SEM CONDUCTOR CUTTI NG DEVI CE, SEM CONDUCTOR CUTTI NG METHOD, .SEM CONDUCTOR
CUTTI NG SYSTEM LASER CUTTI NG DEVI CE AND LASER CUTTI NG METHOD 5 BACKGROUND
OF THE | NVENTI ON [ 0001] The present invention relates to a cutting
apparatus which cut out a workpiece such as an IC chip and a nenory card

froma seni conduct geMIPONDUETAR A TISGD RV ICRY S%J‘M_febNgﬂec%o

semi conductor substrate formed with a plurality of sem conductor Iﬁevi ce
regi on such e r i i ackage)
“along a pr edg?]él;arm neg&ggw?ﬁ Sﬂl@l@@%ﬁ% %%@#%ﬁ#@%ﬁ%ggﬁ devi ce
is cut out, Japane I Mol . - anese Patent
Lai d- Open No. 2005@@5@&@%%5%%&@%&6@ aser beam
[0003] In the cutting nethod using the | aser beam the | aser beamis
scanned al ong the predeterm ned cutting |ine by using scanning neans such
as a galvanomrror, so that 15 the sem conductor substrate can be cut al ong
t he priedeBAlihGdd] GPHENENVENTIONt he semi conduct or devi ce regions

wi t hout noving the sem conductor substrate and a stage hol ding the

subst r at e[0001hThaprsemsnvéntivnaelatdsi0@duttinyapwiratuydicticitamen waRpRLOY | S
performed al ong the predeterm ned cutting lines of all the sem conductor

devi ce regichns ani 10 chip RAS b inéiforyl 04edl fdin #88mRoAGEtbALAREEQ. @S a scanni ng
center of the |aser beam nore away fromthe scanning center is, nore

| arger | SoQ0bRREh rhdifi6d bP@liaRa SmfeshdulrdrBanditid EfithedSHih APtk IR0 T

- make the taper of the cutting section smaller, 1t I's concelvablé-to

di st ' f ' . Howe :
I stance §eﬁﬁc§§@d&mrwv&%'}|{3§fog sﬁgﬁn]a% g%@%gbﬁ?gﬂﬁ%&%&%%%&r) 3 ? d CP’&{ size }[/ﬁ;

when the scanni ng center m seffi con

necessity of increasing the Laser 25output .arises, d t.he scannjng .
poSi tﬁ)on %acci(%gcﬂll‘)% a P%@e{éé?ﬁe%bcé‘éﬁ?g Eng & it &cﬁf'éi&.gpsﬁﬁ‘é‘c?qfﬁ’rcgggé"&ﬁ $he

- l'aser out put I%ads to_t he Lgicrﬁase i n {)&g ize of a |laser oscill|ator and
‘the hi gh et Jepanese Pategh baidrHeen Non 2 1% 3 anshJagapese Faent L-aid-Open
deteriorated, the cut section becones coarse, and the size nanagenent of
t he semi C]gﬂd%[glsoﬁag’é@idéglqs& a cutting method using a laser beam.

[0003] In the cutting method using the laser beam, the laser beam is scanned along the

predetermined cutting liné by using scanning means such as a gélvanomirror, so that
15  the semiconductor substrate can be cut along the predetermined cutting lines of all the

semiconductor device regions without moving the semiconductor substrate and a stage

holding the substrate or a laser oscillator.

[0004] However, when a laser scanning is performed along the predetermined cuttiﬁg

lines of all the semiconductor device regions with a position fixed at one place taken
20  as a scanning center of the laser beam, more away from the scanning center is, more

Jarger is a taper (inclination) given to the cutting section.

[0005] To make the taper of the cutting section smaller, it is conceivable to distance

the scanning center from the semiconductor substrate. However, when the scanning

center is away from the semiconductor substrate, the necessity of increasing the laser
25  output arises, and the scanning position accuracy of the laser beam is deteriorated.

The increase in the laser output leads to the increase in the size of a laser oscillator




be cut out becomes difficult. [0006] Further, a nethod of cutting the

sem conduct or substrate along the 5 predeterm ned cutting line so as to cut
out the individual sem conductor device includes a nethod of using a
cutting blade such as a dianond bl ade (see Japanese Patent Lai d- Open No.
2003-163180) [0007] In the cutting nethod using the cutting blade, high

speed cutting of the_sem conductor s i : s at the
same ti @ggd th gE 6ot é‘r@%t"{}lﬂ%% Sfagﬂmﬁgﬁdy%cpﬁ#gﬁggagﬁg{)aﬁﬁ’aﬁat is,

fini shed high grade. Hence, a, cutting apparatus,usin P | ade has
been of kehsagtien beepragst COIIRE, ?‘PFE‘@&W%%%%F’SPE ﬁé\;'lcégm?cr? tn(t:] g%tg}’ %‘}elegmb

predetermnmined cutting |line conprises only a linear line such as a
r ect anglbe.cuf 600 omesdiféicultt he predeterm ned cutting |ine sonetines
i ncl udes an odd-shaped line portion which is not in the shape of a

cont i NUQYHOE) Fudher) b théthed sficittiag the sumivendiStoubstonic almgdhe onvexoconcave
| ine portion. Such an odd-shape line portion is unable to be cut by the

cutting i tind Bn€ Y6 a9 citlvmt Senindbidiat semicdadider dewitaudi ng t he
odd-ghaﬁgg&gﬁglgﬁl‘tﬁ'ﬁéﬁé phe adoption of the cutting nethod using the |aser

beam or wat.or. | 6t udiFl8hGh Li2BgRESEADA SblanloMCbIRERdBupadBs- 142303

and Japé Lai en 238246 is considered. 20 [0009]

However, the nethod i water jet, as conpared to the nmethod of
usi ng t Heatenttla Pﬁﬁg{ﬂ’egab@%%@)i n cutting speed. Further, the

T o i bl s ik R R Sp i g 1o,
the method of using the laser beam it is possible to increase. the 25
cutting syprieshduytos eubisiraty istmaadstpasifics ap at Sﬁﬁ’é’émﬁgg?ncﬁtlu&ﬁ.s wever, when
the strength of the laser beamis set high, the sem conductor m change
i ts Qiat Usdderally finished smooth, that is, finished high grade. Hence, a cutting apparatus
using the cutting blade has been often used to cﬁt out the semiconductor device in case
the predetermined cutting line comprises only a linear line such as a rectangle.
[0008] However, the predetermined cutting line sometimes includes an odd-shaped
line portion which is not in the shape of a continuous straight line such as a curve
15  portion and a convexoconcave line portion. Such an odd-shape line portion is unable
to be cut by the cutting blade. Hence, to cut out the semiconductor device including
the odd-shape line portion, the adoption of the cufting method using the laser beam or
water jet disclosed in Japanese Patent Laid-Open No. 2005-142303 and Japanese
Patent Laid-Open No. 2005-238246 is considered.
20 [0009] However, the method of using the water jet, as compared to the method of
using the cutting blade, is slow in cutting speed. Further, the semiconductor device
immediately after the completion of the cutting may fly in any direction by the force
of the water jet. |
[0010] Further, in the method of using the laser beam, it is possible to increase the

25  cutting speed by setting the strength of the laser beam high. However, when thc_

strength of the laser beam is set high, the semiconductor may change its nature.



Further, when an attenpt is nmade to conplete the cutting by the | aser beam
irradiation in a single time, the cutting section becones coarse. It is,

t hus, conceivable that the | aser beamcutting to every predeterm ned depth
on the predetermned cutting line is repeated in a plurality of times so as

to perfor | ] ULt | ver. when
all the plrsaé et éﬁ%&%g@gg%ﬁ ir%gnﬁegl‘g?ofﬂéﬁt??ge g“et?‘ﬁ%tr?'é’pge g#gf%%al@g%@%%o&luct or
device) are this t hod,,.t cuttin rocessi ng speed often, becones
arow ) Tl Sikie e dbe cllEng SEeidn Berish Bl BHET My R bty ng t he
| aser be It 1s pgssible to cut the m conduct or, substrate_by the | aser
beam scaﬁﬂl]??f beag ?1511%8 {9 eeTHPr t"s’@‘c“ﬂ‘fq:‘geﬂﬂﬁgn&ﬁ plrde{csmpmsdgutingling ife | aser
beam high. [0012] However, when an attenpt is nmade to conplete the cutting
by the | aespeatedapn pbuplityrofdimessg as toipesformithe cuttingnf the pradeterininednes '
coarse. Further, in this case, even when the output of the |laser beamis

hi gh, 5t ¢wtingtiass &oyever, viea dihthepueddterqifiat entjing finesd (altivevptdplsapef ext ent .
Hence, an anount of heat generated acconpanied with the 15 | aser beam

i rradi at i g8 semicdAduétos dedsE hre 2AlbY Hifls Bletlidd) tha\bltifg PesRBRRg kp¥edQticdr t he
sem conductor changes in its nature (inner element s broken). [0013] Wen

the sem cgelfekQlovsubstrate has a plurality of layers nmutually different in
the materials, it 1s a prevailing practice that the output of the |aser

beam i elgodgPAuifd s PSchvEipdTRTh L Cldifeihdh the (ol SRR fje2 01 25°

epoxy pr strate when e sefi conduct of 'su a
package resin.l ayer .and t.he gl ass 0 rint substrate ]layer). However, in
Phis et ot B/l FEmilindi T RRE eRyhelosPt Bruh 3 i Shdfe e <
becones worse 1t-‘]gan exzecte anfd t he igcregs in the cutting width of other
| ayer¥d duting e AUt (Hrneth Rt the Asee2e3m 18 Further, in a laser cutting
apparatus, so as not to give sone_damage to the 25 apparatus by the |aser
beam pendi9032) Heweves, when pn atiempt isanags: iosompcigrihe putimgtydthe dasst beam o t he

| aser oscillator is disposed with a |aser receiving nmenber nade of a fire-
scan in a single time, the cutting section becomes coarse. Further, in this case, even

when the output of the laser beam is high, it is necessary to make the cutting (scan)
speed slow to some extent. Hence, an amount of heat generated accompanied with the

15  laser beam irradiation may be increased, ahd the cutting width becomes larger or the
semiconductor changes in its nature (inner element is broken).
[0013] When the semiconductor substrate has a plurality of layers mutually different in
the materials, it is a prevailing practice that the output of the laser beam is aligned
with the layer most difficult to cut (for example, a glass epoxy print substrate layer

20  when the semiconductor substrate has a package resin layer and the glass epoxy print
substrate layer). Ho_wever, in this method, the coarseness of the cutting sections of the
other layers becomes worse than expected and the increase in the cutting width of
other layers due to heat becomes noticeable. |
[0014] Further, in a laser cutting apparatus, so as not to give some damage to the

25  apparatus by the laser beam penetrating the workpiece, the workpiece on the opposite

side to the laser oscillator is disposed with a laser receiving member made of a fire-



resi stance material such as alum num Japanese Patent Lai d-Open No.

10- 328875 di scl oses a nethod of adding a danping structure or a scattering
reflection structure of the |laser beamto the flat |aser receiving nenber

di sposed in parallel with the workpi ece, so that the | aser beamreflected

by the | aser receiving nenber does not 5 reach the workpiece again. [0015]

Hovever, uhen the LASEr LESRINLAG. TaRARK. bitcRl XSk Nbh10-hesRISIDI ng

st r uct uteESiHRCE éring re structure of the | aser beam as

di scl osed in Japanese Patent Laid-Open 10- 32¢ r f the

| aser r diseiosesymeEhpdedt adding  CapBing) %%(':lﬁ{}lg%l o %ﬁ%%%zﬁggggg?gﬁtsﬁgbﬁgg gase in
the size of laser receiving to nenber a dn‘glﬂ%}g gost. Oﬁlﬁ% Further, an
regi on tliespses ddamitptthe Hat laa@rerrecww&rv?lﬁger pd wL palel VER % oy e

soneti mes becones the flow path of a dust collection air to renove soot and
dust gegperigiiect, by tlidehelases pegrofeflentedviyr thpilaseereceiyipg Bembep degsnot

conventional |aser cutting apparatus, the soot and dust not renovable

enough p%cmﬁeq,@ggpig@dggm,i on air are 15 adhered to the workpiece and the
| aser receiving nenber, thereby necessitating frequent cleaning. [0017]

Fur t her | | { providcamiey A dampiigice
%@%&gﬁxﬁfeér'egﬁg}]&t{ﬂg‘fasef fkcﬁﬂ@naéu A fibef Wl provilead v mpéig)

processi[ as soot and st generated fromthe workpi ece

irradiated with the | aser d j béediif necessary to
cl ean t REUGBFKYS ti:‘&éc"g%rg'lg l{%ﬁggﬁﬂl ?ﬁcglﬁﬁg’g}%%%ggsﬁééﬁi &f(ggcllgﬁe However . when

and"t ho Japers RgeREUATOPTONEGP 1054 PaBeqhitule fink IR ickRAGE mebef] S0

where the cleaning after the cutting.processi takes |long .ti and the
pr ocessibegomeheompligsted; #ich lpags Hythﬁﬁgc‘;&?s&dﬁitﬁ‘g“iz% ‘ﬁaﬁ?’f ‘r‘“‘g‘ﬁ‘&#"ﬁe 25[ 0019]
Particularly, since the | aser beam penetrates the workpiece fromits
sur figce mémeertandthligh bestk surface side and cuts the sane, at the back
surface side al so, the processing o )

[0016] Further, an region disposed with the laser receiving member as described above

sometimes becomes the flow path of a dust collection air to remove soot and dust
generated by the cutting of the workpiece. However, in the conventional laser cutfing
apparatus, the soot and dust not removable enough by the dust collection air are

15 adhered to the workpiece and the laser receiving member, thereby necessitating
frequent cleaning.
[0017] Further, as described above, in the laser cutting apparatus, since processing
debris such as soot and dust generated from the workpiece irradiated with the laser
beam adheres to the workpiece, it is necessary to clean the workpiece after the cutting

20  processing.
[0018] However, when an amount of the processing debris generated from the
workpiece is great and the adhering amount thereof is also great, there are often the
cases where the cleaning after the cutting processing takes long time and the
processing debris not removable by the cleaning is left remain.

25  [0019] Particularly, since the laser beam penctrates the workpiece from its surface side

to the back surface side and cuts the same, at the back surface side also, the processing



debris is generated, and adheres to the back surface of the workpiece.
Consequently, cleaning after the cutting processing nust be perforned at
bot h surfaces of the workpiece, and there is a possibility that this
becones di sadvantageous in tine and the remaini ng anount of the processing

debris i Q@bﬁ@%@genéitﬁ’&]?ﬁh alﬁﬁléfee% the BRUGrtaREof AR Shor E?ceé.i ﬁfoﬁge}qu%ﬁﬁ%f rom

the light em ssion surface (lens surface) of the | aset oscil war d

L omer o RIEfifag WG DR 460RLAY HIRRbEDABRTEALOS SHTLLASRE P! oo

adheres to em sSiton surface, propr aser rtadiation is
unable to b erformed. .to BRLEE. S Y. OF THE,.| NVENTI ON [ 0021] e

b esent  (HORIECEY g Hoic b  PRSUEHNE ShA AP GECRIIPT ¢ B aY AR (0P 4B Bheot
reducing an inclination of a cutting section by a | aser beam of a

seni condJeMaIag pmppskof the PFRﬁ‘?rﬁSl%&ti%Néﬁ Jgraapes- di st ance fromt he

sem conductor substrate to a | aser scanning center. i1s[0022] Further, the
preseht i[A02NtHuwthenrtboughethe dasse bewm nslemitord Glemitbe light ¢misgionysatfaoe (leapabl e
‘of performng cutting of a sem conductor device including an odd-shaped

| i ne por tsuefacéyafrthe hgesestilinochoniapd tisssikpidcs, wheth ocaRiRUebaRd

nor eover, securing a high grade cutting section. [0023] Further, the

present igiventddRoR Y wiekpiscSAlcs@NAURS AkhCothiskidd saRRSS, ahUppadhrizapabl e of
securing a high grade cutting section by Cutting a sem conductor substrate

with a | gs&k ibeARiGNE SUBR 6% N9fdhelNCrease in cutting width, and

nor eover, pern?or%ng tlﬁ% cutft}%l g at § hi gh speed, while preventing changes
in the nature of the sem conductor. [0024] Further, the present invention
‘provides a | aser cutting apparatus capable of 25 avoi ding giving damage to

a wor kpi I flected a |l aser receiving nmenber by using
t he Ilgsemmmw% e 1 uct ur e. | |

[0021] The present invention provides a semiconductor cutting apparatus capable of

reducing an inclin_a_tion of a cutting section by a laser beam of a semiconductor
substrate without extending the distance from the scfniconductor substrate to a laser
scanning center.

15 [0022] Further, the present invention provides a semiconductor device cuttiﬁg system
capable of performing cutting of a semiconductor device including an odd-shaped line
portion from the semiconductor substrate at a high speed, and moreover, securing a
high grade cutting section. |
[0023] Further, the present invention provides a semiconductor cutting apparatus

20 capable of securing a high grade cutting section by cutting a semiconductor substrate
with a laser beam and suppressing an increase in cutting width, and moreover,
performing the cutting at a high speed, while preventing changes in the nature of the
sexﬁiconductor.

[0024] Further, the present invention provides a laser cuiting apparatus capable of
25  avoiding giving damage to a workpiece by a laser beam reflected by a laser receiving

member by using the laser receiving member of a simple structure.



[ 0025] Further, the present invention provides a |aser cutting apparatus
capabl e of inproving a renoval function of soot and dust by dust collection
air by using a |laser receiving nmenber. [ 0026] Further, the present
invention provides a |aser cutting apparatus capable of 5 suppressing
adherence to both surfaces of a workpiece of a processing debris generated

fromt hfq%i Eﬁitgﬁ? bﬁegwlg%é'lg lillévetr%oﬂ ggﬁ\égé % £RE cdtiR2 4 ppARtuO 0B AIPBEL . T he

pr esent sem r cutting apparatus which cuts a

sem conductor substrate to, cut. out a, sem conductor..deyi ( ' ser
beam Thepuyhs %1!9&%0‘{3&(fWERﬁ’é’§‘anlSagte?ndoélbﬁq}bp’glt“gtrcoi%ﬁté‘g %frg)s u\c% %Jt?ats%lﬁg and to
scanning the | aser beam a transport nechani sm which causes the

sem condeeivdng snepsherat e and the | aser oscillator to relatively nove, and a
controller which controls the |aser oscillator and the transport nechani sm
When a jphog@iFutthen thespresanrinkoition plevidcea lasgr @ﬁgneanwg@sﬁgp@h Pbunded by a
predeterm ned cutting |line are provided in the sem conductor substrate,the

contgol l &&@ﬁéa%h%r&ﬂ& th botisfAficeset hanikpicdboic prachssingdduinni ng cent er
of the I'aser beamof the |aser oscillator 1s |ocated above a position inner

than t he,predoleomed ofiitidys Ud & vifa miifbcam conductor devi ce regi on and
at’o

causes tfi aser oscill r to performthe scanning of the | aser beam al ong

th i ned tt | i ): ; ' ion. [0028
e anot BT AGEe ot (ki Fivsbilfn BRVISEI RO RMITRUR, OF L0 ee 20

cutting systemwhich cuts g sem conductar , sulystrat m ned
cut t i ng apparatysgvhigh cytsia S&@EWCE%HH&‘F 8‘?88@?/% eo,utt% ﬁgm?)(lfoglgg?@F %Eﬁgghgglt ting
line conprising a first portion having a strai,ght |i shape and second
port i on alasérhgam. Sheprpparatpeinghides omatlﬁ%efPﬁ?‘bgtoﬁSf’]?q%g%?’P?ﬁtEUQV&%r% .
includes a blade cutting part which cuts the sem conductqr substrate al ong
t he 1bi r scamdng tleriavértheam, odtanspayt bicghenism yehigh papses ﬂ&ﬁemlﬁﬁld;%ﬁﬁrt whi ch
cuts the sem conductor substrate along the second portion with a | aser
beam  gubstrate and the laser oscillator to relatively move, and a controller which controls the

laser oscillator and the transport mechanism. When a plurality of semiconductor
device regiéns each being surrounded by a predetermined cutting line are provided in
the semiconductor substrate, the controller controls the transport mechanism

15 such that a écanning center of the laser beam of the laser oscillator is located above a
position inner than the predetermined cutting line of each semiconductor device region
and causes the laser oscillator to perform the scanning of the laser beam along the
predetermined cutting line of the semiconductor device region.
[0028] As anofher aspect, the present invention provides a semiconductor device

20 cutting system which cuts a semiconductor substrate along a predetermined cutting
{ine to cut out a semiconductor device, the predetermined cutting line comprising a
first portion having a straight line shape and a second portion having a shape different
from the first portion. The system includes a blade cutting part which cuts the
semiconductor substrate along the first portion with a cutting blade, and a laser cutting

25  part which cuts the semiconductor substrate along the second portion with a laser

beam.



[ 0029] As anot her aspect, the present invention provides a sem conductor
cutting apparatus which cuts a sem conductor substrate having a plurality
of sem conductor device regions with a | aser beam The apparatus includes a
| aser oscillator capable of outputting and scanning a | aser beam and a

~control | qpo29y A9 agsthér fbect! IR Jracal ifRhtibh PEVid&E @nikOndifctd uli§nd aser beam
al ong a predetermned cutting |ine of each sem conductor device region

provi ded ) j

el udes “ZBafe PRI ARY EorblcoRiiRdy (brord M BEH HARANELEberd BRLGALF
control l er_changes a .paraneter of.fhe |aser .beamor, the n er of scanning
¥ st ordextidopis Slh g Goaat, The FrnlrSh indifaen st oot capane by t o
scanning of the laser 10 beamin a plurality of tinmes for the sane

pr edet er AMRHIBG AR sepnmpga lgsgobesm. andg ¢qntiollep whigh congods thedpser pr esent
invention provides a |aser cutting apparatus which cuts a workpiece set in
a wor kBpi eseillséansoras to sgimthedasen baammadeng dpradeteTininedyguiting lise phciahdes a

| aser oscillator which emts a | aser beam and a | aser receiving nenber

whi ch r ecemiamdubtrldesier rbgamphawidedinhs semhi¢dndocgh sabyeraworKipg ece setting
15 region. The | aser receiving nenber includes a | aser receiving surface

whi ch appegaediRiactol SubarHe iheics atgliftty 601a98rsihAMuB dFireht iGhiteARIst 0 an
i nner portion:of the |aser receiving nenber. [0031] As further still

anot her R ntrolIRF cRrEes B patAYGEL 61 e QY bERS of tﬁ@ﬁﬁ{lb&‘ﬁﬂs‘bﬁ;ﬁgﬂg BRAQL US

which cuts a workpiece™set 'in a workpiece setting region wt ~Taser beam
20 The anpatahiisyLaliidnseAnt 3REF oQfikbl B ALs6APRRLAAN OULBN! 44 Ad 1204
scanni ng a [aser”beam and a [aser recelving menber i Ch recerves 3
| aser, beam havin sed .t hrqu t he workpi ece setting.region. The |aser
recei¥in cﬁ’é‘dﬂé’r&“ﬁ% 8 g_lﬂgsﬁg!gﬁlp SP@&&%‘%"%‘BP‘?&'&@’ﬂﬁﬁiﬂen appr oaches t he
wor kpi ec tjng.region as approaching a scanning center axis of the |aser
beam 25ﬁ8§§b]A§A§ﬂ§/é‘?"t§i’1‘o‘i§H€% gyent ?Wé’nHPEé’é‘h‘Pg?srﬁ ¢4 QHUPE apPHBWS 5
| aser cutting apparatus which cuts a workpiece set_in a workpiece setting
regi on wWHCR CPigfevorpigee sthin a wepemiegessttingreginnswith jadaser beami |Thet or whi ch
emts a |laser beam and a cover nenber which surrounds a laser irradiation
space betappematus inglides @ ldser psnillatar wWaich ¢émidsra Wser hearheandaskaserireesivierger ges i n
the | aser oscillator and the workpiece setting region. The cover nenber
i ncl udes neerfibersvhigh regemtaakthe paset béam horeikp pgssed thrduighshe wiorkpedt seiting r
exhaust 5port for exhausting the first air. The first air intake port and
the abr eydiansThediser d®iving member includes a laser receiving surface which

approaches the workpiece setting region from an outer portion to an inne.r portion of

the laser receiving member.

[0031] As further still another aspect, the present invention provides a laser cutting

apparatus which cuts a workpiece set in a workpiece setting region with a laser beam.

20  The apparatus includes a laser oscillator capable of outputting and scanning a laser

beam, and a laser receiving member which receives the laser beam having passed

through the workpiece setting region. The laser receiving member includes a laser

receiving surface which approaches the workpiece setting region as approaching a

scanning center axis of the laser beam.

25  [0032] As yet another aspect, the present invention provides a laser cutting apparatus

which cuts a workpiece set in a workpiece setting region with a laser beam. The



provided in the cover nenber at positions opposite to each other across the
wor kpi ece setting region and cl oser to the workpiece setting region than to
the laser emitting surface. A flow path for a second air is forned on the
opposite side to the laser irradiation space with respect to the workpiece
setting region. 10 [0033] Further objects or features of the present
invention will becone apparent framthe.preferred e i ri bed
With reippagataeinchuides@ lagar |0§9\)iﬂﬁ5)fd’}%5ﬁ# Rt agﬁeéﬁeﬁﬁs@f%%%@ﬂﬁﬂé DRAW NGS
[0034] FIG 1 is a top plan view show ng the configuration 9f a_ .

sem conehidhaureunds adesthircadiation space heiweey alpseremy '“ﬁéﬁ? 19 PRI esent
invention; [0035] FIG 2 is a front view of a laser oscillator provided in
a | aser yeUhédr@apaitierzes inthe lases bsatfagodand te, WO QG seitiog regips. dhechemat i c
illustration showing the configuration of a laser oscillator in the first
embodi Mgy &%@éj@ﬁhuﬁé& fifistiabr i@takePRriioe vl o first afitaleancdir exlsausst r at e
cutting at a ade cutting part in the first enbodinent; [0038] FIG 5 is a

70,2 el Y HUPARR TR A g e poamisnorssatmsrhonient 1o
A BTy S SURS Lol SnSitber 41 po8itARE oppBHe'thUaen bihet Rérold ihdtwiPRAL Ment |
setting region and closer to the workpiece setting region than to the laser emitting
surface. A flow path for a second air is formed on the opposite side to the laser
irradiation space with r.cspect to the workpiece setting region.

10 [0033] Further objects or features of the present invention will become apparent from

the preferred embodiments described with reference to the following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a top plan view showing the configuration of a semiconductor cutting
15  system which is a first embodiment of the present invention;
[0035] FIG. 2 is a front view of a laser oscillator provided in a laser cutting part in the

first embodiment;
[0036] FIG. 3 is a schematic illustration showing the configuration of a laser oscillator
in the first embodiment;

20 [0037] FIG. 4 is a side view showing a state of a substrate cutting at a blade cutting
part in the first embodiment;
[0038] FIG. 5 is a top plan view showing a memory card substrate and a predetermined
cutting line in the first embodiment;
{0039] FIG. 6 is a top plan view showing a memory card substrate cut in corner

25  portions in the first embodiment;



[0040] FIG 7 is a top plan view showi ng the nenory card substrate cut in
straight line portions and individualized nenory cards in the first

enbodi ment; [0041] FIGS. 8A and 8B are front views showing a state of a

| aser cutting of the substrate in the first enbodinent; 5 [0042] FIGS. 9
and 10 argofenG. wle\aaogrpawvﬁaw @hémr@hefmérﬂ& 'a%&guﬂgﬁlgfeéﬂﬂ ﬁgtﬂu@ﬁt ine

substrate d| fferent fr the first enbodi nent; [0043] ront

vi ew sho r ng of the substrate
in the fmol}ﬁ()&n%}g di|}l ?194139&'31%2& ?c%%gtﬁagpwgﬁlzjﬁﬁgﬁdé’r ged vi ew show ng
the cutti t t | aser st.epwi se 10 cutti of the substrate in the
first errtlﬂg“ﬂel?@é?[ggﬁ@]%e%f‘@feﬁ@ A& QSEQ‘BW@‘VI 03%&9&%@%% QZfl}E-l?l ng groove
at the laser batch cutting of the substrate; [0046] FIG 14 is an enlarged
vi ew shoviuhgfratadn thetfirshgmbBediggtat t he | aser batch cutting of the
substrate; 15 [0047] FIGS. 15 and 16 are enlarged views showi ng a state of

| aser 5st dﬂM%]&IﬁSt. Oiang 16fare fioat kixgs showiing k atate obithd lasepcuttingchfiibar d | ayer
inthe first enbodinment; [0048] FIG 17 is an enlarged view showi ng a
state of substrdtadiéfferbad bmahé fir@mbodifentpackage resin | ayer and the printed
board | ayer; [0049] FIG -18A is a top plan enlarged view show ng a
cutting ree4a1tFIes. 14 hea SR8 t/rea& shotAngta &tﬂ@@ro@vé‘ﬂt b ehief HEHURE i r[g[oﬁf’o]

FIG 18Bis a sectional enlarged view showng a cutting result o

substr at ‘?h@Eut%u%{cgﬁ t%ﬂfétte%bofdﬁrﬁgﬁ'tency’ [0051] FIG 19A is a top plan
enl arged view show ng a cutting redult of the substrate at a low Q switch
I;gﬂf?ngf 09%@&@@%?# 1 f:nlll'g%Bed:VSICV?’ §\9VEII{£%@1%:‘C ﬁnl Al 8196 z\iltl t \évlgsrflzomfcggns% cutting

10 cutting of the substrate in the first embodiment;
[0845] FIG. 13 is a front view showing the cutting groove at the laser batch cutting of
the substrate;
[0046] FIG. 14 is an enlarged view showing the cutting groove at the laser batch
cutting of the substrate;
15 [0047] FIGS. 15 and 16 are enlarged views showing a state of laser stepwise cutting of
a package resin layer and a printed board layer in the first embodiment;
[0048] FIG. 17 is an enlarged view showing a state of the laser batch cutting of the
package resin layer and the printed board layer;
[0049] FIG. 18A is a top plan enlarged view showing a cutting result of the substrate
20 at a high Q switch frequency;
[0050] FIG. 18B is a sectional enlarged view showing a cutting result of the substrate
at a high Q switch frequency;
[0051] FIG. 19A is a top plan enlarged view showing a cutting result of the substrate
at a low Q switch frequency;
25  [0052] FIG. 19B is a sectional enlarged view showing a cutting result of the substrate

at a low Q switch frequency;



[0053] FIG 20 is a flowhart showi ng the procedure of the substrate
cutting processing of the first enbodinent; [0054] FIG 21 is a top plan

vi ew showi ng the configuration of a sem conductor cutting systemwhich is a
second enbodi nent of the present invention; 5 [0055] FIG 22 is a top plan
vi ew showi ng the configuration of a sem conductor cutting systemwhich is a
third enbodi mnent of the present invention, [0056] FIG. 23A.is a top plan
enl ar ge 00533 RIG hhisragflewskarhahayying thy M@?@F%Oggbg WEsTES e in a fourth
enbodi nent of the present invention; [0057] FIG 23Bis a top plan

enl ar gegrotessing bptiierfirsacrobbdimeshape of a predetermined to cutting line in a
fourth enbodi ment of the present invention; [0058] FIG 24 is a top plan

vi ew of (603 ¥EG. Zistd mg gﬁwafe&t stowihi tire configufitiontofontsoticoaductast t he

present 1nvéntion; [0059] FIG 25 is a sectional view of a novable stage in

t he 'as%ﬁtt@%tsg'k{%ﬁl @ﬁmriéta%éc@{d dnbaditlenesbmdiprasht intEA@R60] FIG 26 is a
ra

schemat i C ram showi ng the configuration of a |laser oscillator in the

| aser cyhiing,appatal us, ah, Le, Lidv e SROAiNERRitiod A0PHmiEbRuckst | s a top

pl an3vi _ uctor substrate to e cut by t_he Ias_er cutting _
T et s erybic s adh i AGORLImEY o MES R erS b, 7 0% e at us. of
1t he 188561 FIG Z3AGS ajpmplahuaineed KW IPRNG REBU R P e ORI G 30 i o a
top view and a side view showi ng a shape exanple of a |aser receiving
nmenber idattidpelihainer fonutht snmigpdimond eft the peFseRHBVERH enbodi nent ;
[0057] FIG. 23B is a top plan enlarged view showing another shape of a predetermined
10 cutting line in a fourth embodiment of the present invention;
[0058] FIG. 24 is a top plan view of a laser cutting apparatus which is a fifth
embodiment of the present invention;
[0059] FIG. 25 is a sectional view of a movable stage in the laser cutting apparatus of
a fifth embodiment;
15  [0060] FIG. 26 is a schematic diagram showing the configuration of a laser oscillator
in the laser cutting apparatus of the fifth embodiment;
[0061] FXG. 27 is a top plan view of the semiconductor substrate to be cut by the laser
cutting apparatus of the fifth embodiment;
[0062] FIG. 28 is a view to explain a reaction of a laser receiving member in the laser
20  cutting apparatus of the fifth embodiment;
{0063] FIG. 29 is a sectional view of a movable stage in the laser cutting apparatus of
the fifth embodiment;
[0064]} FIG. 30 is a top view and a side view showing a shape example of a laser
receiving member in the laser cutting apparatus of the fifth embodiment;

25  [0065] FIG. 31 is a top view and a side view showing another shape example of the

laser receiving member in the laser cuiting apparatus of the fifth embodiment;

10



25[0065] FIG 31 is a top view and a side view show ng anot her shape

exanpl e of the |laser receiving nenber in the |laser cutting apparatus of the
fifth enmbodinment; [0066] FIG 32 is a sectional view of a novable stage in
a laser cutting apparatus which is a sixth enbodi nent of the present

I nventi on, .G 33.1s,a 1o | an uiew of. a,laser .cutting, apparatus
whi o 1 o 1906036 12 55 sektiout sl EmBPul el i AR b pmnRRei & 34T
a sectional, view of the | aser tting apparatus of the seventh enbodi nent;
[0069] FIvahichis 2 sixih ermp F‘Eoéﬁ%ﬁd}‘%ﬁ?PEHﬁiﬁﬂﬂﬁmt he configuration of a |aser
oscillator in the |aser cutting apparatus of the seventh enbodi nent; [0070]
FI G 36 i[8067IHG. BB ana Wipcplaniview et ailasenauitingrappuistitsrvahich iva beventht by t he

| aser 10 cutting apparatus of the seventh enbodi nent; [0071] FIG 37 is a
vi ew showmigpdimentichffthe gresemtriptention; t he | aser cutting apparatus of the
sevent h enbodi nent; [0072] FIG 38 is a sectional view show ng anot her

nodi f ised [QaEBTIHIE. BY id HCedtdRBY view! dfi the _la%@ﬂéﬁtﬁh%%p?iraid@@)f&ﬁé’%ﬁﬁﬁnbOdi ment ;
and 15[ 0073] FIG 39 is a sectional view of the laser cutting apparatus

which i's afhoRidbith embodi ment of the present invention.

[0069]) FIG. 35 is a schematic diagram showing the configuration of a laser oscillator
in the laser cutting apparatus of the seventh embodiment;
[0070] FIG. 36 is a top plan view of a semiconductor substrate to be cut by the laser
10  cutting apparatus of the seventh embodiment;
[0071] FIG. 37 is a view showing a modified example in the laser cufting apparatus of
the seventh embodiment;
[0072] FIG. 38 is a sectional view showing another modified example in the laser
cutting apparatus of the seventh embodiment; and
15 [0073] FIG. 39 is a sectional view of the laser cutting apparatus which is an eighth

embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0074] Hereinafter, preferred embodiments of the present invention will be described

20  with reference to the drawings.

[First Embodiment)
[0075] FIG. 1 shows the configuration of a semiconductor cutting system seen from
the above, which is a first embodiment of the present invention. In FIG. 1, reference

25 numeral 100 denotes a laser cutting part constituted by a laser cutting processing

11
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [0074] Hereinafter,
preferred enbodi nents of the present invention will be described 20 with
reference to the drawi ngs. [First Enbodi nent] [0075] FIG 1 shows the
configuration of a sem conductor cutting system seen fromthe above, which
Is a first enbodi mrent of the present invention. In FIG 1, reference

25nuneral 100 denotes a | aser I,n ar ' : cutting
pr ocessRRRRIatiSpadbt ?inmwgyééggﬁgﬁ%bgﬁggggingg%gt?ceogﬁg t%cg%gﬁcutti ng
part constituted by a dicing apparatus. [0076] The |aser cutting part 100
i ncl udedicngappara@s. and a | aser oscillator 110 installed on the base 101.
Ref erence nuneral 102 denotes a first substrate nagazine 5with |arge

quant i t i[@e76]fTHedases cotingtmart Kibinchaices bagolBetnst ¢ lasgsescillaipy tHY processing
stored therein, and by an unshown first transport nechanism the

sem congugiindd Sy biiBaat 261 1 RO fatfcd manapbiAderotesa fiist subspats magarine on t he
base 101 fromthe first substrate nagazi ne 102 one by one. [0077] The

sem ¢o E&ﬁgﬁ Pagéé gﬁ’:ﬁﬁﬁ%& ,‘[Bﬁ 1afidabessr LltRuait IR0 Geforo tBsstnttng pradessingi n FI G

10 5: ) ne o e sem conductor substrates 120, the nmenory card
(coat eapuys (PR Bt B AP SRR St A SR R e SRRl P P 2T
° nemrs%bgtgtgss 1% gr%rtraqgggrrtgd o Bt %@%ﬁ%ﬁ%ﬁﬂhé BlhscCTU1PRo the ERANT €d.
substrate magazine 102 one by one.
[0077] The semiconductor substrate 120 before the cutting processing is shown in FIG.
10 5. Here, as one of the semiconductor substrates 120, the memory card substrate is
shown as an example. The memory card substrate 120 is sealed (coated) by resin on a
printed board formed with circuits for a plurality of memory cards after memory chips
and controller chips are mounted.
[0078] Dotted lines 130 are predetermincd cutting lines of the memory card substrate
15 120. The predetermined cutting line 130 includes a first straight line portion 131
continuously extending in the horizontal direction in the figure, a second straight line
portion 132 continuously extending in the vertical direction, and four corner portions
133a to 133d (second portion) having a 1/4 arc curve shape as an odd-shaped line
portion connecting these first and second straight line portions (first portion) 131 and
20 132. However, the predetermined cutting line 130 is a virtual line and not actually
drawn on the memory card substrate 120, but stored in the memories inside controllers
(computers) 150 and 250 provided in the laser cutting part 100 and the blade cutting
part 200.
[0079] Every single region 135 surrounded by the two straight line portions 131 and
25 132 and four corner portions 133a to 133d is a semiconductor device region directly

serving as the memory card as the individual semiconductor by cutting the substrate

12



[0078] Dotted lines 130 are predeterm ned cutting lines of the menory card
substrate 15120. The predeterm ned cutting line 130 includes a first
straight line portion 131 continuously extending in the horizontal
direction in the figure, a second straight line portion 132 continuously
ext endi ngld0nalbhg theepieli@aimined e6tin@inetsd, fr%r@nﬁ%ﬂ%e@pg&ﬁieaﬁduﬂe&ﬁa to 133d
(second portion) having a 1/4 arc curve shape as an odd-shaped 1 ne portion
connect i : : ek rai.ght L1 ' i ortion)
eideRgidd EetbreAines Q01810 Bimdih S & Hd67 185 Alind!

131 and 20132. wever, the predetermn cutti'n s a virtua
| i ne and . I ra t he nmenn ard,substrate 0, but ,stored in
t he rrermrgl%g{sw@?]&su:égler %(‘)’%te ¥ %gﬁag{i)se ? g%%%?é’%g fh"fgae glﬁ’jﬂ(ﬁgdza[fﬁc?;%l GALRIF & he

| aser cutti.n art 1Q0 t | ade cutting part 200. [ 0079] Every
singl e ré%?%gl t§ %ﬁ@g@HP§§Pthe two straight line portions 131 and
25132 and four_ corner portions 133a to 133d is a sem conductor device

regi od dil0889) Thassubsiralg 129 posisioneddt thedinstipegition bis tnafisppriedito s eedondnduct or
by cutting the substrate 120 along the predeterm ned cutting |line 130.
Her ei naf tpositicavBrwhisk is the fichut bb thedasiroscillatirdr Olef ar enshotvini segonds r ef err ed
to as a nenory card region 135. As the sem conductor device, it may be a
devi ce otthaspdhamedhlgisfienory card, for exanple, a chip elenment such as IC
and LSI. 5[0080] The substrate 120 positioned at the first position | is

t ranspor t[eg8110A fihe 8e&5H RRfidn BNad tnsMBivt mbeati&8tabt ¥ rr%gid[et(()iggrﬁ er

.oscillator 110 by an unshown second transport nechani t the

second pQabirAR 1bb ’traﬁ%;‘%dﬁkﬁ% (HPYBPAS e §{aﬁgﬁ§( {éige?{]h%%oql 99?&3‘3‘%33?{3%%? rate

120 transported onto e novabl e stage is ereon
surf 46€ adsorbed by negative pressure. The movable stage, as shown in FIG. 2, is driven such

that the center of the memory card region 135 is positioned on a center axis LO of the
laser oscillator 110. Hereinafter, this position is r;fcrred to as a laser irradiation
position.

[0082] The laser oscillator 110, for example, is configured as shown in FIG. 3. The

15  laser beam emitted from a laser beam source 111 is expanded in light beam diameter
by a beam expandcrlliz, and after that, is sequentially reflected by the galvanomirrors
113 and 114 for Y-axis and X-axis as scanning devices. The laser beam reflected by
the galvanomirrors 113 and 114 forms a spot-image on the substrate 120 disposed at a
cutting processing position by a condensing optical system 115 such as an -0 lens.

20  [0083] The spot image is scanned in the Y-axis direction (vertical direction in FIG. 5)
and the X-axis direction (horizontal direction in FIG. 5) according to the rotation of
the galvanomirrors 113 and 114. Hence, controlling the angles of rotation of the
galvanomirrors 113 and 114 can move the spot image of the laser beam along the
corner portion 133, and as a result, a moving track of the spot image in the substrate

25 120 is vaporized and melted so as to be cut. Thus, the corner portions 133a to 133d of

the memory card 135 can be cut.
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10 adsorbed by negative pressure. The novabl e stage, as shown in FIG 2, is
driven such that the center of the nenory card region 135 is positioned on
a center axis LO of the laser oscillator 110. Hereinafter, this position is
referred to as a laser irradiation position. [0082] The |aser oscillator
110, for exanple, is configured as shown in FIG 3. The 15 | aser beam

emtted f l.aser, i tRXpRESR LB dimeky whermealoaret er by
a beam @?Bami@?‘ Ii’llﬂ,thgﬁagg}a‘?@tei&g?ﬁégﬁoiog segﬁent ially reflected by the

gal vanom rrors 113 and 114 for Y- axi - AX] ' jgéices. The
aser bEQIRFT RATUORE éﬁgaokp é](bf;a} Vﬁ%ﬁﬁ?‘ﬁggséﬁéééﬂlg%%?Léglpc:‘%ﬂrt’%ca spot - i mage
on the substrate 120 di sposed at{ a cutti rocessing. ] a
condensbergn dgpsdagngd W%?E‘rﬁlﬂﬁlgsth% ﬁ“‘%?ér%{fn{%- % tﬁg ﬁé’f“’f glfr(%g@é[i J‘"%Ete&g%ot i mage
is scanned in the Y-axis direction (vertical direction in FIG 5) and the
X-axi s giig@étecion.( hori zontal direction in FIG 5) according to the rotation

of the galvanomrrors 113 and 114. Hence, controlling the angles of

rot af i opygHs] thhedrbsbanenibbdimant 143 biset tehth samcerbl at KAGdpear (farage of the
| aser beam al ong ‘t he corner portion 133, and as a result, a noving track of

t he spot_j e, hSIUBS LB iS uscdtl 28iriter iaARE presentashsbotibhtmd whon dlee t 0 be
cut. Thﬁ}s{%‘lﬂi %éw]gg?lhlgé portlhf)nzs 133a to 133d of the nenory card 135 can be

cut. [0 8%‘]3\5%2%6 W?@m&)ﬁht&ﬁ"ﬁo&ﬂ%faﬁd‘ﬁf ic3f Babt, tﬂ@?nl@é ifcdARatisresent

embodi Wé?l 5 ur corner porti‘ons 113a to 133d of a single nenory
Cubst 1 adteatorsy (@ PRicgrd ) FRREpE R, AP LR At P e P (006 1
e e ot Cnged with the wwavelsnpth OF (10 155 b88m Wbt chstiPabbinglibO"
10 | the case where the resin portion (package resin layer to be described later) is cut and
the case where the printed board portion (printed board layer to be described later) is
cut. Further, in the present cmbodimen-t, the laser cutting is performed without putting
the substrate 120 into a gas atmosphere. Asa resﬁll, the confliguration of the laser
cutting part 100 is made simple, and at the same time, different from the laser cutting
15  in the gas atmosphere difficult to perform other than the straight line cutting, the odd-
shaped line portion such as a curve can be cut by the scanning of the laser beam
(without moving the substrate 120 upon cutting the four corner portions 133a to 133d
of the single memory card region 135).
[0086] As described above, one card memory region 135 in the substrate 120 has four
20 corner portions 133a to 133d. In the laser cutting part 100 of the present embodiment,
the cutting of a predetermined amount (small amount) for each of these four corner
portions 133a to 133d, that is, a rotational scanning of the laser beam is performed
sequentially, and by repeating this scanning in a plurality of times, each corner portion
is completely cut.
25 [0087] Specifically, for example, first, the corner portion 133a is cut by the laser beam

by the amount equivalent to 1/10 of the thickness of the substrate 120, and then, the
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exanpl e, wavelength:1.06 p.nm) is used. Further, in the present enbodi nent,
when the substrate 120 with a printed board coated by resin is cut, the

pul se irradiation frequency (0 switch frequency), current value, cutting
speed and the like of the |aser beam are changed with the wavel ength of the

| aser beamkaforGON 15 5s A6F Ak Dy e s9md AnlciSr. COARMIGHS, hrbesa&xf‘éé%mrt ion

(package resin layer to be described later) 1s cut "and "t he case ere the

printed rt | . t i | ater) is cut.
Bt her, Gty #5801 oBlkioP IOUer Bt TR arld1 26, BRE e Q¥ns Boiherelis T hou
putting the substrate 120 into as at nosphere. As a result, th

confi guraﬁ‘f‘a'ha%? SIg q"i%c@?'t ﬁﬂgeb%?ﬁwgfgg“}lge fYtiae SyRis ten tigeg, “i‘f’ the same
tinme, different fromthe |laser cutting 15in the gas atnosphere difficult to
per f or m cutére phis fowecorperpqitions 133 touk33dhy, the fasepbeam dhegrapletadne porti on
such as a curve can be cut by the scanning of the |aser beam (w t hout

movi ng t HO088Idatthistreari2f) aapl comer portipnt i euf biile yolittlerin pduralionsf tiddy sbo 133d
of the single nenory card region 135). [0086] As described above, one card
nMenory r apatothe IdSsh of tho eusingettide bddndigmoti asicoRPafedr td8he BAetWIYS tHe33a t O
133d. In the laser cutting part 100 of the present enbodi nent, the cutting

of a preqeuiglsiReforied M a 6iighd fimount) for each of these four corner
portions 133a to 133d, that i's, a rotational scanning of the |laser beamis

¢ : ] . : - : 1 ¢
e, cdupBaatleots, dioPpee@hibE ARG bl e SRPARLNE oF Bad Bl Bk, O

l e, fi t] 133a | t t he | b by th
rount _edlt el shitaf BF B8 cuBl O e gl BeCH nebobeg. o BRLOR 50menng 1 hen.
th . t] 33b .. I . h . t. S tly, th
e O
the cutting u tttci@here I s taken as a single cutting cycle. By repeating the
sane cut @PH{}‘“E? the quiting phihs samgLCopRaTAEeTHTS QoMENpORALY peifprncd dhe i ons 133a

to 133d by the |aser beamis conpleted.
_ quality of the cutting section of the corner portion is deteriorated due to the processing

heat. Hence, in the present embodiment, a cooling period is given for each small
cutting in eéch of the four corner portions, so that the cutting sccﬁon of each corner

15  portion can be made well in quality.
[0090] Although a description has been made on the case where each corner portion is
cut in 10 times, this is nothing but an example, and the numﬁcr of times may be other
than ten such as five or twenty. Further, the cutting amount at each cycle may be the
same or different. In addition, the embodiments of the present invention are not

20  limited to the case where each corner portion is cut in plurality of times, and when the
required quality of the cutting section is not so high, each corner portion may be cut in
a single time.
[0091] When the cutting of each corner portion of the first memory card region 135 is
completed, the movable stage is moved such that the center of the next (second)

25 memory card region 135 is positioned on the center axis LO of the laser oscillator 110.

Then, the four corner portions 133a to 133d of the second memory card region 135 are

15



5 [0088] In this manner, each corner portion is cut little by little in
plurality of times, so that the finish of the cutting section becones good
as conpared to the case where the cutting is perforned in a single tine
[0089] Moreover, after performing a snmall amount of the cutting of one -
corner portion, the small anount of the cutting of the next corner is

ggaLgL{Tﬁgq IP)S, %@}{%ﬁt&% ges oﬁ-ﬁgé rﬁ?{ice Qe Of’ntthﬁ\r,\]ﬁﬁﬁle{' hg ebihiiAF16DE a6k chting

ecause en the small anount of the cutting

of the sanme corner ortl on is nt.i usI erf

cutti ngogé\@t‘mmefdfrm 1p7s @%arterﬂéa ﬂrtﬁ El’:fub rgg%g g’g Otﬂgﬁ%lhteyp?]ecteggl ng
heat. Hence, in the present enbodi rrent a cool i i od i iven each
smal | cuytbitrage 120 sgenfosmedhdndidentaldythe ﬂllwtqtdﬁgfecgt?“t’ﬁ%ﬁ &F% n‘é’&f’f i ng
section of each corner 15 portion can be made well in qualit 0090]

Al t houghh@méaeey taidiregiohdsshednheacidcnaxis hO ofdbe lwqef@llé@t@h z%tlwiltdeﬁor tion
|s cut in 10 tinmes, this is nothing but an exanple, and the nunber of tines

y be qbbgh ttﬂ@eaée%ewms%nfpletelymlgtnwrttuyalslsuhe hase, whdte icistwitlin aanount
at each cycflg he same or different. In addition, the errbogl ments of

t he present Y Qﬁ,ll nare not 20 limted to the
£n case where each corner
portlonﬂgmt‘,sﬁ Etgurallty of tines, and when the required quality of the

cutting 3 I‘Wf 1108ers ol ey SASAEIEDETn PRI ROCHRe o tdortlr 2 51 nol e

time. each corner portion of "the fir
t nmenory
card regl on 135 i s conplete t he novabl e st b
center qfortions MktWWd)caﬁmlﬁfﬁopgg@%%lﬁg |§lﬂpfg§ﬂﬁ|l%neg &he
center axis LO of the laser oscillator 110. Th f our roeny rt| ons
133a t o [BBibN (mhvakiesiwse) Wwenthid position Bhpp hel erbyise ztalbi by vy biEg oy
descri bed procedure. In this manner, as shown in FIG 6, the cut t ing of the
corngr pedrshonsnctBasismo AIBs thirdgositiond Uxthroprpcessing JBEPSHEN 33F%Un the
substrate 120 is perforned. Incidentally, the alignnment degree between the
center ofdheh@ STEMBsbR A 126 dothe 185 andingipeocssingrs smeyedYoIn t he | aser

oscillator 110 includes 5not only the case where it is conpletely aligned
but  al so,fhEwhREnMpEREcHahisne Thé bicaned pekstrassir & staregento a second

substrate magazine 103 from the third position III by an unshown fourth transport

mechanism.

15 [0093] The substrate 120’ stored into the second substrate magazine 103 is faken out to

a fourth position IV on a base 202 of the blade cutting part 200 by an unshown fifth

transport mechanism, and further, is transported to a fifth position V on the base 202

by an unshown sixth transport mechanism.

[0094] On the fifth position V, an unshown movable stage is provided, and the

20  substrate 120° transported on the movable stage is fixed thereon by the bottom surface

of each memory card region 135 being adsorbed by negative pressure.

[0095] On the blade cutting part 200, two cutting blade units 201 are provided. Each

cutting blade unit 201 includes a motor 201b and a cutting blade 201a such as a

diamond blade attached to the output axis of the motor 201b.

25 [0096] While the two cutting blades 201a are rotated, the movable stage is moved in

the Y direction in FIG. 1, so that two second straight line portions 132 in the substrate
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[0092] In FIG 1, a sem conductor substrate 120" in which the cutting of
the corner portions of all the nenory card regions 135 is conpleted is
taken out fromthe second position Il (novable stage) to a third position
1l on the base 101 by an unshown third totransport nechanism At this

third posizo Qe bh simulignddusIye SHii§ GudRR dnd (e SR 600k sagélﬁ‘a&@%@ﬂ the

substrate 120" by the laser "cutting processing is renoved by an unshown

CLbart a0 (RGN 8k ihthkRetloRuRelhdiea 2inal ) BlccElnd Mg HRS 07

substrat e nagazi ne romthe third position an uns ourth

transport chanism 15[ 3] JThe supstrate. ' stor | nto the second
Subst§ at PHRGHS Hia Mecdt) ERGoA RN SR Y BishiRe lisPforid \Sanles it 202

of the blade cuttjng part. 200 by an unshaown fifth transport nmechanism and
further, jineporiqa ﬁr%gytﬂbe quttipg hads)1piin g singe tilife base 202 by an unshown
sixth transport nechani sm &94]_01 the fifth position V, an unshown
nmovablSe sﬁoﬁga Furthor othie aeayablestaghis RmtediBQ degrees arbmovediistherY ditectiom, he
novabl e stage is fixed thereon by the bottom surface of each nenory card
regi on 13 thei twp ficks strkigtt liye pegimmnis 181 [in esssubstraieA®@D5 hreQut isheulddesigut ti ng
part 200, two cutting blade units 201 are provided. Each cutting bl ade unit

201 i ncl ums cattingtad tBO dkifmng oPehielubbipgie NDoUEnathble sHEE) inghe xdiipdrd bl ade
attached to the output axis of the notor 201b. 25[0096] Wile the two

L7, g o M B sl SR U9,
substrat §, which the cutting of all the straight line portions 131 and 132 is completed is shown
10 inFIG.7. |
[0098] The substrate 120” is transported to a six position VI on the base 202 ffom the
fifth position V (movable stage) by an unshown seventh transport mcchanism, and
here, dirt such as the processing d.ebris by the blade cufting is cleéned. After the
cleaning, the substrate 120” is transported to a seventh position VII on the base 202 by
15  an unshown eighth transport mechanism. |
[0099] On the seventh position VII, a rotation table 205 is provided, and each memory -
card 135’ (see FIG. 7) cut out from the subétrate 120” is transported onto the rotation
table 205 by a ninth trans;mft mechanism 206. Each memory card 135’ moved to an
eighth position VIII by the rotation of the rotation table 205 is picked up by a tenth
20  transport mechanism 207, and is stored on a storage tray 210.
[0100] The cutting of the straight line portions 131 and 132 by the cutting blade 201a
i§ at a high speed, and moreover, the cutting section is also finished smooth.
Consequently, the memory card 135’ finally cut out by the cutting system of the

present embodiment can be used as a memory card product as it is without covering it

25  with a member such as a cover or a cap.
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120" are cut sinmultaneously. This cutting and the shifting of the substrate
120" (novable stage) in the X direction are repeated, so that all the
second straight line portions 132 are cut. FIG 4 shows a state in which
the substrate 120" (single straight line portion) is cut by the cutting

bl ade 201a in a single tine. 5[0097] Further, the novable stage is rotated

90 degrees and noved in fhe Y.direction - : fidcatasstdigight |ine
porti on[s‘)li’élTﬂﬁmtel‘Féorg&B r“gtleél lﬂ%{%% Irlée% %ﬁ?ﬁp%lﬁ%@%lgﬁ%gusl{cy.aSThilg cutting and
the shifting of the substrate 120' (novable st in.the X.d tion are

r epeat edsmed ankapobilq phanes, bas the cad rfé‘?e ttg? F‘ﬁ%‘gﬁgﬁl‘f ngoﬁfwél?égggt . The
substrate 120" in which the cutting of all the straight . l;{t]e L}plorti ons 131
and 132pish-ingyitiefa, asd tieovfnrel oidemrpd;forrsmoth Sanishing 1Shigh fQTifE eido | 5
transported to a six position VI on the base 202 fromthe fifth position V

(movabl g,$i@gDurihtr Alie Yoo POrthavizajently aosbod byrthe hand By usgidshere, dirt
such as the processing debris by the blade cutting is cleaned. After the

cl eapi ng.. I o afetstptd The pvmantenpmxiimenincadl | on
fhe Das gesé[')@?%)&/ﬂ%g&dﬁé Shapddl ratier iR p ®

an unshown ei ghth transport nmechanism [0099] . On the
seventh positign VI| ., a ' : oh b SleRaRY hfgdiohaipde®ach nenory
card 13§Bt?1§teaé1(aﬁrefcs!‘7)a I%%rﬁ&g{fl[aw?%%%lﬁg%gubst ?ate 120" gi?i!'teransported onto
the rotation table 205 by a.ninth transpor hani Gie 1BOGT thEMOry card
135 moV@HZdn %‘P@Qﬁtﬁ“%’é’gf‘?? na‘{w&‘&[}k%}’q?{‘?e‘gﬁ’g‘? g{i’}:@ﬁﬁgﬁ the rotation table
205 is picked up by a tenth 20 tran rt hani sm 2Q7, ' ed on a
st or age sttbsisate 1&% f)[/r@&@’@ﬁ COTRET BRHIONH 38 to; @%Sa[rp ﬁ}lglf"?f B\ei lﬁ%? %‘cl){rtﬁllgﬁ;nas{ 131 and
132 by the cutting blade 20la is at a high speed, and reqver, .t.he cutting
sect i on 108, addafidrithiis Hedteigsdine post nd 132 418 c%%%e‘ﬁ%‘f%‘fégg finally
cut out by the cutting systemof the present enbodi nent can be used as a
MENDpY GAFDQD, oAlus kesalt, ilte substrate HBQtinodhich thrcutting By Whe s GiEP S uch as a
cover or a cap. [0101] The nenory card, when inserted into electronic
equi preniooSiyehmpretéd Elindhd @hnspatted éo tretladehiuténp part €00 veith thesubsiErte ace of
the straight line portion serving as a push-in guide face, and therefore, a

demand fQr snalhintd 9 &5 NG & DivahtabOis dfferded chas issthandlingisreabier, t he
cor ner pOI’?I on frequently touched by the hand by a user is
[6103] When the cutting of the straight line portions 131 and 132 by the blade cutting
part 200 is performed before the laser cuiting, small and scattered substrates (chips)

15  are transported to the laser cutting part 100 from the blade cuiting part 200, and the
cutting of the corner portions 133a to 133d s performed for small substrate chips, and
this makes the handling and the positioning for the laser cutting difficult. However,
this does not mean that the cutting by the laser beam after the cutting by the cutting
blade is excluded in embodiments of the present invention.

20  [0104] FIGS. 8A and 8B show the details of the cutting processing at the laser cutting
part 100 in the present embodiment. As described above, in the present embodiment,
the movable siate and the substrate 120 are positioned so that the center of each
memory card region 135 is aligned with the center axis LO (scanning center of a laser

beam L by the galvanomirrors 113 and 114) of the laser oscillator 110. Then, the laser

55  beam L is scanned along the corner portions 133a to 133d of the memory card region

135.
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5desirable to be curve-shaped rather than square-shaped. The present

enbodi nent can cut out and process a nenory card satisfying such a demand
at a high speed. [0102] In the present enbodi nent, anong the predeterm ned
cutting line 130 of the substrate 120, first, the corner portions 133a to

133d are @a05PHetehas siwd inCRIG. 19D Qsﬁﬂih%gpﬂgith@ﬁgeﬁéaﬁ{ LG Qéa’nn{:&' gtbggtraggsggt

line portions 131 and 132 are cut by t ade cutting 1 opar

100-1 5 comnt Dot ARfghAthe ARuRISA QrRRECbr AV bPRG BE Bbtt T R e

substrat e_shape i Nt ai_ned it is, d an adyantage .is afforded that its
handl i ng T Saﬁggg@g%fl%ﬁgﬁn%%@ﬁth{ah@&e&mqﬁﬂﬁgr gil&ttﬁﬁ Igpdigtiom angle Qcbesames ons 131
and 132 hy the blade cutting part 200 is performed before the |aser
cutting, 161 0 apimak i the suBstEind 20 af the lasetihsam b scannediin HresKehitestion o t he

| aser cutting part 100 fromthe blade cutting part 200, and the cutting of
t he cdrnder b’gﬁlﬁ%m) frosuthescamgug icentpn rahd mmstcmtionrttdper)saflib¢ cattimgchi ps,
and this makes the handling and the positioning for the |aser cutting

di f fi cul tsectiowef the, cordrr podd@s bemmesdarget hat the cutting by the | aser beam
after the cutting by the cutting blade is excluded in enbodi nents of the

present i[0¥e6kFither,23[s0@]in HIGS10.54 Adste 3B v HcN8sd Hedin! 1S gﬁfﬁgﬁcﬁt ting

processing at the laser cutting part 100 in the present enbo

descri bedijalaydeldw tHe@nRir ©F 8 1a§€51)6’s@i1[15?5it 110 Qﬂhgﬂvﬁghﬁn%ﬁ ﬁs%eahlhﬁ,e gi on

substrate 120 are positioned so that the center eac nory car

oy the gal danens Fr 0Ty SO8kEn B XY cirocORTBY PR 0L oo B Then: T he

by the gal vanomrrors 0SCl Then, the
| aser, .25 mb is scanned al ong.the corper. portions 133a to 133d of the
ooy ARt e e FHAME theldAuionaneli 8 8 i lersrbred loto WeagRmALt hat ¢ he
|l aser beqﬁn L i gr 5C ed in a_ st at(? in which the straight line portion 132
(or 131) ‘Befilsiats always G degrepandny inglinatiopasisesionihe pettisgnt er of
the laser oscillator 110, the irradiation angle O becones |arge to a nornal
to the sdBeiqmelthesomsr popion. Heweyrtam thismgHhoddsinge itte nycagbargdo mmve5 (or Y
directi on%‘tf rom the scanning center, and an inclination (taper) of the
cutting $eemoyablefstagedagingreheqyyrwéight drepofias dmagmarate positional control, the

processing speed becomes slow as compared to the case where the laser beam is

15  scanned.

[0107] Hence, in the present embodiment, as shown in FIG. 8A, upon positioning the

substrate 120 so that the center of each memory card region 135 is aligned with the

center of the laser oscillator 110, the laser beam L is scanned. As a result, the

irradiation angle 0 to the normal to the substrate 120 of the laser beam L scanned in

20 the x direction (or y direction) from the scanning center becomes close to 0 degree as

compared to the case shown in FIG. 9, and the inclination of the cutting section

becomes also small. Moreover, as shown in FIG. 10, as compared to the case where

the substrate 120 is moved in the XY directions, while performing the cutting, the

cutting processing can be performed at a higher speed.

25 [0108] In this manner, in the present embodiment, an attempt is made to establish

compatibility between making the inclination of the cutting sections of the corner
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[0106] Further, as shown in FIG 10, in a state in which the | aser beamlL-
is irradiated directly below the center of the laser oscillator 110 w thout
scanning the |laser beamlL, if the substrate 120 is noved in the XY
directions by the novable state, while 10 perform ng the cutting, the
irradiation angle O of the |easer beamL to the normal to the substrate 120

becones always O degree,. and no inclinpation | : ' section
of the. poitives 1301 10 Lksd dismparemey o] el KA afTshcRBfp g bABIL O
move the novabl e stage having a heavy wei ght or perform an accurate

posi t i opattingmocessingt he processi ng speed becones sl ow as conpared to the
case where the | aser beamis 15 scanned.g{}OlOY] Hence, .in thé geresent
enbodi mpee09] Heciddealty, ias chinParcBiAp FIGoRAp&EGt B legeehia distpage (@@ET 180 so t hat
the center of each nenory card region 135 is aligned with the center of the

| aser O?;nglhbqtl Pfond R labdtstamesr eaothe substrarni?Od. InAbisgase shgugh thae
irradiatron‘angle 0 to the nornmal to the substrate 120 of the | aser beamL

scanped St‘?‘bé‘g of ﬁ%ﬁé%gﬂe%ﬁf | PRodREs drglira8 ehinpateditoeme tdse of FaGNBAgtheent er

beCOﬁES ree as conpared to the case shown in FIG 9, and the
DA O agen ke Drar fhe faspE Béans 1S PhSstrate NRDIRYGHhes s shown
in FI G inpdiatign E’bﬁﬁ@r‘éﬁt&h‘? gasfﬁgeaérég‘etg\?ﬁ%ggﬁ?:ﬂéésubst rate 120 is noved in the
XY directions, while perform.ng the tipg | NRQRESSNE can be
per f or medosar te0 Aegwe S §ﬁ@ga(edég f@?é%%ﬁhé‘ghﬁhg }%gne%gélﬁﬂé]ﬁlet ﬁe present
enbodi ment, an attenpt is made to establish co tihilJjty b ki ng
t he i nclthoattiing seftianHe heunadhgush smplss IBftn? REFSERYT L Od“B%‘i“f ?%%’,323%@ to
133d of each nenory card region 135 small and speedi ng up of the cutting
pr ocessithg oufpi 60ihe laser HeamaindpermissibimingHaatiqnofihecuBing serion amd o onger
in distance (taller in height) Hfromthe |aser oscillator 110 to the '
Subsiyr atcﬁ:aﬂi?ﬁseqhﬁcﬁlbhﬁoﬂlﬁs euttingeagtion el SedikeenfeighbH from thalaser beam L
beconmes Tarder as conpared to the case of FIG 8A, the

oscillator 110 to the substrate 120 can be arbitrarily selected.

[0110] Further, in the present embodiment, though a description will be made on the

case where the substrate 120 is cut by the laser beam in a state in which the center of

the memory card region 135 is aligned with the center axis (axis passing through the

15  scanning center of the laser beam) LO of the laser oscillator 110, when the shape of

the semiconductor device region is complicated and the center is not decided so simply,

the scanning center of the laser beam may be positioned above the position inner than

the predetermined cutting line such as a barycenter position of the semiconductor

device region.

20 {0111} Furthermore, embodiments of the present invention, as shown in FIGS. 9 and
10, do not exclude the case where the laser cutting of the substrate 120 is performed in

a state in which the center of the memory card region 135 is out of alignment with the

center axis LO of the laser oscillator 110.
{0112] Here, the relationship between the coarseness of the cutting section and the
25 output of the laser beam will be described. FIGS. 13 and 14 show the cases where the

substrate 120 is completely cut by the laser irradiation in a single time. To cut the
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irradiation angle O of the |laser beamL to the normal to the substrate 120
becones closer to O degree as conpared to that in FIG SA, thereby enabling
the inclination of the cutting section to be made nuch smaller. In the
present enbodi nent, according to the output of the | aser beam and

perm ssi bl @sire! 1202hdh tQIfJ %ﬂgeﬁﬁg?ﬁgim Ln?:{‘ﬂﬁgﬁ thile A8 oluphe HEGIY T ement

of the cutting section an rom the |'aser oscillator
110 to t rate itraril el ected. . Ol,Further, in
the pr esgﬁfég%%%'d‘? #‘eﬁﬁ?&%%‘&%g‘aﬁ{@gérﬁp@f%‘ﬁ‘%&ﬁqSIS%Bgnﬁh%i&oh&t‘ﬁg “@gé’e wher e
t he subst(#gﬁle 120 is cut]nﬁ%/]t eﬁé{ aser beg\%}yiﬂ [31 state in which the center
of the neNdP§ cRUing gragyirUpimelied apd ¢yralgd Ry the [ager beam Lrbegomes asgs.endassi ng
t hrough the 15 scanning center_of the |aser beanm) LO of the |aser

osci | | at ot the same e, ahthostmindt It 1dh theswtiingsretion d20b deteracy emgirsen i s
conplicated and the center is not decided so sinply, the scanning center of
t he | &serFurtemmoesy thie afsodeadsandble mlvosase inthemizd of the lasenescillitan asdithe

- predeterm ned cutting line such as a barycenter position of the

seni conduasepicutting et (le@i ettingQppaiiis) 160mhlenSDEest tRFBSIceBAbanRd wWille
present invention, as shown in FIGS. and 10, do not exclude the case

wher e t hgihmgeaisedbhipid oPihelliger Ddbdhidt € 120 is performed in a state in
whi ch the center of the nenory card region 135 is out.of alignment with the

b e L

bet ween e coar seness on-“an out’p

et Dot RS SR 40, T 4 R M PR RR R G, ve
To Culto ' ho%tput in a plurality of times (that is, stepwise cutting is performed). As a result, as
shown in FIG. 11, the width 6f. thé cutting groove 120a is reduced as éompared torthe
case shown in FIG. 13, and at the same .time, as shown in FIG. 12, the cutting section
120b becomes smoother as compared to the case shown in FIG. 14. Thereby, the
quality of the cutting section 120b is improved. Further, as described above, the four
15  corner portions 133a to 133d aré cut step by step by a predetermined depth, so that the
quality of the cutting section can be improved much more.
{0114] Further, FIGS. 15 and 16 show a more specific stepwise cutting method of the
substrate 120 by the laser cutting part 100 of the present embodiment.
[0115] In FIGS. 15 and 16, reference numeral 121 denotes a printed board layer (first
20 layer) composed of glass epoxy and the like forming the top layer of the substrafe 120.
Reference numeral 122 denotes a package resin layer (second layer) formed of resin
such as plastic as a bottom layer of the substrate 120.
[0116] FIG. 15 shows a state in which parameters such as the output, wavelength, and
Q switch fr¢quency of the laser beam L are set constant, and each of the printed board

25  layer 121 and the package resin layer 122 is cut step by step by a predetermined

cutting depth in a plurality of times. The parameters in this case are set to ones (for
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substrate 120 conpletely by the laser irradiation in a single tinme, the
output of the laser beamL is required to be set larger. In this case, as
shown in FIG 13, the width of the cutting groove 120a nelted and created
by the | aser beam L beconmes large, and at the sane tinme, as shown in FIG
14, the cutting section 120b becones coarse. 5Furthernore, this also |eads

to the increase in size of ' t I cutting
part (I SWI%EU ts?vﬁﬁzrl’ggﬁ?élreﬁfh5461%[‘82);%3&&%63%(? E:ﬂoés?ﬁﬁﬁlge?gglf é(;l“:«gs(s: ggggini ed with
hi ghly rai sed out EUt of the | aser oslci | lator. [0113] In contrast to this,

in the pristediaedisger Fehwhichds Motk 1R¥'F Gs. 11 and 12, as conpared to the
case of FIGS. 13 and 14, the substrate 120 is, cut . 'lilh a small | aser

10out puf0i17] Onptheother thpndf FIG. teshpwh 4tstate in y@&é\m“@g aOHPYY2RS per f or med) .
As a result, as shown in FIG 11, the width of the cutting groove 120a is
r educed yayelagmastabe lset hean dsteisdikopt constrrtindibe Quwitelt IrEqHENSH REING e, as
showmn in FIG 12, the cutting section 120b becones snoot her as conpared to

the cas %hél{;%/ga}r {}ﬁ?rfﬁtedlﬂoarahsj@hm anb eh@padkiay rasin talyer t2R, thenpristedt i on 120b

IS iTfrprov r, as described above, the four 15 corner portions 133a

to 133d,are cut e (ne &HFP) ftep 5P at hat the qualit
of the (Pﬁf"%ilﬁﬁersgcltaﬁigﬁng?ﬁagdggi)fﬁ?Ea{\)%gq%ggf?arrg?(ta. [Olilzl]?lgurther, F?GS. 1%

and 16 show a nore,specific st i c ' Rhcy ReesStefI k@LE 120 by
t he Iasﬁe%@lﬁﬁf lﬁb@f‘g?f‘{%'ﬁ‘ﬁqtg’ﬁ%ss‘ﬁﬁé Q%b“oiﬁuﬁlrrméﬁﬁu. T%llg] In FIGS. 15
and 16, reference nuneral 1 denot e .printed b l. r ' 20

| ayer) dothroeast Wfﬁihﬁﬁl%ﬁﬁ%ﬁraﬁwefag?ll$ﬁ‘g’ ?lb‘ﬁﬂ ﬂ%ﬁﬁﬁéﬁplopcaﬁé%@}eof t he
substrate 120. Reference numeral 122 denotes a package resin |ayer (second
|.ayer) fthe petkagé reséslayeslighiss@itp| astic as a bottom |l ayer of the substrate
120. [0116] FIG 15 shows a state in which Eararreters such as _ the output,

wav glgenqoi 8]an dorasite diis.fF16q 1dsbywehn eramplesefithe a6 Wheip dhesubsralsst ant
and each of the printed board

120 is cut by the laser irradiation in a single time. In this case, though the cutting
speed is fast as compared to the stepwise cutting, both cutting‘sections of the printed
board layer 121 and the package resin layer 122 become coarse, and particularly the
cutting section 122b of the package resin layer 122 may become extremely coarse.

15 [0119] FIGS. 18A and 18B schematically show the experimental result in the case
where the printed board layer 121 of 0.2 mm in thickness was cut by the laser
irradiation in 10 times at a high frequency (40 kHz) (cutting speed 500 m/s). FIGS.
19A and 19B schematically show the experimental result in the case where the same
printed board layer 121 was cﬁt by the laser irradiation in 10 times at a low frequency

20 (15 kHz) (cutting speed 500 m/s). FIGS. 18A and 19A are top plan views, and FIGS.
18B and 19B are sectional views.

[0120] When the high frequency was used, the cutting section 121b of the cutting
groove 121a formed in the printed board layer 121 was finished smoother as compared
to the case where the low frequency was used. Further, when the high frequency was

25  used, the width of the cutting groove 121a became thin as compared to the case where

the low frequency was used. However, even when the low frequency was used, by
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25 layer 121 and the package resin layer 122 is cut step by step by a
predeterm ned cutting depth in a plurality of times. The paraneters in this
case are set to ones (for exanple, Qswitch frequency is 40 kHz) suitable

for the b od : i nted. board. |l ayer 121 ich is the top
| ayer. [gdib%%§%nﬁl{ %ng% E%t?&ﬁcgﬁﬁ%x %:ICE\% T’%&gﬁlg&é}u&l PRV WerRfianed2s h t he
out put and wave engt'h of 'It,{g*e? | aser beam L being kept constant and the Q

swi t ch frcé’&EPé‘ﬁ?f{/WH ithfycase pagetheryttingiwagmade sk sioaledimeage shab@ irdFid. t he
package resin |ayer 122, the printed board |layer 121 and the package resin
| ayer 12247are cut step by step by a predetermned depth in a plurality of
times. The Q switch frequency is set to 40 kHz in the case where the
printed Gosrd AsdShe [ ; i case re the package
resin Iager ?22 is céf&.;ka?grf%&%&ag]% Pﬁﬁfcggélst%rd;?ﬁ@gq%?%qu%éln@ S Gfm%’ﬁg%s an
exanpke e where.the subpstrate 120 js cut by the |l aser irradiation
in a éi ngpg{”%esﬁé&‘?‘% L ﬁP‘sShECE?@?O&’ﬁB CCHY Wheteithgcwhes avas perfasmediin 10
conpared to the stepwi se cutting, both cutting sections of the printed

boar d | af@esPyusingithe hew Steananey (16diHe)laaywompiRe thebocase (RIS the cGhe is
particularly the cutting section 122b of the package resin |ayer 12g2 may

becone eyperferretdinciiaimes bit bsing 1HOhigh! %eﬁ@ﬁﬁﬁé@, tﬂ%@i(ﬁg %ﬁ% éﬁ%ﬁ%o?)h/gw the

experinmental result in the case where the printed boar ayer .2 mm
i.n thickpgs: : yrradiation in 10 tines at hi gh _
fr equencge?%% kHzg E%ﬁ%étéaggdgg%%e%%‘&é%ﬂgﬁgmyﬂf é%?dl%%e%e@@ﬁ%g&ﬁmu cally
show t he Sjiéperi %&I resul_t‘éei?a thfg‘ﬁcase where the sane printed board | ayer
121 was SGETR{pe SRRCY 15 UsEaln BRss ¢pse the eustingispeediveas F00ayency 20 (15

kHz) (cutting speed 500 m's). FIGS. 18A and 19A are top plan views, and

FI GS10 18 Eﬂmﬁ F1os this it wes fownkprefarahle thdt G Mb@rent] GsbbAd FEERGGNRY Was

used, the cutting section 121b of the cutting groove 12l1la forned in the

printed heslfdr tiayickdablres@Iaddrnizaheed tm%thpﬁéeql.%ﬁcgﬁ : qutﬂJr?%gy \i,\lgleg %gsgg?r ©

the | ow frequency was used. Further,
t he w dt i 21la becane, t hi s.gGonpared to the case
where 't hglelc%ﬁlﬁ_fégcﬂ%%% \?\/g'é&ggog(ﬁ&e %U@ép,arde]\%?f eﬁﬁﬁeﬁéﬁF dackagedesdmcy was

used, b .
ylayer and the printed board layer were cut in 10 times, respectively, better cutting

sections were obtained as compared to the case where they were cut in 25 times. Hence,

15 it was found preferable that the number of cuttings is close to 10 times or its vicinity.
[0123] However, the above described is one of the experimental examples, and
embodiments of the present invention are not limited thereto. In reality, depending on
the materials of the printed board layer 121 and the package resin layer 122, it is
desirable that the parameters such as the Q switch frequency and the output of the laser

20  beam are changed for eéch layer and the number of steps for cutting (that is, tﬁe number
of scanning times of laser beam) is changed. In this case, one layer may be cut by the
laser beam scanning in a single time. As a result, optimization of the quality of the

cutting section and cutting ability (cutting speed and the like) are permitted for each

layer.
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cutting in 10 tinmes a better cutting section and a thin cutting groove were
obt ai ned as conpared with the case where the cutting was nmade in a single
time as shown in FIG 17. [0121] As to the package resin layer (thickness
0.7 mm 122, though not shown, the 5 cutting section was finished snoot her
in the case where the cutting was perforned in 10 tinmes by using the | ow

frequen Kk iR b 8 ggﬁ@r(g théeubstihlel 179 4ss per f or ned
in 10 tmg}i‘pe E@cﬁ%ﬁfﬁgr{ﬁ%ﬁﬁ?ﬁe&enc@. ATso, the width of the cutting
groove becane . thinner

. |0 the case nher; Y Tie Hepises
conpar edescHbed abougil %?‘élpetcﬂggﬁisgﬁwg rlgc%h%ﬁglyg%{\éé Egg CTn theseﬁgases, t he
cutting speed was 500 m's. [0122] Fromthis, jt was_ faoun erabl e t hat
the | owcittipgpeerepsipg écorrguicdagaeiding to cgg@gu{%prqg{%mggog %gl{em;cesi n | ayer
122 and the high frequency (first frequency higher than the second
frequengygtroliersi$8@aid25@.he printed board | ayer 121. \When the package resin
| ayer and the printed board |ayer were cut in 10 tines, respectively,

bet t er f(}itztsi] A step{EBbreRtd B Sintiedigiee) Bshesuhstmtsd 120 arnaanspostedhgf e t hey
were cut 1n" 25 tines. Hence, 15 it was found preferable that the nunber of

cutti 98 o GHE e fi’rsﬁfb $doBRS pBeitibhST 16 Hiifihe/lasckQbag pdoneGetront the above
descri b&d %€ "one of the experinental exanples, and enbodi nents of the

present Jnvention are | I I £t.0id A ad RRbed (6. thél 8RR aBIcNGagen t he
mat er i aifESt(ﬂ“p’?tﬁ eﬁﬁgﬁ%lggﬁggg%&ﬁg@tgmlg’l and t he package resin Iag3;wer 122,
it is desirable that fhe

oS Wl TGP 0 ISy S e e
changed ha i e alane v S g S TGl BB hERE BECS) °
single tine. As a result, optimzation of the quality of the
10 the center axis LO of the laser oscillator 110).
[0126] At step 2, the Q switch frequency (QF=High: for example, 40 kHz) suitable for
the printed board layer 121 is set, and the predetermined cutting lines 133(comer
portions 133a to 133d) of the printed board layer 121 are irradiated with the laser
beam.
15 [01271 Next, at step 3, it is determined whether or not the number of laser irradiation
times (counter value) C1 performed at step 2 is N1 (for example, 10 times), and if it is
not yet N1, the procedure advances to step 4.
[0128] At step 4, the number of laser irradiation times C1 is incremented by 1, and at
step 2, the laser beam irradiation is again performed.
20 [0129] Steps 2 to 4 are repeated, and when the number of laser irradiation times C1
reaches N1 at step 3, the procedure advances to step 5.
[0130] At step 5, the Q switch frequency (QF=Low: for example, 15 kHz) suitable for

the package resin layer 122 is set, and the predetermined cutting lines 133 (corner

portions 133a to 133d) of the package resin layer 122 are irradiated with the laser

25  beam.
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cutting section and cutting ability (cutting speed and the |like) are
permtted for each layer. [0124] The procedure of the stepw se cutting
processi ng of the substrate 120 as descri bed above will be collectively
shown in the flowhart of FIG 20. The stepw se cutting processing is

execut ed i i : 150
ona 250, BEEPIARGat R 6 SMBUhe D LASIRTLE hof BE opfhilel 6f RO EQIAGR 120 o

120 are tg f.l kSt . Ltions; lt.o I'l in
the I aser 0T REHBEDLE) BY sEASAERM {0F 51t Db R BHEGIB b 003 M ek |
FIG 1, and are sorbed to the novabl e age. The novabl e stage is noved,
so t hat tlﬁgogg‘ﬁtlgéj’ tg?pf‘}?&a‘f”ier{aﬁ’a?@ﬁgﬁ’ﬁt?id region 135 in the substrate 120
is aligned with the_|aser beam irradiati on center _ppsitioné osition on to
t he cent d013%) At step &5 the mumbgs of laserirradiation timey C2[ipimpegmente gml, and athe Q
switch frequency (QF=Hi gh: for exanple, 40 kHz) suitable for the printed
boar d 5| ayséep I.2he ilases pradiatinh ishgaiprmaformedi ned cutting |ines 133(corner
portions 133a to 133d) of the printed board |ayer 121 are irradiated with

the | aser[0b3318tefHs [ 27 redeated, @id Whapthd, nuniber f eidindmea eIt 88¢hegr NOt
the nunber of laser irradiation times (counter value) C perforned at step

2 is N (Dbt Q856D praduid'Rvanca¥® stép 81 15 not yet Ni, the procedure
advances to step 4. [0128] At step 4, the nunmber of laser irradiation tines

G 12 | DES LSRN, s A6 hes s o U RS A OFHLRY B Mg 0%
aer gl L8R TR Ry RSB SRR RT S 2
cutt g s M ol R SR FeiieT o RmeTE e i R Scmbor sl 1 | ayer
122 are ifg)rrlflig | grtl (tahde svl\iibtstrl]'attehl%ol. aI? %rdoes ndt reach M yet, the procedure advances to
step 9, and the movable étage is driven so that the center of the next memofy card
region ié aligned with the laser beam irradiation center position. Then,.. steps 2 to 7 are
repeated. |
15 [0135] At step 8§, when D reaches M, that is, when the laser cutting of the corner
portions of all the memory card regions is completed, the procedure advances to step
10. |
[0136] At step 10, the substrate 120’ is transported to the fifth pbsition V from the
third position II through the fourth .position IV in the blade cutting part 200. At step
20 11, the predetermined cutting lines 133 (a plurality of horizontal and vertical straight
line portions 131 and 132) of the substrate 120’ are cut.
[0137] When the cutting of all the straight line portions 131 and 132 is completed, the
procedure advances to step 12, and each memory card 135’ is transported to the sixth
fo eighth positions VI to VIII, and is finally stored on the storage tray 210.

25

[Second Embodiment]
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25 beam [0131] Next, at step 6, it is determ ned whether or not the
nunber of laser irradiation tines (counter value) C2 perforned at step 5 1is
N2 (for exanple, five tines), and if it is not yet N2, the procedure
advances to step 7. [0132] At step 7, the nunber of laser irradiation
times C2 is increnented by 1, and at 5step 5, the laser irradiation is
again performed. ~[0133] Steps 5.to are. :ah ;g iynmber  of
i rradi af01381 FlGiekl thows Eﬁggﬁwaﬂ?“ gf%ﬁe }Croﬁ Egagf%ggggg%ﬁg&g\%ﬁgggto step
8. [0134] At step 8, it is determ ned t her or t £he L..of menory
card resgcond cotediraentod|the presemHd0Ysitiofe oSyl %ﬁ%ﬁ/iﬁtrt# etnﬁr]}ébrﬁffaglé{r) cutting
processi ng reaches the 10 nunber Mof all nmenory card re io[%téf g)i c%xarrpl e,
12 show(FIG) 15h@&Sbedh desdribyd bwthreeehsowherethedpssr chttmepagt 1% 1§563°Mot reach
Myet, the procedure advances to step 9, and the novable stage is driven so
that the¢RBtak 700 4B ondided ins yepasatd appayatos. Howdveyrethapresentne | aser

beamirradi ation center position. Then, steps 2 to 7 are repeated. 15

[0135] A% ’ ik e3shesreMto bbahe hpparufuehating Hodsef thedesdrng of the
cor ner Sglpﬁ%lglg%rﬁb*w;ﬁ}eﬂle rreng(;lr%; card reglp%ns is conpl eted, the procedure

advances tpo ste . 1 the substrate 120" is transported
to the FP‘I‘PIE%&[@QO%#(%S%?%% ttzﬁgteﬁ?%go%osition 11 through the fourth

: iti IVin_th d tti t 20 (e t I ned
Cut i ng 01340 £4G- 2 1 pmporsPtorSamer o 4 iRt St ient B I BRFT P L1

I
ortions 131 and 132) of the substrate 120'. are .cut. .
g attached with the 3amc reference numera{s as tﬁe f1rsa% cmbo'ﬂlment, and this will be

substituted for the description thereof.

10 [0140] In the present embodiment, a laser oscillator 110 and two cutting blade units
201 are provided on a base 101.
[0141] The method and procedure for cutting a substrate in the present embodiment

are the same as-the first embodiment.

15  [Third Embodiment]
[0142] FIG. 22 shows the configuration of 2 semiconductqr cutting system which is a
third embodiment of present invention. In the systems shown in the first embodiment
(FIG. 1) and the second embodiment (FIG. 21), after the cutting of the corner portions
by the laser cutting part 100, the cutting of the straight line portions by the blade

20 cutting part 200 is performed. In contrast to this, in the present embodiment, first, the
straight line portions are cut by a blade cutting part 200, and then, the corner portions
of the individualized memory card region are cut by a laser cutting part 100.
[0143] In FIG. 22, the components common with the first and sccond.embodiments are
attached with the same reference numerals as these embodiments, and this will be

5 substituted for the description. Further, in the present embodiment, though a case is

shown where the system is configured to be one apparatus provided with two blade

26



[0137] When the cutting of all the straight line portions 131 and 132 is
conpl eted, the procedure advances to step 12, and each nenory card 135" is
transported to the sixth to eighth positions VI to VIIlI, and is finally
stored on the storage tray 210. 25 [Second Enbodi ment] [0138] FIG 21
shows t hecut@igd ity 201 &l Ofasér SRIILONULEORE bask 10N YimNSI L0 WRifsR i S a second
enbodi nent of the present invention. The systemof the Tirst enbodi nent

(FIG 1) éiﬁl?od?ﬁ;%ﬂt,ﬁﬁs&ﬁ&é)@lﬁtiﬁg pTaHezd@}a%g ﬂ@ggs_@r &Rﬁnggﬁﬁﬁoﬁ%&} pg part 100

1
and the blade cutting part 200 are conbined into a separate -appar at us.

However, | pr.e 5 | t...1he systemis configured to be one
appar at uséoﬁglf%nﬁeg Sost%ﬁé}tg%e atﬂ%gpﬁ%gésg%bgﬁ?ﬁqﬁg part 100 and the blade cutting
In FIG 21, the co

part 200. 9] , ent ommn with the first

enbodi nerlpkgéﬁetharrea% egiiodiment. 5i5Ph 1P K@ 13 shew o BIGrabars pastormedan ¢ he
first enmbodiment, and this will be substituted for the description thereof.
10[ 0140] adyan¢se 2pd alenthak sispsilierh areperfgsmed.osci | | ator 110 and two cutting
bl ade units 201 are provided on a base 101. [0141] The nethod and
procedure for cutting a substrate in the present enbodi nent are the sanme as
the first enbodinment. 15 [Third Enbodi ment] [0142] FIG 22 shows the

confi gur gFoenh efnbadieditLonduct or cutting systemwhich is a third enbodi nent
of present invention. In the systens shown in the first enbodinment (FIG 1)

and the 0¢48)dnRABPEF ROV EHECribbl enifolifthedtDan6udH 4 ﬂ]gsc?i;?tibﬁ%aﬁ %ﬁfr i ne

portions by the laser cutting part 100, the cutting o e straig

: | . : g :
portions rf?iynldet S (ﬁg@wﬁngrggﬂé BH@Qh&?&;&S ltu?é)P?_llléﬁlslﬁtr? g)lte SEW Ithﬁalel@aézcg BehAiast ©

this, in the present e I ment, portions are cut

b I : i , he. i f th
Y 1 82 S 9, Pk 38R Bab AP o BRSPS BRI A i,
[0143] | deZBZB t he conponents conmmon with the first and second

Fl G
enbodi merfcé &
[0146] FIG. 23A shows an odd-shaped line portion 133’ having a stepped shape

combining discontinuous straight lines. Further, FIG. 23B shows an odd-shaped line
portion 133” having a shape combining discontinuous straight lines and curves.

15 [0147] A semiconductor cutting system of embodiments of the present invenﬁon can
be also applied to the cutting of the odd-shaped line portion having a shape other thén
these shapes. |
[0148] Further, in each of the above cmbbdiments, a description has been made on the
case where individual semiconductor device is cut out by combining the cutting by the

20  cutting blade and the cutting by the laser beam. However, embodiments of the present
invention include the case where each semiconductor device is cut out from the
semiconductor substrate by the scanning only of the laser beam. In this case, the
semiconductor device is cut into chips by performing an orbital scanning of the laser
beam in a plurality of timnes along with an annular (endless) predetermined cutting line

25  shown in FIG. 5. Even in this case, as described in the foregoing embodiments, the

quality of the cutting section can be made well and the trouble due to the heat can be
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Al e e

attached with the sane reference nunerals as these enbodi nents, and this

w |l be 25substituted for the description. Further, in the present

enbodi ment, though a case is shown where the systemis configured to be one
apparatus provided with two blade cutting units 201 and a | aser oscillator
110 on a base 101, simlarly to the first enbodinent, the blade cutting
part 200 and the laser _ cutting part 1 ) ' at e

appar at aeoidedsEwdhsr, i) this case a%@iﬁif pfegglia e tB?@é‘gﬁ‘tggﬂé‘%%‘g‘%ﬁgﬁ?ﬁﬁg?{gps 10 to
11 shown in FIG 20 are perforned in 5adyance, .and aIteeV}Qa} iog eps 1 to 9
are per beamisipositienad aboy gksporatien (qeated9f e seytepdirtqrievigs S081%0hscr i bed
enbodi ments, though a description has been nade on the case where the

odd- shapggr tianethp predetarminedoeting ling of gach %“age@nd&é%dﬁﬁ’sccfeglf)ﬁé“g ﬁ%\%e of a
1/4 arc, this odd-shaped line portion may be shaped as shown in FIGS. 23A
and 23By,d 146keFhfl tR3ABhQWE saanming tinteapé thd lase bserm dreshamerd privi ng a

st epped shape conbi ni ng di scontinuous straight lines. Further, FIG 23B

sho aga&dﬂgg}g@glgghﬁﬁﬁﬂg&b} abhstdg&. havi ng a shape conbi ni ng

di scont i'hdou t nes and curves. 15 [0147] A sem conductor cutting

system ?@ﬁib&%égﬁﬂé ang'% Cfir?fatopfroﬁﬁﬁ %ﬁnﬂo’&%rﬁéﬁtg,%rih&QHc BeandiSOcehitdr dfale t 0 t he

cutting i ne portion having a shape other than these

Eggﬁeiaégsﬁggiqﬂsr S%hove the posi 12 inh OEnaR o R RO TER Lirind ISRSGH et | on has

semiconductor device region such as the center of each semiconductor device region,
even when the distance from the semiconductor substrate to the laser scanning center
10 is not increased so much, the inclination of all the cutting sections of cach
semiconductor device can be made small.
[0150] Further, according to the first to fourth embodiments, the second portion such
as a curved shape unable to be cut out by the cutting blade can be cut oul by using the
laser beam, and the first portion having a straight line shape can be cut out by using
15  the cutting blade. Hence, the semiconductor device having the odd-shaped cutting
section and the good straight line cutting section can be cut out at a high speed.
[0151] Further, according to the first to fourth embodiments, the laser beam is scanned
along the same predetermined cutting line in a plurality of times, and the cutting of a
shalloﬁ depth is repeated so as to cut the semiconductor substrate. Hence, as
20 compared fo the case where the cutting is performed in a single time, the output of the
laser beam can be reduced, and the quélity of the cutting section can be made well.
Further, heat value by the laser beam irradiation can be also reduced, and the increase
in the cut width and the change in the semiconductor can be avoided. Further, since
the cutting depth at a single time is shallow, the scanning speed in a single time can be
25 made at a high speed, and even when the scanning is repeated in a plurality of times,

the time required for the cutting can be shortened as a result,
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case where individual sem conductor device is cut out by conbining the
cutting by the 20 cutting blade and the cutting by the | aser beam However,
enbodi ments of the present invention include the case where each

sem conductor device is cut out fromthe sem conductor substrate by the
scanning only of the |aser beam In this case, the sem conductor device is
cut into chips by performng an orbital scanning of the | aser beamin a

pl ural i tﬁFﬁ*‘th EH%?&E@@PQ wi th an annul ar (endl ess) predeterm ned cutting

i ne 25shown i n Even in this case, as described in the foregoing
enbodi ne t ality of the cutti ection can be nmade |1 and the
troubl e :lhis%]oﬁ?ingﬂﬁ ﬁ‘f’gf:l}fnc 184 Bﬁ“cﬂr}gl. I%ﬁ?frct“ﬁ & SpRArYtAs seqnfaemdhe s it s
preferable that the scanning center of the | aser beamis positioned above

t he posi tabaRe(Whichds a fifth erabadimentefthe pessentcipyertione glngflG. i24n eaferemen t he
predeterm ned cutting Iine of each sem conductor device region and that the
par amét emugiedak hX0ndemptes the lasereniiing apparetssof the | aser beam are changed
per 5each |ayer of the sem conductor substrate. [0149] According to the

first to [008GHtTheclabmyciutthiy Hpakitne €100mchrienaibage LT &id #fasthesdildagyr beam i s
set above the position inner than the predeterm ned cutting |ine of the

sem conduqeingleNéEen (IRMARE 130CNRA&rENE HRid:er 1 102 K6l SOfist aniuaior device
regi on, even when the distance fromthe sem conductor substrate to the

| aser sc%agmec‘ﬁnﬁ ?z{rg%q%ﬁﬁfb@tofis%i A6&os QubBiGhbs 11198 stdied y{ggii.r}a%[af&% al |

the cutt .sect1ons each sem conductor device can be nma [ 0150]

Furt et 65840y s, 104 il B RgEIATR Bof, 8700 B0 LT,
Ut 8 L3R S AR o eordd s B3R Hodoh o e Bast [N ' "
the substrate magazine 1102 ohe by one. |
[0154] The semiconductor substrate 1120 before thé cutting processing is shown in
FIG. 27. Here, as one of the semiconductor substrates.1120, the memory card
substrate is shown as an example. The memory card substrate 1120 is sealed (coated)
15 by resin on a printed wiring board on which circuits for a plurality of memory éards
are formed, after memory chips and controller chips are mounted.
[0155] Dotted lines 1130 are predetermined cutting lines of the memory card substrate
1120. The predetermined cutting line 1130 includes a first straight line portion 1131
continuously extending in the horizontal direction in the figure, a second straight line
20  portion 1132 continuously extending in the vertical direction, and four corner portions
1133a to 1133d having a 1/4 arc curve shape as an odd-shaped line portion connecting
these first and second straight line portions £1131 and 1132. However, the
predetermined cutting line 1130 is a virtual line and not actually drawn on the memory

card substrate 1120, but stored in the memory inside controller (computer) 1150

25  provided in the laser cutting apparatus 1100.
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15 the cutting bl ade. Hence, the sem conductor device having the odd-shaped
cutting section and the good straight line cutting section can be cut out
at a high speed. [0151] Further, according to the first to fourth

enbodi ments, the |aser beamis scanned al ong the sane predeterm ned cutting
line in a plurality of tinmes, and the cutting of a shallow depth is

repeated so as to cut _the sem ductor_s trate,. , npared to
the casE0146d Each Freionds? ﬁ‘g”?‘é“d%a%yotm?esérailéﬁ ng ipr?éﬁl%ﬂﬁl(r%g,antﬁ ﬁlel%gua{'ﬁgut of the
| aser beam can be reduced, and the qualjty of the,cuttin .seﬁti on.can be
made wefdur dean¢rportionrebt33adp Jd384 it heemigeBIuoIARVIGE TEGOR IS e 87 WRE al so
reduced, and the increase in the cut wdth and the change in the

sen congyatrémeacane anthe iddividvalisemimopdudtar devtipeby G‘Ettthnﬁgh?jgﬂ%sﬁaéql]agosi ngl e
time is shallow, the scanning speed in a single tinme can be 25 nade at a

hi gh spgafe @EG:ENeImMENcithRe $88NNB0JHeseingipmatad semicondugtoaidevigeof tines,
the tinme rgqui ed for the cutting can be shortened as a result. [Fifth

Egggg;{rﬁ»géiég é&%ﬁé&lm%@cnéﬁh\%ﬁ%ﬁ) thafore Q0ftingUs aéferd €f aa hrswryeatd i ng

rom a ch is a fifth enbodi ment of the present

invention. In ELG, 24, referen I t t{hgn HRSBEMOHF t 1 NQ

appar at aggw{laié‘%-] Apihe F%@H"Pngﬂfc‘&l %%Hg%ﬁg{rngg’éggld%gg& i(ﬁg‘?rl}ges a bargekstllol and

a laser oscillator 1100 .installed on i(ﬁe ‘g 1101. Reference nuneral 1102
apd F3L

denot es card, fpsexasnple:  ehig iSHER &3 quantities of sem conduct or

substrates 1120 stored therein before |aser cutting processin by an
unshown [DLFEtIntFiGn2hothe snbsirein il 5260 P&Slﬁ@“%de?ﬁtﬁ%%fﬁq}é’gﬁ’rmgﬁ&fr?ﬁgpeor%%% is
transported to a first position lon the base 1101 fromthe substrate
magazi nes sebBAd positiby Ibwhich[i® edfromtrurfaceriot a desat oemillaiop 4 HLPEaR 1OBAYR or e -
the cutting processing is showmm in FIG 27. Here, as one of the

sem Gonduesd tranipoit MécnnishR 0At tHeescoembpysiton I, s whesabket gagestodifown as an
exanpl e. The nenory card substrate 1120 is sealed (coated) 15 by resin on a

print ed gk ipey RRANS pRIViAdH, Ghd tid Sbktrste 020 arapkporedd dnto die mevahly stageds ar e
formed, arter menory chips and controller chips are nounted. [0155] Dotted

lines 113Q. ar I - Q10 h % dsbRa R ndohevaBreadire C Thd nsaiable at e
1120. TH@%‘FSSE 8‘?%1%1@&%%&11%5&%% flSO ibﬁcrfég’de‘s, a first straight line

ortion 1131 conti nuo X i j i lmdtha®RGdak® fedidn t he
1? i gure, %{a%eeélﬁﬁgo‘g? F%F@%‘zzﬁ?ilérlgﬂg%p%ggl tr{ P%ﬁﬁﬁ?g@kiwgﬁﬁﬁiﬁy ext egrlldi ng in

the vertical direction, and four .corner port] to 1133d having a
1/ 4 arc EW#S Pé’ﬁlé’ﬁée‘ggn&r?%%%ﬁ&p@(??ﬁenlg&ﬁodrs? ﬂ%ﬁc}rgigiﬁﬁ'ecti ng these first

SPgdiﬁ?&%ﬁéﬁ%ﬁé%éﬁcﬁ&&oﬁfﬂ% ?‘?rs‘:xé%‘\%}‘?’ t?g g?n]f%g“r%%d gﬁ%\é‘%{ inalfz@a%ﬁl' yAdr awn on

t he nmenory _ o

laser beam L emitted from a laser light source 1111 is expanded in light beam
diameter by a beam expander 1112, and after that, it is sequentially reflected by Y-axis
and X-axis galvanomirrors 1113 and 1114 as scanning devices. The laser beam L
reflected by the galvanomirrors 1113 and 1114 forms a spot image on the substrate

20 1120 positioned on a cutting processing position by a condensing optical system 1115
such as an {-0 lens.
[0159] The spot image is scanned in the Y-axis direction (vertical direction in FIG. 27)
and the X-axis direction (horizontal direction in FIG. 27) according to the rotation of
the galvanomirrors 1113 and 1114. Hence, controlling the rotation angles of the

25  galvanomirrors 1113 and 1114 can move the spot image of the Jaser beam L can be

moved along the predetermined cutting line 1130, and as a result, a moving track of

30



card substrate 1120, but stored in the nenory inside controller (conputer)
1150 25provided in the laser cutting apparatus 1100. [0156] Each region

135 surrounded by two straight line portions 1131 and 1132 and four corner
portions 1133a to 1133d is a sem conductor device region directly serving

as a ey ssdighads i 2 bkt 4480 iSRUIEOMYELO TR e SuiblogHid Rpg e

substrate 11 al ong the predeterm ned cutting |ine

sem condt&g{agré Seylce 5 region (predeternined cutting regi on) before cutting
is referred tTo as a nenory card region 1135. As the sem conductor device,

it may b I ce other than the nmenor rd, for exanple, a chip el enent
such as ﬁ@?ﬂ(ﬂ?]&%f& 1 g1f§ﬁ°f ICHtt}f\géppﬁfﬁt“gh@%s?fﬁé? PIGSEnt ombpdipent, Viiked at t he
first posjtion | is transported to a second position I'l which is the front
surface dke singieapemgryceard segipn 1139 inguiathepssh bapmtis serapoh withoahmouing

mechani sm At the second position Il, a novable stage to be described | ater
i s provi desisubstrdtet W@2Osinike Xaaxgs dirzotidr anbthorY-eslisalitestibine novabl e stage is
fixed thereon with its bottom surface adsorbed by negative pressure. The

movabl e $0BGEK Inalke piecem chiboldifrent2bs thedadbr ibesin sbufde 1ihaf a G gLt gor of the
menory card region 1135 is positioned on a center axis LO of the |l aser

= _ _ 1 - :
osci | | at @garhpled wa@@lehgﬁa?:?i()f I.giglk %\§€d". Pedidr] R @E giléggzﬂb %ﬁ?&dlﬂéﬁmlﬁm th?i ght

configured as shown in | aser beam L emtte rom a’l aser

source 1lldsige SXBPRARTnE Prif<toaRF 80864 BTG id¥h R GARARGSE 1112 and

after that, 1t 1s sequent efl ected axi's’ an

02 e YRR TS SISO it 5B B e e
S 2! a8 ¢ Py SR 190Dl SR RS BT SR BSBL e
the case where_ the resin portion (package resin layer to be described later) is cut and
the case where thc.printed board portion (printed board layer to be described later) is
cut. Further, in the present embodiment, the laser cutting is performed without putting
the substrate 1120 into a gas atmosphere. As a result, the configuration of the laser
15  cutting apparatus 1100 is made simple, and at thé same time, different from the laser
cutting in the gas atmosphere difficult to pefform other than the straight line cutting,
the predetermined cutting line 1130 including the odd-shﬁped line portion such as a
curve can be cut by the scanning of the laser beam without moving the substrate 1120,
[0162] Further, in the laser cutting apparatus 1100 of the present embodiment, cutting
20  the predetermined cutting line 1130 of the single memory card region 1135 in the
substrate 1120 by a small predetermined amount, that is, repeating the orbiting
scanning of the laser beam in a plurality of times can completely cut out the memory
card region 1135.
[0163] In FIG. 24, the semiconductor substrate 1120’ in which the cutting of all the
25 memory card regions 1135 is completed is taken out to a third position III on the base

1101 from the second position II (movabie stage) by an unshown third transport
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[ 0159] The spot image is scanned in the Y-axis direction (vertical
direction in FIG 27) and the X-axis direction (horizontal direction in
FIG 27) according to the rotation of the galvanomrrors 1113 and 1114.
Hence, controlling the rotation angles of the 25 gal vanomrrors 1113 and
1114 can nove the spot inage of the |laser beam L can be noved al ong the

det 1 ned t i | i 0 I fos thH
g %ég i g mbﬂgwm?ﬁ ll'tf[}%[kgt'i%(?)]&%%if a!%g“d"‘rlr@f%@ﬁfag?%bﬁ‘&eﬁ‘ﬁ&@t‘%‘éﬁﬁnﬁﬁg‘? §1c1:£d |
can be cut out. )] That is, e | aser in s 0
t he predbgrhe taspoelitagt In Wﬁ%ﬂ“’f‘%%osé‘il?fbirlg th"éﬂfﬂpﬁss&% ée%résgsluglr}%%géﬁnsﬁ cut, the

| aser beamis scanned w thout noving the substrate 1120 in the Xsaxis
di r ect | dnstzadhetdueonvthesibsteite @420’ odne tpdhelapen ¢RtHAG PHICEEENE lse‘ﬁB‘SaF?‘@Ht . as
the | aser beam source 1111, a YAG |l aser (for exanple, wavelength:1.06 pm

i s used.anFiaché\ei cleafingigeqhaaiant Therblodnavesubstratindd 20 his thembstoFest @t220 with
the printed board coated by resin is cut, the pulse irradi ationhl‘)requency
(Qswit e @IN03 \fedrh €he tikidtposfichpebly anmdnshvevil fdeethof t he
Iase\rglI 13%%{@%???@%%% with the vvavelpength of the | aser beam kept
constant_accordi ng. 49 the case where the resin portion (package resin |ayer
to be deCPHEFLETER is cut and the case where the printed board portion

i d board be d ' ' ' , : '
crboa S IRETA 2 efaspse T b Ll oL FAEIES 1he afle dssptibFmopdi e’ Poer

1120 into a gas atnosphere. As _a result, .the.confi.gurati aser 15
cut t i ng Hispapratle stage mglsrﬁﬂgldgfiﬁ‘b‘?}b?“ grqrRifo Oﬁ%adg(g?@;dtrf)ﬂnlg?lfbg%)f eélrlent from
the | aser cutting in the gas atnosphere difficult to per.forﬁ)ﬁﬂher-than t he
st r ai ghttoladserbdhe bottemn surfacephthersabsiraied 120, (memgry £478 158198 132 ¥¥i ng t he
odd-shaped line portion such as a curve can be cut by the scanning of the

| asefy bemsgativé prwsuraovi ng t he substrate 1120. [0162] Further, in the |aser
cutting apparatus 1100 of the present enbodinment, cutting 20 the,

pr edet er jy1 ST EtHeE, regerbddeanitddal bI63 dumosisragherkipiaeorsytiingrragioadp arhig 35 i n

-the substrat'e 1120 by a snall predeternined anount, that is, repeating the

orbiti ”gtthﬁ%ﬁﬁma@&wio isgﬁsitﬁﬁl%ﬂ 2@ MBtalldcbybdinghddorbaf by ilresisomtiononpl et el y

cut out e nmenory card region 1135. [0163] In FIG 24, the
sem condyct,or; c3Uu " e (Wb &hseithe efdrbhdtsuefaca) 11d%aefabe nenOry
card reg#eoagguf%éilteﬁggrn%%%tggé igwtiaken g%t to athird position IIl on the

? ?Zﬁ S é é?}%o;lgp?ggetsgginsg%%gl%% 1398 2l e bippdrTRY ABLEr StirAGES oPthedUbstREOQNO T hi 1 d

15  disposed in the workpiece setting region 1165 are orthogonal to the center axis

(scanning center axis) LO of the laser oscillator 1110.
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mechani sm The substrate 1120' is actually a plurality of nmenory cards cut
into chips by the laser cutting. In this third position Ill, the processing
debris such as soot and dust adhered on the substrate 1120' due to the

| aser cutting processing is renmoved by an unshown cl eani ng nechani sm The

cl eaned sgﬂssmtsﬁlelﬂ@ﬁiovh@etsh%@ll%grﬁfé fldv Eaﬁa B6296P R dusiidiicb @i LailfRORZ 1 NE

1103 fromthe third position by an unshown fourth transport nechani sm

9158), T 3t LERFIFG, RSt YO Ao 05 R

novabl e stage. The nov iI'S provi an a fWShead

(support 116 adsorb.the bottom.surface.of the strate 1120
(menory c%&%gﬁé%; PSP ]Ilfggﬁ a "tcg f ‘?"v%ft "E‘P ggé‘tﬁ”@?‘“{‘?ﬁ%@flp #LS}?B BERCTates fer ence
nuner al 1%(;'35 geno es a]éwor kpi,ece sett] ng region in which the substrate 1120
i s positidNEQ étFFo‘S‘fsﬁg? §9H08 A Adasidg thgBewgath bl6% he adsorption head 1161.
The under_surface (workpiece setting reference surface) 1165a of the

wor kpisec d0367k Whgn thegfiasnt beamsl amitradiated ppéhe subdtratedd20dwh dbeksaf t he
substrate 1120 15 di sposed in the workpi ece setting region 1165 are

or t hogonaiscillatarhid 10exstshowasin she figawersons to ent the samicsJodt @nddubtheisk Faen
oscillator 1110. [0166] Inside the novable stage 1160, the flow path 1162

for a dushe sabdieed 1100, afe dust Soll€dtivRckibA 128 a B1EHH FHedertihg theseksodt hEL i ON.
The flow path 1162 is connected with a dust collection punp 1170, and

cking f f i f1l t he dust
sucki ng fqkefoff adhdfin %Ehe%f'bllsﬁ%' 19PORMETR: 1%&&?8%?71}%@3@1&%& 118p%vﬂfch us

collection air Ainside the flow path 1162. 5 en the Taser beam L

is irradig ; S B t r illato 10asshown.
in the f ivgltl}?% &S)%C%qu %@&ﬂcﬁ%@lc&éﬁ%fﬂéﬂé% J;ﬁléérgaa%f: hgdffostg c%t PS{ﬁogng‘?gu%lh bstrate
1120.,.Th grpsh.ﬁ)ol | ection air A has a role of preventing these soot and

dust -IPro Uitheri Nng to the substrate 1120 and a | aser receiving nenber 1180,

which w | escri bed.l.ater, and |lecting themon a filter attached to
t he dust [hb?ﬁélg)(eislgﬁr Tereiving memheT 1180 is prov1degd beqow the workpiece setting

region 1165 inside the flow path 1162 so as to have the similar area to that of the
workpiece setting area 1165. However, in the present embodiment, since the
adsorption head 1161 is provided on the scanning center axis LO of the laser oscillator
15 1110, the laser receiving member 1180 is provided so as to surround the adsorption
head 1161 on an XY plane.
[0169] The laser receiving member 1180 is preferably made of the material excellent
in heat resistance (fire resistance) and heat-dissipation performance such as aluminum
and ceramics.
20 [0.170] The top surface (front surface) of the laser receiving member 1180 is a laser
receiving surface 1181 which receives the laser beam L having cut and passed through
the substrate 1120 installed on the workpiece setting region 1165.
[0171] The laser receiving surface 1181 is inclined so as to continuously approach the
workpiece setting region 1165 from the outside portions E1 and E2 toward inside, that

25  is, toward the center side portions C1 and C2, that is, so as to extend obliquely upward.
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[0168] The | aser receiving nenber 1180 is provided bel ow t he workpi ece
setting region 1165 inside the flow path 1162 so as to have the simlar
area to that of the workpiece setting area 1165. However, in the present
enbodi nent, since the adsorption head 1161 is provided on the scanning
center axis LO of the laser oscillator 151110, the | aser receiving nenber

1180 i s, provi.ded g dsdfrtionrhead XY pl )
r60] e BPHUES GRRRP G Ar el it n BRI 1D of R e ot et al

excellent in heat resistance (fire resistance) and heat-di ssipation

per f or mdh€k such as al uni num and ceranics. 20 [0170] The top surface (front
surface) of the laser receiving nepber 1180 .is.a |laser rec%i ving surface
1181 whi@l72] éu ethge wordse thealaser I5EEHANES 4 ﬁgléﬁfs laﬁ@“%a Bd% hrough t he
substrate 1120 installed on the workpiece setting region,l%%g. .£0171]
The | asepntimaRrisiyi appreachithe svotitgitcs setiing ragiem1 105 #52ppEoachintg MESEIN & ppr oach
t he workpi ece setting region 1165 fromthe outside portions El and E2
towak d iBgiefGxisIRbE Bilaser bewarandithe adenmption biadel Ipdr ti ons A and C2, that
is, so as to extend obliquely upward. The portions O and C2 are the

porti Onﬁgf'}iﬁ% e drdent amerel. 25hm adien bide portiancheicifiditer, rdfedd@io an ot her
e

wor ds, aser receiving surface 1181 is inclined so as to continuously

approach the, workpj ec i h d hesB@a@hi N
St or MARSTEH Serfgr PEChy MG shifie N kAR BroRe R ORAOh Mad KB P SONT 3T on

the other hand, in FIG _25 _in the |left sj. 1L.O0; LelcRafigefis referred
to as arthepser ’é’*&?ﬁvg}go%’rfaﬁg%}i&eég‘? %}Pﬁi a;snuér@g%ag?{%%%?g rom t he adsorption
head 1161 within the | aser receiving syrfaces 1181..1 side | aser
recei vi rigclénadisocas to goadnally apReqach Lip %’BH‘é’éeﬁﬁ&elj%ﬁ%PF‘;ielaﬁgg?‘%‘féc t he
wor kpi ece setting region 1165 fromthe 10 upstre ide tg th ownst r eam
si degof dpsaeimoidepatthe dagpstreannside of the Howwpaty 1%@3‘@%& acﬁ?‘f’é’gfli(‘j%%@sii roA).
In contrast to this, the right side portion (herein after, referred to as a
downst r eglesiickeair A9 in contastitm ghis.the aighy side gopicn Geraimatisl dfeped Shahead
1161 within the |aser receiving surfaces 1181 is inclined so as to
gr adual | y sl sdtaaaesific DRkt feeciviigqirtace) SE1bi fngmthe adrorpti@cheadchhtlhe upst ream
side to t%e down streamside, that is, 15it is inclined so as to extend
obl i quel v QWRWEr receiving surfaces 1181 is inclined so as to gradually distance from the

workpiece setting region 1165 from the upstream side to the down stream side, that is,

i5 it is inclined so as to extend obliquely downward.

[0174] What is meant by describing that the laser receiving surface 1181 is inclined so

as to approach of distance from the workpiece setting region 1165 can be restated that

the laser receiving surface 1181 is inclined to or is not parallel to the workpiece setting

region 1165a.

20  [0175] The laser beam L passed through the substrate 1120 (workpiece setting region

1165) and impinged on the laser receiving surface 1181 is reflected in directions

different from the workpiece setting region 1165 because the laser receiving surface

1181 is inclined as shown in FIG. 28 in spite of the scanning position, that is, the

incident angle on the laser receiving surface 1181. In other words, it is desirable that

25 the inclination angle © of the laser receiving surface 1181 for the workpiece setting
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[0174] What is nmeant by describing that the | aser receiving surface 1181 is
I nclined so as to approach or distance fromthe workpi ece setting region
1165 can be restated that the | aser receiving surface 1181 is inclined to
or is not parallel to the workpiece setting region 1165a. 20 [0175] The

| aser beagtdreRRTELBNtINGIH B ket BE 1l B 128810kl ré MO KPLEGE 1581 HcREif LI ON

1165) and inpinged on the |aser receiving surface 1181 is reflected in

oL 1 ect TonseiL e LA VAL B1SER, SEh 0,01 8 1165 becase (e

| aser recelving surfa S 1 ncline

t he scanni sitipn, . that is,.the inci t angle on the. laser receiving
sur f ace %g‘?ﬂpﬁ}? IBf:ﬁléérd %qrdggelfrlpgisgrfagf‘shf@wy?ﬁgoy@p&g thashaRst i on angl e
0 of the | aser receiving surface 1181 for the workpiece setting reference
regi on 1PEONIpg thedaser bepamdp bepeatieringly peflgeted such as @ matt shaperand|ashape
receiving surface 1181 is not directed to the workpi ece setting region
1165. 5[ 0 vfajtemasingmisigenand valteys. dodhis casey obsarimgamnict@scopiwpllpethpuglvaded with
a shape allowing the | aser beamto be scatteringly reflected such as a natt
shape andusfast hpanafscatdritigshizpedoes nigeontindousty hppreac o dibiagcE o the
observing m croscopically, though a surface having a scattering shape does

not cont iviakpRicy s@biRg 9aEbn 9165l the deLrdceMihs DRI KIB106S tRb Shitsee i ON
1165, the laser recelving surface 1181 as a base surface of the surface

havi ng t hRe sG#ideSlahitl: ﬁ@@@&&ﬁ@}%ﬁgﬁﬁ&ﬂyﬂ@aﬁ%h% op'&ﬁag.c ﬁgoytﬂé” the

wor kpi ece setting region 1165 e presen | ment, I'ng such a

case, it E}%&ké{r%cg?étklggg%égftrlég 'ePL@%%F{(&& gin%i;)ﬁgrg%:frfn%ﬁ%if%@&ch%%iy is

approach pi ece’s hg ‘regirton.

Further, jn t | as recei.ving surface.1181 of the, presept enbadi nent,
cont af & dslnpd T Biicaedr SEFeViaguridos PRTEUy onko bR G Sheat@s 1oy egi on
1165, and the external side portions El and E2 are nbst away fromthe

wor kpi ecdh&WOrKMeCe SeHinge#M 65, I n contrast to this, the |aser receiving

surface mai/ be formed as a one-way
[0177] Further, in the laser receiving surface 1181 of the present embodiment, center

side portions C1 and C2 are closest to the workpiece setting region 1165, and the
external side portions E1 and E2 are most away from the workpiece setting region

15 1165. In contrast to this, the laser receiving surface may be formed as a one-way
inclined surface continuously inclined from one end side to the other end side such
that, for example, the one external side portion El is most away from the workpiece
setting region 1165 and the other external side portion E2 is closest to the workpiece
setting region 1165.

20 [0178] However, in this case, a height as a whole of the laser receiving member is
increased, thereby increasing thc. thickness of the movable stage 1160 and enlar.ging
the sectional area of the flow path 1162 accordingly. Thus, the flow rate of the dust
collection air A ig reduced. Consequently, it is desirable that the laser receiving
surface 1181 is formed closest to the workpiece setting region 1165 in the center side

25  portions C1 and C2, and is formed most away from the workpiece setting region 1165

in external side portions E1 and E2. However, embodiments of the present invention
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LA e

inclined surface continuously inclined fromone end side to the other end
side such that, for exanple, the one external side portion El is nost away
fromthe workpi ece setting region 1165 and the other external side portion
E2 is closest to the workpiece setting region 1165. 20 [0178] However, in
this case, a height as a whole of the | aser receiving nenber is increased,

e SouiIaie DR ease ro el P TRRr roclffis SRS 8 kO bR e G Tt

t he sect? oW pa accordingly. Thus, the flow rate
of the dust collection air Ais reduced. Consequently, it is desirable that
the | asércligdspifaéfy surface 1181 is forned closest to the workpiece setting
region 1165 in the center side 25 portions C an%legz, and.i.s for.ned nost
avay f r G119 Fuvibek ph hecpresant ERPOLEBetnthe 1psiream side dpiea Feceivibe S9N £

and E2. However, enbodinents of the present invention _include_ the case

al so whang14 heintiasel sor saeicontigususiy agmoich the gearipigcaseting &520mAY0 ncl i ned
surface. [0179] Further, in the present enbodi nent, the upstream side |aser

recei Vi Bgphns Wid @feredrhlde iocSthi Mokinseears sideftibe Howt patiud 6. yAappendic the he
wor kpi ece setting region 1165 5 fromthe upstream side to the downstream

si de of goﬂcall QWA R he ﬁ&?fp};ﬂtl‘f‘?l@ bESds: grhdifilIgasidlleh flonptheositiontuf f | ow

pat h 1185 NEEAES gradua snmaller fromthe position of the external
portion El to the positionof G L A8 4086t THE Bk upb@edsidst r eam
si de | a§gﬁ" e*@?@???ﬁﬁms%jr foa%lg pf%@%g.oem ﬁéeelﬁél?ﬁe PI owrate of the dust
collection air Aflowing th in. s increased d r.:.Shde
porti on s§le 13F¥IrfFFF‘éYW8rsé?faﬁc ﬂ@w‘ﬂ o]lTIc‘fc& ﬁlg‘?ﬁqyg{atﬁ%&#gﬁolgﬁ%@ﬁag jacent to
the substrate is deflected to the substrate 1120 sjd a quid tion
of the upewingdhsreings increesed taward fhs GeRigt ?léegoﬁﬁi%‘lé.i- ?Bﬁﬁ%’fﬂfg?fﬁ @?‘E"tﬁﬁt

col l ection performance can be inproved w thout changi ng ucki nﬁ@bi.l ity of
t he @ustthe dubtamilctivmainp adjzcent poteoubstiate iedeflacted ©1h¢ suhsiratss TY20side o
rate of the dust collection air A flowing along 15 the | aser receiyving

surface gyl guidafusdtionaifaht hpsiooal sitih dasenmsrivirg surfacad 1bapepnsegsently0181]
In the present enbodi ment, as described by using FIG 27, since the

subst r at §¢f 18eckidn RFfBRMAact dindeflipravdd withéut mhmmgiyg suecking ebjlitnef the3s, t he
configuration of the actual novable stage 1160 is as shown in FIG 29. That

iliélt Qte %@gg@%}%ﬁ%ﬁ“ﬁ%@f i/;l gr o;inge?h\évi th a plurality of adsorption heads

[0180] Further, the increase of the flow rate of the dust collection air A flowing along

15 the laser receiving surface 1181 can efficiently cool the laser receiving member 1180.
[0181] In the prcsent embodiment, as described by using FIG. 27, since the substrate
1120 is formed with a plurality of memory card regions 1135, the configuration of the
actual movable stage 1160 is as shown in FIG. 29. That is, the movable stage 1160 is
provided with a plurality of adsorption heads 1161 at predetermined intervals, and the

20  periphery of each adsorption head 116i is provided with the laser receiving member
1180 having the laser receiving surface. In this case, as shown in FIG. 30, the laser
receiving member 1180 may be provided for every memory card region 1135
(adsorption head 1161), or as shown in FIG. 31, the laser receiving member 1180 may
be provided for every plurality of memory card region 1135 (adsorption heads 1161).

25 [0182] The figures of the upper sides of FIGS. 30 and 31 are the top views, and the

figures of the lower sides are the side views. In FIG. 30, the laser receiving member
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20 periphery of each adsorption head 1161 is provided with the | aser

recei ving nmenber 1180 having the | aser receiving surface. In this case, as
shown in FIG 30, the laser receiving nenber 1180 may be provided for every
menory card region 1135 (adsorption head 1161), or as shown in FIG 31, the

| aser receigy Ny ifEaPeipe bERYrcIRY thacRt@osledithahe saﬁf%ti&{ HEAd 1161 @keRTOTY
card region 1135 {adsorption heads 1161). 25[0182] e figures of the upper

si des of ; %V\ﬁ a £ ivgar e | owner
si des ar ef%%ersﬁ%é@w@?%%r%{aﬁh Hi%rf@gﬂ H‘% e 6&52& r%%g’ellkvfiqﬁgg?f’e%%g%& 1180

havi ng a shape. of, ci,rcul ar truncated cone.w t.h.the.adsorpt.i egd 1161
faken as Sopmionead ioH qubpRER Sartmeyoprtatbd B et T
FIG 31, for, each adsorption_head col ym_conposed by a plurality of

adsor pt i FSCH¥HsMeRBYr 11§0chavinge mauataiyiliks spetiffeWhen Siswes from the side and
mount ai n-1i ke section when viewed fromthe side and 5 extending in the

di r ectsi orextending inths skigciion theddsoiption hegd pelominisproyigedt h Enbodi nent |
[0183] FIG 32 shows the configuration of a | aser cutting apparatus which
is a sixth enbodi nent of the present invention. In the fifth enbodi nent,

t hough a description 10 has been made on the case where a type of the |aser
oscil | at q&g@@ﬁb&iiﬁ%nqcanni ng the | aser beamis used as the |aser
oscillator, in the present enbodi nent, a description will be made on an

appar at ugph@s}fﬂcﬁ fsz%lhw_eeh@émgf@%ﬁgaf_ PBSk] LtiRE afPirkiuk Rhidy isaéﬁhhbeam in

a fixed direction only is used, ~driving a novabl e stage 1hstalled with
a semco L g i t t substrate
2 ong 1on e Rt e Bi@ehlindPndth, B il RS, 1o it o WORAHAR L7
1260 denqgtes._a novabl e, st age., The .novapl.e .st age .1260 is proyided.wi th an
adsoriit | diroveSnPAIE B IhF ERreair BBy B LB R S eiRGe cndete Sharnine b
region 1135 in a .subsirate 1120 hy negatjve pressure, [0185] Fuyrther,
o r oncdu PEREHiS FREEHTIBA A O B R RS PBER SRPUBrBR A dsscpiar Wl  he
substrate 1120 is installed by being adsorbed by the adsorption head 1261.
A wor kpi dieanads op ag apRaTatus dg which 1 fithe of2B6 lasahotcillater emiitipsatlaser barmdse of
the workpi ece setting region 1265 and the top and bottom surfaces of the
subst r at e fizabdigéctivoswdy IsruseHeanbdiipingsengeati¢ sigee dnstdledw8baar e ort hogonal
to the center axis LO of the |aser oscillator 1210.

semiconductor substrate in an XY direction enables to cut the substrate along

15  predetermined cutting lines.

[0184] In FIG. 32, reference numeral 1260 denotes a movable stage. The movable

stage 1260 is provided with an adsorption head 1261 which adsorbs the bottom surface

of a memory card region 1135 in a substrate 1120 by negative pressure.

[0185] Further, reference numeral 1265 denotes a workpiece setting region in which .

20  the substrate 1120 is installed by being adsorbed by the adsorption head 1261. A
workpiece setting reference surface 1265a which ié the bottom surface of the
workpiece setting region 1265 and the top and bottom surfaces of the substrate 1120

disposed in the workpiece setting region 1265 are orthogonal to the center axis LO of

the laser oscillator 1210.
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[0186] The laser oscillator 1210 includes an unshown | aser beam source and
a condensi ng optical system which condenses the | aser beamemtted fromthe
| aser beam source in the direction (exactly downward direction) along the
center axis LO [0187] Inside of the novable stage 1260, a flow path 1262
for a dust collection air Ais 5 forned so as to extend in the X direction.

The 1 0y naht, 1362 13 AI9S16Th MR o MR wEAkLEGLIR BoRkERd 470, and

sucki ng ection punp generates a flow of the dust

collection air Ainsjde the flow path 1262. 0188 [ meral 1280
denot es canfensag onitcal YysHgn h’éﬁﬂb?‘,’rp‘%ﬁf‘%‘ﬁ f iasﬁ B‘{ﬁnﬁl gﬁtkﬁtc;%eégrgﬁﬂggasﬁgn ner to
have a simlar area to that of the workpiece setti ng regi on 1265]8é0 bel ow

t he wor bpamceuwstinithgdiregjicor(czadly downyardidieschion)plpag thercraier ke The

| aser receiving nenber 1280 is preferably nade of the material excellent in
heat req0B8ANssd¢ b the mewitdt stage 260\ Rewpath B2i2pker ashispeallcstimmatied $uch as
al um num and ceram cs [0190] The top surface (front surface) of the | aser

receiVi g HEIRELs th28%ridsinaht asaitectfont cligi fowgathurZeade co@Bttadesith vidugt a
| aser beam L which has cut out and passed through the substrate 1120

di sposed ygfgﬁ&epmg Ii?j?l?,g?%dss‘ﬁEﬁfnngof&ijQHe 426%011EQiR Junlp 21 TR seieratesei Vi ng

surface P I'sTinclined so as to continuously approach the workpi ece

setti ngriiqevghgﬂtﬁlﬁ‘zugﬁa‘g%of@"f&qfﬁ%ﬁﬁﬁ?@é ji%rgg,aﬁloﬁtd'zons El and E2 to the center

si de po arther, ser receiving surface 1281 is
inclined so as to 20 cont| ly co closer.to th | eC i ng

regi on 1@6%818&&816&?%%‘%‘}?&)%%@35@8? gﬁSBrnrcﬁglg&"gl?gT. e{%ﬁ‘ﬁ% %F@P?ﬁtgé of the
| aser receiving surfaces 1281, the upstreamside_|aser r.eceivin rface
1281a i Snisnch phodneey tadayeasintlanares i thabghihe ITKPIeEe GRRE Terian g%ﬁj i ng
region 1265 fromthe upstreamside to the downstream side of the flow path
126240 | rbetonthawbrigitcs setiing reglva Kddrinside tha BeWeathaled2.r ecei vi ng surface

1281b of the |aser receiving )
[0189] The laser receiving member 1280 is preferably made of the material excellent

in heat resistance (fire resistance) and heat dissipation performance such as aluminum
and ceramics.
[0190] The top surface (front surface) of the laser receiving member 1280 is a laser
15  receiving surface 1281 receiving a laser beam L which has cut out and passed through
the substrate 1120 disposed in the workpiece setting region 1265.
[0191] The laser receiving surface 1281 is inclined so as to continuously approach the
workpiece setting region 1265 from the external side portions E1 and E2 to the center
side portions C1 and C2. Further, the lascr receiving surface 1281 is inclined so as to
20  continuously come closer to the workpiece setting region 1265 as approaching the
adsorption head 1261.
[0192] Further, of the laser receiving surfaces 1281, the upstream side laser receiving
surface 1281a is inclined so as to continuously approach the workpiece setting region
1265 from the upstream side to the downstream side of the flow path 1262. In contrast

25 to this, the downstream side laser receiving surface 1281b of the laser receiving
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surfaces 1281 is inclined so as to continuously distance fromthe workpiece
setting region 1265 fromthe upstreamside to the downstream side of the
flow path 1262. [0193] Wat is nmeant by describing that the |aser receiving
surface 1281 is inclined so as to approach or distance fromthe workpiece

setting raefaes 1265isGARIRA Bl 3% coftiAiRA] &]g%f&é‘rﬁg a@%ergglglﬁ%’ k&gggur face

1281 is inclined to or not in parallel. [01 ser ch beam

i mpi ngin t I I Vi o i s.refdected i Lrections

i Tt or encrepin R R ind SRS ae W AR a R3S BE MOt J2b7

receivin e 1281 is inclined, In other wards, it is_desirable that

t he angl 2[0395’{ a ﬁ&??a&ﬁ%éﬁfm?‘ﬁl&bq’%\g@” ee'@é‘?r\FFﬁijv’é’tSrspéftééc 1%l ispigclingd so

wor kpi ece setting reference 10 surface_1265a is set so that the |aser beam
L ref| ectad03RPIdaeh pp distance fiamy thegwerkpiese settingregionl365 ¢an be atsy restatede

wor kpi ece setting region 1265. [0195] In the present enbodi nent also, the

i ncl i Aed thalstbe lasst edoeiving sunfdcrcle 8148 inakimyd be opnatvingadalielt h a shape al | owi ng
the | aser beamto be scatteringly reflected such as a natt shape and a

shape of [@E94¥Tiat lasg tehmdle eath bey) iBphgiddlon HeSlaSr3€ceiving FBMabe1281 is
15concei vabl e that the |laser receiving surface 1281 as a %ase surface of

the surf agfledtad im@iréctions difEéicROfS MRS ' I stances
e ir eROfr xﬁﬁﬁﬁﬂ[egﬁg%{?h%aér’%?ﬁ% ??ﬁ:ﬁica]ﬁ% )

from the workpiece setting region 1265. aser
receivin I£ a6 t eghedi Ny I he rkpi ece
setting ?gﬁﬂgﬁ&%g&%ﬁai@%ﬁt@ﬁsgﬁ ‘ggﬂ%g'orlﬁi ons v@ﬂ%ﬁhﬁ&s ﬂ%ﬁ% ﬂ?rags?%'e %gvig

di st anced (f; . Lec ting.regqi 1265 in the external side
porti ons%éllﬁcggﬂérn&g ° éj\%\%grrr,%cég}rnges% gfrgriﬁf’ gbgf K2 eavg%[?}p’regﬁ é?t\t/'i“ﬁéeéfﬁnfﬁce may
be fqrned a -way. i nclined surface sych that the external partion El
is mddt (fflgl?"é%ég(ggeaf‘?&%ﬁ o a{,\;&eﬂ eé@@‘“ggt f‘#ﬁ? ted QR @ﬁ?‘is?BS‘:CSdeg rarfaset er nal
portion S closest to the workpiece setting region 1265. 25[0197]

Furt her, %ﬁlt%%fﬁ%étﬂéhﬁ&mrh%?e satdne regien d2@%.r eam si de | aser receiving
surface 128la is inclined so as to continuously approach the workpiece
setting M8Hddn the prsent smbodamenisalye dhe dictised baschescdivingsturam1gBimayf t he

flow path 1262. As a result,
be provided with a shape allowing the laser beam to be scatteringly reflected such as a

matt shape and a shape of alternating ridges and valleys. In this case, it may be

15  conceivable that the laser receiving surface 1281 as a base surface of the surface
having a scattering shape continuously approaches (or distances from) the workpiece
setting region 1265. |
[0196] Further, the laser receiving surface 1281 of the present embodiment is closet to
the workpiece setfing region 1265 in center side portions C1 and C2, and most

20  distanced from the workpiece setting region 1265 in the external side portions E1 and
E2. However, for example, the laser receiving surface may be formed as a one-way
inclined surface such that the external portion E1 is most distanced from the
workpiece setting region 1265 and the external portion E2 is closest to the workpiece
setting region 1265.

25  [0197] Further, in the present emnbodiment also, the upstream side laser receiving

surface 1281a is inclined so as to continuously approach the workpiece setting region
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the sectional area of the flow path 1262 becones gradually small er across
fromthe external side portion El to the center side portion C of the
upstream side | aser receiving surface 128la. Hence, the flow rate of the
dust collection air A flowing 5Stherein increases toward the center side
portion C. Furthernore, a flow of the dust collection air Ain the vicinity

of the substrate 1120 is deflected tq the .su i t |

funct i ohleT fropethgypstredmsideda tﬁ%@%‘?’“ﬁé‘a@é‘l ?/‘?%gfgﬁefﬁg“éi’%%%%: %ﬁﬁgée%lggnt ly,

t he dust collection performance can be i rOéeg Wi t%ﬁ)ut -cha@ inpgﬂet he

sucki ngtiadiectioyal aea dfethe dtow E@hlléé?ibéwrﬂ%a yally smyloarult MO Ech of the
above descri bed enbodi nents, though a description has been nade on the case
wher et bgtehng glderppesiow Ehgo she Eante side pordion £sef theapsirAM§IAHASEr i s taken as
an inclined surface (planar surface), the | aser receiving surface may be

formed gsee igg' kY @skeSLIFac Hends Nhaslow eonohthe dust éallestiof oTgdflordesr di ng to
the fifth and sixth enbodi nents, as descri bed above, the |aser 15 receiving

surface g@%@@@%@%ﬁ%&f&ﬁmﬁp sidB GotReOCS Wik meanedega floe ofi the dust appr oach

ng region (that i's, workpiece) is used, so that damages

of the workpiece hy. the |aser : : I Gaiei nenber
can be &P¥16€EQW¥3WH? &bcc!il.“%[ Bg%ighé_ﬁ%{tﬁg?ﬁﬂ%s%e Ieggegrta?g:sé%i ng rlr%@nber

di sposed inside the flo ath for the. dust . i ir is provided
with théy th%éﬂlqeef&@?t%‘%& 'E‘GPP%'E@‘%‘ & tlla%bﬁ?%g’é géﬁr?%ee fv)\zl/o%r1 Pi ece setting
region fromthe upstreamside to the downstream side of. th | ection
air, so Gdmequdndlyf thevdushedlestion perfamancesiap SedmproY rW‘F‘i‘Oo‘\h%R%ﬁé*‘%g‘gé t he

| aser receiving surface can be increased or the direction of a flow of the
dust col gueking@bilitiy of denduse cdBédtiontpaanp b17he wor kpi ece setting region side.
gability _
As a result, the renoval 25function of the soot and dust due to the dust
col | get i [9Nogl h eaaM obehei abpVEdestribefl SmbeditherEnitbovghendscriotion parpPesn 33 shows
the configuration of a laser cutting apparatus seen from above,
made on the case where the laser receiving surface of the laser recetving member is
taken as an inclined surface (planar surface), the laser receiving surface may be
formed as a curved surface such as a concave surface.
[01991 According to the fifth and sixth embodiments, as described above, the laser
15 receiving surface simply constructed as an inclined surface and the like to approach
the workpiece setting region .(that is, workpiece) is used, so that damages of the
workpiece by the laser beam reflected by the laser receiving member can be
effectively avoided.
[0200] Further, the laser receiving member disposed inside the flow path for the dust
20  collection air is provided with the laser receiving surface which approaches the
workpiece setting region from the upstream side to the downstream side of the dust

collection air, so that the flow rate of the dust collection air flowing along the laser

receiving surface can be increased or the direction of a flow of the dust collection air

can be deflected to the workpiece setting region side. As a result, the removal

55 function of the soot and dust due to the dust collection ajr can be improved.
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which is a seventh enbodi nent of the present invention. In FIG 33,
reference nuneral 2100 denotes a | aser cutting apparatus. 5[0202] The | aser
cutting apparatus 2100 includes a base 2101 and a |l aser oscillator 2100
installed on the base 2101. Reference nuneral 2102 denotes a first
substratqsaagﬂgmmﬁmahﬁ&gy with large quantities of sem conductor substrates
2120 before cutting processing, and by an unshown first transport

mechani s ' ' fi

posi 1 on 2830, S3A0EL o CAPEEAICH Jf HrerTal AAPIRARIE seel BrhabBlo, one
by one. [020 The sem conduct or . substrate 2120 bef he cutting
processi n IF@SSN‘)WH ergﬁtagﬂmgg?of_&ﬁaresgé BHE PRt ﬁbﬁgcgrﬁt?’e&?‘fa{f&?%r
substrates 2120 nory card substrate 2120 is shown as an exanple. The
nenory cé}“&l%ﬂ}b%lt@d{‘r’go@ifda‘ieé CYUHIEAPPREM S ed) by resin on a printed wiring
board with circuits for a plurality of nmenory cards fornmed 15 after nenory
chi ps 5and92@tThs| Iasar cottingsappamtwoHitciacludes 8 bpsddtQleand 4 heer Gtllutar e
predeterm ned cutting lines of the nmenory card substrate 2120. The

pr edet er 1168 dnstali¢d orgtieitrase 2180 Refdrembemuamdralr 202sdenaticg At fidsi sithspgiet i on 2131
continuously extending in the horizontal direction in the figure, a second

strai ght rhigaginRQtdre@ WithlB 2o Qitinkifieo B bemR¥h ORI GbERated 21 ¥®bLfofutting
direction, and four corner portions 20 2133a to 2133d having a 1/4 arc

curve sh d?ﬂ%‘r j |02 'm [ : g second
strai ght %’Iglgcrf%ﬁggﬁl ons%?gﬁigg#dﬁgtlggééﬂmmes%%’edq%ﬁég@?‘gﬁchrﬁg Stgd&?ti ng .
line 2130Qh§g ; i [ - 0Ot I on. t ry card
subst r at 2190 55rbEPHEH b e RE R BE bt 2F0F HonPhl clEL TEBHE 2 ) 2150
pr ovilged in_the @ier %utti ng apparatus 2100. 25[0205] Every single region
2135 Sur PREIEEE W5 % %Ees each of the straight Iine portions 2131 and

2132 and _four, .corner, rtions 2133 0 33d is a sem conductor device
regi on di[{’u}rll e SEM{Fangueior substiaty glipali’é‘l’éfs&‘Pﬁétthr\‘?F%ng igshewdiriuct or
devi ce b¥ cutti g& t he substrate 2120 al ong the predeterm ned cutting |ine
2130. HeddPnab+ Hcre, 3 oRe 96 Hiectsmigeadictarsppstsatee 3l Hh a(pemarn eardiswstrabat t i ng

region) before cutting is referred to as a nmenory card region 2135. As the
seni conddd2@is $howncas, an example. The memory card substrate 2120 is sealed (coated) by

resin on a printed wiring board with circuits for a plurality of memory cards formed
15  after memory chips and controller chips are mounted.
[0204] Dotted lines 2130 are predetermined cutting lines of the memory card substrate
2120. The predetermined cutting line 2130 includes a first straight line portion 2131
continuously extending in the horizontal direction in the figure, a second straight line
portion 2132 continuously extending in the vertical direction, and four corner portions
20 -2133a to 2133d having a 1/4 arc curve shape as an odd-shaped line portion connecting
these first and second straight line portions 2131 and 2132, However, the
predetermined cutting line 2130 is a virtual line and not actually drawn on the memory
card substrate 2120, but stored in the memory inside controller (computer) 2150
provided in the laser cutting apparatus 2100.
25  [0205] Every single region 2135 surrounded by two pieces each of the straight line

portions 2131 and 2132 and four corner portions 2133a to 2133d is a semiconductor
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5 may be a chip elenent and the |ike such as IC and LSI other than the
menory card. [0206] In FIG 33, the substrate 2120 di sposed at a first

position | is transported to a second position Il which is the front
surface of a laser oscillator 2110 by an unshown second transport
mechani sm At the second position Il, a novable stage to be described | ater

is provided, and the substrate 21 I : sta t
is fi xeée‘blﬁelr?géo?rfwﬁﬁtf%scsrf’ﬁ@easvﬁ 1{11%1%{){')@@2@29 ? (gfrlﬁeglgg?g%elts%gild%uggggrbedggy 0

negative pressure, The substr 120 fixed on th vabl {-age, as shown
in Fl G deviceiby cwﬁuwhﬁéuastraéggif%éé?ﬁ%iﬂﬂ“r B s&eflaweﬁ&gﬁn.%ﬁhf ?1 riving the
novabl e stage so that the center of the mem)r%/ car re%i} on 21;3% iLs

posi t i offxdeinaftet eadtesemicorductor dovisge region| (REsdetegaged, cyfigig BEH fg‘tfﬁzm]
Further, the substrate 2120 noved to the |aser beamirradiation position is
di sposegyitiiy ideecRrenaces suicmonydad! wgien 213frAnthersmicomgigetopdericeeldpect to
the cover nenber 2190, a description will be made later. [0208] The |aser

osci Ll atof, @éé@%ﬁ f EmExamal e 1iks seeis MRl 8botkotinnithe Fe@orgSarda | aser
beam’L ém-tted tpom a | aser beam source 2111 is expanded in |ight beam 20

di amet er g%gjg%ﬁé”&?’&ﬂgg@@s’tr&é&%o@@g%sgﬁ%5 flrb@ositich SieaaBsdredd to 4 ef | ect ed |

by the é For’s and Y-axi s and X-axi s as scanni ng
devices. The | aser heam L .reflec ] !,Za:lﬂll;%mq,@q, 2114
forms a SRR POREA ﬁﬁ”atflﬁ Issﬁlﬁsfﬁ)r“tés grfgé{ez%ﬂ%}aggﬂods{%gﬁﬁggﬁgati ng pr 0cessi ng
position by a condensing optical system 2115 such a -Q Lens. 25[0209]
The spotserordyEanspormerhaaisth ‘ghg‘eﬁr‘%‘é‘ﬂ P‘&ﬁ“ﬂ%‘bf’r %Hm(v\%g%&t%%ﬁo :%r ection in
FIG 36) and the X-axis directi onuéhori zo%al directi on in Fla%l 36%
accor di nipsemibednlater d¢ provisiedornd tigesugsirata d P HBsROTEE LR HIE BIHEPLe FlRRR e
controlling the rotation angles of the galvanomirrors 2113 and, 2114 can
moveygt heis $ixetl onrgmovhbleistageasith its batom sarfaag being agsabed BY REE¥Y Cut t i ng

line 2130, and as a result, a noving track of the s§ot image in the
SubSt r atregihfd) The MeRAaiezZI0EdE the swovable Bagrs as ghowr HuElG.t3e enory card

= moved to a laser beam irradiation pbsition by driving the movable stage so that the
center of the memory card region 2135 is positioned on the center axis LO of the laser
oscillator 2110.

15  [0207] Fusther, the substrate 2120 moved to the laser beam irradiation position is
disposed inside a space surrounded by a cover member 2190. With respect to the
cover member 2190, a description will be made later.

[0208] The laser oscillator 2110, for example, is configured as shown in FIG. 35. A
laser beam L emitted from a laser beam source 2111 is expanded in light beam

20 diameter by a beam expander 2112, and after that, is sequentially reflected by the
galvanomirrors 2113 and 2114 for Y-axis and X-axis as scanning devices. The laser
beam L reflected by the galvanomirrors 2113 and 2114 forms a spot-image on the
substrate 2120 disposed at a cutting processing position by a condensing optical
system 2115 such as an f-0 lens.

25 [0209] The spot image is scanned in the Y-axis direction (vertical direction in FIG. 36)

and the X-axis direction (horizontal direction in FIG. 36) according to the rotation of
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5 can be cut out. [0210] That is, in the |laser cutting apparatus 2100 of
t he present enbodi nent, when the single nenory card region 2135 is cut, the
| aser beam L is scanned wi thout noving the substrate 2120 in the X axis
direction and the Y-axis direction. [0211] In the present enbodinent, as a

| aser beafie galvafiémaidit 2133 YA®2H 8. Heb b)) lcorloRNBITRE ?otaﬁ@ﬂ/ﬁﬁ@egbflth% 06 pm is
used. Further, in the present enbodi nent, when the substrate 2120 with a

printed %ﬁoﬁﬁ%?ﬁzﬁ% zfn‘asiﬁdf'c%n%ve ﬂl@%p@t‘e’i%mgd‘gc'cff rtﬁéjlélg% i P{ E?ﬁ%g@ée( Q

swi tch frequency), current value, cutting ty an

| aser wavel e of the ] aser eam kept constant
accor di nggpféétg%@ggggg&\?ﬁé{ng %I:E}Q st f)%lupi %Hmvéngc{ﬁ?a% FﬁBOtc’ggaé”eMer e the
printed ort 15is qut. Furt in the present enbodi nent, the

| aser cut ‘gbip ’?tep%fﬁbﬁs YagorFedARg m tSPlaﬁéP Pﬁ@“%umisr theamemory ¢a3e 3135 gas
at rmsphere As a result, the configuration of the laser cutting part 2100

i s made Sapdlecut gud at the same time, different fromthe laser cutting in
the gas atnosphere difficult to performother than the straight |ine
cutting, [PREO]iFled éx, én thiereskrauttingnapparates 210Dof thelpaeiengembediantat,stieged | i ne
portion such as a 20 curve can be cut by the scanning of the | aser beam

wi t hout rthy kingld memstpedriatgiod 2205 i &l de 1asbriteeim, L iskchfifed waBHutCUt ti ng
apparatus 2100 of the present enbodinent, the cutting of a predeternined

amount (e ihg APHMIrale1 20NE Y ROKELAREARA Hidiehb Wakis aﬁeﬁtﬁp of a single

nmenory card regl on 2135 in the substrate 2120, that 1Is e rotational
scanni ng p p 0 0 that the
rerory AR ERRER A b ALRE Hhck Beodin RocB RN, DY AGIREL(SP

sem ¢andy [4S i.n wh the nmenory card
Feq afe FREbIS WK ?é@e%agé“?)dﬁé‘ﬁcdo o, B AsBbeEbaditean i te base
2101 from d.positio e st by an unshwnthlrd '
transportS hg{%gﬁig@]ml%ﬁepg% Pgtdec K%gby f@‘“a%r‘i')uf éﬁ? Pulse iradintiony| j ty of
nmenory cards cut into 5chip the | aser cutting. [0214] At this third
posi ti on HedrengHQ 5WH€%§r§ﬂHgl im&enéﬁéwea@ltgwﬁe@ﬁuyeuétthealdkmaré@neon the
substrate 2120' due to the laser cutting processing is renoved by an
unshown d2s€aheHE afeehnaged mlth—thﬁe‘(ﬂé'ﬁlengﬂeoglhédaﬁem Getmarkept eonstant ocasding

performed for sure to conpletely renove the debris since there is a .
possi bi | ite $he daae wihices theaesinpontordishout and dhie case where the printed board portion

15  is cut. Further, in the present embodiment, the laser éutting is performed without
putting the substrate 2120 into a gas atmosphere. As a result, the configuration of the
laser cutting part 2100 is made simple, and at the same time, different from the laser
cutting in the gas atmosphere difficult to perform other than the straight line cutting,
the predetermined cutting line 2130 including the odd-shaped line portion such as a

20  curve can be cut by the scanning of the lasef beam without moving the substrate 2120.
[0212] Further, in the laser cutting apparatus 2100 of the present embodiment, the
cutting of a predetermined amount (small amount) for the predetermined cutting line
2130 of a single memory card region 2135 in the substrate 2120, that is, the rotational
scanning of the laser beam is repeated in a plurality of times, so that the memory card

25  region 2135 is completely cut.
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to having been sufficiently renoved by the dust collection air (to be
described later) may be left remain on the substrate 2120'. [0215] The
substrate 2120 which was cleaned is stored into the second substrate
magazi ne 2103 fromthe third position IIl by an unshown fourth transport
mechanism [0216] In FIG 34, reference nuneral 2160 denotes the

f ti d bl t 1 t ahl ey i i ded
i £ anlASbRRE D AR ERB o EERS 23T ol Eh PRl PLACL  om

surface of the substrate 2120 (nmenory card regign 213 i

pr essur menfodp t7{d regionp 2135 is¢uppisted ‘\Fi/ Ltﬂﬁ‘é’r“'é’lut g‘g% gmﬁi(ze %sg’%%ngl \E\}g?%)}%%e
setting region in which the substrate 2120 is positionﬁd nd ingtalled by
bei ng adsr fregh by sdcend gesitipn Ibimoebiestagdtyian wsbowgshiad fFaBHRYEm sur f aces
of the workpiece setting region and the top surface (front surface) and the
bot t om SiskhAGem( MeRIsubstidtaceR0 o, inreakiyb s pheaekity2afagempspesducytinthe

wor kpi ece setting region 2165 are orthogonal to the center axis (scanning

center axi L aser oscillator 2110. [ 0218] Inside the novable
g ZEE'@ﬂ)lyh% Pdfselt E\ﬁtlh .

stag I'S, opposite to the laser irradiation space S 25 with
respect to the rkphece. i | BHs sdct 4soPahdidestbdhéred oa dust
col | ect i[@r“ii% t%tF%‘éB%ﬁgglg}ﬁrl)ﬁgsﬂrﬁgérS%é%o gg to extoend inthe left and

ri ght directions X, directiqn). In.t Shinddi ashB@mnnovabl e

st age 21@%)51lbl5§éﬁef21l(49$g‘é° f‘bﬁtl’é(iﬁ%rguﬁn&tbergg{sﬁﬁlgg%% ng merfber to formthe flow
path 2162. [0219] The flow path 2162 is connected W | ection
punp 21%kaningimechorisny HeFeachihg é@alﬂﬂgtshe{?df Iaé’(f??cgﬁpﬁlt&lr}ﬁaﬂ?ﬁ%ggggegﬂgr ates a
flow of the dust collection air A 5inside t,Pg,flow ath 2162. cb[rgzrﬁ)(l?] As
shown i reotpettiygameye tredehrissinaestbereys arossiplity that he,progessa P e r ate
2120 fromthe | aser oscillator 2110 so as to cut the sane, %ﬁgeﬁ]ocessi ng
debrjgS HHa¢theAsees cofficiad]yiestovadibyebe dngreollnetian g (todiFrdeae O ThE Y ear
surface of the substrate 2120. The dust collection air A2 has a role of

pr event iyageft HemBOSLHSisaBstelabri20’ar i sen 10 particularly on the rear surface
of the substrate 2120 from adhering to the rear surface of the substrate

2120 an rubSGRE V10O WRINGHasZABhddds brorakine itatdcomt sibstrated
col | ect ?[Rgl%]ﬁ@f%%‘rﬁgg ilter attached to the dust collection punp 2170. A2

in FIG 34 den =PI 89 2AAnkAGk & €buieh frivesppreanechanisg. debri s
gener at e‘Ba%ﬁquﬁ%ﬁ%ot??rgﬁnﬁésHﬁgaﬂé%q@? de of the substrate 2120, and being

sucked b[\flzwﬁndﬂi%t. 32,0 rlelff(:ar%;[lci:eorrﬂumeral 2160 denotes the aforementioned movable stage,

15 and the movable stage 2160 is provided with an adsorption head (support member)
2161 which adsorbs the bottom surface of the substrate 2120 (memory card region
2135) by negative pressure.
{0217] Further, reference numeral 2165 denotes 2 workpiece setting region in which
the substrate 2120 is positioned and installed by being adsorbed by the adsorption

20 head 2161. The top and bottom surfaces of the workpiece setting region and the top
surface (front surface) and the bottom surface (rear surface) of the substrate 2120
disposed in the workpiece setting region 2165 are orthogonal to the center axis
(scanning center axis) LO of the laser oscillator 2110.
10218] Inside the movable stage 2160, that is, opposite to the laser irradiation space S

25 with respect to the workpiece setting region 2165, a flow path 2162 for a dust

collection air A2 (second air) is formed so as to extend in the left and right directions
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15 punp 2170. [0221] The | aser receiving nmenber 2180 is provided bel ow the
wor kpi ece setting region 2165 inside the flow path 2162 so as to have a
simlar area to that of the workpi ece setting region 2165. The | aser
receiving nmenber 2180 is a nenber for receiving the |aser beam L havi ng cut

and passei gheai). TthepHbsent sinBodikedht he RRFALIZadd R 106 10 KRI L% f6f t 1 NY

- region 2165 and preventing damages of the novabl e stage 2160 by the |aser

beam In & fm&ﬁg@?g%g%?ﬁhﬁ éhghaﬁgrptl on head 2161 is provided

on the scannl ng cent r oscillator 2110, the | aser

receivin V|ded 0 as to round t he
adsor pt i ggiggﬁgﬁeﬁéﬂ pah':[ CTHRES ?i% }ﬁ&ﬁﬁ%ﬂﬂm&p apd syekdngr ap) y
made of tst{(ﬁ) nafbﬁrl al e ceI | ent % & reS| st ance é}@l re resistance) and
heat - di ssfOfRetq eskﬁtfce REFRILPWERR 144 ssneraten arflown af eallection 28 AFur t her ,
t he cover, menber 2190 is formed so as to surround a |aser irradiation 5
space 5SS vipsign thasflawpaie 2167t ween a | aser emi ssion surface 2110a (for

exanpl e, equivalent to the final |lens surface of the condensing optical
syst em 21022@]rdswhown il tie fighie, fwhmm thilaser béwen s diradie@thonsthe gubdtege i n t he

| aser oscillator 2110 and the workpi ece setting region 2165. In other

wor ds, t IE2088@h the Faseh datilrorSa0&02sG0 \at B shine! DR JrO¥REInERIEBESE saddf 1 S a
space facing the | aser em ssion surface 2110a of the tolaser oscillator

2110 and ghhamPakRbBsS ﬁ@ihtth@ﬁoh?ﬂlrﬁfbe?a%ﬁqm R Shirh &l the sﬁ!lgb‘; ¥ $Jg, METber

2190 has an opening which allows the | aser em ssion sur ace a to be

S osed MQuiPeplRE8h ab ARTLL LAY FipFen ﬁngglﬁid%fo@%fg%e 3 @, Sur face

2190a provi ove the workpiece s a Stle surface
21500, S el U, A6 e I eaab?ra@zﬁ SRR
gg\élelr | at g??%i@sga{”%zﬂ an]:i%rlggeq rggelgﬁlgtlgcxggérrfl%a Ragede\sl\g]rﬂle% lgIcrttPn% l aser
collecting them on a filter attached to the dust collection pump 2170. A2’ in FIG. 34
denotes a dust collection an A2 including the processing debris gencr.ated at the
bottom surface side of the substrate 2120, and being sucked By the dust collection
15 pump 2170. |
[0221] The laser receiving member 2180 is provided below the workpiece setting
region 2165 inside the flow path 2162 so as to have a similar area to that of the
workpiece setting region 2165. The laser receiving member 2180 is a member for
receiving the laser beam L having cut and passed through the substrate 2120 disposed
20  in the workpiece setting region 2165 and preventing damages of the movable stage
2160 by the laser beam. In the present embodiment, since the adsorption head 2161 is
provided on the scanning center axis LO of the laser oscillator 2110, the laser

receiving member 2180 is provided on an XY plane so as to surround the adsorption

head 2161.
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[0225] In FIG 34, at the lower portion in the left side surface (one end
surface in the X direction) of the side surface 2190b of the cover nenber
2190, that is, at the position closer to the workpiece setting region 2165
than the | aser em ssion surface 20 2110a, an intake port (first air intake
port) 2191 is fornmed. On the other hand, on the right side surface (the

ot her end surface in the X directi ' %1 2Q6sl1dnpat i s,
on the I {ﬁﬁﬁﬁ%ﬁeq’eﬁw{‘%ge f gggaﬁ)srlgl{/elfegge‘gyg%%%ﬁ? gé tﬁ%ﬁ?trﬁ% left side
surface by sandw ching the workpi ece sett.i regron 216 o aust
port 2192&:@ regipianer (frozemyta a&&ﬁw ')’(‘ﬁiﬁﬂgflr&%&o?‘%ofﬁﬁé? gucggir%nag{é%% With the
dust collection punp 2170. 25 Hence, sucking force of the dust collection
punp 21%0dgeramrias.es a fl ow of the dust collection air (first air) Al from
the air intake port 2191 flowng into the cover nenber 2190, that is, the
| aser i I[pzEs13tirGer, Ipeceved nasmbdr 208D iy faratedfsoamte herreynd elaseiuisradipion 2192,
Since both of the air intake port 2191 and the air exhaust port 2192 are

formed i Wlhgsﬁﬁf aké BEweEn bhescs @udssiomsiréace 21902 (fopskamplet he dust
col Ingct isgﬁéé;igr fslags\(/f\;/s al ong the surface of the substrate 2120 di sposed in

the workpi e%?ﬂ?%{ﬂg%{lf&{s%gr%a@éf iHeQRRdbnsTiBbptical sjtemP1SE showhdati on air
rocessi ng de I

Al prevéfity Fis particularly generated at the front
surface side _of the, s trate 21 ' : j dspé face of

t he subﬁlpat%é) ?P%Wh%fﬁgﬁﬁgasse eb?a(gl% gs %‘%‘R{cggﬁﬁ@g ]:ang ({sﬁ%fr?\ngnﬁtlﬁreﬁfi I'ter
attached to the dust collectio 2170. ' d.n he dust
col | ect i werkpigce Aptiing fF&‘@P@aﬁkg?‘i B&%W&E&S&%s?{é&a Eggaggé?%sﬁleg&g‘?e? he front
surface side of the substrate 2120 _and bei n’% sucked b fthé ggsgf | I ection
punp 2174y theG28] membee2tdd is acpask {Asingthe Jasar Fissn 1EfasE ¢4 L0 LW odi nent
the dust collection air Al flow ng inside the cover rre_nbe{ ﬁégo and the
dust 1¢c ol Jasetdsoillagirr2140 ahil dh workpieasgHingwsgiondid o5 atipesiigslly nOF §8Vehe

novabl e stage 2160 can renove the processing 15 debris generated in the
front supb@®er 8idichana dpeaingeahich allbwsdhelader wpissing sutfaes 2108 9 P30 as a
wor kpi ece. Consequently, even when the generating anmount of the processing

debris f ,&ﬁ‘s DetS HRShEG iR adiha0n spacerSaind indledadiaopsogacs 21902 povidedsi ng
debris Wlé %otﬁh surfaces of thepsubstrate 2120 can be effectively

suppr essebdqvg[tgg %&hﬁé’&%ﬁﬁnﬁ)&?mf&%ﬁ%ﬁd@ obfRRt1190baurrowdig ok t hr ough

the | owef yer ance romthe |laser em ssion surface 2110a within

the Iaseégigﬁr’ hgci ﬁﬁ'h] gné%%f(gwﬁe 12208 Adih G %ﬁg{gcgyppressi ng the adherence of

t he proc { I'S generate t the top surface side of the

ig{’ Z;srq 2; [60222411]2 '?‘hgng% being Sittot b bl $nd BREEn S MEDARDSHE AGEr MmiHdRr 2o De

may be formed so as to surround the whole of the laser oscillator 2110.
{0225] In FIG. 34, at the lower portion in the left side surface (one end surface in the
X direction) of the side surface 2190b of the cover member 2190, that is, at the
positién closer to the workpiece setting region 2165 than the laser emission surface

20  2110a, an intake port (first air intake port) 2191 is formed. On the other hand, on the
right side surface (the other end surface in the X direction) of the side surface 2190b,
that is, on the lower portion in the surface provided opposite to the left side surface by
sandwiching the workpiece setting region 2165, an air exhaust port 2192 is formed.
[0226] The air exhaust port 2192 is connected with the dust collection pump 2170.

25 . Hence, sucking force of the dust collection pump 2170 generates a flow of the dust

collection air (first air) Al from the air intake port 2191 flowing into the cover
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[0230] As shown in FIG 37, the air intake port 2191 of the cover nenber
2190 may 25 be provided with an air deflection nenber 2196 such as a | ouver
which forcibly directs a flow of the dust collection air Al toward the
substrate 2120 (workpi ece setting region 2165). As a result, the renoval

ef fect ofméMBedZ100e Bk Y tteREESiraliatide sPh& S aRd h%ﬁﬁﬁ@&uﬁrém%e GRN be
i nproved nmuch nore. [0231] Further, as shown in FIG~38, the top surface

(front sy of

s to contlanabe yﬁi?&pr%@%i@rﬁgf?% e BEER01 abPthe APBBSLAG 397 2

ext er nal and E2 ward t he,in Si d en de.

bor 41 ons aa‘f’%rﬂ% R Foaferirrtons  {nfever maGoph 2690, Bl b AR gUisiRa. The
portions Cl C2 are portijions_along the side surface of the adsorption
head 216Ri 4%& Orrré%aion&ﬂrﬂrsarfaseof theesubsais 7d A disposed ghaavorkpicse setting
conponent parts shown in FIG 34 are attached with the sane reference

nuner al sreglop@zéé] In FIG 38, in other words, when the | aser receiving
surface 2181 is closer to the scanning center axis LO of the |aser beam and
t he adsoPp227rTHae &y tReldhist colledtionl aic Allipeelvents the processiniidebris phiticappiyoach t he
wor kpi ece setting region 2165. [0233] In this case, in the left side

portion (degéridtipdtitRe frohehffdRGidelofhe 4PBItFa8@ D1 20 f8m ARRIink ?6 BAc/frbgk Sur face)
218la fromthe adsorption head 2161 within the |l aser is réceiving surface

2181, theyhpet aﬁa@saba?até 3390, dnfIQRis 4 B MJlﬁEﬁn% iiﬁeh??h $hd ﬁﬁéﬂ QenLPeo

gradual | y approach the wor kpiece setting region romthe upstream side

to the dqwaart%aﬁpl%ﬁwﬁ)fm PP, 2 BadASAE dust cdhickligaflaf he dust

collection air e sec area o ow pat h 2162
beco S dual Iy smal | er oss osi ti of. .t he ext si de
por t1n endlifisbe R dhe AGIEE AR LB s Rehint SRS B0 e
posrtlon center 0 t|o Cl, Hence e flowrate of the dust
col | ecti tﬁgglaf‘ Rﬁ“’ﬂ%\ﬁ)‘ﬁbgi’ﬁ@r‘i‘f %‘F’é’&s‘égnﬂ 8@% the center side portion
Cd. Furthernore, a flow of the dust collection air A2 in the vicinity of

t he subsif%4&d Pﬂsl%qléedjébqvéeﬂ@iﬂ’“’th@gttﬂéhf‘sl’,ﬂ%'%ma’f@oﬂilﬂ@“bﬂletd%t g@llegdionunction

of the upstream side | aser receiving surface 218la. Consequently, the dust
col | ect i @ir b fowing insédecte doger member 2190 and the dust collection air A2 flowing

through the flow path 2162 inside the movable stage 2160 can remove the processing
15  debris generated in the front surface side and the rear surface side of the substrata

2120 as a workpiece. Consequently, even when the generating amounf of the

processing debris from the substrate 2120 is grear, the adherence of the processing

debris with both surfaces of the substrate 2120 can be effectively sﬁppressed.

[0229] Further, since the dust collection air Al flows through the lower layer distanced
20  from the laser emission surface 2110a within the laser irradiation space S, some effect

of suppressing the adherence of the processing debris, which is generated at the top

surface side of the substrate 2120 and rises, with the laser emission surface 2110a can

be obtained.

[0230] As shown in FIG. 37, the air intake port 2191 of the cover member 2190 may
25  be provided with an air deflection member 2196 such as a louver which forcibly

directs a flow of the dust collection air Al toward the substrate 2120 (workpiece
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25i nproved wi t hout changing the sucking ability of the dust collection punp
2170. [0234] Furthernore, the increase of the flowrate of the dust
collection air A2 flowing along the |aser receiving surface 2180 can
efficiently cool the | aser receiving nmenber 2180. [0235] The | aser beam L

i ncident on the |aser receiving surface 2181 after passing 5through the

substrate 2120, | ece_sett.l eqgi ' i pkections

G 7 er GHRUPE TR0t 105y Bag el eV ke oY s ploB o Gbrisycht
receiving surface 2181 is inclined, In other words, the angle of

i ncl i natlhsreoleckionair Adesan becRRFPKE! TYFR MA2C2181 to the bottom surface (the
wor kpi ece setting reference surface) of the workpiece setti regi on 2165
and t he[023d] Farthérmee sgwa e FEGLY, the wpsupace §ff%’§t5“§f6°?)h%§tglt°:}g’ IP%‘%er 10 beam
L reflected on the | aser receiving surface 1281 is not directed to the

wor Kpi eg&eeslihf inftintiee 2180° D36 5e ifidlRRa]soHydo somtimmaslyotpproachitheer recei ving
menbers 2180 and 2180' shown in FIGS. 34 and 38 nay be provided with a
shape al\,}émeg’,iraﬁe E&ﬁn# ?égl%n begstiom e cxtahilaidagionell ent &2 oweid e a mat t
shape and a shape of alternating ridges and valleys. In this 15case, in the
| aser receivi I ' El Vi 1sGh @GR abdilguyly it ma
be conc éﬁl%ﬁrd;eg@ﬁ%‘?pglﬁg’zé%ﬁf’ﬂ%l An® CB¥natGDSREA Uk quyly y

ace having the 'scattering shape continuously
does not approagch the Kpi setti: ' h@ser
recei vi NgVSE-f iﬁ%l’%‘i’é’f\é\g@ %‘%@Z@res%&rr#lggseg@g 8 ?%e%égg?raf%%wﬁgsié ﬁ%édgﬁtsl&(’:lgt tering
shape continuously approaches the workpi ece. setting.r.egj In the
pr eg ent lwnﬂ)aélﬁheﬁ%/f,th‘gg& B -ntps %W%{%BEB@S ?O(mringgdvelﬁﬁrl]‘gg: Oﬁ?gg “¥he | aser

receiving surface is inclined so as to conti r}uouslx aglptioach t he wor kpi ece .
set t i ng paelgisbown in FIG. 34 are attached with the same reference humerals.

10 [0232] In FIG. 38, in other words, when the laser receiving surface 2181 is closer to
the scanning center axis LO of the laser b.eam and the adsorption head 2161, it is
inclined so as to continuously approéch the workpiece setting region 2165.

[0233] In this case, in the left side portion (hereinafter, referred to as upstream side
laser receiving surface) 218.1a from the adsorption head 2161 within the laser

15 receiving surface 2181, the upstream side laser receiving surface 2181a is inclined to
gradually approach the workpiece setting region 2165 from the upstream side to the
downstream side of the flow path 2162 (that is, a flow of the dust collection air A2).
As a result, the sectional area of the flow path 2162 becomes gradually smaller across
from the position of the external side portion E1 of the upstream side laser receiving

20  surface 2181a to the position of the center side portion C1. Hence, the flow rate of the
dust collection air A2 ﬂowing therein increases toward the center side portion C1.
Furthermore, a flow of the dust collection air A2 in the vicinity of the substrate 2120
is deflected to the substrate side by the guide function of the upsiream side laser
receiving surface 2181a. Consequently, the dust collection performance can be

25 improved without changing the sucking ability of the dust collection pump 2170.
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[0237] Further, the |laser receiving surface 2181 of FIG 38 is closest to
the workpi ece setting region 2165 in the center side portions C and C2,
and the external side portions El and E2 are nbost away fromthe workpiece
setting region 2165. In contrast 25 to this, for exanple, the |aser

recei vi nqos34]fRemeidrePthefiféBet 5tha RACTMEYS IR UusnEs 1c2Hbh 3FEAS ARt oUS! Y
inclined fromone end side to the other end side such that the one

external  $d3ehRdet el ty fleQ e rek D L i on
2165 and at hr%e‘ot her ex{' ernh%ﬁ‘r?i}%e lggfciéf‘énﬁ%ﬁﬁ&fceé@égg%‘?8‘?{)&?@%‘5%‘? ﬁ‘%lgrece
setting rﬁg' on 2165. Further, the |laser receiving surface may be not

limted t0 an inclined surface, but nay be a curved surface such as a
concave . .5 i ght h, Enpodi ment] [0238] FIG 39 shows the
configuri&%ﬁc@ﬁ: 1%“&5%%? inetdenton thplasermsceikingrsuriaca 41281 afterpassivedi nent  of
the present invention. In FIG 39, the conponent parts comon with the
conpofenthiongh shessibspiate 2120 Grogepiogd settiveg eegionchkad) s tdflected in alimectiafser ence
to nunmerals. [0239] In the seventh enbodi nent, a description has been nade
on the casifermhieiremtthe wairkpiced sdting orgion 1@ BdcaasdthicHeseairécetvingyeifageor t i on
2192 are provided at the positions closer to the workpiece setting region

2165 t har18bid inelihek eln @heswoR, fierdnateolihélaation of the 1fier FRURAIngRITERE 2190.
In the present enbodinment, a cover nenber 2190' integrated 15 with an

ai r - gui dong1 e HRYotdhPRurtae (Ml WofkpikRdett e?é?cl?d:ersui:fat:??ﬁ tho Woirﬁgeleée; econd

air intake port) 2198 is provided al so at position cldser to t ser

oSS! On sink 36608 219 bRthd Raf NI Gbehld 2 S QiR et N 1 e

10  beam L reflected on the laser receiving surface 1281 is not directed to the wdrkpiece
setting region 2165.
[0236] The surfaces of the laser receiving members 2180 and 2180° shown in FIGS. 34
apd 38 may be provided with a shape allowing the [aser.bcam to be scatteringly
reflected such as a matt shape and a shape of alternating ridges and valleys. In this

15  case, in the laser receiving member 2180° of FIG. 38, observing microscopically, it
may be conceivable that the surface having the scattering shape continuously does not
approach the workpiece setting region 2165. However, the Iaser receiving suri;ace
2181 as a base surface of the surface having a scattering shape continuously
approaches the workpiece setting region 2165. In the present embodiment, including

20  such a case, it is defined that the laser receiving surface is inclined so as to
continuously approach the workpiece setting region.
[0237] Further, the laser receiving surface 2181 of FIG. 38 is closest to the workpiece
setting region 2165 in the center side portions C1 and C2, and the external side
portions Bl and E2 are most away from the workpiece setting region 2165. In contrast

25  to this, for example, the laser receiving surface may be formed as a one-way inclined

surface continuously inclined from one end side to the other end side such that the one
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(that is, cover menber 2190'). [0240] A top surface 2190a of the cover
menber 2190' is distance downward fromthe 20 | aser em ssion surface 2110a
as conpared to the seventh enbodi nent, and the cover nenber 2190' is forned
such that the cylindrical air-guiding menber 2195 penetrates the center of
the top surface 2190a. [0241] The upper side surface 2195a of the

air-guidin er 2195.exte f : f the
cover merBER 3RsPorE B TF pREE R AT the AP RE LA Rt R e o
surface 2110a. That,is, ,the laser em ssion surface. 211 | 458X into
the |asetheirrc?<§ail%t8i4ﬁ1p°§§8€§?ss icf&sF%fé"t%ﬁ%Wc?E}ﬂPé“r“r?Sﬁ’d’ mg%’é’oﬁ@h@ﬁ‘z@?ﬁg the
i nside of the air-guiding menber 2195, Further, tae é{ovxe‘g Si debsurface
2195b othe haeeraicceiyiguntacerariydre pofdanissd Writisin PR BHe"E &ser
irradiation space S fromthe top surface 2190a of the cover nenber 2190'.
Furt her cufved supfaes ssdhos scorfcaces@ffBa of the air-gui ding menber 2195 is
formed with the air intake port 2198. 5 [0242] In the present enbodi nent

alsog simlarly to the seventh enbodi ment, the air intake port 2191 and the
ai r exhaust port 2192 are formed at a position closer to the workpiece

setti ngiﬁ%{&ﬁf@%@g{'éﬁgn to the |l aser em ssion surface 2110a of the cover

menber nce, sucking force of the dust collection punp 2170,
gener at flow,of .a 10 dust. cld [ [thOwh ; er
menber iﬁé@] ﬁ&oﬁ??h@wﬁﬁe (foﬁltﬁegﬁlgzldﬁglr(%ﬂ 3(2)1%% %H@%%dg%mﬁg ou{Eh19 r Tgﬁn%%%gyai r
exhaust part 2192, so that the pro i debris gener . ront
surf ace @FWI@Fthféﬁ% H%??'d?&c@g@? C@Zﬁ(%ggp&‘g\?gﬁ?gae]ﬁrp%%&%? ﬁ@?élﬂ‘gﬂﬁo t he
front surface of the substrate 2120. ,L0244@Fgrt.gler, in thF é)resent

enbodi nghe cemponent paitssheyn {hEIGohWilk be pligrbed WH thy game relerence

10  numerals.

[0239] In the seventh embodiment, a description has been made on the case where the
air intake portion 2191 and the air exhaust portion 2192 are provided at the positions
closer to the workpiece setting region 2165 than to the laser emission surface 2110a in
the cover member 2190. In the present embodiment, a cover member 2190° integrated
15  with an air-guiding member 2195 is further used, and an air intake portion (second air
intake port) 21.98 is provided also at a position closer to the laser emission surface
2110 than to the workpiece setting region 2165 within the air-guiding members 2195
(that is, cover member 21907).
[0240] A top surface 2190a of the cover member 2190’ is distance downward from the
20 laser emission surface 2110a as compared to the seventh embodiment, and the cover
member 2190’ is formed such that the cylindrical air-guiding member 2195 penetrates
the center of the top surface 2190a.
[0241] The upper side surface 2195a of the air-guiding member 2195 extends above
from the top surface 2190a of the cover member 2190 so as to surround the periphery
25  of the laser emission surface 2110a. That is, the laser emission surface 2110a is

exposed into the laser irradiation space S inside the cover member 2190° including the
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15 flow path 2162 for a dust collection air A2 is forned so as to extend in
the left and right (X direction) directions. Hence, sucking force of the
dust collection punp 2170 generates a flow of the dust collection air A2
inside the flow path 2162, so that the processing debris generated at the

rear surfiidige sf&@@lf-%ﬁihﬁlgsmb@belamgJﬁxﬁtm,rthe%@élesw@&ﬁ@aéemmsa%% ng to
the rear surface of the substrate 2120 and the surface of the 20 | aser

Cucki ng. i ERoes e 258 oSt g 1061 RE R BRI ER RS hom UYLt

port 219 ener at a tl.ow of a dyst lecti,on air A3 f.low f the air
ot ke pdo S0TAR 21207 of IR'Gcier el 2790 120, Bs ot s Suihe 21350
menber 2190 and f|.owi ng out _fromthe air exhaust port 2192. The air- 25
gui di ng l‘i’zﬁ%i‘lrﬁi‘ ng,ggengwfgilQS bﬁ‘n%oé{?ieei“ﬁ &'ﬁi%“&ﬁ?é‘te Roi P& i on air A3 from
the air exhaust port 2198 to the workpiece setting region side (that is,
downvér dY0243]dm Al presst cabadisaens alsosimailarisne e sevensh Reborlonen; the A3
prevents the processing debris generated on the front surface side of the
subst r at éntake Poftr2dAi mnd ihregair nshaist pore 2402 agpuodined atre pbeitiod t&seatudthe eachi ng
the | aser em ssion surface 2110. Consequently, the processing debris is
prevent edvd‘rkpi&baﬁélﬁﬁ% ReEid® 21 O tHade the s eiSémisiod Ishfaee 21103%f the apebra
probl em such as the lTaser beam L bei ng bl ocked by the processing debris
adher ed GLenhg 41@per em ssion surface 2110a can be avoi ded. [0247] As
described also in the seventh enbodi nent, the present enbodi nrent has an
effect t I i i r of the
15343 A Snckil (Bfte Il SO DIt B9, B P HOb R

| aser ir t1on 'space erence o

or osSht nniomTiseiet fir (CRPRiALES RReISLABHE 2257 SFaRdRe ot oBhprcossi ng

debris t e |l aser. em ssion,surface 2110 enerating a flow of the dust
Cor eot 1 310D aRd BRNing BuSR RS il FRIR T ERG A oR e Bk MepeSising dobPb aco

2110a, even when a generated ampunt of the processing debris fromthe
subst r at enerated;an the deont surface side of the substrate 2102 can be prevented from

adhering to the front surface of the substrate 2120.
[0244] Further, in the present embodiment also, inside of the movable stage 2160 the
15  flow path 2162 for a dust collection air A2 is formed so as to extend in the left and
right (X direction) directions. Hence, sucking force of the dust collection pump 2170
generates a flow of the dust collection air A2 inside the flow path 2162, so that the
processing debris generated at the rear surface side of the substrate 2120 can be
prevented from adhering to the rear surface of the substrate 2120 and the surface of the
20 iaser receiving member 2180.
[0245] Further, in the present embodiment, the sucking force of the dust collection
pump 2170 connected to the an exhaust port 2192 generates a flow of a dust collection
air A3 flowing from the air intake port 2198 near the laser emission surface 2110a into
the cover member 2190° and flowing out from the air exhaust port 2192. The air-
25  guiding member 2195 has a role of guiding this dust collection air A3 from the air

exhaust port 2198 to the workpiece setting region side (that is, downward).
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15[ 0248] A3' in FIG 34 denotes the dust collection air A3 including the
processi ng debris generated on the front surface side of the substrate 2120
and being sucked by the dust collection punp 2170 fromthe air exhaust port
2192 common with the dust collection air Al (A). [0249] In the present
enbodi nent al so, the air deflection nenber 2196 and the | aser 20 receiving

bo al so, the air del 2 20 recei vi
Fr oo, sTOR B SR G o A AR SRR ol A g B BRRESU0T  acvor ai ng

to the above descri bed, sevent h_and.ei h ' t q Lng
debris gebds gensdatse opthe Honk LS Sf‘fco%{}thg 3?@%@% §1 eisﬁérfftln1 Iéé) Flfeggr%;s/%l by the
first air flowng inside the cover er, and at the essing debris
gener at @ir-gHdg membeipt 195 wrkreaghipg g%nﬁé@ec‘gﬁsﬁi@“c“& aﬁ%ﬁ@ﬁo@%‘&ﬁﬁ?“ﬁ 2
second air. Consequently, even when a generated anount of the qr8cessi ng
debris fihoprchesingdétpisds préventpddaem adheringitrothedaser emassias swcp A0 des of
t he workpi ece can be effectively suppressed. [0251] Further, according to

the gbovgddasebicheshchauend hsanbkagi itteingeblookiidientie, protassiagalebtiow of ai r
fromthe | aser em ssion surface side to the workpi ece side is 5 generated

| nsi de g LaY6indRERmisGYR i@ {108 aTbekoRfedpr 0cessi ng. debri s

generate romthe workpiece is great, the adherence thereof to the | aser

em ssi Or}p%%pgﬁctgﬁgﬂﬂe&) Qs6hd ﬁfetécgg{l%{l e?nﬁo?ﬂ'iﬁ@ﬁt? the presdn? éRdbdimun lAgs aRre, the

pr esent s not i.mte se preferred enbodi nents and vari ous
o e TRt SRR P M Bl 1R A om P
irradiation space S, thereby suppressing the adherence of the processir_lg debris to the
10 laser emission surface 2110a. Further, the present embodiment can effectively prevent
the adherence of the processing debris to the laser emission surface 2110a by
generating a flow of the dust collection air A3 proceeding downward from the laser
emission surface 2110a, even when a generated amount of the processing debris from
the substrate 2110 is great.
15  [0248] A3’ in FIG. 34 denotes the dust collection ajr A3 including the processing
debris genérated on the front surface side of the substrate 2120 and being sucked by
the dust collection pump 2170 from the air exhaust port 2192 common with the dust
collection air Al (Al').
[0249] In the present embodiment also, the air deflection member 2196 and the laser
20 receiving member 2180’ having an inclined laser receiving surface described by using
FIGS. 37 and 38 in the seventh embodiment can be adopted.
[0250] According to the above described seventh and eighth embodiments, the
processing debris generated on the workpiece front surface side can be removed by the
first air flowing inside the cover member, and at the processing debris generated on

25  the workpiece rear surface side can be removed by the second air. Consequently, even
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1. Alaser cutting apparatus which cuts a workpiece set in a workpiece
setting region with a | aser beam conprising: a |laser oscillator which
emts a | aser beam and a |l aser receiving nenber which is provided

inside a flow path r a dust .collection, ai.r .and .recei.ves the | aser beam
navi ng pa¥oeaAPHaH wumhal 5 pE s NeRy® 2R gy Vb iee R gerblF | po

| aser receiving nenber includes a _|aser receiving surface which approaches
t he wor kppehegericsitheraef todwthypides ehtheivorkpicce san Be gHeetively genmiessedam si de of
flow of the dust collection air. 2. The laser cutting apparatus according
to cl ai m 0250hEuishar, adeerding & theaaboive idnseribed secmtiapnd cmbHeembodimentskpi ece
setting region froman outer portion to an inner portion of the |aser

recei vi ngsimegth €low ofir frbm thadever eniissisigsafpasileus theworkio@ dide Bl aim 1 or
2, wherein the |laser oscillator capable of scanning the | aser beam and

- whereifn t B dac®insiRARE ¥biG rﬁé&ht)éaq%y&p&he@ﬁl@f‘asnémgwf&ﬁkﬁﬁgdé&ﬁ%i ng region

as approaching a scanning center axi of the |aser beam .~ The | aser
o' suppor { PARERbY BoRFBRMUREIcHE (PEC I RlhoferRt Mordol @ e AU AMBSORCE ¢ e
settng r5FSH A8 D5 PGl AP RE Buppor t member . 5. The | aser cutting
D o IO B min i sl ARG B e et o
the ver kpélgggdiments and various variations and modifications may be made without departing |

i0  from the scope of the present invention,
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WHAT IS CLAIMED IS:

1. A laser cutting apparatus which cuts a workpiece set in a workpiece setting region
with a laser beam, comprising:

a laser oscillator which emiis a laser beam; and

a laser receiving member which is provided inside a flow path for a dust collection air
and receives the laser beam having passed through the workpiece setting region;

wherein the laser receiving member includes a laser receiving surface which
approaches the workpiece setting region from an upstream side to a downstream side of

flow of the dust collection air.

2. The laser cutting apparatus according to claim 1, wherein the laser receiving surface
approaches the workpiece setting region from an outer portion to an inner portion of the

laser receiving member.

3. The laser cutting apparatus according to claim 1 or 2, wherein the laser oscillator |
capable of scanning the laser beam, and
wherein the laser receiving surface approaches the workpiece setiting region as

approaching a scanning center axis of the laser beam.

4. The laser cutting apparatus according to any one of claims 1 to 3, further comprising
a support member which supports a laser receiving member side face of the workpiece, and
wherein the laser receiving surface approaches the workpiece setting region as approaching

the support member.

5. The laser cutting apparatus according to claim 1, wherein the workpiece is a
semiconductor substrate, and the apparatus cuts semiconductor device regions formed in

the warkpiece.
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