25FEB2005 - 1 Title of the Invention Cutting Machine Field of the Invention
5 This invention relates to a cutting machine, and especially, although not
limted to, a cutting machine suitable for cutting a CSP (chip si2e FEB 2005
package) substrate, which has CSP forned in each of plural rectangul ar
areas 10 demarcated by cutting streets_afranged in a lattice pattern, along
the cutting streets. Description of the Prior Art 15 CSP is practically used
as a sen condueterofdevheernsahtabhe for use in snall-sized el ectronic

equi pnent, 3Uch as a nobite phone and a | apt op personal conputer. The CSP
is usually produced in the fol | owcHEtARANEACHAR®| yrality of rectangul ar
areas are demarcated by cutting 20 streets arranged in a lattice pattern on
a suitable substrate, such as a synthetic resin substrate, and a chip such
as 1C or LSIFigldipokkd fnvenkio®df the rectangular areas to formCSP's. A
single supstrate having a plurality of CSP's formed thereon is generally 25
called a CSP substrate. Then, the CSP substrate is cut along the cutting
streets to form in@hypdaavecspos. ralatesi hg Anchihéngnoroding, aasuck tabl e
to be recip t ne, e posi i d . posi tion,
and cutt i ng SoaoE T b turE R e i ko Bt Al Baet o e 1B o

nanely, a CSPusubbleafer ¢sttsed &oCSkutchihe SR sphshtags p atblosigrag ti ng
streets. The cutti ns 1 s conposed of _a disc-shaped rotary cutting

bl e cont aTLRY AanbRd CPETRS TRMRScR ettt Wekhet vec it hEe SR b
cool i ng ¥d ui dejnattangdmeansutdingestrogta Loodhdgd 3bn fd uldtwhteh may be pure

water. Wiile the chuck.table is 25FEB2005
pattern, along the cutting streets.

Description of the Prior Art

15 CSP 1s practically used as a semiconductor device
suitable for use in small-sized electronic equipment,
such as a mobile phone and a laptop personal computer.
The CSP is usually produced in the following manner: A
plurality of rectangular areas are demarcated by cutting

20 streets arranged in a lattice pattern on a suitable
substrate, such as a synthetic resin substrate, and a
chip such as IC or LSI is disposed in each of the
rectangular areas to form CSP’'s. A single substrate
having a plurality of CSP’'s formed thereon is generally

25 called a CSP substrate. Then, the CSP substrate is cut
along the cutting streets to form individual CSP’s.

A cutting machine including a chuck table to be
reciprocated between one end position and the other end
position, and cutting means for cutting a workpiece held

30 on the chuck table, namely, a CSP substrate, is used to
cut the CSP substrate along cutting streets. The cutting
means 1is composed of a disc-shaped rotary cutting blade
containing diamond grains. The cutting means 1is equipped
with cooling fluid jetting means for jetting a cooling

35 fluid which may be pure water. While the chuck table is



- 2 noving forward and/or backward, the rotary cutting blade is caused to
act on the CSP substrate on the chuck table, performng cutting of the CSP
substrate. The rotary cutting blade is rotated in a predeterm ned 725 FEB 2005
direction, 5 for exanple, a direction in which the site to act on the CSP
substrate noves in the forward noving di hection of the chuck table. A
reci procating mechanismfor reciprocating the chuck table as required

includes a ﬁ@(f@ﬁ@bfgr&r‘é%@a&jﬁ&‘/éPaﬁéc%f‘cﬂd'{}ge Ifb@af}ﬁ%lp{@mg i s dd
direction, and an internal thread nenber screwed on t t hreaded shaft,

with the chuéR €aBPedhePnaChoRint BRe 5] HEIDS HiRERaPD t Hi@aeh Weliberbleaohe
threaded shajtr-agdnthg we&%&%ﬂ&&@a@sm@&ét%ﬁesom | &t preci sion

machi ne el enents, and adhesion of swarf and/or cooling fluid 15 to such
el ement s shoguatbegabbad@dlscnmh@te@ xmearmm@debmrmnmedh@lf@@pxgncutt|ng

bl ade, swarf d olLn ef oly t ne_s as
vi ewed |“?thgggrg%?%?g%ét%ngl%%?%g ?g%?d?ﬁ?%ﬁ b?e gﬁgrggx%ﬁgle
when the rot gy substngtblmdees51motneeﬂbrmaaddmmemmgodlféctnomhoﬁh the site

to act on thghCSP sug % sg ves i.n forwar nDyinq%direction of the
chuck tabl e, “8Faff" g c Iﬁ%ﬁjRHQﬁ e WEATESY 1Y t he downst ream
side as viewedciprbbetingwend oRucRgtabI€chs one@hitbe icbucBetahl e. Part of
the cooling fluid %ﬁrns ist, 25 and, al sp scatters to the upstream

ni
side as vi ewtQ RFR2PHE t?a?aﬁ?ﬁ HOVF hoeF PRt PInt B 2t ReC LRtk aBPe. Thus,

bel | ows meangiiscdispPsefldabnl eAcLrAAL ONgrsidemedslal ¥ repBabohhtabdes, as
viewed in the reC|procat|ng direction of the chuck table, to cover the

preci si on nma&hrhadsd éhéﬁﬁnt§l§ﬁchhﬁscﬁ%¢%aﬁéﬁl§hﬁ?%HQV%@HnFﬁ@ BAUER®t abl e
i s making alﬁeéwasg PhrBagkmende ot g, erﬂ%a%eé@L posed

e
downstreamin the forward noving direction of e chuck taggé (S
contracted, whibenthetbebhdwsenbansarei spesatlepspreansiant hpshdheection is

expanded. thﬂeﬁgﬁts, and adhesion of swarf and/or the cooling fluid

15 to such elements should be avoided. Owing to the rotation
of the rotary cutting blade, swarf and the cooling fluid
are scattered mainly to one side as viewed in the
reciprocating direction of the chuck table. For example,
when the rotary cutting blade is rotated in a direction

20  1in which the site to act on the CSP substrate moves in
the forward moving direction of the chuck table, swarf
and the cooling fluid are scattered to the downstream
side as viewed in the forward moving direction of the
chuck table.  Part of the cooling fluid turns into a mist,

25 and also scatters to the upstream side as viewed in the
forward moving direction of the chuck table. Thus,
bellows means is disposed at least on one side, usually
on both sides, as viewed in the reciprocating direction
of the chuck table, to cover the precision machine

30 elements such as threaded shaft. When the chuck table 1is
making a forward or backward motion, the bellows means
disposed downstream in the forward moving direction of
the chuck table is contracted, while the bellows means
disposed upstream in this direction is expanded. When the

35 chuck table is making a backward motion, the bellows



35 chuck table is making a backward notion, the bell ows 25FEB2005 - 3 neans
di sposed upstreamin the forward noving direction of the chuck table is
contracted, while the bellows neans disposed downstreamin this d;ffﬁgé%ﬁ5

i s expanded. The above-described conventional cutting machine 5 ha
followi ng problens to be solved: At the edge of a CSP substrate, there are
sel vedge portions where no CSP's are forned. Particularly when the CSP

substrate ispgals gsdislksiel yRAge DOl MR Ho20al bRAG %lsirre%h:%to'nvel y large

swarf, over the bellows neans di sposed on one side as 10 viewed in the

reci procat i ngf direcehurk dfablie ichurizasited, i lexams deldowssmeaaa si de as
viewed in thg; ‘ﬁgy' i | f. 1 h t@QI en the rotary
cutting bl adel%lgé%\%g gc%oe |ﬂnlr%ngilrrgc 41% cﬁr{:e ﬁ(?f% 'tih(\sg < ten%e}téf(; act on the CSP
substrate noves i nThheabovaaddsonvbag déndkmeodtnah oittiwg chwdkinabl e. The
relatively large swarf.. that has .scattered over. the bell ans tends to

i nhi bit the SHDoth c%%]t]roa"@tr?%r?’%?? eé?fbgcr%?)c?n S g&l Iggsﬁlsgﬁ’ggng% 8 nce
the bel | ows osRNsubeetistd 0 tieers i Mal ey adred and whdanaded.cdrt’ d s
normal Iy forned 20 of a cloth or. a simlar material. Thus, the relatively

| arge swarf #hatfPEReScalfPEredIdier vt HoePeltPEWSSRegHEShagtendf GUlitt] e

chance of cagstngsdBf@dfe SHEH ASs Wl Hadierddie feldoms: iNRARS .1 A/yeSunmary
of the Invention A principal blect-of the present invention i's to ™ provide

a novel and $HPFbved utthing hENSHIT ML SHTSRG 1 eI9nrevintas scat t er ed
swarf fromiphehad! ng £he 39 Ak GO A0 AKE PANS A HaDel | ows

means or from danmaging the bellows nmeans. The inventors of the present
i nventi on haVer efzpobed doprdteein veldhest fimwerbvigr ite therwpper surface

of the bell Oﬁ{\@vﬂ?gnéir&@i&?\/gf dt%?é gc%elgc};[ hceable when the rotary

cutting blade is rotated in a direction in which the site
to act on the CSP substrate moves in the forward moving
15 direction of the chuck table. The relatively large swarf
that has scattered over the bellows means tends to
inhibit the-smooth contraction and expansion of the
bellows means. Since the bellows means needs to be
smoothly contracted and expanded, it is normally formed
20 of a cloth or a similar material. Thus, the relatively
large swarf that has scattered over the bellows means has
not a little chance of causing damage, such as a hole, to

the bellows means.

25 Summary of the Invention

A principal object of the present invention is to
provide a novel and improved cutting machine which
effectively prevents scattered swarf from inhibiting the

30 smooth contraction and expansion of bellows means or from
damaging the bellows means.

The inventors of the present invention have
disposed a protective sheet for covering the upper
surface of the bellows means, and have designed the

35 protective sheet to be wound up and wound off, as desired,



35 protective sheet to be wound up and wound off, as desired, 25FEB2005 - 4
in accordance with the reciprocation of the chuck table, accordin lé’ '&95
accordance with the contraction and expansion of the bell ows neans. é@é

doi ng, they have found that the above principal object can be attained. 5
That is, according to the present inventjon, there is provided as a cutting
machi ne sol ving the above- nentioned principal technical problem a cutting

machi ne inc i chuck t.abl.e t reci_pr.ocat t 0 nd
position andiryﬁée@%flﬂder en?Yuptggitt%leo(r?f;etz.gL rﬁgﬁgl%laﬁgdf%%d@g%gegggtl ‘east on
one side of admohinklitakire asondaewed vwiltht hédver exinpneeatiiong adidr ecti on of the

chuck table, _fixed at end .t.o the chuck table, .and fixed at the other
end to a sta%}f%an%%lo%q%g%e ra{??ducod‘ist in}?gimﬁréanéyf 5P d8&P9i'n§g8YWéF‘¥Si ece hel d
on the chuckidabd esch@ndHd fd giied i9aah dbtic tvie tHee aduickadabl e is

noved forward and/ or = backwar d,ﬁ%{\e cutting neans acts on the workpi ece held
on the chuck tabl ERgb Bt FRECTOIRDI R hanRretpoh SWaFRE1Rattefs®at | east

on the one sjgeasy vieyed id dhe 3y meEmrecaldng i redd iapwf- the chuck
table, and when the chuck table is noved forward or backward, the bell ows
nmeans is corfteiet@rrd vibh Ine ieh terh rcinedk arattlen s aidd- 1ishdlem i er

forvard, the i Lous, pana, s expandadani. WIeselih PSP otd ve sheet

for covering e upper surface ello means 1s di spos one end of
the protecténvd pheetion antipgrocdtist iandagroridanre welhlawse measd procati on

of L1 licyigbles o e IPORG Ol NS SREHL UeuElrSls o comnect
backward, thieysdtectiive sdreabrdcagimagd whldec tioamb ity diheckiteabd ey, neans
In accor danc:(?i}‘(’\ejaé haé hoem;c Oerr\{@rgo n&/ee C n&ckorta alcek,waa{rgd fixed at the
other end to a stationary member; and cutting means for
cutting a workpiece held on the chuck table, and
15 configured such that
when the chuck table is moved forward and/or
backward, the cutting means acts on the workpiece held on
the chuck table to cut the workpiece, whereupon swarf
scatters at least on the one side as viewed in the
20 reciprocating direction of the chuck table, and when the
chuck table is moved forward or backward, the bellows
means 1s contracted, while when the chuck table is moved
backward or forward, the bellows means is expanded; and
wherein
25 a protective sheet for covering the upper surface
of the bellows means is disposed, one end of the
protective sheet 1s reciprocated in accordance with the
reciprocation of the chuck table, and the other end of
the protective sheet is connected to winding means, so
30 that when the chuck table is moved forward or backward,
the protective sheet is gradually wound up by the winding
means in accordance with the forward movement or backward
" movement of the chuck table, and when the chuck table is
moved backward or forward, the protective sheet is

35 gradually wound off from the winding means in accordance



novenent of the chuck table, and when the chuck table is noved backward or
forward, the protective sheet is 35 gradually wound off fromthe mﬁgfbgf
means in accordance 2 5 FEB 2005 -5 with the backward novement or 2 405
novenent of the chuck table. Preferably, the wi nding neans is conposed of a
shaft menber nounted rotatably, and the grotective sheet S has a wap
tendency to be w apped about the shaft nmenber when no force is exerted on

the protectiyetshert, badeiihe nd¥ahiaet 36 SNeRIrd miaadual lofF waiend up by the
shaft menber because of the wap tendency of the protective sheet when the

chuck table FRUGHVEA*®rward or backward. 10 Swarf rel ease means can be

di sposed for rel eagi-BgesuBil, +UWBI Ghnhds adbenedi Lo saiface;of the
protective sheet, fromthe protective s(IZleet wound up by the w nding neans.

Preferably, $hefswiembee|resrt ekarstdsatonpoyut Wfe Prateladste mhatet di sposed
di " Yetr | )
adj acent 40 fhe w Qgéggﬂ‘lc%gc?%‘xﬁcey ang o &%E?ep;{ned eaebsoq}‘é)ct?{ee ¢ A fd eg_,dge

contacting or approa surface ‘he protective sheet a
posi tion i medeat rbyfdetores tdeepred emt | Mee gheetedtsi wowicketyp dnd ttiee wi ndi ng

means. In a preferred enbodi nent . swar transport .neans i i,sposed
downst r eam f 5‘#%%%“\7\? nding" 20° n%%%%\@aa{sl%i“é ilfPtWea?qberv%}aggtnovi ng or
backwar d novihagbedi becihon of tine whasktdaddresy afl dihe vsdcyBlease nmeans
gui des swarf, whjch has been%rel eased fromthe surface of the protective

sheet, onto PRECEWARFD t FRASPORER nednse TheOWRAFOTTHRE T LA an be

conposed Of gPaendLESSaZd KOMNEYOLn bl tq rBehany siar Rreferahly, sydres cutting
means is equipped with cooling fluid jetting neans; the endl ess conveyor

belt nechani $hi¢hchadeadberendiesshoettrinas mf Wanpehedale hest f or med
(1ore D ncr o, pRocyERase, 0 Spases AL LS e ot ool 09

Preferably, the swarf release means is composed of a
release plate disposed adjacent to the winding means, and

15 the release plate has a tip edge contacting or
approaching the surface of the protective sheet at a
position immediately before the protective sheet is wound
up by the winding means. In a preferred embodiment, swarf
transport means is disposed downstream from the winding

20 means as viewed in the forward moving or backward moving
direction of the chuck table, and the swarf release means
guides swarf, which has been released from the surface of
the protective sheet, onto the swarf transport means. The
swarf transport means can be composed of an endless

25 conveyor belt mechanism. Preferably, the cutting means 1is
equipped with cooling fluid jetting means; the endless
conveyor belt mechanism includes an endless belt having
many drainage holes formed therein, and drainage means
disposed below the endless belt; and a cooling fluid

30 having flowed in onto the endless belt is flowed downward
into the drainage means through the drainage holes. A
swarf collection vessel can be disposed, and swarf
collection means for releasing swarf transported by the
endless belt and guiding them into the swarf collection

35 wvessel can be disposed. The swarf collection means can be



into the drainage neans through the drainage holes. A swarf collection
vessel can be disposed, and swarf collection neans for rel easing Z\g/aFrf
transported by the endless belt and guiding theminto the swarf c IIeE(Bt%UQ)r’n
35 vessel can be disposed. The swarf collection neans can be 25FEB2005 - 6
conposed of brush means acting on the surface of the endless belt. Brief
Description of the Drawings 5 FIG 1 is a perspective view show ng the whol e
of a cuttin Lfe,d i C i t.nd nventi on;
FIG 2 is angoelg%?%%gdofoggr&slg%%?ﬁe{eh%%%% ovcslsi\nn\é;éﬁagI él%ef(%Peesu sttr}éate to be cut
by the cuttiegdheshibpelof FIG 1, and a nounting jig used for nounting the
CSP substrate on a chuck table; FIG 3 is a partial perspective view

showi ng bellows neans, a protective sheet, and related neans in 15 the
cutting machBneebfDé&dcxifdt it Bf 4thes Immwepioded perspective view show ng
the bellows neans, protective sheet, and related neans in the cutting
machi ne FIG 1; and FIG 5 is a partial sectional view show ng the 20
protective sheet, and.swaif BepeasgepeaHE \DekhEhéWihingheMmmEbIACOIaFI G 1.
Det ai |l ed Description of the Preferred Enbodi nents 25 Preferred enbodi nents
of a cuttingChathiAemachhaei tTRERN¢Hh HE RHFRARTGH t'hithet B et hvent i on
will now bejdesgeidged in further detail with reference to the acconpanying
drawings. FIG 1 illustrates a preferred enbodinent of a 30 cutting nmachi ne
i mproved in accordidABe Wi iR Bheeppéedad penspactove Aiewt shaginachi ne,

i ndi cat ed) entipelynal  L10€ to pe cut by the cutting machine of FIG. 1,

and a mounting jig used for mounting the CSP substrate on

a chuck table;

FIG. 3 is a partial perspective view showing

bellows means, a protective sheet, and related means in
15 +the cutting machine of FIG. 1;

FIG. 4 is an exploded perspective view showing the
bellows means, protective sheet, and related means in the
cutting machine of FIG. 1; and

FIG. 5 1s a partial sectional view showing the

20 protective sheet, and swarf release means in the cutting

machine of FIG. 1.

Detailed Description of the Preferred Embodiments

25 Preferred embodiments of a cutting machine
constituted in accordance with the present invention will
now be described in further detail with reference to the
accompanying drawings.

FIG. 1 illustrates a preferred embodiment of a

30 cutting machine improved in accordance with the present
invention. A cutting machine, indicated entirely at the
numeral 2, has a housing 4, and a wait area 6, a chucking
area 8, an alignment area 10, a cutting area 12, and a
cleaning/drying area 14 are defined on the housing 4. A

35 workpiece to be cut is brought in onto the wait area 6 by



nunmeral 2, has a housing 4, and a wait area 6, a chucking area 8, an
alignnent area 10, a cutting area 12, and a cleaning/drying area 14 are
defined on the housing 4. A 35 workpiece to be cut is brought in ahb bbb R
wait area 6 by 25FEB2005 suitable carry-in neans (not shown). FIG 2
illustrates a typical exanple of the workpiece to be carried into the wait
area 6. The illustrated workpiece is a P substrate 16, which has a 5

synthetic regj gypgtéﬂle}{j@n %e&gefﬁ@@ Oav}rn)shape. Cutting streets 20 are

arranged in a lattice pattern on the synt eti'’c resin substrate 18, and
these cutting stré&éfs 20idéhéheatesaaptypital yedmgB2 oh the illustrated

exanpl e) rec ar ch of t 10 r.ectangul ar eas, a CSP 22 is
di sposed. Se%’@g}ggiegé%otr??%ensé%flva\ne hlo% © tn:nehee fwoarl?rcata}roe%a o@' Car e present at
t he peri pherallestgeatdéd therlgyigdetic a e&9M sibzsiratiee 108, wHirti Head |d ustrat ed

mbodi ment, the CSP.substrate 16 ] i ngl i ed into the wait
6. but  placell oh G 15 HOUHR I G T 12 B el (S TS The HaHT area 6. The

mount i ng j i gceét inki ehr&ans beo foreredr fAoBaR SUid ableidetgde it onis a
rect angul ar El ate somewhat |larger than the CSP substrate 16, Trenches 28
are arranged PR BYPTRREICE PRt st HPHEr 2R Kontadtd othe R Gipet"Surface of the

20 ti L : lit f (321
rount 1 ng btﬁeg@sn%?gc)iéﬂ?ﬁ@aﬁée{ﬂﬁ%%a g(?;f-’c £ f plarality of (32 in

the illustrated exa rect angu ach of the rectangul ar
areas 30 corikspohdsted examhlof réetgd8RkRXAigrs he IOSRashbstr &the 16, and

the di Si r gu r 30 | | a i 5 are
subst an?fl%gl I§Q€Jﬁ§£%%ir;§r a%f%%g’ d‘lg?réesr’]% %%sl%fdjﬁ%g%ég %f\iV%\r%{ each of the
rect angul ar poetsold 4 whehowunthegfojmat ¥F @&f SIKR | Dre hotes&2t ist f orned as

2 e oua hoLgy! B LBeo Dl CATEES S Lo Loy A et oot s o P
hol es 32 is fonrord. iThes S sdibstibed £ndb:, the CSP substrate 16 is

not singly carried into the wait area 6, but placed on a

15 mounting jig 26 and carried into the wait area 6. The
mounting jig 26, which can be formed from a suitable
metal plate, is a rectangular plate somewhat larger than
the CSP substrate 16. Trenches 28 are arranged in a
lattice pattern at the center of the upper surface of the

20 mounting jig 26, and these trenches 28 demarcate a
plurality of (32 in the illustrated example) rectangular
areas 30. Each of the rectangular areas 30 corresponds to
each of the CSP’'s 22 in the CSP substrate 16, and the
dimensions of the rectangular area 30 in the plan view

25 are substantially the same as the dimensions of the CSP
22. 1In each of the rectangular areas 30 of the mounting
jig 26, a suction hole 32 is formed as a through-hole in
the thickness direction. On the rear surface of the
mounting jig 26, a suction groove (not shown) connecting

30 all the suction holes 32 is formed. The CSP substrate 16
is placed on the mounting jig 26, with the plurality of
CSP’s 22 in alignment with the corresponding rectangular
areas 30 of the mounting jig 26. The mounting Jjig 26
having the CSP plate 16 placed on its upper surface is

35 carried onto the wait area 6 of the cutting machine 2.



is placed on the nounting jig 26, with the plurality of CSP's 22 in
alignnment with the corresponding rectangular areas 30 of the m)untiglg él@
26. The nmounting jig 26 having the CSP plate 16 placed on its uppezr bh iR e
is 35 carried onto the wait area 6 of the cutting machine 2. 2 5 HO B 2005 -
8 Referring again to FIG 1, first trangport neans 34 is disposed in
relation to the wait area 6, the chucking area 8, and the cl eaning/drying

area 14. The first oL rt s, 34 cks t upgi ] rgjed into
S The it aren o FErEnzifls JHEMIS Bkt P | e ARLOLAREDbEY BRI BHCH 1T
pl aced on its$sugpeposedf agerebathen thuthke ngpir ear® Gndtiprtshudieinon a

chuck table | gca Lt hucking area 8. T chyck t.ahl.e 36 in the
illustrated g%%d?m%ﬁghggea&re'%% %1?1%{1?%(,15 i h {[;ghelrﬁi?i} ftf%t‘g’éconemhat | ar ger
t han the nountengpptry @Béand Béctacksl e wadit g opedi @ i sed armasl at t he

center of_the suction__panel 38, and the front end of.a suction pipe 42 is
open at 1hetBfc¥idh %Bgﬁi ﬁg BHANHRRAE hbh?rd[‘ﬂfli‘?ﬁgn?ibl‘QGZ‘i‘psan artSed onto

the suction panebuBStphtéheschuskelabhei 86, uddet NGustigds Ofo pitpe 42 is
brought into communication with a vacuum source (not shown). As a result,

t he nountingCPrEKiDe RESFaBuupiiat PrEet BREBMRD 2 hehatkt Fahlpahl 38, and

each of the syetien bl ese32nfiekiRY Lpedheg, NG dd Gardl is% MBde Ho
comuni cate with the vacuum source. Thus, 20 the CSP substrate 16 (in nore

detail, eachiélusheaGsp embogdimenrtvhasuan tettranyetar osuheiomupriay j8g 26.

The chu ta LS e t a N reci.por ting manner
in directi ongbﬁﬁglﬁggt% gfg/E gprggmgﬁﬁ48%§§tglg¥i ﬁlﬁl %f 18A( trﬁegdt%élgﬁ%raggati ng
novenent s 25softihe checkngabDei86fairhédbet fune heentdescof bebe| stetrion and is

al so nount ed r ot at ly_a out _a, cen%raldaé' S. ext ngli n isub ant i aI(Ia
Vertically. AGRIt RS’ vBORT RS Front 28" eopl Al BROE: BRULK hbTE Y6, and
vacuum attraetethe suction opening 40. When the mounting jig 26 is
carried onto the suction panel 38 of the chuck table 36,
15 the suction pipe 42 is brought into communication with a
vacuum source (not shown). As a result, the mounting jig
26 1s vacuum attracted onto the suction panel 38, and
each of the suction holes 32 formed in the mounting jig
26 i1s made to communicate with the vacuum source. Thus,
20 the CSP substrate 16 (in more detail, each of the CSP’s
22) 1s vacuum attracted to the mounting jig 26.

The chuck table 36 is mounted so as to be movable
in a reciprocating manner in directions indicated by
arrows 44 and 46 in FIG. 1 (the reciprocating movements

25 of the chuck table 36 will be further described later),
and is also mounted rotatably about a central axis
extending substantially vertically. When the mounting jig
26 is placed on the chuck table 36, and vacuum attracted
thereto, in the chucking area 8, the chuck table 36 is

30 moved forward in the direction indicated by the arrow 44
to position the CSP substrate 16 on the mounting jig 26
in the alignment area 10. Imaging means 48 incorporating
a microscope is disposed in the alignment area 10, and
the imaging means 48 forms an image of the surface of the

35 CSP substrate 16. Analysis of the formed image leads to



thereto, in the chucking area 8, the chuck table 36 is 30 noved forward in
the direction indicated by the arrow 44 to position the CSP SUbStE%tFeE ]78 on
the nounting jig 26 in the alignnment area 10. |Inmagi ng nmeans 48 B 7005
incorporating. a mcroscope is disposed in the alignnent area 10, and the
i magi ng neans 48 forns an i mage of the surface of the 35 CSP substrate 16.
Anal ysis of the fornmed inage leads to 2 5 FEB 2005 - 9 recognition of the

state of place t..of th P substrate.16, nore specifi ly, the
TN B SR ate B0 o S erdR s i s S5

positions of 1 INg s 0 on , hanely, the
posi tions i pullevatd rigct inare apacasierdilyg thet hesS thensarat ameé backwar d

noving directions 44 and 46 of th chuck tabl e 36, and the positions in the
y-direction C'Perpthdi i tz(c)p tHe -ediqséjctsiug’ﬁ.trﬁgfg a}%al yéne Ly s ves

recogni tion gfs tthierdcld Ratd ansidfedtheCUicorit@ syomEng 2@ diel ative to the
forward and backward noving directions 44 10 and 46 of the chuck table 36.
The i nage criQaver hypichdaq hFavedrds Ugacs 180 4di SHdayéd Un t&Soni tor 50

di sposed on digjhousing 7, ThRD e rhuslodable 36 s qimyad dip the cutting

area 12, where cutting of the CSP substrate 16 is pérfornmed. Cutting neans
52 is di spoRa¥rERdirtlamttiotheo 1. raationg afke apalyRéscadspngifeéans 52

inthe illu . .e | ATBY, 4 rmgj of . td 56
fixed to t hzgét%g%gf&armf gdt ating lzrhcg]th eoqlesxtoefﬁa{h%%s%slt ntéi%e;b/ésa%

hori zont al | yre Ifel vepttay ywheutfanmwprdlaade B8 kvwayr bany ittty awsd tedbrdi 9t shaped
cutting.hl ad 0, €0 i,ni |.a rai ns.,, The cuttin ng 52.iLs al so
equi ppeéilavm' taﬁwtzzo(lo ionrggatf euirl%‘%dde]'t Eljan%gwrgregén’s Egef 6Irngjggt Flr%gﬁlqgg % ol%ihﬁg fluid
such as pureimwtierg n@rrid P afs tdlesdCSH ssldystd atre &l Gnarsi tadv it ageousl y

perforned | nyihe Lol oy ag, qRIner; L1 kel Yy Lhe diieclion o extension o
substrate lGndwedeio tthdesidfigiandd yi AcGtHateeldtitting of the CSP

substrate 16 is performed. Cutting means 52 is disposed

15 in relation to the cutting area 12. The cutting means 52
in the illustrated embodiment is composed of a rotary
cutting blade 56 fixed to the tip of a rotating shaft 54
extending substantially horizontally. The rotary cutting
blade 56 may be a thin-walled disc-shaped cutting blade

20 containing diamond grains. The cutting means 52 is also
equipped with cooling fluid jetting means 58 for jetting
a cooling fluid such as pure water. Cutting of the CSP
substrate 16 is advantageously performed in the following
manner: Initially, the direction of extension of the

25 plural cutting streets 10 extending in the x-direction in
the CSP substrate 16 is set to be sufficiently accurately
parallel to the forward and backward moving directions 44
and 46 of the chuck table 36, and the y-direction
position of specific one of the plural cutting streets 20

30 is sufficiently accurately aligned with the y-direction
position of the rotary cutting blade 56. For this
positional alignment, use is made of the results of
analysis of the image of the surface of the CSP substrate
16 imaged by the imaging means 48. Then, the rotary

35 cutting blade 56 positioned at a predetermined height is



parallel to the forward and backward noving directions 44 and 46 of the
chuck table 36, and the y-direction position of specific one of the fFgunel
cutting streets 20 30 is sufficiently accurately aligned with the
y-direction position of the rotary cutting blade 56. For this positional
alignnment, use is made of the results of, analysis of the imge of the
surface of the CSP substrate 16 image"d]t%/"t he i magi ng neans 48. Then, the

rotary 35 cu t,éantqeé)!flrge .5d6iPé)Si tioned .actataedorbeydet e%%’ ned ei(g}Lh.te is a25FE82005

ctaon .in an row . . .
-la- rotated in a ditection in |catedhby an arr ow (Ol.e., a’ direction in

whi ch a | owedimsswk jpor timwhoich he Totear yende gidrtigrblefde a6 raatanyg on t he CSP
substrate 16 nopves i he_ forward novi jrection 44 of the chuck table

36y 5 and (HEEEO I BT Vel ik e JUPAHE i e TUES i cat od
by the arrowrdl. fdrvaet asianee dtdvdhesa s B ioRs cHtak G isubsgyrate 16 is
cut al on% a specific cutting street 20 by the action of the rotary cutting

bl ade 56 °( ctdtq N ®FChUK P RbkG rist doME dyf A 1 tidy yhep HiaG @bl ade 56

will be further; desed iBed i@tef)ow A g PORK @BcBEahRBer QL aRY teUkki Ng bl ade 56,
which cuts the CSP substrate 16, protrudi ng downward beyond the | ower

surface of tTetCEE s rGiR JEPstsr Pexikl drfeduth allvng & REF 128 Qi sposed in
the upper sutface,pf {TDRA L] | 440 ofhepn, t Sthstipte 16 is
&4 (5 st %ggceﬁl%%%d t Cig l:‘lfcualqi)gj etti nr{

cut with the rotar cutting b e cool 1 ng , neans 58
jets a coolblrdd |2 dicwWpoimeonhltdre diEbfsuhattiatpe alory dadee matainhg street

20, therot at.ing t. 54 havi t t I l.ade 56 fi,xed thereto
is rai se1 tg&‘:}aﬁ%lo%&;%l%dsp%r%;?i%gplpogs%et%%%%ﬁlné&t%%flc u&éklaefdcaebll )e' 38‘ is nmoved
backward t o portqu red fposi totary ncuthel iy relddeorb 6 i i icat edityy tthee arr ow 46.

Al AL e ST gl 0 T
surface of the CSP substrate 16 is positioned in the
trench 28 disposed in the upper surface of the mounting

15 jig 26. WwWhen the CSP substrate 16 is cut with the rotary
cutting blade 56, the cooling fluid jetting means 58'jets
a cooling fluid. Upon completion of cutting along one
cutting street 20, the rotating shaft 54 having the
rotary cutting blade 56 fixed thereto is raised to a non-

20 operating position, and the chuck table 36 is moved
backward to a required position in the direction
indicated by the arrow 46. Also, the chuck table 36 is
index-moved in the y-direction, and the rotating shaft 54
having the rotary cutting blade 56 fixed thereto is

25 lowered to a predetermined position. Then, the chuck
table 36 is forwardly moved again, whereby the CSP
substrate 16 is cut along a next cutting street 20. In
this manner, the CSP substrate 16 is cut along the
plurality of cutting streets 20 extending in the x-

30 direction. Then, the chuck table 36 is rotated over a 90°
angular range, whereupon the plurality of cutting streets
20 that have extended in the y-direction are brought into
a state in which they extend in the x-direction. Then,
cutting takes place for the CSP substrate 16 along each

35 of the plural cutting streets 20 extending in the x-



25 lowered to a predeterm ned position. Then, the chuck table 36 is
forwardly noved again, whereby the CSP substrate 16 is cut al ong 25 2005
cutting street 20. In this manner, the CSP substrate 16 is cut al o6ng e
plurality of cutting streets 20 extending in the x 30 direction. Then, the
chuck table 36 is rotated over a 90 angul ar range, whereupon the plurality
of cutting streets 20 that have extend i the y-direction are brought
into a statg.in which they extend in the x-direction. Then, cutting takes
place for thB &P sbstrate 16 al ong each 35 of the plural cutting streets

20 extending in thearxe25EEB206b subdtrateecti 08.cudftes tbguCbPdsubstrate 16
is cut, as required, .in the cutting area 12, the chuck table 36 is returned
to the chuckPRgCaredn®. 2R3 ohelr t i PHHIX eI 6310 | S FREERREAEG n rel ation

to the chucking @ﬁ@@k%%“ﬁré@e& ClsRanink0 i HavisPe & e ald. elihe ssecond
transport neans 61 sucks and holds the nmounting jig 26 on the chuck table

36, transpofi&PPhed npuntsYtiPy B HHRI SHECESH ARt ratand eihe which has

been placed thesgon alre cyf . akenrg 0 [ 0, to the
cl eani ng/ dryi ng ar e%@% a%dég%%t S thﬂ%oﬁ%%ﬁ)&gk t(r%téltr?s?%%r%?{e;%ﬁ%smﬁ% di sposed

in the cleadiplsdaydngobdeatilg. napet muniing ¢ iep 2ehanchudle tarle GBP,
substrate 16 h . cle r J dr yi ng neans
(not shown) E?égiggét%ngﬁﬁgﬁﬁgﬁnggh?%§?§$$gﬁg-gﬁga %n§#§éﬁ%£§%ef%bunting
jig 26 and vwheckuhagSPesubstaated Uteprasemd tdbrendy aret ta amsporited to the

it 6 b he first t t 34..Th ti iig 26 dth
Cut | CSP QUbsEREr 67 06" T a2eh 2 her Rothar LSl FRETGHY BO° st Tabt & caPby- out
means (not 2Pushovhemton EWicexadphe, (wot remnsiey deyvpseed ndDh shewn) for

transferring the individual IX cut CSP's 22 from above the npunti n%jig 26
into an acco ﬂ%%?gﬁdEégﬁg rea 14. The mounting jig 26 and the cut

CSP substrate 16 present thereon are cleaned and dried by
cleaning/drying means (not shown) disposed in the

15 cleaning/drying area 14. Then, the mounting jig 26 and
the cut CSP substrate 16 present thereon are transported
to the wait area 6 by the first transport means 34. The
mounting jig 26 and the cut CSP substrate 16 placed
thereon are delivered by suitable carry-out means (not

20 shown) to, for example, a transfer device (not shown) for
transferring the individually cut CSP's 22 from above the
mounting jig 26 into an accommodation case.

With reference to FIG. 1, the chuck table 36 in the

illustrated embodiment is mounted so as to be movable

25 forward and backward, in the directions indicated by the
arrows 44 and 46, between the one end position indicated
in FIG. 1 (the chuck table 36 is located upstream from
the alignment area 10) and the other end position (the
chuck table 36 is located downstream from the cutting

30 means 52). In the chuck table 36, a reciprocating
mechanism (not shown) for its forward and backward
movements is disposed. The reciprocating mechanism, which
may be in a well known form per se, includes a threaded
shaft rotatably mounted below the chuck table 36. The

35 threaded shaft extends in the forward and backward moving



Wth reference to FIG 1, the chuck table 36 in the illustrated enbodi nent
is mounted so as to be novable 25 forward and backward, in the dirzg%ﬁgq@
indicated by the arrows 44 and 46, between the one end position i ié t @
in FIG 1 (the chuck table 36 is |ocated upstreamfrom the alignnment area
10) and the other end position (the chuck table 36 is |ocated downstream
fromthe cutting 30 neans 52). In t he chdck tabl e 36, a reciprocating

mechani sm (not_shown) for its forward and bac r.d venents i s disposed.

The reci procatiHy- Hethani sarﬂdsvﬁocc\#at;f?fy C&%‘"ﬁ]%@ I3rEEno§%H fLBFﬁFB@h se,

i ncl udes a ttiiesdtednendeaf tig ctiateabloo rAintethdxeltem tha schugld ttald e 36. The
35 threaded shaft ai%tﬁrde[sarden the forward and, backward novi ng 25FEB2005 - 12

di rections 4¥EHR tigbISE Ty e e Adir eadae s dfdnber i s

fixed to therghdickeiai36, t sk tHe 1d MRIR!f IR0 JIRIHREMHesS screwed on
the threaded shaft. Thus, the chuck table 36 is noved forward along the 5

t hr eaded shat?#r§3lehestbtecth dmhg MHiteftdP by tdHe agbwyadhg Rrgvbrifance
with the norppladadadd e ofi dihecddingaded shafdiopnt the dilidedable 36 is

moved backward along the threaded shaft in the direction indicated by the
arrow 46 i nShfcor diiit et tahudle vadvler s¥ rigt ardvsmd dfaakva ndhradae] e shaft .

The thr eaded, shaldognd dfie {ntarnal; tread, Mehers dd dihe g eclmgeatd ng

mechani sm are preci si on nachi ne ement’s, nee 0 "be protected from

swar f fornedinrmcededand iwigtlarge 12wbd heoteoolome ff [thiad jletdaeted n t he

cutting.area 12. 15 wth.reference to Fl al.ong with FIG .1, in the

C1lustrdted SHbbH e hefroRg moans §§%aﬁg‘e6&n§%5 nag; 556&38 BE™56¢h si des

of the chuckid abhe Bcasrad bl imectidre grecd ¥ qeedd ingi sl meadhiate of the chuck

table 36. The GF{ﬁ)reci si on. nachi ne %I?emsnts succﬂggals t he threfaded haft and 20
in

the i nter nal StHIFAE netffern G5 t He PR A5 &t ot Tt Hiffsim £ orme

the cutting area 12 and the cooling fluid jetted in the
cutting area 12.

15 With reference to FIG. 3 along with FIG. 1, in the
illustrated embodiment, bellows means 62 and 64 are
disposed on both sides of the chuck table 36 as viewed in
the reciprocating direction of the chuck table 36. The
precision machine elements such as the threaded shaft and

20  the internal thread member in the reciprocating mechanism
are covered with the chuck table 36 itself, as well as
with the bellows means 62 and 64 disposed on both sides
thereof. The bellows means 62 has connecting members 66
and 68 at both ends thereof, and when the chuck table 36

25 is located at the aforementioned one end position, the
connecting member 66 is connected to a stationary member
(not shown) located upstream from the chuck table 36,
while the connecting member 68 is connected to an
upstream surface of the chuck table 36. The bellows means

30 62 may be itself formed from a suitable collapsible
material such as cloth, and the connecting members 66 and
68 disposed at both ends of the bellows means 62 can be
formed from a metal plate. Similarly, connecting members
70 and 72, which can be formed from a metal plate, are

35 connected to both ends of the bellows means 64 which can



are covered wth the chuck table 36 itself, as well as wth the bellows
means 62 and 64 di sposed on both sides thereof. The bellows nmeans 62 has
connecting menbers 66 and 68 at both ends thereof, and when the ghyucig @bl e
36 25 is located at the aforenenti oned one end position, the connecting
menber 66 is connected to a stationary er (not shown) | ocated upstream
fromthe chuck table 36, while the connecting nenber 68 is connected to an

upstream surfac f the chuck tabl.e 36, -The bellows neans 30 62 may be
itself for m%eff%%“%é sﬁrl TAbT es%%(l &}b;p%icbqlelapﬁajtebelr% érfatseurclha%asbucq%ot%s, and the

connecti ng nehbers Ghearmdbnnedtdngposeteat 7otk epdsicoftedhecbel | ows neans 62
can be forned froma neta |late. Sim.|larly, connecting nenber 70 and 72,
whi ch can bgg?‘ﬁ?%ﬁe?rpo?ﬁﬁ%?fg‘? a?teptrré‘? & ik tS%b]ceo%éct gg‘etrgaﬁof”ﬁ]eéhds of the
bel | ows meanshé&4c e ht gse 256-EB20085cat dB ate Horamkd réia gposdi ¢ 2 e

coll apsihle material such as _cloth. The connecting nenber 70 is_connected
to a downst rebaredirfakelof - t Hee FRRICT HIE b sfhet 2aks I CG 1A chuck tabl e

36 is |locategatidherptbeicesd Rashds oy S d A& &hd EFeard NErsRNRST I NG
menber 72 is connected a stationary bracket nenber 74 |ocated downstream

fromthe ch@tkck abilel863§t htherhier@ieratmerer 4741l beoe funerer descri bed
later). Conngglipfoh mgefggpf%vgmé%t S 80 cifhectd N thefd i e

predeterm ned sites can be 10 by suitabl e connecting neans such as
set screws. %8, w0|ande’andersheour éyetrefrimetes ttoes|@Gn He ther betheds neans

62 and angd. t he. cl i rs. .66, 68.. 70 and 72 _have an ..
i nverte fbchaﬁ%e%\?fgggfgr%%@%(g%ﬁ%nﬁ &S asplfa(.thAaS psa(ﬁi cf%%wsrrbn%esr %ll s fixed
in the housibg dnddhetdsdd payt réfenemesbes F6Ghas, achotbeblews Img8nsand bot h

side walls an extendi ng upward from both sjde edg of e bottom
wal |l 78. A pggt %‘grgﬁcﬁnéf ?o?%%lﬁ?(ﬁbl%%v%‘?lﬂbe¥% § ' i%@e/er?@dé%‘ﬁaiael formis
formed at thgagend€rihWerted-channel-like cross sectional shape. A
partition member 76 is fixed in the housing 4. The
15 partition member 76 has a bottom wall 78, and both side
walls 80 and 82 extending upward from both side edges of
the bottom wall 78. A protuberance 84 projecting upward
in an inverted-channel form is formed at the center in
the width direction of the bottom wall 78, and channel-
20 shaped portions 86 and 88 are formed on both sides of the
protuberance 84. As will be described later, swarf as
well as the cooling fluid scatters over the channel-
shaped portions 86 and 88. To flow the cooling fluid and
the swarf to the downstream side as viewed in the forward
25 moving direction of the chuck table 36, it is
advantageous for the channel-shaped portions 86 and 88 to
be inclined slightly downwardly toward the downstream
"side as viewed in the forward moving direction of the
chuck table 36. In addition, it is possible to dispose
30 liquid jetting means (not shown) which generates a flow
of a liquid, optionally water, directed downstream as
viewed in the forward moving direction of the chuck table
36. Bilateral downward extending legs of the bellows
means 62 and 64 and connecting members 66, 68, 70 and 72

35 are adjacent to the protuberance 84 and located on both



the width direction of the bottomwall 78, and channel 20 shaped portions 86
and 88 are forned on both sides of the protuberance 84. As wll be
described later, swarf as well as the cooling fluid scatters ovej 5tf@ 2005
channel - shaped portions 86 and 88. To flow the cooling fluid and the swarf
to the downstream side as viewed in the - forward 25 noving direction of the
chuck table 36, it is advantageous forlﬁhe channel - shaped portions 86 and

88 to be ing|ined,slghtly,dayme 4 OB 28 n%q%%cr&%dqdfi&e as vi eved

in the forward noving direction of t ‘chuck table 36. I'naddition, it is
possi bl e to Hheposel3G Ingpns §2taridhd hreats qargtecshiovn maptricots dfenertdtes a

flow of a |igqui t] I | r.ect m iewed in the
forward novi 4?163 cli| reﬁl{)i%lggg’fé‘%%t\é@%%b&‘%[ a%ee%%%%\%ﬁéq%ra 'do&nll:ll\%ard
ext endi ng | egsreddedesioeid ows theeaafoEmartd Bk dant cignmecttiingy nenbers 66,

68, 70 and 7n[2le SaI?lre ad'@ce t .to the protuberance 84 and oqat ed on both
25FEB7005 5 "eGRUL Y fet G e Brotundtaite B2 P 1 hai'tf portions of

68, the bel |oaBldrantedds adwl HH advdl conneatddg Imhenbdt 6, awl, 7 are
| ocat ed above égi%pro uberance 84. The threaded shaft in the aforenentioned
reci procati ng h%“?é SR ENTC AP 4 1R idiS Bl o d1emRRE 74P bel | ows

means 62 andyidn angk connactd 19 dreters e H&oaik- % ang dire prot uberance
84 of the partition nmenber 76. when the chuck table 36 is noved forward

fromthe afdfenemenioirrdrmnemrnpaIioPn dwirard Hd otddree®Pd0 position
IgpaE:IB:I ﬁ;(/)rg %%g%%?g;%gt?ﬁ%b%%ﬁt%mgg I{ %ﬁaﬁ%%%élfsb%?éaﬂdéa;%%g%’?zzitck%ezd, as
t he chuck tabtkl@®@s means 62 is gradually expanded, and the bellows
means 64 is gradually contracted, as the chuck table 36
is moved forward. On the other hand, when the chuck table
36 is moved backward from the aforementioned other end
15 position toward the one end position, the bellows means
62 1s gradually contracted, and the bellows means 64 is
gradually expanded.
The above-described configurations in the
illustrated cutting machine 2 do not constitute a novel
20 feature improved in accordance with the present invention,
but may be in an already known form per se. Thus, their
details will be omitted herein.
With reference to FIGS. 1 and 3, in the illustrated
embodiment, cutting of the CSP substrate 16 is performed
25 Dby the action of the rotary cutting blade 56 rotated in
the direction indicated by the arrow 60, while the chuck
table 36 is being moved forward. Thus, swarf formed by
cutting scatters mainly toward the downstream side of the
chuck table 36 as viewed in the forward moving direction
30 44 of the chuck table 36. At the time of cutting, the
cooling fluid is jetted by the cooling fluid jetting
means 58, so that the cooling fluid also scatters. The
cooling fluid scatters not only toward the downstream
side of the chuck table 36, but also toward the side

35 upstream from the chuck table 36 as a mist. However, the



is noved forward. On the other hand, when the chuck table 36 is noved
backward fromthe aforenentioned other end 15 position toward the one end
position, the bellows neans 62 is gradually contracted, and the bel5l KRgs))05
means 64 is gradually expanded. The above-described configurations in the
illTustrated cutting nmachine 2 do not constitute a novel 20 feature inproved
in accordance with the present invention, but nmay be in an already known

form per se. pﬂ?e"tb'ﬁsuh’ﬂ@ﬁa(chﬂﬂi ailanaidd e o trerd yeyeiti.n Mt Hf:@mence to
FIGS. 1 and 3, in the illustrated enbodinent, cutting of the CSP substrate

16 is perforPedthoEFHES HER] i Ty FUGthes dthar %hdftﬂatqer?g Hadde 6! tdiated in
the directiopiddhcatad-Hyy trh'tﬁnh?éf oM A0.s i )8 the GuiCkiadaRle 36 1s being

noved forward. Thus, swarf formed b cutti ng 'scatters mainly toward the
downst r eam stile tattrRr inheketaind IDESNG dded-d n haradss wday e ng

di recti on, 30.4de.0a thehuick 5aDI G, Sthe A e g™ Of euttiipgrthe  cooling

f|UIdISjetted I ng uld jetting neans 58, So that f cool i ng
fluid al so seken eth;e wWidek p oo |tmg e Wtk siGattther £3Rots wrd tyr atewartd ashe

downstream gjide of t chyc bl e 36, hut_.al so towar he SI de 5. upstream
fromthe chu%f( Tapt’s é;]gGagya tlt I-ﬁ/veci}lgcr Y JekE er?gC ti si on

machi ne el enent sriandde ieca pm&:raicté\q»ar@m&m sgﬁlxﬁ&dgequ:ccﬂfwﬂmt ahd e 36, such
as the threaded shaft and the |nternal t hread nmenber (not shown y}‘;a are not
re

damaged by PReSeRhtderiiy ReEIFRGRI HS Rf fI1f d:spoe%%ﬁl%’ferac’qf?e

covered 1y t hsd hec el | pyvsr dEANSy %y angl- Q4. s Fard Igrml ag;wtlafﬁmlt VN kpl ece
to be cut is the CSP substrate 1 shown in 2, and it s cut along

the cutting &R¢ e@PWNSDIRHR raFdRPF ntlae Icéﬁqltetad%]tet eth,as el iR%RfE Portions 24
present at the, pﬁéfxpé‘:_e& %O@ﬂg& @{ré@@l&m@%t{% bl seal tg, as

relatively large swarf 90, particularly over
Part of the swarf is accommodated into the channel- shaped

portions 86 and 88 defined by the partition member 76,

15 but a considerable portion of the swarf scatters over the
bellows means 64. According to the inventors’ experience,
when relatively large swarf 90 scatters over the bellows
means 64, the bellows means 64 tends to be broken during
its contraction and expansion, or the smooth contraction

20 and expansion of the bellows means 64 tends to be
disturbed.

Referring to FIGS. 3, 4 and 5 together with FIG. 1,
a protective sheet 92 for covering the bellows means 64
is disposed in the present invention in order to protect

25 the bellows means 64 from swarf including relatively
large swarf 90. A connecting member 94 is fixed to one
end of the protective sheet 92, and the connecting member
94 is connected to one edge of the upper surface of the
chuck table 36 by suitable connecting means such as set

30 screws. In the illustrated embodiment, the stationary
bracket member 74 has a main wall portion 96, to which
the connecting member 72 of the bellows means 64 1is
connected, and also has opposite side wall portions 98
projecting to the downstream side from both sides of the

35 main wall portion 96. A shaft member 100 constituting



t he downstream side of the chuck table 36 as viewed in the forward noving
direction 44 of the chuck table 36. Part of the swarf is accomobdated into
t he channel -shaped portions 86 and 88 defined by the partition )
15 but a considerable portion of the swarf scatters over the bellows neans
64. According to the inventors' experLeq‘ . when relatively large swarf 90
scatters over the bellows neans 64, the bell ows neans 64 tends to be broken

during its t] j cqQnt i 0 and
expansi on of&J?ﬁ%{Igtglrf%%\hsg%ans %4 tbgl dsn%{uélt%gi gl s%e%bne&.mer %?;deo%ﬁtr% to FIGS
3, 4 and 5 toyeéthexllipdriHahs 198. aTpeopsbeirvenshepetrtd2nf of toeeri ng t he
bel | ows nea 4 _1s di ed, 4 h resent 1 nuenti i r.to, protect
25 the bell gﬁggﬁ%%%lsvg4§t$$%%dgs%\%r#teﬁln% nt?(sjior%e rlr re]cl\ﬁa ibvegqyovg% grgegagl SSV\()(@/!:flrf 90. A
connecti ng nesbeix&d ts fhaeshdO: omenbeand (af. t Maeppabeetiveesbaekt922 and

the connecting nenber 94 is connected to ane edge of the per surface of
t he chugk t A eb%GFW%%i%%W et cohn %%é’%?e%?fs‘gsst}@?fass"scg{) D Jcrews. In
the illustratetyesbod gmsds dhes Ity Nendr hifRkele “hdwas, a main

wal | portion 96, to which the connecting nenber 72 of the bell ows neans 64

is connect edPd ahdS af sSECPERPOH PRI B i ARPIMITOPHt tih St BreiiR’% i ng to

the downstream si glesdrom bod hysidlese feddip. 3TomaiR el khRQr g 96. A shaft
menber 100 constituting 2 5 FEB 2005 - 16 w nding neans is rotatably

mount ed bet veeRdemey opposihe epr @it ied |Sshrwtt i Ths 98. isTHeeqmegndatelleor ti on

of the rotectiye t i 9%59 s.64 is fixed to
t he shafl'?) rrengiérgl%%?f%e@%r%%%gm%g%ﬁ%%c%%b%% ¢ formed froma

sui t abl e pl astitalsheectenpehatsra wipole estaypisheetherpreopot tyistdyd eemt

t er epht hal at &, sheet and ha§,C at

menber  100,° 2 £3°%%l TRy ShAh" (7 g%ggl.cé/ E)Oi eélrm{t%ltoeﬁi%gur ;gcgbtl%e R
moved forward in the direction indicated by the arrow 44,
one end of the protective sheet 92 is moved in the

15 direction of the arrow 44 in accordance with the forward
movement of the chuck table 36. According to such a
movement, the protective sheet 92 is gradually wound up
by the shaft member 100. When the chuck table 36 is moved
backward in the direction indicated by the arrow 46, one

20 end of the protective shee£:92 is moved in the direction
of the arrow 46 in accordance with the backward movement
of the chuck table 36. According to such a movement, the
protective sheet 92 is gradually wound off from the shaft
member 100. A guide piece 102 extending and curved

25 upwardly and toward the upstream side is formed
integrally with the main wall portion 96 of the
stationary bracket member 74. The guide piece 102 guides
the protective sheet 92 when the protective sheet 92 is
taken up by the shaft member 100 and paid out from the

30 shaft member 100. Instead of using the protective sheet
92 having the wrap tendency, it is possible, if desired,
to wind up and wind off the protective sheet by driving
the shaft member 100 in normal rotation and reverse
rotation.

35 With reference to FIGS. 3 to 5, swarf release means
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rollers 110 and 112, and an endless belt 114 looped over
these rollers 108, 110 and 112. The driven roller 108 1is
connected to a rotational drive source which may be an
electric motor, and is rotationally driven in a direction
indicated by an arrow 116, whereby the endlegss belt 114
is driven in the direction indicated by the arrow 116.
Preferably, many drainage holes 118 are formed in the
endless belt 114 which can be formed from a suitable
material such as synthetic rubber. The swarf transport
means 106 is equipped with swarf collection means 120 and
a swarf collection vessel 122. The swarf collection means
120 in the illustrated embodiment is composed of brush
means in contact with or in proximity to the surface of
the endless belt 114 at one end of a lower travel portion
of the endless belt 114. The swarf collection vessel 122
is disposed below the swarf collection means 120, and its
upper surface 1is open.

With reference to FIGS. 3 to 5 along with FIG. 1,
swarf and cooling fluid, which have scattered over the
channel-shaped portions 86 and 88 defined by the
partition member 76 owing to the cutting of the CSP
substrate 16 in the cutting area 12, flow down the

channel-shaped portions 86 and 88 in the forward moving



transport neans 106 is di sposed downstreamfromthe swarf rel ease neans 104
and bel ow the swarf rel ease neans 104. The swarf transport nmeans 106 in the
illustrated 10 enbodi ment is conposed of an endl ess conveyor belt et M0s m
extending in the axial direction of the shaft nmenber 100, and includes a
driven roller 108, follower rollers 110 and 112, and an endl ess belt 114

| ooped over these rollers 108, 110 and 112. The driven roller 108 is 15

connect ed t0aa-LoF abhonal o Ariye Spunce C@&Hg?rg];' by AAELIG IR of, and

is rotationally driven in a direction 1ndicate an-arrow 11 er eby
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proximty tovidgeguif acige of orwdred ainsll sp deddctildh a4 e e afudk | ower
travel portion _of _the endless belt 114. The swarf collection vessel 122 is

di sposed bel b3 tRe3Snaf#ltoPh etlhis Proeefisi VR eftd 94 CORPET st ace i s

open. 30 Wthe1ebREENELnS Op &) C8ywad 1,0 capalera 1Y th15kGyvely 19WR%ef and
cooling fluid, which have scattered over the Cchannel-shaped portions 86 and
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direction 44, the swarf and cooling fluid that have
scattered over the protective sheet 92 are moved in the

15 forward moving direction 44 together with the protective
sheet 92. When they are moved close to the shaft member
100, the swarf is released from the protective sheet 92
by the action of the swarf release means 104, guided by
the surface of the release plate constituting the swarf

20 release means 104, and led onto the endless belt 114 of
the swarf transport means 106. The cooling fluid on the
protective sheet 92 is also led onto the endless belt 114
together with the swarf. The swarf dropped onto the
endless belt 114 is transported in the direction

25 indicated by the arrow 116 in aécordance with the
movement of the endless belt 114, and dropped into the
swarf collection vessel 122 at the site of directional
change of the endless belt 114. Alternatively, the swarf
is released from the endless belt 114 by the action of

30 the swarf collection means 120, and led into the swarf
collection vessel 122. On the other hand, the cooling
fluid dropped on the endless belt 114 is flowed downward
through the drainage holes 118 formed in the endless belt
114, and is collected into dralnage means (not shown)

35 disposed below the swarf transport means 106. The



5 scattered on the downstream side of the chuck table 36 as viewed in the
forward noving direction 44 of the chuck table 36, fall on the protective
sheet 92 covering the bellows nmeans 64. Swarf, especially relataﬁzlﬁzh rge
swarf 90, is not directly dropped onto the bellows nmeans 10 64. ﬁ t
chuck table 36 is noved forward in the forward noving direction 44, and
accordingly, one end of the protective sheet 92 is noved in the forward
movi ng direathOnadgd, méhes sv@t fbansbmesdedp f lalidkd hadgdaunet smatd ered over
the protectivye sheet 92 are noved in the 15 forward noving direction 44
toget her wit AT#hR3BPoRR%Ei ve sheet 92. when they are noved close to the

shaft menber 100, pi-Beesvwahf emboheheasedotr onet betpinembeensheet 92 by
the action of the swarf rel ease neans 104, guided by the surface of the

rel ease pl at e™BHAYERt LR | PGS PHLARGRAI1 DD #he c2ss ans I 1hd 3 onto the

endl ess bel tddd @bscihSedWesfqdf ADEPOHWRANS 108 reThe ¢ROIHRG fluid on the
protective sheet 92 is also |l ed onto the endless belt 114 together with the

swarf. The s@delldeopped Hacstheat ekt cskedrit INVERieR ghgptrted in the
direction 25_jndic¢ r}%ﬂ 16,10 acgor danc i t ment of
t he endl ess Bé??f%ggggaﬁ% %&%%%eé |ré%ﬁ%¢ék’smarf cdﬁ?%%t?%%n§%§se(f122 at
the site of dodeficenabnschangee ahadderendbessddphtt idd. f¥dmermati vely, the

swarf is released fromthe endl ess belt 114 by the act.i.gn qof 30 the swarf
col l ection n%8ﬁ§l€26?8aﬁﬁo?%dogn %et+EY%ﬁ$ﬁ?n‘(: 1 3’% dﬁ'&?%ggﬁefBZ. On the
ot her harwd, thBogO@bhdg £l ubdadpoppechonptdiceeniivesshdettadddréesatedned
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and is col |l eCF80Si AtD +%Pﬂ§§ B ahR 13 hben shRwAYe 38t dF 2P ot BEF ow t he swarf

transport neaBsnd08isgbeedS6EBEOOR s1dEs Of ainadentERNEak B, be Capased of a
dr ai nage duct or a _drai nage hose.

1s likely to scatter on both bellows means, for example,

the proteétive sheet and related means can be disposed in

15 relation to both bellows means. In the illustrated

embodiment, moreover, the bellows means are disposed on

both sides of the chuck table. However, when swarf and

cooling fluid scatter on only one side of the chuck table,

the bellows means on the other side of the chuck table

20 can be omitted.



Preferred enbodi nents of the cutting machine inproved in accordance with
the present invention have 5 been described in detail. However, there is no
need to dwell on the facts that the present invention is not restriq;gﬂJM&
t hese enbodi nents, but various changes and nodifications may be nage

W t hout departing fromthe spirit and sgppe of the invention. In the
illustrated 10 enbodi nent, for exanple, the protective sheet and rel ated
means are digpesefeiprsehation to one of the bellows neans di sposed on both
sides of thechucktable—tf-swarf 1is likely to scatter on both bell ows
means, for exanple, the protective sheet and rel ated nmeans can be di sposed

in 15 relatign to Ro 0 S; iLl t Loent,
mor eover, the bellomgnﬁgghé gggﬂgﬁgpég%gu%gﬁgb%tﬁﬁéégegg%%gFﬁgd%ﬁﬁck t abl e.
However, wheheswardcahed kebvéen dneiehdqriierion an yoomy stidk of the chuck

table, tdhe the other_side. of the chuck table 20 can be
omtted. 52 SB%EEQ%BgESQgJO&DW@Ta% % 2 én%jelds:EIt_L.leAa%tut(ﬁ(nogr%)naSgﬁ?eneO?ncl udi ng
a chuck tabl eatd beucketciptecas edidetden onee ensk gpost inondarstoidrer end 5

position; bellows.peans di sposed at | east on one, side_ of ai d chuck table
as viewed in° ?aejc?lp?%%%]fiﬁ%bg?’re%’f% a%fO%eaieandchih%ksatja%lcé?uqfxteag%a ’ one
end to said shdckikadl & othedrféxed-ata ofdeti ey anamisdad i an@ry nenber; and
cutting neans for cuttigg a wor kpi ece held on said chuck 10 table, and

configured sBRht+RGtMGRART SAF dCehutkd t AT KR $O% S +OrWar TP Hh o7 Bick

backwar d,o satdbedit t bR ABRNSGALLS &Rch henyorkpiece held on said chuck table
to cut the workpi ece, whereupon swarf scatters at |east on the one side as

viewed in the 15 r&8epr 68adi AGudkr tabilenisf medpd EntYRrdapné/oand when said
chuck table Lscxpyed, T orygrdyor: backuend, ;884 don the workpiece held

on said chuck table to cut the workpiece, whereupon swarf
scatters at least on the one side as viewed in the

15 reciprocating direction of said chuck table, and when
said chuck table is moved forward or backward, said
bellows means is contracted, while when said chuck table
is moved backward or forward, said bellows means is
expanded; and wherein

20 a protective sheet for covering an upper surface of
said bellows means is disposed, one end of said
protective sheet is reciprocated in accordance with
reciprbcation of said chuck table, and other end of said
protective sheet is connected to winding means, so that

25 when said chuck table is moved forward or backward, said
protective sheet is gradually wound up by said winding
means in accordance with forward movement or backward
movement of said chuck table, and when said chuck table
is moved backward or forward, said protective sheet is

30 gradually wound off from said winding means in accordance
with backward movement or forward movement of said chuck

table.

2. A cutting machine as claimed in claim 1, wherein

35 said winding means is composed of a shaft member mounted



bell ows neans is contracted, while when said chuck table is noved backward
or forward, said bellows neans is expanded; and wherein 20 a protective
sheet for covering an upper surface of said bellows means is di sppsegjene
end of said protective sheet is reciprocated in accordance with

reci procation of said chuck table, and gtther end of said protective sheet
is connected to winding neans, so that 25 when said chuck table is noved
forward or ba@ka\aaﬂﬁllysaircﬁ g 10d gntd - tsheetsHeetgradiial lwr awwshdgnhdlyy said
wi nding neaps in accordance with forward novenent or backward novenent of

sai d chuck taBlRe Ep rF%Qali‘td Thift ISt denRei el Bt K ® orS f or war d,

sai d prot eCtéX@rﬁmeénl§af@ o ehead 4 e vk of fnd rmcsagxd;wud&m means in
accordance wth backward novement or forward novenent of said chuck table.

2. A cuttingSherhi b2 St Hed'QHE IR MY, Sakbreial t IBRRAT RATRHSRY neans
is conmposed Qf &y Shafdp NBIDEL, DPURt %%Fﬁmlv@%hé&é ahad Yoa @Nd said

protective sheet has a wap tendency to be wapped about said shaft nenber
when no forcehiek exeke et orosed df prerettoweatetrdand sai d protective
sheet is gradually wound up by said shaft nmenber because 5 of the wap
tendency of said protective sheet when said chuck table is noved forward or
backward. 3.3A cut Ai ngttrmngi mechs$nel asmetlaimed| Annclaimher evhersiarf rel ease

is di f which 10 h dhered to f f
Car - pr ot ect TVE: SHEGISAT7 RS0 T o GTREIT e TheUt. S (i 457 <81 1F B ndi ng

nmeans. 4.0 A gagt adiger@d hidea asurt & aTesk | b d gh 1 tec Whed etlieesal fr&war f
rel ease neans i s conposed of a rel ease_plate 15 disposed adjacent to said

wi ndi ng mean$3lAnr QEETETER eBlieet praiRd HaR BY t$pL e dGNEOh deR3%y or
approaching the surface of said protective sheet at a position

4. A cutting machine as claimed in claim 3, wherein
salid swarf release means is composed of a release plate

15 disposed adjacent to said winding means, and said release
plate has a tip edge contacting or approaching the
surface of said protective sheet at a position
immediately before said protective sheet is wound up by
said winding means.

20
5. A cutting machine as claimed in claim 3, wherein
swarf transport means is disposed downstream from said
winding means as viewed in a forward moving or backward
moving direction of said chuck table, and said swarf

25 release means guides swarf, which has been released from
the surface of said protective sheet, onto said swarf

transport means.

6. A cutting machine as claimed in claim 5, wherein
30 said swarf transport means is composed of an endless

conveyor belt mechanism.

7. A cutting machine as claimed in claim 6, wherein
said cutting means is equipped with cooling fluid jetting

35 means; said endless conveyor belt mechanism includes an



i mredi ately before said protective sheet is wound up by said w nding neans.
20 5. A cutting machine as clained in claim3, wherein swarf t %qﬁ%qp%
nmeans i s di sposed downstream fromsaid w nding neans as viewed“in a forward
novi ng or backward noving direction of said chuck table, and said swarf 25
rel ease nmeans guides swarf, which has _beztezp released from the surface of
said protective sheet, onto said swarf ansport neans. 6. A cutting
machi ne as cjl ai [ L gl.m.- [ : ai r means i s
conposed of %r?léiereﬁ% e%’slcé g{oe{rR/ley%\rM]‘%{gle té}néelg]r%iel sh%fe‘? %%ﬁ‘ﬁ%{}@%c i ne as
clainmed in cémd 6y invder elgrnsalibmadd g Inparmlic aglliggeedanitth agabl i ng
fluid jetting 35 ans;. sal d endl ess, conveyor helt nechanj.smincludes an 2 5
FE B 2005 25 ST Bk HRTT AT I Al b e hoibe AIRHRArS S e~ ang
dr ai nage neais fiisposetbvhelaw saith el s digldge archnsa woahiglg §d4d d havi ng
flowed in onto said g\nqojl]lress belt is flowed downward into said drai nage
means t hrought ¥4t e %imnage holes. 8. A cutting machine as claimed in
claim6, wherein a swarf collection vessel is disposed, and swarf
collection neans for releasing swarf transported bf said endl ess 10 belt
fromsaid endll ess Befettand Harling aheCsanbredi hR o laandé swekEresh| acti on
vessel is di $posed.odhedt £ 140 IRCH Ne: G5 Sl MRt 14,41 A1dR By Mhesel n

said swarf collection nmeans is conposed of® brush neans 15 acting on a
surface of sméahenthesselrdiing swarf transported by said endless

10 belt from said endless belt, and guiding the swarf into

salid swarf collection vessel is disposed.

9. A cutting machine as claimed in claim 8, wherein
sald swarf collection means is composed of brush means

15 acting on a surface of said endless belt.



