13 SEP 2005 TITLE OF THE | NVENTI ON Cutti ng Apparatus and Cutting Method
BACKGROUND OF THE I NVENTION Field of the Invention 5 The present invention
rel at es apparatuses using a tool such as a blade to cut a morkpiqufﬁpqﬂ%
met hods thereof. Description of the Background Art Conventionally, siTicon
substrates, ceram c substrates,. printed -circuit boards (hereinafter
generally referred to as "substrates”) and silicon 10 ingot, and -any other
simlar workpieces that can readily chip are cut with a rotating bl ade
provided in the formof a disc and containing abrasive grains. 1In this case
is used an apparatus referred to as a dicer, a slicer or the like provided
with the bl ade. These aﬁparatuses are used to cut a substrate, as follows:

15 A rot atidg-HOieTHaANIENINON t o a substrate fixed on a stage or the
stage with the smﬁs&g@%ﬁ E%ﬁg éﬂ@(ﬁ&g@gﬁepﬁofoved to the rotating blade to
£ e into.

bring the substrate an contact and thus cut the

e rot a%glﬁg\g
subst r at e BARKGROAFIPOE chEN N TEQ™ i ng process, however, if the blade

is 20 rot@EtROthcaThvapgigased rate of rotation or its peripheral speed is
increased to e efficiently cut the substrate, chips generated in the

cuttihg process ‘grePrasgBEIRYHMEoR rolatenapparainges Hel adeok i pédei ves an
I ncr eased hwd&theut & esdrkipadteean 4 aethides $Hbsdgrate. Thus the substrate is cut.

inefficieptly and friction also .ncreases the blade's surface tenperature
and t hus H%‘?féﬁ’é)t{%"fr% %?Qﬁ%ﬂoémidi‘gﬁ Furthernore, the increased working
resi stance may rasuentionallye sdidon sudydtpatesecdrawiioGubytrges sprigeed he

wor kpi ece Sl ve .a _portion therepf mai_ni t hat ,.shoul d.have
comr et of 5 e dnds B4 eifla PR deARp P s fevad B0 PhOB OB PARMSAARE ¢
provilde a1sgoti, eowdury othexhiipuiar warkpiepestlza @0 paakihyehipCsR) cwndiithe chi p

has burrs, o%ﬁﬁéﬁlzﬂiﬁ%ﬁ&é& il Ph28 ffﬁ%gtaecﬂsgﬁna coﬁ%rﬁiﬁ%idﬂrﬁgiéﬁei th§ board)
snugly an _extension nmay introduce defective ~_connection. Such burrs thus
Cinpair thdndBm caseris v an apparatus referred to as a dicer, a slicer or the like

provided with the blade. These apparatuses are used to cut a substrate, as

follows:

15 A rotating blade can be moved to a substrate fixed on a stage or the
‘ stage with the substrate fixed thereon can be moved to the rotating blade to
bring the substrate and the rotating blade into contact and thus cut the
substrate. '

In the above conventional cutting process, however, if the blade 1s

20 rotated at an increased rate of rotation or its peripheral speed is increased to
more efficiently cut the substrate, chips generated in the cutting process are
insufficiently removed and the blade thus receives an increased working
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.

SUMMARY OF THE INVENTION |



SUMVARY OF THE INVENTION | | ~ SEP 2905 The present invention contenpl ates
cutting apparatuses capable of providing enhanced working efficiency and
reducing burrs and also increasing the |life of a blade, and nethoga _

t hereof . The above object is achieved by the present invention in '§t5§§®ct
5 providing a cutting apparatus including: a fixture device fixing a

wor kpi ece thereto- a blade rotating around a shaft's center and thus
contacting the workpiece to cut the work-piece; a drive nechani sm novi ng
the bl ade and the workpiece. at a predeternmined relative rate of novenent
to allow the blade and the workpiece to contact each other; and an
oscillation nmechanism 10 oscillating the shaft's center at a predeternlned
rate of oscill atimpraseat pregndion dfmﬁemdmw@tpimppﬂmtvﬁp@nammlem ade cuts

the wor kpl;%%dﬂ@%?ﬂa&c&&'%dx%&ﬁ eﬁcx@ﬁ hhatrbaﬁarﬁgiﬂﬁﬁtseé dhpp the relative
rate of mvenent, ! lslf @g %‘f (iﬁe hkx haft o he rotating bl ade can

provi de alp%ﬁﬁaémg € Bisia |9(§1r‘i1131te -ermned rate of oscillation
grater than the’ﬂkﬁﬁl%@tébj@cﬁ%ta%hﬁ)évéﬂ)yﬁ'Hl@@bxeé@ﬂthﬁvbﬁﬁontlh% §%dﬁove and
t hus .cut the . rglgél]retg fixed to the fixture devi us while.it travels a

di st dnce MAaVidiRg AR RS SRR B TR e DANRE Pev R ISR god
t her ef r omthereto; & rnészdx@mﬂaymngm &phets beiteg aeudt tharsoyundastiag wheki ng

o1 SLance, SS9 I BTLPL SRS, SRR S e Rhe e Mol o
Fur t her norveorkpi¢deeatpa psedateappasdirelative tahe of msteraspeit alitve thedatleat i on
rochant ST PYBLIRCL B SRR BaSE DR, QLAY 8iRGRST 0l By By edet e ned

revol uti on rofation W erm ned radi us
of rlétati @ﬁ(:lﬂltﬁitmgaﬂw@hﬁit mcraetaexoﬁtrzepmdcmenmm@i nateopf ngﬂlaz@omsrc alplane t he

shaft’s C%&éx‘?ﬁcal':t%ré Bﬁiﬂ@l&lewhﬁcﬁ ﬂ’?e Bfﬁﬁeeéﬁts%ﬁe%@ﬁléﬁeé@ Wh&eih ”tﬁér r%%@eCt t he

bl ade and the_shaft’s center % te in the sane direction hus
rate of réf Qﬁ‘ilgﬁt]@P ¥@3§Wa¢ha%t}%m ahvegataekmoveniilt he bl ade' s

peripheral speed'H @ fid atéPof e MUK BF BeCrdtatiols ble conrkRivedea FapRI, 30
efficientl shiall oscillation at the predetermmed rate of oscillation grater than the
- 15 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
blade repetitively contact the workpiece and is disengaged therefrom more
frequently. The workpiece being cut provides a working resistance
decreasing as the workpiece contacts the blade for shorter periods of time
20 and it is also out of contact with the blade.
Furthermore in the present apparatus in the first aspect the
oscillation mechanism may revolve the shaft's center around a center of a
predetermined revolution at a predetermined rate of rotation with a
predetermined radius of rotation in a predetermined direction of rotation to
25 oscillate the shaft's center.
Furthermore in the present apparatus in the first aspect the blade
and the shaft's center may rotate in the same direction.
Thus the rate of rotation of the shaft's center can accelerate the
blade's pevipheral 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.
TFurthermore in the present apparatus in the first aspect the
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Furthernore in the present apparatus in the first aspect the blade and the
shaft's center may rotate in opposite directions. Furthernore in the present
apparatus in the first aspect the 2 1 SEP 2005 oscillation mechani srhingy 2005
reci procate the shaft's center, as predetermned, to oscillate the shaft's
center. Furthernore in the present apparatus in the first aspect the
oscillation nmechanism nmay nove the shaft's center in a predetermned 5
ellipse to oscillate the shaft's center. Furthernore in the present
apparatus in the first aspect the oscillation nechanismmay utilize a

pi ezoel ectric effect of a piezoelectric elenent to oscillate the shaft's
center. Fur%ﬁgnnnre i.n the present apparatus in the first aspect the 10

osci | | at i 8¥Lheldpnmmeshaniremayoracirrogatecdiepshnftsicag ters @sinratptarmingdag one
di r ecti onypgetildafedi a0t Icagrasci | | ati on having anot her direction different
fromthe one difection to eéggr to oscillate the shaft's center. Furthernore
the present inveHs 'Hﬁﬁegn RESaRhRRPAAYiigdhe “ﬁ&ﬁpﬁﬁbhébparatus

i ncl ugi ngoscill htivh uheclttevisaemfayxindge shuahiffeentbhen ef reddterhidddde rotating
ar ou a

aft's center and,thys contacting the workpiece to cut the
wor kpi ece® Sﬁﬁf’\?&“ﬂf@%ﬁ&ﬁ?§%ﬁ%%%rt he bl ade and the workpiece at a
predet er m ned rEhatlierencratia thfe peegeneapp bmtakliavwhieHerdilaadectatic: t he
wor kpi ece N0 e i ti N LI 1ating
the 11 xt ur s 4E0Bh 6 AR ORAT uuRRe 4 W PBRbin R P TR SRR |
i dent i cal eletarg tg qscdhatei thevdhiadts chietayl ade cuts the workpi ece, wherein the

rate of oscillehi@rhso@natidle ﬁﬁg@nf b8 fueitﬁrs!i Ghdl &t AspBRvaEnt . Thus the
fi xture device .can provide a rapid, s,ma? oscillation at the predeterm ned
rat élof o@ﬂlﬁ@fe\waﬂe@wgﬁl@m FHYCOMROSE AEPUBIPGRIIS PSHUMEMBNMAVINGPIR t he

blhade wﬁ alndﬁ-*_@mo@ra@hdlt Mécigy@cattﬂeg w@{]mﬁgeﬁqléﬁﬁg%do@héﬁlailfeictibﬂrcﬁf@%ﬂﬁvi ce.
AT RER T8 W N i VR
cut provides a RorHtisrghoreshetpreendavreedaikinng asectded wepbpimoeideoat acts t he
bl ade for shold hp B4R cRIaihE"E £30drd belRe Wi Re WhoRhkpGRRtAS M LI

15  blade rotating around a shaft's center and thus contacting the workpiece to
cut the workpiece; a drive mechanism-moving the blade and the workpiece
at a predetermined relative rate of movement to allow the blade and the
workpiece to contact each other; and an oscillation mechanism oscillating
the fixture device at a predetermined rate of oscillation in a plane identical

20 to a plane in which the blade cuts the workpiece, wherein the rate of
oscillation is grater than the relative rate of movement.

Thus the fixture device 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

25 device. Thus while it travels a distance the blade repetitively contact the
workpiece and is disengaged therefrom more frequently. . The workpiece

“being cut provides a working resistance decreasing as the workpiece
contacts the blade for shorter periods of time and it is also out of contact with
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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the blade. 30 Furthernore in the present apparatus in the second aspect the
oscillation nmechanismnmay revolve the fixture device around a center of a
predeterm ned revolution at a predeterm ned rate of rotation with a]@qﬁwqgw
of rotation in a direction of rotation to oscillate the fixture device.” 3

J SEP 2005 Furthernore in the present apparatus in the second aspect the

bl ade and the fixture device may rotate in the sanme direction. Thus the
rate of rotation of the fixture device can accelerate the blade's

peri pheral speed relative to the workpiece to cut the workpiece nore 5
efficiently. Furthernore -in the present apparatus in the second aspect the

bl ad dth i devi i i di i . 1R h

'n the ptdtﬁm %ﬁ%ﬁ%@%ﬁcﬁw&%@éﬁﬁéﬁ% @?szﬁﬁﬁets%ga#{iﬁéﬂeﬁtﬂt A om ey
reci procatadt xtutrerde vilevmeg, rodstein sk nirketiohd to oscillate the
fixture device. 'Ilfl St %rfERE%rfrg&a%@egﬁ%Zeeﬁ%&@%fcggvgﬁéjéaﬁ%Egl%rit%ctgl%d aspect

the oscillation nechani sm evi'ce i'na predeterm ned
el |i pse tbladals peupberalesifaedinglative i thee wRwkpireeoratithetwer kmesentore
apparat us efﬂ[biéﬂﬁ second aspect the 15 oscillation nmechanismmy utilize a
pi ezoel ectric e fect of. a piezoelectric elenent to oscillate the fixture
devi ce. Furt her Kséhemmerednpihegenesenppap araiaisitn thigeseserd aarastidietb

oscil | ati aAdrBehahee dRYcLCOBRAREAR i 6Bfdfogiabitignsci |l ation having one
direction and ad %ﬁ% rocating oscillati'on having_.another direction different .

c

20 fromthe one e ol sseph apBariius i@ tessorfiawedethite. To

achi eve t becidbove mbileatishhen pr estiioch by &id hatutdevite r & pasikeetmipsdyvi des a
met ggd usi ng a blcagk\le/ rgotcati ng{}.around a shaft's center to cut a workpiece
fixed to f9 WBAPRYGENT B8N 6 d¥\i6Png the steps of: oscillating the shaft's
center at a prefetréherimert inathe pfesentizbparators inntle pcand agpent iltal to a 25
pl ane in .60, e ' ; J : t he

wor kpi ece%g%ﬁgg%gﬁgglé?%r%ﬁlﬁﬁ%%ﬁ%I%gpﬁ\%lgq#}gﬂ% ge ggw r%e\r}gln%% e&%%g&%f’}lgggl ng the

ellipse to oscillate the fixture device.

Furthermore in the present apparatus in the second aspect the '

15 oscillation mechanism may utilize a piezoelectric effect of a piezoelectric

element to oscillate the fixture device. .
Furthermore in the present apparatus in the second aspect the

oscillation mechanism may composite a reciprocating oscillation having one

direction and a reciprocating oscillation having another direction different

20 from the one direction together to oscillate 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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bl ade' 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 novenent. 30 Thus the center of the shaft of fhe
rotating blade can provide a rapid, snmall oscillation at the predek%$ﬁﬁﬂﬁﬁ
rate of oscillation grater than the relative rate of novenent, while the
bl ade can nove and thus cut the workpiece fixed to the fixture device. Thus
while it travels a distance the 4 1 j SEP 2005 bl ade repetitively contact

t he workpi ece and is disengaged therefromnore frequently. The workpl ece
bei ng cut provides a working resistance decreasing as the workpiece
contacts the blade for shorter periods of tinme and it _is also out of

cont act vhlﬁae tRBe Blygl cantroy therieskpiach andasphaersrsatethrsation maxef i r st

aspect theegh@rtlpl TRIGHINHibAOL G redRldsey oYkl Festahnakbt ' s center
around a center. of a preg}ft.erm ne revolg ion at. a predete rg:fned rate of
rot at i on SEERRHDERSG WPHEEES FaRkagts Hie %ﬁ%ﬁhpﬁteap&r@ﬂ%t rifed

di recti orarod itrigtzdbd ont bfcodet kel ehé beadhaft's center. 10 Furthernore the
present invention in a second aspect pravifdes .a .nethod i ng,a blade
rotating aroun %rtbﬁéﬂmgl%éﬂ?@ﬁg‘?%ﬁc'g‘?aéo‘ﬁm ks Beet asrr?e)?ggh‘?gt%%lture

devi ce, iosclllatimg mideistlepgs refolvisgihd ahafily delngef axdundadenterofzda a
predet er m e of [ i i : i i o) ane in which
Phe bl add spLe %?e&orﬁ‘ijg.f%%%?ﬁh‘é{hfﬁé@?%lﬁ*%@fé‘?ﬁ%3%&?&%ﬁﬂféce at a 15
pr edet er miedatarapisedradiag ef votafpncmenredei¢rminpdiduepct | ratietiemdot he
wor kpi eceyseili2eGPRIAGH Wekikegach other to cut the workpiece, wherein in the
step, of oscill ing1413 the rate of oscillatiqon is greater than the relative

rat® of novendMIETHEOTE fle PreIUtanYBRIOR 1B hS§08H ARPeSt PEYYIEES Sl |

os?:i It | at im@?ﬁid tibierg Qam%ee@lﬁbﬁm{gi Mnrda? @]alaft'so@dtbir &b b@ﬂa%@l@ﬁe({eh?n t he
relative gate, o vepent . . while the pl ade. can,npve .an us Jcu e

wor kpi eceﬁ}ﬁd;fé)déi‘%loliehcgvﬁ?%&ﬂ%d“&%%ﬂ%égepﬁh‘ﬁso%ﬁ]l]ilﬁ ngtt%{e S dﬁvﬁlesacqance t he
bl ade repepiadetelminahratet oftdveill atbnk i eqdannddestidilsengaget: theheth om nore
frequent |y, LT, WEKRL LRI BRI00 NN PLRY bERR AndRREINBIGER SRR Ce

decreasing a ] ﬁ)l e o
15 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 oscﬂlating, the rate of oscillation is greatex than the relative rate of
movement. '
Thus the fixture device can provide a rapid, small oscﬂlation at the
20 prédetermined 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 blade repetitively contact the
workpiece and is disengaged therefrom more frequently. The workpiece
‘being cut provides a working resistance decreasing as the workpiece
25 contacts the blade for shorter periods of time and it is also out of contact with
the blade. | |
Furthermore in the present method in the second aspect the step of
oscillating may include revolving the fixture device around a center of a
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 fixst or second aspect in
the step of oscillating the direction in which the blade rotates around the
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25 contacts the blade for shorter periods of time and it is also out of
contact with the blade. Furthernore in the present nmethod in the second
aspect the step of oscillating may include revolving the fixture dev g 705
around a center of a predeterm ned revolution at a predeterm ned 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 the blade rotates around the -5 13 SLEP 2965 shaft's
center may be identical to the direction in which the shaft's center or the
fixture devicge rotates. VVth the rate of rotation the blade and the

wor kpi ece Shaltes Gexelieningy be 1den fiodatoi thre Eredwimin pidah tthe sbalae certaeorot her
can nove ithe Mg% H@Vﬁe%fﬁggl ons const ant | y opposite each other. This can

i ncrease the bl peri pher al etot wor kpi ece to cut the

wor kpi ece nore ¥tih1 fé?ee‘r‘?tth??lﬁ?équbﬁ%fgb 3{5%’ the Fi‘éqr?%’b?c@dt"sa vi@Btyy

aspects al&doaﬁlﬂaﬂtaagﬁﬁngftheirh?)el@%@lﬁ@ﬂbat}ﬂ\éﬁ[@ﬂ&{hmdvle iREGYBRITEOr € appar ent
es

from.t he foll det ai | ed tion t he present vent | on when
taked i n CORCTRECR PRROGEE SRTARNITy drRiCAGS BB ISeRITT ON OF
THE DRAW nsi@ﬁphlemai laleeaﬂ eolatigs to Ehg . wdrkpliessstoacwotuthic worlappes atare of t he
present i @E\&E&Eh@& inafirst 15 enbodinment, illustrating a nain portion

t her eof ade cutting a substrate, as seen in a partial front view,
Figs. 2A and 2BThehiowegoingtarichgtiepminetiasfosturde aspestsrund adeantagesiof t he

first enbedp ﬁ@éer&qﬁv@nﬂehm ﬁ&%ﬁﬁginorb'a Rk Eat fﬁ%mavfdﬂov@ﬁ duhsR g2
bl ade cutting.a sué}gt{la e is pressed e substrate an iisengaged
t

20 tifer ef ﬂsmn%g}a eénr9ser§sm§@éﬁwinnw eaéakﬁaun@@@%n@é@w@ £g. 3 shows -
a confi guaatdrpadiiddéromiddsng apparatus of the first enbodi rrent, as seen

N2 partigEGh HPsERTPTIEN OF THE DRAWINGS
In the drawings: _
Fig. 1 shows a cutting apparatus of the present invention in a first
15 embodiment, illustrating a main portion thereof with a blade cutting a
 substrate, as seen in a partial front view;
Figs. 2A and 2B show a cutting apparatus of the present invention in
the first embodiment and a method thereof, tlustrating how it acts when a
blade cutting a substrate is pressed against the substrate and disengaged
20 therefrom, respectively, as seen in a partial cross section;
Fig. 3 shows a configuration of the cutting apparatus of the first
embodiment, as seen in a partial cross section;
Fig. 4 shows a cutting apparatus of the present invention in a second
emhbodiment, ilustrating a main portion with a blade cutting a substrate, as
25 seen in a partial front view;
_ Figs. 5A and 5B show a cutting apparatus of the present invention in
the second embodiment and a method thereof, illustrating how it acts when
a blade cutting a substrate is pressed against the substrate and disengaged
therefrom, respectively, as seen in a partial cross section; and '
30 .Fig. 6 shows a configuration of the cutting apparatus of the second
embodiment, as seen in a perspective view. 7
DESCRIPTION OF THE PREFERRED EMBODIMENTS
First Embodiment



Fig. 4 shows a cutting apparatus of the present invention in a second

enbodi nent, illustrating a main portion with a blade cutting a substrate, as
25 ~~seen in a partial front view, Figs. 5A and 5B show a cutting apparagys
of the present invention in the second enbodi ment and a nethod thereof,
illustrating howit acts when a blade cutting a substrate is pressed

agai nst the substrate and di sengaged therefrom respectively, as seen in a
partial cross section; and 30 Fig. 6 shows a configuration of the cutting
apparatus of the second enbodinment, as seen in a perspective view
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS First Enbodi nent 6 13 SEP 2055 The

present inventi in a first enbodi mept provides a cutting paratus and
net hod, as wil | Q]abeaé%s@ﬁt BRYCHEPR LR @W?@W%M?%ﬁl CEMRZ 1-3. Fig.

1 shows a apytelrbbgs appahathed, iaR WwilEbe Pesaehdd ehadhiRptwith refdruats 8 i ng a
mai n pOI’tIIﬁ V\:i h a blade cutting the substrate, as seen in a partial front
view. In &5 pr ésent enbodi nent the apparatus, as shown in Fig. 1, includes

adﬁt age 1 fixed Hig. f.lwhootstd bﬁ@l@@a@patmsdjmdtﬂmquﬁsegt arrﬂmrdkﬂeﬁt,ea an
adhes] n n esij e eac i xed._on a 10
surface O%ﬁﬁ?tx%tﬂﬁé’éég%ﬁ bonngF@l ?ﬁ% @\%? ttl ghg %5%%%?%%@ Brmed for

exanpl e ofpagitia (fmnfamwfl xed to stage 1 by adheS| ve tape 2. Furthernore in

the present embadl i dsOf: SAABHALR. $ho0,back H%ﬁ%s sﬁoanﬁi@‘l%rpt ating at a

pr edet er m ne eri spe as sho t'dtes. Shaft 4.
rotates aribohies astased fiyed tuitheatwidingshpparadus amddroldine g wagkpiene, 8ni t sel f
is rotat edacmes@;méﬂmh%%(@% asnfé@moe Blyed ow@ét%ﬁﬂ@diﬁﬂaf@m @f arotation
VRAwWth as adi us of rotat] p|d| . _Fur re in_.the (gresent

ookl ront R RERER JS RV EE Fres e vt hiest A Bioabs it faBnedoenaf ¢ 4

and cont aiaxiangplabrfashiven gnalfn&d tonstialge 1 hﬁy gdhesian tape@w 7 indicates a

direction in V\/m §] fates_ar.ou E | ade 6
linearly, hori zon'Itsr P‘F;ﬁ%ﬁﬁ%m A% PEESSAY t ed a%men = appara!t'ﬁg QFS ﬁid%

a shaft 4 rotating at a pxedetexmmed penphelal speed as a main shaft (not
shown) rotates. Shaft 4 rotates around a virtually indicated, shaft's center

15 5. Center 5 itselfis rotated by a mechanism (not shown) at a
predetermined rate of rotation VRA with a small radius of rotation rapidly.

Furthermore in the present embodiment the épparatus also includes’
a rotative blade 6 fixed to shaft 4 and containing abrasive grains. In the
figure an arrow 7 indicates a direction in which blade 6 rotates around

20 center 5. Furthermore, blade 6 linearly, horizontally moves at a rate of
movement VLB while it rotates around center 5 once.

In the present embodiment the apparatus has rate VRA set to be
greater in magnitude than rate VLB and also having a predetermined ratio
to rate VLB.

25 Herein a mechanism A holds a cylinder rotation mechanism
(indicated in Fig. 3 by a reference numeral 14), as described hereinafter, to
indirectly hold shaft 4. Mechanism A is attached to a ball screw S and
moves rightwards and leftwards, as seen in the figure, as ball screw S
rotates. Mechanism R rotates ball screw S and it is provided for example in

30 the form of a motor. Mechanism A, ball screw S and mechanism R together -
configure a drive mechanism DR. |

The Fig. 1 apparatus operates, as described hereinafter.

Initially, shaft 4 rotates around center 5 in the predetermined
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novenent VLB while it rotates around center 5 once. In the present

enbodi nent the apparatus has rate VRA set to be greater in magnitude than
rate VLB and al so having a predetermned ratio to rate VLB. 25 Fbr@g@Lpzw5
mechani sm A holds a cylinder rotation nechanism (indicated in Fig.
reference nunmeral 14), as described hereinafter, to indirectly hold shaft_
4. Mechanism A is attached to a ball screw S and noves rightwards and

| eftwards, as seen in the figure, as ball screw S rotates. MechanismR
rotates ball screw. S and it is provided for exanple in 30 the formof a
notor.- Mechanism A, ball screw S and nechani sm R together- configure a

ol e RO RS Lok ARRRURED QOB E R s R R B S S B
2005 di r ecpiestetarngimdntade-of irotkwirs ¥ R A wiitly 2 shallwiaidies obnetetion rapidies at

the predepgpg g?@eé@é?at%{s 8L AkI AR AR NI R iR LS 218 HS ki BN G140

rapidly rection | ow its
peri phery Qﬂfttm(ﬁﬁ gty bave atconktand peipheradpepdriiphethe expelcblageif e t he

exacts bl adgtGtey éx%h%tde§ c@ﬁﬂz’%ﬂﬁ @pﬁf‘d‘é‘t@:[mﬁie@l@\fo?ﬁﬁbﬁram ﬁﬁ%%fe@é@éﬁﬁirféﬁ at the

det d t at t d
Dci 11 at | oHCeVIBA wAth 5 FBoUAass 6F Kh@HanrBadls 10 Tahte GRLatOR, L ovdtes. To
Corﬂgl tet elt YLeG/@lvet%Uﬁ@r%l’foﬁi&e %dl{laﬁlbﬁ wdhﬂ@(iﬁ kéﬂﬁt@s}‘ the thi lckneSS 01; t he t d
.substrate, - cen a aV|n OWRI. £n |one
10" bel ow ¢ hebot Torririet St idies 30 The it Sra BliefRentotie
i ncrease tdhebgpeatepbenizl Sizewdanld m@:d‘eleﬁier@haMn@aﬂowenbsﬁrlmamana@d
f t at b t 5

acifpta sbelB&»”Ha‘{ '@%t&ﬁ';ﬂ%n@ro?%@%?ra% LHkE4 9 stth% N by %E}{r%féﬁnaSP% t§r S 1S

pr ef er abl ion - as I's then
driven by lmémﬂfs}.mmmbelr@rslpzedtoﬁlbﬂgfderﬁ\relmva hbsullﬁr@iteea@pdrﬁapﬂef@te ate

VLB | ef t wafgevias c?ﬁgé‘ pﬁc@dﬁ:deﬁl byt cub@n &AL %%bsﬁ‘é@@tde@itt@l 34s p-E@Fer%BIyas' ve

gr ai ns contalndg g} y aci’ to éél substrate 3 to forma groove in a
top surfacktdtesih Efé%@eﬁlf‘%ﬁtﬁ}fb% 2498t th reaching a bottom plane of

substrate 3. Bl aBlde 6 hethdodizentln hechwesn TR ttwdiodtzoandlllimaté vt the
15 predetermined rate VLB leftwards, as seen in Fig. 1, to contact substrate 3.
| The abrasive grains contained in blade 6 act to cut substrate 3 to form a
groove in a top surface of substrate 3 to provide a notch reaching a bottom
plane of substrate 3. Blade 6 then horizontally moves leftwards and finally
cuts substrate 3 from the top plane to the bottom plane from the right to the
20 left, as seen in Fig. 1.
In the present embodiment the apparatus and method is
characterized in that center 5 rotates at rate VRA greater than rate VLB and
also having a predetermined ratio to rate VLB, that center 5 rotates with a
radius of rotation set to have a prescribed value relative to rate VLB, and
25 that center 5 rotates in the same direction as direction 7.
For example, if blade 6 rotating once moves horizontally at rate VLB
(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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cuts substrate 3 fromthe top plane to the bottomplane fromthe right to
the 20 left, as seen in Fig. 1. In the present enbodi nent the apparatus and
nmethod is characterized in that center 5 rotates at rate VRA greater, h@g
rate VLB and also having a predetermned ratio to rate VLB, that ce 005
rotates with a radius of rotation set to have a prescribed val ue rélatlve
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 material (s) of substrate 3 and the size of
chips produced therefromtaking into consideration, center 5 while blade 6
rotates once ha@g, bk ®fs ﬁmv@tg@ndms(&fﬁm@tatbmﬁte@dt gafedtl s of

rotation, have,a val ue
ot o e el S O A S, st B SRR BRI

Fur t her noradiushe 1wwentien rapidl adand bbdde Otaatit draveds aedlstandmat\e@e&tw&ylet erm ned
val ue reI rat . VL P and t hus
cutting sué)ﬂita%t% 8n§1 r%gg%? m\%nuqzsglo%gngth 1%? aetn g’; atgg

gr eaber t mamkpace bﬂuBg cwl: phoddssmal Workm@lmsmtmncer de:ateasmg a@tlnida Y, and bl ade
6 as it tra Vel from
substrate 3\%%?8&??%%{&%?@ Sg@é foh S%O\{tqg%(i&lt e| ng cﬁaﬁ%%ﬁ%vgdes a

wor ki ng r BQqch agh dRe é%dsﬁ ng as the wor kpi eces cont acts the bl ade for
shorter periodsIgfthbipFesaftithrhBodingénOtie HpaeRit agid Wethod BetPladeill I n the .

present enbodi nent the apparatus a nmet hod acts now be descri bed
in detail Wdliﬁgﬁétcéﬂéﬁftz@{)g%tﬁ yath &%@é@fbcez@ 5§ %fs‘g%“dmgk and 2B show the
appabat us and nﬁhﬁm(ﬂﬁohnﬁtﬁ\ﬁ]phe@ﬁmte a@ﬁﬁdﬂﬂﬁﬁﬁmetha&bff&td Pesenta partidal
Cross sec S en the r presse
agai nst t%{él%s%u Fat'e a&l%at%fl%é Sapgaer&wl%gg %mn r es gg?gs ng-tgn t?lﬁl tially,
with ref ebb&dﬁecmtcbn@ g suRarash s presbhdag@@mtethe&whmmﬁer@uhdlseﬂ@agade VRA.

Shaf t 4t agal, t substrate 3 in the sane direction as direction
REGROREpRHR O

7 the cuttlng m)ving at rate VLB while rotating]
Imtlaﬂy, with re erence to Fig. 2A, shaft 4 has center 5 rotating at

15 rate VRA. Shaft 4 thus presses against substrate 3 in the same direction as
direction 7 the cutting edge of blade 6 moving at rate VLB while rotating
around center 5 in direction 7. The abrasive grains contained in blade 6
thus act to cut substrate 3 and produce chips 8. Water (not shown) is
supplied in a vicinity of the blade's cutting edge to move chips 8 in direction

20 7 and thus remove chips 8 from between the cutting edge and a surface of
substrate 3. However, blade 6 having its cutting edge pressed against
substrate prevents chips 8 from being removed sufficiently.

Then, as shown in Fig. 2B, center 5 continues to rofate at rate VRA.
Shaft 4 disengages from substrate 3 the cutting edge of blade 6 moving at

25 rate VLB while rotating around center 5 in direction 7. Herein if center 5 is
associated with a radius of rotation appropriately set relative to rate VLB
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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around center 5 in direction 7. The abrasive grains contained in blade 6
thus act to cut substrate 3 and produce chips 8. Water (not shown) is
supplied in a vicinity of the blade's cutting edge to nove chips 8 ifﬁ 05
direction 20 7 and thus renove chips 8 from between the cutting edge aﬁﬁ @
surface of substrate 3. However, blade 6 having its cutting edge pressed
agai nst substrate prevents chips 8 from being renoved sufficiently. Then,
as shown in Fig. 2B, center 5 continues to rotate at rate VRA. Shaft 4

di sengages from substrate 3 the cutting edge of blade 6 noving at 25 rate
VLB while rotating around center 5 indirection 7. Herein if center 5 is

associ ate Lt h radius of rotati.on appropri ly set relati t ate VLB
the bl ade-Glh, { SPaBLikEs Brattunbe s G GunnletCaeips sabSuale 5
gurt her rmmg the gaﬁlﬁ\ﬂi’fec&ﬁﬁaé dllgildglbnuﬂﬁ le@éfhbﬁiﬂﬁtr% &'ﬁc@ugs hitRf el 1@1)1311iA|@|@ i ][1
irection .7 and t nmoye _a i scha s,8 in direction o
this 30 fzg’ctihluist%&t%g EFHBSTEHF Pi Qfﬁ‘]’cgfg 8?187 together with the water
and t hus rem)vmh@nc bimdaglyf rtbmsbai vepressieg thut tuttgneddec afitladestr f ace of
sty o © g 81988 841 19 SYERRLSR SR0LHS LS LA ANLRY |
rotate at edgeefblade SEPRGUdstRAe 3Svaramava t@@sFﬁ asseepedtedcut ti ng edge of
bl ade 6 agai nst ﬁ%%rﬁ{e%%th &lofaf‘eg%@%m@'eh%édlﬁ{éxﬁ%h%gg%;@ﬁhe} ml';he

abr asi ve brai ns cont n thus acts t.qg cut sub
produce cﬁ{iwaatﬂ FHERLE gﬁﬂr?la? Fytitpspregess cor terdsly brymoysddnt ﬁ%}l%lge of

?lhade '?t S Teged ﬂlS\Ils 5&’@%%@1&331@ He@webh tﬁgt&&%ﬁ g&,:[d%eadﬂ)lhﬂe 6?]:!;11@@ a0durdh&engagi ng
e L 0 PhCE G L S S e ey s S e e
t he wat er veufiphéced ﬁiﬁade lﬁ;ecamt}immbe fracksm signifiead Wwyrkisgmsestannedi recti on
Lo L, eSO LA BEREI A 0 085 RS A0 st e
wor kpi ece cuBsabgtr et&:&ns répeated mt@@nﬂtmﬂm ghheiveenknioes karnghu%,e,msteaﬁce
Secondly, th@%lédé?fbroi 1&:{\&&9{' P04 éflﬁin% hﬂ@ioal‘éé"%%‘ﬁtt d@cbﬁtéé’bbﬁ{thaﬂl% 3 to cut
substrate eat.e rm.ttent The wor kpi ece .can ntact the
bl ade for bﬁ 4 au?}%-r%fbﬂ ‘gef 6iip ﬁﬁtaéﬁé atggrense lﬁat%? 1&5%?6?&#‘?% t%f?et he
from sufﬁment working resistance and thus rapidly and hence more
efficiently cut substrate 3.
Turthermore the reduced working resistance can contribute to
reduced frictional heat generated when blade 6 contacts substrate 3. In
20 addition when blade 6 is out of contact with substrate 3 the generated
frictional heat is removed from blade 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.
Furthermore, with the reduced working resistance, substrate 3 after
25 it is cut can be free of significant burrs. As such, 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 to enhance the
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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15 bl ade. As such, if blade 6 is rotated at increased rates, it can still be
free fronlsuff|C|ent wor ki ng. resistance and thus rapidly and hence nore
efficiently cut substrate 3. Furthernore the reduced working resi st anceSiPaH(s;
contribute to reduced frictional heat generated when bl ade 6 contacts
substrate 3. In 20 addition when blade 6 is out of contact Wth substrate 3
the generated frictional heat is renoved from bl ade 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 |ongevity Furthernore, with the
reduced working resistance, substrate 3 after 25 it is cut can be free of

significant burrs. As suych, if a sem conductor chip fornmed cutting a
silicon sudhalt 4 a swposeasteendsrildatd rrogkigs ﬁqlﬂamrelleagethe(%mo fahe

sem CO”dUCE@Jn&é"aBdC;ﬁ%vﬂfedrﬁit@%ﬁQl ﬁft!jﬂir}/dércg £1308 16 Bpbbsite LREL %ﬁb{ dfyco()f t he
CSR The present e | me I’OVI cu ng ap ar atu be

descri bed. SHER®E ﬁgbﬁfte‘% B R R FRPOR A2 %elrﬁ%v pBOVI ﬁ§ﬁ§w , and

con{ ! glur at a@haﬂflatft@ kﬁﬁgﬁl&ﬁﬁé@@oplzt hShafttewhhs a@lfﬁg@dtﬂﬁrﬁuirf@@ ﬁﬂﬁmtht@t a .
parti Cross sec e, Fi us i.ncl udes internally
pr ovi @ed tﬁ‘ ariﬁxliesmﬁﬁuﬁ%‘cg%gw hﬁag’ébﬁfﬁgwlﬁl ﬁ@@e&#ﬁqg’ Iftﬁ’eow ded for
exanpl e i natduedf dreir nésp@ctﬂvea:enngcsandtqdnngltheatenmIear[aind ohigh shdfr4 9 cl ose

L0 CPROS! LGRS (ENSERRL 4.0 nABRRThoBRTS oy BB} bekdngpbahsia At ernally

provi ded a ‘sha tor aft 13
has an mt@rhmielsn@mfa@ermed’msmcMS wi th an external surface of cylinder 9

and cyl i nder 9 apg,siialéid Bhadaers, %%r%%%@%&a“c@&ﬂ?%hhﬁ%ﬁfﬂtﬁ&% nggmch' ng

t he center round tat es .. cent t-in
and shaft afzr f)e@té%éupwﬁﬁd@ﬁ@e@bwm%dér r%havu%nre%ﬁam

P} ezoel ect y4l1€ad ﬁr@m&&ﬁ) pl%éoéure@m@@%p&it@tm 1igh tﬁ@@ﬁézoféléc@na e‘Yérﬁbﬂté y 10
Vol tage | s PLAFLaTLR BIBF SCTRPEL arEtint & discoRats e Ritasas) BULTh ¢
el enents aresulistphtialg davhee@raddetcentim®dndradsntsubstatitiait bothogonal to
respectively.y y.gh Supporting members 10, 11 and piezoelectric elements 15, 16
15 cooperate to configure a mechanism 17 operating to rotate center 5 of shaft 4.
Mechanism 17 rotates center 5 at a predetermined rate VRA with a small
radius of rotation rapidly to rotate the xotating cutting edge or the exact
blade 6 rapidly with a small radius of rotation apart from its basic rotation
around center 5 to oscillate the blade, i.e., oscillate it through rotation.
20 The Fig. 3 apparatus operates, as described hereinafter.
Tnitially, the built-in motor's shaft 13 rotates and in 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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are substantially orthogonal to center 5 and al so substantially orthogonal
to each other. Supporting nenbers 10, 11 and piezoelectric elenents 15, 16
15 cooperate to configure a mechanism 17 operating to rotate center 1133 ?ﬁP 005
shaft 4. Mechanism 17 rotates center 5 at a predeterm ned rate VRA W é

small radius of rotation rapidly to rotate the rotating cutting edge or the
exact blade 6 rapidly with a small radices of rotation apart fromits basic
rotation around center 5 to oscillate the blade, i.e., oscillate it through

rotation. 20 The Fig. 3 apparatus operates, as described hereinafter.
Initially, the built-in notor's shaft 13 rotates and in accordance
therewith cyli desrﬂﬁ rotates, and furthernore shaft 4, supported in cylinder
9 by menbdt VY 05CElaligRat es. Thus bl ade 6 fixed to shaft 4 rotates in

d: recti onlg. 25 Hepiadpleabicatdc umép@:gi% iBahlas Ia'@@é El@@irtr@f‘,pé@i\@| igt r |1(é _

el ement s respectively to di splace piezoel ectrig elenents 15, in
directi onsa}mo?]égdpé]&ﬁ%fnﬁ,ar\/éﬂ%@ﬂngrsé’%glﬁﬁ@fi&%ﬁeﬁfP§e‘61r°flﬁ§'g§)‘?1tala5t o center 5
and al so apphspanteal Cenoethogonhlis havearherod berto tbhaks atdth R Azneltect ri c
el ement s i : hej ive di - [ et her,
center 5 4 VI RO e AIOREEL o' oo BRI ORISR, ERIRBTILAGTET N0
pr edet er mi hedth psmal/radivstdf xetamanl radius of rotation rapidly. In other

words, the rotajye;cutd hﬁga% Ad Fﬂ&ﬁ@d%fitﬁé%‘rfasé%{toé&h%éirﬁeﬁé‘ﬂ&?d

rotation around cepnter 5 ng I.n addition_thereto rotates rapidly wth a
smal | radiUsctatingokast can stil be free from Sgpilyogoy wedkingeresstantat i BreatHer ei n,

pi Sz oel ectthh%fg@twi-ﬁpi%éems&el&ﬁhﬁmm ARHKhLSIRAGL A Yéheg BFOWHEG, directions
o 14,m nsyoL 8L SPLACerEnt DY QUL el B 0BT OPTT LS, Conter 5 oan
and having a predetectimtneliile dhithetabovatdesMiptioh keghanibmwil7fenapkyal | radi us
bl ade 6 ArATT R Al iERRO I Al T e e e LA Mp g T
resi st ancanethawiams thnisaoutotatavestkpr Scraprdlyewsihf & sl kgdiamsdftietiatibave a
long life, and IfLsubsthdbaimegfter it is cut can also be free of burrs.
15 The present invention in a second embodiment provides a cutting
~ apparatus and method, as will be described hereinafter with reference to
Figs. 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 portibn 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 1is 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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Note that while in the above description nmechanism 17 enpl oys piezoelectric
elenments 15 and 16, it may be replaced with any other mechanisns that can
rotate center 5 rapidly with a small radius of rotation. Second Enh Q%EW%%
15 The present invention in a second enbodi ment provides a cutting

apparatus and method, as will be described hereinafter with reference to
Figs. 4-6. Wiile the first enbodi nent provides a cutting apparatus rotating
a center of a shaft of a blade rapidly with a small radius of rotation, the
20 present enbodi nent provides a cutting apparatus rotating a stage rapidly
with a small radius of rotation. Fig. 4 shows the apparatus of the present
enbodi ment, illu i ortion with a_hlade c (ﬁ§tlng a, substrate,

trating,a in

as seen in a par iﬁ“aﬂal:lY’oﬁ]i’taf@lqaéf\R/?at%ﬁI@tléuPﬁéientt% 5 2D FR HRARCHPINGHE present
e”b(r)\di ment glRmu\oﬁl’I (asut fee- dﬂ')tgcmk_eaﬁ Hippay ahdsiags 1 plaviciadevat haleRS
mechani sm not _shown i sta e lis

revol ved b)?méngetlgg%a?‘g{eﬂmjgt ?Bﬁe%éﬁﬂﬁgsﬂngﬂ?%h%}glgdet@éﬁ]ﬂgiifgﬁa% b PEHRIPERR ned
revol uti ontaprevipe ed mmec. rascdl AtRS thidiglarotsueinl adla elﬁatoaate(sn _
rapi di 301 r i e rate VRS
gr eate5\r/ mQIrlradglnetca%gg??ian ra 1{{?3\*@%’&& Oql%élgﬁﬁg eadﬁgsto Ea&ed% ée(rB1 ratio to
rate VLB. Fheediwhila Sé@gf:ai&"@t@%@éﬂ&t@@%%@déﬁmﬂﬂe@ ma&m&huep -12 1 3

SEP 2005 |@b1§dt?dn! Yo pﬁhﬁ L odciliokRtes around center 5 in a predeterm ned
direction 7, ter ckwise in Fig. 4) and stage 1 alsg rotates at rate
[ odlaes eim I

VRS counter- cI 0 arlyeehin th:agpallat% alihg ipst gmteadimpay, blada8 of

rotation mxﬂbﬁvm,emsldtaé pﬁ@uetenﬁlnlaecpﬁa:ﬂtelWBBQéftWHraldgﬂs é@%rtﬂih (mg 4 hus
OW:.1 1S cu |

iR SRR AT e R T,
smal | radi p$amds froot aighdroflefipr ovi de oscillation. Then, simlarly as in the
apparatus of t heI—fci,rreﬁIl t&gﬂ)&éﬂﬁytcut %g%rﬁpiece the stage is rotatéd preferably
in the same direction as direction 7 (counter-clockwise in Fig. 4). Thusin a
vicinity of a location at which blade 6 and substrate 3 contact each other the
15 blade and the substrate move in opposite directions constantly opposite to
each other. This can increase the peripheral speed of blade 6 relative to
substrate 3 to cut the workpiece more efficiently.
In the present embodiment the apparatus and method is
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 11s 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 fo rate
VLB, e.g., a peripheral speed of y um while blade 6 rotates once.
30 - TFurthermore, 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 VL.B.
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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hori zontally noves at a predetermned rate VLB |leftwards, as seen in Fig. 4,
10 to contact substrate 3 and ultimately cuts substrate 3 fromthe top to
bottom planes fromright to left. Herein to efficiently cut the workpreosy
the stage is rotated preferably in the sane direction as direction 7
(counter-clockwise in Fig. 4). Thus in a vicinity of a location at which

bl ade 6 and substrate 3 contact each other the 15 bl ade and the substrate
nove in opposite directions constantly opposite to each other. This can

i ncrease the peripheral speed of blade 6 relative to substrate 3 to cut the
wor kpi ece rmre effici ently In the present enbodi ment the apparatus and

met hod is arac eriz i n_that age otat s at teV reater than
rate VLB alrsi3 ]?(ye s ?ﬁadésgrl%?egtg"&ﬂﬁlf% %t{)tte (gl t her nor e
it is charBae mrkpubqerbeuhgtcmﬁzhge ptovisles mwoﬂdn\g .zteism;ancadecnseaeing asation
set to hayv at;Rat st age
e ot at od i Pha ELELIRRL: R UdeteP kbt RocpbAbls ¥ B g 30 Btpe

mat eri al (#@ﬂt%@b‘&'{%&}@@@ﬁd t he magni tude 25 of chips produced therefrom
takems i nto consifenal hafbonk bRt theSPAREARIAREIRLINA AGs! 84 GINLE, as
fol | ows: | ad otate rafe VLB 0O ation, stage 1 is

r ot at ed at]De atte! ﬁlﬁ‘ﬁghr? ey B E%&? gé\/ o8- predeterm ned ratio

torate VLB, e.Tgs. sAnﬁm BBes}ﬁiw%ﬁ@@ﬂp@fa%s@ﬂﬁlh&&h@ﬂ&@&hé pretates once. 30

Furt her nor e, e 1.i,s rotat adi us of tion et to ve a
pr edet er ni FBR éf’é’%‘:&é‘t F@PS@ %ﬁ’ﬁﬂeléo‘ﬁfthﬁ b@@é ngf 52&} g Crad %W}%ﬁé‘ F‘be rate
VLB. St adgdadetihpsesseidodetnat thee mbﬁea&rm@dﬂseﬁ@t@eﬂ%emeﬁrbm smal | radius

| di -
20051 opet eeP et o ot Sepd MRaTHE GredaRBebbor f Fom cubstrate G more.

frequently. Th aetiee bpparptowstofifigs. PAawidies, thevepkangusedi st ance
- decreasi NG, @gent Qﬁb‘ﬁ%ﬁx‘ﬁ@h@cﬁ él? ﬁ %g@%&'@c@aﬁo rét%%ﬁ%t@@%%lﬁg time
and is al sg out . of contact bFade e present e t the

appar at us @RS %Wl‘ﬁobeé@te@n @e‘? CWlt'FIFlg @éed@%ﬁ%@@q@e@ éllh@ﬁ?é’fs\}\bﬁﬂaﬁ%aer ence
to Figs. SHadlrd BBiting substrate 3 can thus be free from significant working

15 resistance.
Secondly it can intermittently repeat contacting and thus cutting
substrate 3 and it can thus be free from significant working resistance.
Thirdly in a vicinity of alocation 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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Figs. 5A and 5B show the apparatus and nmethod of the present enbodi nent,
illustrating how the blade cutting a substrate acts when the bl adeq }?FPZ%S
pressed agai nst the substrate anddi sengaged therefrom 10 respectively, as
seen in partial cross section. As well as the apparatus of Figs. 2A and 2B,

t he apparatus of present enbodi ment, as shown in Figs. 5A and 5B, first
facilitates renoving chips 8 from between the cutting edge of blade 6 and a
surface of substrate 3. Blade 6 cutting substrate 3 can thus be free from
significant working 15 resistance. Secondly it can intermttently repeat
contacting and t hus cutting substrate 3 and it can thus be free from

significa 4 %ar kin Thixrdly in a n| t | ocati on at
whi ch bl & ém %Iaog'tt%g %tcg i "?:(Sin]te%]tone c,ahﬂgtlﬁ (‘rySP %gﬂd t he substrate
can nove indicafpos atheori2mid] dmtmmmmhsﬁﬁhoﬂiyomtmamdle -thotiemch ot her. Bl ade

6 can th%emgﬁls% 1BYdPIRGMoPBR0 ITIERSESaficREbALNE@aTURRI T ale 3 Lo

nore efficient at e. F esent enbodi nent provides the
appar at ussthgga théfth@@m?rlltl@eftﬁchecﬂbﬁhafter with reference to Fig. 6. 25

Fig.56 shows a rpg@tplgug abbapaffs @{bl%@é@ragtﬂjﬁo{”@ accordance with the present
enbodi nent, as seen.in spective view. appar at u f the_present
enbodi nent, as H\%Hyr ﬁﬁF‘-ﬁgl ateg ﬁeﬂ@aé@a&c{%&% g&Fe‘fﬁ%’r}g{aﬁ]ﬁtQ@ Bhani sm
1? and ahﬁmtﬂ; z2antales rihqhgecctitmt 7onTheelfan taﬁmn%l@e tiq;rr@adt@tm@e@h grasdrkAric

el ement ha S i.splacepent. a predet ernm ned di nect.i on,

Verttoal CHERRoR SORe O&nté%l GRoE e BB SR RS dhRa et bt o
Furt her noamd 19n the figure, arrow 20 indicates a direction of a verti cal
mc notion i I 1.on tical

m of o ot | on M&ﬁ%ﬁt@lﬁﬁé@?é s BBl PRV ERRYS 2 an arrow
21 i ndi catieplaremendstinahirestionsnd) azadrﬁlalrem@tweﬂmtmda thpndetam fytheir

hori zont a}eg béﬁ% '199‘tlbﬁp8‘§lt1%ﬂsh9ﬁﬁé%ﬂéﬁﬁﬂ tHB;f Eé’sﬂ&ttiv%%udﬁeﬁt%%hﬁintégro has

di spl acenen hat | s, directions 20 and 21 are _substantially orthogonal to
each ot heprowde a reciprocating micro-motion. As mechanisms 18 and 19 have their
displacements composited together, the exact stage 1 rotates at a
15 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

20 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

25 more efficiently.

Furthermore, with the reduced working resistance, blade 6 hardly
has its surface increased in temp erature. Blade 6 can thus have a long lafe.

Furthermore, the reduced working resistance results in a cut
substrate 3 free of significant burrs. Thus, if a semiconductor chip formed

30 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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5 The Fig.. 6 apparatus operates, as follows: Initially, shaft 4 rotates and
in accordance therewith blade 6 fixed to shaft 4 rotates in direction r7_
Then for exanple a predeterm ned sinusoidal voltage is applied to Veyrri gl
and horizontal mcro-notion nmechanisnms 18 and 19. 10 Mechani sns 18 and 19

t hus have-their respective small displacenents in directions 20 and 2 1,
respectively, and then return to their respective, initial positions, and
repeat their respective such novenents to provide a reciprocating

m cro-notion. As mechanisns 18 and 19 have their displacenents conposited

t oget her, the exact stage 1l rotates at a 0 predeternined rate VRS with a

smal | radi us,.of tion pldly t 0 provi oscillatio re hani sns
T8 and 19 KEGELHA OFESBERL NGO ARG AR SN C ARG bhand i e gemHer 4

di spl acerr@mézqel@\tn@uﬂéMeﬁetthea@MEﬁﬁﬁs ﬁbehmﬁb@d tlggmb agidaigendy ¢@e thus be
set to rot te r er than. yate VLB a 2 a
predetermanéfam:ﬁg)ff%lé nfl?offﬂg @L% @Ptﬂ?o?ﬁlw radr md’f(% ?@ya({rlg%(ngona}hus in

t he appar attiprofatine npceseritiestiodioteit stagevﬂei dpiddy whiat acinall redfus oft

errbocgi mentmpdt 6 rotated faster to cut substrate 3 can still be free from

significant working resistance. In addition, blade 6 can have a peripheral
speed i ncr eased YR dhiah an eack whshe abeve campdiments dhe ehpasabitisate 25 nore

ef fici ent lggscifibgd he rﬂmaﬁg b%a@6tmﬁlzroe@aﬂeqnw&<t@911h%%1§aer@celtoebﬁ%’t 6
hardly has jts,surface.increased mt& atu t hus have

al ong | i f &1tk uPsHatasrieed pe stafuted aeﬁqefw%fi%% gﬁE%Y ésIHPY% in a cut
subst r at e}ﬁrlfzroﬁEaJMr sFantidreadte, biagesl aﬁl‘illﬂadefﬁ @ aydrth Grdeted ighi p formed

cutt] subst r at abricate a ch i ze package
Costp, 1t rePlalidls BB SR edi e FEARD S TRl S PN B " hoe be
enhanced unlartedeﬂjamdvet substiotte 3 hat bladt 6 tiorbrihe themsisrio contrudiwmshteache
appar at us H?%S '10 SEP 2005 verti-cal and horizontal mcro-notion
mechani sns and 19 inthe formof a piezoelectric elenent, the apparatus
is not linited Fvetkewnarnd stagsrdpndslelade 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, w}_lile_ i
the above description direction 7 having a center corresponding to center 5is
1dentical 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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any ot her nechanisns that can provide stage 1 with nutually orthogonal

reci procating mcro-notions to rotate stage 1 rapidly with a small radius of
5 rotation. Note that in each of the above enbodi nents the apparatus_is
described as having bl ade 6 horizontally noved to bring blade 6 intd3c0RtZABt
Wi th substrate 3 fixed on stage 1. Alternatively, stage 1 may be noved

hori zontal ly. Furthernore, stage 1 and blade 6 may both be noved in 10
appropriate directions, respectively, at appropriate rates, respectively, to
relatively nove substrate 3 and blade 6 to bring theminto contact with each
ot her Furthernore, stage 1 and blade 6 may rotate in a perfect circle to
provi de osc%llation and or they may rotate.in an ellipse to, provide

osci | | at i 8HbStrate, pmmehal hased sthrirde, shaediapelayenpdceystallopd two directions
may be stopped Foréhd@mosl agfldiPthdhbsie §edRiiaY tlle edadnertel bestithenal |

reci procatin ,cro-.npbtion and resultant oscill ation. throu rof.atiqQn,
e P kAR o R0 Bt St bis B0lsSed senicly Sithan Sug fatitsados.
S uEst r at e c@adiveh tal pueten @% bh?iﬂati@hataﬁ%matgve]&%eiméﬁﬁmﬁti lemgeyl @ﬁm}t act each
other. to rat i cienthy. . Furthesnmor,e while in the above
Geachi pri S aRHBEbEAN s Gald SRS it Mt R TR fud B lignite BiARE
di rect i onosElatinar miihas abin ddows hladhé tabowe itesetiipgiedge diroeght omto7 havi ng
a center EQf2eRANILAA diGoREMA fdnl Subddan! b4Blcul QuBsHIEES! 400 rL oW Ch

e blade and 2

center 5 or. stage 1 rotates; center or stage 1 may rotate.
i n opposi ehingi & é@?ﬁ%‘éﬁlﬁependi ng on the material(s) of the workpiece of

interest. Furtheyime ¢he phedtiiRvbABoARMNS HI8EE B B IR RE oA BN thkenvent i on
t i dBhessD1SeBE FRVBRBET i 4aLe BT BBESaCAy dok PefPLe HIGE AgRF st e 1o
i nconpl et ebyremt8Gupdidaaly shoteb th Rgt aubsilipatee. 3. Thiy avelicmion canbdssate 3
axanpl o pR it RAEE Tolihaosr-ratn S et At Ol BiRa " Ehbonduct or
subst r at efhawgkhpkece gbatheatvd marceifmmmtly 26dibe-alsEPraogssignificant burrs.
_ Fuarthermore, 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. TFurthermore, 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 llustration and
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substrate, a netal based substrate, stone, jewelry, and crystalloid.
Furthernore, while in the above description the exact center 5 of the shaft
of blade 6 or the exact stage | is rotated rapidly with a small radil@grpfig;
rotation to provide oscillation, alternativ~ly. center 5 and stage | may 5
sinmul taneously be rotated rapidly with a snmall radius rotation to provide
oscillation. This also allows blade 6 to have its cutting edge brought into
contact with and di sengaged from substrate 3 to cut substrate 3 and renove
chips 8 repetitively. Wiile the present invention uses blade 6 in the form
of a disc, the 10 present invention is alternatively applicable for exanple
when a toaol does ot ratate but linearly noyes to,.cut ,a warkpiece. This
Appl | cat | GRS QPLD i fogdo Be BER Y War B Haniratrt: Ha i PIhEin g at e
renovi ng ofiths prédars inveativarkphgdimad ddy byt theoreenaf dfi thieetgandadd be al so
free of significant burrs. Furthernore, frictional heat generated at the
tool can |%y di ssipate and 15 the tool can thus have a long life. In

t he apparatus and nethod of the first and second enbodi nents, a bl ade
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 speed of novenent, the blade and the workpiece 20
intermttently contact each other. Furthernore, a stage rotates at a rate
grater than the relative speed of novenent, and the workpi ece on the stage
and the blade intermttently contact each other. The bl ade cutting the

wor kpi ece can thus be free fromsignificant working resistance. The

wor kpi ece can thus be cut nore efficiently and after it is cut can be free
of 25 significant burrs. Furthernore, when the blade is out of contact with
the workpiece, frictional heat generated in cutting the workpi ece can
dissipate fromthe bl ade- The bl ade can thus have a long |ife. Thus the
present invention can achieve a superior, practical effect that provides a
cutting apparatus and net hod capabl e of providing 30 enhanced wor ki ng
efficiency, reducing burrs -and also providing a blade with a longer life.
Al t hough the present invention has been described and illustrated in
detail, it is clearly understood that the sanme is by way of illustration and
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- 17 13 SEP 2005 exanple only and is not to be taken by way of limtation,
the spirt and scope of the present invention being limted only by the
terms of the appended clains. -1.8 ) 3 SEP 2005 WHAT IS CLAWED I S: [ A.. ;
cutting apparatus conprising: fixture neans for fixing a workpiece a‘héFPetZ@?
cutting neans for cutting said workpiece with a blade rotating around a

shaft's center; 8rive ans for noving said blade and said workpi ece at a
predeterWﬁ&T]}Se %Wéﬁ&g'e of novenent to allow said blade and said
wor kpi ece to contact each other; and oscillation neans for oscillating said

shaft's centery at ap &&@?gﬁéﬂhﬁgqmﬁrgi . oscillation in a plane identical
to a plane in which sald blade cuts sald workpiece, . wherein said rate of

oscillation (VRA) is greater than said relative rate of novenent, wherein |
said oscillation neans eﬁglrves.sg]ié’.g_ stggft' s center around a center of a
&

pr edet er ni ned SRR JEg A, 1

%% rate of rotation with a

pr edet erm ne_d dudit e s ﬁpétﬁﬁihgﬁaih%ﬂ@ﬁi@é’@&vﬁﬁ AR i tair&i_thJ sHa@isat i on to
oscillate said shaft's center or npves said shaft's cenfer I1n a

predet erng¢anésd; ellipse to oscillate said shaft's center, wherein said

oscillation nme ns ueti | i zes iae(?gﬁl ect i(i: effec.:tC of a piezoelectric el enent
to oscillate SHFAERATT EOVARNAT | 5 Sea% %ﬁftﬁs of claim1, wherein a

di rect i onatiaipridutéiimed rdlabl@fife 60hatsent o alichedlid BRUet 0 a direction in which
said shaft's center rotates. 3. The ap(garat us of claiml, wherein a
S

di rect i orandaidhverkpises i contadeaglhpities gn opposite to a direction in which
2L Pl SO B B Pfi  ARReLAS Us comr 51 Tixcure
predetermined rate of oscillation in a plar,le identical to a plane in |
which said blade cuts said workpiece,
wherein said rate of oscillation (VRA) is greater than said relative
rate of movement, wherein
said oscillation means revolves said shaft’s center around a center of a
predetermined revolution at a predetermined rate of rotation with a
predetermined radius of rotation in a predetermined direction of rotation to
oscillate said shaft’s center or moves said shaft’s center in a predetermined
ellipse to oscillate said shaft’s center, wherein

said oscillation means utilizes a piezoelectric effect of a piezoelectric element to

oscillate said shaft’s center.

2. The apparatus of claim 1, wherein a direction in which said blade rotates is
identical to a direction in which said shaft's center rotates.

3. The apparatus of claim 1, wherein a direction in which said blade rotates is
opposite to a direction in which said shaft's center rotates.

4. A cutting apparatus comprising:
fixture means for fixing a workpiece thereto;

cutting means for cutting said workpiece with a blade rotating around a shaft’s

center;
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cutting neans for cutting said workpiece with a blade rotating around a
shaft's center; 19 1S SEP 2005 drive neans for noving said blade and said
wor kpi ece at a predetermned relative rate of novenent to all ow sai dljradeg;
and said workpiece to contact each other; and an oscillation neans for
oscillating said shaft's center at a predetermned rate of oscillation in a
pl ane identical to a plane in which said blade cuts said workpiece, wherein

said rate of osdéiVFIn%\@(a%fPrlf%OVglﬂ%%?ﬂ%Plafi%é‘Fﬂ?&@HOFI@FG'&R ve rate of novenent,
wherein said ?&l%h%ﬁ%e‘d%laﬂ?@%e SP&HBQéh&ﬁl% Qll&%%{ﬁrb%d%t' ng oscillation havi ng

one directidn and a reci procating oscillation having another direction
di fferent ahdead veakpicone abutaetedchotitengmtiner to oscillate said shaft's

center. 5. A cutting apparat conpr.i sin i xture nmeans for fixing a

wor kpi ece t her é*f*&smﬁafe'?ff arf‘?gfgﬁ ng St |S%é§5?lﬂe%|al%?‘%ﬁeén%efiﬁaﬁogl ade
rotating aiQuRbmfineHMdnk iGntieNteh | 1aqEqrye means for noving said blade and said
wor kpi ece at a predeterm ned rel gtl ve rate of novenent to allow said bl ade

and sai d wdriklpsad blatle cate naidovorkgicte, ot her; and oscill ation neans for
oscillating sai fixtu P r edet er.ni ned, r te of oscillation in a
pl ane i denti cal™1%*'] Sﬁidarﬁ&e‘i?fr: Sﬁﬂfa@ﬂné%gﬁa{ﬁg&é‘ S@‘tﬂr? 4d wor kpi ece, wherein
sai d rat e @b oP®6ldnhehl v@Rreis greater than said relative rate of novenent,
wherein said oscillation means revol ves said fixture means around a center

of a predeterm M@osélﬁﬂﬁ)&zﬂfde@ﬂs @imﬁbsﬁé#ﬂﬁic maﬂﬁglogcanﬁmfhawgaideon with a
predeterm ned r rotation.in

to oscillate safff #s thfﬂﬁi a rfécé?/‘ioﬁfétmcgrosﬁ’(y\?g‘ %Igé %%‘Eﬁ fea‘g Ié&ﬁir t fj’z:iOt atton
predet er mi ned eidid psedirectioncogddtiadr ¢o ssilthté sad siiaft'seates. wherei n sai d
oscillation neans utilizes a piezoelectric effect of a piezoelectric el enent
to oscillate said fixture neans.
5. A cutting apparatus comprising:
fixture means for fixing a workpiece thereto;
cutting means for cutting said workpiece with a blade rotating around a shaft’s
center;
drive means for moving said blade and said workpiece
at a predetermined relative rate of movement to allow said blade
and said workpiece to contact each other; and
oscillation means for oscillating said fixture means at a predetermined rate of
oscillation in a plane identical to a plane in
which said blade cuts said workpiece,
wherein said rate of oscillation is greater than said relative
rate of movement, wheremn
said oscillation means revolves said fixture means around a center of él predetermined
revolution at a predetermined rate of rotation with a predetermined radius of rotation in a
predetermined direction of rotation to oscillate said fixture device or moves said fixture device in
a predetermined ellipse to oscillate said fixture means wherein

said oscillation means utilizes a piezoelectric effect of a piezoelectric element to oscillate said

fixture means.
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20 13 SPP 2505 6. The apparatus of claimb5, wherein a direction in which
said blade rotates is identical to a direction in which said fixture device
rotates. 7. The apparatus of claimb5, wherein a direction in which |sagm 7105
bl ade rotates is opposite to a direction in which said fixture device
rotates. 8. A cutting apparatus conprising: fixture neans for fixing a

wor kpi ece thereto; cutting means for cutting said workpiece with a bl ade
rotating around a shaft's center; drive nmeans for noving said bl ade and
sai d wor kpi ece at a predeternlned relative rate of novenent to allow said
bl ade and sai d 6-iBKignPaEus of dam Acthegiha dirpetion ianwhigh sailci | | ati on neans
for oscillating said fixture nmeans at a predeterm ned rate of oscillation

in a plapgdk damks GalledtRaBo aRidARON A WHR IR B Ak AR r6Mics. Sai d workpi ece,
wherein said rate of oscillation is greater than said relative rate of

novenent, wherein said oscillation neans conposites a reciprocating
osci |l ation ha\?i The apperathis refadlaions awﬂexaur eciipeoeRin RGidsedid lbdddeqntaraVis ng

anot her di rec on dlg‘ ere‘ﬁ@fzﬁrogt }%ﬁ dev e rection together to oscillate
said fi xtﬁ?c’é O direcgor &89 (¥R e t Srotating around a shaft's
center to cut a morkplece fixed to fixture device, conprising the steps of.
oscillating said shaft's center at a predeterm ned rate of oscillation in a

plane identical to a_ plane in which said blade cuts said workpiece; noving
sai d bl ade and 8s&i Gitiipg Rpiasetds gemaripmadet ermi ned rel ative rate of novenent;

and bringing S@f@HQM%QQS@&QﬁQ@gq\ngbgngﬁnb@ﬁO contact with each other to
cut said workpiece, wherein in the st of O%@Hﬂ Stg said rate of
t fa

oscillation i scﬁtt@&tf@?artstfaﬁ‘“g&?@ Sa‘ﬁét’%f‘?’sf’éel”‘ﬁ BEOUNH ei n 21 13
SL EP the stephat’ s@ﬁﬁﬂetlc&tvmgeari’s(fbﬂdrb'itﬂg&w@d vladg asdisidshakpicse@ent er ar ound

a center of a vol redeter ned e of rotation
wth a pr edepég%?ene ?aﬁlsveor o m? ttrtto %ﬁ%vrgéc’?:lléjtanelgam "Hé aéﬁ&r ection of
rotation to omlkpla@teto contact each other and an oscillation means for oscillating said

fixture means at a predetermined rate of oscillation in a plane identical to a

plane in which said blade cuts said workpiece,

wherein said rate of oscillation is greater than said relative rate of
movement, )
wherein said oscillation means composites a reciprocating oscillation having
one direction and a reciprocating oscillation having another direction different from said

one direction together to oscillate said fixture means.

9. A method using a blade rotating around a shaft's center to cut a workpiece
fixed to fixture device, comprising the steps of:
oscillating said shaft's center at a predetermined rate of oscillation in a plane identical to a
plane in which said blade cuts said workpiece;

moving said blade and said workpiece at a predetermined relative rate of
movement; and

bringing said blade and said workpiece into contact with each other to cut said
workpiece, wherein in the step of oscillating, said rate of oscillation is greater than said

relative rate of movement, wherein

21




said shaft's center or noving said shaft's center in a predeterm ned ellipse
to oscillate said shaft's center, wherein in said step of oscillating a

pi ezoel ectric effect of a piezoelectric elenent is wutilized to oscill)l &penny
said shaft's center. 10. The method of claim9, wherein in the step of
oscillating a direction in which said blade rotates is identical to a
direction in which said shaft's center rotates. 11. A nethod using a bl ade

rotating ar OUD%@S@%‘ af bsRIARRLIREIddsTefalling WOl shRft@&Rniel ¥@Mnl Q cBhtst ur e

devi ce, C(%rrprlq?el ng.the steps of OSSI |l ating sajd fjxture device at a

pr edet er AtAGEEeLRRiRgd reyQlutipn 4¢3 Bisdstarmingy Bl Of QEMONCH 20 a pl ane in which
sai d bl adgedetdrminidb@indor kphsein aP¥ddemiaddidibdctide oafslattal @ osoillkpi-ece at a
predet erm r&%g relative rate of m)é,ement; .and Brl ngln\%g ﬁal d bl ade and said
wor kpi ec TR SHRRSE Pt WoviRssatdshafiSirepter i 3 predsSrRnge PRI R OSSR ei n i n

t he step said shaisldeddet Nghersiai d rate of oscillation is greater than said
relative rate af g[ergverrln,(¥r%.t, .r(herei n, th st.eE of ascill t%tgig :lncl udes

revol vi ng sai d FFXESFEE Y&5FiLalLg phisgoclectdnelirct of 2 RieZpPleHEF SIS r evol uti on
at a predefietdriongdillzad RidEhatiod @dnte@n Wi th a predeterm ned radius of rotation
in a predetermned direction of rotation to oscillate said fixture device or

nmovi ng said fixture device in a predeterm ned ellipse.to osgillate said
fixture device, Mvﬁg? Elqqunogféﬁlﬁl 1 eheTein 184Rg ?t%f’fﬁ@i;ﬂéatﬁ}ge%g’é?cé‘@?ﬁ‘ilc ef f ect

T2, “he notHEga pRLF LR ek B B P ey et
. , p of oscillating a direction
in which said blade rotates is identical to a direction in which said
fixture device rl?j[ trggthog %sing a blade rotating around a shaft's center
to cut a workpiece fixed to fixture device, comprising the steps of:

oscillating said fixture device at a predetermined rate of
oscillation in a plane identical to a plane in which said blade cuts
said workpiece;

moving said blade and said workpiece at a predetermined
relative rate of movement; and

bringing éaid blade and said workpiece into contact with each
other to cut said workpiece,

wherein in the step of oscillating, said rate of oscillation is
greater than said relative rate of movement, wherein

the step of oscillating includes revolving said fixture device around a center of a

predetermined revolution at a predetermined rate of rotation with a predetermined radius
of rotation in a predetermined direction of rotation to oscillate said fixture device or
moving said fixture device in a predetermined ellipse to oscillate said fixture device,

wherein in said step of oscillating a piezoelectric effect of a piezoelectric element is

utilized to oscillate said fixture device.

12. The method of claim 11, wherein in the step of oscillating a direction in
which said blade rotates is identical to a direction in which said fixture device rotates.
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