, €3eL{ VLx$(6TVPV& DI CI NG METHOD AND DI CI NG APPARATUS FOR 5 BACKGROUND OF
THE I NVENTI ON 1 e I nvention The present invention rxy tes to a
dicing met hod ammmmmMMWMMMMLpparatus. More particularly, the presént
invention rel ates tQsogodi ci Ng nmet hod and la dicing 10 apparatus for cutting
a conparatively thick substrate. 2. Description of the Related Art In the
sem conduct or nanufactg£|?o fleldO a dleno oroce%stor cutting a
subst r xanpl et ¥4 2 yealk PRy of
sem ﬂm@wmmﬁ devi ces ar g N@%mrﬂ.@wlwommgl. ., for dicing a
sub di spensabl e. ﬁ %I clng apparatus to carry out the dicing has
a di sk-1*F%®¥®2"h| ade which is rotated to cut the substrate. Abrasive grains
are adhered to an outer peripheral surface of the blade of the dicing 20
apparatus, so tha J a Mrate is sonetines roughly
machi ned due to t&?@%ﬁé@‘{%%&r g’ﬂi:ﬁ\#{E ssible to cut the substrate by
| aser light in order taiedke dtheclsd dnvfeaceiaof t he cut substrate
conparatively snoot h. NI € &5 f t he
substrate is heated anlc_}‘%\r/%ﬁ:/?%reecfé dlm"sefrac ureg]ﬁaai'séeérj |gn |n| gis
sonmeti mes f omegdiosh artte & idde frear expHaT ajnder tb@mmmmlmsbydrMacks, it
is requited %ﬁ% e SR whi i

< s drfk gfgﬁefgiéﬁgs re ectegﬁgn@ﬁﬁgﬁ égh é&b%ﬁqh

passed wi t hi strean1of wat er y an 1 nner
stream ®f wat@pargdushdion aitdser a |Qﬁﬂpqrsa’qlrﬁﬁhge@lﬂ%)rﬁlmﬁtm{ rate.

Neverthel ess, a cuttingd®ihghidh W cthd heesplasi rate is cut by irradiating

the | aser Ilght paSS|ngH35 within a streanlof wat er toward the substrate
while reflecting the s SERIFRAYREQT HERHASHY RN of Lkd erd

(hler ei naf ter diaﬂl'rﬁ}j;ﬁ' deﬁi&ﬁ'rfdﬂ gﬁﬁtﬂ@@;ajsﬁibstraﬁe %ﬁoaﬁémﬁsp@h ke applied
only to a conpar.atively. thin materi.a or a nater aving a

t hi ckness Ie? é‘f%ftﬁ E 3@ Thi% J}Jo%t%r%lu?gﬁc(%r?s) 0L, S§TLE él\‘é‘f tQf the |aser
|l ight.1® subsiervaucrzasgeearmslr didymeatioptrecb ismalie bl csEsm cnmiuptfnsr i dikeisia vy f or
exanpl e, a siJig er; of rel N G ers.
Thus, it |s dgulfb Fl cual\qfeT léﬂa}t%cf)héémsrﬁ%{@e;te ZCQ%CE\O&%%%% lgness %ﬂ%
cutting net h@dltl rthehiddeine Has e dightlike pialsisiﬁj which nis h@omtmmq’)f
vater. 10 Thensl aif, ddisQi@e! Aoddiei R ehelind TWADTAMLISa 1o PEPVI de @

di ci ng met ho e Fgﬂrapparat us for cut khg%ﬂ , _dicing,

conpar ati vel ;P%qﬁl%lperﬁa?t %l FwriasarRi eth%l d8if i Janci hi ckness of
about 700 m ayEiAns, o tdifad aasegldé dEcevad£ra @it r@m@@raﬂétmut 15
roughly nachug#ﬂg:and burnl t he sjde, face. SUNMARY OF THE INVENTICN In an

enbodi nent of MK ARG RABH TR WIS i heA e FEE WY a
pl ate-1i ke wirkpisqeys itole siorcuts theslesuds ar atei by Imsénodli@hst dircing a
pl at e

order to make the side face of the cut substrate
comparatively'smooth. However, in this case, the side
25 face of the substrate is heated and burned, and a
fracture layer in machining is sometimes formed on the
side face.
In order to overcome these drawbacks, it is
requited that the substrate be cut using a laser light
30 which is passed within a stream of water and is reflected
by an inner wall of the stream of water, so that the
laser light is impinged upon the substrate.
Nevertheless, a cutting method in which the
substrate is cut by irradiating the laser light passing
35 within a stream of water toward the substrate while
reflecting the same by an inner wall of the stream of
water (hereinafter called a "laser light-water-jet-



20 i ke workpi ece, conprising the steps of rotating a diskiike blade to
forma groove in one surface & the workpi ece; discharging water through a
wat er di scharging portion, toward a bottom of the groove of the one surface
of the workpiece to forma streamof water,. and renoving. 25 the portion of
t he wor kpi ece extending fromthe bottomof the groove to the other surface
of the workpiece, by laser light which is irradiated froma |aser |ight

i rradi ating nportiodn) d¢an tibe @@pfﬁ@aoénMpteo aanemparaefivetyednhby an inner
wal | of the streamgD te Rg S tng ? g gon th botftom of the
groove to dit&§ ﬂ%?e%% m %el? bt ot ng2Y o"8ne 68 REAE ofSEhe

pr esent |rnmﬂﬁamﬂab@uﬂrD@Vm1¢ﬁom®taﬁd becadyance, the pbeeeospathki vely
thick materi t th hi e | aser

| i ght - wat er - f%ﬁ éﬁﬁ+§ﬁ? gag%{ $ %hggnggggi%ggggﬁp gmﬂﬁh H a Cross
sectioh of t&Emrnwmduntﬁrwamémstsp,tﬁar tkhampberraosillasen wafibt bam be -

3 aLoduced, and e o SHbaLLALE £a0 00 PEEVRIEEERLLONLDE! AR scater ed

Thus, the possi and a fracfure ayer in
nachlnlng ar%Spﬁxﬁﬁm@wlﬁnt% eyt theesupspratae havedaf aseh shackaeseduced. 5

I n anot her empogli dent 1 0f &@@h&ﬁe§§“&hi@Heﬂﬁé0DaséP @lghEImg gRBaEat us for
dicing the plate-like naterial, provision is made of a dicing apparatus for

di ci ng a|ﬂeﬂ%ﬁn%%ét%%ribﬁ%%% OEOW%F?Erng a di sk-like blade which rotates

to fonm a groove in onghsrefaee, o£héh@bw@ékpbecehe1Eréséate&ndbﬁemaﬁglng
portion which dlschargk wat er tomard a roove of the one

ott
surface of the WrREPEEEe(d FLFHP9 Bekha 31 gmﬂ%ﬁﬁngaﬁ PErphudr fPFght

irradiating pottied MhéCh diéﬁﬂgat55c@mbaﬁaflbegbtthmckhﬁaﬁéf@am1OEowater
and i npi nges_the | aser ht,onto the 1

?e o g groov Qﬁhlle
reflecting tF&TRs%t ?lﬁﬁ byahnRRRARe ﬁa n?ﬁ@ 9 r@ ARGf ‘Réter to
renove the pmi¢rdmetér$hebyotk@|EGEeEXIE@thga£EDngébembehbdnlQithbetgroove

to thﬁsother gy% mggh%ﬁg?ggééglg&gn%§§f@§ﬁtglgécg he wor kpi ece. 20

Narel y,” accordi 0 ano odr men e“presefit i nvention a groove
is formed, in adv%WRYnOFh@H%oW‘éE&TIQEI y thi ck material, so that the

material can be npghinegSyalfent 288" chbOBteuBhE" 1hobnEELRO; nThe | aser
light is spread only within a cross section of . the stream 25 of water, so

that the poW%%C%ﬁgtW@¢m%§e?°¥l%h?leanabélﬁéﬁuééhe WABKPABCBUt substrate can
Ee prevgntegpfé?ﬂsb@mngssﬁaaéeégda abusngtm@tn@aSEBrlu&wln@tahpmata bur n, a
urr a cture er in_machini e produce a_cu

i ced2Pace, Lok HeSTERTEER: "SOMPRL SHBIHERS RESRP nan: TBF SERBYpPodaRE- <
invention, ihikedbradg tethodnfargdooraginhengl atefkckeofiotkpi ece,

provision i a o) a.p i

conpri si ng ?%gPQ§§%éebfg%% ?Fﬁgﬁg gﬁgg%iggggpggeat%g%g%nggségéggiggn one

surface of therBtomerkpverd; adpethamgpfigthlt groetieoafhthevaner sukEshar gi ng
portion, towgfd:gebpbiRpiebet s 968RVE 8LrEAR eﬁew§Eé§acsnaff&msvm§gkp'ece

to forma stream of water; and renpving -4 h ortion o rkplece
ext endi’ng fr%h?tﬂ%rﬁb?ﬁoﬂ¥th?hﬂoﬁkBéQEetSxFﬁEdéPHeﬁr§ErFaéebQFtPﬁeo

wor kpi ece, byh@ §ﬁ§66e|t@hthéhbﬁherSshffadéabﬁdtﬁéOWkabaéeé | bght
I rradiating fggééogigh Rlcgtigag}ggdlag d grom g laser light
irradiating portion, in the stream of water, and is
reflected by an inner wall of the stream of water, and is
30 impinged upon the bottom of the groove to dice the
workpiece.

Namely, according to an embodiment of the present
invention, a groove is formed, in advance, in the
comparatively thick material, so that the material can be

35 machined by the laser light-water-jet-method. The laser
light is spread only within a cross section of the stream
of water, so that the power of laser light can be



5 reflected by an inner wall of the stream of water and is inpinged upon
the bottom of the groove to dice the workpiece. Nanely, according to

anot her enbodi nent of the present invention, a groove is forned, in
advance, in the 10 conparatively thick _mgterial, so that the material can
be machi ned by the laser light-water-jet-nethod. The laser light is
scarcely spread, so that the power of l|aser |ight can be reduced, and the

cut substrat gegaRels QBQVEHEeéuU g0bbekAgeseaht %'ée%remlx‘&’edt e cpoSSi bi l ity
in 15 which a burn, a burr and fracture | ayer _i.n " machi ning are produced

on a cut facBeipgescaitgredd fﬁéésmaﬁ SePPééﬁéééltwnlénbt énbdditent of

the present gnygpti aAd anf@adwraglapear ahUmatdlinding RG e gcdfuRed ke
wor kpi ece, 20 provision i s made a di_ci ng B ggtus for dicing a

pl ate-1ike mBrRBFeéécecoﬁp?|s|ﬁggécﬁpsﬁaFer CBRaé RSt ates to forma

groove 3 n one sur tacan@thébeemwmmeae, od wabeprélsmrtarlgrmtrmrntl am whi ch
di schar ges mgter toward_a bot gf the oovggg _Hh%ﬁone sur,face of the 25

wor kpi ece to FSFH?aagpﬁﬁﬁﬁPﬁf FClﬁﬁd € 8 MAt&dit&i'ng porti on
whi ch irradi ptesiaibasés hagbtofnatHecshgeappatawmgemoandlmmmmnges t he

I | i ght h : X | i ght
by an i nher BAPLSoH IR BERESRSST SarBrLes Se o sd e 6 BaA ol OET he'
wor kpi ece extehdifg tpoﬁprmeaberponﬁoﬂntnaegSQGWQCBOOﬁhéh@rh@mkpuﬁb&ce of
the worgpi ec wﬁ?e?sdﬁgcﬂb i EP\’B‘BEEBhe%lcNaE&'s%’ha U P L @ Ragiher

enbodi nent o resent roove is , I n advance, 1n the
35 conparatlﬁeb?ttﬁmc@fnﬁhér9§P°V§00¢h§ et paenggtiagie ©fn the nachi ned by

the |aser llaekkp%eé k8t fes%;nhadsd?@%ml %%ewaluesrht aln¥ $CAGRIY 19phgad, so
that the power of |aser - g ht can be rediced, and the cut’ substrate
8

can be prevehFéédﬁﬁéﬁPEePﬁ§t§@&tW 68. 1TRadiatre Fodsisen ilightn iphitde a
burn, a burr gardan Bra%uée hamelimpan@a@hmbnga@reer RHQIMC At thecUt face,

di ced face, reduc e and oth bj ect features and
hivanties oPOERETPESEHE BROBNE DRLKE! FoRd ehomgda e deain Histhts 9t 1 he
det ai | ed desahrmhnen eblexetpltaey serkadi pENtatiereteofrermvid lthet rat ed by the
dr awi ngs. 10 PT resen ventlo wll be
nore clearl y éers'?g }"r olﬂrgyﬁgggscre?gp\%n st%ge %I ovtL\?ovt\"n o ref é:rhgnce to

t he acconpangrngvdraWrmgg onhereisnrfeicg. olfatihe worikgwelos, ®cepleadi riong a

di ci ng nethoglég @ﬁgoggkpglggethe present invention, in which the dicing is
carried out; Fig. is aview for explaining a d|C|ng nmet hod according to

the pr&sent i nventRBRLYirn2ERPERIRIstPe dRPGH eRaEBPOddMeditmed; th® Fig. Ic is

a view for eypkaeRitngndedittoRy BAEGROAvVACERr doheeldy tife RFRIRR, iiRVems on,

In which a SUb%%gggglvely %thk material, so that the material can be
machined by the laser light-water-jet-method. The laser
light is spread only within a cross section of the stream

25 of water, so that the power of the laser light can be
reduced, and the cut substrate can be prevented from
being scattered. Thus, the possibility in which a burn,
a burr and a fracture layer in machining are produced on
a cut face, i.e., a diced face, can be reduced.

30 In another embodiment of the present invention, in a
dicing method for dicing the plate-like workpiece,
provision is made of a dicing method for dicing a plate-
like workpiece, comprising the steps of rotating a disk-
like blade to form a groove in one surface of the

35 workpiece; discharging water through a water discharging
portion, toward a bottom of the groove of the one surface
of the workpiece to form a stream of water; and removing



Fig. 2a is a view for explaining another dicing nmethod according to the
present invention, in which the 25 dicing is carried out; Fig. 2b is a view
for explaining another dicing nethod according to the present invention, in
which a streamof water is formed;, Fig_ 2c.is a view for explaining another
di cing 30 nethod according to the present invention, in which a substrate
is cut; Fig. 3is an enlarged conceptual illustration in which a concept of

a dici ng opethki paracear difnghieo wait kpiked wBtlendfinde quresid HowiM igm i S
enl ar ged; BStEig. 4 1is Sn %glargsq conc%ptualgillustratiqn in which a
concept of atfPcPRGOSFerstit8f RELGFASHG TRSCardt Hdle MdRIRGR/ & the
present invehtsen Ligénl ahded; is 4rGadiiagedS firom gpdrageactliivhtvi ew i n whi ch
a dicing operat.liqr rdli 1oy t her j t of t resent
invention i sggﬁ-{%\%?%ﬁﬁg. gggqilg?‘dn%énl%glggggrce%%%?t t%nceﬁolauns fia ioninb5

whi ch & di ci ngfweckedcbyr dinng nneryer ldnoifthéaheemigdiamemf ofattare gndesient

invention is;gnlarggd, dFig S o HgW ' jne A-Ain
Fig 6a DESCH |L5T|E’o% BB hgdnaband o o A e e 0o 1 he
present i nveWPrBRIRFEI be described bel ow with reference to the draw ngs.

I'n the draw ngs, t Reneale RREBELS n?f & eI MRIreEMDediMearsE raference
nunerals. The scale of "the drawi ngs is changed to al| ow easy under st andi ng.

15 Fig. |a tBTRPEPY éNVENZiPNewe SRRV i§ & WiEhg ity Ecooridi dd o the
pr e?emto I( nVeEtb{n@a-ra]{éii}le_llﬁraklhti)éfkoﬁna?:@%*i%q][ldlé@ Q:glagﬁ\’dtliéagnoalt(é_lgﬁfaﬂ feammat on a
surface (a pattern form ng surface) ,29 of a substrate . se
seniconductoWaHBQPEQS%YOtgﬁéﬂéﬁﬁﬁyéd4§%RTW§$ﬁﬂ1%F@ﬂﬂﬁﬁﬂ?qzo dfGt&¥er. The
t hi ckness of ltih@tsuksikcateeldd ispridads ewbatia®rthd paderutof7 QA gercr onet ers.
The di ci ng appatatus _according to the present inyentiqgn has di sk-11ike

bl ade 40. Abﬁétgi%@ec&na' s T ﬁél%&ﬁﬁe,ﬁ&ai& S us s&e‘ralqcpenecrafﬂ rface of the
di sk-1i ke 25phlkeadatéd. fTom dieshnd iskca tileawsl .40 Theasgorthren|dess ipidriityeninby an
appropyd at e : oypled to I afﬁ: i,n .Fj by s roove 30
i's foPlrf:!ed inwgltﬁg%s%r Pglgg]'o% tbt#g%su ngfsaat%% 0, %g\%xéaﬁpﬁde?nagrﬁunn%‘e‘fsi de 28
by the di sk- RirkepPFIgd€ 40 ot giutefac® it He adircian@ igRshrfaas M &scording to
the present i-RygRkigon. As can be seen fromthe drawing, a plurality of

grooves 30 are forned between senjconductor devices 10. After the grooves
30 are forned, a dfsPaRtETetRROS iS5t O b0 RHESREuriy@ tieand M 8ot t om

33 of the gra@qe¢end0 dppronRuss il ERANGN & @1 etlli RN Pilede t her ebet ween
by Ias%% | i ght gasslng,ln a stream of, water as described hereinafter. As
shown 4% Fi gPIONISERE difc Mg Saffarkais ik fRRFftus for dicing a

plate-like workpiece, comprising a disk-like blade which
rotates to form a groove in one surface of the workpiece;
a water discharging portion which discharges water toward
a bottom of the groove of the one surface of the

25 workpiece to form a stream of water; and a laser light
irradiating portion which irradiates a laser light in the
stream of water and impinges the laser light onto the
bottom of the groove while reflecting the laser light by
an inner wall of the stream of water to remove the

30 portion of the workpiece extending from the bottom of the
groove to the other surface of the workpiece, so as to
dice the workpiece.

Namely, according to another embodiment of the

present invention, a groove is formed, in advance, in the

35 comparatively thick material, so that the material can be
machined by the laser light-water-jet-method. The laser
light is scarcely spread, so that the power of laser



to the present invention has a water discharging portion 50, for exanple, a
nozzl e, which is connected to an appropriate water source (not shown). As
shown in Fig. |b, water, for exanple, pure water is discharged froman 5
end of the water discharging portion 50 so-the bottom 33 of the groove 30.
The water is discharged so that a streamof water or a jet of water 60 is
formed fromthe end of the water discharging portion 50 to the bottom 33 of
the groove 3Dight canpbef eedhtedt hatdt hbeoouer sbibsdiranet emnobet he stream of
water 60 is SLm o] rn er he d f t, ter

di schargi ng %%g%%@%eéofﬁgﬁthgﬁg c?%??kggghthe%éu OF%%h ﬁgfgﬁfm%gcﬁgrglng
portion 50 awdicheabbur0n1a3b0frthedgﬁo§VG030reTﬁ@W@ﬁom® maghtimiisigcase, it
s required Lhatpthgadaal banal ghe 2adelhe . Bresaube el ldeedl sghatged vat er
and the internal” di aneter of e en the "wat'e i schargi'ng portion is
sel ectéd to Hedweadn the outer dianeter of the stream of water 60 between

the vicinity of thgegndanh Blﬁﬁe!"abﬁ'jeg't?sch@é@'tﬁQeBO%Ex'do%d@%n%'&@e%h%f
vicinity of the 20 bottom 33 of roove 30. Fig i s an_enlarged

concept ual i FlGsPF&EEBA FﬁvﬁﬁF&ﬁntWé%&oHEeHPrSfaQPéF@Pﬁ91W0@%g§6c8¢dlng to

an enbOdlnEnth@fdéh@lméasa@bckmp@mbhoﬂfléx&hgwargTbﬁbQUQm@%t%pﬁﬂbébﬁi
according to_the. present |n% %%on has .a | aser | ight irradiating device

(not shown) 7R theUSFERRPEY ﬁedﬁéwépgﬁlscharglng portion 50. The |aser
IightJkrradlatlngBHEHFCBEBCRaBmaOHsoa rageprAWgRG whi ch passes in the

stream of water, g [ st ream ter 60 shown in
Fig. I'b, in the v#g?nggg 8 é§8 %gl?hge ge &R @%@F@lng portion 50.
As shown |n anerstoadlasem khghﬁeiﬁrwptabnlasrebhebEé@wbwlthernal wal | s
61, 62, i. Y,+SU C I ai es in the stream
of water 60, r?gggéﬂééhgébgﬁgoﬁﬁggﬁgﬁﬁﬁEn&aﬁggygﬂgg &geg%ﬁi ‘t he stream of

wat er 60 35 functFoes 48 af épViéaIfprbéﬁpﬂglﬂeDSablﬁlgum@emENQOHaser | i ght
70 to qtse boa&e&eingheogwevgrégenIh@nbaﬁ%&ow 9ht, el ahed 4fikqmyt he
| aser light irradiating device noves -a Wwthin a cross sectlon of the
stream of wai®rC8priegrOB%anple, within a diameter of about 100 nicroneters

in this enbodi mengi tom@rdstaevaewt@arSaxptahhengr@ou3c3Qg @@@hb&plnges on

t he bottom 33 of %he gﬁoo%E ? shown 5 g t he Iag

| i ght passes®thPbugh9t A8 Ft8ﬁ9§§ 01P8ﬁ85é°PhelﬁoV B 8fStﬁ§a§u8 trate
20 extendi ngwahtem ihefbomedm 33 of the groove 30 to the pattern-formng
surfa 29. Therefore, .t he b 0 iced i dua
senlcgﬁhuctor dev?ggs l%ogisgdgécrl e% a%%eaQ%lq t%iglgtl dlnent% t he
groove 30 isatoormdiingi hoatihenpeesentt haveorpanat ivepichi ek smbsériase, i.e.,
the substrateg2Q,Therefore, the material can be machined by the |aser

| i ght - wat er - jetnethod In the laser |ight-water-jet-nethod, water is 15
continuously di schhfgeda 46 eh¥tey SQFt96P1?H§1§6b§PP§P@r291Féﬁﬁved by the
|l aser |ight gasnbe Rceveaied &bOﬁhaep@gséaathawedtlBhe sndehpent kae of the
substrate 20.is.not , extrenel ted because the substrate 20 is cool ed by
the st eanloﬁlﬁéPgrléoca¥ﬁéF§f g’ the side portion of 20 the forned

sem conduct or devFig. |2bpnevanvedwffom1bapﬂgldehgrmm@thyrhdac;n@nd from
produci ng a a f ni.ng eqn

result, the g%&g?do?gghgdﬁﬂg fo Eﬁ%tgggﬁg e re ucgg%%Théglgég?hlgght is
gui ded wit hi atrhamsofenwater ﬂétéprwﬁdand is not 25 spread. Therefore, the

power of the |aseg; ki bk gan b@l@%sthkCTeQQ’la@Ranh%n%QWert Qivhingh the |aser
light is |rrad|ated is smal Ier than that w thout "usi ng the stream of water

. As stbwn i BeEhgd RECPEIERG. tPc the Prefedti veventtHogo 30 w8igdhéred to the
pattern-forngggssuetaces28uef, the substrate 20. The protective film90 is,

f I
rosin F11m and pFoPects Lename EM-aNBICEOr CABY e 10 R VARLEUS 1B nds of

manuf act uri nghpchcesseaceps sHioandirning operation according to an
embodiment of the present invention is enlarged;
35 Fig. 4 is an enlarged conceptual illustration in
which a concept of a dicing operation according to
another embodiment of the present invention is enlarged;



35 Fig. lato Fig. lIc, if the protective film90 is colored, the protective
film90 can be renpved together with the bottom 33 of the groove 30 by the
| aser |ight passing in g the streamof water 60. If the protective
film90 is transparent, the protective fh]n190 cannot be renoved by the
laser |ight. However, the protective film 30 can be renpved by the stream
of water 60 itself. Nanely, both 5 of the colored and the transparent
protective filns @ e e tk i g.a us according
Po the. present | i/oht orce 1§ PRESBeoriuervaty; if, BtrAopraREsabLs, @°Cs
shown in Fi Prematien|acepsdipassobyett angtbert pabedbaenst ef20hat the side

adj acent tc)5}@&@5&F@g@@ﬁglggrggnghéwﬁface 29 thereof. Thus, the
t ranspar ent protectlve fi [m 90 can be cut, in advance d|C|n In this

case, as shown inf¥¥gsh aZbSaﬁG 961a?ﬁédsﬁﬁgFPBFBaéo1#3“&%Faﬁ9oﬁhénlaser

l'i ght BaSSIﬂﬂhi@ht@edﬁéI@@nW@fkmﬁééerQnﬁléo e@nghbeheenbpgbaBRbnef the
present invenfion, the dicing apparatuys has at | east tmn di sk-1i ke bl ades

40. Sinilar b the RESYRLHesRYEREUCRNBEJE Af9efphedBddi skl i ke bl ades 40 are

respectively CO”HEQ@Bd6b01§eépeﬁéwveaﬁﬁhoéioﬁﬁdtﬁéelhﬂ@eﬁeﬂdﬁﬁtPX gand
controllably driven. In 20 this enbodi nent e nunber identical to the
number of th¥disk-1ike bl ade 40, i.e., two water discharging portions 50
and two | aser |ighESCRIRTIGNI OF MHEiBREFERREprEMBdBdMENmSthis case,

i medi; gt el y afterEﬁggd 89¥§ %9 %ﬁ &agggn ylkﬂgng gle- L glade 40, the

d|C|ng can be 25 carrre i 5C ging p |on 50 and the
| aser |ight ¢¢$®ﬂ;b@dngebQWtwahh(ngfesﬁOQﬁ)tom@hel#rawhnge t héndikbeng i s

carried out by, &bﬁ%yat ﬁedg§§9aﬁgmel QOEEEOHeQQ ga@ehhsy gﬁ@rshheht

irradiating portio e dis can”torm an”adj acent groove. 30
Therefore, tHRIETERCE ctuieEalfor En?tsﬁgleuoé tha.érﬁgleaﬁ b8 Fhanged

reduced. Figeo4al BoRNeg8yahggdrsenaqPhYyal illustration in which a concept
of a dicing operatjon accordlng to anof her enbodi nent of the present

i nventiPon is enl af §8d. 135tPnFifr slenbBdRNEAEY BKBLRABARY| RgRECEDIpasses,

around the Qﬁ@tﬁédoécébﬁdﬁﬁgeaa1ehempt@éeﬁe,lﬁueﬁtaahlalhypmakahhey to the
stream of matg %60 T ore in addition to
i

o offeot ofth AOBLFARNECaE BV G, TBeATEORNRECT BnSLFFRCE San ho
obt ai ned i n phttérn hformsey sughbacé) RS obt ar ehbettradebp 0t heTherer wal | of

the stream ofcyeLera00sofOabhabob1e0PaLE! A0k Feliasl Ll 1630 b8 eduCed,

and thus resu ener I'ment, the
groov@li s fa?%%dan@hhéﬁvanﬁée thlﬁhéeéénﬁﬁréh?vép Stﬁﬁéﬁ ﬁﬁtéﬂléhlsso t hat

t he naterlaleﬁ@@dpﬁeﬁgcbgnggugy bbg hggg&mgtgbg wat er -j et - met hod. The | aser
light is 10 scarce ter. Therefore, the power of

in the
| aser |ight can b@ﬁéeagﬁéﬂg aﬁaafﬁéuéu?CEBEQFPﬁtEocﬁﬁebBrﬁP€9§nted from

bei ng scattetgdendbos, hhbeapd$3kb&hkéybmhda horn, Abrbﬂ&ﬁea@daanéraeéure
| ayer in nachlnlngg n a cut face educed
t

Fo s 1s o PepepEa B0 B0 bR RRrRRar AR PR Eoger a6 SReaseakatibe o vei
anot h@s enbodi agat 4 0f tﬁhepdesknﬁlkavbhaden4bs1showntrb&labls dmbwdnnent, a

suction membgy 87 L5,3B8Mat8NHoRotUEbLBABOLb §8eOb1bA 40, as
shown in Fig. la, a groove 30 is formed in one surface of
the substrate 20, for example, an underside 28 by the
disk-like blade 40 contained in the dicing apparatus
30 according to the present invention. As can be seen from
the drawing, a plurality of grooves 30 are formed between
semiconductor devices 10. After the grooves 30 are
formed, a distance between a pattern-forming surface 29
and a bottom 33 of the groove 30 becomes small enough to
35 cut the portion therebetween by laser light passing in a
stream of water as described hereinafter.
As shown in Fig. 1b, the dicing apparatus according
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20 suction nmenber 85 is | ocated adjacent to the portion of tree substrate
20 in which the stream O water 60 conmes into collision. In this

enbodi ment, the substrate 20 is secured on a transparent securing film 95.
Fig. 6a is an enlarged conceptual illust r7at_i on in which a dicing 25
operation according to yet another enbodi'nent of the present invention is
enlarged. Fig. 6b is a viewtaken along the line AAAin Fig. 6a. In

operati on SOFE fhe! BecbEAUTERS N N SIS st el AY Garadyeed by

irradiation asefr light, are scattered |ike sparks a wat er
accunul ati on58r 68| e6BMPAS ;sFoWPzizd eRi yhigd isheauissnted ¢ @®ran be noved

in a directiggpbopsdakalakh SURIALGOAD IRIDE Culs diforh MY trelq Of
course, the streamof water 60 including the laser |ight and the substrate
20 may be nutBal Wit&sd fOFaE*@@Rleholede e 35 A e hsodadhifsamy amat
such fragmentsdabe @heppadedntd sihe rgibsf ire i2h 150 he sarinstdan 133
position by O?Id tion. In this case, It Is di j%éﬁ%ﬁ to regﬁéf fragnents
from - 11 SEn&heuBZerite 3ven By Wahng 9eq SO AR 1o

sem conduct osﬁm‘e\ahcefgm:a\w'rcmf raﬁq][&nto& arae:e&ecnc{)eﬁgh l:mm«msk > fiedrecite/e.
However, in this i ment,  suc ragnents gan C the s ion
menber 85. 5%%?3?%?‘& wtaﬁgrséﬁ‘isg&r% r p&’&%l@@ gaﬁq%eet&ee&%t g khr om
becom ng def e€t the gmwoosleatditon tIc firsagrerfiex add@urtdrhtt hidree@uteAny shape can
be ad ed fqr uctd I irat Ry, ke te a suction
rrenbe?lmln tﬁlﬁsaﬁgggg %#lr %&ﬁe%@éﬂn%e%&egi%ﬁ?e%gﬁlf/aclgﬁc&ed%s10 When

t he substrat én2eroelt ki ageteamadt bt @ndo®f ridleudiaten el dehmargdnight i s

moved, [t 15pBeehehalll ihald RA AR ARIRElerd P POSIHd apatkd orvard of a
nmoving direction. In this case, as thére is a possibility that fragnents
are forwardl $1§68REELAE PRLHOMW RGUSThE Raktiwh 33 vt dilfedrasveucki ng

can be inproged. hhelleFor,anth kimd:s Gased das iHRAREM e PUHdOR RO, to
supply gas through the end thereof, is shown. The gases supplied fromthe

gas supbl yi ng1p¥r £RER 839 fheudFessuLTet Jde Fisc &A4RY Pen. As
shown in Fi g+h20 ibRerina gaanted iofd dheomride Nathe upidaer i uHdrpimB0 is

lied to tile,vicinit f th ti, ft t e 20 i Ich th
ST eam of vaPBF CA8 edme AN Lol SN Eahy e B T I Tt T he
novi ng direcsitoeal ofherattare®t dfetwetesr @ coneity wicalle smh ol tthe he 25
substrate 20,31 hal 4 MALEY, }%%Tﬂigtéooc’}mt@ﬁ the fﬁc‘?&ﬂtﬁf Ud fhe
on t S an |

col l'ision portion, e su rate e securing I'm 95." The | aser
| ight 3& scabpéted 33d ofi fthesarafye t3® -such wat er accunul ation 65 in the

vicinity of the cutporgt ii%“-arf\%?rﬁraq_jd’&i bod&ﬁatﬁﬁl‘ iitMLPH‘tr?él:irB%Pmrﬂi ng nmay
be extrenely bed ced. However, ug tg%%ﬂﬁg?Odl nt, qgf,ls supplied as
descri bed ab¥¥éChs§FNen ORGP 2 A FFILIRA §Drded at the
rear of the embedimentF oforHehersagesiy airerett iokhersefsirewn t herrabididiyngf

mechini ng cagbe Brexented 11,00 bel ng, 5%, el dpduced e, to dhe | aser
i ght being EEECTETed ST TuSed around the cut poﬁflon. ragneﬁis can be
ori entf ed, By gbdppiryiady agdsig tdevilagw (tnowarshawre) siucttiten vicimixy of
the water discharging portion 50. The laser light
irradiating device irradiates a laser light which passes
in the stream of water, in generally parallel to the
stream of water 60 shown in Fig. lb, in the vicinity of
30 the end of the water discharging portion 50. As shown in
Fig. 3, a laser light 70 which is reflected by internal
walls 61, 62, i.e., boundary surfaces between water and
air, passes in the stream of water 60, toward the bottom
33 of the groove 30. Namely, the stream of water 60
35 functions as an optical fiber to reliably guide the laser
light 70 to the bottom of the groove 30. The laser light
irradiated from the laser light irradiating device moves
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menber. Therefore, the flow ng fragnents can be prevented from bei ng
secured to the substrate 20. Accordingly, the supplying of gas fromthe gas
supplying portion 80 is also effective when the substrate or the 5 stream
of water including the laser light is stgpped. As a matter of course, in
this enbodinent, the laser light 70 may be passed around the center of the
stream of water 60, substantially parallel to the streamof water 60. In

t he above- de@EEhQﬁdaeaP@anﬁaEflhhe of eaue s3Qelat £¢ fQrRd 6l teae underside
28 of the substrate 20 di,sk-11i ke bl ade 40. Accordlngly, t he side

portion of tﬁ§a§85§trH%§%EO 6ndﬂﬁ@e§ﬁﬁe°5fapﬁ§tséﬁlc@ﬁ&&@ﬂ@ﬁedévﬂée 10 can
be nade snoothes ambedimbBatSubsiaate tRe b@tdbmldedomn&%epb&b@be 30,

sem conduct or devi ces rmng 1 roove in _the

pattern- f or nfh %UPF888529n0$%FhE §58§t§§t8f2§h§n§r98véaﬁpy odtuShe adi ci ng
on boths sideshe#nt ha shbst tatethe Dﬁs@ﬁp@&gh@ bwesﬂélkﬁrthwa&%@

di schar gi ng |at| devi c each

ortions.,50 and the | aser ir
havi ng one mg?gﬁoaigéthgFﬁSOHSrF$8n9§6 ﬁ& 8§e &s&M Gqﬁﬁﬁh i rradiating
devi ce, on opposnténgi fliesmothehbostibst Bat ef2@hei griongvleuddd tion thiee scope of

the present bOveaLhoBo:ASAATL00-EE bYe PEASENeokaYCR} 0N, ATIDR (of fect

can be obtai ' _ fOOVe i S forne I'n 25 “advance
conparativelvanhbekdwaedrhato sodtiadushe spaieondhuctan devimelsi.ned by t he

| aser qlgi ght -wat er pje Al onal,l a ne ef f ect
in mhlchgthe IasezrkJs Bgﬁkbagegrggng 2 hﬁ% %g%%dﬁﬁhgg t%gg %%EE§%Ver of

the |aser I|éﬂtléaﬁoﬁéeﬂedaéeédvﬁﬁéeauﬂn3@h§u§§mpéfété§ﬁlwetbﬁ@#ented from

bei ng scattepngderdnd, tmeep05§hE|Ehb%tEﬁ%E QObur@he%eQ%&% angea fracture
| ayer in machining are roduced Qn a cut face, i a di'ced face, can be

reduced. Nbr%%?%FlaéCEBPdPﬁngS hipedpp¥séne #ﬁ?@ﬁt#éﬁhtawaﬁﬁreﬂﬁ§ct can be
obtai ned in MétﬁbdtheIﬁrQﬁéeleeEoﬂﬂgﬂt watéQVQEQemeE%loew%Q@Ea&%t'Ve|y

t hi ck terial so that ng herla can g machi n by i
| i ght Iwat er -F8REINN0YSLY HiRGRATIRT - RE §§raIPGHF Pﬁ Fﬁ@ §P EXEPEL wat er
is scarcely scatemroedd be thatlhberpmm@htobaha&erpkeghht@anfbemredumgd, t he

L 05T 258 80oED OLRR' B0l BREULATST S et B OSSN (Y

that a burn, arr -and a ayer d on a
cut face, i.extramdilyetiefsed, beanube tdégususbstibtkroddh isheoodednbiyon has

been shom a@ﬂedEEEéhHegf‘WElﬂe?X%W arrme%?e%ﬁerehé Shake sheul d be

i
understood by those skilled in the art that foregoi ng %%gtl vari ous
ot her 2®hanget! eoﬁP§§F€n§thHOQSHFFpén§eN&99béSn§€6V€ﬁéﬁé|ﬁrﬁﬁdbﬁﬁéﬂeto

W t hout depaaéfagméaosythea%plaha Q@@ntPQOS%QQQgOB Bhenl, NEeBu@Nand a 14
GAMI. A d%rgggu ggeioandﬁgkggnlng thereon. As a result, the
power of the laser light can be reduced. The laser light
is guided within the stream of water 60 and is not
25 spread. Therefore, the power of the laser light can be
restricted, and the spot to which the laser light is
irradiated is smaller than that without using the stream
of water,
As shown in Fig. la to Fig. 1lc, a protective film 90
30 is adhered to the pattern-forming surface 29 of the
substrate 20. The protective film 90 is, for example, a
film in which a liquid resin is coated and hardened or a
resin film, and protects the semiconductor device 10 in
various kinds of manufacturing processes. As shown in
35 Fig. la to Fig. lc, if the protective film 90 is colored,
the protective film 90 can be removed together with the
bottom 33 of the groove 30 by the laser light passing in
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wor kpi ece, conprising the steps of rotating a disk-like blade to forma 5
groove in one surface of the workpiece; discharging water through a water
di scharging portion, toward a bottom of the groove of the one surface of
t he workpiece to forma stream of water; and 10 renoving the portion of the
wor kpi ece extending fromthe bottom of -t e groove to the other surface of
the workpiece, by a laser light which is irradiated froma |aser |ight

in the stre

irradiating rtion, of ter and is reflected an i nner
wtl Lot the SBeqBRRRATR At Tarkd 1 o Y U 1R okt Ol ot t he
groove to di eeahbepawenkpi ete protécdiiGiend iriet od caraosivy temd)ed By,
wherein a plural ity of bl ades e pravided; the numbhers..of t wat er

di schar gi ng %@Ft ilg)ré’féeranl&g?&re' I %‘;O re[%’fé ’l ?Cg'rﬁ Rrroftae(ﬁ%alt‘f%gf%ﬂt%n%a%fbee

i dentical toremevpdubyl thleadeseamdfeawtent @thel tvestlel. diNsohealygi rigptgor ti ons
and each of e haser qlj.ght ir At ' I : respondi ng
to eacﬁ%nof t%g 6 %r gloj't()):r%gies‘a.n%.acq}gh":ﬂé?]n r#&rﬁé;?fa%c%%ﬂ%eﬂoﬁg afo'; 1,
wherein 25 atahe®st réR@VIsIcadyy ius pradyitded d tHa ch aRRARA IS tIrCokd 69

di scharging per Eh%n?r@%%ntth%dv%?ﬁ:ridd.ghﬁﬂ HRA I NG PQFd TSy & M ce as
many as the at |east one bl ade; and pairs of water discharging portions and
| aser |ight tEPAGPATERF P& SR ddcF Iavidfy dife 15D AR PR SENS dihg

portion and @hgel %@l sikdHrdtd ad ad RhPYildO B L OPOFEd O each ot her
on opposite sides of the workpiece, corresponding to each of the at |east

one blle. 4P2AGrSFQTAIFS LA P GhFF P at™ 4 kS wor kpi ece,
conpri si ng a t@iasiksplaires thlpade: et iche rfatlat e toad Wancuy ooy eadvare, sy face

of the workpigece; - 15 a water dischargi ng portion i ch di,scharges water
toward a bot £3H10E -t he\tlngrt e Cc?fse[’h@sorf‘é% e 65 1 % vﬁﬂ%pf%'cgﬂ'?eo forma
stream of watsabstaatea A0asier dutghdy ittreadisete mdl jpdrt ipassdrighid the adi ates a

| aser |ight in_t t ter and inpinges the laser light onto the
bot t om of th§t§F%§b§ﬁk§?¥%£$ef ‘ecting the laser light by an inner wall of

the st¥®am of wat dn tagatdveny embasligent @f dfhe hpresaikpi goerxdenditie f rom
the bot tom ofy;t1e Hra0ue ditnd e Dtdhen ol o Wrides Of- {16 WordRiecgy, S0 as to
ice the workpiece. 5. I cl ng apparatus according to clarm4, conprising
a plurality Sfimdlladgeso dhe whasrewesddhmachempmdinant afhessdiskght
irradiating 13 RoMliRRss 4ishe des it jadgntdGtled ted W eFedoddg P! ur al
bl ades, wherein each of the water schargin ortions and each of the
| aser |ight i“ﬂtﬁﬁsaﬁ’ﬁ;g ap'i?rtlirt‘ft??eé}‘;@%qryar‘?dﬁ %}?M%g‘i"{b"%&ch Bt the
pl ural2pl adexhifs efbdidiintgh P paratiiankeac drdinmgid«l cdaithel, nifbexwngf i si ng at
Loeetoone, o S, POt LI 8 BT e L ARl 11,
wherein two peintsionsac) mrid thevilapene igteriniastintriginglevices are
provided. 1In this case, immediately after the groove 30
is formed by the disk-like blade 40, the dicing can be
25 carried out by the water discharging portion 50 and the
laser light irradiating portion (not shown). Namely,
while the dicing is carried out by the water discharging
portion 50 and the laser light irradiating portion, the
disk-like blade 40 can form an adjacent groove.
30 Therefore, the time required for cutting, i.e., dicing
can be further reduced.
Fig. 4 is an enlarged conceptual illustration in
which a concept of a dicing operation according to
another embodiment of the present invention is enlarged.
35 In this embodiment, the laser light 70 passes, around the
center of the stream of water 60, substantially parallel
to the stream of water 60. Therefore, in this



25 portion and one laser light irradiating portion are opposed to each

ot her on opposite sides of the workpiece, corresponding to each of the at

| east one blade. 7. A dicing nethod for dicing a plate-like workpiece,
conprising the steps of 30 rotating a dijgk-1ike blade to forma groove on
one surface of the workpiece; discharging water through a water discharging
portion toward a bottom of the groove of the one surface of the workpiece

to forma stg&geauohedB] ein §§di€ﬂBM'88 hheepeetLoBpRhihBE WAr kBkece
ext endi ng fronithe bot t om of groove to the other surface of the

wor kpi ece, b§ PY?aﬂ?%@Fhﬁeé ?@E@?lmﬁght an.efgect, ganabrassitafingat in

irradiating @niéhoahenL@sébelﬁgneamnoiswaberréem@&Geahg beheoAmakrt he
groove, to dice E wgrkgiece 8. A d|C|n8 met hod according to claim?7,
iis? thfe Y

further 5 cofp EF8RMoPE sHiRkPRGO P r aBRehfatof NERBOWEEKBEece t hat
are prGducedlbyefhelghtadaﬁtb@nreautée Iaﬁerthughtebulalaqc&noa pewt i on

provi ded adj t ort f th rkp w th h the st ream of
wat er comnes ?%gg OE %%? ng 9ﬁ’d|0|ﬁﬁ Fﬁgadac OFdlﬁé t §&PEFPm 8,
further conplﬁsfﬂgme@e snepd%ﬁnsepphylhgegasmpematdvehy_¢hhbksion portion
by use of a Hé@e?ERP'yéBQtHﬁEtkﬂg Reoutded 88t BE AdEnIhda | % ke workpiece

and on a side opposite to thé suction portio net hod
accordi ng tolasgrohegbE- Eﬁafﬁsjﬁttmeghodherﬁhﬁ 4apedr dLlohy 6B bl ades are

provi ded; thgcpuRbeysspfellicinat gE Qt§§9arefn9aeekt'onﬁeéa@okee kgser |ight
irradiating portions are identical to the plural 20 biades; and each of the

wat er di schaPQVRE Pbripdas akBhBaBAROPet KBANGSEr RRghthEr £4&i ating portions

is arranged §@B§€§398dbﬂﬂ be ﬁ@ébeﬁieaherahUBainelads§te%éd A @hﬁbng net hod
according to cla erein at | east one bl a is _provided, the 25

numbers of tngemﬁ?éﬁlﬁiébﬁﬁrafna BBF R oftsPYRE FHQ PagéﬁcFPﬁﬁtlﬁyﬁadﬁating
portions aremawhtring, n@nyaasutheaat,| east , oaedbtaderagnd panrpeof water
discha gi ng Eortio s and | aser |ight irradiating portions, each having one
wat er é'scha ?Hﬁegbrtion and one laser light irradiating 30 portion are
opposed to each oFher bniap@opérepebdéseoVieheimowhmbhca,ddoingsponding to

o O | e Bhpk#RsbnoRECBLAdE: 1. vA: dhEbeR.RPBRRBLYACHE! odl £hRd 2

pl ate-1i ke wo ﬁpiece conpri si a drs ates to form
a groove in BRESEDEfageedtienei@ofRprece; Ia ﬁh%érembgdhaﬁgtmgaportion whi ch

suction member 85 is shown, and a suction port 86 of the

20 suction member 85 is located adjacent to the portion of
the substrate 20 in which the stream of water 60 comes
into collision. In this embodiment, the substrate 20 is
secured on a transparent securing film 95. Fig. 6a is an
enlarged conceptual illustration in which a dicing

25 operation according to yet another embodiment of the
present invention is enlarged. Fig. 6b is a view taken
along the line A-A in Fig. 6a. In operation some of the
fragments of the substrate 20, which are produced by
irradiation of laser light, are scattered like sparks

30 from a water accumulation or pool 65. As shown in Fig.
6a, the substrate 20 can be moved in a direction F, so
that the substrate 20 can be cut. As a matter of course,
the stream of water 60 including the laser light and the
substrate 20 may be mutually and relatively moved. There

35 is a possibility that such fragments are dropped onto the
substrate 20 to be secured to its position by oxidation.
In this case, it is difficult to remove fragments from



- 17 discharges water toward a bottom of the groove of the one surface of
the workpiece to forma streamof water; and a |aser |ight irradiating
portion which irradiates a laser light in the streamof water and 5

i npi nges the laser |light onto the bottompf_the groove while reflecting the
l-aser light by an inner wall of the streamof water to renpve the portion
of the workpiece extending fromthe bottom of the groove to the other
surface of thaeWaikBieGRe $9edS HiyO wdishe nigh® NeDIKM ARGt el0 dhidi vhdli cing
apparatus according to claim 12, "further conprising a suction portion

provi ded adj &EBACORGUCROTPEEMIGE SR e CRoRFIINED BA taF Sufivdidetk st ream of
wat er cones betemeel eFieer.iveher eigyehieagmant $hafs tdibomimetecasddat are
produced by the irradiatiog of the 1gwla er light are sucke 14. A dicing
appar at us ac¢dPEMEE o Carairm BYCkash et NEo MG SNy e pl yi ng portion
provi dedl on rherefersi,dehef stld comdqaitece davd cen carsie mpEposide] tirdme
suction porti rei S. 1S .SURRII oward . the 2Q collision portion.
15. A dici ngbgggén\r{g%ugegggorl N %t%%e%r?;e/cq'gﬁfe to c%crlazﬁmrresn W s‘teomﬁffcpwherei n a
plurality of thleaees .ar dnyr ehiaghedc anhden wdogrtsedoff arhe- heatsrc it har gi ng

portions and lLaser, .2 B L radi atl rt re A [ t he
pl ural bl adeg‘geglg’r?é'ea@ﬁ %fs tl%Jé]:\ttvc\)/ar{ g?‘q)d%%c%gipgﬁﬁg %{Jgfta?osﬁlsdtglﬁ%{ eaeg‘LbeE)é)' t he
| aser |ight iTnr &diist cagepofricgnents ganamged edertriosdghdiam o suitedf the
pluraly pl adegpetOend dhble PR ALCYUediith 9t GlAIE iy S ihang n at
| east one bl ade i s provided; the nunbers of the water discharging portions
and the | asefche glaserr dd@ihdt ilfg Mevied o dife prsifaradxlentdintasthithe at | east

one bl ade; ardcRAhS mebeat 8fs HoxGhalBicdd MRN8 sl imper |ight

i rradiating partions, each having one water discharging pqrtion and one
| aser 1ight PRTESEIRng Bor EIG A8 Spiscdere ddt it R RA ghddiate si des
of - 18 tHeaymehpiseeere cormwaspdiydistg titereal imoftHehenatidgast one bl ade.

15 direction, the effect of sucking can be improved.

In Fig. 5 and Fig. 6a, a gas supplying portion 80,
to supply gas through the end thereof, is shown. The
gases supplied from the gas supplying portion 80 include
an inert gas, for example, nitrogen. As shown in Fig.

20 6a, the gas supplied from the gas supplying portion 80 is
supplied to the vicinity of the portion of the substrate
20 in which the stream of water 60 comes into collision,
and is backwardly supplied in the moving direction F.
The stream of water 60 comes into collision with the

25 substrate 20, so that a water accumulation 65 is formed
around the collision portion, on the substrate 20 and the
securing film 95. The laser light is scattered and
diffused due to such water accumulation 65 in the
vicinity of the cut portion. Accordingly, the ability of

30 machining may be extremely reduced. However, in this
embodiment, gas is supplied as described above, so that
the water accumulation 65 is not formed at the rear of
the direction F, on the substrate 20. Therefore, the
ability of machining can be prevented from being

35 extremely reduced due to the laser light being scattered
or diffused around the cut portion. Fragments can be
orientated, by supplying gas, to flow toward the suction
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disk-like blade 40. Accordingly, the side portion of the
substrate 20 on the side of the semiconductor device 10
can be made smoother after the substrate 20 is divided
into plural semiconductor devices. However, forming the
15 groove in the pattern-forming surface 29 of the substrate
20 and to carry out the dicing on both sides of the
substrate 20 by opposing two pairs of water discharging
portions 50 and the laser light irradiating devices, each
having one water discharging portion 50 and one laser
20 light irradiating device, on opposite sides of the
substrate 20, is included in the scope of the present
invention.
According to the present invention, a common effect
can be obtained in which the groove is formed, in
25 advance, in the comparatively thick material, so that the
material can be machined by the laser light-water-jet-
method. Additionally, can be obtained a common effect in
which the laser light-water-jet-method is adopted so that
the power of the laser light can be reduced, the cut
30 substrate can be prevented from being scattered, and the
possibility that a burn, a burr and a fracture layer in
machining are produced on a cut face, i.e., a diced face,
can be reduced.
Moreover, according to the present invention, an
35 effect can be obtained in which the groove is formed, in
advance, in the comparatively thick material so that the
material can be machined by the laser light-water-jet-
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41~ #10% () séa#égf%&ségttered, so that the power of laser light can
be reduced, the cut substrate can be prevented from being
scattered, and the possibility that a burn, a burr and a
5 fracture layer in machining are produced on a cut face,
i.e., a diced face, can be reduced.
Although the invention has been shown and described
with exemplary embodiments thereof, it should be
understood by those skilled in the art that the foregoing
10 and various other changes, omissions and additions may be
made therein and thereto without departing from the

spirit and the scope of the invention.
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CLAIMS
1. A dicing method for dicing a plate-like
workpiece, comprising the steps of
rotating a disk-like blade to form a
5 groove in one surface of the workpiece;
discharging water through a water
discharging portion, toward a bottom of the groove of the
one surface of the workpiece to form a stream of water;
and
10 removing the portion of the workpiece
extending from the bottom of the groove to the other
surface of the workpiece, by a laser light which is
irradiated from a laser light irradiating portion, in the
stream of water and is reflected by an inner wall of the
15 stream of water and is impinged upon the bottom of the
groove to dice the workpiece.
2. A dicing method according to claim 1, wherein
a plurality of blades are provided; the
numbers of the water discharging portions and the laser
20 light irradiating portions are identical to the plural
blades; and each of the water discharging portions and
each of the laser light irradiating portions is arranged
corresponding to each of the plural blades.
3. A dicing method according to claim 1, wherein
25 at least one blade is provided; the
numbers of the water discharging portions and the laser
light irradiating portions are twice as many as the at
least one blade; and pairs of water discharging portions
and laser light irradiating portions, each having one
30 water discharging portion and one laser light irradiating
portion are opposed to each other on opposite sides of
the workpiece, corresponding to each of the at least one
blade.
4. A dicing apparatus for dicing a plate-like
35 workpiece, comprising
a disk-like blade which rotates to form a
groove in one surface of the workpiece;
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extending from the bottom of the groove to the other

10 surface of the workpiece, so as to dice the workpiece.
5. A dicing apparatus according to claim 4,
comprising

a plurality of blades, and water
discharging portions and laser light irradiating
15 portions, which are both identical in number to the
plural blades, wherein each of the water discharging
portions and each of the laser light irradiating portions
are arranged corresponding to each of the plural blades.
6. A dicing apparatus according to claim 4,
20 comprising
at least one blade and water discharging
portions and laser light irradiating portions which are
both twice in number as many as the at least one blade,
wherein two pairs, each pair having one water discharging
25 portion and one laser light irradiating portion are
opposed to each other on opposite sides of the workpiece,
corresponding to each of the at least one blade.
7. A dicing method for dicing a plate-like
workpiece, comprising the steps of
30 rotating a disk-like blade to form a
groove on one surface of the workpiece;
discharging water through a water
discharging portion toward a bottom of the groove of the
one surface of the workpiece to form a stream of water;
35 removing the portion of the workpiece
extending from the bottom of the groove to the other
surface of the workpiece, by irradiating a laser light
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water toward the bottom of the groove, to dice the

workpiece.
8. A dicing method according to claim 7, further
5 comprising the step of sucking fragments of the workpiece

that are produced by the irradiation of the laser light
by a suction portion provided adjacent to the portion of
the workpiece with which the stream of water comes into
collision.

10 9. A dicing method according to claim 8, further
comprising the step of supplying gas toward the collision
portion by use of a gas supplying portion provided on the
one side of the workpiece and on a side opposite to the
suction portion.

15 10, A dicing method according to any one of claims
7 to 9, wherein

a plurality of blades are provided; the
numbers of the water discharging portions and the laser
light irradiating portions are identical to the plural

20 blades; and each of the water discharging portions and
each of the laser light irradiating portions is arranged
corresponding to each of the plural blades.

11, A dicing method according to claim 10, wherein
at least one blade is provided; the

25 numbers of the water discharging portions and the laser
light irradiating portions are twice as many as the at
least one blade; and pairs of water discharging portions
and laser light irradiating portions, each having one
water discharging portion and one laser light irradiating

30 portion are opposed to each other on opposite sides of
the workpiece, corresponding to each of the at least one
blade.

12, A dicing apparatus for dicing a plate-like
workpiece, comprising

35 a disk-like blade which rotates to form a
groove 1n one surface of the workpiece;

a water discharging portion which
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irradiates a laser light in the stream of water and

5 impinges the laser light onto the bottom of the groove
while reflecting the laser light by an inner wall of the
stream of water to remove the portion of the workpiece
extending from the bottom of the groove to the other
surface of the workpiece, so as to dice the workpiece.

10 13. A dicing apparatus according to claim 12,
further comprising a suction portion provided adjacent to
the portion of the workpiece with which the stream of
water comes into collision, wherein fragments of the
workpiece that are produced by the irradiation of the

15 laser light are sucked.

14. A dicing apparatus according to claim 13,
further comprising a gas supplying portion provided on
the one side of the workpiece and on a side opposite to
the suction portion, wherein gas is supplied toward the

20 collision portion.
15. A dicing apparatus according to any one of
claims 12 to 14, wherein
a plurality of blades are provided; the
numbers of the water discharging portions and the laser
25 light irradiating portions are identical to the plural
blades; and each of the water discharging portions and
each of the laser light irradiating portions is arranged
corresponding to each of the plural blades.
16. A dicing apparatus according to claim 15,
30 wherein
at least one blade is provided; the
numbers of the water discharging portions and the laser
light irradiating portions are twice as much as the at
least one blade; and pairs of water discharging portions
35 and laser light irradiating portions, each having one
water discharging portion and one laser light irradiating
portion are opposed to each other on opposite sides of
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