DESCRI PTI ON Abrasi ve Waterjet Type Cutting Apparatus 5 TECHNI CAL FI ELD The
- present invention relates to a cutting apparatus having a nozzle from which
hi gh-pressure water containing abrasive grains, i.e. an abrasive waterjet,

is sprayed out to cut or work on a workpiece attached to a fixing table.
BACKGROUND ART 10 Conventionally, the nethod of cutting or working on a

wor kpi ece by neans of an abrasive waterjet is known. In this nethod,

hi gh-pressure fluid (waterjet) containing an abrasive substance is applied
with pressure to eject the high-pressure fluid fromthe nozzle in order to
cut or work on a workpiece. This nethod is disclosed in, for exanple,
Japanese Patent Layi ng-OQpen No. 20Q00-767 ges 2-4 and Figs. 1-4. 15 1In

t he wor ki ng net hod by nmeans of an 3%@%§ngﬂ&ﬁ$erjet di scl osed in the

af orenenti oned Japanese Patent Laying-COpen No. 2000- 767, garnet, silica
sand, cast steel, grit or the like is enployed for the abrasive substance
(abrasive grains). The abAbskive Wdidit dype Cutting Awfarasstat e i s delivered from
an abrasive substance tank into the m xing chanber of the nozzle head via a
supply pipe and supply inlet. At this stage, the 20 abrasive substance is

fed into th er by high-pressure air generated by a conpressor.
-Then, {she aﬁﬁmggﬁ@nce is mxed with high-pressure water in the

m xi ng chamber. g frefds mvtmn&nf}ela?e@&@ﬁlcﬂem Eﬁzﬁhﬁfs haengwhezewfr&ﬂtwmapm the
nozzl e. The abrasive waterjet passes through grooves in a table on which a
-wor kpi ece i bighppgaurt edtdrfcortaiming bashalgraps, i.e. deatcaitesrdtegethy spragat alter .

SubsequentI%/ t he abrasive substance is collect ed t hrough a sieve and
returned t o CRBIPESPR & WorkRiscstiachedrir ailiyngiablget state to be used again.

Thi s techni Figs. I and 4 in Japanese Patent Laying-Cpen No.
2000- 767. ﬁgﬁﬁﬂﬁ%cent égg}s the cutting apparatus set forth above is used
to cutgan Conventionally, the method of cutting or working on a workpiece by means of

an abrasive waterjet is known. In this method, high-pressure fluid (waterjet) containing
an abrasive substance is applied with pressure to eject the high-pressure fluid from the
nozzle in order to cut or work on a workpiece. This method is disclosed in, for
example, Japanese Patent Laying-Open No. 2000-767 on pages 2-4 and Figs. 1-4.

15 In the working method by means of an abrasive waterjet disclosed in the
aforementioned Japanese Patent Laying-Open No. 2000-767, garnet, silica sand, cast
steel, grit or the like is employed for the abrasive substance (abrasive grains). The
abrasive substance in a wet state is delivered from an abrasive substance tank into the
mixing chamber of the nozzle head via a supply pipe and supply inlet. At this stage, the

20 abrasive substance is fed into the mixing chamber by high-pressure air generated by a
compressor. Then, the abrasive substance is mixed with high-pressure water in the

- mixing chamber.
As a result, the abrasive waterjet is sprayed out from the nozzle. The abrasive
waterjet passes through grooves in a table on which a workpiece is supported (fixing

25 table) to be collected by a catcher. Subsequently, the abrasive substance is collected
through a sieve and returned to the abrasive substance tank in the wet state to be used
again. This technique is shown in Figs. 1 and 4 in Japanese Patent Laying-Open No.

2000-767.



encapsul at ed body of a sem conductor chip that is an exanple of a workpiece.
- Specifically, the aforenentioned cutting apparatus is used to cut an
encapsul at ed body (substrate) in which chip-like conmponents (sem conduct or
chips and the like) nounted 5 on a circuit board are encapsul ated al
together in resin, along respective orthogonal cutting |ines corresponding
to a lattice pattern. For this cutting operation, a cutting position of

hi gh accuracy and a cutting width of approxinmately 200 mare required. Wen
a conventional cutting apparatus is enployed, the encapsul ated body is

first placed on a table having grooves, and cut along cutting |lines
extending in one 10 directjon. . Then, the eﬁggf ul ated body will be cut

al ong cutting Iimégceé‘%?’%aﬁﬂit C‘itﬂn%?ﬂﬂaf?é‘fs t & Hegr‘{Sﬂ_ﬁ’o Pt o0 the one
direction. [, sﬂﬁt&f'ﬁ&d‘y@a&?ﬁﬂ%ﬂd ! L&%’nﬂggtdis%%?arﬁph%?ﬁwaﬂc paratus, the

tabl e havi ng ooves extending In Irection is replaced, after the

encapsul at eSpdeiiidyllyi, shecaforeadeationhedwinttingGpbirars id wsed ne cati anentipsulatedibblly anot her
t abl e havi ng grooves extending in a direction differing by 90 fromthe
grooves 15 Gubstiate) i whichghiptliksl compprpenigiispgicondudier Gyns agf thedikebmountsér eaf t er

tabl o Sand PhORTBIRAOHS PrTaCE iR A n PR Rt "
direction. dJhgng m%rrwflaihg td APIER ARYE. t FoPehis aﬁ{iﬁ%;]@ﬁlaratﬁ)nz Pcaiggd wear on
the base portion of the tabl'e (fixing table) on which the encapsul ated body
~qual i fi ed apositioa aflhighcdccur26y add < aittinggyidtls o ypoximatkly Zgon hirecratjbiyed. t he

purpose is to allow the abrasive waterjet to pass through the groo,ves f or med
in the tabl e wi t WOGR aenYRytiBRa GHIING ApRAsatas HreaRloNgdt e ep¢rpsated bodiss j s

descri bed i ubl i Q0. of P .avi: Ng- . na2000- 767
wtn refer elsbRetiA e g ey BR AR Sl BRE LY W SR AR i ept ece
(encapgul at gidediiofly ) TBAC tHehcSiduRtedFodd Wil BE aittaldridu@ingdinds bheddinsaases

t hrough the grooves in the different table without establishing contact

t herewi t h t andtker clokttinnt erthogynal te Hteaimerdiregtepor di thy qudtingraetbed emplgyingt hod
cTP oYt 10, 5 OIS LONEL, FlLLLTM SOPL LA, LD L S LS RSF oS5l Y
replaced, after the encapsulated body is cut along cutting lines in one direction, with
another table having grooves extending in a direction differing by 90° from the grooves
15 of the previous table extending in the one direction. Thereafter, the encapsulated body
is aligned at a predetermined position on the other table, and then cut along the cutting
line extending in the other direction.
The reason why the tables have to be replaced is to avoid wear on the base
portion of the table (fixing table) on which the encapsulated body qualified as the object
20 of cutting is supported. Specifically, the purpose is to allow the abrasive waterjet to
~ pass through the grooves formed in the table without being brought into contact with
- the base. This is described in the publication of Japanese Patent Laying-Open No.
2000-767 with reference to Fig. 4.
Thus, the abrasive waterjet cuts the workpiece (encapsulated body) secured on a
25 different table, and then passes through the grooves in the different table without
establishing contact therewith to be collected by a catcher.
According to the cutting method employing this conventional cutting apparatus,

two tables are necessary, which will increase the cost for the cutting apparatus.
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Furthernore, alignnent of the encapsul ated body relative to one table is
“required, in addition to the alignnent of the encapsul ated body relative to
the different table. Accordingly, the efficiency of the cutting operation
will be degraded. There is also the possibility of degradation in the
cutting accuracy based on the cutting position, angle, 5 and the |iKke.

Pat ent Docunent 1. Japanese Patent Layi ng- Qpen No. 2000-767 (pages 2-4 and
Figs. 1-4) DI SCLOSURE OF THE | NVENTI ON PROBLEM TO BE SOLVED BY THE | NVENTI ON
10 To solve the problemencountered in the cutting apparatus set forth
above, specifically in order to cut an encapsul ated body using only one

tabl e (1ixi Agotahle) olblef oREEURAbLNTe S ONACHOL (1 AL &/rcfiflualen! N0

abrasive gralns wth I'nven S O present "1 nvention

devel oped aadditidni tb ghergligamahtust thdéicapaultedbodyteRiicafsitic difeenbatile. under a
state where a protection nenber is provided so as to cover the base of the

tabl e. 15 Thteordinglyi the effisishey pktheicyiting operation wilbbe dogsadste, Theip srabsodheat ent
Application_ No,..2005: 276904. t hat S not t publ.ish at the ti of

(P ng-t he. PNSBUYossatanth e Suiinedttask Bhsel Ash PElpfhoft®: 185 276004
is incgrporgiffeigrein by reference in the present application. In
-accordance wth this cutting apparatus, an encapsul ated body is cut al ong
two 20 directi oPetetissinegt EdapanesdRatert $ianggiOendeor0D0-Y6 7 fpagabl-& andt hout
wear on the fixing table. This is described in Japanese Patent Application
"No. 2005-276804-fth reference to Fig. 6. In other words, this cutting

appar at us iﬁéﬁéﬁ@@ cbﬁ""l‘i—ﬁi ﬂ&g a plurality of fixing tables,

exchangi ng Xi'ng tables, and alignirent of the encapsul ated body a

plurality OPROBIERM TO BRSOIASED W TEIFAINEFNEMSN| at ed body is to be cut al ong
two 25 crossing directions. However, it was found that the cutting

appar 480us set f of e kolsptheeprablemeaengrustdrednn the fdtting Appatatusset festhagbovenent i oned
e RSl AN ol Bl BB S et A P ese
preventing contact of the water containing abrasive grains with the base, the inventors of
the present invention developed a cutting apparatus that can cut an encapsulated body
under a state where a protection member is provided so as to cover the base of the table.
15 This cutting table is disclosed in, for example, Japanese Patent Application No. 2005-
276904 that was not yet published at the time of filing the present application.
Japanese Patent Application No. 2005-276904 is incorporated herein by reference in the
present application.
In accordance with this cutting apparatus, an encapsulated body is cut along two
20 directions crossing each other using the same fixing table without wear on the fixing
table. This is described in Japanese Patent Application No. 2005-276904 with
- reference to Fig. 6.  In other words, this cutting apparatus is dispensed with preparing
a plurality of fixing tables, exchanging fixing tables, and alignment of the encapsulated
body a plurality of times in the case where an encapsulated body is to be cut along two
25 crossing directions.
However, it was found that the cutting apparatus set forth above had a problem
different from the aforementioned problems. For the sake of understanding the

problem, Fig. 7(A) in Japanese Patent Application No. 2005-276904 is to be referred to.

-3 -



-3 The cutting apparatus set forth above includes a fixing table. The fixing
< table includes a plurality of protrusions. Each of the plurality of
protrusions has a through hole extending in the axial direction and a
recess at the tip. At the fixing table, an encapsul ated body adheres to the
tip of the protrusions by a suction action sequentially 5 through the

t hrough hol es and recesses. Accordingly, the encapsul ated body is secured

by the fixing table, i.e. secured to each protrusion and the franme provided
around the protrusions. Under this state, an abrasive waterjet is sprayed
out at high pressure from a nozzle. Thus, the encapsul ated body is cut

along a cutting line in one direction, (X .directjan ng.the. cutting lines
extending in tV\DJ“Eer%’été‘?%agPpafart‘éscst ﬁ%&ab%e ﬂﬁfé‘g?ﬁf’rh n% 81%%0 ca:rhfitglﬁ’élgﬁ‘?et{]%od

enpl oyi ng t; tfl -§Rgg;&5%§) et Waleld r

cont ai ni ng 12%]}1 g%iat}!gﬂ%? in ruse n|'§'n %éﬂ‘?f{r%@&aﬁ%)é%ﬁr?{d}gﬁggglﬁﬁé?h rt h f
protection haebeaendidiin thobxiaghictddn dnder iepgsent thatibac At e fidie fablsean n t he

groove. The pressure (J et force) of the high-pressure water (abrasive
wat erj et) welcRPsyated Bodysdheresipciag iyl theeretbysionsihyrn suction aqhien seyeakaliyon
menber . 1 n gt her, s, .t.h igh 1 re r ter i jet) is
B astel bact S splfesdn Pl BRUSpT Bk ebBROAR L Bt i

reduction ipy (he@xmgt8ole, IRl Sechicdlo RE@SHUIEsiVRART théiflaneGRbilidiearod@ahsst t he
side face of the protrusion provided adjacent to the protection nmenber. The

pressure of protrmsinngh-Yndes thiy satepaneabrasivetwiterj e imgpeayed ostipidignpriessute/fremual t o
the pressure of t hi gh- pr essur ter inmmedi atel y.before collision with
the prot ect?BﬂZZE?Ohﬁ\é‘ﬁ’ﬁg? ?‘P"?ﬁ@?}?‘& t15 6 arlr‘é‘?goae?utpggllﬂlﬁlﬁé’ae S'rfe%mﬁz eri al

hi gher in hg; : j | O Mhbhstand the pressure
of the hi ghel;%%gggﬁar%%th ée?@t tlpg\ag%zé#&d?lg?g?%?@agﬁ%g&sc\ﬁ)h?orth above is not
formed0of such aAp®dréingad a cultiep edethice] enigleyisg the cuftageppiratubsetfoh absiepn Wi | |

be abraded si gni ficantly. 25 Furthernore, the high-pressure water will be
nore or | esBISHIPEEFEITS AMRLGTEORIAEYRE abgasivecsrpiahukdtin siting sl collidppeamsithet t he

Pt ectl o FARSn AR B LSRG P S gGpeBLaL o0 ooy 1
The pressure (jet force) of the high-pressure water (abrasive waterjet) will hardly
be reduced by the collision with the protection member. In other words, the high-

15 pressure water (abrasive waterjet) is blasted back from the upper surface of the
protection member without reduction in pressure. This high-pressure water will collide
against the side face of the protrusion provided adjacent to the protection member.

The pressure of the high-pressure water at this stage is substantially equal to the
pressure of the high-pressure water immediately before collision with the protection

20 member.

The protection member is formed of a material higher in hardness than the
- abrasive grains so as to withstand the pressure of the high-pressure water. However,
the protrusion set forth above is not formed of such a material. Therefore, the side
face of the protrusion will be abraded significantly.

25 Furthermore, the high-pressure water will be more or less dispersed in every
direction without colliding against the protection member when the cutting operation of
the encapsulated body is terminated. The scattering high-pressure water will cause

wear on the protrusion and frame member located close to the protection member.
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wear on the protrusion and frame nenber |ocated close to the protection

- menber. 4 If the protrusion and frane nenber are partially worn, the
encapsul ated body cannot be secured reliably. Therefore, the protrusion and
frame nenber will have to be exchanged with another protrusion and franme
menber. In this case, all the conponents of the fixing table, including the
protrusion and franme nenber that may be 5 continually used, nust be
exchanged. |If the frequency of exchanging all the conponents of the fixing
table is increased, the cost for exchanging all the conponents of the
fixing table will becone higher than the cost of the protection nmenber. In

view of the for in robl e an object of the present invention is to
provi de an abra(;[l?\%é@ I&B&B??%?an@%e E]G'F’%’?rr?de B?fbla‘#%‘fvgém a?ncﬁ%?ﬂgqué\?gﬁt wear on
a base, as I on ' ' {xi ng
table for h%#ig?t\r,\% Sg%‘ﬁg%ié%@& a;rgﬁgf(’g%g@? ISH&I\)/sz}gx%\lI%Itl E@fré%g_\r}?%%&rﬁg }%\Iﬁét%dlf EMS
Accor di ng tie exchappéolithahothbepiot@sientnd fivaatdember. a lauhit cag, @pghar at us

includes a fixing table where a position of a workpiece is fixed, and a
nozzl e fronsQRrraERNta Rt ths fixkedabloancladiag fhetpretaniien #MdfgrmemeRbereha)mayls f or

UL g NSRRILSEES e SR e ADBHL 00 Lablgyigles 2 ol urali Ly

pr ot r usi onscdnspdvesits of tHeFehglybla iTihereyRd Stie 36st fer éx@har@aipilithé GorBpdHetitsal i ty of
package products subsequent to the cutting of the workpiece, and includes a

‘t hrough hoofethe fxing tabld wil heqomp bigher thpi thegogrof dheprstectine membeml i ty of
package products, Each.of 20 the plurality,.of es |inks protrusions

DS gnad Al ong. at 11 GaK OF BisdOgepaE eiTiogRENEF o SRORESRABTIRF Ity of

pr ot rusions ‘ i ; . I 'ﬂ¥ﬁ§, rality of
bases againgPeﬁﬁﬁgﬁ&?ﬁgégﬁgﬁgPagéagﬁﬁgf@%ugggﬂéggi IS ?%gﬁégﬁg%&gaégteria
hi ghei0i n haellpewsartdnasectidng odlier asinvtbe prsaiofis fixidg cabviel fardotdingeanodnbarsulasgdect  of

the present invention, a cutting apparatus 25 includes a fixing table where
a position B?dya wor kpi ece is fixed, and a nozzle fromwhich an abrasive

wat er j et Coﬂhﬁhﬁg@@Rﬁﬁﬁﬁ@h&%1§h§b§fﬂﬁﬁﬁd§“tting t he workpi ece is sprayed out

According to an aspect of the present invention, a cutting apparatus includes a
fixing table where a position of a workpiece is fixed, and a nozzle from which an
15 abrasive waterjet containing abrasive grains for cutting the workpiece is sprayed out.
The fixing table includes a plurality of protrusions and a plurality of bases. Each of the
plurality of protrusions is partitioned by a groove so as to correspond to a plurality of
package products subsequent to the cutting of the workpiece, and includes a through
hole for drawing in the workpiece or one of the plurality of package products. Each of
20 the plurality of bases links protrusions aligned along at least one direction together
among the plurality of protrusions. A region of the plurality of protrusions and the
plurality of bases against which the abrasive waterjet collides is formed of a material
higher in hardness than the abrasive grains.
According to another aspect of the present invention, a cutting apparatus
25 includes a fixing table where a position of a workpiece is fixed, and a nozzle from which
an abrasive waterjet containing abrasive grains for cutting the workpiece is sprayed out.
The fixing table inéludes a plurality of protrusions and a plurality of bases. Each of the

plurality of protrusions is partitioned by a groove so as to correspond to a plurality of
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The fixing table includes a plurality of protrusions and a plurality of

- bases.. Each of the plurality of protrusions is partitioned by a groove so
as to correspond to a plurality of 5 package products subsequent to the
cutting of the workpiece, and includes a through hole for drawing in the
wor kpi ece or one of the plurality of package products. Each of the
plurality of bases |inks protrusions aligned along at | east one direction
together anong the plurality of protrusions. The cutting apparatus further
includes a container 5 in which the fixing table is placed in an interior
cavity and into which liquid is poured into the interior cavity. The fixing

table is imersed in the liquid to avoid direct, .collision.,with the abrasive
nater] ot 1 mPekassntats pseaien touts BHEnSaF SRtPIGE. PHUNSRASA Brdl forin
above of t 1LV, i L pr ef i : nb vi ded
bet ween t hgﬁo \}gfﬁﬁe&é‘%ﬁ cq}ﬁgwuo?gqlf%y&ooﬁé%?E%ﬁg%gtggﬁgs oc?ggkl fsudg%' t%aeChB{fﬁr ality
of protrusitepluralitg obbasedlinkiy pkdteusians lpgredalaig o &akt afe diteetiqr topethert y of

package products is placed. In this case, the nmount nmenber _preferably
contai ns a #aerE ihaplurdinept pratRspem e shetchEngaRBRaralys Aarthes inpluden contpiger eat ur es

of the.cutting. ar-.at u f.one aspect. may he conbined.wiith. 1.h features of
The cubt ! ng"apnEPaR iR s et ol el RTINS S i Bl o e
| NVENTI ON' Agedidiimteridratile  PrRsmifg fabé & iin®RsediB fie [Rfbidtd KBiddireet her than
the base of the fixing table where an encapsul ated body is fixed can be

"al so pr eventdlkionweh fherabrpsivagvasereet ot theccontbinect s, f eat ures, aspects and
advant ages of th resent inventjon will hecone nore apparent fromthe
fol | owi ng detaill gﬁg%g?ﬁ IRPATAbS %#th? Aweey S?}rfg’étgggo‘ferfﬁfém F%W%ﬁﬁnt’coaken in
conj unct i on,wed 5 Yih I AW gﬁhﬁgvgﬁégggpy Lo HE
DRAW NGS Fi §. ﬁ%@‘“ﬁfiﬁ%ﬁ% bl RN e B et tyé’elpcutﬁ:%g

appar a0us apahagd produas amhthe phoeditpenprotiasigns, 2nd sn avhichrthp eotlpiee or eaehof a
fixing table of a cutting apparatus according to 25 an enbodi nent and an
encapsul at ef theapriliyipEpackegs prefugts isPlacad  olpjthistcasss thegneyrh gnember

preferably contains a material lower in hardness than the abrasive grains.
The features of the cutting apparatus of one aspect may be combined with the
features of the cutting apparatus of the other aspect set forth above.
15 EFFECTS OF THE INVENTION
According to the present invention, wear on a region other than the base of the
fixing table where an encapsulated body is fixed can be also prevented.
The foregoing and other objects, features, aspects and advantages of the present
invention will become more apparent from the following detailed description of the
20 present invention when taken in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view of an abrasive waterjet type cutting apparatus according to
an embodiment.
Fig. 2 is a perspective view of a fixing table of a cutting apparatus according to
25 an embodiment and an encapsulated body (substrate) that is the object of cutting.
Fig. 3 is an exploded perspective view of a fixing table according to an
embodiment.

Fig. 4 is a sectional view of a fixing table when a cutting apparatus according to
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Fig. 3 is an expl oded perspective view of a fixing table according to an

- enbodinent. Fig. 4 is a sectional view of a fixing table when a cutting
apparatus according to 6 an enbodinment is carrying out a cutting operation
on a workpiece. Fig. 5 is a perspective view of a plurality of package
products produced by the cutting operation of an encapsul ated body
(substrate) according to an enbodi nent. DESCRI PTI ON OF THE REFERENCE SI GNS
5 1 encapsul ated body; la substrate; |Ib resin nold; 2 abrasive waterjet; 3
package product; 4 delivery mechanism 5 conveyer rail; 6 non-nount face;
7, 7x, 7y cutting line; 8 punp unit; 9 nozzle system pipe; 10 nozzle; 1 |
CCD (Charge._Coupl ed vice) canera. 12 tr.ansfer nism 50 fixing table;
51 fix posi?fnie %dg%nﬁftca%@tqugﬁ;w@@g OB RHEN Wﬁ)ggﬁ?lpl&m; 54 nount menber;
55 groove; 56 prgkrygiaqRrspectiveds®i oPSplutafitypéithabRagtURb@idts froaRed by 2 si de
frame nenber; 60 %i de ?rgmger; 61 settlpng tabl e; bg}qu@ecessl?m% t%rough hol e;
64 upper sumttangegpetBioprodte endapsulaedbedy (s66stmte) avcardidp cann agbodimadte acti on;

100 cuttin ; ; stage; C cut stage; D

rinse- and-@?gggﬁﬁ@ @éﬁ%«%ﬁ@&&%ﬁﬁ% NG OQUT THE | NVENTI ON 15 An
abrasiye waterje { u : k. : dt f the
“pr esen@:{ i nventi OEG%P{‘UI@%{} l%ide(@'g} ?%@3&%{5? Z? %glﬁ %@&’V”\? %lﬁﬁ’sr@%\g?tgﬁ%ék ?%a‘%?‘gs 1-3.
An abr asi veprodadites délivesuhédhagis@pp asmteyisr raid® vdn-molng fadenp) Yx, 7ekattingting;o as

cutting apparatus 100 hereinafter. For the sake of sinplification, all the
"dr awi ngs enpPeyednit:ct nzale syggemips; il mozde, 1156°D frharee LropleaPsvishermat i cal | y

the. embodi remere e Hagp B mbaRhi: 38 B3Rt TR P BuR) EREIREEOLEn Conduct or
chips and t{)gnhlekiepd¥Rient SAmBEntEEhBEUSS gldeds; 46 Pnstnes; 60 bhegss ighandy resin
is enpl oyed as an exanpl e of a workpiece that is the object of cutting by
cutti hg appwpartwseniben.SoBmsdpad memberh6@lyide memben©1 sbiving tablw 62 revsss;, 3
cutting li n&l?odg' (illo e(;j I6£'] %pger surface; 65 protection member; 66 arrow indicating intake
action; 100 cutting apparatus; A carry stage; B prestage; C cut stage; D rinse-and-dry
stage.
BEST MODES FOR CARRYING OUT THE INVENTION
15 An abrasive waterjet type cutting apparatus according to an embodiment of the
present invention will be described hereinafter with reference to Figs. 1-3.  An abrasive
waterjet cutting apparatus 100 will be simply referred to as cutting apparatus 100
hereinafter. |
For the sake of simplification, all the drawings employed for the description set
20 forth below are schematically drawn and may be partially omitted or depicted in an
exaggerated form. In the embodiment set forth below, an encapsulated body 1 having
semiconductor chips and the like mounted on a circuit board and sealed together by
resin is employed as an example of a workpiece that is the object of cutting by cutting
apparatus 100. Encapsulated body 1 is cut along two crossing cutting lines including a
25 curvilinear section.
In the cutting method employing this cutting apparatus, a cutting position of high
accuracy and a cutting width of approximately 200 um are required. ~ Although a

cutting apparatus has been described by the inventors of the present application in the
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25 curvilinear section. In the cutting nethod enploying this cutting

- apparatus, a cutting position of high accuracy and a cutting w dth of
approximately 200 mare required. Although a cutting apparatus has been
described by the inventors of the present application in the -7

af orenenti oned Japanese Patent Application No. 2005-276904 (not yet
published at the tinme of filing the present application), the cutting
apparatus disclosed therein is definitely only an enbodi nent of the cutting
apparatus of the present invention, and the cutting apparatus of the
present invention is not limted thereto. 5 Referring to Fig. 1, cutting

apparatus 100 _accordi to t resent.. enhodj inel udes a.canr tage A,
P breat age ordnafpiulHniel PR SARENR ofF Y Te0dEhon el Ft g "
carries an gReapamAieGd: %Yapkliéaﬁoﬁjﬂmé RekiRPPRERIistRBed Mlefst RURAiMtel

recei ves encapsul ated body | 'fromcarry stage A to carry encapsulate&lbody 1
to the nexpnlstagmbodiutensofahe c@ting egpavass efithe peutrdtimagnbon yand therauthingr est age

B. On cut stage 10 C, encapsul at ed. body 1‘% cut into a plurality of package
products 3 BYPasHUS®ihe Present jyertiqneis not IpitesBereiRy- dry st age D recei ves

backag? pr oduct s TN (S SeRahl AR 00 2P0 Glnt pRSUARaBRGRERY, "0

shown) suchimgiidas pushedtage Ard preétedB, Phekthge AAAd b hidsd-arkddlyGtapappl ¥

encapsul ated body 1 fromcarry stage Ato 15 prestage B. Cutting apparatus
100 al so i nErunetge Ad@rissaneneapsilaied Yady 1 o eviting appasaiahép0. dJiresiageded,

pi ckup, and the like to carry .encapsul ated,hody 1 from,prest to cut
Bt ager ¢, “anteener st ro et (PER i Rage Al et xS e R AP e <1
rinse-and- dey selg@9ech st G%enéﬁ&%aﬁsum&%ﬁanﬁmm?r&%g@mC@{cmwgls_type
pi ckup neans is “provided as delivery nmechaniSm4. 20 Each of the delivery

means 10not €hemwapswated tledyi Visrcyt mbe i plirgdity df prakageprediucts 3 by amebrasight  ( X- axi s
direction), i.e, in fhe horizontal directionin Fig 1, as well as in a
direction p@@&éﬁa?cuﬁaﬁw r_eﬂ-fiwe%t%&eé%vrfﬁalvewéfahafofgagkagf,pr? Iygts 3/Eppiceh
direction ( gfa@é( Cor Hhsrir?gcédd%}ing package products 3.

Cutting apparatus 100 includes delivery means (not shown) such as a pusher,

grip feed, pickup, and the like to supply encapsulated body 1 from carry stage A to

15 prestage B. Cutting apparatus 100 also includes a delivery mechanism 4 such as a
pusher, grip feed, pickup, and the like to carry encapsulated body 1 from prestage B to
cut stage C, and to carry plurality of package products 3 from cut stage C to rinse-and-
dry stage D. In the present embodiment, a mechanical chuck type pickup means is
provided as delivery mechanism 4.

20 Each of the delivery means (not shown) and delivery mechanism 4 can move left
and right (X-axis direction), i.e. in the horizontal direction in Fig. 1, as well asin a
direction perpendicular to the drawing sheet of Fig. 1, i.e. vertical direction (Z-axis
direction).

In other words the delivery means (not shown) can move encapsulated body 1

25 from carry stage A to prestage B. In addition, delivery mechanism 4 can move
encapsulated body 1 from prestage B to cut stage C, and also move plurality of package
products 3 from cut stage C to rinse-and-dry stage D.

As shown in Fig. 1, cutting apparatus 100 has carry stage A, prestage B, cut
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In other words the delivery neans (not shown) can nove encapsul ated body 1
25 fromcarry stage Ato prestage B. In addition, delivery nechanism4 can
nove encapsul ated body 1 fromprestage B to cut stage C, and al so nove
plurality of package products 3 fromcut stage Cto rinse-and-dry stage D.
As shown in Fig. 1, cutting apparatus 100 has carry stage A, prestage B, cut
8 stage C, and rinse-and-dry stage D arranged substantially linear so that a
process other than predeterm ned steps can be conpleted during the transfer
of encapsul ated body I and package products 3 along one straight |ine
(X-axis direction). By the arrangenent of carry stage A, prestage B, cut

C, i -and-d h . i 5 | d
body | and YA gEd ERout ey PRSP rethe SO BRRE s s b RRERER B he F our
stages set thed plRd&bRYRed SefiQan bk %ﬁlﬁl@tédcdutriﬂgghest%nsfel?bi' EhcaplPH&l balyd any

arrangenment may be enpl oyed as |l ong as the object of the present “invention
i s acconpl i sldedckdpaereiues 3ddbng/eneystrapghh ind Straxis dugetive). usiyithe@rnangement

ctage D, - 1OPHEARY Nk BIevRRE B Pl sE oo SRS Bodge TUBBE NEE Pt he
st agesx may | Y. i f t delivery nmechani sns.
“In thi5s Cas%?a;%s@%{t/éé@b?gy?aainfi%g&lﬁéé%h%@%ﬁtes% Ca#@rg%gac %g'el ivery mechanism4. In

the usage of cutThe@raapaaemiofshelfols sthidssét (oA abl@lel iy BsMinMEANS tha1gét fSRRWN)
carries encapsul ated body | fromcarry stage A to prestage B. Then,
“encapsul at edbove,5ng gy arraigemephiagy be emplpyasisasdens B theolkjeet of thegresenby del i very

mechani sm 4_al ong.conve ail, 5. Th at_cut . stage encapsul ated body 1
s cut to Heveroniureparist ol s e puEkd S5k SRS ng

appar at us 190, f ulk eody N Shddiv B URdm ERBP&ESd A Ahedmdadt) sebopage stage
not shown. The product “i nspecCtion stage is directed to inspecCting a
plural@ty ofurtiefmpzctegangeodimcspsdlasdisdy U drtwden thostpgestmayrbeatalizedkby i nsi ng

and drying step carried out at, rinse-and-dry stage D. The storage sfage
includes a & Plﬁéahtsb?ffﬂa@ﬁ?@nfqnwdmmm%w& fgrthis &8ss Qﬁwsyeéﬁeﬂ)imy idh%ra

plurality oforgg&k&ggerp%g%tis% 3 transferred fromthe product

In the usage of cutting apparatus 100, first the delivery means (not shown)
carries encapsulated body 1 from carry stage A to prestage B. Then, encapsulated
15 body 1 is moved from prestage B to cut stage C by delivery mechanism 4 along
conveyer rail 5. Then, at cut stage C, encapsulated body 1 is cut to be divided into a
plurality of package products 3.
Cutting apparatus 100 further includes a product inspection stage and storage
stage not shown. The product inspection stage is directed to inspecting a plurality of
20 package products 3 subsequent to completion of the rinsing and drying step carried out
at rinse-and-dry stage D.  The storage stage includes a final product tray (not shown)
for receiving and storing a plurality of package products 3 transferred from the product
inspection stage.
In the present embodiment, encapsulated body 1 includes, as shown in Figs. 2
25 and 4, a substrate 1a, a plurality of electronic components mounted on one main surface
of substrate 1a, and a resin mold 1b encapsulating the plurality of electronic components
all together in resin.

In Fig. 5, cutting lines 7 are marked in the X direction and Y direction at the
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i nspection stage. In the present enbodi nent, encapsul ated body 1 incl udes,
-as shown in Figs. 2 25 and 4, a substrate la, a plurality of electronic
conponents nmounted on one main surface of substrate la, and a resin nold | b
encapsul ating the plurality of electronic conmponents all together in resin.
In Fig. 5, cutting lines 7 are marked in the X direction and Y direction at
the 9 other surface of encapsul ated body 1, i.e. the non-nount face 6 where
el ectronic conponents 6 are not placed, corresponding to the | ocation and
nunber of the plurality of electronic conponents. Encapsul ated body 1 is
cut along each of the two cutting lines (7x and 7y) to be divided into a
plurality of package products 3. 5 1n Fig. 5 cuttin ine 7x in the X

i Fect| on | aibb MEeCEoL B AIR DY A ightthq inemoy e o™ CE LAY i ne 7y in
the Y direct] ' ' [ t [ A -he corner
where out t1 85 RS SAE R0y ableb Ry b tiPioe it b b Bt ine ARG

di rection iéitedichoaic coRPHAERONdhchbuRit@ltiods.1 ik ButallBigy eask beithe tadichiting | i nes 7
(7x and 7y) enployed in the present enbodi nent differ from conventional
cutting i nléle‘;sggfrﬁldilymt@ble digided inyep plugaliy ofipackagespriodiehs. | i nes ext endi ng

along two ortho | directi.ons.. En sul.ated hody | is the.qgbj.ect of

cutti né), and i ngfn{}ﬁ%éd ﬁu@ﬁgl{fl? Z’fglt%e ?@[ﬁ? O%gldugeﬁ %8”8"? Pléc#glfaléﬁihﬁ? ed circuit
board or thgndrkies cdfith fhe B Sh the™ldftedthon ikaGdbs Ohlytd\Graidhk Uh! | Coktifd likePi ONS
partitioned by a plurality of cutting lines 7x and a plurality of cutting

'l i nes 7y coatrtbs panelswhare oméeng hinkagm the Xdliectiéh afd antirg lewttyanitle ¥Xonponent
that is the_ 15 conpleted product. In the le{eti ng oper_atbon o{] en(i? sul at ed
body 1, cut $if§HOR M4TRGCE LOEEPPRASIO GAING oAy OtheRWOidfoP RS dnedd (drABEYYon (X

di rection) T DM ekt i AR : : : y 1is
cut al ong c%%@?ﬂgﬁ#fﬁéﬁs&wﬁméucceggpgﬁﬁggngﬁglgﬁ%??l§Fﬁ@£%#%g%ﬁ?g%9?n one

conti poous §ﬁdrﬂ>§<8gr02\% drefraightdiiies exteddiiegonaakagehquonduditestidnsadj acent to the
af orenmentioned one short side are cut. Then, the next three package
products 3 adj acBrgapsulatethbodif biséhephip® wé gutting, and includes a substrate 1a such as

a lead frame, printed circuit board or the like, and a resin mold 1b. Each of the

plurality of regions partitioned by a plurality of cutting lines 7x and a plurality of cutting
lines 7y corresponds to one package product 3 of an electronic component that is the

15 completed product.

In the cutting operation of encapsulated body 1, cutting is first carried out along
the shorter side direction (X direction) of substrate 1a shown in Fig. 5. Then,
encapsulated body 1 is cut along cutting line 7 in succession to the short side direction in
one continuous stroke.

20 For example, three package products 3 adjacent to the aforementioned one short
side are cut. Then, the next three package products 3 adjacent to the aforementioned
three package products 3 are cut in one continuous stroke, likewise the previous three
package products 3. Eventually, one encapsulated body 1 is divided into 18 package
products 3.

25 Cut stage C includes a reciprocating fixing table 50, as shown in Fig. 1. Fixing
table 50 includes a fix position 51 where encapsulated body 1 is secured, and a cut
position 52 where encapsulated body 1 is cut. Cut stage C also includes a

reciprocating transfer means (not shown) that moves back and forth between fix position
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t hree package products 3 are cut in one continuous stroke, |ikew se the

" previous three package products 3. Eventually, one encapsul ated body 1 is
divided into 18 package products 3. 25 Cut stage C includes a reciprocating
fixing table 50, as shown in Fig. 1. Fixing table 50 includes a fix ,
position 51 where encapsul ated body 1 is secured, and a cut position 52
where encapsul ated body 1 is cut. Cut stage C also includes a reciprocating
transfer nmeans (not shown) that noves back and forth between fix position
-10 51 and cut position 52. The reciprocating transfer means noves

encapsul ated body 1 fromfix position 51 to cut position 52. An alignnent

posi ti on 531 5gRLeKLdedh DL vy %f}ecgbeaca R ot e DR BodPL

Al i gnment position is directed to r on of |ne

7Y) narkedjﬁn@ﬁx@@ﬁnapen&o&ﬁqgﬁﬁoﬂszencapsulated body 1 Fleng tabl e 50 can
reci procate between fix position 51 and cut position 52 with encapsul ated
body | or packag\el qhg@mgmtposltlgeé&nsa@rovmd bﬁéfen@ﬁéposﬂmﬁhgnch%moaﬂg@ 53200

i ncludes a {fransf S s ran mechanl sm 12
noves i nag n&’f?ﬂ p?rsétécﬁ’s lﬁziﬁeégdg’@ﬁﬁpr ?flgcé]m ings 6?’%@@39@&15 canera 11
for al5gnnﬁd}{nd}lf_maﬁlgt2fg& é@f@legbsgﬁ&qmg,a[t ed body 1 back and forth between
"cut position 52 and alignment position 53 in a two dinmensional plane

(X-axi s directi dfixiagdable SXcam IﬂCIpEICMedI&)WeeAdb(QJ’Gﬂltlng 51 @and bet phett@nlS@dvigt r uct ur e
of fixing table 50, which will be described afterwards, encapsulated body 1
"that is theeneastatRg tosy deqr naskage PO gt 3 5ersh and the like 15 agai nst

fixing table SO gl CHIEhOARRA fidfaRles \EuREP RENQRIDPS,

n
abrasive water|j Fesaure FromnozzIe wher eby

encapsul at &g Faody ]Irhrfsfeﬁllhﬁechdﬂ'\srﬁ e mowkd ini@e mﬁpdle@ﬁs R0k aps gicat ({matg@dy I
enpl oyi ng cutting apparatus 100 of the present enbodi nent, cut stage C

nov es 1@ncapseupiteetiertycamernl 1&09311@39(@1160 pziiexl 0 and epenppulpter bady bbﬁcﬂfg
delivery nearzisfbrtﬁ%etvx%[e;[l %Sth[?ossm%n ng all ér?rrqen? ¥1t1 g?lnfe{ g&ongmltegst‘i)onal pfe)lne
(X-axis direction and Y-axis direction).

According to the detailed structure of fixing table 50, which will be described

afterwards, encapsulated body 1 that is the cutting target is held by suction and the like
15 against fixing table 50.

In the cutting apparatus of the present embodiment, abrasive waterjet 2 is
sprayed out at high pressure from nozzle 10, whereby encapsulated body 1 is cut.

In the cutting method of encapsulated body 1 employing cutting apparatus 100
of the present embodiment, cut stage C moves encapsulated body 1 on prestage 5 to fix

20 position 51 using delivery means, and attaches encapsulated body 1 to fixing table 50
located at fix position 51.

Then, fixing table 50 is moved by the reciprocating transfer means. In
association, encapsulated body 1 is moved together with fixing table 50 to alignment
position 53.  Substantially at the same time, cutting apparatus 100 moves CCD camera

25 11 located above alignment position 53 in the horizontal direction by means of transfer
mechanism 12.  Then, cutting apparatus 100 executes alignment of encapsulated body
1 taking advantage of the image data obtained from CCD camera 11.

Then, encapsulated body 1 is moved from alignment position 53 to cut position
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| ocated at fix position 51. Then, fixing table 50 is noved by the

" reciprocating transfer neans. In association, encapsulated body I is noved
together with fixing table 50 to alignnment position 53. Substantially at
the sane tinme, cutting apparatus 100 noves CCD canmera 25 11 | ocated above
alignment position 53 in the horizontal direction by neans of transfer
mechani sm 12. Then, cutting apparatus 100 executes alignnment of encapsul ated
body 1 taking advantage of the inmge data obtained from CCD canera 11.

Then, encapsul ated body 1 is noved fromalignnent position 53 to cut
position -11 52 by the reciprocating transfer neans. Substantially at the

sane tine, iR Yeci t 0 Veguhg4da8y 0nk oGad ah@ye cut position
52 in the h%%jt?}tzﬂoﬁt%ﬁl&g?%{e tfh(?)l%é @;ﬂﬁeaﬁg o%rﬁta{r?}énsper nefg[ﬂg’ni snlfglz
Accor di ngl yapperacapiiol méwed nbody 10 locsted aboval cun@ositiert §2 ingh¢ hovesontal difectamnd 7y)

mar ked on non-nmount face 6 to be divided into a pl uralit(%/ of 5 package
¥s

products 3.brmesnsef trapdergneghanismyl2of AseIREGH. progasiiated Bodys! iwsyedoRE om cut

position 52 to fix Si 1] 51 Db e reci cating tr f Fn the
Crate art aciudne fts 778 g 20 BhigYof BiskBEhRREs ) BRUMARIRIER s8Rt T o her
t han pkural ﬁ,gcka%gprg&gd@g,e products 3 are dropped towards a dust box (not
'shown) | ocated beneath cut position 52. In other 10 words, the unwanted

regi ons of encapEadhaafahbe plothitylofgrackage poavdigtsadvayndved fnofri gt pgsitiomb? ¢o 80. A
renoval mechani sm (,not shown) to renpve the unwanted regjons fr

encapoul at SRt 0% e REtaH Pt 4en DS Tothe PG SRRl SR D ot
encapsul ate @,ep g{ﬂ), y i is nmoved
by del i veryfllrlr%%%gﬁrflllsé% Emlté& t,m?%retth%mlﬁla L| t?%ﬁ%@gwﬁ.'gﬁucts 3 are
t ransf er r eddioppéd towaods 4 dianbax. (rod stivevn) deateda@nedth tutgosgioplsat elbétheand t hen

noved fromcut stage Cto rinse-and-dry stage D al ong conveyer rail 5 by
del i véPy new®REls; heuawanied regiensafieperpatlated Sady: bA remaush avaydh@AXBE cutting

appar at us 1&gléa§%t f0 ﬁ%vaﬁggeﬁgmlsr% (H@dsﬁégﬁf){%t feRlov@Tne An&Aeh Pbgibtil fhork MO

shown) provi in“c ng appar at'u
encapsulated body 1 is provided at nozzle 10. The unwanted regions of encapsulated

body 1 may be removed by the removal mechanism that is moved by delivery mechanism
12.
15 Next, the plurality of package products 3 are transferred to fix position 51 to be
secured at fixing plate 50, and then moved from cut stage C to rinse-and-dry stage D
along conveyer rail 5 by delivery mechanism 4.
The operation of each constituent element of cutting apparatus 100 set forth
above 1s under control of a control unit (not shown) provided in cutting apparatus 100.
20 This control unit provides control of carry stage A, prestage B, cut stage C and rinse-
and-dry stage D, as well as abrasive waterjet 2 sprayed out from nozzle 10 to effect
control of cutting encapsulated body 1 along respective cutting lines 7 (7x and 7y) in
two crossing directions including a curvilinear section.
Cut stage C includes the constituent elements set forth below as the components
25 of a system for spraying out water containing abrasive grains at high pressure. These
constituent elements include a high-pressure pump to pressurize water supplied from an
air water source, a switch valve connected to the high-pressure pump, a first tank

connected to the switch valve via a first flow-in side water system pipe, a second tank
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20 This control unit provides control of carry stage A prestage B, cut
stage C and rinse and-dry stage D, as well as abrasive waterjet 2 sprayed
out fromnozzle 10 to effect <control of cutting encapsul ated body 1 al ong
respective cutting lines 7 (7x and 7y) in two crossing directions including
a curvilinear section. Cut stage C includes the constituent elenents set
forth bel ow as the conponents 25 of a system for spraying out water
cont ai ni ng abrasive grains at high pressure. These constituent el enents

i nclude a high-pressure punp to pressurize water supplied froman air water
source, a switch valve connected to the high-pressure punp, a first tank

connected to the i tch valve via a fir flowin_ side e[ t pi pe, a
second ¢ ankeonrsagd i e Rl ¥ aferan Tt Ye0e Dokt ERREH AR P o8

vat er syst eabRide sid@Whié shdtéd pipeldn@W settnd SR Wi & wakSRithDiRBeaddlid second
fl ow out side water system connected to the first tank ‘and second tank,

respecti vel the fifstesmk aumetonidrenk, redpectivetys dihescdepstittient elesnenisiarp deméted 8s i n
Fig. 8. 5 As shown_i.n Fig. 1, nozzle systempipe 9 is connected to the
regi on wher BUPREN B Eig. ) ow- out si de water system pipe and second fl ow out

i de wal er sySt el QA Al B CHANAELAMm AocUtl beROAE felibdhanpet ed o

‘nozzl e system pi pe i st an nd tanks are tantially
filled w thfivatlew-qanBideiwitergyabmasievmdgeaindSlowAbiituideghatprsyptetigipe &rei S shown
instal l ed outside of cut stage C (cutting 10 apgaratus_lOO), punp unit 8 may
‘be instal | edonngciedt Atagfingmozelatlfingpnapped i nerziecyytemipips L adlhe e agBr asi ve
grains in pu nit 8 i.nglude, si.licen,canhide (SiC). 1N A1203),
garnet, or f?‘rrcgn#f:ak_e,s a%?nb(?%h%us S%n{éarﬂé/i n_egiwzlé1 Vb’? era‘%)oﬁl}aéﬁl%%rei ‘§/e %#“am to 100 um
The specific grawhbygtPpukeses adhaeh et dlediolfideof GLEARIC téwmlgl. Ther ef ore,
in a normal state, 15 each of the first and second tanks includes a high

rati o 10egi oapgdnane 1§®epempuait 8 praydiepnstalled dn arstagee(cyttmgnagparatua 160)gh rati o,
and a low rati odregi on conposed nmainly of water. In the present enbodi nent,
"ratio" inpli¥&%the ratio of abrasive grains to the

The abrasive grains in pump unit 8 include silicon carbide (SiC), alumina (Al,Os),
‘garnet, or the like, and has a grain size of approximately 10 pm to 100 pm. The
specific gravity of these abrasive grains is greater than 1. Therefore, in a normal state,
15 each of the first and second tanks includes a high ratio region where there are
precipitated abrasive grains at a high ratio, and a low ratio region composed mainly of
water.
In the present embodiment, "ratio" implies "the ratio of abrasive grains to the
water containing abrasive grains. Furthermore, in the present embodiment, the first
20 tank and second tank "substantially filled" with water containing abrasive grains implies
the case where the tank is completely filled with the water containing abrasive grains,
and also the case where there is a slight amount of bubbles or space remaining in the
tank. As will be described afterwards, the first tank and the second tank preferably
have the same volume since the first tank and second tank are used in a switching
25 manner.
Cutting apparatus 100 further includes the constituent elements set forth below
as the components of the system supplying abrasive grains to the first tank and second

tank at pump unit 8. The constituent elements include an abrasive grain system tank
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wat er contai ni ng abrasive grains. Furthernore, in the present enbodi nent,
the first 20 tank and second tank "substantially filled" with water
cont ai ni ng abrasive grains inplies the case where the tank is conpletely
filled with the water containing abrasive grains, and also the case where
there is a slight anount of bubbles or space remaining in the tank. As wll
be described afterwards, the first tank and the second tank preferably have
t he sane volune since the first tank and second tank are used in a sw tching
25 manner. Cutting apparatus 100 further includes the constituent el enents
set forth below as the conponents of t he systen1supp|ying abrasive grains

to the fi rsg t ank ancd Cﬁ)n t.ank ﬁrg rq elnT g ¢ons rr tuaen}11 ﬁl enment s
i ncl ude an SKBPENAE §P & SriwéYﬁgrng&a a % ag n& Waler otr?t Ai nlgng
abrasi ve grraﬁma@}")aadal Dpunitor 9uﬁlbﬁil’g@uﬂ€}fetl-ﬁ%h rah@fv@'fér%rﬁ the@Brasive Ghain r ati o
water”), and a punp for punping out "the ratio water fromthe abrasive
grain systsgmmasmk byysugp]pmg;prcsgurpaeémnzeht atmidseve graintsysteralandsi ve grain

system t ank. Fur t he syst i ncl udes an.abrasi ve alns i pe for
Suap it he. hiFGHTes etsEe ey B0 ABaa 6 Bt SiRiv Ree oo cuave Hieidh v st om
tank 19 the,fii f5fer hﬁ'ﬁé?@&% fﬁﬁﬁ%%brés%!érmﬁs}s‘tén?fanﬁ% ﬁﬁe’ﬁfﬁttg ehdy gUpR v val ve

“provided at a regi rasive grain supply Ing to the first
tank, and aasicading ablusias igvain grp@lyrwmbviducahtv&regron\dfdmhbadsm griieguspty of the
abraS| ve grain supply pipe linking to the second tank. The systemfurther
“includes a Riglinkinggple fitst tanki andifi ssgondrrbrastitecaraip vennly wrngrovided at dm t he

f d d h b kK wh he hi gh
vt or 1o sapoh coeasish@ e PR iy Put BB R oo of 'the return

pipe linking to THefwstEﬂnrfﬁItthéraﬁBfudegaqletanﬁ;ﬂgé)ﬂﬁ réQEdidthe Koy dvedonigd at a
region of the return pipe linking to the second tank. The systemal so has a

wat er 10 nj edtam thevisteadtsecandimiky te dtesabresivieyerain systére tankanten thohigheatmbr asi ve
grain suppl Inthesstemo in asi ve ins to the

Pl rst ang obeBiia Sinaied T a0k oY Vet ey el ater Qe SohAreeths Wi ant i al 1y
filled w tRpwat@fank OB QcB ARATAVE pRfvRelSit 2 tQRSH 8ftht Yeturn pipe linking to

the second tank. The system also has a water injection valve to supply externally

applied water to the abrasive grain supply pipe.

15 ' In the system of supplying abrasive grains to the first and second tanks, each of
the first and second tanks is substantially filled with water containing abrasive grains
constantly.

Cutting apparatus 100 includes the constituent elements set forth below as the
system of maintaining appropriately the ratio of the abrasive grains in the first tank and

20 the second tank. The system includes first and second sensors each formed of a load
cell secured to the bottom of the first tank and the second tank.

This system also includes a control unit (controller). The control unit receives
a signal from the first and second sensors to calculate the weight of water containing
abrasive grains in each of the first and second tanks based on the received signal. The

25 control unit controls, as necessary, the valves , pump, and the like provided at cutting
apparatus 100.  Although the control unit controls pump unit 8, each of the constituent
elements of the entire cutting apparatus 100 including the control unit is under control

of a control unit (not shown).
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Cutting apparatus 100 includes the constituent elenents set forth bel ow as
the system of maintaining appropriately the ratio of the abrasive grains in
the first tank and 20 the second tank. The systemincludes first and second
sensors each fornmed of a load cell secured to the bottomof the first tank
and the second tank. This system al so includes a control unit (controller).
The control unit receives a signal fromthe first and second sensors to

cal cul ate the weight of water containing abrasive grains in each of the
first and second tanks based on the received signal. The 25 control unit
controls, as necessary, the valves , punp, and the |like provided at cutting

apparat s 100, AL bonaRabbe FONERSLs RbecoBLIQka B I BbleBa sGAA Of Che

constituent el enen entire c g apparatus t he
control unifitted ftdiEtdealp sfahé pole in O haldenntdoaheatsy fittddrintegellpwithin thd 4 The
cutting nozzle 10 includes a holder, a pole secured in the holder, a support
fitted i nt GURHOE, ancba 89Z2ligp. poAcﬂOerlm@l Rb? aeedetesmineh diemetst isorovided aint egr al | v

within the and zle ti. channel. of a dete m ned

di aneter 't 0BT e SRty Bimea Wiltia Baroi SR RANY i BB B ERR R el
shape scavi ttyeﬂé\,oc%ﬂgmuq@{,lh%gtwe}ga end the flow channel and having a tapered
“end. The nozzle tip is forne a smal | -di aneter flow channel having a

pr edet er m ned d|Tzhﬁmbez1e t1p|1S(fomnd”|wrtlaa|sma114daanﬂet¢rﬁb“omasnezléasspgee The tip end

_of the nozzl rotrudes a _predeterni ned. anount omthe tip end of
both the SLPE) E‘Sﬁélwt?ié? CO‘%W@HIF@% d’%sll&tsrli’éces he T eé‘gré’%él% flow
channel %ogzléﬂ?'gf&tngl@ ?y }%dmﬁniﬁg{l %Buntﬁf-ﬁn?fhest BRI df bofHRE and
nozzl e chip are exa , staln steel, cera or the

i ke. A weamhd heldest aihe lexadg dnd oﬁ}tipi sneadl-didmétbeflo w okinnaktak a sqﬁlrttﬁmdae
smal | -di aneter flow channel at the nozzle chlp This wear-resistant coat is

for med by t he wéh¢ haldeswpolseiuppert.sipBnecier, prdagrzlecim qreﬁ@rmeéaa fonpeample,
e or meq, e 8P RamRs, e IRY D 7 plarieSilalf oGl Ty GG Elpnly it channe
wear - r esi stgrifie dﬁ?a‘llftﬁirﬁételsﬂ&b cheﬁr%elsdt AR le cﬂlpanmﬁ’s wédt-rbfiitentcasqs the degree
of abrasion of the inner wal he smal | - di anet er
formed by the well known method such as plasma CVD (Chemical Vapor Deposition).
The region of the member where the small-diameter flow channel is formed, i.e.
15 the nozzle chip itself, may be formed of a wear-resistant material such as sintered
diamond. In this case, the degree of abrasion of the inner wall of the small-diameter
flow channel is reduced since the inner wall of the small-diameter flow channel is formed
of an anti-wear material.
Fixing table 50 will be described with reference to Figs. 1-3 hereinafter. Fixing
20 table 50 is the characteristic feature of cutting apparatus 100 of the present embodiment.
Fixing table 50 of cutting apparatus 100 of the present embodiment includes, as
shown in Fig. 2, a mount member 54 where encapsulated body 1 and package product 3
are set, a groove 55 located below cutting line 7 (7x and 7y), and a plurality of
protrusions 56 corresponding to a region other than grooves 55 for retaining
25 encapsulated body 1 and package produéts 3.
Fixing table 50 includes a plurality of bases 57. Each of the plurality of bases

57 is provided so as to link protrusions 56 together, substantially parallel to cutting line

7 (7x) extending along at least one of the aforementioned two directions (in this case,
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fl ow channel is reduced since the inner wall of the small-dianeter flow

- channel is formed of an anti-wear material. Fixing table 50 will be
described with reference to Figs. 1-3 hereinafter. Fixing 20 table 50 is
the characteristic feature of cutting apparatus 100 of the present

enbodi ment. Fixing table 50 of cutting apparatus 100 of the present
enbodi nent includes, as shown in Fig. 2, a nount nenber 54 where

encapsul ated body | and package product 3 are set, a groove 55 | ocated
bel ow cutting fine 7 (7x and 7y), and a plurality of protrusions 56
corresponding to a region other than grooves 55 for retaining 25

| d |
luraity ofe gabeded) " TRERNAA, REACHEI e 1o MAVBIABTOEAR T BEMARS 7o as
to link pr mﬂﬁﬁLﬂﬂﬁoﬁﬁleﬁtﬁﬁESQEFle&H@-%ﬁ%ﬂﬁﬂ ﬁhﬂt&erp%@kéteﬂt alsextifgtdbled . | i ne 7

(7x) extending along at |east one of t forenmentioned two directions (in
this case, A sitlgframpaenexnber 52t dttaghed toipdurplity méba&ey 58fn pedetaehablespnngs and

plurality of ba s 57 ute  fix- d su nme X support
nmenber 58 is se bgee'gtlf ﬁg“ﬁ%‘e‘i ‘QBngesé‘lS‘ Iﬂe@ %ng%éﬁgsg?nt‘%gy P%ralgetlt ached
to pluality pd loﬁgér%?de%? réd%ax?guﬂa?tﬁﬁ%‘ﬂé%@d?m@ﬁber 9,4 élﬁhelé ﬁ@é §f 1png tabieher
“includes a side nber extendi ng substanti al parallel 5 to the |onger

si de of recitangdibtéachéd to-frahrdsypporttmenseb 88 1x58detachabletma‘ﬂnels| diexing tablexi ng

table 50, and attached to fix-and-support menber 58 in a detﬁphable manner .
"Fi xi ng tab|%>1nsled<?Sr§eut@aé%bl%éh. PingiaPle o thas gupt mgMPehi ‘e S EN¢raeP RNt

menber jléxﬁs&%géﬁ ﬁ&’%% meﬁ%@fo% a§§§3 Sl BG4 ‘ﬁ{acrf%?a h?ﬁ‘lg gid ﬂ@r enber

60 attache € nmanner ernore, set as an

openi ng | ocRirgdriereV\etingf table &N das kP Pning TBEdIET bethQerbfix- alliHjSLdedﬂ nheenteer 60.
Fig. 2 represents an expl oded state of fixing table 50. In the assenbling
procetlire o8 #rid@idegneraliir 050, fi x- and- support menber 58, side frame nenber

29, a0, 90, oS (SR B0R 8 LA 2 LIS B o P PSS 45, o
the present pr%H&ﬂ?é SEingMYlef 307 HRARdsilorARerdber 58, side frame member 59, and
side member 60 are attached to setting table 61, and then mount member 54 is set on
ﬁx-and-suppbrt member 58.

15 Cutting apparatus 100 of the present embodiment may further include a
container 90 in which fixing table 50 is installed in the interior cavity, and into which
liquid 91 is poured into the interior cavity. In this case, fixing table 50 is prefefably
immersed in liquid 91 so as to avoid direct collision with abrasive waterjet 2 in container
90. Accordingly, abrasive waterjet 2 has its energy absorbed by entry into the liquid,

20 and then brought into contact with the plurality of protrusions 56 and bases 57 of fixing
table 50 with the speed reduced. Therefore, the degree of abrasion of protrusions 56
and bases 57 is reduced.

In the case where protrusions 56 and bases 57 are formed of a material harder
than the abrasive grains, container 90 and liquid 91 are not mandatory elements to

25 prevent wear on the plurality of protrusions and bases. Furthermore, as long as fixing
table 50 is immersed in liquid 91 in container 90, formation of the plurality of
protrusions 56 and bases 57 from a material harder than abrasive grains is not a

mandatory issue to prevent wear on the plurality of protrusions 56 and bases 57.
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container 90 in which fixing table 50 is installed in the interior cavity,
“and into which liquid 91 is poured into the interior cavity. In this case,
fixing table 50 is preferably inmersed in liquid 91 so as to avoid direct
collision with abrasive waterjet 2 in container 90. Accordingly, abrasive
waterjet 2 has its energy absorbed by entry into the liquid, 20 and then
brought into contact with the plurality of protrusions 56 and bases 57 of
fixing table 50 with the speed reduced. Therefore, the degree of abrasion
of protrusions 56 and bases 57 is reduced. In the case where protrusions 56
and bases 57 are forned of a material harder than the abrasive grains,

ases 57 are form . ,
The. ol oral | ig Bt Aot e B So R e BRARAEY b RPNy, PUBMPRY aCer O

tabl e 50 i scdnmbiRitRAGT e Provigiot 0 EortHin&IU MdNRLIIIL witREHEEbidioafof t he
plurality of protrusions 56 and bases 57 froma naterial harder than
abr asi ve gr piotiwsioss $foandebaseratvdlt myteriglshaeder thaprthe abrasivegiaingn t he plurality

f i d - ., ab i . of i d
pashe 57 o be CrEbbrn Rty e ey enenE e Bhariger Birkbie Thats ooi of on
of congai neg 9R.aRds] fs(ﬂ)‘r'é-)\gde%lat"t\wdﬁt IRELEOTARS 452D cBfresfdh@ks Hh@Rthed6 and

‘bases 57 by a material harder than the abrasive grains. The plurality of

pr ot r usi onsphlicoof Esrasicls 360 tAiehegéantealof tachaff phaelkagérquesdued a thiough Recess
62 is provided at nount nenber 54 so as tq correspond to each of the
plurality ofolpodcerunaugisatingswitzthropgh Q%%?%FhabFXté‘&g X tb? Ipngitedinal of 1 ecesses

62 2 thr oughec Bl pRF SRR RARERY ML SR ol hlBd gt ends al ong

thelongituma]l rection o of'rusion rmed. o} he

plurality otordnetied@ha bgdti®s ntedharfism ¢ Blesigdhioagha pipet | By theddanifshe ( not
shown) through a pipe. By the drive of the 10 suction nmechani sm_ a suction
f or ce 18hown susjion meshangs, iasugiianeiorgestionn by paop) Qfriagrngyated at thp plyiaiy Aol e 63,

rher by ene AR EE by She BT LB R RO 0 °
direction appiicishas RAnérad fotrdce’§ 6BpPAXEEN DS, for exanple, at groove 55
extending in the Y direction, a protection nenber 65 forned
At groove 55 extending along one direction among the plurality of grooves 55,
for example, at groove 55 extending in the Y direction, a protection member 65 formed
15 of an elongated plate member is provided so as to cover an upper surface 64 of base 57.
Each of the plurality of protection members 65 can be inserted and taken out
from groove 55. In addition or alternatively, the region of fix-and-support member 58
where abrasive waterjet 2 may contact is formed of a material higher in hardness than
the abrastve grains employed for cutting encapsulated body 1. Such a material includes,
20 for example, single crystal diamond, single crystal sapphire, sintered diamond, sintered
cubic boron nitride (cBN), or a composite material in which diamond or cBN is
dispersed in cemented carbide, or a superhard material.
In the present embodiment, only a portion of fix-and-support member 58, i.e.
only a portion of protrusions 56 and bases 57, is formed of a material higher in hardness
25 than the abrasive grains in order to prevent wear caused by contact with abrasive
waterjet 2. However, side frame member 59, side member 60, setting table 61 and

container 90 (the outer wall member) may also be formed of a material higher in

hardness than the abrasive grains. In the case where fix-and-support member 58 is
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15 of an elongated plate nmenber is provided so as to cover an upper surface
" 64 of base 57. Each of the plurality of protection nenbers 65 can be
inserted and taken out fromgroove 55. In addition or alternatively, the
regi on of fix-and-support nmenber 58 where abrasive waterjet 2 may contact
is formed of a material higher in hardness than the abrasive grains enpl oyed
for cutting encapsul ated body 1. Such a material includes, 20 for exanple,
single crystal dianond, single crystal sapphire, sintered dianond, sintered
cubic boron nitride (cBN), or a conposite material in which dianond or cBN
is dispersed in cenented carbide, or a superhard material. In the present

embodi ment e QR WrAmBPEE d AReREl Hl%s Rer AR SRR tHEE«{ﬂPfs'ive%?’amé p?@tectf?)'ﬂl y a

portion of protrusions 56 and bases 57, is forned of a mateéerial higher in
har dness 2ﬁemﬁm65hﬂm§nabbapmv&1egmagmwﬁs order to prevent wear caused by
contact wi th abrasive water] However, side frame nmenber ‘59, side nenber

60, setting tablMogt mgmper éémcam?é?d brdwesrHcaRAted Rady n@ﬁﬁ@r%ﬂdrﬁ@l’% so be
formed of arPé%e?rS al Tﬁ'é %%fon dt‘%%oﬁ?é'%ﬁl%%%fg&ﬁ&e en p@ltﬂ%t%ﬁ'bxgy ﬂélﬂ%h% n the

case where 1T X-an ent eri al

hi ghers i n hapdaess pid@l@ﬂtstﬁtﬁ’e phcebis 6 nibd Jf BSnat&Ea(chﬁﬁdrh@Hardﬁ@@ﬁﬁh tied may not
“be provided in groove 55. Mount nenber 54 is disposed between encapsul ated

body 1 and albraswargdalwppmetr to mmbmncwulawdequedlandnaf:ka@smmdumrﬁbr@hatgm wher e
_encapsul at d body 1 or urality 5. of roduc is

f or ned of %‘3/‘1 al™ %%é‘rc ni‘et’intﬁgﬁ ?DQ%W YR emﬁ‘é’iyﬁimé ?fgﬂé %n order to
secure encqgg,&ﬁt%e%g,epgwy ﬂioﬂﬁ%ﬂﬁﬁ&%@%o‘ﬂid&gﬁ?‘i&alﬁybﬂﬂr&?g%h)’holé%ﬁhmt' on. An
el astic nenber such as rubber may be e for'the materi al nount

menber 54. ddmminicaaobeithFde plnrdhtgd@fsthmugh ho]ak 63 ysf e pluraloy @i prosusien®36.1 n

communj cation with the plurality of through h s 63 f the Iurallty of
pr ot r U&i ongEash of ihe nhurality of thraughholes63 ?fmﬁnt 2308 0cﬁ’nem)unt menber

54 takes as&g‘gsfsoﬁggﬂﬁWlﬁlot.rh["3@5&39??&’?”%%%%%8?&@@*%g of through hol es of

protrusion IS cut at the region
correspondi ng t oAs shalwtnlinTid. UN@oUntSHEBBERA Y bt Wt e region samEspbhdily @S

encapsul at ec?utt?r?gdl}/ne% s%lb?t(a:ri?allg r;.t thngusgrtne time as encapsulated body 1 placed on mount
member 54 is cut. When encapsulated body 1 is to be further cut, encapsulated body 1
15 is cut in a one-stroke manner, as shown in Fig. 5, along cutting line 7.
In the present embodiment, a predetermined portion of mount member 54 is cut.
The hardness of this mount member 54 is lower than that of the abrasive grains.
Therefore, occurrence of a problem such as encapsulated bodyb 1 or package products 3
falling off or blasted away from fixing table 50, or damage due to collision between
20 package products 3, can be prevented.
According to fixing table 50 of the present embodiment, fix-and-support member
58 is formed of a material higher in hardness than the abrasive grains. Therefore, the
wear on fixing table 50 where encapsulated body 1 is fixed can be prevented.
Furthermore, mount member 54 is formed of a material lower in hardness than the
25 abrasive grains. Therefore, mount member 54 can be secured reliably to fixing table 50
even in the case where encapsulated body 1 including a cutting line 7 corresponding to a

curvilinear section as well as a straight section is to be cut.

The function of mount member 54, fix-and-support member 58, and protection
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menber 54 is cut. Wen encapsul ated body 1 is to be further cut,

" encapsul ated body 1 15 is cut in a one-stroke manner, as shown in Fig. 5,
along cutting line 7. In the present enbodinent, a predeterm ned portion of
mount nenber 54 is cut. The hardness of this nmount menber 54 is | ower than
that of the abrasive grains. Therefore, occurrence of a problem such as
encapsul ated body 1 or package products 3 falling off or blasted away from
fixing table 50, or damage due to collision between 20 package products 3,
can be prevented. According to fixing table 50 of the present enbodi nent,
fix-and-support nmenber 58 is fornmed of a material higher in hardness than

th b [ kBS,; : . L x| R bl e 50 wh
encapsul ot o Ry 1) LR EU i MRt (LR, 08 e o) mount member 54

is formed of a raikcesulted dg ik bradardRass nduanmeh®e2$ BpthasistRnGcadmS .
Therefore, nount nenber 54 can be secured reliably to fixing table 50 even
in the caseaentrated iniedysehianiadicedhy arpwSOwir We phirelity of Hgoyghrwlep 63 and

correspondi ng to urvilinear secti well a strai sectionis to
be. cut - Thd SRaEa S Zon o Hiskit: SireRugi o€l et AhEBeFO8s | *anc
protegd i on speckBcal®NBefoudPmédinbbr £ desiisishigd eah eldldf b &lin tbithcthvafiehemnge to
“Fig. 4. Encapsul ated body 1 is drawn towards nount menber 54 by the suction
action gemeemhesd4in the direction indicated by arrow 66 via the plurality
_of through hole 3 and ecesses 62. Accordingly,. encapsul ated body 1 is
secured to fixi z\a‘g@ag}cgpsg ted RAdy 15s epfelng; t %Ik{?%?glfhbecﬁlﬁﬁﬁ?c Y84 At this
stage, resi LSl ; j r . psul at ed
ody 1 i 5 COr T Hethll piplbiing BOAE wpMrils T BF g BRIB citbainiE A RERTD | O

enpl oyi ng cwidttli@1Q iaprayeatdis al Bigh ﬁfesﬁtﬂéfr@frﬂﬁﬁﬂl’% lenbagidegrdove B5tasoliide
waterjet 2 is sprayed out at high pressure fromnozzle 10 towards groove 55
to colQ i de ae@insithe HBRer SHEaAG M) PFoteeionrembst 6prtott @et againshipise surgme QL not

on 1 xi ng. (51 570 L e car 15 oR B Brind g peBRER ShiRsL: s
i's prevent egh of fix-and-support member 58, is prevented.

When encapsulated body 1 is cut along the X-axis direction, the same fixing

table 50 as that set forth above is used. At this stage, the moving direction of nozzle
15 10 is altered to the direction along cutting line 7x including a curvilinear section.

The flow of abrasive waterjet 2 following cutting of encapsulated body 1 will be
described hereinafter. In the case where encapsulated body 1 is cut along the X-axis
direction, abrasive waterjet 2 flows from groove 55 to the opening extending along the
X-axis direction of setting table 61 and then to a downstream site of the opening.

20 Therefore, collision of abrasive waterjet 2 with fixing table 50 is absolutely eliminated.

When encapsulated body 1 is cut along the Y direction, abrasive waterjet 2
collides against protection member 65. In other words, abrasive waterjet 2 does not
collide against upper surface 64 of base 57.

Therefore, even in the case where the same fixing table 50 is used, encapsulated

25 body 1 is cut without damage of fixing table 50. By virtue of the cutting method
employing the cutting apparatus of the present embodiment, wear on at least fix-and-
support member 58 of fixing table 50 is prevented.

In the case where a plurality of encapsulated bodies 1 are cut in succession, fix-
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When encapsul ated body 1 is cut along the X-axis direction, the sanme fixing
" table 50 as that set forth above is used. At this stage, the noving
direction of nozzle 15 10 is altered to the direction along cutting |ine 7x
including a curvilinear section. The flow of abrasive waterjet 2 follow ng
cutting of encapsulated body 1. will be described hereinafter. In the case
where encapsul ated body 1 is cut along the X-axis direction, abrasive
waterjet 2 flows fromgroove 55 to the opening extending along the X-axis
direction of setting table 61 and then to a downstream site of the opening.
20 Therefore, collision of abrasive waterjet 2 with fixing table 50 is

absol utely elim enc | at e dy.d i s al e,y
direction, agg?sgéélo\%%e%g\%l? eer\r/gjykghdéﬂo%gﬁ?% ‘6‘8@9‘?{3% %élﬂb © r%(ﬁ}eég}f nglp%%%erl "65. In

ot her wor dshisaRdeafik-Wed-Waipdkt BémBer d8aHd PRStectfonl thdritfer 39 Akt bedxBingsdiitf ace 64
.of base 57. Therefore, even in the case where the sanme fixing tagl e 50is
used, encapsupatoprgiate2Bndodihus, dnsapsulateditiody Utcan hemgtewhite frexgntiog waid @n 50. By
virtue of the cugt' Al met hod enploying the cutting apparatus of the present
embodi ment , XH&E%1570t | east fix-and- support member 58 of fixing table 50
I's preyented. |G of BRGrURR! i‘ﬁvéltﬁln‘hra?h%etnydeg’érib%@%‘cﬁ’ﬁMEt@ét@@inbcfé?dﬂ?ﬁ isl are cut
“in succession, fix--"-19 and-support nenpber 58 and protection nenber 65 wl|
be gradual |geanyrundastayd than thetdame icls@ay bf Kustratios upgd exdmple ohlg andB nanth
protection nmenber 65 are to be exchanged at an appropriate tine, Thus,
“encapsul at &t BkmbyIVaY0f liutagion, thp peope of Ehearesengnygision SRIng ARtgipFRied Bibihe 50. 5
Al t hough t r £ nti.on has been described and illustrated in detail,
it is cl e;lr%ﬁns?s %ﬁgg?psptegé({)e %1%%%1?' the sane is by way of illustration and
exanple only and is not to be taken by way of |[imtation, the scope of the
present invention being interpreted by the terns of the appended clains. 20
CLAIM5S 1. A cutting apparatus (100) conpri sing:
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a fixing table (50) where a position of a workpiece (1) is fixed, and 5 a
"' nozzle (10) fromwhich an abrasive waterjet (2) containing abrasive grains
for cutting said workpiece (1) is sprayed out, wherein said fixing table
(50) conprises a plurality of protrusions (56), each partitioned by a groove
(55) so as to correspond to a plurality of package products (3) subsequent
~to cutting of said 10 workpiece (1), and including a through hole (63) to
draw i n by suction said workpiece (1) or one of said plurality of package
products (3), a plurality of bases (57), each linking protrusions (56)
- together aligned along at |east one direction anong said plurality of
protrusions (56), a region of said pdgtgﬁw ty of protrusions (56) and said
plurality of bases (57) 15 agai nst sai d abrasive waterjet (2)
collides being forned of a material higher in hardness than said abrasive
gralns 2. The cutting apparatus %100) according to claim1, further
conprising a ndunvﬁﬁ#ﬁﬁ&&pW%%ysﬁ»QWP@émm%mameen said morkplece (1) or said

plurality of pac sald pr ot rusions
(56) - ant on whiigeAREIRENEEE ppdiofPra BB LlRs e B0t o (5) are

pl aceds sai d MOUNoARTRG frdm WhidhHal ABeHsRE veht el ez)lc@htahxﬁﬂgeabrwvé?a@l@ﬁs than
said abrasive grains. 25 3. A cutting apparatus (100) conprising: a fixing
tabl e (50) osttngesasl pakpiecofl)of spraywdrokpi ece (1) is fixed, and a nozzle (10)
from whi ch an abr asi.ve m?ter j et g(% cont.ai ni ng abrasive grains for cutting
"sai d workpi ece (Whersig said %9@&”3% ConPfiierei n said fixing table (50)

conprises a plur S I groove (55)
so as to corr esasé)lh%}{p’ Jfé,ﬁ) &F& @@ e@g’)‘mﬁg’g‘g&%ﬁgtdé’% ??%%o? ﬁ tg(gequent to
cutting of ®aesbondas l&@ihﬁ@l&y bibackagtapnordu&wdz)rsgb@qnmwgﬁmhg bésd®b3) to drawin
by suction said workpiece
workpiece (1), and including a through hole (63) to draw in by suction said workpiece
(1) or one of said plurality of package products (3),
a plurality of bases (57), each linking protrusions (56) together aligned along at
least one direction among said plurality of protrusions (56),
a region of said plurality of protrusions (56) and said plurality of bases (57)
15 against which said abrasive waterjet (2) collides being formed of a material higher in

hardness than said abrasive grains.

2. The cutting apparatus (100) according to claim 1, further comprising a
mount member (54) provided between said workpiece (1) or said plurality of package
20 products (3) and said plurality of protrusions (56), and on which said workpiece (1) or
said package products (3) are placed,
said mount member (54) including a material lower in hardness than said

abrasive grains.

25 3. A cutting apparatus (100) comprising:
a fixing table (50) where a position of a workpiece (1) is fixed, and
a nozzle (10) from which an abrasive waterjet (2) containing abrasive grains for

cutting said workpiece (1) is sprayed out,
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5 (1) or one of said plurality of package products (3), a plurality of bases
" (57), each linking protrusions (56) together aligned along at |east one
direction anong said plurality of protrusions (56), said cutting apparatus
(100) further conprising a container (90) in which said fixing table (50)
is placed in an interior cavity, and into which liquid (91) is poured into
10 the interior cavity, said fixing table (50) being imersed in said liquid
(91) to avoid direct collision wth said abrasive wateijet (2) in said
container (90). 4. The cutting apparatus (100) according to claim3, further
conprising a 15 nount nenber: (54) provi ded between said workpiece (1) or

said plurality d said plurality of protrusions
(56), and on vvhl% %Ig.l ﬁxm gb? <§rﬁ%r1§%§‘sal d package products (3) are

pl aced, said mwﬁluﬂmﬂyhﬁlprc(tﬁﬁi)ons (&) ugtich amitioné ety @aprdooweds)iso ahar dness t han
sai d abra5|ve grai ns. 22 AVENDED CLAI M5 kﬁecelved by the International
Bur eau on JafespRod tqemwahtmﬁmmagejpmém éal)senue@utq putngpheidat us ( 100)

fi t
Fixed, ~and St O R Tefu bt st ol B 0% e s R B3t i ng
abrasige gr(@j Gﬁoﬁéﬁfsanﬁlﬁdrhlﬂgof’ﬁé&ag@ﬁéﬁh@@@)ﬁ 1) is spr ayed out, wherein said
fixing table (50) conprises a plurality of protrusions (56), each

partitioned by a gunbtyefbpss) (50, mhﬂlokmgcprcrtesl@mméﬁ&)(bogtlpﬁruhgnedtaiongfat package
products ( subs quent to cu n a|d 10 rkpiece (1), and including a
t hr ough hoﬁéastﬁ%ﬁ) f%tlﬂ?%f”i‘%saﬁ{/ IE%’J:‘ r%’é?%"%\g?@( iece (1) or one of said
plurality of packagey %?H&% 3}9’@(5)) fﬁnlﬁ)ér%ﬂlbh&}{g RLoRaRESOPH) whiif&ll | | nki ng

protrusions (56) toget
fixing table (50) is placed in an interior cavity, and into which liquid (91) is poured into

10 the interior cavity,
said fixing table (50) being immersed in said liquid (91) to avoid direct collision

with said abrasive waterjet (2) in said container (90).

4. The cutting apparatus (100) according to claim 3, further comprising a
15 mount member (54) provided between said workpiece (1) or said plurality of package
products (3) and said plurality of protrusions (56), and on which said workpiece (1) or
said package products (3) are pIaced,
said mount member (54) including a material lower in hardness than said

abrasive grains.
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| east one direction anong said plurality of protrusions (56), and a
plurality of protection nenbers (65), each placed in a detachable manner on
‘an 15 upper surface (64) of said plurality of bases (57) so as to traverse
said plurality of bases (57) in plan view, a region of said plurality of
protrusions (56) and said plural I AMENDEI:€E€LABIS agai nst which said
abrasive waterjet (2) dodckivelElsy thelmgrifacioma Buodauandaheld 0N gher in
hardness than said abrasive grains. 20 2. The cutting apparatus (100)
according to claim1l1, further conprising a nount nenber (54) provided
bet ween said workpiece (1) or said plurality of package products (3) and
said plurality of protrusions (56), and on which said workpiece (1) or said
package products (3) are placed, 25 satdAmdBnt menber (54) including a
material |lower in hardness than said abrasive grains. 3. (Arended) A
cutting apparatus (100) conprising: -21 AMENDED SHEET ( ARTI CLE 19) AMENDED
CLAI M5 [received by e 10 .20, 20071 a fixing
table (50) where la 6%@’%?#‘%;&3 ‘%pﬂgh%\g[?d%ﬁg%@w&?&?é&&%ed, and a nozzle (10)
from whi ch an abrasiinetabRi(S0) Whert 3)positioh af Nivdek q$) M€ixed, ahds for cutting
sai d workpiece (1) is sprayed out, wherein said fixing table (50) conprises
5 apldrality of anageleusd (vEhdoh ancebicdsivgaratériat Gheapninning PraineLrgiBsjorso as

to correspond.to | ural i .0f package products (3) subsequent to cutting
of said mr‘k’%n‘“@csé‘ad(‘%f, p&ﬁaiﬁsﬁ%fﬁﬁ%{eﬁé’ug t hrough hole (63) to draw in by
suction sai d wor kpheR&] saill bkir@ta0 5O complisbsP! ural ity of package products
(3), a plurality of bases (57), each |inking protrusions (56) together
al i gned al ong at a plurality of protrusions (56), each partitioned by a groove (55) so as to
correspond to a plurality of package products (3) subsequent to cutting of said
10 workpiece (1), and including a through hole (63) to draw in by suction said workpiece
(1) or one of said plurality of package products (3),
a plurality of bases (57), each linking protrusions (56) together aligned along at

least one direction among said plurality of protrusions (56), and

a plurality of protection members (65), each placed in a detachable manner on an

15 upper surface (64) of said plurality of bases (57) so as to traverse said plurality of bases

(57) in plan view,

a region of said plurality of protrusions (56) and said plurality of bases (57)

against which said abrasive waterjet (2) collides being formed of a material higher in

/vr‘"\‘

hardness than said abrasive grains.

20
2. The cutting apparatus (100) according to claim 1, further comprising a
mount member (54) provided between said workpiece (1) or said plurality of package
products (3) and said plurality of protrusions (56), and on which said workpiece (1) or
said package products (3) are placed,
25 said mount member (54) including a material lower in hardness than said

abrasive grains.

3. (Amended) A cutting apparatus (100) comprising:
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10 -l east one direction anong said plurality of protrusions (56), said
cutting apparatus (100) further conprising a container (90) in which said
‘fixing table (50) is placed in an interior cavity, and into which liquid
(91) is poured into the interior cavity, said fixing table (50) being
imersed in said liquid (91) so AMENDRED @iiARM®e 15 waterjet (2) does not
achi eve direct collisi drecuwédbySihk thietrationdl Byirédh opIGhe am@o0dai d plurality of
bases (57) but achieves direct collision with said workpiece (1) in said
container (90). 4. The cutting apparatus (100) according to claim3, further
conprising a 20 nmount nenber (54) provided between said workpiece (1) or
said plurality of package products (3) and said plurality of protrusions

(56), and on whi Gi:&& @bMEEPWEGE a (pbiti of asazbﬂcpp@ﬁleaﬁg fiRERQHEt s (3) are
pl aced, said nmount menber (54) including a material 1ower in hardness than
said abrasive graiazgle (1@2ronANENDED aBHERT WatiRiEL CL)Eotifijning abrasive grains for
cutting said workpiece (1) is sprayed out,
wherein said fixing table (50) comprises
5 a plurality of protrusions (56), each partitioned by a groove (55) so as to
correspond to a plurality of package products (3) subsequent to cutting of said
workpiece (1), and including a through hole (63) to draw in by suction said workpiece
(1) or one of said plurality of package products (3),
a plurality of bases (57), each linking protrusions (56) together aligned along at
10 least one direction among said plurality of protrusions (56),
said cutting apparatus (100) further comprising a container (90) in which said
fixing table (50) is placed in an interior cavity, and into which liquid (91) is poured into
the interior cavity,

said fixing table (50) being immersed in said liquid (91) so that said abrasive

15 waterjet (2) does not achieve direct collision with said plurality of protrusions (56) and

said plurality of bases (57) but achieves direct collision with said workpiece (1) in said

container (90).

g 4. The cutting apparatus (100) according to claim 3, further comprising a
20 mount member (54) provided between said workpiece (1) or said plurality of package
products (3) and said plurality of protrusions (56), and on which said workpiece (1) or
said package products (3) are placed,
said mount member (54) including a material lower in hardness than said

abrasive grains.
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