and Cutting Method BACKGROUND OF THE | NVENTION Field of the Invention
present invention relates apparatuses using a tool such as a blade to c
wor kpi ece and net hods thereof. Description of the Background Art
Conventionally) silicon substrates, ceram c substrates, printed circuit
boards (hereinafter generally referred to as "substrat eg iithigc on
ingot, and any other simlar workpieces that can readilﬁmmwmmmuﬂwmu t with
a rotating blade provided in the formof a disc and contai njng.abrasive
grains. In this case is used an apparatus referred to as a dicer, a slicer
or the like provided with the bl ade. These apparatuses are used to cut

subst r at e, TATLAOFOVEE INVENTIMN bl ade can be noved twmmmmmw fi xgd

on a stage or th age,wi th the strate, fixed there ed to
the rotating bl aglélst%l %u‘}?%mrtﬁ%aé@b ‘t‘ﬁ'tlaxl%ﬁ%ho he rotati ng+dobsde into

cont act andBAGKGROUNDOEMHEINEENTIONe above conventional cutting
process, h \ﬂeéf’thiefl Tv@ﬁtiphade is 20 25 rotated at an increased rate of
rotation or 'Its %erif)lhera _speed is_increased to nore efficiently cut the
subst Bat e, chi ps Iherueseriinvention ralatesapparaiames usieg artook sudi anal y
removed ang)jdetdbdds wotkpidcg WldiaetIRdld tHeregsed working resistance from
the substrate. .Thus éfhtgﬁséjb trate_ is cut inefficiently and friction also

i ncreases tHRSCHPHSR r PWAR NSt ure and thus reduce the blade's life.
Fur L her mor e the Ggm@reﬁaiaﬁ_duypsmﬁag subsiratey) eerdrmic s_fxlft%tufhatteis,rpﬁheed:yt 30

wor kpi ece havi ursr si.nce the workpi ece st, aye, rt,ion

t her eof rerflI AN o%rﬁaghglf%ﬁ?ﬁeﬁg%e@%e %F@%é‘én SP%?FS@@%?. )a?ﬁgﬁgfctorncul ar,
if a Hllicongshbadrankothersimilar workpietes thatoaw caadidy ohipcarecitowith hi p
si ze packa PR . I f.al %}_%éﬁpunt ed
on a PCB (8??2&?%%%:%&3%#??%%&;}&3 smﬁgf‘s{%ﬁ‘ldi[“ Ba?x (g%l{e%r@ éﬁ éarpalj)? S%‘;n%t oduce

def ective dBrihexEassis usedrammapparatiasefermed to ana digw, arslicer oxmhe like

SUMVARY OF plbli detMEVR! (B bldde. TPRedd S99atatheitld @b G P5ab&tzatd) bl N9

appar at usez ]ia‘ga_bl e of providing enhanced working efficiency and reducing
burrs and afs®Wfncreasing the life of a blade, and methods thereof. The

abover®bj ect is aﬁcfdt_eﬁeﬁi Bipde kaneanenéd 't@u%!ﬂtbis&?_té !ﬁx@d&)rﬁéﬂfﬁge ér ﬂ’feﬁvi di ng
a cutting L HS 40 N i.0g:e~a flhxtur ice fi 1 thereto;
a bl ade r ofég??e;\%glr %}hen%l%sq%{ﬁ]%f@xesé @}ﬁ{?%‘? cgﬁéwtrﬁage%gﬂ%ﬁ{:é‘{%&n&n@%@&tgpi ece
to cut the bungkphesebstaatir avéd the cotating-bladeiintp ¢cingabt anié thnd cuhshewr kpi ece
at a predetghaiagd relative rate of novenent to allow the blade and the

wor kpi ece to con;[ac each other; .and an oscillati ?‘B nechalrt]i&gn}io )
oscillating the sRdfgaboyegppyenfo HEEToresy hostenept the pladaison in a
plhanezo den]ErbcaatJedtaft ad Picadseldrath bﬂfoﬁhﬁ@n?rdﬁkéﬁ)&ﬂpbeﬁdi%pbéd ]E@imeasemr $ ihn
the rate of_ oscid.d ation is.qgrater than the rel ative rate myvenent . us
the cent er 7t HECKEY cuf o Sihstrate; chivgesngrated 15 etine BEgrers ave

insufficiently removed and the blade thus receives an increased working
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resistance from the substrate. Thus the substrate is cut inefficiently and
friction also increases the blade's surface temperature and thus reduce the
25 blade's life.

Furthermore, the increased working resistance may result in the cut
workpiece having burrs, since the workpiece may still have a portion thereof
remaining that should have completely been removed. In particular, if a
silicon substrate is cut to provide a semiconductor chip for a chip size

30 package (CSP) and the chip has burrs, the chip may fail to be mounted on a
PCB (printed circuit board) snugly and by extension may introduce defective
connection. Such burrs thus impair the CSP in reliability.
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smal | oscillation at the predeterm ned rate of oscillation grater than the
15 relative rate of novenent, while the blade can nove and thus cut the

wor kpirece fixed to the fixture device. Thus while it travels a distance the
bl ade repetitively contact the workpi ece and is di sengaged therefrom nore
frequently. The workpi ece being cut provides a working resistance
decreasing as the workpi ece contacts the blade for shorter periods of tine
20 and it is also out of contact with the blade. Furthernore in the present
apparatus in the first aspect the oscillation mechanism may revol ve the
shaft's center around a center of a predeterm ned revolution at a
predeterm ned rate of rotation with a predeterm ned radius of rotation in a

det ermi ned di ragt i - j L - |
R e L R L A
shaft's cemravidipg enbenced werking efficieneyrand resncing hyresnand also of rotati on

of the shafihcieaghil fie BRN0fACBRIAR, ahfl rh8thodsaleréofperi pheral speed rel ative

to the workpi ece ,0 cut the rkpj ece re 30 effjciently.. Furthernpre in
the present apparatu@PI%f ¢ %C\ﬁﬁla*g I%Y@Bg’g'tt Weﬁﬁﬁb@"éﬁ’i’&“{w WP cent er

may rdi at e provishipg & dustidigr fpddratss irfeludingr: adixaure debizefixdngnt werlgsieed us i n
the first . ' 10 hanj ' e shaft's
center) as%grgg étélﬁ%‘%%ﬁfaﬁ Zl(éjoéslj&ﬁ%lfla %ﬁ%ﬁg%sghg%é@&%ﬁ%%&t%ﬁbgﬁé?mre in

t he presentwenkpaecs to<uit the morkpiese; adpretmedhaniswi mpuingtherdadeandtheny

move the shgfilicpgedeestt &brédbt@na{xﬁﬁﬂe%m@%Qtéoﬁhbmﬁ%nk %o aﬁsw {Htifahbe
In the pr n the f

The osci | | AbRaHEHEESHIMEAtaet Padkothes engeRcRe Tatiay machapism |
t he oscill fAC0AIEE| X 1SRy
pi ez OH{ ect rds@ﬂﬁ!tﬁ@fnet éK’ai]?'fe‘ ebhicrtf dﬂg‘%d‘ﬁb@fn%in%d%:ﬂé @f pscﬁllétibﬁliﬁ_laf}ﬂah@ t he
Corposi t o daratrEh el et hidhHechlaa suf th oukPises: WHOGEIG the Tats”
r eci pr ocat i of @scidlziti onaitsi gratdrash angthenel igve datecsftmovendent.erent from the one
direction togeth 0.40SCi | t ' ] . present
BRI b Aainsn iyl s

i xture de i und a
shaftis CenlelitifdFatebfmSRith W}gl%hﬁ]ﬁ‘&rd‘émfﬁ%ow afldl th3&WiQhKDPi ece;  a

drive mechani sm.novj ng.the bl ade .the rkp,ece at a_predeterm ped
relative ra‘Y%ﬁﬁFe B9 10 te}!fb amr@wfetw-m%@ ﬂhﬁetlﬁér%(ﬁliﬁi‘g%@n%t &nt act
each ot her ;bladé rapetdticélyl cahtadt theGhaikipseteostd 1d disbngagdtbthdrefronentiei ce at
a predeter[ﬁtned r@‘%e ﬁ‘ osc'kllation in € }pla e identical 20 to a plane in
which the BF&EENtlY-s THe WHSKRISCE bEng Ak RIGYIdeRa MArling TeIIRANCE: j on i s

grat er thanldcheasingaisithe watkpiafe convactethe bladesforrshoirtertpereodieoi timecan
provige a rﬁ%&ds?{@d buPs€iddtald Rtndheldlgqpr edeterm ned rate of oscillation

grater than the relative rate of novenent, while the blade can nove and
thus cut the wor Kpighermpyein the prasent apparatys igdhedirst appectihel e it

Ej ravel s adcﬁsﬁﬂm]?(ﬁl hf&hahﬁsg& M@D%\{O‘l@/é’%}é’sm%%htéﬁ?omﬂk@b@x‘?@r%ﬂ_@di s
 sengaced Ll ST Gert | Voqae ROLKpLECS BELR, Si brovt des o
shorter perpredetarininiederadius of rotatiah $n aopitedeternoimiedatiredtidn ofwothtiando 30
rechant om ey AT FRRR (BRI 2 Govi Ce' around a conter of . predet o m ned
revol ution at a predbesmoreitthepresent apparatms inithie first agpeet tde bladeti on in
a directiongof thOkRAFteherCRiGl Yofhte ihheldathd'Bficlf¥h e -3
Thus the rate of rotation of the shaft's center can accelerate the
blade's peripheral speed relative to the workpiece to cut the workpiece more
30 efficiently.
Furthermore in the present apparatus in the first aspect the blade
and the shaft's center may rotate in opposite directions.
Furthermore in the present apparatus in the first aspect the
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Furthernore in the present apparatus in the second aspect the blade and the
fixture device may rotate in the sane direction. Thus the rate of rotation
of the fixture device can accelerate the blade's peripheral speed relative
to the workpiece to cut the workpiece nore 5 efficiently. Furthernore in

t he present apparatus in the second aspect the blade and the fixture device
may rotate in opposite directions. Furthernore in the present apparatus in
t he second aspect the oscillation nechanism may reciprocate the fixture
device, as predetermned, 10 to oscillate the fixture device. Furthernore
in the present apparatus in the second aspect the oscillation nechani sm may
nove the fixture device in a predetermned ellipse to oscillate the fixture
devi ce. Fur, I [ 3&?@%& : e c - 15
osciIIatioggﬁggﬁgﬁﬁnhgﬁgggﬁ.l |ze%gﬁgﬁgggékgg%gw%92??%t39g¥agﬂgﬁ%¥%e’ectric
el enent t o '89esillate the phaftis,cente- devi ce. Furthermore in the present

appar at ust! n t he Fageloain denacthel i@ hpp AidtQS iNRRE FIs6 HZperY themposite a
recli procatin

osci | | atj on. havi ng one dirgeckjon and. a reci,procati
ot Pl or T oSGy it A en Y noRs the SRSk Hon30 1Y 8 ArEHELSHanaR ect | on
t oget ter t ellipss td escdlateaheishiafit'®celeeir.ce. To achi eve the above object the
C oy 4 o : _ . | ad
Potating around. wurfaBmdleth ARARESCRY AVpAGTNE WTEhE Btk 3400 38 20
devi ce) i n@scidiatipn meckamism oray wilize harieznpledivicftect of agiezaslecirica

predet er m RELEAE fo 84ciStd tHeAHFPs tbn@rpP! ane identical to a 25 plane in
whi ch the bl ade rcF,ut %%rhe wor kpi ece; novi ng the bl ade and the ﬁorkpi ece at a
r she ki

predeternined re ROKEINGHN e RFFERRNRPP ZHATUH 11 St REPEALABE and t he

wor kpiece iostiblativnt methahisih aaghcomiperitd @ rédlprodagingsdcillfiion hawtigonei n t he
step of osg.| Icﬁtoinn the rate tof osqgjll #.ati on. i s@gr gl?t e(?gt hcan t relative
rate of noOVEneHt. PGP REA RS, PP D IOPH’@V%% Ofsten ECrh egreBF ade can
provi de a fepndhesmel directiin tegeiloer ttoscaterthdeshaft's cmtterat e of oscill ation

grater than the i . i e and
thus cut the wor @@%ﬁ?g@g&ﬁt%&? %ﬁgé’ﬁl%@ E’Pé? e%%%%&%%}geiﬁﬁ?@d??\étravel s a
di stance t katting appagatusyimshudingy e fixtuon device fhin guar wprknieceathereto; a

di senppged 1158é ebtatgRERud £IHER!S dentdhBnHQh KR cEh EackiRighLWhrIEsievd fiFs @
wor ki ng resistance ?(gcrea& as the _V\Dl‘gfl ece cog;@fts éhﬁ bl ade. f or
shorter percl"‘g& e gyorkpirees A dlrive mechanismypioving the, e I /0 NOTEPLRFE. 5
Furt |hFr nor eati ptdiztommairl rdliﬁﬁh@daidhbﬂxhﬁvéfrhéﬁt t@aliewtthlelidade epdathe f
oscillatin .incl ude. revol yi the t ent er : r of a
or edet or i edrpitBrto Bk Sach Mok A et Fer R oSiFRYS

pr edet er ni rtbe fixtaire devicerattaapiesetemminedrrade b€ padiHetiodiiner plasre identisaht i on
to osgy! ! alg d PRrdhal bhihCald Made e td BRERDIEe [WReREATRBIataYPNT I ON 110 2

second aspectmgar ovi des a rTP}';ho usi ng a otating around a shaft's
center to Aseilkatigs iggrater thanthe welafive yate elopovementc| udi ng the steps of :
olsci I ag i ntg_ t hf I’FhﬁsJﬂrlﬁe ﬂﬂbﬂr@&le&iceﬁcﬁﬁﬂﬂﬁbl &% Eiﬁag?d,rﬁﬂl%ci%%@ioﬂﬁﬂw{ ina
pl ane identic 0.2 Rl.ane in whic e e cuts,the workpi ece: noving
Phe bl ade igepisstygeBaRb of Stllaten srated BaR theqeiinta Fie RaberemoRt
nmovenent ; ambilethediade tdrentivedmdatioig diet therwprlguece fiked tcothafixtwie h each
ot hergfo C . e LBCE, ; L Q4 i [ rate of
osci | %ti o;aﬁé&grﬂﬁ%ﬁtt e e?%?zgfl &3@@:&?%%g?ﬁn%%%%\%&&fﬁggac% Egefi xture
devi ce can Yeuknleee and ipisengaged therefromymaere frequepdlipo PheaewrkpificRed rate

of osci | | ati e GiapR6vitBsn whikihehaliskide A Rrodsifip B woilibe the bl ade

can nove and thus gcut.the,wotkpiece fixed to the.fixture .
tbla(Pe for sixo?ter perfods og time and it 15alSo out of contact with

contacts the
the blade.

30 Furthermore in the present apparatus in the second aspect the
oscillation mechanism may revolve the fixture device around a center of a
predetermined revolution at a predetermined rate of rotation with a radius
of rotation in a direction of rotation to oscillate the fixture device.
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device. Thus while it travels a distance the bl ade repetitively contact the
wor kpi ece and is di sengaged therefromnore frequently. The workpi ece being
cut provides a working resistance decreasing as the workpi ece 25 contacts
the blade for shorter periods of time and it is also out of contact with
the blade. Furthernore in the present nethod in the second aspect the step
of oscillating may include revolving the fixture device around a center of
a predeterm ned revolution at a predetermned rate of rotation with a 30
predeterm ned radius of rotation in a predeterm ned direction of rotation
to oscillate the fixture device. Furthernore in the present nmethod in the
first or second aspect in the step of oscillating the direction in which

t he bl ade rotat e&i‘mhemﬂoﬁdm the presb@ﬂ‘ apparagns &n thegedoad akptt £ad bladet he
direction |n%$ﬁu h‘iea t's cega the fi,xtur.e device rotates. Wth
the rate offi%biBf PERIEHEVRICRAY IQREAR e ARLIFHOR vicinity of a

| ocation all ow n@‘huaathetmte@ﬁurakauuomadhh@tﬂwmreallevxm\mm accelgrate the 5

di rections kﬁQ&é’% ep\heQQP tdf‘rﬁe Wor ﬂf‘ef WO ]Eh%c&%‘ ﬁ{‘&{eef(b%ﬁ{ﬁx%e Glade’ s

peri pher al ative prece to cut e wor Kpi ece nore
ef fi cﬁéntl;ﬁ giga thy or egoi ng and ot her Ob] ects, features, aspects and

advant ages of th@‘tﬁftﬁéﬁﬁbré 1@1Vﬁiétp1‘é@eﬁ\t b}bp;ﬁ%ﬁgﬁl fRE SectRidCA Pkt {Homddee
foIIovvlng de%f ﬂ 0 descri tlon of the prese inventi on when taken in
conj unct i orf K ‘f%ﬁ‘ﬁfaﬁw 9&;@’ E?ﬁt’@@écm PTION OF THE

DRAW NGS I n the d?la\mhegﬁordﬁxgthelpfdsenBappawtusﬁg thppecaid aspdcttthe pr esent

i nvention i S [

with e bl adbelidtdn methafiay Mo Rplocai i Ao TR ABBASRIRLEC. )
and 2H) showoa)scﬂlatteﬁbe@qtarfadenacmf the present invention in the fi rst

enbodi ment and a JEREMbIEEAe) és%ﬂﬁ%?ﬁ%fi’c&ghﬁ%’etse@&ﬁ&gl%gée‘dri]!gg eb! ade

cutting a sub ate Is presse al nst strate and ed 20
t heref rom qss@-tﬁé&n mec anbﬁsn%@hmoweathp #tngg deyige an seexadsternmpingd 3 shows a

confi gurat i lped td bﬁ:ﬂﬂtétﬂ&ﬁ%@f@m of the first enbodi msnt as seen in
a partial cross on; Fi 4 shows a cutti nqaatﬁ&aratu of pr esent

invention in a s CEREFRITThER Bresent apparatys @?B?F h a bl ade
cutting a sasbﬂlatadreme@haﬁﬁmm utiliae papiezedleétrivnéffact @fva fiegsele@ficand 5B

2nd'a et nolepsBPREp8iMarEng BErBCRER L "act's vhen'a bl ade cutting &
substrate is preddethamaorsin thﬁapmsleat apperatug idi thernpagad aspestdheom
P AT St R sl o |
a per spect i figeqhiayandrcerimpraingpsgla navhenfvestion different
20 from the one direction together to oscﬂlate the ﬁxture device.
To achieve the above object the present invention in a first aspect
provides a method using a blade rotating around a shaft's center to cut a
workpiece fixed to fixture device, including the steps of: oscillating the
shaft's center at a predetermined rate of oscillation in a plane identical to a
25 plane in which the blade cuts the workpiece; moving the blade and the
workpiece at a predetermined relative rate of movement; and bringing the
blade and the workpiece into contact with each other to cut the workpiece,
wherein in the step of oscillating, the rate of oscillation is greater than the
relative rate of movement.
30 Thus the center of the shaft of the rotating blade can provide a rapid,
small oscillation at the predetermined rate of oscillation grater than the
relative rate of movement, while the blade can move and thus cut the
workpiece fixed to the fixture device. Thus while it travels a distance the
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First Enbodinent -6  The present invention in a first enbodi nent provides

a cutting apparatus and nethod, as will be described hereinafter with
reference to Figs. 1-3. Fig. 1 shows a cutting apparatus in the present
enbodiment, 5 illustrating a main portion with a blade cutting the

substrate, as seen in a partial front view In the present enbodi nent the
apparatus, as shown in Fig. 1, includes a stage 1 fixed to the cutting
apparatus and hol ding a workpi ece, an adhesive tape 2 havi ng an adhesive
| ayer on each side and affixed on a 10 surface of stage 1 serving to hold
t he wor kpi ece, and a substrate fornmed for exanple of silicon and fixed to
stage 1 by adhesive tape 2. Furthernore in the present enbodi nent the

appar at us plade repetittady @oﬁhf& thé woRkpidce Gl 1s%8é&£&%e‘ﬂrﬂﬂe9€ﬂoﬁxeﬁﬂoi’@er al
speed as amain aft_(not shown) rotates. f ates around a

4
virtually fregve d, FOrkpieee, beingentpro c} WOTKINET4SI§tantet at ed by a
mechani sm (dmotea‘stnma& thé¢ warkpixdeicontacie the blarledor shopter periddA ofitihea smal |

radi us of t he present enbodi nent the
appar at us a?x;dgﬁ?%@}goguq{td(lf%%%{tﬁ@gﬁgﬁgmé@efI xeg to shaft 4 and contai ni ng
abr asidve grai ns. Furthénménegorthegqreaentomerhodihi tlae Bystaastiect the ovepi of whi ch

bl ade 6 r0l3+if% ti}OMAY 1391&6%%%1&%'51% %Hﬁft@é\ﬁ%tfpbﬁaﬁxc@a ceHEA da

hori zontal |y ves  at e It rot ates around center

5 once. |nbPEade tﬁ?@é@ﬁ@r%@léﬂpwta??ge&%mw ta o€ rotation itk aet to be
great s/rL BI n predevetmined hadnﬁrsaiferotﬂxﬁaA h@ftgaqir%defeaméﬁgddlwmt&rmmh t@tio to
rate e chani sm olds a cylinder rotation mechani sm

(i ndi cat ed%ﬁg?fﬂ%}t %h%glﬁgﬁgqegf%l}‘ence nuneral 14), as described hereinafter,
toindirectly hoFahrﬁmmnoxze thlvmzteaemBvamtmnalntaasemd aspecbprovides aw S and

h S
oo s, hCUPUAR e Nl EOEI) AN W bR
30 the for %t tg fguse dexiseninsleding t saﬁtep%@fi @wﬂé,am thedbenre deRceddet her

configure g ﬁfédé@eﬁﬁ?ﬁféﬂrﬂa%gbpﬁ"scﬂﬂﬁoﬁhﬁ ‘a ﬂla%léﬁﬁéﬁh@ﬁl Rp@bi’éﬁﬂn #hidescri bed
ially, shaft r ot at.es t he

herei nafter cent
pr edet er m r’fbﬁle?‘&e cu@lﬂlgcxypr(}gpmce( @bQ}HPErtﬁEE’ %‘E‘W’ a F‘ r;‘pl%‘)e athi | e center
5 rotey es giretiélerpindérelativeatits af mavbmeiitahndrbdﬁgutﬁgwhterblads andlitheadi us of

LT ow 1t Slehoece 3 B AP ndol BN BE G QY ¢BE W ilinteds wiler i i speeé"
whil e the esmp:of o$ca1]et1ﬁg5theoraete@£ oacilationas greater thanathprm];kaem'ee rateef
revolutlonlﬁ{) redetermned rate VR Awith a small radius of rotation

rapidly to provi e OSCI||atI0n i.e., it revolves_to provide oscillation
while it rotates.Thus thedxiar reld)ethcagxm ide a rapidy swall @seillatiopratdhet he

t hhc kmsts Cifreﬂ@ﬁrﬁﬁﬁéarrﬁ’%@of 65%%];[1&&015 e&‘QhﬂhQﬁe}[MeIe%h@ Pate of éxh@o@m?na ! gwer
en positi o W e (6] 0. ane SL.ra e (6] St age
Purt hor ror SViile e fadRitan mova i B BecHoR B aEod t BRE ARt o

sugst rate Jlewixk.f &hus Whtlefm eravel g distapge ph@maxtndrépetgtmdly ngntdzce the
substrate, 5 1 i

i rect on Woknewd iPREREAR Y MBS rdte b BB O TRE WRolEe
the 15 predwieg shhpdovides aw@king resisthncedecseasing asghg warkpiececont act
SUbSt%ﬁlte %onfﬁ&s%ﬁé%féd’@fogrsﬁbf‘b%r%%ﬁto sREGimdaRl 2R fs@ehit bPconthctSwitht rat e

3toforma g (i ein atop surface of substrate 3 to provide a notch
reaching a thsihla pl ane of substrate 3. Blade 6 then hori zontal |y noves

|l ef twards and fi maldthentbee BUtls présenB nigthod iheht spcoridaspéod thbatdodf om

glnggg ];nreg,[n otsﬁlgl B&Ef}g{y&g} g %921?%7'0 \]élta,’g t@% fixtile dgw@egaroﬁndlancérwgr BE§Sent

predetermined revolution at a predetermined rate of rotation with a
30 predetermined radius of rotation in a predetermined direction of rotation to
oscillate the fixture device.
Furthermore in the present method in the first or second aspect in
the step of oscillating the direction in which the blade rotates around the
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characterized in that center 5 rotates at rate VR A greater than rate VLB
and al so having a predetermned ratio to rate VLB, that center 5 rotates
with a radius of rotation set to have a prescribed value xelative to rate
VLB, and 25 that center 5 rotates in the sane direction as direction 7. For
exanple, if blade 6 rotating once noves horizontally at rate VLB
(~mrotation), then, with the materials) of substrate 3 and the size of
chi ps produced therefromtaking into consideration, center 5 while blade 6
rotates once has a rate of rotation VR A (~,mlrotation) and a radi us of
rotation, set as 30 follows: Initially, rate VR Ais set to have a val ue

| arger than rate VLB and al so having a predetermned ratio to rate VLB.

Furt her mor gy, o fthecdr B ﬁ{ayf%é ﬁ%x‘ﬂ&a?]i%tlgé &%{egtg%ﬁ Zn %ﬂiich‘%h@%}’x%f% ﬁxﬁ@?‘b?r m ned

val ue relathv%to rgte,v —g_ i'S noving an us cutting
substrate i§_§ xtaredeyge 1’9&@1"1353 center 5 rotates at rate VR A greater than
[at e l\/LB, \ém_t? aWitmthe[r_aﬁq} uﬁxl'cﬁﬁtibﬁztﬁblttfmdé aﬁ_d(ih%jégw@m&)iéﬂea&'ﬁ?a Gichnit totf e 3
ravel s a di,stance repetitjvely contacts,and is di sengaged from substrate
o e f requélprstonalBiing thed thsoRfdEathantfigt ot NP Bor ki ng

r esi stfance diectieasicogstantiyheppusitepachathennt Bhisscarhimcoéasbetfedsl adbsr t er

peri ods of _ti i . : i e he present
enbodi ment p%h@’éggg?% 32‘133%%‘9%%‘% ﬂ%ed&rggl%@?agé\é \If\n‘;"f fﬂhng@vkgél%g%éﬁ&r%bed in
detai |l witgtHeipBEnce to Figs. 2A and 2B. 10 Figs. 2A and 2B show the

appar atus and ”Emﬁdfo%%diﬁé aRdsstReE oﬁfég%qif@&%_tres,ia{ép‘éﬁ J Aid BaviRteRrt i al
Cross sectlﬁn how it, acts Wh he bl ade cuttlnct; a sups (g)g;te_ 'S ptrﬁ’elgaed

e 1 a
agai nst thé easewgtla\'%famawﬁme@@ ek appanent from dhe following dg ly,
wi t h 10ef er eleseriptiofriof the preseimafihvéntias wit €iken inoédatjunctien with thée VR A

Shaft 4 th%?f &éggﬁ;ﬁ}gagﬁianst substrate 3 in the sane direction as direction
BE

7 the cutti e IE B8 novi ng at rate VLB while rotating around
center 5 i @B ESQRIPTION @B EHEVBRAWINGScont ai ned in blade 6 thus act
to cut substratelﬁ t&@%@’év?ﬂ e chips 8. Water (not shown) is supplied in a
vicinity of the %_a e'g cut mg edge to nove chips 8 in di_rec,tioghzo 7 and
thus remove chi ps'ig } s8AWHESGEBREFRParatYS ﬁétllé‘d%résﬁﬂﬂlla"%}%%a st
substymt e Imlbsiimienit, i1hisafkeife Aahinop britforCtidreobwadios bbidsaadingoal nst

substrate prevents chips .8 from.bei ng renoved sufficiently. Then, as shown
in Fig. ZB)Suf’éﬁlai?’%s%%Ht%Bgr?% fngEY’é*“ét rate VR A Shaft 4 di sengages

from substrate 3Ripge ZAnhd2B sitge acfuttingdpparanw ofghatprasentaneektiBndhi | e

(1219 SRl Sl DGR BBt SRS i bR BRERE * o
bl ade' s cuthlhde cutiiieg arsabstriase ispressednganstitheisuhstrate pndatiserrgageder nor e)

rate 3R A ahkfoltOmbibdpetfy lORY 3601 Alifarkial RhpS dboffay) no 0 direction 7
and thus

renpve d di'scharge chips 8 i Irection 7. Al of.,this 30 -
facilitates novi a:ggc%iSEQWB aﬁ‘??“&ﬁ“é‘épioér??'ﬁ Pélg}éttlﬂérapﬂiafﬁt“tsrféj thé[}l%“ﬁtand t hus
removi ng chimbodinidndma9seaenatpigtialicidsdGecslas; and a surface of substrate
3. Blade 6 cutti rﬁ&‘;#%ﬁtrate .can be f

. [e.diam Si ?Hglfl can.t0 mr&i%c%

resi stance. Then, PP & Elélgtag)qgra_usz ) a8 ncYSHH 82 ¢ Pgt ate
at rate _g embadimrentSHhistratingasmpirepedson withcabladgowtding atubstadte,@s

agai su 1t ne,.direction as direction 7. The abrasive

br ai @con%%%{ﬁggeﬁ_ﬁag%d%&f@h%ﬁg acts to cut substrate 3 and produce chips
8. Then, sinil ar IKigsii anddB showacaniting anparatis elieqrgsent inyentiongns

agai nst subiplersakend ehfboditheit BAH PR Bod Mileredf iHUSH afingdhs@I0asisnghéhe
cutting edge substrate 3 ta repove ct%

Thus 15 ¢ nch HAGEGRIBRE HEGTERES RERbT HERSC T SuBetr g AN GnEREEho

wat er supplthedefirom, rbspectively)aspeon ¢én s patiadlerosd sechienyraudd in direction 7

and thus renoved .ro ween 1 L . I ace 10
o sbltrate 3. AHERS BOMHE i atoh dInBLeEi e beiRutt & e etad

wor kpi ece. eshbeodingenians shesiba fergpedtivenvieivgni fi cant wor ki ng resi st ance.
secondly, UHBSTRIPIION QI $HI PHEFERRAD EMBODAAENTSh substrate 3 to cut
substrate 3 1s repeated intermttently. The workpiece can thus contact the
bl ade for a redu SprF’rb?dDBﬁnEi me and al so be out of contact with the 15
bl ade. As such, if blade 6 is rotated at increased rates) it can still be
fee fromsufficient working resistance and thus rapidly and hence nore
efficiently cut substrate 3. -6 -



Furthernore the reduced working resistance can contribute to reduced
frictional heat generated when bl ade 6 contacts substrate 3. In 20 addition
when blade 6 is out of contact with substrate 3 the generated frictional
heat is renoved fromblade 6 through the water supplied for the cutting
process. Blade 6 can thus have a surface hardly heated and it can thus be
increased in longevity. Furthernore, with the reduced working resistance,
substrate 3 after 25 it is cut can be free of significant burrs. As such,

if a sem conductor chip forned by cutting a silicon substrate is used to
fabricate a chip size package (CSP), the sem conductor chip can be nounted
snugly to enhance the reliability of the CSP. The present enbodi ment

provides the cut At /8RARY BivdfitioRin'd hikstiomBOAMRER Y mgd&eéemﬁi%er W th

reference to Fig. 3. con Ion e apparatus of the
present enBBRAFMMNS, a‘&gnteéhﬁd:lﬁﬁ &Vibgpﬁegq:n ?%S@ tieswith geterence tp

appar at us mgzéandgs a cylinder 9 |dn]'EernaI |y Iprow deﬂ V\:}th -10 Ehaft 4, ad
supporting nenbe rOVI e or _exa in the form earing an
orovi ded nternaf a@wﬁ SR e BB PO PiesBRteTEpRERt o support
shaft 54) aﬂfbusﬂratmg amtam pbftmmtve'mal blpdprcatiidg dheisubstrpke, radeseed), inand a
shaft 13 f BHH" tor 12. Shaft 13 has an internal surface in contact

5with an &xterna sur ace of cylinder_ 9 and cylinder 9 and_shaft 13 rotate
ar ound thelr r es pedhp presenitambodimarntithg anparatys, @ shoyunin Wig.da shaft 4

rotates, ijgelhide§AlRhgd1 BRetlth th@ cﬁP&x’i’é a#yﬁa%@ls% ﬁolaﬁlg Q%rutgiec%%ﬁi gure

a cyllnder rotation c ani sm ectric el are

ez

i ncor por at fvetape ?wnaaneﬁhﬁﬁlyeiemforae By nenbers
1|0, 1o V\hlgurﬁacp rofdedgy Isepdng @y Qﬂold)lthyoﬂotrhgﬁce Saxmb ral snﬂﬁgﬁage foeae¢f@ctric
el enent s t heapi ezoel gctric gl e ed by a

predet er m ﬁéa%gﬂﬁﬁﬁgﬂfcﬁ%m‘%ﬁf‘?%ﬁ%??ﬁgsgﬁ d@‘é’? W%feg are substantially
ort hogonal to ceffvath&mama ial the reben taernbadinyextr t}tumnmedatus) alsachcbtdesr .

Suppor t | ”ga 4Szo%£’mn% t3 eBJeE‘ér%h%Elgj’e'ri HerGIEHL &? rﬁ%x%?nﬁ'??ﬁg% ate to

configure a, mechanism1 ratin . cent er hani sm

17 rot at es Shewmgrotatgs. a b derata W“M%Wﬂlwlfl Cat%dnﬁ att epnier of

r ot aéllmn r{%pl dlentb%rméeaﬁe ﬁob@teﬂ%ﬁ&'ﬂﬂéblfdﬂﬁ&%ﬂ?o@dﬁ@wﬁb at e exatct bl ade 6
r apl W a o a

Lo e conpapdetiiiined ARt Snoh VRATERE smpli S o i figh ShH
rotation. 20 The Fmrgheﬁnmmmrﬂ:telmeeemrahbsdlmmﬂﬁmcapﬂmﬂtheahonabhﬂes
Initially, hzdd

et oot 2 ARaBY ka0 O TR oS3 bl L848R 018 ASHR! S30he

cyl i nder 91%/3}1mmerm“1ﬁ)mdmatesoa duegtlotmnsnlbﬂchddadeﬁunoéaltetsmrgua t 4

rotatgp in c@hféiCS' OFu?the%émée Pdlﬁd@%ﬂiﬁfémf H&Jlicﬁftsu bV attRRhteEsk t O

pi ezoel ectric e , respecti y to |sp ace piezoelectric

el enent s 15‘10‘1@1?% E"i‘]@r’é rol}aégﬁ)ggqq centel S Mear e substantial ly
orthogonal to cedhajheﬁ)ms@htaérﬁbo&ﬂbeﬁtamel @iﬂaramis h@g@ﬁﬁd VRA setcto b her .

di spl aceroieteanpoupentAs BERaAte YL Spdalifatily & phERRRERIR ratie ng

bl ade 6 fixedath¥ddd.o rotates at the predeterm ned rate VR Awith a small
radi ?%Of rotati qey a%)é hérﬁsﬂfm{om@%‘i:}hntd@?rb%?&ﬂ cﬁHIa{s!ni‘g edge or

bl ad itself prOV| aS|c r ot at round cent er I'n_addition
thereto rotGndisateshingfig. @hyna zefexence pumeyal 44), raétdeﬁswhe@élerqlilafteﬁr Wi de

oscillati Oﬂndﬂ‘ébﬂyﬂlol&'sﬁéﬂ&i e%bﬁaﬂsﬂﬁ%%t@@c}@d&o@bbﬂ\é@ré\iﬂg dnd espective

anounts, directian di spl ace reviou set
appropri at énoYfesnPgﬁ ‘gaﬁ% %E@f\‘fé SERB 153?‘ f&‘f‘& Z?aﬁtSCF%‘PeSaVR, A
grater 5 thebatest eMa@ﬁsxﬁlfgrotht@”lbhlha@melmgSamYndepmvrdeécﬂonatampledm ate

\rfe{B ho g:‘ gtthéf\é%esef%&%oml\?’rgé%%bg&dﬁ‘ O@;o&éﬂ @H}S C%:lgﬁl ;ﬂ?%laﬁro%%m??gg

from si gni faon&gu rw@r dativigmesbianisad®R. It can thus cut a workpi ece nore
efficiently and t i€, f&@ﬂs bbéf’ate@“% &&cmat}{éfgf\na}t@f t er it is cut
can also be free o that while in ove escrl on
mechani sm 17 enp!1&y '@a-ﬂ)’eétﬁ# éclloF‘Ft@Sé!rEWéﬂt%nﬁ@ %Hbl gPrege repl aced

with any other nechanisns that can rotate center 5 rapidly vmth a smal |

radi us of rotation. .



Second Enbodi ment 15 The present invention in a second enbodi nent provides
a cutting apparatus and nethod, as will be described hereinafter with
reference to Figs. 4-6. Wiile the first enbodi ment provides a cutting
apparatus rotating a center of a shaft of a blade rapidly with a smnal
radius of rotation) the 20 present enbodi nent provides a cutting apparatus
rotating a stage rapidly with a snall radius of rotation. Fig. 4 shows the
apparatus of the present enbodinent, illustrating a main portion with a

bl ade cutting a substrate, as seen in a partial front view. Note that the
apparatus of the present enbodinment, as well as the Fig. 1 25 apparatus, is
provided with drive nmechani sm DR, although not shown in the figure. In Fig.

4) stage 1 aielE0 B A1CAAAS LPFRL] Qp%@%g@%&@ggé@tﬁsmer of a

predeterm ned yrevol ution at a predet V smal | _radius
of rotati onP¥esdstenminedyate of petagions¥RA \Q?Pgo%jﬁmﬂtr% us ghpetasionsrapidiyet t o

have rate VRhisbl&®! €rotdtesBEdIHdIEEn tedFNin’ dirEctif:iB7a0 GRS its pRYipHer or
pr edet er m ne ratl(i)t te VLB.

0 ra The Fig. 4, a rat ys erates, .as
described heFEings9as to have a constant peripheral ?Ipe??%r%i"j'?ég &P‘aﬁﬁ@aé@rﬁ er 5in
a pr ed8t er nrotatestaroanid ocenter @ﬁalpgbgleterhﬁnbmrseo]jwoiolﬁi @ thé) preddtataiged]l al so
rotates at , - , wth a. .
pr edet er m nfe%rere\gggl@ tfii)t% %ggtrggﬁ&t%f %?%tﬂ}&g ﬁﬁ@@y ng‘%‘gge %F@ga?l%&‘s%ﬁ' Il%lt es
t hr ough r ot xevobyes tpHureyvids eatdlatiorowdribesitotatedi rection 7 to allow its

eri phery or cuttaq rq : | ot at es
B ate VRS rapi i oRPiielPoliifh S‘i‘aﬁg 3 il HE i BREGH of 1N AcRhaor kil
osci | | at i onSubHiEate, senger Bisyrotated wit

lfS 0 Cin ! .

& aﬂ%&hmgg@r opex emd ResI e ment )

b a|0:|_616 Zorl?i%l@?t tid N?tm:iqﬁagétoﬁs?bgﬁateeg Iﬁx:étd_cbrffﬁaige\iLBtFtﬁfthEﬁPdﬁe% tag ?een

I n 1 g. , 0 cQntac Su ra | S, S S, . rom
the top to BEEPOM Hempheal sphthor bide s relafigh & ¥ubifrare fang rdicds Che
wor kpi ece t hemeviagechips poodatced hyr aftdinghthe substiates eerstedibrisqireferably
direction 7 = : q | & hus in a vicinity of a |location
at which bl 5&%@%@%’13?1{%@‘5&?‘r’&éfegt'lgﬁcdc?n@\ggﬁ%%gh ot her. the 15 bl ade and the
substrate move i nBlasisoBis then ddven byomeehanism DR woperzantally mevabiher .

This qgn i nﬁf&%’c_@mﬁﬁfédoﬁitbm%ft\%ﬁ?&ﬁ af%fseféhém%‘i%. 'l,e{@édd’cﬁcﬁ Sulsdipsierte 3
to cut the %reklec.e nore efficjent rese nt the

ly.. I.n the p ng? errbogi
appar atus a RSy eisrapssontamedigblade 6,agt torcnd substigte pde farm g ¢ VR S
g r eaL er t hagrdovedn\d fdpasiiface @ﬂdﬁx_bsbﬁarz]tb [Botosppvidieh erottlnechohdng @ battemt e VLB].c
urthernore_jt i a ri at, st [ t t us o
rotation sePla{n& ??ef’\q/l@sélg‘lgé g’detzBi?gﬁ!} ﬁet e{}g}o&z%%giﬂé{z @%Jﬁgégﬁ%é%fgd§%at
the stage i sutsoswdisérhted firbm Heertopdilaneto she hottvint plarieofroin theorighk tophe,
wi th e may E,iébls%\encmlsip trate 3 and the magni tude 25 of chips produced

therefromtaken ipto consideration, rate VR S is determ e&,rel ative to
rate VLB, as fol | héhe pressnsgmhpdiment dhe apraratisang method isny (ot at i on,

stage 1 is chardceerigdd iatltat\Bnfe1ds eotatds dtwaite VR A gYédieailahaute VLB and
RS TG RGRE AV A T T A T
rotation seradimstuf\retatiqn setetodravien® greseribed value ralasive wfrae Wlddpamd of z
T 2 e Yol SRR BB LAIA 8 el 02 oL ned 1o VRS
di stance - 13 For example, if blade 6p rotating once moves horizontally at rate
(um/rotation), then, with the material(s) of substrate 3 and the size of chips
produced therefrom taking into consideration, center 5 while blade 6 rotates
once has a rate of rotation VRA (um/rotation) and a radius of rotation, set as
30 follows:
Initially, rate VRA is set to have a value larger than rate VLB and
also having a predetermined ratio to rate VLB. Furthermore, the center 5

radius of rotation is set to have a predetermined value relative to rate VLB.
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repetitively contacts and is disengaged from substrate 3 nore frequently.

. The wor kpi ece being cut thus provides a working resistance decreasing as

t he wor kpi ece contacts the bl ade for reduced periods of tinme and is al so
out of contact with the blade. 5 In the present enbodi nent the apparatus
and nethod acts, as will be described hereinafter with reference to Figs.
5A and 5B. Figs. 5A and 5B show t he apparatus and net hod of the present
enbodi ment, illustrating how the bl ade cutting a substrate acts when the
bl ade is pressed agai nst the substrate and di sengaged therefrom 10
respectively, as seen in partial cross section. As well as the apparatus of
Figs. 2A and 2B, the apparatus of present enbodi nent, as shown in Figs. 5A
and 5B, first faqhhist Bl 6 RRGVIHE sﬂaeﬁu§cﬁmﬂgeabw&a&u%fﬁrrg§@é \;?w;@ edge of
TEM

bl ade 6 and f f substrate 3. Blad tt an th

be i oo f1 OIS HRIF Sanbalns ARtALe VB A drpatar han tate Qridsowi wan T

it Et er Bi t ]E eadmsramati@? pa@@%y,mcﬁbmdemxas gtitrtavels §f ﬁlmgfl@é PepetRiNbIyt ;:an f
us be fr i.fi can r ki ng, resi, st,ance. ir in a vjclni 0

a | ocati On%g?{a%g%ﬁhgggﬁsgngagﬁ@?g%ggpgﬁ@t% %%ea%teq'é%ﬂy'ot%@rsuf’heabl aée

and t e suberkpiesedwingoutpiovidepasvarki®g resistamceatesreanisg astthy opposite to
h oth j j i t

each ot her v Biage.0 cﬁﬁhcwtgfﬁ y‘ﬂ% f%r@ﬁ&ft@?@%?ﬁod?é&ﬁ%ée 9%?2%%%% 6e‘.§ﬂot?f' ve 10

substrate 3 to nore efflci cut e subsira odi nent
provi des tﬁ@n%élﬂélﬂ@b?b&%d% || be described hereinafter with reference to

tFihg- 6. 25t Fig. @I_lfth@}(fﬁe@exﬁcé?ﬂ)&hh?éﬂtctﬂecﬁpﬂ}amﬁﬁéw&hioH @%%d»?ﬂre }M t E
o esont - ontoR e deSbe i deral wih e trench &b JUES 2A GRSl r ot oe ot Lon
mecha® sm 18 and Fagh@A andt28 shiow thewipipanatecied nsethdQ of thepdessnta

i | ectrj : t. ' . spal | .. i spl t det er 7i ned
i rocti on, cibgtifRe IS uf Al S ReBRRT R A WS e
appl i ed t h&dladecuiting Asuhstrate ivprdseed against the sabstate aniddisengageda

direction qhefef¥§ih! t&PlctiiyQy0- Motion indicating a vertical direction in
whi ch vertical m.cro-fotlon chani sm 18 has_di splacenent, - 14  and an
arrow 21 i ndi cat d81tzaldy. vaghirgterencetnbig. 2éhishiaftdt has-cepterohrotadinget ng a

gpr i Izmwt al rdte VEM%.orshﬁgmh@?,meééeééqgaahsgéims@rmmbﬁm@h?{Hﬁ%?ﬁn Ags o

I Spl acene . na S I.Fectlons a .are, su | I ogona 0
Chon ot hor titschbR T caead S FRaR R miGhid & R GEB Rilp Foliting Sonar o
rot at es andronndcentetdhirediveetieni7t h Theaaleraivé gerdns costaned in bbadd 6s i n

di rection ] i i.dal is applied
to verti cal%hg%-% %E (t)gr %%W#c@%ﬁ%g ?%ﬁéén%}gﬁgrﬁ S Mﬁ%fd@r? (fi \é@b{vﬂ? SS Mechani sns
18 and 19 tshpplisdis a visinity efecbiade'ssovdtingadgsl teonaenckipis8 i dizections 20
D05 (oo, o (e YemBRE IR BOMD St Cerl IR EultARPBLEQ AR o AEA of

reci procat iSH§Sma§$ 5 nﬁqwerpﬁfaﬁ@@ha@&itisumg edeh Ryesseagainst

di spl acenesubstratp peeverrts chiyst i €fom beimgeramdved agfficlentdy.ates at a 15

et i1 att o rer dnetirasstiohd B 7 2, B8ty Boniihe {CERRlphrtte VRET o' °°
di rect i ons Shaft di disengages fiin substrate s theonttingl edgeaf blade Bppodpegiatt e. The

exactosst aggate YUB %2&!1% 8atdts akOud @bl er Blin' E%ctiﬂ%ﬁ gfl%i‘éiﬁrifb forse VLB
and 20 having a predetermnped ratio to rate \ Wwth a sma radi us of
rotati on. ﬂ@ﬁgmagedf wetilarp padizs pf refation approppatelypeielative ta rafe YLBs t hat

of the blade's cutting edge and substrate 3 are sufficiently spaced.
Furthermore, rate VRA acts to pull up from substrate 3 chips 8 moving in
direction 7 and thus remove and discharge chips 8 in direction 7. All of this
30 facilitates moving chips 8 in direction 7 together with the water and thus
removing chips 8 from between the cutting edge and a surface of substrate 3.
Blade 6 cutting substrate 3 can be free from significant working resistance.
Then, with reference to Fig. 2A, center 5 continues to rotate at rate
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the first enbodi nent blade 6 rotated faster to cut substrate 3 can still be

. free fromsignificant working resistance. In addition, blade 6 can have a

peri pheral speed increased relative to substrate 3 and thus cut the
substrate 25 nore efficiently. Furthernore, with the reduced worKking

resi stance, blade 6 hardly has its surface increased in tenperature. Bl ade
6 can thus have a long life. Furthernore) the reduced working resistance
results in a cut substrate 3 free of significant burrs. Thus, if a

sem conductor chip formed 30 by cutting a silicon substrate is used to
fabricate a chip size p ackage (CSP)) the sem conductor chip can be nounted
snugly and the CSP can thus be enhanced in reliability. Note that while in

the pr ese”tvﬁﬂbo B tﬁ{gpﬁéﬁ‘ gﬁé'ﬁuﬁﬁé Fa%éof Pl’a%t g @‘guBer'a%?@t al
e

m cro-notign anlds1 ectrjc el enent
regh

t he appar afidhe saps glaon 7an§'hetab¥ﬁ§1"@s}€ a&hilc%ttﬁmedﬁ@cw@ﬁﬁs s
that can prephvkeadis weuﬂsﬂ\béti‘aﬁélﬂ dall ({Jymau&@enﬁﬁas .) reciprocating

Note that in cach G HENAHG, theHeRRSPRnE B FPAPRIAEeid BRASH! bed oS

havi ng bl adgatnstaubstratallty covgabstratdd lan@ theatep 6f disengaginigabie cutting

nor  zont ol 157eet PLAT: BRAE by Mﬁ“ﬁé btk P EReg s PRER, TUeE 1 10

appropriate dir e&hm@)theegp‘dm he presenppmbpdinent chipe$ togetlyrrcvithel y,

to relati V%)é vl?@eé? sﬁBBﬁEa%Pt}?e @ml flfcg@s Esh Péaidmy HOMVA iR EPRERGE W th
each ot her. ?ri Ferm)re (P)&&eai perf ct circle
to provide 08B 4 FEROLPR mmbﬁé\ye @swmgp gt bladeand @ prdaseie

osci Ibiait It onof silﬁtsﬁ*até. IBer Obips SQhasQfarﬂlsepﬁ%@Pk@me frond ctxmm%\ao dlt rect : ons
m ESO 0 a a (0] e a, hono I.recti ona
reZ. or ocar MR amighes. HIAHE B R aler bR o s ERAL, SR e o

.e., a si rrpl e harecondly, e step afd)rmmngllﬂade ﬁuntdacodtacmythm‘ubshfateaﬁs@s
S“bSt rate %%’%%S@fo%?g 5921}?&8&%?%&%@&@%@}% Womm’é% Xaﬁ?ﬁ{lg%hnﬁﬁﬁh

other to cut s

en
descri pti orfhgihlade foma reduced MM timg ard alsonbe euhel candaeihwithihed
di rectson. yidasheAswueh, wfbué&e b @s w&té&(mn&féagéd Pét!eQ Nit@ahegtll BB fredravi ng a

center corr ter isid i.cal to,a ction in which
conter 5 orfanaahent ke rerlsbisaana P BB b BEROSTAE 1y
rotate in afficiently dltrwbtstmme 3depend| ng on the materials) of the workpiece
of interest. Furt o)) ent
invention is applfflgl{ﬁﬂgﬁﬁgre% e‘fe§“3 @quﬁgg&%gf‘ﬁl ? %rab nq;ﬂﬁ‘ép%?orsectl on of
t he thi ckneeduoed fmm@mai&eaettgnem@dpwhsarguladm(ie:nntamts substirgte dpplicabl e to
'”CO”P(')ete'é/dcﬁhoé%l@@dblédéehé??'ﬁmte H%Hﬁtf.ltgstrd%@@ﬂf‘e’ f&Gatgibstrate 3

serving as fgl ece. s not Si n substrat E}@a&d it may for
exanpl e be C§¥°Fl| ﬁaBHS FeRaQNes: Pm(@@l gattae ates syew KtR@nduct or
substrate, cﬂxtﬁh@%ﬁ*oﬁé&ﬂ Blh&e 62catiAfl Havelﬁ surfueb Hardlyeheatededrad ithaaed

substrat e, i’[‘ﬁg’g !evve rr#‘ and crystalloid. Furthernore, while in the above

descri pti ort LeasedindPngeyty he shaft of blade 6 or the exact stage 1
is rotated rapi dBustheimare maith thadedacad wookimig mmstanm,cswbda'ad)e& dfteat i on,

| do g5 : dl
ot 28 3 SEPEE b ARG BEfhchaE T ° MY ANIPU SIS iRt i °PL Y
6 to have ifoxmedihy enftiodge sﬂmngsm strate is @ﬁ@d\&@ afhmwtaredclupsﬁémgﬁg g& om
substrate 3(ASP) ke Sttafdon@uRtor AR Al R otRtEE sBugIHNRt difiatRlelthe

reliability of the CSP.
The present embodiment provides the cutting apparatus, as will be
30 described hereinafter with reference to Fig. 3.
Fig. 3 shows a configuration of the apparatus of the present
embodiment, as seen in a partial cross section.
The Fig. 3 apparatus includes a cylinder 9 internally provided with
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Whil e the present invention uses blade 6 in the formof a disc, the 10

. present invention is alternatively applicable for exanple when a tool does

not rotate but linearly noves to cut a workpiece. This application can al so
provi de a reduced working resistance and facilitate renoving chips. Thus

t he workpi ece can be cut nore efficiently and be also free of significant
burrs. Furthernore, frictional heat generated at the tool can readily

di ssipate and 15 the tool can thus have a long |life. In the apparatus and
met hod of the first and second enbodi nents, a blade rotating around a
center of a shaft and a workpi ece nove at a relative speed of novenent)

and, with the shaft's center itself rotating at a rate grater than the

relative spgeghaf a%é??t?lﬁﬁg rxrﬁbérs}ngf agey f@@oﬁ*a%d%f ERARDE ADtASMRLITbE fent 1y

cont act each other. ] tagé rotates at a rate grater than the
rel ative spg%%lmég aﬁﬁlgﬁﬁﬁe}d lé‘ﬁﬁr)r% é%\ﬁéfgﬁlﬁﬁé@ectlﬁsﬁ ?W%%@n%@ctiheﬁ@flﬂoade

ib nt ]tcar m t]'E ensxhp'pm;shaftm,eabiinﬂmkrhmotoir he i?t@til@lkyquhﬁokriwedk h@th\ﬁ@ﬂiim&t@eﬁ #Rh t huts
e free from gi zGgani, working 4e . e.\Wor ece. can s pe cu
more o i ot e T R RSO, B RNE Tt A RSB S f B b BeP T o
Fur t hebnor ewitkhan exbernial aveface oboylindercd andodyliniden 9 ded shaktpieratate
frictional s | : | b SS mt he
bl ade. The EUARPEIEE Fidfoclile thhic tbih P UAPL ARy S20u A0 RER SBalf #7107
achi eve a sIff@Fesolp. seatar Lal Bufli-de metexntl 2mnd, shield 13 togetherponfigaratus and
nmet hod capa hlh : ced working efficienc reduci ng burrs
and al so Br%\blliﬁ%l(imr ﬂ%g@ﬁiﬂgg&h%&ﬁghﬁaﬂn rl i.fla. gAI t hI uI h t:éZa prege.lntg. )

i nvention has begﬂleﬁg Fiife e&?ﬁi‘tﬁlhgugg@é’ﬁéﬂcqrﬂ?oﬂ%ﬁe '1?’,511 t ddn q wgmiy
un(cjie_r 40o0d vhatportien sappoited by menkeisilol ags r Hﬁhaﬂagﬂ'_ddetbfmined@éﬁﬂ?f Oﬂl y
and i s not - ) im tat SRiri.t CORE._ 0 e
resent i nviSliRge LSRN o Wbabiichit kil by e e nike el st e
18  WHAT | sreolisphEpd ke a predetermined anppartanudirecsions; séspgctiselyi, sthick
device (1 bk | 3 . ' a
Shaftes’ c)en?’é%‘*‘g'gsfa‘é‘%“?“’r%gﬁ 1b BRI fd MAHRu R NP oriKh BV

hus,contgx% <p efe 0 cut_ sal
wor kpi ece (8§¢h atherq, Spppesidng membersil0.nbl ARg Piesaglentriaelenapntsib.sifi d

wor kpillece ( Boptrate trbr@dﬁfgﬁ&ghﬁﬁéblfaiﬁ@mi VEop@iainyf tomyLtersentéVs BI shaftal | ow
cal DL ade R anha olRIRERR B ' SRl SSR S b
pr edet er mi nealdimato rofatmscrdpidly tmrdte&A3hé rotatinlgenwtingestgecal theexacpl ane in
10,0 P, Sl e9E S 16§ SR AABIRSEE B poibES SN LG
The appar at 850wid eentemb1to asilase the bladeda.| ossiliate itblerpnghsratation. revol ves
said gpaft’'s cent®he(y. @h?ﬁﬁf'at%sﬁf&ﬁfesoﬁs AeBéSed REFEINGE e VOl Ution at a
predeterm ned rat fni(t)ifallgr?tt}?e Lgﬁt(n\l/ mgto\{'v'lstsfl]xa?’t ?é ?g%[tgsr g‘n e191 accordance
therewith cylinder 9 rotates, and furthermore shaft 4, supported in cylinder
9 by members 10, 11, rotates. Thus blade 6 fixed to shaft 4 rotates in
direction 7.
25 A predetermined voltage is then applied to piezoelectric elements 15,
16, respectively to displace piezoelectric elements 15, 16 in directions,
respectively, which are substantially orthogonal to center 5 and also
substantially orthogonal to each other. Thus, with piezoelectric elements
15, 16 having their respective displacements composited together, center 5
30 at an end thereof having blade 6 fixed thereto rotates at the predetermined
rate VRA with a small radius of rotation rapidly. In other words, the
rotative cutting edge or blade 6 itself provides a basic rotation around center
5 and in addition thereto rotates rapidly with a small radius of rotation to
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radius of rotation in a predetermned direction of rotation to oscillate
said 5 shaft's center (5). 3. The apparatus of claim2) wherein a direction
(7) in which said blade (G rotates is identical to a direction (VRA) in
whi ch said shaft's center (5) rotates. 4. The apparatus of claim2, wherein
a direction (7) in which said blade (G rotates is opposite to a direction
(VRA) in which said shaft's center (5) rotates. 5. The apparatus of claim
1, wherein said oscillation nmechanism (17) reciprocates said shaft's center
(5)) as predeterm ned, to oscillate said shaft's center (5). -19 6. The
apparatus of claim 1, wherein said oscillation mechanism (17) noves said
shaft's center (5) in a predetermned ellipse to oscillate said shaft's
center (5). rzdelf‘sc ftus of claiml, vvherei n said oscillation mechani sm
(17) utiliZes plLezoe ect ric effect of pi ezoel ectrjc elenent to
oscillate said stﬂﬂl{ell&, e ¢ct(f£¢)element$1é5alpﬁa¥%ha§eéhele"lrgsmcrlvamer ei n

sai d osci | Iaaﬁomtsnﬁﬁ*éaﬁbﬁghhaﬁmmg@élsaﬂsﬁﬁacenfe%lﬁé%%%lwgetoas' I at' on
havi ng one direct.

? recli roc Tl 1 ng oscill afi on %
direction APPEPHALE.f %@5.5& 4 %ﬁnflésa%@ta%a e| é‘r%ﬁrd
shaft'® certhan ra% VIB oﬂFrgJutamham@pu@dewfmmal 1gio to fatstVILB oﬂ@rg ce (1)

fixing a V\Dlr&gf}f%gnfa‘ﬁ :%(ﬂ%g%%?ot .l ade (G rotating around a shaft's

center (5) 08 CORtac 0&1 wor kpi ece (3) to cut said workpi ece
(3); 5 a drive nddtuminsth e(@m)axmbus agdsuethad efdbe(@esemenshodimenkbiagee ( 3)
at a predet r V, de (G
and Sg.l d V\o@idg:ag?g i%% @%%gﬁlélnl?eta%fe Qf(g%dlﬁ\éf‘%@g%aﬁt Jnghz{i{r?%o)’gégﬁ%ﬁ'}té‘?l1)211;2419((i:llhan|( s%n
(18) 19) ostiuurswalttlan\goglmlecq morg efficientlyandithusthave)n derg liferiandt rate of

?é)ci I 1(?ti or’qdé)‘dﬁ&::fwhﬂeﬁggiiu&ﬁ@@taﬂ%e fx‘ge%f{bhaff in 1IOI Wftll ;;%;aIRCSi) bl ade
cuts said workpi ece . reipn sa,d rate of oscilla IS
rater than said gqe:tﬁa\; ‘?B‘ﬁ?e ?rﬁ?ﬁéen@?ﬁm(p\ﬂ_ E 2 8s of

gl aim9, V\/rmemeiecstaiccélmehtd a5 iamd & dbardyshe téﬁacé&mt}eunymhesal d fixture
rate of roapAtifofada Bhn Tordo ool SLRMORY W' hAEa By LMoRagbAT ™ "o
predet er m ned di r&pnd@mbomaw on to oscillate said 5 fixture devi ce (1)
L1. The apparat usmigd pfdsghdyetis 8 B saodlid @ﬁmoaﬂnéﬁi phdvivbé ahuiah

PRGN e
in which safigs. 4-6.
While the first embodiment provides a cutting apparatus rotating a
center of a shaft of a blade rapidly with a small radius of rotation, the
20 present embodiment provides a cutting apparatus rotating a stage rapidly
with a small radius of rotation. '
Fig. 4 shows the apparatus of the present embodiment, illustrating a
main portion with a blade cutting a substrate, as seen in a partial front view.

Note that the apparatus of the present embodiment, as well as the Fig. 1

25 apparatus, is provided with drive mechanism DR, although not shown in the
figure.

In Fig. 4, stage 11is revolved by a stage rotation mechanism around a
center of a predetermined revolution at a predetermined rate VRS with a
small radius of rotation rapidly.

30 In the present embodiment the apparatus is set to have rate VRS
greater in magnitude than rate VLB and also having a predetermined ratio
to rate VLB.

The Fig. 4 apparatus operates, as described hereinafter.
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bl ade (6) rotates is opposite to a direction (VRA) in which said fixture
device (1) rotates. 13. The apparatus of claim9, wherein said oscillation
mechani sm (18, 19) reciprocates said fixture device (1), as predeterm ned,
to oscillate said fixture device (1). 14. The apparatus of claim9, wherein
said oscillation nmechanism (18, 19) noves said fixture device (1) in a
predetermned ellipse to oscillate said fixture device (1). 15. The
apparatus of claim9, wherein said oscillation nechanism ( 18, 19) utilizes
a piezoelectric effect of a piezoelectric elenment to oscillate said fixture
device (1). 16. The apparatus of claim9) wherein said oscillation
mechani sm (18, 19) conposites a reciprocating oscillation having one

direction and a regjtpAINF a4 86tks AbbHd BAYieR S @R t?ga%tg%xg?gédon

different fromsaid ogne direction togefher to osci | Xt ur.e_devi ce
(1). 17. A faresben Gilepniesiclorkwigs I Figd)andstgand alsemafates absaieeYREs) to
cut ?I wor kpic@ﬁgge(r'-?d&o?l'w&ﬁ@' , ho sééxxim5 Fég dEWiER a dredetsyipinied ﬂ&ﬂiﬁé}g@f ﬁdtﬁr;)i%nof :
oscillating,said.ghaft'is,.center (5). at redet ermi nedf at e ,0 cil]ation
(Ve o oo p DR L, o5t f silpmnet et sk egiilat o
wor kpi éce (3n;direstiong? $matowlissipetipheryn dr saiting\edketehave¢ 3)pexipheral
predetermn | 3t Hgﬁﬁdﬁpgi rioQi ' | ade (6)
and said V\DI% elé(g,cngﬁ(lé;staﬁ% grgéar?tgg\é?%f% Xh\ééac 0 hertﬁt%glglu sazlﬁggv(\)gr kpi ece
(3)) -21 A U&nﬁqnﬂvﬂéeﬁﬁ@ﬂaﬁpnosciIIating, said rate of oscillation
(VRA) is greater tham $ahflabl§! & in‘ehe ﬁaxf&ftugef&@ﬂist(éﬂaﬁacﬂmi&t, Fl‘é‘ddéTGt hod
of claim17, wherein the step of OSC|I,atugg &ﬁ&%ﬂ&es ngo Vi ng.sal.
shaft's centr1ZoB¥ally maves atapresietemmined rage Euards, g5 sepRin dtiead,
predet By m ned coataxt @ﬁbéﬁh@% Bamd Withh a%l? lRuss mlgﬁéi@&t@rmfﬁaﬁﬂlt}f@eﬁwﬁ) l_@cfjtt%m
rotation in eget ermn rection of rotation to oscillate sai
shaft's cenﬁg?gé%lshiggm+381%%thod of claim17) wherein in the step of
oscillating a dir dtereom tq Zffidcientiphcuttlaivirkpiadetisitagetiaremted prefenablyal t o
a direction; De Ak LG k G it g t-at 0. od
using a bl adg\@%sa?lg% %g%ﬁ%mgr%g?ﬁ gloglhgg(%ﬁg tt%re?llg) g%W{S%)ﬁtlgi%é 3? aTI\%/SgEA ir&ece
(3) fixed toeidieta lsation atoyhichdipde §i and swbstzatepd contachsach peheridiesai d
fi xturgs devikigdé hhdaheaubsades %@mﬂolg%s@te%r&&fddsl RnlsPah ) Bpposibe #o pl ane
identical to a plﬁne I Which said bla er&gg érts 5, sai d Mﬁiﬁ@lgce éB);
movi ng sai d G5CRAENER) can; increpsefheneripgieral spead %ﬁlé]taéfe atvetdti ve
rate of novemubstratdy/BRp;cuantelwirkpicw maralefficketetly.6) and sai d wor kpi ece (3)
into contact with | ' ) erein in the
step of oscillati %g%g é)%%g'%tt ée188§ &%rsl%i?‘{ ﬁ'ae\t,\?@r%fg)%?gﬁs&e&l%dvﬂ
characterized in that stage 1 rotates at rate VRS greater than rate VLB and
20 also having a predetermined ratio to rate VLB.
Furthermore it is characterized in that stage 1 is rotated with a
radius of rotation set to have a predetermined value relative to rate VLB and
that the stage is rotated in the same direction as direction 7.
For example, with the material(s) of substrate 3 and the magnitude
25 of chips produced therefrom taken into consideration, rate VRS is
determined relative to rate VLB, as follows:
If blade 6 rotates at a rate VLB of x pm/rotation, stage 1 is rotated at
rate VRS greater than rate VLB and having a predetermined ratio to rate
VLB, e.g., a peripheral speed of y um while blade 6 rotates once.
30 Furthermore, stage 1 is rotated with a radius of rotation set to have a
predetermined value for example of a diameter of z um relative to rate VLB.
Stage 1 thus rotates at a predetermined rate VRS with a small

radius of rotation rapidly, and when blade 6 as it travels a distance
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greater than said relative rate of novenent (VLB). 21. The nethod of claim
20, wherein the step of oscillating includes revolving said fixture device
(1) around a center of a predeterm ned revolution at a predeterm ned rate
of rotation (VRB) with a predeterm ned radius of rotation in a
predeterm ned direction of rotation to oscillate said 5 fixture device (1).
22. The nmethod of claim20, wherein in the step of oscillating a direction
(7) in which said blade (6) rotates is identical to a direction (VRS) -22
in which said ~. xture device (1) rotates. -23 . AAAA . AAA.AAA
CAACA LA LAU LA AACAAYQA[S A{@A[S Af "L f
D+d#: Al w mhc”~Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
gg]og%}(.:a] ﬁaﬂ %h‘ﬁﬁr]el?)a]:&lt%}:f@{h@&ié: @d‘ﬁJOA{ sébstritetd mor]e frequently. l cal
Xsni cal ca calcalc a ca cal ca] ca] ca
]ca] caJca]c QEE{’ }3 ye | ‘6%1 QEiF"E Mk{‘é yesltﬁa@ d,% ee]s g AK00e1112
22 ]33C]4T4][ 44t}h>esmﬂ<ﬂ]ac}e:edrrtabtsai}ma%1ad%e ﬁa} n@}m&&ﬂ@&}:ﬁﬂbﬁ]ﬂ(ﬁ!&b amldciz]alsd oat ca] ca]
cajcajcalc ] ca] ca] ca] ca] cal 4y55_6678(91: >:
<<<3>>?7@ @ %@1‘@‘]&3@5&%%%@} xsni d Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]&a] ca] ca] cdpcﬁqec@qe@amtambapuaynm appdreaiis apdanethahpcts] aa Wi QKQOQHS
STTU VZ ] ] ca] ca] ca] ca] ca] ca]
caj ca] ca] cai cai %ca G]If ai ca?g%é]%gkﬁﬁ]m a] ca] ca cal ca! ggi
j j kk7mymmo( pppag 15 tqq @ﬁ apparatus and met hod of t epresen
zz+{] }xsni oazbmm@al SRy shein %qum@mm] catiegl £ bskan] sebemantiea] cal cal

&g} E?Lgﬁ} ga%a?k &?]cagﬁ%ll, ﬁﬂe]c%ﬁ% g‘jaég%’{h %%}’&5?%% E‘he]réﬁrfb‘h] ca]ca]calcalc

a] ca] t@] ca] mbeeﬁw&l}zpa:} see]n:ﬁi paitml]araéﬁéédtﬂ@\"S%\} xsni d_Z]]ca]ca]ca]ca]ca]c
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Secondly it can intermittently repeat contactmg and thus cutting
substrate 3 and it can thus be free from significant working resistance.
Thirdly in a vicinity of a location at which blade 6 and substrate 3
contact each other the blade and the substrate can move in opposite
20 directions constantly opposite to each other. Blade 6 can thus have a
peripheral speed increased relative to substrate 3 to more efficiently cut the

substrate.

The present embodiment provides the apparatus, as will be
described hereinafter with reference to Fig. 6.

25 Fig. 6 shows a configuration of an apparatus in accordance with the
present embodiment, as seen in a perspective view.

The apparatus of the present embodiment, as shown in Fig. 6,
includes a vertical micro-motion mechanism 18 and a horizontal micro-
motion mechanism 19 formed of a piezoelectric element having a small

30 displacement a predetermined direction, i.e., vertical and horizontal
directions when a voltage is applied thereto. Furthermore, in the figure, an
arrow 20 indicates a direction of a vertical micro-motion indicating a vertical
direction in which vertical micro-motion mechanism 18 has displacement,
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and an arrow 21 indicates a direction of a horizontal micro-motion
indicating a horizontal direction in which horizontal micro-motion
mechanism 19 has displacement. That is, directions 20 and 21 are
substantially orthogonal to each other.

The Fig. 6 apparatus operates, as follows:

Initially, shaft 4 rotates and in accordance therewith blade 6 fixed to
shaft 4 rotates in direction 7. Then for example a predetermined sinusoidal
voltage is applied to vertical and horizontal micro-motion mechanisms 18
and 19.

Mechanisms 18 and 19 thus have their respective small
displacements in directions 20 and 21, respectively, and then return to their
respective, initial positions, and repeat their respective such movements to
provide a reciprocating micro-motion. As mechanisms 18 and 19 have their
displacements composited together, the exact stage 1 rotates at a
predetermined rate VRS with a small radius of rotation rapidly to provide
oscillation.

Herein mechanisms 18 and 19 have their respective amounts,
directions and timings of displacement previously set, as appropriate. The
exact stage 1 can thus be set to rotate at rate VRS greater than rate VLB and
having a predetermined ratio to rate VLB with a small radius of rotation.

Thus in the apparatus of the present embodiment as well as that of
the first embodiment blade 6 rotated faster to cut substrate 3 can still be free
from significant working resistance. In addition, blade 6 can have a
peripheral speed increased relative to substrate 3 and thus cut the substrate
more efficiently.

Furthermore, with the reduced working resistance, blade 6 hardly
has its surface increased in temperature. Blade 6 can thus have a long life.
Furthermore, the reduced working resistance results in a cut
substrate 3 free of significant burrs. Thus, if a semiconductor chip formed
by cutting a silicon substrate is used to fabricate a chip size package (CSP),
the semiconductor chip can be mounted snugly and the CSP can thus be

enhanced in reliability.

Note that while in the present embodiment the apparatus uses
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10m} +i a?7/ 10m Cni' 109 () - GB109%GE () - @OYGE () -f, MLOYGE () -

| 4$10%GGE () - S, : 109G& ()-¢c ! #°<7/

10m Q Y(MBL0%IJ& ()-' ' LY(MB10% " & ()-' @LOYGE () -

0" $10043 () -1 L" $10% () - @! 910%G& () - #c#?$CIDSESFSKIMC 10m Q8" 10%T&: () - S

10%m&/ i x bC
Lot ot ORI A QB R i U
10%& () - * pmg]@ 1209 ]@@1 e apparatus 1s not m1te ereto an it may use

10”@100/?&'51&1}7 dth@ﬂﬁﬂ&%&niéms KR Pro%ide stagy THAMHEI U rally orthogonal,
' Q) Mp10%&: églpro ating mlcr{))mbtlbhs to rota?e stage 1 rapidly with a small radius of
5 rotation.

Note that in each of the above embodiments the apparatus is
described as having blade 6 horizontally moved to bring blade 6 into contact
with substrate 3 fixed on stage 1. Alternatively, stage 1 may be moved
horizontally. Furthermore, stage 1 and blade 6 may both be moved in

10 appropriate directions, respectively, at appropriate rates, respectively, to
relatively move substrate 3 and blade 6 to bring them into contact with each
other.

Furthermore, stage 1 and blade 6 may rotate in a perfect circle to
provide oscillation and or they may rotate in an ellipse to provide oscillation.

15 Furthermore, one of the displacements in the two directions may be stopped
to allow stage 1 or blade 6 to provide a mono-directional, reciprocating
micro-motion and resultant oscillation through rotation, i.e., a simple
harmonic motion to cut substrate 3.

In any of the cases, substrate 3and blade 6 that rotates can

20 intermittently contact each other to cut substrate 3 efficiently.

Furthermore while in the above description direction 7 is a
downward direction it may be an upward direction. Furthermore, while in
the above description direction 7 having a center corresponding to center 5 is
identical to a direction in which center 5 or stage 1 rotates, the blade and

25 center 5 or stage 1 may rotate in opposite directions depending on the
material(s) of the workpiece of interest.

Furthermore, while in the above description the present invention is
applied to completely cutting substrate 3 in the direction of the thickness of
the substrate, the present invention is also applicable to incompletely or

30 partially cutting substrate 3.

Furthermore, substrate 3 serving as a workpiece is not limited to a
silicon substrate and it may for example be a silicon on insulator (SOI)
substrate, a compound semiconductor substrate, a glass substrate, a ceramic
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10m Icglog/glocy&' )-s! C, MB1O%&' ()-SF+T10%&' ()-! L %.$10% " & ()--'Q’A%g%[&' )
10 10 10 18%5% ﬁiﬁ%%seﬁ%ﬁ?ﬁ%ﬁ 5 %@%’S/’sé@%ﬁé‘i()%& X
h& ()-fS10% h& ( e(yv srintiongh e)exapieatepPtihe) =

10m @ 1P‘V05?&ft(df maéé@%rﬁ%e(éxac%ﬂéé% i ﬁokaﬂe'd@’apﬁErO/withh&sﬁa)aﬂ rad¥%s of
h& ()-. (! 10 an( 1?0 prowge (L)Jscc;:gigtmn alternatwely center 5 and stage 1 may
5 s1mu1taneously be rotated rapidly with a small radius rotation to provide
oscillation. This also allows blade 6 to have its cutting edge brought into
contact with and disengaged from substrate 3 to cut substrate 3 and remove
chips 8 repetitively.

While the present invention uses blade 6 in the form of a disc, the

10 present invention is alternatively applicable for example when a tool does
not rotate but linearly moves to cut a workpiece. This application can also
provide a reduced working resistance and facilitate removing chips. Thus
the workpiece can be cut more efficiently and be also free of significant burrs.
Furthermore, frictional heat generated at the tool can readily dissipate and

15 the tool can thus have a long life.

In the apparatus and method of the first and second embodiments, a
blade rotating around a center of a shaft and a workpiece move at a relative
speed of movement, and, with the shaft's center itself rotating at a rate
grater than the relative speed of movement, the blade and the workpiece

20 intermittently contact each other. Furthermore, a stage rotates at a rate
grater than the relative speed of movement, and the workpiece on the stage
and the blade intermittently contact each other. The blade cutting the
workpiece can thus be free from significant working resistance. The
workpiece can thus be cut more efficiently and after it is cut can be free of

25 significant burrs. Furthermore, when the blade is out of contact with the
workpiece, frictional heat generated in cutting the workpiece can dissipate
from the blade. The blade can thus have a long life.

Thus the present invention can achieve a superior, practical effect
that provides a cutting apparatus and method capable of providing

30 enhanced working efficiency, reducing burrs and also providing a blade with
a longer life.

Although the present invention has been described and illustrated in
detail, it is clearly understood that the same is by way of illustration and
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1. A cutting apparatus comprising:
a fixture device (1) fixing a workpiece (3) thereto;
a blade (6) rotating around a shaft's center (5) and thus contacting
said workpiece (3) to cut said workpiece (3);
5 a drive mechanism (DR) moving said blade (6) and said workpiece
(3) at a predetermined relative rate of movement (VLB) to allow said blade
(6) and said workpiece (3) to contact each other; and
an oscillation mechanism (17) oscillating said shaft's center (5) at a
predetermined rate of oscillation (VRA) in a plane identical to a plane in
10 which said blade (6) cuts said workpiece (3),
wherein said rate of oscillation (VRA) is grater than said relative
rate of movement (VLB).

2. The apparatus of claim 1, wherein said oscillation mechanism
(17) revolves said shaft's center (5) around a center of a predetermined
revolution at a predetermined rate of rotation (VRA) with a predetermined
radius of rotation in a predetermined direction of rotation to oscillate said
5 shaft's center (5).

3. The apparatus of claim 2, wherein a direction (7) in which said
blade (6) rotates is identical to a direction (VRA) in which said shaft's center
(5) rotates.

4. The apparatus of claim 2, wherein a direction (7) in which said
blade (6) rotates is opposite to a direction (VRA) in which said shaft's center
(5) rotates.

5. The apparatus of claim 1, wherein said oscillation mechanism
(17) reciprocates said shaft's center (5), as predetermined, to oscillate said
shaft's center (5).
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(17) moves said shaft's center (5) in a predetermined ellipse to oscillate said
shaft's center (5).

7. The apparatus of claim 1, wherein said oscillation mechanism
(17) utilizes a piezoelectric effect of a piezoelectric element to oscillate said
shaft's center (5).

8. The apparatus of claim 1, wherein said oscillation mechanism
(17) composites a reciprocating oscillation having one direction and a
reciprocating oscillation having another direction different from said one
direction together to oscillate said shaft's center (5).

9. A cutting apparatus comprising:

a fixture device (1) fixing a workpiece (3) thereto;

a blade (6) rotating around a shaft's center (5) and thus contacting
said workpiece (3) to cut said workpiece (3);

5 a drive mechanism (DR) moving said blade (6) and said workpiece

(3) at a predetermined relative rate of movement (VLB) to allow said blade
(6) and said workpiece (3) to contact each other; and

an oscillation mechanism (18, 19) oscillating said fixture device (1)
at a predetermined rate of oscillation (VRS) in a plane identical to a plane in

10 which said blade (6) cuts said workpiece (3),

wherein said rate of oscillation (VRS) is grater than said relative

rate of movement (VLB).

10. The apparatus of claim 9, wherein said oscillation mechanism
(18, 19) revolves said fixture device (1) around a center of a predetermined
revolution at a predetermined rate of rotation (VRS) with a predetermined
radius of rotation in a predetermined direction of rotation to oscillate said
5 fixture device (1).

11. The apparatus of claim 9, wherein a direction (7) in which said
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blade () rotates is identical to a direction (VRA) in which said fixture device
(1) rotates.

12. The apparatus of claim 9, wherein a direction (7) in which said

blade (6) rotates is opposite to a direction (VRA) in which said fixture device
(1) rotates.

13. The apparatus of claim 9, wherein said oscillation mechanism
(18, 19) reciprocates said fixture device (1), as predetermined, to oscillate
said fixture device (1).

14. The apparatus of claim 9, wherein said oscillation mechanism
(18, 19) moves said fixture device (1) in a predetermined ellipse to oscillate
said fixture device (1).

15. The apparatus of claim 9, wherein said oscillation mechanism
(18, 19) utilizes a piezoelectric effect of a piezoelectric element to oscillate
said fixture device (1).

16. The apparatus of claim 9, wherein said oscillation mechanism
(18, 19) composites a reciprocating oscillation having one direction and a
reciprocating oscillation having another direction different from said one
direction together to oscillate said fixture device (1).

17. A method using a blade (6) rotating around a shaft's center (5)
to cut a workpiece (3) fixed to fixture device (1), comprising the steps of:

oscillating said shaft's center (5) at a predetermined rate of
oscillation (VRA) in a plane identical to a plane in which said blade (6) cuts

5 said workpiece (3);

moving said blade (6) and said workpiece (3) at a predetermined
relative rate of movement (VLB); and

bringing said blade (6) and said workpiece (3) into contact with each
other to cut said workpiece (3),
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greater than said relative rate of movement (VLB).

18. The method of claim 17, wherein the step of oscillating includes
revolving said shaft's center (5) around a center of a predetermined
revolution at a predetermined rate of rotation (VRA) with a predetermined
radius of rotation in a predetermined direction of rotation to oscillate said

5 shaft's center (5).

19. The method of claim 17, wherein in the step of oscillating a
direction (7) in which said blade (6) rotates is identical to a direction (VRA)
in which said shaft's center (5) rotates.

20. A method using a blade (6) rotating around a shaft's center (5)
to cut a workpiece (3) fixed to fixture device (1), comprising the steps of:

oscillating said fixture device (1) at a predetermined rate of
oscillation (VRS) in a plane identical to a plane in which said blade (6) cuts

5 said workpiece (3);

moving said blade (6) and said workpiece (3) at a predetermined
relative rate of movement (VLB); and

bringing said blade (6) and said workpiece (3) into contact with each
other to cut said workpiece (3),

10 wherein in the step of oscillating, said rate of oscillation (VRS) is

greater than said relative rate of movement (VLB).

21. The method of claim 20, wherein the step of oscillating includes
revolving said fixture device (1) around a center of a predetermined
revolution at a predetermined rate of rotation (VRB) with a predetermined
radius of rotation in a predetermined direction of rotation to oscillate said

5 fixture device (1).

22. The method of claim 20, wherein in the step of oscillating a
direction (7) in which said blade (6) rotates is identical to a direction (VRS)
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