬁmia@ﬁg BAvABRIE Al diSencdShORSy AhdLr di nary
skill in the art unders_andsig B 'may al so be nmeasured in volts as current
and vol t age 8tnds ayvay gaortiasrnd|the wafgndong linage stregtscas karfs (1020 104 as shown in

Fig.1) in one direction followed by a second operation in an orthogonal direction.

The quality of the chips is directly related to the minimization of chipping
20  during the dicing operation. The inventors have determined that changes in the load on
the saw blade-driving spindle cause predictable correlated changes in the electrical current
to the motor. These changes may be displayed in real-time to the operator such that

required adjustments can be made without interrupting the dicing process.

Referring to Fig. 2, an exemplary embodiment of the present invention is
25  shown. In Fig. 2, monitor 200 includes spindle motor 202 coupled to saw blade 204
through shaft 203. Current provided by spindle driver 206 drives spindle motor 202 at a
rate of between about 2,000 RPM and about 80,000 RPM. The rotation of the spindie
motor 202 is monitored by RPM sensor 208 which, in turn, generates an output 209

representative of the rotation rate of spindle motor 202 to summing node 218. In turn, the



Ohm's law. The anpbunt of material renoved Mfromthe wafer during dicing 15
operations' i s nmeasured according to the follow ng equation: Eg. (3) M=
D" W FR Wer e, the bl ade cut depth, Wis the kerf width, and FRis the
feed rate Blpotlﬁggvafer into the blade. To test the mater PGTUSIHEMOY 1 ate,
the inventors perfornmed a series of 20 experinents according to Table 1.
Lim tsCut DepthBl ade Thi cknessFeed Rat elgow0. 002 in.0.001 in.2.0
in./sec.(0.05 m) (0.025 nm (50.8 nm sec)Hi gh0.020 in.0.002 in.3.0

in./sec. (0. W&@ZM&Z@e@a%ﬂtﬁﬁQ&ni&%% gplﬂ_«h@dﬁ?e?tﬁ $& Esntid ?m‘eor rred
eight tines using silicon wafers. During the tests, one actor

FR) was keptotatnmselsnindignoter 209:sugh fat the spindle snogen totates ake Isubstanmlwtomatwg g
PCT/ USOOMZ%Q& gexanpl e, the spindle speed was kept constant and the cut
depth was c nged at increnents of 0.002 in. The results of the tests are
shown in Fig. 4. S§ikde hﬁ)td: '292 génerﬁt&efe&ﬁﬁék éﬁE §L14Qﬁxc?'isem9ﬁlfb}écﬁﬂ' for

t he vari ous serles of tests. fferent sy

each il last ﬂ@ﬂ@@l@éém allee loe%tnonun 21¢mefl¢@mblb’tdet§fminhem fc@bacquunsnuasaan 5
essentially I hy.p ) ve in
Fa 3. Al noTERTbARberirRE: %) Rt OB, BWaldite, IFLNRE TR FRE BeiedP R

nor mal pr ocemem;myaielrmmto)cdtaban avdragenmrdny tah RMS'cla'sendeea)pm cabrent. The5 | n

( 12.7 mm or ndi n t he ticul ar S. raph
of RS 1 ondloHBBUE R e s 300t pliRlon st cortol Reer 2 LoneihiagissBiodtsdt ot he
bl ade. |n Figeives pxtobessiaalahﬁmmwarh@ﬁ@mé@s p@:&ﬁeaéﬁsez:Mrﬂwaa@e@&ﬁed -

30, 000 RPM BI ade thlckness - 0.002 in, Wafer type - 6 _in._ blank Cool ant
flow - Hhinbjstarical dpty gatheredfr Q’,‘Pé‘é’i‘ﬂaﬁglcmﬁ IEIPCCGSOS’ T g¥amplpr Qptionally, thep, g
1/mn. In Fegntrd?ioght 22 gCrates céﬁlﬁ)l G@hﬁE 2?5 whfeﬂay@éon{mq Mﬁ{mttzbeof eedrate
of the substrate as neasured on shown in Fig. 5 1t was found
that as the Rﬂ’é’émwewé)awmmgap@ %1(3 n&mgaonZI&pperaswqmaeenm gad)
there is a f r rated b
poi nt s 502, Aiiies sl 2191 LolfpoP (AL B J02 beon o LA} plEmbets ) 7T Y
renoval rat eeal-tiiedhfotmaatioa friim bad nivaiter 21§ and tichiopypion gatebf $pimildmotop20Pes ti on

f th bst d t t hat
be cont Pl 1 8efited Wiiatemeall SoBARBRREMET ) “The T oo rate my vary, as
desired, between abou(??]rgro?%gl ]?.%%aa(algb 1?1 lugé‘rg %ﬁgl)totdgtcggﬁgt %&49 avetlagcec (508

rm1 sec) dependi ng on teria
or peak value of the voltage or current for each of the cuts produced by the blade in the

substrate. In addition, control logic 212 may also generate signals for display on display
monitor 216. The displayed information may include several parameters, such as present
20 spindle motor speed, cutting depth, blade load, substrate feed rate, coolant feed rate, and
the process parameters 214. It is also contemplated that the system will monitor
deviations in process stability, which, as mentioned above, directly affects the quality of

cuts in the substrate.

The display may also provide information related to processes to follow,

25  such as information received from other process stations which may be connected to the

dicing saw monitor via a network, for example. The displayed information and process
parameters may be retained in a memory as part of control logic 212 or in a external

memory, such as a magnetic or optical media (not shown).

Referring to Fig. 3, the exemplary load monitoring principle is shown. In
30 Fig. 3, blade 204 rotates at a rate Vs while substrate 300 is feed into blade 204 at a rate
Vw. A cutting force (F) 302 is exerted by the blade 204 on substrate 300. Cutting force



25 cut and the condition of the blade. Fig. 6 is a graph illustrating bl ade
| oad during cutting operations. In Fig. 6, graph 600 is a plot of |oad
nmeasured in Volts RMS versus cuts placed in the wafer. As shown in Fig. 6,
portions 6WDBAMWS 606 of graph 600 indicate a reductionPCRUSMMIN| oad as
conpared to portions 608, 610. This is due to the circular nature of the
wafer in that the 30 first and last few_cuts 102, 104 in any given
direction of the wafer 100 (shown in Fig.”" 1 ) are short. As a result, the

cuts 102, 1 begin and.end in.the ta t shown)..that.is . WD 01l 41959
%5 PeTi usooP s ool 5 e odhe P GRus RPN At in ¥l e o
removed fr oprégoetiotal @rthel Eifrent cdneivnpronf spindie imotdy, 2021required it Baithi®tea | ower

bl ade load. In Fig. 6, the dianmeter of the wafer is approximately 6 in.
(152. 4 mm) AAEUH, 1 Vsi ndex is 0.2 in. (5.08 mm). Therefore, at about cut

30 the end of the wafgr. ig.reached for the first series of .cuts r lting
in reduced bl ade | oad>™ %lﬁ Qp&ﬁ??hcdgvetnho&s 5@8&%@“&8‘?&‘&0 il “%ﬂsgﬁa'{ '
per formeg i mnd B8 61 Mhdd 20£ Gt reRateditd tHelfeedbadkedonlrolsdugrehty2 1ar dcbsrgmp ad theo t he
first series of cuts) ) the first cuts and | ast cuts are detected as
reduced bl ad@lqvagedBBM and 606, respectively. Therefore, the exenplary
enbodi nent may al so bF: u(ged to determ ne when the end of a wafer is reached
based on the reduced F&ad on the bl ade when conpared to the expected end of
the wafer. In addition) if the blade load is too |ow at a point where the
end of the wafer is not expected) this may indicate a process failure
requiring attention of th p n j.S case the operator may be
alerted to the situatben= B2 *V§ ; 1§w,lgii'&mz@mnunci ator. |If
desired) the process may al 60-B86KES +d08%)k onmdbiadal |y. 15 Fig. 7 is another
graph illustrating bl wbere] oaadiinmeauredrig ghms, FB iothefeddbackscontrol darmgnt idd, t he

ordinate is a ure of. | oad yolt ar .current.), ahove pre erm ned
basel | nd® TABPLACSIH e =i BT, Einf e SRUAE BRK Epdhud pE EHRATE "0/
exper i ment althelslhdr, radi0s. AxX anPbfordibarysskillin theartugierstands NEB hagdlsalbeve basel i ne
is lowfor the first few cuts 702, and the |ast few cuts 704. The | oad

i ncreases adneasiEedin VoIt At efireent and yoljage 3rp propgrignpldp ope anptharaccarding iy 706.
The exenpl aigppeeadi ment nonitors the feedback voltage (which is directly
related to current according to Chms |aw) and may alert the operator or
change a paramet er of Thdwncupeofnaterial rémiovedad ffopethe walfee dufing dicimgept h, if the
f eedback voltage attains aor exgeeds a edetern.ned threshold 708. The ’
i nvent of% hﬂga?%ﬁﬁmfﬁafmﬁﬁ?({rg'ﬁg%ihﬁﬁ‘iﬁ 18§ CQUAOaf er is directly rel ated
to the | oad exceedi ngléa esire v_abugv* 5 Therefore, by nonitoring the

f eedback voltage the 9(«5( | ary "enbodi of the present invention is also
abl e to determne chifpbiopal efifadé@iflept, Wi he k% WIEH AR £ icthe Rk@PPI NG
the process to renove the warer so as tO0 performa visual 1 nspection of the
bott om of t hate nhthe wafdrumto therbladee, excessive | oad may indicate bl ade damage
or wear which may neg_?tively affect the substrate. As discussed above,

si nce feedback currenfo tesitheymategalspiova ratg, the inysntgiscnesigamedin saiosobr a peak
vallge) d ieﬁbe 1 ‘ﬁis%c&rﬁiﬁg 'E(ﬁ’fﬁ"&lé ?_nshi p between WO O 141959 PCTI USO0I 4240l
- voltage ‘and current, the voltage may |i kew se be nonitored as an

aver age /5 0r ak value][ Al [he 1Jnv . R begn d rhed w tlh
refergnZ:e 0 exei';’gq"gsrv e dirreerg'?gwlth is noﬁﬁﬁk%ﬂf%‘ggishe et oeﬁ gtlﬁag?L e

appended cliai ns shewl d be ponstp,oezjiﬂ,o i ngl ude goddigh. vari ant s 2amh./sec.

enmbodi nrent$ of the inventijpn V\Qbﬁgnl ql)y be made(OIMS}TQ] se skil L(?(?Sinﬂn/ts& ar
ue spirit { nt’ i nve

—+

wi thout departing fromthel tr and _scope o e _pres iof.
High 0.020 in. 0.002 in. 3.0 in./sec.
(0.5 mm) (0.05 mm) (76.2 mm/sec)
TABLE 1

The tests were performed eight times using silicon wafers. During the

tests, one factor (D, W, or FR) was kept constant while the other factors varied. For



WO 01141959 -11 What is O ainmed: PCITNSO0/42401 t 1. A device for use with a
di ci ng ‘'saw for nonitoring process stability 2 and a quality of cuts in a
substrate) the device conprising: a sensor for determning a speed of a

bl ade of tWOYMIAg saw, a nmonitor for determning a | oad GFVEOUERYN t he

bl ade by the substrate, the 5 nonitor neasuring at | east one of a feedback
control current and a feedback control 68vol tage output fromthe dicing
saw, and a controller coupled to the nonitor for controlling the bl ade
responsi ve Eﬁﬁg r tQ.C n the
measur ed cut‘:ge &° eeawalgﬁ?éq%grt% gﬁ?&&grﬁm Fha‘gaaes égﬁlrlép djattl egls eak
current. 1 3f010R lnieﬁ'heetsamﬂfrthh tesfs axe shbwm m Pig. ﬂurﬁtshmowmmrﬁrgl 4i thgtestfl I ter

to 2 determ ne. a Ma current for_ each,of pl ur al J of cuts
produced by PPHE ‘bqia‘ﬁ%l’tﬁe%}‘tﬁ% ¢ YATI9u; yeried of 5635;. Tgﬁgﬁtfe?ﬂywlé‘ttlgﬂt"mnng to
claim 1) wherein fhe daeebnsede ¥ épar@etebtur. TRE rédlilt aNthedRemGhhisdigan an
aver age voltage and a,  peak voltage. t 5. The device according to claim 4,

further tomsPcatially siraf Ft”éfrPle“EWIBE‘%F‘WIWB‘“Q"%?’G@“@f‘ appye ipdid dge for each
of a pluralidphoRn &utétsmaéﬁa@&nm ab B&viRéPsRvE th Pabid'E lﬁtﬁeﬁhgl%@cessl 6. The
devi ce according to claim1, wherein the nonitor is coupled to z the
control | er foperafpnsptheyiuiiigs septh auaytas geep a5fabpyt 05 i L7 otm) dremere depending) a
feed speed qf +8lss. relative to the blade, iii) a height of the

bl ade above%tt%‘b@gstr esand iv) a coolant feed rate. 1 7. The device
according to claim1, m@hsri@a Brabii 8 RASH8ad Sodl: Biscfihe . Bediths o Mol kY
constant speed responsive to a control signal fromthe controller. 8. The
devi ce a€cordthrigsnest to|thg blade. Iatkig o1, nhe followpgadragietarhwers useds i s 2 bet ween
about 2,000 rpm and 80,000 rpm WD 01/41959 -12 PCT/ US00/ 42401 1 9. The
devi ce according to cﬁ%lPﬁ’t‘F?PeeﬁhéoeqoﬁltW speed of the blade is 2 between
about 10,000 rpm and Bjd®#cknbd®- dodPin, The devi ce according to claiml,
wherein the controller 2 automatically controls at |east one of i) a speed
of the blade, ii) a f@@@fﬁmee-éin thaksubstrate 3 relative to the bl ade)
iii) a cutting depth g a substrate, and iv) a cool ant
feed rate responsive to taﬁglofalo Eﬁldtjgltlg'étl)&ﬁgevi ce for use with a dicing saw
for nonitf ori ng proces€lesniapi-ljettly8 Pmamd a quality of kerfs in a substrate,

t he devi ce conpri si ngg ; gmse_ntfgi/ cI(l)upI ed to the dicing saw for determ ning
a rotation rate of a Eﬁ’gﬂ of ° t'&™di ci ng saw, 5 a load nonitor coupled to

the dicing saw for deh}eféi s? pi& ﬁ)oflé)lﬁt;g ﬂt&ﬁ?%ﬂ&aﬁo&@%r satﬂiglf Xrgnrtgﬂg 7

substrate based on at one o an average cu

current) ii isyxbsaapeaknaasurecbm thclbt/a)ieamsahewmgeFrgoﬁtmgms fon)ldiﬂmt Me\f@ﬁtaﬁge
and vi) a peak volta t a controller e|V|n |) an
output o | ReeeledPpidRRaRY 2,0 AR BRI ST MR iy plied

cont r ol ké ng link# b@hiidrchs ikuwtrara mglpsinwmo Thefefbre Al ordétdo imdintsin tenREiAéd on

circuit coupled to the con roII d the sensor tq, rOVIdE g 12 drive
signal to tf@eamajerial geraoy aﬁﬂt dirget heprng o chipPing,of the Befom prtien gna)
fromthe t3 o@ﬁﬁtsnsdttaerdurtng%l Tmrétemqme?metsqja%&e thdt 3hdy bk leontrslfeli e T
conprising a nonitor coup to the controller for displaying at |east

one of i) tHke teeftrateu%ﬁhermfe oThetfnel Ileamey, Vary,) asglegirqde berwiean 2bayt 0.0p dn/sec
substrate re %‘7 %é? td mmpt@e séc ésa @gﬁé&i bEEndlEPLR Rty pd St k@ kiR © the

4 substrate, a coo ant
25 cut and the condition of the blade

Fig. 6 is a graph illustrating blade load during cutting operations. In Fig.
6, graph 600 is a plot of load measured in Volts RMS versus cuts placed in the wafer. As
shown in Fig. 6, portions 602, 604, 606 of graph 600 indicate a reduction in blade load as
compared to portions 608, 610. This is due to the circular nature of the wafer in that the
30 first and last few cuts 102, 104 in any given direction of the wafer 100 (shown in Fig. 1)
are short. As a result, the cuts 102, 104 begin and end in the tape (not shown) that is



t 13. A nethod for nonitoring process stability and a quality of kerfs cut
2 in a substrate) for use with a saw having a spindle notor and a bl ade
attached to the 3 spindle notor, the nmethod conprising the steps of: (a)
rotating tiwobl/aaes® attached to the spindle notor; 5 (b) deCTRAwSedMI4Ny a speed
of the spindle notor; WO 01141959 -13 PCT/ US00/ 42401 6 (c) neasuring one
of i) an average current, ii) an RVMS current, iii) a peak '7 current, iv)
an average voltage, v) an ItMs vol tage,'%md vi) a peak voltage of the

spindle s notor to determ.ne | gad pl aced on the bl ade by the s;@ trate;
(d) providi d{j%ﬁé?%‘ﬂlj‘bﬁ?fa@tﬂég 3}‘* “E‘Ef%?flgé?ﬂl?‘ffrilf{q'%them?f%f B of 1 he
spi ndl e basqgwQyhitH)$n RIPEI ¢ indftaiRd AR BB lalié Icdad responsive to the | oad

pl aced on the bl ade by the substrate. 14. A device for use with a saw for

moni t ori ng process st ibFigl 6ythadihmte? of|thelwafst i9 hpprottifmately GinsS (1824 Aihg and he
device conprising:, 3 a sensgr for determning a s d of a _blade of the
S 4 & morih B 5K IR2aR OB EmY FHEIoH: AL G bR St U WEiFEl
substrat ¢ bagadedrdrihetirs! @fss ot REuliilg Mtedited BlEe AT SBhilarlyl hs 8 RV
current, iii) a peak current, iv) an 6 average voltage, v) an RVMS voltage,

and vi) a peatondsrriesns cus armperpamed irbe secanddirction incthe wafes(ealllo t he
moni tor f or o‘}ﬂngc;r@L{d G fif s Ser s %@'a*tgt th\éq{rs&ufs?a%ﬁ%%df?aﬁe%e{e@@d 'r».§’§eﬁuc2eh 15 A
use anriity

devi ce for a dicing saw fof nmonitoring process s and a
qual ity of dilide loadls #04 aink606a respedtively d dhersfore othp exemipiagy efibedinetiomahalse ng a

spindle; 4 g blade attached tao th indl e, 5 .a.spindle driver .coupled the
spindle to i‘\?%cpﬁohagéegﬂfnﬁm n%%e % %SOZESW °’f‘%¥e“&‘b°f13’3 nolnﬁbe Efd%%‘*&éaa‘fé?on t?ﬁe
spi ndl e;107 aladerwhe compared ai the Bxpecred ead bbthe wafen.c &nladditidn) ¢f the Bdde lpud ishe
substrate; s a controller cotk{gl e(ﬂ%rttﬁ thF nonitor fqr _control]i ng t he

spi ndl e dri V&P 1oy 3ARoHHIThGEe thpeq pater et expester; Psdpay Pdigae & pRRES a
val ue of at hias reitthgQiteMichlUTR Spepdist. An\Bik tae eheddpetdid Mdy bePdleted t@khecach
of a plurality of cuts produced the bl ade in the substrate.

b WO
011 41959 - 1shu@t9n/hmsooyu4;2w10r1wi®i/e aPRRNGIRLQR;: JIE desiedy BF REPCESS 1B3Y3l5A bes)

wherein the current 2 is at least one of i) a peak value, ii)
Reftbd Snth : p ,
an average vaFue anﬁk?ﬁ) a Root Mean Square (RM5) 3 value. 1 17. The

devi ce ggcording to Ckg MidBnoth @f4phlldstiatingblu 105dihg@uriR! diiBE operatfonst
| east one of 5:) a peak value, ii) an average value, and i1i) a Root Mean
Squar e ( Rve)InFig: . the ordinatg is T measyes ofdeadval@eei(os guirentLahovern pradetermingd

conpri si ng Lt Ak qﬂ%ﬁ : e IR Mg@ east
one of i) aaog ;E)gg@g' g?e tg %sg spi %%Pée@%té%éaa egl(?[)%hgilp'gﬁeatgg toﬁg*su s%nrajat e

rel ative to datae fdylexamplei iAs)showm i Bigt 7.othe 1dad abovechaseling isclowrer gifssufewe, and
iv) a cool ant . feed r te.19 i . I I rein
t he nonitor cgrrl{esa@gr%nsdat é?lait ﬁeéacg %nggéq%}é kgaﬁf@%g%g%gqg%%\@? gﬂloﬁteggr f}%ﬁ S\Qgeﬁd a

f eedbacko contafal toaahdxirgem degd W06, fTihe exdnyrary embbdimentmafitord the fekeibadkevoltage

RTIECIREN X PRI T AT TN T MR SRR
control |l er. change a parameter of the operation, such as feed rate or cut depth, if the feedback

voltage attains or exceeds a predetermined threshold 708. The inventors have found that

bottom chipping of the wafer is directly related to the load exceeding a desired value.

25  Therefore, by monitoring the feedback voltage the exemplary embodiment of the present

invention is also able to determine chipping of the wafer without the necessity of stopping

the process to remove the wafer so as to perform a visual inspection of the bottom of the

wafer. Furthermore, excessive load may indicate blade damage or wear which may

negatively affect the substrate. As discussed above, since feedback current may be

30  monitored as an average, an RMS or a peak value, and in view of the relationship between



1 21. The device according to claim15, wherein the controller 2
automatically ﬁ@r}trol s at least one of i) a speed of the spindle) ii) a
feed rate of t Y48hstrate relative to the bl ade, iii) a cutting depth of
the blade into the substrate, and iv) a coolant feed rate reis@f}ggdwve to the
|l oad. 1 22. The device according to claim?21, wherein the cutting dé"ﬂ%h IS
2 between about 0.002 in. (0.050 mm and Q4850 in. (1.27 mm. 1 23. The
devi ce accor di ngh acn}iai m 21, wherein the feed rate of the 2 substrate is
bet ween about 0.05 i n/ S8C R}t the polagesns)iiangl 20,0 in/sec (508 mmsec). 1 24.
The device accdBlleng to claim 21, wherein the Fﬁ’@ﬁ%eﬁtaéamﬁveﬁge,w trate
is between about 2.0 in/sec (50.8 nmsec) and 3.0 in/sec (76.2 mﬂsezb). 25
The devi ce accordi ng t o Akl r rein the speed of the spindle 2 is

bet ween about gmggﬂn%&m.and g%a%dlb‘ygrﬁg?ﬂ asb?@db&dr‘ibkaﬁﬂm-é}% JDCC:TI | TSO0/ 42401 1
26. The device accor md“t*a%lllraitmmémowm% pihe speed o THE Ssmane 2 i s
bet ween abdut tgdr;dhmaatuymvaﬁg]t@%doggprpm 1 9 W“Mnldmmmgg&gm&pd
claim 15, whergjn,the nonitor ned g@*ea’tsﬂlﬂieeiﬂﬁéntieﬁ‘%h % a current and a
vol t age provi 3&%@?81@%”%%‘ dephiying @Sk pdl e .dri ver i% 132y hermadaibp ehdsk e

| oad. 1 28. The device according to claim g??SRRHEMmopdwtwﬁlre gi s .
measured 2 at a frequency of between about 10 Hz to 2500 Hz. 1&% MVeiiiion.
devi ce according to claim 27, wherein the voltage is neasured 2 at a
frequency of between about 10 Hz to 2500 Hz. 1 30. The device according to
claim 27, wherein the neasured current is 2 conpared to a baseline current
to determne at | east one of i) a size and frequency of 3 chipping of the
substrate, ii) a kerf width, and iii) a kerf straightness. 1 31. The device
according to claim 27, wherein the neasured voltage is 2 conpared to a
baseline voltage to determ ne at | east one of i) a size and frequency of 3
chi pping of the substrate, ii) a kerf width, and iii) a kerf straightness.
1 32. A device for nmonitoring process stability and a quality of kerfs cut
2 in a substrate, the device conprising; 3 rotating neans for rotating a

bl ade; rotation determ ning neans for determning a rotation rate of the

bl ade; 5 | oad determ ning neans for determning a | oad placed on the bl ade
by the 6 substrate based on at |east one of i) an average current) ii) an
12M5 current, iii) a peak 7 current) iv) an average voltage, v) an RMS
voltage, and vi) a peak voltage of the rotating 8 neans; and 9 control
means for controlling the rotation rate of the bl ade responsive to the |0

| oad. 1 33. The device according to claim32, further conprising: 2 display
means for displaying at | east one of i) the rotation rate of the blade, 3
ii) a feed speed of the substrate relative to the blade, iii) a cutting
depth of the blade into WO 01/41 959 - 16 PCTI CTS00142401 4 the substrate,
iv) a coolant feed rate, v) a feedback current of the rotating nmeans; and
vi) a s feedback voltage of the rotating nmeans. 1 34. The devi ce according
to claim32, further conprising nenory 2 neans for storing the information
di spl ayed by the display neans. 1 35. The device according to claim 32,
further conprising neans for 2 predicting inpending failure of at |east one
of the blade and the substrate. 1 36. A device for use with a dicing saw
for nonitoring process stability 2 and a quality of cuts in a hard and
brittle substrate, the device conprising:



3 a notor having a spindle; a blade attached to the spindle to cut the
substrate into a plurality of die; 5 a spindle driver coupled the spindle
to drive the spindle; a sensor for determning a speed of the spindle; 7 a
noni t or f owoldgiesei ni ng a | oad pl aced on the bl ade by theczussdsdie based s
on at |east one of i) an average current, ii) an RVB current, iii) a peak
current, iv) an ' 9 average voltage, v) an RMS voltage, and vi) a peak
voltage of the notor; and to a control Fét-coupled to the nonitor for
controlling the spindle driver 1 t responsive to the load. . A {.AQr.AY . A
CAE . AA A Wi iaflaimed AOF. A@GA. A9 . AhF . A{. A@ BYGCUi M |
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Lo e kil s sigalgaalga) e o) ol clcau cal
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1 6. The device according to claim 1, wherein the monitor is coupled to

2 the controller for displaying at least one of i) a speed of the blade, ii) a feed speed of the
3 substrate relative to the blade, iii) a height of the blade above the substrate, and iv) a

4  coolant feed rate.

1 7. The device according to claim 1, wherein the blade rotates at a

2 substantially constant speed responsive to a control signal from the controller.

1 8. The device according to claim 7, wherein the speed of the blade is
2 between about 2,000 rpm and 80,000 rpm.
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2 between about 10,000 rpm and 57,000 rpm.

1 10.  The device according to claim 1, wherein the controller

2 automatically controls at least one of i) a speed of the blade, ii) a feed rate of the substrate
3 relative to the blade, iii) a cutting depth of the blade into the substrate, and iv) a coolant

4  feed rate responsive to the load.

1 11. A device for use with a dicing saw for monitoring process stability

2 and a quality of kerfs in a substrate, the device comprising:

3 a sensor coupled to the dicing saw for determining a rotation rate of a blade

4 of the dicing saw;

5 a load monitor coupled to the dicing saw for determining a load placed on
6 the blade by the substrate based on at least one of i) an average current, ii) an RMS
7  current, iii) a peak current, iv) an average voltage, v) an RMS voltage, and vi) a peak

8  voltage of the dicing saw;

9 a controller receiving i) an output of the load monitor and ii) at least one

10  control parameter for controlling the dicing saw responsive to the load; and

11 an operation circuit coupled to the controller and the sensor to provide a
12 drive signal to the driver based on an output of the sensor and a control signal from the

13 controller.

1 12.  The device according to claim 11, further comprising a monitor
2 coupled to the controller for displaying at least one of i) the rotation rate of the blade, ii) a
3 feed rate of the substrate relative to the blade, iii) a cutting depth of the blade into the

4  substrate, and iv) a coolant feed rate.

1 13. A method for monitoring process stability and a quality of kerfs cut
2  in a substrate, for use with a saw having a spindle motor and a blade attached to the

3 spindle motor, the method comprising the steps of:
4 (a) rotating the blade attached to the spindle motor;

5 (b) determining a speed of the spindle motor;
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10 (e) controlling the speed of the spindle based on the operating parameters

11 and responsive to the load placed on the blade by the substrate.

1 14. A device for use with a saw for monitoring process stability and a

2 quality of cuts in a substrate, the device comprising:
3 a sensor for determining a speed of a blade of the saw;

4 a monitor for determining a load placed on the blade by the substrate based
5 on at least one of i) an average current, ii) an RMS current, iii) a peak current, iv) an

6 average voltage, v) an RMS voltage, and vi) a peak voltage of the saw; and
7 a controller coupled to the monitor for controlling the blade driver
8  responsive to the load.

1 15. A device for use with a dicing saw for monitoring process stability

2 and a quality of cuts in a substrate, the device comprising:

3 a motor having a spindle;

4 a blade attached to the spindle;

s a spindle driver coupled the spindle to drive the spindle;

6 a sensor for determining a speed of the spindle;

7 a monitor for determining a load placed on the blade by the substrate;
8 a controller coupled to the monitor for controlling the spindle driver

9 responsive to the load; and

10 a filter to determine a value of at least one of a current and a voltage of the

11 motor for each of a plurality of cuts produced by the blade in the substrate.
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1 18.  The device according to claim 15, further comprising a monitor

2 coupled to the controller for displaying at least one of i) a speed of the spindle, ii) a feed
3 speed of the substrate relative to the blade, iii) a height of the blade above the substrate,

4  and iv) a coolant feed rate.

1 19.  The device according to claim 15, wherein the monitor measures at
2 least one of a feedback control current and a feedback control voltage output from the

3 motor,

1 20. The device according to claim 15, wherein the spindle driver drives
2 the spindle at a substantially constant speed responsive to a control signal from the

3 controller.

1 21.  The device according to claim 15, wherein the controller
2 automatically controls at least one of i) a speed of the spindle, ii) a feed rate of the
3 substrate relative to the blade, iii) a cutting depth of the blade into the substrate, and iv) a

4  coolant feed rate responsive to the load.

1 22.  The device according to claim 21, wherein the cutting depth is
2  between about 0.002 in. (0.050 mm) and 0.050 in. (1.27 mm).

1 23,  The device according to claim 21, wherein the feed rate of the

2 substrate is between about 0.05 in/sec (1.27 mm/sec) and 20.0 in/sec (508 mm/sec).

1 24.  The device according to claim 21, wherein the feed rate of the

2 substrate is between about 2.0 in/sec (50.8 mmy/sec) and 3.0 in/sec (76.2 mm/sec).

1 25.  The device according to claim 21, wherein the speed of the spindle

2 is between about 2,000 rpm and 80,000 rpm.
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1 31. The device according to claim 27, wherein the measured voltage is

2 compared to a baseline voltage to determine at least one of 1) a size and frequency of

3 chipping of the substrate, i1) a kerf width, and iii) a kerf straightness.

1 32. A device for monitoring process stability and a quality of kerfs cut

2 in a substrate, the device comprising:

3 rotating means for rotating a blade;
4 rotation determining means for determining a rotation rate of the blade;
5 load determining means for determining a load placed on the blade by the

6 substrate based on at least one of i) an average current, ii) an RMS current, iii) a peak
7  current, iv) an average voltage, v) an RMS voltage, and vi) a peak voltage of the rotating

8 means; and

9 control means for controlling the rotation rate of the blade responsive to the
10 load.

1 33.  The device according to claim 32, further comprising:

2 display means for displaying at least one of i) the rotation rate of the blade,

3 ii) a feed speed of the substrate relative to the blade, iii) a cutting depth of the blade into
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6 a sensor for determining a speed of the spindle;

7 a monitor for determining a load placed on the blade by the substrate based
8 on at least one of i) an average current, ii) an RMS current, iii) a peak current, iv) an

9  average voltage, v) an RMS voltage, and vi) a peak voltage of the motor; and

10 a controller coupled to the monitor for controlling the spindle driver

11 responsive to the load.



