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OF -THE I NVENTION This invention relates generally to saws of thd ﬁi\B ed
in the 5 sem conductor and el ectronics industry for cutting hard and
brittle oMj@e¥%978%bre specifically, the present invention PETAISSS/23936 a
system for nonitoring the performance and paranmeters of a high speed dicing
saw during cutting operations. BACKGROUND OF THE | NVENTION Di e sei‘)lar ation,

or dicing, by sawing is the process of cutting a microel ectrorﬁww ﬁ]ﬁﬂmmmﬂm
into its individual cirg i j~t i L br asi

bl ade. This process hasﬁg%l\}g?\mcbggﬁ%ﬁn%@!{n%¥¢m§$ﬁ%£d econoni-Gaks+

nmet hod in use today. It provi e i1 I ection of depth and

wi dth (kerf) of cut, as well }gﬁééémﬁﬁﬁi‘ﬁ@ie finish, and can be
used to saw either %art,i ally or conpletely through a wafer or substrate.
Waf er dici ng t echnoll8iyinyesioprelgice geecdaliyalsi sapy of dkedtyde gsasginitse now a 15
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vaf egs. | HeEgRalNhe peeseht il Eitdalrelates @@h@ysﬁt@ﬁh&@h@ﬂi‘{orﬁxg ik QEAWANhcBRAd
hybrid 20 25 circuits, nenories, comut ers, defense and nedical electronics
f

has cr eatprdamatesy ofag high spesd dinmgdrwiducing cuisingioperasionor t he i ndustry. Mre

expensive and exotic materials, such as sapphire, garnet, alum na, ceramc,
gl ass, quartz, ferrite, anBAGKGEROBNDIOFFHEIING/RNDEINat es, are being used.
They are often conbined to produce multiple layers of dissimlar materials,

thus adding further pi@sdfagatidnCbndicRie0by eiWing T@e prodeseo6tu@ig 4 hese
substrates, together with the value of the Circuits fabricated on them

makes it midré¢lecttanic substrewpntoaitsymAividyal eigaittdiawithi ytotating| arcatar ebrasive

di e-separatiaon phase. Dicing is the nechanica rocess of machini w t h
abr 401 ve. it bePad i prop St Bl bt Bt e st s BoLERS EeoRam e B e e ¢ 0
creep griQgingi Hovries Rersailftl M baedod ofB¥ptRand auad ket &l &l wiegpval
behavi or bet'ween dicing and grinding. The theory of brittle naterial

gri ndi ng glestiootod siifaceafiniph, ;yndroan baasddity shetelbempartialéy dm¢ommerelyahroughe and
power input.to the l%ri ndi ng wheel. The size of the dicing blades used for
di e separ ¥tibQT SUPEEKPR 2003 PCT/ US99/ 23921 *cooooz* WD 001 25978 -2 1 6

APR 2003 PCTN599/ 23926 however, rrake?l t he process, uni que., ‘Typically, the

bl ade t hi ckness randeder gigingdednpogy happiagresiaddapigho pad GHaiRG IS n0%F " hyy | and
di anpnd p i t I ; 1 .t he rasy ve
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fi neness, extanspldlpfmeepaiationobdieiontsilieh intgrprdairete waférs. | nperative, and
even the , 5 slightest deviation fromthe normcould result in conplete

failure. Increasing use of microelectronic technology in microwave and hybrid
circuits, memories, computers, defense and medical electronics has created an array of
new and difficult problems for the industry. More expensive and exotic materials, such as
20 sapphire, garnet, alumina, ceramic, glass, quartz, ferrite, and other hard, brittle
substrates, are being used. They are often combined to produce multiple layers of
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.

25 Dicing is the mechanical process of machining with abrasive particles. It is
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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FIG 1 is an isonetric view of a sem conductor wafer 100 during the
fabrication of sem conductor devices. A conventional sen conductor wafer

00 may have a plurality of chips, or dies, 100a, 100b, . . . forned{gnAPR B3
top surfa der to separate the chips 100a, 100b ) .
anot her a;\got h@sﬁgaf er 100, a series of 10 orthogonal Iines o(l:Tmég{gﬁggez?s"

102, 104 are cut into the wafer 100. This process is also known as dicing
the wafer. Dicing saw bl ades are nade iTthe formof an annul ar disc that
is either clanped between the flanges of a hub or built on a hub that

accur at el jopesirt makes thherodesnufiexi Bymcabwtlis bdde thisknemntahgasefdoraliioy milst he
saw bl ade e |Q S fine powder of 15 di anmpnd particles that are held

ent r apped q ]é (921/1/561“&0‘@ la%/ F‘I‘Tg W%Ff@a@@g‘ﬁ?arpéksé@?t}’iawsb@ﬁ“@b%@@?%r
vafers. The RadeulSadialial fdichy l?ﬁ@réd%?gﬁgéa%g 5’9@%4}%@%&9 hidgcut into
the sem conductor materi a ao zin cut qualit CI ng process

vari at i onexmeeé fiesneas), amqﬂrascteawdh lagtmdt séthef parinediers tig Dﬂpd@@tﬁv@eeﬂd evedlecing |
tool and the material (substrate) to be 20 cut. The nost accepted nodel for
mat efi al  $lghicsh Hevpliah FraE) BA NPEN Geuld EBANICAMPGS falEhani sms | n Cer ani cs,

A. G Evans and D.B Marshal, ASME Press 198l, pp. 439-452. This nodel

predi cts the threshdld. I gagh tshmttrmjecwwéaagpidoedudnqr whfer 400 dsrivethgrai n to
cause fragture. of he brittle ceram/gﬁgT e .cracks, cr ate | o aI é&ed fracture

Cnthe maticaion ot BIUEPIREGT dPYES: | 081V NHP SgRicOBIGYRE 4 BRYRYS es
when sone, ok &r@ﬁﬁsof 8ied, 10Ma23060)" €€ rfinhRns f?%#esﬂi?@ cEVfH'ér (b Marshall

model predicts the Ii'néar relation bétween the volu materl r enoved
by an abr sepavae ger ¢higed ]sQOandiO@qu | dewin ere ateerbandtthdé wafearlODch eeriesadcor di ng

to the follpown qguation =a* Pn* APR 2003 wo 00i 2s9~s
1S BET LS Roknak e S0eets e 1 el B0 HAPERT 00! iy BEbeeis 80t he
Peak Nor terial independent constant, Kis a materi al
const ant nﬂé%dgﬁ%éjdm?ngn@e?ua?@' [ ength. The val ue of a/K is |n the range of 0.1

Croui o s a9, T 0TI ohE AL RIaac'ih Al U A 1Ahy DG ETARA Sfher 02

shoul d S have a lin at’ions
words, | fcﬁniﬁa@wetwe@hmﬁ@ﬂ@dgemfemuabr bsmr@rmmshat feirdif1¢ pabitiend the et ti ng

wheel has exerted a known | oad on the substrate.
flexible saw blade. As mentioned above, the saw blade employs a fine powder of
15 diamond particles that are held entrapped in the saw blade as the hard agent for cutting
semiconductor wafers. The blade is rotated by an integrated DC spindle-motor to cut into

the semiconductor material.

Optimizing the cut quality and reducing process variation requires an
understanding of the interaction between the dicing tool and the material (substrate) to be
20 cut. The most accepted model for material removal 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)

V=o
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According to Ginding Technology, S. Malk.in, Ellis Horwood Ltd., 1989, .
129-139, a high percentage of nechanical energy input turns into He@tAPR Zlﬁlg)
during the o abrasive process. Excessive heat generation due to friction,
whi ch may He sasersved as deviation fromthe |inear rel ationggrrdagbiveen
material renoval and | oad, can cause danmage to the workpi ece and/or dicing
bl ade, possibly resulting in destruction_of one or both. Prior art systens
for nonitoring dicing operations rely of>Vi sual means for s determ ni ng the

quality of the cut in the_ substrate. These, Eri or art systens have the
drawback that the cutvhsisgVYpiedecwlume of materiahianevss: Ba 1§ hedregk Narmal Leadhl | y

i nspect the.kerfs..Furthernore 0 ions. of .the.cut axe

eval uat ed T if Hrrial §sOETER Ghoo R X ER0RbeTRE P800 Ao 0 R0 ne
i nspect i ona I Eher d/&Sidlih shedfankdef §NQ6ti Bection inspection nust be
extrapolated in order to provide full evaluation. In addition, these 20

Visual systems onl y gLLamhS BihIPck BRSS! kaBIGYs LR kAR AURLAGE: YR t houan

the bottom surface is al so subject i ppi ng. refore, evaluation of

t he bett ormaot atiheassatasikiyad dre makdal romsvedelmpethtoworid, of £ kidwievoliliatofi s,

by stopping the process and renpving the wafer fromthe dicing saw to

i nspect t Heatggek is Fesayqdadeenghe abrasiye pufing pliselhgs exarterbe dnewn fendi anothe bl ade

| oad duri r&gbmtgr or substrate dicing for 25 optim zing the dicing process
and maintarning a high cut quality so as not to damage the substrate, often

contai ning electroni¢ chips val ued i he many thousands of dollars. There
is also a need to pe F‘Eﬂrﬂg‘%ﬁ@kﬁﬂ@@@%géﬂ? ’baﬂgﬁ&%ﬁw@?é LH{E L28% and
to avoid t Begdof 9k, ;4 i ; : i : i [¥alo ~ 'S
APRe 2003 D 007 280 S5 b Qe e IR SRR A MG IERBEE T8 i e

of the shabrasovd prgsessi HExvesspreilwat ganeration dus tafrioinesthiosf mahse pbesexdtas

invention {o.help optim.ze the, dici process.and nonitqr the quality of
the Kerf s Gsiviatien Trat e it Feleiionsio Rates currighaame valsndieads cad Ghse

i nvention 4 i Gl j oty (s BT i Ci d

0 e A S G

spi ndl e nidotlt. Wi th a bl ade attached to the spindle notor. A spindle driver
is coupled the spindle notor to drive the spindle at a predeterm ned

rotation rate. A senp@ér ir$ sBehelr efbnitoritd Qictiy Syt &idiOrely dnovisiel afeahdfort he
rotation rate of the spindle. A controller is couplet 1o to the nonitor in

orden5t o cistRrFBRINg ke qualing pethg cintidrthe sdsBals; vEDese Pripkant sagdephbaneddic on t he

bl ade by t ) i i i,on, the
cont rol | ero EuPATR RERE ey REE R R EmhR (RRkRSEARE G 30 1l BB e
the feed rigr®. FurtHeemstd)Shlyadhert setieone of tiengut depsaland ia goel Bnvoidapd rate
in response to the | oad placed on the blade. 1 5 According to still another

aspect of axmessiugVine reswirements forad 1 Qe ipppegiogd el hesresults 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.



measured based on the current required to nmaintain a predeterm ned rotation
rate of the blade. According to yet another aspect of the presentj§ APR 2003
invention, the current or voltage of the spindle notor is neasured
periodically. 20 According to a further aspect of the present invention, a
di splay is %@Eﬂaﬁﬂsdisplay a variety of conditions of the di BEHYS¥&ARPI6n
real -time. These and other aspects of the invention are set forth bel ow
with reference to the drawi ngs and the degcription of exenplary enbodi nents
of the invention. BRI EF DESCRI PTION OF THE DRAW NGS 25 The invention is

best understood fromthe fol | gunigadel @ SHECBSEENPIGRQN When read in

connection with the acconpanying drawmng. it 1s enphasized that, according

to common practice, the .variQus.,f t aw .ng_are. not.to scal e.
On the contrary, the @ivr%%sozfgﬁss}lgﬁg@rﬁ@ §§?!Eh&fls}?qrg‘g ﬁrlégﬂéjpéecgpi)%rpé?sfeﬁ?&
expanded oriny&fis6ed heRY oftinditd the.diding bristess dnd héiod RSP be tHehe@rfk Pldcenimg
Fi gures: 1 6 APR 20 WO 001 25978 -5 PCT/ US99/2392b Fig. 1 is an

_isonetric v sihsiodte dyswm-dgabimeery: waf er used to form sem conductor devi ces;
" Fig. 2 is a block diagramof an exenplary enbodi mrent of the present
inventson; 5 Fig. 3 iFhapdiayimrmsdoisiandicingesaloashitop fiot aptimigingrthédicplge
according to the exenplary enbodinent of Fig. 2; Fig. 4 is a graph of

exper i ment dITOEREE ANS MORFAY NS sal g=R] KeotsicadniPet heiralan skheaneiipaias 2 al
removed; Fig;: i f i i | ade.: [SUs
Subst rai e 120gR PR S REERIAL RFLE, RN Aok A bRk KA [eepka R
cutting {dipimiy moperatdroaste emtilEaon prédesrmined hasntigr s Al dedsdrriatonigetoli ade
| oadi ng during dicing operations. DETAILED DESCRIPTION t5 In the

manuf act ur dodhe spipgle srritictogtetBRc g rotten {ateiahibe spingle. apcontipligriip apupiear ge
waf er _usin very. hi LG 0L : | ade
ar i nadd w3 Blotie Bt #r BB tohRb A, BB PR RGP S A B Y 5
as shown i rolkdedby theisobange.di rection foll owed by a second operation in an
ort hogonal direction. The quality of the chips is directly related to the

m ni m zation of chi ppABRGrding to another aspect of the invention, the controller automatically
controls at least one of the speed of the spindle, the feed rate of the substrate, the cutting

depth and a coolant feed rate in response to the load placed on the blade.

15 According to still another aspect of the invention, the load on the blade is
measured based on the current required to maintain a predetermined rotation rate of the

blade.

According to yet another aspect of the present invention, the current or

voltage of the spindle motor is measured periodically.

20 According to a further aspect of the present invention, a display is used to

display a variety of conditions of the dicing saw in real-time.

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:



20 during the dicing operation. The inventors have determ ned that changes
in the | oad on the saw bl ade-driving spindle cause predictable correl ated
changes in the electrical current to the notor. These changes may bel 6 APR 2003
di spl ayed i ~Ld me to the operator such that required adjust an
be nmade vvith%o(tsjﬁ&}%sr%%derrupti ng the dicing process. Referring td’&(‘é@g’gﬂén
exenpl ary enbodi nent of the present invention is 25 shown. In Fig. 2,

nmoni t or 200 i ncl udes spindle notor 202 coupted to saw bl ade 204 t hrough
shaft 203. Current provided by spindle driver 206 drives spindle notor 202
at a rate of between Fpoutis2nQSEndtRMyRadobD eiticGRILORE WAPM ustheo Farhat i on of
the spindle notor 202 is nonitored by RPM sensor 208 which, in turn,
gener at es aPErBIGOHICIIOVICEHr esent ati ve of the rotation rate of spindle
notor 202 to sunmm ng node 218. In turn, the 1 6 APR 2003 WO 00l 25978 6
PCTI US99/ 23926 sunmi ndrighédis a2isckpdiogrianiesf an exemiplapy esibgdiien? dOtheprespiind| e
driver 206 to control the rotation of spindle notor 202 such that the

spi ndl e not VPt es at a substantially constant speed. Spindle motor 202
generates feedback current 211 which is nonitored by 5 |oad nonitor 210.
The | odd nonitor 210 Hésidbiiackrgromedewing the soadieoriwsimgayiacinle acostding tatheat e
of between abpout, 10 nd .2 , as desired. The output Z13 of | oad
noni t or 21oe}|{e§nl§%rl¥n%%l_$oga§n?rg o?(%ﬁ%'%l logic 21 2. Control logic 212 also
recei ves process paraneters 214. These process paraneters 214 may be based
on historical data gatierel 58w %‘ih‘?ﬁpF eﬂﬁagaﬂéjglb‘?"é‘égﬁ%@,m%do\‘m@ﬁﬁﬁﬁqs@?
Optional ly, L&1-212 generates control signa' 215 which are
conmbi ned w %%ﬂggaﬁgﬂ%tégé)lQﬂeg%bngpM sensor 208 at sunm ng node 218. Sunm ng

node 218 operates on these. si.qnal ovi des .si | ,219 to control
spi ndl e notor 202 basgég'cs)jﬁlstoﬁgxgerrg%egngag dggars\éﬁgfn&rbéa%ln@?dtvﬁﬁagreevaelrs-”tsis ptrate

i nf or nt | onfdefiyma;Load nonitor 210 and the rotation rate of spindle notor
202 as defined by out put 209 of RPM sensor 208. 15 Control logic 212 may
also include a filter t ] d 1 P
produced by the bl adeFlﬁ% thlpﬁeaegg bqu{?lru gt?aglﬂgﬁgycgeldlgﬁ ?lgf?l?ge%gﬂ?ggqil?g)g%}%llo S’maly
al so generatmd signals for display on display nonitor 216. The di spl ayed
informati on may i nclude several paraneters ) such as present spindle notor
speed, cutting depth, Fiy aule ahoder graphdlusattng Blede loatiig duo@p Ading eptatidise,
and the process paraneters 214. The display 20 nmay al so provide information

related to processes to follow, pyaAIRED DESCREPTIEINT ecei ved from ot her
process stations which may be connected to the dicing saw nonitor via a

network, for exanple. (The Igélﬁl?z{cﬁ}{'?%fls 1‘86@%{09.'&9@%2%&{9%%?1 &@5534}8%8{ oY
be retained in a nenory as par or contro ogi c or In a externa
menory, such lage &af@gnaig Lvay high dpeed roEmitigasatvisiides Nevesyenc@SthBehwmiddeg t o
Fig. 3, the exenplary |load nonitoring principle is showmn. In Fig. 3, blade
204 ot at es gERdsayait @pemional e wesploRg dnsrgeuees pe&erts M3, BP4aes B a

te Vw. A j 4 . Ce [ : I bstrat
300, ot t1 i b} BEbrsGfERUSTLoudRy b (kAR IR oF AR AR BB A 0 ' ©

h in Fig.l) whi in .t i S.pr. ti I he .cur.r ent ti
of ‘Spindi e motol 202 ARG RS ARer e Ried B he Fufl R ST
001 25948 1 4frify 1R RAHS obérhtibiR9Phe §ERtokShANE deithfindB IRt chitbek iy BRUSISohaVE

determ ned through sinulations that the |oad on the blade 204 is related to

t he feedbackecentblade-duiving spingdle ravsequediciabletcorrelaeedf ablahgasi in gheee]eciticad reurent
(2)

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 spindle
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



Load - (FB - 0.04958 * YS + 0.1141) * Lsim* 288 (-0.0206 * VS + 7.2065)
Lbl ade 5 where, Load is neasured in grams, FB is the feedback cont §APR 2003
current in anps, VS is the spindle speed in KRW, Lsimis the simulator

di sk 'radi us, and Lblade is the blade radius. As one of ordinary skill in
the art unde¥ew&pris§ FB may al so be neasured in volts as cur rremtusandsoe
vol tage are proportional to one another according to to Chms |aw. The
amount of material renoved Mfromthe wafefr during dicing operations is
measured according to the follow ng equation: Eq. (3) M= DWFR Were, D
is the bl ade cut. de

h, Wis.the kerf, wid and. FR i.s t feed ~5 rate of
the wafer i ﬁltui')m}.lﬂ% ng(%ea%i]es. prﬂgld{e%gtcor?tﬁcg Sﬁﬁdﬁ;ﬁ%ﬁo ﬁpg}@%ng?}t%éz tOtCﬁBtr?H\E}‘Snt ors
perforned a ro@atibe of %inﬁé%‘dtbm ﬁlcﬁ(ﬁ}%?&lﬂz' %bﬂnd‘l@mﬁ?ef?'r@ta%e;s a'b'a@'uEﬁ%Hallg constant
Dept hBl ade Thi cknessFeed RateLow0.002 in.0.001 in.2.0 in./sec.(0.0

mm) (0. 025 mspgesld. 8 nml sec) Hi gh0. 020 in.0.002 in.3.0 in./sec.(0.5 mm(0.05
nm (76.2 nm sec) TABLE 1 The tests were perfornmed eight tinmes using silicon

wafers. During the 20 Spasliemoane0R gehattef BedWckaurfeR) 2 viewhicBat nansteay
while the other factors varied. For 1 6 AP R 2003 WD 00l 25978

. ! AP \ g_
PCT/ LJ $99123edemeniianA18; Thedoabmeniter Theregiodigall dpferminns therfeedhagk elrseni st a

hown 1 Fi gegy xfleeh AGRRTEIEP ol 2500RE e lE, HRESLANS: S bPd Rl ©

the various 23@fié esnrebted @S béntrol Mgpidld {1 eCeffolIyMB QN 3 aBBGUEE {es process Parafhefr€ - )
each illustrate a separate test run. The result of these test runs is an 5

essenti al | y 2d#r dlihga piocess porametess gpodmay g besed onypistohiesli datpgatbenad épnabioilar i n

Eq. 3. Although the test f | ned in Table 1. i,
mormai  pr oc A48 pRRsFoe: STPELPPRRET: BB Sty! RS A e dar ol v,
(12.7 @M 0Q1Wrﬁcrﬁﬁ@%ﬂibmd%tﬁ&ﬁ?ﬂam9icﬁlﬂm SBHSOF 868 at dunSming dode 218" aph of

RV5 | oad above baseline vs. Feedrate of the wafer o with respect to the
bl ade. | n FiSymnsSpgmnhée 263 bpenking)on Hicansipralsaneprovidgse digngl idioecospelespindle

30, 000 RPM Bl ade i ckness, - 0.002 in. W e,-. 6. p. bl.ank Copl ant
Flow - mai n BT 30RERFTER Tcpreed miagiecchf 2. shd R fimk efraptigh o Radg
I/'mn. I'n Figghnifer 200 @hd #eQotaBioh Pte BREARIIB mdtGMINAs defeld ﬁﬁroagtﬁt boeof Regf at e
of the substrate as nmeasured on the blade. As shown in Fig. 5, 1t was found
t hat as thesémou2é®.e exceeded approxinmately 3.0 in. /sec (78.6 nmmisec)
there is a departure fromthe expecte~

15 Control logic 212 may also include a filter to determine an RMS value 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 spindle motor speed, cutting depth, blade
load, substrate feed rate, coolant feed rate, and the process parameters 214. The displav
20 may also provide information related to processes to follow, 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).

25 Referring to Fig. 3, the exemplary load monitoring principle is shown. In
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
300 is proportional to the load on the spindle 203 (shown in Fig.1) which, in turn, is
proportional to the current consumption of spindle motor 202 required to maintain the

30 rotational rate Vs.



20 linear behavior as illustrated by points 502. Therefore, in order to

mai ntain the desired |inear material renoval rate (which has a direct

beari ng on chipping at the bottom portion of the substrate during diphrhg,ng}
oper ati ons) cess paraneter that may be controlled is fhe feedrat
t he wafer. Wﬁ)er})%fzgggg rate may vary, as desired, between about}’@elygg%nﬁfgec (
1.27 mmisec) to about 20.0 in/sec (508 nm sec) depending on the type of
material being 25 cut and the condition of-the blade. Fig. 6 is a graph
illustrating blade |oad during cutting operations. In Fig. 6, graph 600 is

a plot of |oad measur@ging thiyelotiel (R/Bveatosdisave Weterikn@ @Broubh shuMa R thatAS
shown in Fig. 6, portions 602, 604, b06 of graph 600 indi cate a reduction

in bl ade | dagilaad onchphladed 204 ipwiatsinshebgdbakaontrpl anrrent dhk aceording teithecul ar
nature of the wafer jn that the 30 first and | ast few cuts 102, 104 in any
gi ven di re(f?ﬁ%\ﬁl WP Naf er 100 (shown in Fig. 1) 1 6 APR 2003 WO

001 25978 PCTI US99/ 23926 _are short. As a result, the cuts 102, 104 begin
and end in the tape (El;fbt(z%hovm) that is used to mount the wafer 100 and the
amount of material renmoved fromthe wafer 100 is | ow which, in turn, are
indicated as a lower blade load. In Fig. 6, the dianeter of the wafer is
approximately 6 in. (152.4 mm and 5 the cut index is 0.2 in. (5.08 nm.
Therefore, at about Eut SAFBReD.eI8 6V Skl MAS er Liim ;ﬁgghed for the first
series of cuts resul ‘?ariig‘l N rehzed sl pdgs ')Of’ldi,bia‘déﬁ ly, as the second
series of cuts are perforrre& I'n the sec'oncf directiron in the wafer (usually
orthog%nal to the first series of cuts), the first cuts and |l ast cuts are
detected as reduced bl ade | oads 604 and 606 ) respectively. Therefore, the
exenpl ary embodi ment Vffealead ipaeauised rogrges eFRiinhthe prdbackheonsra cofreat af er

expect ed ey Tous Ngaraicie R ot RAM LR e SaBL T S0RREIT B BB o

poi nt wher ghé BRderdigf Abenyaf eidinagy 5ol iexReet etlierdtdlids, FBYniydk6dte a
process failure requiring attention of the operator. In this case the

oper at or nagcasered|ie volbyias grrrané avd YAREE 8FF Wppertignalfalong saptber agsardingto
annuncgj at or., |f g\gsi red, the process may also be t5 halted automatically.
Fig. is acglh(ﬂ'ﬁé graph illustrating blade Loadi ng during dicing

operations. in Fig. 7, the ordinate is a re of |qad voltage above a
predet er ni ned basel i e Wnbﬁg’é‘f“ﬁeﬁéf Wvgigﬁﬁpg‘rﬁ? H@gﬂfq‘ﬁ}ﬂ_gt Petical ,
hi stori cal O?EI&%H@{SI Ll a@@éréinlgfté?'ihee?éﬁﬂmn%-e%@%i&hom in Fig. 7) the |oad

above baseline I's lowfor the first fewcuts and the last 20 few cuts
704. The | oad increases as the cut ess across the wafer to a maxi num
| oad 706. The exenpl }&3’ @n‘oodi rﬁm?ﬁ)rs t he feedback voltage (which is
directly related to current according to Chnis |law) and may alert the
operator or change a WaERNBLi8thebladd it ABRREAN RNhe RYUEWiaS, HESER Rlge REJ CUL
depth, if the feedback voltage attains or exceeds a predéterm ned threshol d
708. The i muenifohswhizgyentd timbladdhat bott om chi ppi ng of the wafer 25 is
directly related to the | oad exceeding a desired value. Therefore, by

moni toring the feedbatkiewtoht ageriahgensnahpitgrtie Bvbmotsnformied taherips esent
invention is also able to determ ne chipping of the wafer w thout the
necessity GKPERBHES ALOIHEE p? deklsd. to renpve the wafer so as to performa

visual inspection of the bottomof the wafer. Furthernore, excessive Toad
may indi cate bl gdghilanage or Wagit E\é_}itﬁh mey nsead Thedknedf f gct tIRedRate
substrate. 1 6 APR 20D3 MO 00l 25978
Low 0.002 in. 0.001 in. 2.0 in./sec.
(0.05 mm) (0.025 mm) (50.8 mm/sec)
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

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



PCT/ US991 23926 - 14 Al though the invention has been described with
reference to exenplary enbodinents, it is not limted thereto. R@@mﬁmimﬁhe
appended cl ai ns shoul d be construed to include other variants and

enbodi ments of the invention which may be made by those skilled in the art
without dep¥? P37’ romthe true spirit and scope of the pred&TtUSSHRIBRE | on.
' K&S-070WD -11 What is clainmed. 1 6 APR 2003 1 1. A device for use with a
saw for nonitoring process stability andghe 2 quality of cuts in a
substrate, the device conprising: 3 a sensor for determning a speed of a

bl ade of 't Y tng sBinBRMERS whoke BRI B theut 881 HlACHEL A o Bt Bhade by

t he substrate,; a contro oupled to the Itor mal ntal ni ng
t he bl ade af0.80B irsultht assultabf thecems brarshowperdig. ds phnsiionen {roFighe, theaekt1 2.

The device according to ¢claim1, further forrpri sing: 2 a notor coupled to
the bl ade BAMESHOZaGPlose far the yayigus segigsipf Eatst Hdedbgent symehols,govle not or

4 wherein phg C%,i:t\é?[ea lllliill{ﬁ?tatrerées*e a8 &rtﬁﬁtruﬁ.h%hélﬂ?séﬁt?d}%ﬁ%%ltﬁge%sﬁﬁﬂt speed 5

responsi ve to a’control signal mthe control . evice
accor gi ng égertiatly mtrdight-ling peet sepoptingihediypottesppryerteCaiteaal Hqo 3t he
controller for displaying at | east one of i) a_ speed of the notor, ii) a
feed 3 spedlhenshtthe testfoyerepeeforrapdiay Qulined atigue ) Jafde 1i in pormal @repsss of t he

D 2de oo uRURS G el of SRS L A o i RSl

conpri si ngomﬁ_clgayﬁmr;ﬁoeesﬁ_or storing the information displayed by the
display. 1 5. The device according to claim2, wherein the nonitor neasures

at 2 least one of a ?g‘f@ﬁ%‘ﬁéﬁ@ﬁ&ﬂ@ﬂﬁ%ﬁd%e%ﬂ&liﬁe@ﬁ%%}e gf)ng@éfﬁafol tage

output fromthe 3 not The device according to urt her
conpnibsi ngwitR respectiperthad blade.cir Eig. t5, deuplledingpatdmectaomarolkar and t he sensor
to provide a 3 drive signal to the driver based on an output of the sensor
and a control signal Spin@mspbel 430000 R¥IMer, 5 wherein the controller
receives i) an output of the nonitor and ii) at |east 6 one control
paraneter for controBladaghiekesyr 02 ifesponsive to the load. |!f~x~, ~ ~~~~

~.~~~r;..H K& ow -12 . R 2003 1 7. The device according to
claim2, wherein th%£%W%? I §r1%2§1au omatically controls at Least one of i)

a speed of the notorCoblant o eafaihdétel . Of/ntihe
15 Cleaning - jet 0.8 I/min

Spray bars - 0.8 1/min.

In Fig. 5, plot 500 is the material removal load versus the feedrate of the
substrate as measured on the blade. As shown in Fig. 5, it was found that as the feedrate
exceeded approximately 3.0 in./sec (78.6 mm/sec) there is a departure from the expecte”

20 linear behavior as illustrated by points 502. Therefore, in order to maintain the desired
linear material removal rate (which has a direct bearing on chipping at the bottom portion
of the substrate during dicing operations) one process parameter that may be controlled is
the feedrate of the wafer. The feed rate may vary, as desired, between about 0.05 in/sec
(1.27 mm/sec) to about 20.0 in/sec (508 mm/sec) depending on the type of material being

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)



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 1o dPR 2003
The device according to claim7, wherein the cutting depth |s 2 betvveen
about 0. 00g/d ghséfd 050 mm) and 0.050 in. (1.27 mm. 1 9. Thg %
according to claim7, wherein the feed rate of the 2 substra e |s e7tlve en
about 0.05 inlsec ( 1.27 mmMsec) and 20.Q in/sec (508 mMsec) . 1 10. The
devi ce according to claim7, wherein the%weed rate of the 2 substrate is
bet ween about 2.0 in/sec (50.8 mmsec) and 3.0 inlsee {76.2 misec}. 11 I.
The devi cearasbar.difsn tesuit| the ant, 10dh Epdebegin el egeiadhofape himotrsbown) ihat 2

bet <veen aboyt 2, 000 m.an he dev, cor

chanm e, el e FoBReE BT 10 THI RaBRR & mternl iEmived S Hov666 [P and

57, 000 1 pnfpyl wilidh, iHErH Gy GRliAERROLd B et Qlaﬁé fla? 2, wher e' n the monitor
measures a 2 current provided to the rmtor by the driver to determ ne the

moasired 2 at a1 rechionySor surued St Tertis 1TERRDuhE8 5 % dunr e

devi ce accfe dinigdé0iscd.2iim D3 who! aiherdfbre, heASYl ad 30Uhé ef of the vg&Pared to
a reference current to determne at | east one of i) a size and frequency of

3 chi ppi ngreashed Her BgHy st wrigs of ct)ts aesubmg ipirefuged blade laad) Smidedly, as the

strai ght ness he deV|c m 13, furth nprising a
Pl rer™ o Shondnar e ol B MR T RE 3 et ARl B ARSI 15 of
cuts produgs@hgBialttbehdfindgersior cbh? tR&IBSs Eak Qnd dast duts IREALQYILR RE&RAdi Ng
toclaiml, wherein the substrate 1s a hard and 2 brittle substrate and the

subst rat e hladecloads Gf<pand o redpectivelf. Uhasetara, thaexemplanyramifodedene ndy also

i nper.fections 003.-131 18. The de ice ac

ol R to AHBSaesteRdEe P o SR SRR DA A CEE Bl g

cut into %19&5%%11 EMnﬁHredjtcﬁthWeRBe&edrEn@'dﬁt'ﬁB PhfeedBeadiliSPar [RY14RNBad 1]s 19
The device according to claiml, further conprising neans for 2 predl cting

i npendi ng thaildwrea pbinawhesatbt codof te wifer ibnatiexpantdd 1 thés maly)sidma!teea process' i

~1i 1 .AE O/A AyY. A AY?. A n 2A3°/AA5f°/34K
} xsmhcAY] cfA %E%‘f TEYIERRP sqt@g@if%amtfeaﬁ &]%%PFE%%’QF%B%? éQ}'tEQ]‘%Q’Fca} ca
] ca] caj ca] sqt%]aﬁﬁ'] Sﬁ‘]a@fs%]apﬁld(?&] SRl hghuhcialr, If desired, the process may also b

- DR- 5?DQ| ap{ upkfa\ W ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] cg ] ca] ca]ca] c"a] c”a] ca]
ca] caj ca] dalicdpumprigifal). ca) ca] ca] ca] ca] ca] ca] caI A80Pc87C
8f | wnmhc”Y] ] ca] ca] ca] ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]calca
] ca] ca] ca] ca] c”a] ca] Fig] ¢ad smjihea] gadtciibstraving '@ de!164ding #lidgidicing operations.
0B8t% Y6 VX YIRB-&KE&&&&} xsni d_Z] ] ] ca] ca] ca] ca] ca ca] caj ca] cal ca] ca] ca] ca] cal ca
] ca] ca] ca] lodjiga] clF O&jinalF é%9 ar&]a@af e’é]Oéa]veléq&e Abes & ajedgieemmedybasqiing ( JIip) «]

*E+, %,/ C ajca
] ca] ca] ca] t(’:aesl i 141%] ﬂ;@ﬁéﬁ; i djg% %h lfgg%l’clg}tgg}%g%cg%%a cal 1&&%3@%@%@@%‘%6666
6677 As shown in Fig. 7, the load above baseline is low for the first few cuts 702, and the last

7U7U8c88889971999: xsnl d ZUni d_Z] ca] ca] ca] ca] ca] ca] ca] cag cal ca] cal ca ca\/] ca
]ca \?/?c’\a]ﬁ?al]“dmami% Thg load ingreasgs A feal]s@aq&faﬁ]saa]%&}%\]vw] £n} BAKERIM B

MO 706 The commbmyemkainios BEBAS 41 BFesk 2aiasg ool Sy S5 e
ca] ca] ca] ce]eakandwaldisd ®)kalclaw arldza]ayz aleerakl opdre@l ca]cﬁa]]gca] medraaty efa] ca! C
CC>DDDEp EF&GHHHKI | 3N JKLOMVMVVIVMLN CDélxsnl d_Z] c] ] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cih} ep§reHPraelhpt e apte AT 61 ftea}*b af a]fceélpw] leapedipe o xpeds|cal cal
ca! OO<PPP

FaT, OO RS T TR YIS Y 42 ook pRSym SPIPRIRE.G15 N1E . ca
1 ca] eq] ca] galealyaised aathe a’ddaae]x@ae] ‘?rg £adsead ealhe alThalefadeC by arhaalif@lieal ca
34Ki K- 10% u& ()-'s 10% u& ()-3%0% u& () - Y10% u& ()-10% u& ( ?

10% u& () - g;zec]_t@o,g yeltgge-the pxqmmax%qmgg ment of the present invention is also able 1o

10% u& % U& 0% u& 10% u Y=i K- +10
% U 0 - ( 2, /<i grﬂl&ne( %ﬂlwag/e ﬁ% (\%'a g w:ltg rﬁ%ceﬁsx steg;g%)g?fhe process fo o dmave
@0% u& ()the WAYeru® dsko BEfform a visual inspection of the bottom of the wafer. Furthermore,
i K- YOR10% U& ()-"310% U& () - %40% u& () - 3553" 10% U& () - 310% u& () -' " 10% u& (

) - 310% u&xcssive load may indicate blade damage or wear which may negatively affect the

30 substrate.



dEY%®10% u&' %0% u&' ()-%0% & ()-! N'910% u- u& () --10% u& () - 310% u& () - 10-u
10-ul0-u7 } o dEJEY9%®R10% u& $10% u& ()- 10% u& ()- 9-

10% u&' ()-"10% u& ()-T10% u& ()- F10% u& () - 16 APR 2003
. - dEAEY%®R10% u&' "" 10% u& ()-9!: $10% u& () - m0% u& ()-!10% u& () -
YMLO% u&' () WO %3888 () - DAEJEY9R10% u&' . z PCT/US99/23926

10% u& () - +"10% u& () - *#10% u& () - Y(3" 10% u& ()-&g10% u& ()-$

10% u& () - R-5ABABAE 10XuXu! +Y: 109&KUXU& ()1710% ug& ()-5

10% u& () - 394.0% ug& ()- @%0% u& ()-0! 10% u& () - BCDJ apgHE

L0XUXu! +10%& () - @LO%Richurgh ARk baiihOME edn BAQUMEL With TORKHe 19 KRHARGEHE
10XuXu! FI 109 ()-F 109%& ()- 3%A0%& ()- fMLOY& ()-F910%& ()-F "10%& ()- C8dEHE
10XuXu! F10%ghodiEaitg,ded ot lifited 0b@e0) -RatarQ g appeirled LOiRis (should be construed
109%& () - 7CdEHE . 10XuXu! F& M 109&' () - F+109%&: () - F) $109%& () - F@

109& () - Y! #2 3oy ‘3Qt?l(?.TO“/%ﬁ?aPSS-a,né&@deﬁ.@e’ﬁ%‘%?éed ePslngB’pE%o}@aX be mede by those

w100 & () S5Ei N O Wl dephr g i inbulupof i presenginyentipn.
109 & ()-Y 9%40% & ()-Y"10% & () -, #10%| & ()- 10%| & ()-F "10% & ()- V

Q! IdE/ 10 %@L0%| & ()-9$ ! 10%4| & ()-"$10%| & ()-y 10%| & ()-! 10%4| & () -
L 10%1 & ()-110"""#[#dE:/ 10 3110%| & () -
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10! 9% 109 () - 9$3%A0%& () -"109%& () - GIOY& () - mLO% () -
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56663r S4/10 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; and

5 a controller coupled to the monitor for maintaining the blade at a

6 substantially constant speed responsive to the load

1 2. The device according to claim 1, further comprising:

2 a motor coupled to the blade of the saw; and

3 a driver coupled the motor to drive the motor,

4 wherein the driver drives the motor at the substantially constant speed

responsive to a control signal from the controller.

1 3. The device according to claim 2, further comprising a display

2 coupled to the controller for displaying at least one of i) a speed of the motor, ii) a feed
3 speed of the substrate relative to the blade, iii) a height of the blade above the substrate,
4

iv) a coolant feed rate, and v) a feedback current of the motor.

1 4. The device according to claim 3, further comprising memory means

2 for storing the information displayed by the display.

1 5. The device according to claim 2, wherein the monitor measures at

2 least one of a feedback control current and a feedback control voltage output from the

3 moftor.
1 6. The device according to claim 2, further comprising:
2 an operation circuit coupled to the controller and the sensor to provide a

3 drive signal to the driver based on an output of the sensor and a control signal from the

4 controller,

5 whereln the controller receives 1) an output of the monitor and ii) at least

6 one control parameter for controlling the driver responsive to the load.
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1 9. The device according to claim 7, wherein the feed rate of the

o

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

1 10.  The device according to claim 7, wherein the feed rate of the

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

1 11.  The device according to claim 7, wherein the speed of the motor is

2 between about 2,000 rpm and 80,000 rpm.

1 12.  The device according to claim 7, wherein the speed of the motor is

2 between about 10,000 rpm and 57,000 rpm.

1 13.  The device according to claim 2, wherein the monitor measures a

2 current provided to the motor by the driver to determine the load.

1 14.  The device according to claim 13, wherein the current is measured

2 at a frequency of between about 10 Hz to 2500 Hz.

i 15. The device according to claim 13, wherein the measured current is
2 compared to a reference current to determine at least one of i) a size and frequency of

3 chipping of the substrate, ii) a kerf width, and 1i1) a kerf straightness.

1 16.  The device according to claim 13, further comprising a filter to
2 determine an RMS or average value for each of a plurality of cuts produced by the blade

3 in the substrate.

{ 17. The device according to claim 1, wherein the substrate is a hard and
2 brittle substrate and the substrate is cut into a plurality of die with a minimum of edge

3 imperfections.
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