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MEASURI NG TOOL DEGRADATION Field of the Invention 5 The present “i n\Na[m |2§ﬂ
-general ly ‘R@I a} es to degrading tools, which wear during use. Background of
the I nvent YO 1#5Bui pment for nechani cal machi ning a wor KR EER288478n uses
degrading tools to renove material froma workpiece, for exanple cutting
tools or abrasive tools such as |apping or grinding or polishing tools.

wor kpi ece, bt EABATLR AN METHAR QR MEASLIINGE T HE SRARBTTGN: T e

work conditions result in an extended 15 nachining tine, in unnecessarily
fast degradation of the tool, or_in damage to the workpiece, all of which
 are econonical |y unfavorabl e. Edpield efithg Invaniippi eces of a very hard
material need very expensive- tools. The actual optinmal work condition
depends on the actual condition criteria degradation of the tool. 20 US

* 4,786, 220 di scTigspesantinvehtian beaérally sslaiRtb degrading 46bI8CWhidl wedp! wear
failure of a drill by nonitoring a voltage or current which is generated
bet ween  drUing4§&- wor kpi ece during drilling. It is detected when the tool
s worn out. US 5,934,974 describes In-situ nonitoring of the wear of a
polishing pad for polishing sem conductor wafers by | aser triangulation.
The polishing tool is 25 adjBatiegots 6btpdngaitiorineven wear of the tool.
Both US Patents enploy effect’s for the neasurenent, which are application
specific. There is a further need for nore general neasuring the

ut 1 ng hse. i o AR fobfiécrAnRREFEh e opRSd R Ieb Wghagills of e

:rsw_g)oar at i on toels o Brackes matevid! ffonveaworitpicics ofod examble cattivgaedissen conduct or
fer has djes. conPrising el ectroni¢c circuits thereupon in a rectangul ar

pattern of aRMVelegiosyches/ apping oromngingospelishing tests, Usigtly the work
layer of the tool is of a harder material than the workpiece, but nevertheless it

degrades over its lifetime. Non-optimal work conditions result in an extended

15 machining time, in unnecessarily fast degradation of the {ool, or in damage to
the workpiece, all of which are economically unfavorable. Especially
workpieces of a very hard material need very expensive-tools. The actual

- optimal work condition depends on the actual condition criteria degradation of
the tool. '

20 US 4,786,220 discloses a cutfing ool wear monitor for detecting tool wear
failure of a drill by monitoring a voltage or current which is generated between

' | *\:) . drill and workpiece during drilling. it is detected when the tool is worn out.

| - US 5,934,974 describes In-situ monitoring of the wear of a polishing pad
~ forpolishing semiconductor wafers by laser triangulation. The polishing too! is

25 adjusted to compensate uneven wear of the tool.

- Both US Patents employ effects for the measurement, which are
‘application specific. There is a further need for more general measuring the
degradation of a tool. ) |

Now, a special field of degrading tools, which wear during use is cutting

30 (dicing) processed semiconductor wafers for die separation with blades,

‘which wear during use. A processed semiconductor wafer has dies
comprising electronic circuits thereupon in a rectangular pattern of rows and




colums. These dies are separated by a dicing blade for packagi i y
singl e housings. Typically, the blade thickness ranges from O. OE Lm%wtoﬂt g[}ﬂﬁ

1.3 mm T | Ci bl ade conprises particles of dianond as typical
abrasi ve ﬁé{@(ﬁ'g}gmﬂhi na carrier mterial and cut the MW@W’%
liquid present for 5 cooling and renovimng saw dust. Three types of dicing
bl ades are comrercially available: Sintered D anond Bl ade, in which:

"ncor por ar SOy JiBssHes Gl ehefoR Mty a oL bl T BRRKIART 18 o EP B nae,
i n which di simgleheasings.) Bpicly, el ade ticknessatnges RdrmpOCAGaRe ty1.3n

el ectropl ati ng process; and Resinoid Dianond Bl ade, in which dianond
particles aP@hEnedigingbladeigempsises Rasticies of diamondhas baiealah@sie x. Silicon

G amond. ol aqstorlaMH Rt el BhF St ARG QS 1R frdfengter 157" ¢
sel f sh& pecoslingearidrerhobviag lsewustTFhrestiypegohdielesidladédiaréd o t he abrasive

nature of the process the dicing blade wears. A used- up or damaged dicing
bl ade causeSoramergighyguaiable:ar ge particles break away fromthe die border.

The operation t L Gl 'éiﬁ{s : a
sui tabl e corrpr%ﬁ#%gao@%mds{q $’E§%&Sﬁ‘*ﬁ@€“ %ksaﬁrﬂ;ﬁ(?@?g%sﬁ%ge ?g\}’z@ éa% T
r easonabl e iktalsuvhas brass enchsptraodingsrdrhted Bf meamsifanmetallusgiehll y, t he
dicing blade is either checked fromtine to tine and exchanged when a

certain ded”q88%%on is reached, or it is exchanged after a defined nunber

£ vt i : ot e OCEDL Lo )
of 1 Soe Ut gy BRlhaRIpRRE. R BFond iiaBBChE A eRR. P over
exchange ofbdndeprddated byl axdelecidplatngprotessyaed essary bl ade costs ~ and down

by det eot | ng HASGRDIBMAa Blsdeanaiiier Siamewl PapIR S elads ATRETe0
Che bl ade PEyENBCrcaR% AGRRENER.S BetlBE 2L 2T ief T ned val ue or ¢ he when
~the 2 4 NOV 2SBikconQvair isihg & ®SnindEaPby #3 plated diamond blade and the
15 resinoid diamond blade. The resinoid diamond blade has the advantage that

it is self-sharpening automaﬁcally by the cutting process.

Due to the abrasive nature of the process the dicing blade wears. A used-
- up or damaged dicing blade causes die damage as large particles break

away from the die border. The operation parameters of the dicing blade are

20 adjusted so that a suitable compromise of high throughpixt, small die damage

level and reasonable blade wear is reached and usually left constant.

e

)

Usually, the dicing blade is either checked from time to time and | )

exchanged when a cerfain degradation is reached, or it is exchanged after a
defined number of wafers ciit or a defined operation time. This conception
25  can prevent die damage on the cost of labor for manual checking and/or tdo
early exchange of the dicing blade, which means unnecessary blade costs
and down time.
Several approaches have been undertaken to improve this compromise
_ by detecting when the blade is considered used up. The detectable
- 30 operational conditions according to the art are when the load induced on the
 blade by the wafer substrate reaches a predefined value or the when the

£




3 ‘bl ade cutting edge reaches a m ni mum separation distance fromthe work
surface. US 6,033,288 discloses an apparatus for accunul ati ngz @i ﬁb@gg&ﬁta
-having a spindle notor, a spindle with a blade, a spindle dr&vel "to drive
the spi ndl WOM0EIZ redeternmined rotation rate, and a senBGHUSBHAESt ed to
the spindle notor to determne the rotajion rate of the spindle. A _
controller controls the spindle driver responsive to the |oad induced on
the bl ade by the substrate. ~Accordjng to US 5, 7&8 615 a sem conduct or

waf er di ci idadeauiiod&dae ackes ByniREMMsePRRtIndetaaes fom B WeiH a 11 ange
hol ding th -ade 10 during the wafer dicing process. A system nmeasures
the flange clearance using a height sensor to determ ne blade wear and a
* processor for U$iG,038,288 disnitesesmncapparatusvier dcturaulatifg dicihg dalg havinghaf er

dicing and stq t he, novemrent en .the bl ade cuytting .ed reaches .a
o o Aorbolsmotara AP Wi et ROl daier 18 g e SSREEE ons
) d o ] e ¢ T '
D Dot e bredetiftingd RStaRor Fatd s sBACEr eshrieAed 1d B8 spiidib Rordt &5 ©

cutti ng nackiermipethoyotationratawd theaspindlea doeondioligr tontapls émbspindient of t he
invention; EIG 2 is a flow diagramof a_nethod ,accordin 0 an enbodi nment
of 'the | nvhivPrssponpie to e laelindied of ibBRC S BB bRel, o ng 1o

anot her embodiagagdid té Y5 5 238l6A5 eddhidopfilibior hatbutingisay s of

measur enents by the chine of FIG 1, FG 5 1s a schematic view of a
drilling neachiroledby huonitegng hladepexpasuse fraoca fldngg hotdisgthentladénent of t he

el oyifg diMefis elkr cidha sty AcYebrameries HEIase e ident i on. 2 4
F)t0\ 2 YEngH REPRPSemSel &/ d8RmhitR/ Blatie wear and a processor for monitors
blade movement toward the wafer during the wafer dicing and stops the
movement when the blade cutting edge reaches a minimum separation
distance from the work surface.
15 - Both conceptions provide unsufficient precision of the used-up condition
of the blade.

-Brief Description of the Drawings

26 FIG. 1 is a schematic view of a cutting machine employing an apparatus
7_ | according to an embodiment of the invention; )
\) FIG. 2 is a flow diagram of a method according to an embodiment of the
invention;
FIG. 3 is a flow diagram of a method according to ancther embodiment of the
25 invention; | .
FIG. 4 shows diagrams of measurements by the machine of FIG. 1;
FIG. 5 is a schematic view of a drilling machine employing an apparatus
according to an embodiment of the invention; and
-FIG. 6 lllustrates schematically a polishing machine employing an apparatus
30 according to an embodiment of the invention.




Det ai |l ed Description of a Preferred Enbodi nent The present inve.%tlfdﬁ}%ez‘e%
to provide an apparatus and nethod for neasuring the degradation of a tool
and/or to g,et ect when the tool is worn 5 out. Further, the present

i nventi on YORA%¥2 5 ovi de a machine having a degradi ng t 86T/USRHETSES n
machi ni ng paraneters of the machine are4control | ed according to the
determ ned condition of the tool, and a nethod therefore. Such apparatus
and nethod allow to extend the lifetine of the tool and -to reduce damage

to a workpi ece. 10 TheDeaigded & A 3 acconpani ed by
nodi fied optical features of the material renoving surface, i.e. work
surface, of the tool. In accordance with the invention, these

nodi fi cations Tie pfezeppirvention eatks &spreftle & agpartisdnd pesthodseopi cal | y.
Such optical features may show up and nmay be detected not only in the

vi sual  spedngasWikkhifie dedradation oha teol gmdion taglefsctyyhan the tophisgiamor

el ect r opagnet,i I &t i | Lpfragye ' .. [.adi ation.
Many mater in{gqt‘ fr-;% i'%é ?%gﬁ@fhﬁghﬁ% E%'?ag‘. 6502’5% S#Hic?‘mée)h%n%amr k | ayer
of the tooldegrding tosly whersin niscHising parametsrs of thareiching @@l contriolledes.  The
body provides formstability to the tool and the work |ayer interacts with

d
- the 20 wor lgscettingfrithardgierainedgonsiitionsii therdgoh andiadmnethast therefeiheci al | y
hard t erd,akh.. g I 8l : titani
i do (G R s SRty fo iRl ¢8 et B teXoB dndg ' BR 1TL
drills are redwaedahagetgiacadrkpiovde stainless steel or carbon steel coated
by a thin layer of titaniumnitride. D amond is usecg | anim:éa of _(%/airy smal |
parti cllBs, whilbg wear ofia Biabeiinl samoNing tegl isiagcompans by mresiii PRfiGe work
ayer ot ChbdllrosinGHhateh reMibng Slithce S Wt SiAoL ' RbAL ff aTonds and)

possi bly al'So softer € workprece'na € carrier material on

t he wor k sactardanbe withethetiingentiding thesesmodifishtione df thy dpticalMedigresoan
material, |eavi n%pt he di anonds part I%/ . enbedded and sticking out of the

d
carri er nmabgdelgcted spegiesganicallye Syeh epfiealdestiras may show YgandigaYs are

pol | shi ng. Bnsrestcd bet o INisHRL sl PR DAL pBRRPOIREE 5

15 spectral ranges of electromagnetic radiation including infrared and ultraviolet

radiation. _
Many material removing tools have a body giving structure to a work layer
of the tool, which ﬁay comprise several distinct geometrical surfaces. The
body provides form stability to the tool and the work layer interacts with the
20  workpiece and comprises of or contains particles of an especially hard
material. Commoniy used' materials for work layers are e.g. titanium hitride __

- (TiN), cubic boron nitride (CBN) and diamond. For example surgical drills are ' ) '
made of surgical grade stainless stee! or carbon siee! coated by a thin layer
of titanium nitride. Diamond is used in form of very small particles, which are

25 embedded in a carrier material providing the work layer material. The carrier,
material is softer than the sha!! diamonds and possibly also softer than the
workpiece material. The carrier material on the work surface between the
diamonds is abraded by the workpiecé material, leaving the diamonds partly
embedded and Sticking out of the carrier material for removing the workpiece

30  material. Such tools are widely used e.g. for stone saws and for
semiconductor wafer backside polishing apparatuses.




For such tools, wear shows in a nodified chem cal conposition af h%ev jﬁﬁék
surface, which according to the invention is detectable by nea s!*

~spectrosc . gg red to a new tool conprising the chem cal elenents of
the work gﬁ%foé &Bg tool in use conprises also a certain affolH¥28f875t ons of

5 the chem cal elenments of the workpiecé Wen the tool is worn out, i.e.
the work layer is used up, the chem cal elenents of the tool body appear

on the work SghlaG6&, obliiieat 3hcWe3h &%gﬁ@%dtc%hi&a? cﬁﬂibg%t id;:rg?ftttié ratio of

chenmical elenments on thé work surface alsoInt eatures of
the work swollaserfadd) whicloactardingdotthe invenéiohiiodetettableby ncedns afat ur es of

th k f f t ool I Nj t t ed
Spect r oscopFRaTPCopl GarBRareetio BeNdpp| GnaRSG Bia Gusnical Glerienis fbd 1 r om
the opti cal {Heegbik Sffak, ég&)l‘_fﬁhge Mﬁrﬁ%@-af@_&‘& ceRa émBErdfgif AiBfstdto!

contains at |east one con It1on crlte_rlao |ntere§t. c.on It1on
“criteri @ calhebehemicaksiamphts ofifbewearkpisicet Wheandbie todltis witn oethdicother its

tenperature. The condition griteria cap be .quaptifieg a_respgctive
condi ¢ on' WPHBYEF G skt WP, e Semitat Alermens S wolhadlaPaeftitiiE on
criteria capof€siitdBRl Yhas IHEWer dfitRe YodI i€ niipped ivthd fatid st dHamtichiet ween
wor king tools and used up tools or can assunme a range of nunbers for finer
speci fyi ng elgmeintsyor thowokssufage and alsio. inithe opildal features o the warkt he

i nventi on, k paranmeters of the nmachining apparatus are determned with
respect t o YH¥%€ondition of the tool. Such work paraneters can include the

speed qf novi rmcmmﬁ ianf iﬁeénﬁ@m,qpﬁwtﬁcéﬁeaﬁxwaﬂth@mﬂid§uﬁféd§&:f<a‘ t he
e e

tool, or to reduce the tension or nperature of the toot. 25 The

appl i cabi | itegl effa rwwehiningsanpasatussarecdstesied apesoscapicallyeFudbanite rated by

i i ng. 0B ARG ff B A SRR FE BB RO AR R R [ occopes, and
appl i cati orgirfadedThé e6sdtfion bEtStod] chhinswtussstioneRddnditiorP Bféfa of

schematical ly machining apparatus 10 having material 30 renoving tool 12

movabl y noufeests Such eomsitiaiycriteriaraan be fanexatplpifscweanof theraok fisct r oscopi c
the b cokenonet s BufRaR3, YhaSaridhic Nl uthS didntndRBR S, 5 o "
respective condition criteria value for each condition. For exampie, a condition
criteria can be-simply assume of the value good/bad to distinct between
working fools and used up tools or can assume a range of numbers for finer
. specifying the degree of wear of a fool. |
20 Also according to the invention, work parameters of the machining
_ apparatus are determined with respect to the condition of the tool. Such work
J . _parameters can include the speed of moving parts and can be chosen to
extend the lifetime of the tool, or to reduce the tension or the temperature of
the tool.
25 The appiicability of the invention is very broad and will be demonstrated
by special examples representing applications showing different kinds of
. machining apparatus, different types of tools, different speé:troscopes, and
applications in different fields of the industry.
~ FiG. 1,_'shows schematically machining apparatus 10 having material
- 30 removing tool 12 movably mounted for removing material from workpiece 14,
and spectroscopic analyzer 16. Machining apparatus 10 is an wafer dicing
apparatus used in 'the semiconductor industry for machining workpiece 14




WO 02/ 100592 PCTf US02/ 13875 6 which is here wafer 20, nanely fgi sg&gr Z%ﬂ'mg'
integrated circuits 18 on wafer 20 into single chips which ar p”a g

i ndi'vi dual{‘y Nﬁ% rial renoving tool 12 conprises so called dicing wheel

22 for di ciPHR2round wafer 20 rectangularity into singl FETEROHER™DI ci ng
wheel 22 is nmounted on axis 24. Dicing g5 wheel 22 has body 26 giving
structure to work |ayer 28 at the circunference of dici ng wheel 22. Work

surace. 30 Wpes Refd §AR 20" Pahidy ki BEAralfeoldboRe bl 2o Gt r of
di ci ng wheeg itdo sﬂﬁ!@Bhiéb@ﬂﬁcﬁ\@f@pa%geﬂqhémdmw Metdrif RomoPingaovir | ses
di stinct geonetrical surfaces 32 , Which are in abrasive 10 contact

with wafer Bhcomprises sosrliegdising:wbaeh?2 fprafigiag shingound mafer29i xed  di ci ng

v or  al ongCPReCHI i e siicfe bHES PRI ol o B4, Hgnb "

Spectrog COM@@@ Na€bod P26 d SRAciURS BEWoAla éﬁﬂS 38 thwiraignichense
.m croscope ectives 40, 42, 44 with lenses 4 croscope % ect | ves 40,

15 42, 44 aﬂfdl%g'mha@ 1 23. Wiswrk davier 2Bramprises digmong particles @m

M cr oscope, 4 {

areas of P q’%ﬁ'gpﬁézg% al g\lorﬁ%a é(%f[ﬁlrﬁ IC d%%ﬂayé%sgﬂg%ﬁ%yéﬁ?%ﬁ@%pl cal
fibers 48, sﬁﬁac&%ectrmaﬂamng/whael 2 avhich dices wédifeeR202Retres worksunicet he
sanpl e areas nove along. a path aqn geonetrical surfaces 32, 34, 36. The

area size o0 GovepHsesdistingtosomesrical simiaces 2, 84030 Mhicharadn sbasi& ope

obj ectjyes e

determi% ngéﬁhgft@gﬁﬁﬁ?ffeggb ﬁ\‘ﬂ"%;e*bqﬁﬂng%célﬁ%{'ﬁ“%r‘égéweanggl%%ﬂ%ﬁ eel 22.

Ceonet ri caldichuy meszzénd&?moﬁﬁblecghdél(nohgwm)ahar%mg wafef 20niovireee 34 and }

first and second side faces 32, subst’?ntlal ly rect angul ac¥ to the front
o]

face. M crﬁ&waéercﬁi?%th%%e%@n Qfdheﬂﬁ% & detinsdhony r gw di ng

|IIumnat|ng éﬂ%

si mul t aneousl y ggﬁpng‘g@r]r%?h&%%ﬁgg?éﬁ]p?igggl v%fa"?’a 8 ﬁ%{@q ted from
t he sanpl emicrescope ebfcutivend, 42, 44 with iemsesdal mlcrmcoperub]eetmacnosl de
sections of the sanple area. Detectlon head 38 is ad? F@El to the dicing
wheel B2 sfidrd4 A cauwlsart@ opfiepliihess 48n§0seddRaPestyeNs MIETQsoPsf 30 the

sanpl e ar egnarhvdan, 494 S QRaNF U b aPdeimkllpR! 48abafsioe’ di cing

- surface 30 on geometrical surfaces 32, 34, 36, to optical fibers 48, 50, 52,

- respectively. When dicing wheel 22 is turning, the sample areas move along
apath on'geometrical surfaces 32, 34, 36. The area size of the sample areas

20 is adjustable by adjusting microscope objectives 40, 42, 44.

- Detection head 38 is a measurement head for determining the condition
of degrading cutting edge of dicing wheel 22. Geometrical surfaces 34, 32, 36 )
of dicing wheel 22 form front face 34 and first and second side faces 32, 36
substantially rectangular to the front face. Microscope objectives 42, 40, 44

25  form guiding means for guiding illuminating radiation onto a sample area
upon a tool surface and simultaneously form sample means for receiving
sample light emitted from the sample area, one for each of the front and first
and second side sections of the sample area. Detection head 38 is adapted
to the dicing wheel 22 such that a front and first and second side sections of

30 ‘the sample area are upon the front and first and second side faces of dicing

 wheel 22, respectively. Microscope objectives 42, 40, 44 are adapted to
optical fibers 50, 48, 52, respectively, one for each of the front and first and




wheel 22, respectively. Mcroscope objectives 42,.40, 44 are ac&ét NOVt 3995
optical fibers 50, 48, 52, respectively, one for each of the front and ,
first and 2 4 NOV 20 WD 02/ 100592 PCT/ US02/ 13875 7 second side sections of
t he sanpl eW&®4M5Pet ection head 38 forns a bl ock- |ike nmeaBeFESRABSHead in
the neaning that its parts are readily galibrated wth respect to each

ot her such that the neasurenent head can be adjusted to dicing wheel 22 as

i at on VSRR IAEs8FRr f SRR e, et i Mot aB ol ALRRIG 09
vi a opti callikel heasurgtherttheseldn i gleaniny thakité pbﬁsrmamicﬁlwahbdmﬂ greatly

i nproves the handl | n%of the hol e apparat us. Spectroscopl c an yzec{ 16
- conprises PYHhFRSPSEE %%’?@Fheiéu%ﬂ}ﬁ @aﬁma&umeebheaQw e &diustaq

selector 5 t f opti cal
fibers 48, %géf é@gw‘%@bg? és%(r'-: ?eEe égéﬁégﬁ%ﬁ(g%éi?%”@ gtqjddfoi eedi ng
* sanpl e Isi ghllumfnaan'g hradelnoaanizpbﬁml Bbers G0, U8, Sﬁandf@lrt:anaﬂmtm?y safﬁples al | ows
to use one specira yzer n- spectromet er or er al
di stinct sdigpluiappiigsl &h@ﬁ%éﬁr éﬁé@ gﬁ@%ﬁm@svwe{ﬁwaaﬁ@af
signifi cantuln gﬂa‘ l'ﬁﬂ‘ﬁﬁhé%&?ﬁdé% cﬁg[:gatpéses a laser for illumnating the
L ampl e

15 actual se rea onth tool surface with excitation -
radi ati on. r&mcﬂ’pecmpiormmrzeﬁzw lcentpmlsfas ﬁiamam—sﬁattmﬂnekar@ c¢auphst sonal

6. I'n' ope i DRHFal e 800 Sa6 SHeAob b EBAT SpeEiar s Seleshvely SPURPSs anp! ¢
area | 30 adlohd ofebliod s o0y 5&1@%4%@% T

Wi t hi man- s ronet er 4 'S ber 56 d behi nd
fiper sel eﬁaemng')Sarrmlm lightl offa Clrsea&antjile area tdothe apmbttahanalyhem Adisact ual

R N
Wi th exci t%éﬁ&%! d%ﬁﬁétaédrﬁ% fe dro88hn@ Mild RAULES Thé BSS%%‘% aﬁéﬁﬂ%‘t@s area is

col | ected the sane 2 croscope objective 40 or 445and 1s fed
t hr ough opsngmﬁcahtljneRanm Sracinomelerdet comptises ahsadnaMusmmhngdhet er 54

DO RS bR ol g i 55 Rk BN S 21 01t 02
data. PC 6Raﬁ%§ﬁ&&rdﬁéﬁ?ﬁﬂ§%ﬁ;ﬂéﬁw dat4 bus 62 to personal computer
(PC) 60. PC 60 is coupled via control line 64 to fiber selector 58.
In operation, the optical path between spectrometer and actual sample
area is used in both directions. The illuminating light from the laser within
20 Raman-spectrometer 54 is fed through optical fiber 56 and behind fiber
~ selector 58, optical fiber 48, 50, or 52, and through the actual microscope

~ objective 40, 42, or 44 to the sample area under inspection. This light
illuminates a sample area upon a tool surface 32, 34, or 36 with excitation
radiation. Light emifted from the actual sample area is collected by the same
25 microscope objective 40, 42, or 44 and is fed through optical fibers to Raman-
- spectrometer 54, Raman-specirometer 54 performé- a spectral analysis of the
| sample fight received and provides spectral data of the sample area under
inspection, i.e. Raman spectral data. PC 60 controls Raman-spectrometer 54
via data bus 62 and controls fiber selector 58 via control line 64. Raman-
30 spectrometer 54 sends spectral data via data bus 62 to PC 60. PC 60
| evaluates the spectral data and determines the condition of the tool at the
sample area under inspection therefrom. PC 60 subsequently selects all




via data bus 62 and controls fiber selector 58 via control Iine@ﬁ.ﬁgwr@gﬁg
30 spectroneter 54 sends spectral data via data bus 62 to PC 60: PC 60
tral data and determnes the condition of the tool at the

eval uat es e
sanpl e ar e‘ggﬁ?@@?&% nspection therefrom PC 60 subsequent | yPSHUSEBSE | wo

02/ 100592 PCT/ US02/ 13875 8 sanple areag by switching fiber selector 58 and
determ nes the condition of the tool at all sanple areas. Therefrom PC 60

det er ni “tatal ditipn.of .. the, tqol..The condidti f the topl i
Coar 1 g e Hrebe B switdity foei=sdaios 21 deaStheRthe otdifad 86 1y "4
respective @aRehitdtl SdrhpRy drdakaTHerelom, FIS BOAtEmtinks @tofdl ichbRditién of PC

di spl'ay shows the spectrumand the deternm ned condition of the tool both
at all sanpthe tepledbeandition of the. tosldsgualifigskly ableastpngcooditivnicriteril so a

Cmge can bR PasEanfied B F BReFuE Ghailint SisLBNAE 11eaRhen  hC 60
uses, the comditionodtitefial APEC ARpldPsKIRISIHE spochihh BRY th&@eRirpiinel par anet ers

of machining apparatus 10. PC 60 ‘controls machinin apparatus 10 to work a

t he det er nmicoaditioptofithe teabbothiatglisampleateas améimto%alt Ramgit-i nal nachi ni ng
t ' t he, f d d of the.sli t

P Fequency: GPRTOTEIP e EPnns aEBactartor Bhidharf oBerye S set aRf,c

opti mal naqinda; HEpRaieninerWwhiehs &G ban BealiRapéd onsdreemigoislidli on

criteria values representing the total condition of the tool according to a
defined fusbeckingl relationship. PC 60 is al so progranmed to detect

georet APcal  SOPRECEo8ysERinS sohioh 8Eins Col REPRRAMMCARINE] Tover . 1+
such di f f enpieBfing Dardictsre T iresbhifingapphi10§8 0! PEY 60 colRblgaRachMingl and )
slide is assumed and an error procedure is initiated. A PC display shows

t he det er nepRaradys 1 Bdp workehihe ¢efemainadwptiimal siachiding MasgmalaierEde®s 10, and

o above. atlsrlbd ARKniG RARmrEpERAE hoibiny' Hesh ofbe Bide ahdG ¢ or
det er m ni nthel PeatfeNfrelLEACP T dichROliRsE 22. POOSH i@gﬁjqﬁhlﬂ_ﬁbdm ddéteffiivedi ment
of the invention. This nethod conprises step 152 illumnating a sanple
area updn Heepliimaimagbining parametetsaefiraachining apparatus 10 from condition

criteria values representing the total condition of the tool according to a
defined functional relationship. PC 60 is also programmed to detect
differences in the condition of the tool between sample areas on geometrical
surfaces 32 and 36 above a predetermined waming level. If such differences
20 are detected, a misalignment error between whesl and slide is assumed and
an error procedure is initiated. A PC display shows the determined optimal _A
machining parameters of machining apparatus 10, and indicates visually and )
- _audib!y if a condition criteria value of the tool is above a predetermined
warning level. '
25  FIG. 2 shows of a method for determining the condiﬁon of a degrading
o tool according to an embodiment of the invention. This method comprises
step 152 illuminating a sample area ‘up'on a tool surface with excitation
radiation. Then in step 154 sample light emitted from the sample area is
received. In step 156 the received sample Iight is spectrally analyzed. From
30 the spectrum of the received sample light, the condition of the tool at the -
sample area is determined in step 158. The determined condition of the tool
can be displayed or can be used to provide a warning signal if it is bad. The




radi ation. Then in step 154 sample light emtted fromthe sanple area is
received. In step 156 the received sanple light is spectral |y @&l §8&d2065
*From 30 the spectrum of the received sanple light, the condition of the

t ool at tﬁgo"g’é‘??ﬁ?’e area is determined in step 158. The d&R(AV¥0AAIBT5 |
condition of the tool can be displayed, or can be used to provide a warning
signal if it is bad. The 2 4 NO V 2005 02/ 100592 PCTI US02/ 13875 9

excitation radiation is chosen suitable such that its em ssion fromthe
sanpl e  ar &xcitation) mdiatiarsisiohpsge suiieiia sueh thaldiscinissiandromrthe sampldl  wi t-h

t t . | . . . . . d . ’
ai ven bel o0 ghR SeRehdesR anihe behdfion ot M| WA BT BR T hg %
nmachi ne 5 Heast ogeacareltiondtritgria dexarmples ofl such tiepandendydd igintbaidbwt he
invention. In iéeg 162 a sanple area upon a tool surface is jillumnated
with excitati 6 aghawsdlow diagramd§0af 2 ragihadsior cgrtrolling @ mackingm t he

" sanple are i i L S; ' : kved sanpl e
Tont i 2 ohada3 fEstedindtoc 6corG th ¥ bt B YR invERfor. 36 S1ofF
<r:| ecei ved Zaﬁﬁla&samgleg%reahmmwdl 'sangacef istitheminaddd ﬂalﬁthgetxcttia@orsmmétbrar ea :s
.determ ned,in st 168. re, thi eterm ni I ncl udes onparing a val ue
representi W%Hé%o?ﬁfp?‘eg%'ﬁﬁmgﬁgBP@HB?&%W&%@"@%W@ rqspftc{t]ﬁ@ de'?e'r m ned
val ue is ; ' x N LS i ded,
step 170, " RyRUBAS récHivel T (oBEE Salftlc fiht1S SpRckEy itlyscl infie
par anet er s1@8. frbm thecspeirum ef thet meeived dadeye figet) the conditon ef thenfookd 15

dit] f.the tqol, st 172, Th 74, t.h | is. ted wth
the. . cf or S BGAMIIRITReRLS HeieAInegS Stomt 50 ersh 1S Celimipba iniae

R .

fcondi tion t ' ' ETaETaee) f
dig spl ayed,%T%%@%%H%@{%%%{?@ttﬁ%%@ﬂogﬁﬁﬂgbﬁﬁ I'S aasgﬁ"f t"ieon
~criteria dbedetéimidedivielueis waonsditharotheqpriedetermined valpethers b waraingeis
significantly. dyri Lifeti of the,_20. tool. Thi,s change,in the
condi ti on WP?’/@@Hi ﬁp aﬁ]ﬁ N@&&%P@Wﬁ%ﬁqwﬁ?‘%‘b%‘m’% BRCRIAKIG: ecei ved
i ght acc ' ) | } ned
fugct I on ﬁ%ﬁﬁ@géérgoﬁc}g?Z@%ﬁ%@%ﬁt&ﬁ@%%&@? g‘r]gsgft h?ﬁg machi ne whi ch
are optdi nmicoaditioorofthedogl, stepet 7T2rd@hen, step 16y Ithatablis openated withdbe to t he

o kP! eCe RN et SRl REEb B, B5F SelRbied St 20
: the tool and the determined machining parameters are displayed, step 176.
Preferably, the wear of the tool is a condition criteria quantified with a
condition criteria value, which changes significantly during the lifetime of the
20 - tool. This change in the condition criteria value is evaluated from the
spectrum of the received light according fo a predetermined function. Another
O . predetermined function is used to determine machining parameters of the’
machine which are optimized for a long lifetime of the tool and minimum
_ damage to the workpiece according fo the actual condition, here wear, of the
25 tool. Both predetermined functions can be combined fo one resulting function
such that the condition criteria value doesn't show up explicitly, but this is-
nevertheless understood as including determining the condition of the tool.
Those skilled in the art will know that all computing and controlling of the
machine can be performed by a single computer such as a PC oran
30 integrated microprocessor within the machine. This includes performing a
 spectral analysis, computing condition criteria values, computing optimal
machining parameters and controlling the machine, running machining




such that the condition criteria value doesn't show up explicitly, Nmt {lldey S -
I's neverthel ess understood as including determning the condit c!’n l? "
tool. Those skilled in the art will know that all conputing and controlling

of the maPMREEIH be performed by a single conmputer suchP&I/USOPGSEF an 30

i ntegrated mcroprocessor within the ngchine. This includes performng a
spectral analysis, conputing condition criteria values, conputing opti nal

machi ni ng par.angt er nd copntrolling the machine, runnin Myl 2 4 NOV
206, V0 CAPHIBREY" BiadtBiasy Pt el § spBBirPRIRte R coriigian BorBase N .71 &
spect r onetififs dotnS@eP ehR kake adaEbhAdasiidof ddttfollir bl Backipg. t ake addi tional
tasks of controlling the machine. Currently, many nachini ng apparatuses are

operating a t@grenily, mayphaeghiningapparatuscspre epertingatodratefcanstgntdi ci ng

can advaniuilispesD. E34RaBER o many diBhe A SRl IO bo sl " "o
st andasd shgiedinbarsawinl WHed] oibicitf whée) crpadviriags : beloperated@tt i me, and
a reduced speed relative to the standard speed at the end of lifetine of

t he wheel abpeginnisgspeedigreatas than ristandard speed fauaishgriitinee, aitee i me of

i 11 " Shangndetd ¥BRee B forkh el bnd BRediiced iped Febiits 0 SRR ¢ 20 o
than the speed adtinrend of fftingd ePtheattied! witherespbet wwathksekpiecent eri al of
waf er 20. The carrier material on work surface 30 between the dianonds is

abr aded by t hereoiwngthe lifatiaeiof dicing wieab22 otk laves Zdwi dlegrgde andedded

and st4cki ag el 1. or-r ennyd K ece 15

mat er'ligl : H&E’a“?m&trll(()%j @41%\?\/3 g%”e?‘f%‘?ﬁﬁ édﬁ&'é'?r—ll-'{)eu Ton p&nﬁgﬁag\r’l&%@hnevenl y )
di stri but tayer R8tivofter thanahersmdlldiamends andhalseeofter thamnthedgorkpiecet i ck out( )
of the carrier material unevenly and _can be nore or less strongly fixed
wi t hi n t hBaleris of syafapg @y The camigs materal an werksuiface 38 bebweeniccal

i mper fect]j . . .heari . .
posi 1 oni S A ded By WEPoaltied alial: RV ARUARBAE Pty . o
renoval ogmbetiied eindestickiigesuteof e caifier hatetiakfor 28movingrtbe wotkpists. The
non-uni form naterjal renoval can |ead to _damage to both wafer 20 and

di ci nkp whdateriz). Digiengls shpwarcartaipsize fistibetonand saAde ungvenbt eaki ng
portions guiindted HindalEHic lapdy. DRk LsE'UHY wear, diamonds can stick out of
the carrier material unevenly and can be more or less strongly fixed within the
carrier material. Such non-uniformities and mechanical imperfections of
machining apparatus 10 as bearing and non-exact positioning of dicing wheel
20 . 22 contribute to a non-uniform material removal over the circumference of
dicing wheel 22 during one turn. The non-uniform material removal can lead
to damage to both wafer 20 and dicing wheel 22. Damage to wafer 20 | 0
“includes chipping, i.e. breaking portions out of the wafer, which are much
_ bigger than the size of the autsticking diamonds, and breaking of the wafer.
25 Damage to dicing wheel 22 includes breaking portions out of work layer 28
which are much bigger than the size of the outsticking diamonds. Damage is
done also by secondary effects due to temperature rising at the dicing track in
both wafer 20 and dicing wheel 22. .
From a different pdint of view, the condition of dicing wheel 22 changes
- 30 during wear. Such condition can include condition criteria position of the
actual work surface 30, thickness, degradation, temperature and
contamination by small particles of work layer 28. These changed condition of




bi'gger than the size of the outsticking dianonds, and breaki nggof '
waf er. 25 Danmage to dicing wheel 22 includes, breaking portio%g %M@Q&)rk

-layer 28 which are nuch bigger than the size of the outsticking dianonds.
Damage i s W@MHEMEP%0 by secondary effects due to tenperat uPEI/pB®EIIAFSat t he
dicing track in both wafer 20 and dicifyg wheel 22. Froma different point
of view, the condition of dicing wheel 22 changes 30 during wear. Such
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particles Ofes))@éﬂﬁd ﬁ”wxeﬂ%?sﬁ.cé‘d?éiﬁQEtﬁ e Mlichtion, ik Madhiflpgy 2005 WO
02/ 100592 PCT. JSO\/138 a used dicing wheel is typ| cally vvorse t han the

condi tion oPa@maierswidbe maghiningappetatus such esirpigtionsl spesdodf thendisingli ng to

ot atf onal  eeipri} SR O ey PRARHE R a7 bl -SR0S Ralie ARRE AR K7 7™

- wafer red atiowpvilaes optimiesi fo@ltlfﬁe aemaﬁstbtb &f d@gjrﬂ@étszﬁh@ @gting or the actual
state of degradation. The cuf efficiency risk of wafer damage,

and the |if P'ﬁﬁ%fth?rﬁ@ mmaf@mameg@,rmnh@ lrfetrrpe@wap il aan betgredfivt he

the tool - ERovect by afushing o fidchlnith ALK 8 shafufifbisPabiiesi « Ton”
of the 10 todh&kastus:t aonditinhiiof theatoohr ding to the invention is detectable by

means of speci__l%oscopy Conpared to a new t ool rT‘FI‘I sing _the chem cal
el ements of t %hﬁogﬁrwaaésh@ﬂﬁmqulfmcm sawpasifon 8f ther t ai n

f h I
aount ] RSy Rege ORGSRy SRR Rog D " 10
«tygpl body appetamscm;nyt Cenigared té asiew @obcompyisingtthe cheaticalfeléhentsadl is

mapped in t'[: tio_of chemcal elenents on the work surface and also in
the opti calth® Watk$wEacs. & 19l (lise compiigas-also afertaim amauit obatam ok ool nay

i ncl ud I h
terpor at ur &b e bsfiodts o e FbAeReRCIhER Ul od REyAA O 10.1AE, SHen 2
spect rum i svonbkayey lised Eppthelcﬂdehmmtdm&iw the eodibody appear ﬁntﬂn@n .
preferably caontains Ie st one

f the group intensit ositjon, -
‘pol ari 2at | YO sWiaek- e WeAGA @EéEQir’glmWPP%’sm ﬂl"ﬁé'aél" 9?5‘?@'@'%* a Raman.
elements on the work surface and also in the optical features of the work

surface. -
The condition of the tool may include condition criteria that are depending on
the actuai load such as temperature or sfress. Any condition criteria which
20 shows in the spectrum is observable. Especially, the Raman spectrum
information preferably contains at feast one of the group intensity, position,
' Q polarization, and widths of Raman spectral lines. The distance of a Raman
spectral line from the excitation frequency is characteristic for the surface
- material substance or chemical composition and the stress. Thus
25 contamination by smali particles of a known substance as we!-'l as the
appearance of dicing wheel carrier material on the work layer are detectable
therewith. In particular, burning of the diamond dicing material due fo
“insufficient cooling of the dicing blade gives rise to additional graphite signals
* in the Raman spectrum, which can be discriminated from the diamond signal.
30 The polarization of fight from a Raman spectral line is dependent on
mechanical stress that applies to the tool. Thus critical loads of the tool can

~ be detected therewith.




- function of 't

spectral line fromthe excitation frequency is characteristic%qugﬁhgmm
surface material substance or chem cal conposition and the stress. Thus
contam nation by small. particles of a known substance as well as the
appear anceWer02gPe¥hg wheel carrier material on the work | apSA/ENY13875
detectable therewith. In particular, byyning of the dianond dicing
material due to insufficient cooling of"the dicing blade gives rise to
addi ti onal graphite signals in the Raman spectrum which ran be

di scri ni nat ed iR -thdhangmher oftiyeg micascope qhieatives 40, 48, 4¢ i ght from a
Raman spect | ' C | h lies to the
tool . Thus doeetodfiend SORTEER ool BEORACEE saRHie afbae ) 1B, 5 N

20. 05 WO 02¢gddsRicaPsilikiss’3a 384 B6] Fedprctivély. The hvenburdfeanyle bhese '
m croscope objectives 40, 42, 44 in detection head 38 has been chosen to

observe sanf¥@¥ vanewihdhe iwmier of gepmstical sutfigees ok othes applicatin:

respectiwel ] t :
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one |ight col IFHG& dghetvsdiagtramsof Ransal frieaisaréments| 68 by tisdmyschitieagfr ans  of
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funct i onof PRETUT 86 of Byedd i, R nelFirPend of el Raiay 70

obser vat i orspesatreime7@ shots dhe iitensilycad funiction ofidive RanutrishifBpelith ishé0 shows
R R et M A
bet ween th%@ﬁ%ﬂ%ﬁeﬁﬁ% 70 %ﬁ@?@gﬂggﬂkoﬁfhgﬁﬁgrﬂf%a %éﬁmﬁgﬁﬁgr e of ;)

t he anmount. o particles at area bservation
surface of andeedikdineg7GRedk likaré s apacomiRafizsémecdrdl Hire ichenderisticas

e mum 4 THUABORR. [TRINISBSE FaREHBeRB e TReHTUAROREEK BEIKOI AN 86 shows
oo PSS TR EWRFS P o TRCY MR o5 . o1
bot h char aatesx dofsobhseriatiors at theosuiface of the dicing wheel. : :
Raman spectrum 80 shows the intensity as function of the Ramanshift.
Spectrum 80 shows ground line 82 having broad maximum 84 and peak line
86 characteristic for diamond. Peak line 86 shows a comparatively small
maximum because not many diamond pariicles are left on the surface of the
20 dicing wheel. Additionally, peak lines 87 and 88 both characteristic for silicon
- rise significantly from ground line 82. This shows contamination from silicon )
particles on the dicing wheel. The ratio between the maximum of peak line 86 L) .
characteristic for diamond and the maximum of peak line 87 characteristic for
silicon is a measure of the condition of the dicing wheel.
25 FIG. 5 shows schematically drilling machine 100 employing an apparatus
| - according to an embodiment of the invention employing classical
spectroscopy. Drilling macﬁine 100 has drill 102 for drilling workpiece 104.
Drill 102 is the degrading too! under observation. Drilling machine 100 has
further drill frame 106 supporting drill head 107 which rotates and chucks drill
30  102. Drill frame 106 moves to and from workpiece 104 together with drill 102.
" Driliframe 1086 carries laser diode unit 108 and photodetector 110. Laser
diode unit 108 illuminates an area of observation 112 on the surface of the tip




rise significantly fromground line 82. This shows contam nat 50 g!gj\pngggﬁ
silicon particles on the dicing wheel. The ratio between the XI num of

“peak |ine cteristic for dianmond and the maxi num of peak |ine 87
char act eri@?)o&%@:{y? silicon is a neasure of the condition WBU%’@?@ ng

wheel . 25 FIG 5 shows schematically gyilling machine 100 enploying an
apparatus according to an embodi ment of the invention enploying classical
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100 has Bb‘éér@ﬁt‘iorﬁﬂﬂi'Pﬁ&%ﬂBteEﬂﬁ ﬂ@éﬁhb&!s%djfédeivééqgﬁt éﬂiﬂdﬂ‘ffét’ﬁ rotates

and chucks dril frame 106 noves to and from workpi ece 104
t oget her maamfmhslerva_tm 11ZDth0|t0da'ta®terlm@haarﬁiﬁeeﬂﬂelemermmdmg unit 108, and

phot odet ect 0 Las I ode, un L] unm,nat e n ar of observation
115 on t nebirel A0avs R ianf reeie PC 46 sapediGunds tlotudl T8 fiar 102 15878
Jof drid | digde cBREOETAIRG 11B%e6sis BRI fof pHiddbtddidr Ty W Lhin area

of observation 112. Photodetector 11 s and receives light emtted

from ar edeteetoppupplyakti9%n 112. Phot odet ect or 110 has filter 114 for

G ode uni't 190 78R fREa ad b £l BRRAER GolobibERE R 1rom
phot odet das@rdiddd umita 08dMirARIaEss éteraniﬂbbbé&:aﬂarnl 112 WRR ebc@:t@tidnflw ofoated
with a hard material. Controlled by PC 116, |aser diode unit 108

i 11 uni nat@suitable peadeiemained exsitatiorfrequencyx Photadeterctor §10 refeives sui t abl e

Perr o cdheRs BRBH eRBloF MRy o St SBAaVedIP 41EBH ' 5oy " stppr coses
siray ||®ﬂbpré§séﬁetra§l11?ht . Filedrosieinis whbben esibaekpéet tbhibe hardiniéili al  of the
surface coating _of dri 102 _and to the carrier material of drill 102. For

t he exci ththesuniaeeheoating ofgrill 1a2 and to thercarrier material ©f del103gFeF drill 102

has a = hi t | t r rill 102
nas a sy o tarihighP e fard et B HelstiphR Sl BN B sBis 47,

conpar i nhighveflecigmatoeificiont wad tihe oamrien pitedalsiidril 10Ohavazmatiedet er m ned
val ue. When the surface _coating is used up, the light received by

phot &8 et &flestion coeHisientnBe 11actsas a comparator comparing the signal
received from photodetecior 110 to a predetermined value. When the surface

coating is used up, the light received by photodetector 110 and thus the
signal received by PC 116 decreases significantly and PC 116 provides a .
warning signal.

20 The invention is not limited to dicing, sawing, and cutting but also

/ applicable to other abrasive machining including grinding and polishing.

' j FIG. 6 shows polishing machine 120 in accordance with an embodiment

| of the invention. Polishing machine 120 is a CMP machine for chemical
mechanical polishing a semiconductor wafer. Polishing machine 120 includes

25 adegrading tool consisting of belt 122 carrying polishing pads. Further,
polishing machine 120 includes wafer carrier head 124 that positions the
wafer against the polishing pads, support bearing 126 that supporis belt 122
under wafer carrier head 124, a belt drive system including rollers 128 to
move belt 122 and the polishing pads, and optical head 130 mounted on

30 sensor drive system 132 that includes drive motor 134 and drive spindle 136.
Optical head 130 is the optical head of Raman-spectrometer 138 and coupled




signal received by PC 116 decreases significantly and PC 116 prpvi ¢l 2005
warning signal. 20 The invention is not limted to dicing, saw ng, and

cutting b |.so applicable to other abrasive machining ingcludin ri ndi ng
and pol i 3%93’.2’518?9?% 6 shows polishing machine 120 in acco?ﬁgﬂ@@gbﬂ%ﬁ an
enbodi ment of the invention. Polishing yjpchine 120 is a CVP nachine for
chem cal nechanical polishing a. sem conductor wafer. Polishing machi ne

120 i ncl udes 25 deqgr adi.n ol i stin f belt 122 carryi ol i shing
pads. | Furt rierto by oo et RS 138 cantetiBamiiysneckiomietet Vit 0802 " ha
positions t elﬁ@f&ﬁiﬁgai nst the polishing pads, support bearing 126 that
supports belt 1 under wafer carrier head 124, a belt drive system

i ncl udi ng r ol llarepetaiion, dhe iveltairivel tyskan ratates belt $22 seithabthpaedishimgd opt i cal
head 130 nounfed. on 3 ensor dri tem 132 that .includes drivye to
139 and dr | RS IdRpeaSt EBpasg SulBCRel & WaH Fuowtied SRwaler cpley gad <
Raman- sgect y4ymef %M _g,gg}g dﬂ@@d%ﬂ 13875
14 thergfo Ly'oﬁﬁpgﬁ?@rjﬁgb&&gﬁﬁ coflﬁrgg?!\gga%hyan-sp%gttroneter 138 and
drive not orpdlisHingl padspearatiéldo, andneniferhty b condastywitfether surfacesofdbet 122 so

t hat the polishi ads slid an _exposed f .Of f ted
on e or 6 HABEIR4BAR SRECEoTItel bk FRMBEAPS AesDdIuNnaas ATy A head
124 CO- - DoAY 6n il 17 Buirhse Withi Xeitford Asthiatis Wbl dPlichPitdtd400ad@r M y in

contact with 't surface of the wafer. Raman-spectroneter 138 conprises a
| aser il | urdptiaal mepd 48@ SamplmarepiBtdmavee ajong o8 belt422 an patheldd tat i on

moves. Aondonent resulting frog the dipveitiers of g8 52 s ontell R g om 1 he
ovenent Ofm&%&bﬂgﬁ}g@;‘% in@[é“l?@.' RAMRA l@?:&gﬁ%’%ﬁ?ﬁw&hblﬁ%ﬁéﬁiMi@ 136. J

Raman |ight emtte sanple area 1 ected by optical head 130
and vi a optcolietted ibyapticabheadri8fiandada wpticalfiber 140dm edito RegnaipC 142

hC 142 det SPRFHBCLIE Bokbt {0 sonHolaaRR e rpsaan e wih Brddues [
~noves al ongppatdl ditd to PR NER f PESI4 GetdAtiimedhe @ndttion of the tool at
- 15 sample area 143 as it moves along ;iath 144, duantiﬁes the degradation at
sample area 143 as one condition criteria, and maps the determined
condition with respect to the position of sample area 143 upon belt 122. APC
display shows the degradation of the tool at its different areas. A waming
message is displayed if the degradation of the tool is too unevenly distributed
20 over the belt surface or if the degradation of the toof has reached a
predefined value. N
Those skilled in the art know further that a more simple machine can u)
make use of the invention by employing a comparator for determining the
‘condition of the tool. Such simple machine can just distinct between the tool
25 being good or bad by observing a spectral feature and comparing it's vaiue to
a predetermined value. For example an ordinary non-Raman-spectroscope
can consist of a lamp for illuminating a sample area upon the tool surface with
excitation radiation, a photodetector for receiving sample light emitted from
the sample area, a spectral filter for performing 2 spectral analysis of the
30 sample -light received, and a comparator. The comparator determines the
condition of the tool at the sample area from the spectrally filtered sample
light. The condition of the tool is good if the photodetector signal is lower or




sanpl e area 143 as one condition criteria, and maps the deter m"g o
condition with respect to the position of sanple area 143 upon N%ziﬁﬁs‘
-PC display shows the degradation of the tool at its different areas. A
war ni ng rré’ OG99 i splayed if the degradation of the t oRFT/IE0218%5
unevenly distri but ed 20 over the belt sfirface or if the degradation of the
tool has reached a predefined value. Those skilled in the art know further

that a nor §.gi; i oying a
compar at or Sar Teistgtie haf <{i8deEBinet? Gl WiR 4 BliGRIe RfottalFlBL Y, 8.5,
can juslt ]glth:é amﬁratn?tdmwah‘ﬁed walkerid dﬁmmwhgeldibdyradﬂMri)pndl;eer?/l ng a
spectral feature and copparing it's va ue a pre yal ue. For
exanpl e ansﬁ'ﬁﬁ?@la e yrnrkinglayersyel pray WagiRg élﬂﬁ'@?@'\a ?f &’q] for
i1lumnatig garrpl e area upon the tool surface with exci tatl on

radi ation, a pH todetector for receiving sanple light enmitted from the

© sanpl e &rea, Wrﬁhedbeira«lentibhﬂms Yemn qlmdﬁbediinnge:msscpfmarﬁtalialastahqisi&s, of the 30

le |i , t . t det th
condi t o'ngae Pt and Bictapds, tBosaRpaat it e il 6 %t%e@hag%ﬁe”‘%'h%eirede

ronal is fonpigs “9%”*‘&'2%%"%"57'?8‘8&”‘9“-‘?@ ICRBD Slpres phadaetee o1,

hi gher t hafullscppe oéther invertibivisl propeily teteaminegd pthe dmﬂmtfﬁlldw er, the
appar atus detects when material of the wheel body appears on the surface
of the working |ayer and provides a warning signal that the tool is used
up. 5 Wiile the invention has been described in terns of particular
structures, devices and nethods, those of skill in the art will understand
bjsed on the description herein that it is not limted. nerely to such
exanples and that the full scope of the invention is properly determ ned
by the clainms that follow. 2 4 NOV 205 WD 02/100592 .16 Reference nunbers
machi ni ng apparatus 10




24 body 26 work | ayer 28 Wrk surface 30 geonetrical surfaces

detection head 38 M croscope objectives 40, 42, 44 |enses 46 optical fibers
48, 50, 52WMRHAM®Pectrometer 54 optical fiber 56 fiber sel®s@¢02B7PC 60
data bus 62 control |ine 64 Raman .neaurenents 68 Raman spectrum 70.. | aser
di ode unit 108 photodetector 110 area of observation 112 filter 114 PC 116
di ode control_ 118 detect %_r supply | 19 Polishing machine 120 belt 122 wafer

cani er head Tigference numbers

machining apparatus 10 iaser diode unit 108
tool 12 | photodetector 110
workpiece 14 1 area of observafion 112
analyzer 16 filter 114
circuits 18 - JPC116
water20 diode control 118
Dicing wheel 22 | ' detector supply 119
axis 24 Polishing machine 120
body 26 T belt 122
work layer 28 wafer carrier head 124
Work surface 30 ;upport bearing 126
| geometrical surfaces 32, 34, 36 rollers 128
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apparatus for determ ning an operating conditiion of a sem conductor cutting
tool having at |east one condition criteria conprising: first neans for
illumnating a first sanple area uponCRimgol surface with excitation
radi ation; first means for receiving first sanple light emtted fromthe
first sanple area; a spectral analyzer for performng a spectral anal ysi s

of the fifsip éfo Uoterhfififl ﬁ{iﬂ%&gﬂng%tana&&fn SEAORONBNALY, bRtie

spectr al ~condition o

the fi rstt%le1 5‘ g'{fs 6%?&?1?1@%18 &Eltt'?ré"’f AHBE of the first sanple
l'ight, the conputer rreans usi ngmt he operating condition of the

seni condUdsbmesns farill & simple aseagpen ateel susfade vdinexritation| east

one of a radisted;t hat the sem conductor cutting tool is to be operated at
and a speed of linear novenent of a sem conductor relative to the

sem cond | r.at: I the

pect ral Tanoy e hr2ecdipRle fret <l IFle IR cAbEd Bronf %‘f%tﬁﬁ“?’

spectrum i nformati of theflrst sanple_Ii The appar s of claim
> wher eFiFPEREAFENYEES SeEPEURIMIEG sRAcighand) Nﬁlél"»‘%@%{’fbtls of .

[ nt ensi t yecepast; aindn, poI ari zation, and w dths of Raman spect raI lines. 4.
The apparatus of claim1l, further corrpri sing: second nmeans for illumnating

geigﬁgnd &R I{)&Iﬁéﬁ?s étﬁffﬂe&téﬂ&] gﬁe érfror Eéfék hé Pkt 3 ngnd
K Y f&ﬁ&&}o\{&?g@gﬁgg @@Bj“—‘? anal a?gn émqﬁ%ﬁ &spectral

Zﬁg});gi S & ea{eﬂ e computer means smg fhe opera g concﬁtmﬁ of
sernicon uctor cutting tool at the first sample area fo determine at least one of a
speed that the semiconducior cutting tool is to be operated at and a speed of linear
movement of a semiconductor relative to the semiconductor cutting tool.

2. The apparatus of claim 1, wherein the spectral analyzer is a Raman speciral
analyzer for providing Raman spectrum information of the first sample light.

3. The apparatus of claim 2, wherein the Raman spectrum information contains at
least one of: intensity, position, polarization, and widths of Raman spectral lines.

4. The apparatus of claim 1, further comprising:

second means for illuminating a second sample area upon a tool surface with
excitation radiation; and

second means for receiving second sample light emitted from the second sample
area and coupled to the spectral analyzer for performing a spectral analysis of the
second sample light received, wherein the computer means determines the
operating condition of the tool at the second sample area from the spectral analysis

of the second sample light.

5. The apparatus of claim 1, wherein the tool is moving and the first sample area is
moving along a surface of the tool.

6. The apparatus of claim 1, wherein the comptiter means provides a warning
signal when a predetermined condition criteria value is reached.




.second sanple light received, wherein the conputer neans determ nes the

operating condition of the tool at the second sanple area fromr‘i heﬂweﬂe@al
.analysis of the second sanple |ight. 39 The apparatus of cl ai JL; efern
the tool is noving and the first sanple-area is noving along a surface of
the tool. 6. The apparatus of claim1l, wherein the conputer neans provides
a warni ng predeterm ned condition criteria,value is reached.
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sem condutﬂoéﬁomingj tool conprising: illumnating a first sanple area
upon a tool surface with excitation radiation; receiving first sanple area

I ght emififuednhAAtSE ddrk a&@eng%& A6 suTRRE With c@bivairadiaes; i rst
sanpl e area |ight received; and termning wth a conputer the operating
condition, of. the.tool at the first. sanple .arga fromthe spectrum of the
first saﬁﬁﬁvmﬁfﬁgﬁwi%ﬂ&ﬂkafﬁmﬁ oxg the ﬁ"&tﬁféaf A8 t he seni conduct or
cutting tool in response thereto. 8, The nethod of claim?7, further

conpri si rigeciral analyzingnbe firg sawple amajight seedvadand t ool surface with
excitation radiation;- spectral analyzing second sanple area light emtted

from t he ReGoMAITANHIE 86:RBiiter ANE oBEIEY dnRRti6f MRALEE AN fe $28dakAR Of
the 00l sgly b ARGQRC me%s&am@% ClihPEH LT b ﬁ&g%ﬁfaﬁp' e
9'%¥ the semiconductor cutting tool in response thereto.
8. The method of claim 7, further comprising:

illuminating a second sample area upon a tool surface with excitation radiation;

spectral analyzing second sample area light emitted from the second sample area;
and

determining the operating condition of the tool at the second sample area from the
spectrum of the second sample area light. '




