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| aser processing 5 nethods and | aser

processq ‘m“ ’ used for cutti
objects to be processed such as sem conduct or mmmﬂmm@ ’ bstrates "
pi ezoel ectric material substrates, and gl ass substmat-es. Backgrouhd Art 10

One of |aser applications is cutting A typical cutting process effected

by laser is as follows: For exanple i j
ERRPTH be cut in an object to be
processed such as a sem conduct or maFEr or glass substrate is {rradlated

wih aser Iight hayl ngﬁgéagvgae_ggh?ﬁgsg@@g BYoLb8s Ohiy eAbpaserdb that

mel ting upon % AEt ngt aser [1ght abSorption fromthe

surface to rear face of object to be processed at the
art to be cut
wher eby the obf€ ?1?69 E gPocessed is cut. However, this ngthod al so nglts

surroundi ngs of the region to.b fht t 0
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substrates, piezoelectric material substrates, and glass
substrates.
Background Art

10 One of laser applications is cutting. A typical
cuttingprocesseffectedbylaserisasfollows: For example,
a part to be cut in an object to be processed such as a
semiconductor wafer or glass substrate is irradiated with
laser light having a wavelength absorbed by the object, so

15 that melting upon heating proceeds due to the laser light
absorption from the surface to rear face of the object to
be processed at the part to be cut, whereby the object to
be processed is cut. However, this method also melts
surroundings of the region to become the cutting part in

20 the surface of the object to be cut. Therefore, in the case
where the object to be processed is a semiconductor wafer,
semiconductor devices located near the above-mentioned
regionamongthoseformedinthesurfaoeofthesemiconductor
wafer might melt.

25 Known as examples of methods which can prevent the

surface of the object to be processed from melting are

: [T
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surface of the object to be processed fromnelting are 1 * *
FPO1-0144-00 | aser-based cutting nethods discloseg in Japangggoggt
Application Laid-Open No. 2000-219528 and Japanese Patent Applicgggéﬁ0144'oo
Lald-Cpen_hb. 2000-15467. In the cutting nmethods of these publications

the part to be cut in the 5 object to be processed is heated with Iaser1
light, and then the object is cooled, so as to generate a thermal shock in
the part to be cut in the object, whereby the object is cut. Disclosure of
the I nvention Mhenrideed harmminshecihgimet @b sed the HHFEST 0P B0
processed is large in the cutting methods of the above-nentioned
pubI|catlons,Apﬁn&x%a&&afMﬁﬁkﬁckuneycsuéﬁooaé1ﬁﬁé§eaﬁévﬂéPFH§5Fr%ﬁ¥??%es to
be cut or those extending to a part not irradiated with |aser nmay occur
Therefore, tAesEi €t 1dmg Lavchogencaimot 280R-dwd édr-eci sPort eut £¥h ings when
the object to be processed is a sem conductor wafer, a glass substrate

formed with anétlgeds of yshabe dbsipl ayadeenge, therparfl &8sPeubYtr P e #or med
with an el ectrode pattern in particular, sem conductor chips, |jiguid
cryst ab d|spI@yjedewuﬁbe,pnoceSsedﬁbd@e@éﬁﬂbwﬁ§hn%§s%%]&éﬂﬁge&rﬁLgH?B t he
20 unnecessaryfractures. Al so, average input energy is.so hig in these

. h
cutting met hotlsetdiadethe ¢ loooteld, daPRge FAPIERLERTE & (HE W CORGHctBr chip

and the like is large. It is an object of the pre [ ' '
- ent_iny |
the part to be cut in the object, wﬂ%re y the ogyééQQu§8thOV'de

Disclosure of the Invention
When the thermal shock generated in the object to be
10 processed 1is large in the cutting methods of the
above-mentioned publications, unnecessary fractures such
as those deviating from lines to be cut or those extending
to a part not irradiated with laser may occur. Therefore,
these cutting methods cannot achieve precision cutting.
15 When the object to be processed is a semiconductor wafer,
aglasssubstrateformedwithaliquidcrystaldisplaydevice,
or a glass substrate formed with an electrode pattern in
particular, semiconductor chips, liquid crystal display
devices, or electrode patterns may be damaged due to the
20 unnecessary fractures. Also,averageinputenergyissohigh
in these cutting methods that the thermal damage imparted
to the semiconductor chip and the like is large.
It is an object of the present invention to provide
laserprocessingmethodsandlaserprocessingapparatuswhich
25 generatenounnecessaryfracturesinthesurfaceofan<ﬂﬂect

to be processed and do not melt the surface.



| aser processing nmethods and | aser processing apparatus which

no unnecessary fractures in the surface of ag ogrect to beCproggsgegerﬁte
do not nelt the surface. 2 FP01-0144-00 (1) The |aser processing'%%ﬁﬁf@?é%foo
accordance with an aspect of the present invention conprises a step of
irradiating an object to be processed with laser light with a

l'i ght -converging point |ocated therewithin, so as to form5 a nodified
regi on caused by multiphoton absorption within the object along a cutting
line al ong which the)obj @tte 3heakdrbeesuing Infetitns: an; 3CQOE@PREF st ar t
region in the part to be cut in the object to be processed, the object to
be processed arcagsecthr okenhlay e erseiret | Vievgn shelh | CPBPEESEH as Sttc?poe‘ggut 10
In the Iaser processing nethod in accordance with this aspect of the '
present i nvenbireniidtie@hinecb;eot beo propessedsid Wigker Sedl éﬁ@hﬁh‘é“ﬂ? ne

al ong which the object is intended to be cut wusing the nodified region as
the starting okght-vhenelryircpobbf eotcategd Eéleéw.ltlhéh“ce?otar%t(?bf%%f' to be
processed 15 can be cut with a relatively small force, whereby the object

can be cut wid heuti fjenensging weneeesbar yul Faebares a@WﬁPFH@X ¥+t he

l'ine along which the object is intended to be cut in the surface of the
obj ect. The l@sepbpectessomy anethotn¢ ﬁi@@c@#‘a’aﬁd@jﬁhﬂh?ﬁibs_"ecfosggbégt of

the present invention |locally generates nultiphoton , absorptio it i
. I . t
obj ect to be lpr ongssedf therebysfarahgtla %ﬁ??iré%ﬂlr%“gil&%’?hg’?gfto?én the

e aoa ™ phior har Ay A0SO | DY LNE QULAE 0 oh D8 ORESL ol 8cBEse
can be broken by a relatively small force so as to be cut.
10 In the laser processing method in accordance with this aspect
ofthepresentinvention,theobjecttobeprocessedisbroken
along the line along which the object is intended to be cut
using the modified region as the starting point, whereby
the object can be cut. Hence, the object to be processed
15 can be cut with a relatively small force, whereby the object
canbecutwithoutgeneratingunnecessaryfracturesdeviating
from the line along which the object is intended to be cut
in the surface of the object.
The laser processing method in accordance with this
20 aspectofthepresentinventionlocallygeneratesmultiphoton
absorptionwithintheobjecttobepuocessed,therebyforming
amodifiedregion. Therefore, laser light ishardly absorbed
by the surface of the object to be processed, whereby the
surface of the object will not melt. Here, the
25 light-convergingpointreferstothepositionwherethelaser

light is converged. The line along which the object is



surface of the object will not nelt. Here, the 25 |ight-converging point
refers to the position where the laser light is converged. The line al on

whi ch the object is 3 FP01-0144-00 intended to be cut may be a |iFe01-0144-00
actually drawn on the surface or inside of the object to be cut or a

virtual line. The subject of (1) explained in the foregoing also holds in
(2) to (6) which will be explained later. 5 The | aser processing nmethod in
accordance with an aspect the present invention conprises a step of

irradiating an,: 9bh&6% of19e Q%tﬁﬁ&%%%sﬁg iWiet Aict @sely ldirgltn o tthheasurface
| i ght-converging point |located therewithin under a condition wth a peak

power density,pf;al;heast dhe AfedWiDe and LG a pukseadi dibeof Ahps or

| ess at the light-converging point, so as to forma nodified region caused
by mul ti phot o, #bserdt i@y wkphhinebeiwhjrecfoakgngng 41se rallsty iwhiZh the
object is intended to be cut in the object. The | aser processing nethod in

accordance wit$ tbiswnhibhaspertpefekpeapnedenttinvention irradiates an
object to be processed with laser light with a |ight-converging point

| ocat egl 't her ewi t hi nTpadgE 2 pERREIsioR méthodi peakopowece vwidgisan §SPECH
t
|l east 1 x 108 (WcnR) and a pulse wwdth of 1 ps or less at the?

light-converging pekBtnt Thevehoien ao2Prphenomenvrpknbwarasdéptinal 2damage
gﬁrzedobg_nu:tlphoton_ absorption occurs within the object to be processed.
ptical cggeBge itpduces thesomssedst oithon leisehi n kighiobj eeth t8 be
processed, thereby formng a crack region within the
light—convergingpointlocatedtherewithinunderacondition
with a peak power density of at least 1 x 10® (W/cm?) and
10 a pulse width of 1 us or less at the light-converging point,
so as to form a modified region caused by multiphoton
absorption within the object along a line along which the
object is intended to be cut in the object.
The laser processing method in accordance with this
15 aspect of the present invention irradiates an object to be
processed with laser light with a light-converging point
located therewithin under a condition with a peak power
density of at least 1 x 10® (W/cm’) and a pulse width of 1
ps or less at the light-converging point. Therefore, a
20 phenomenon known as optical damage caused by multiphoton
absorption occurs within the object to be processed. This
optical damage induces thermal distortion within the object
to be processed, thereby forming a crack region within the
object to be processed. The crack region is an example of

25 the above-mentioned modified region, whereby the laser

processing method in accordance with this aspect of the



obj ect to be processed. The crack region is an exanple of 25 the
above-nenti oned nodified region, whereby the |laser processing nethod in
accordance with this aspect of the 4 FPO1l-0144-00 present i nvent i 'O erHd 0
| aser processing without generating nelt or unnecessary fractures

deviating fromthe |Iine along which the object is intended to be cut in

the surface of the object. An exanple of the object to be 5 processed in
this |l aser processing nethod is a nmenber including glass. Here, the peak

power density refers to,4b8¢i6heckhbbltbel daiserengitocestsing serdtdEart | j ght

at the light-converging point. The |aser processing nethod in accordance
Wi th an aSpeC%enénpaEf'ﬁg RIc8S€R} Unneaids s comprt sessalestiopt 99 £XPACING i ng an
object to be processed”wth laser light with a [|ight-converging point

| ocated there ']@éﬂ D1 YRGern Bck ol tolflecti 1 npeakepower DeleRist i1 dtheat
|l east 1 x 108 cn2) and a pulse wwdth of 1 }as or less at the

| i ght - conver gi ngs pOENbf 1P SR do. f ot exampléi ed tdgi apliasd dh mef a

nmol ten processed region within the object along a |ine along which the

obj ects is in%gggggsg@ he ctid nltbBerolyrectesshing | mehodr d6essi AFVARE hod in
accordance with this aspect of the present invention irradiates anhobject
to be 20 proggssedinytdldsaser Heirght tine pleas PRt CeaRidrgF AEEPDITR TP Bcat ed
therewithin under a condition with a peak power density_of at least 1 X
108 (WcnR) aadeatpukser vl hiofetsity orf | pydsat ¥arey i §hebEofer §ifig

point. Therefore, the
light-converging point.
Thelaserprocessingmethodinaccordancewithanaspect
10 the present invention comprises a step of irradiating an
object to Dbe processed with laser light with a
light—convergingpointlocatedtherewithinunderacondition
with a peak power density of at least 1 x 10% (W/cm?) and
a pulse width of 1 pys or less at the light-converging point,
15 so as to form a modified region including a molten processed
region within the object along a line along which the object
is intended to be cut in the object.
The laser processing method in accordance with this
aspect of the present invention irradiates an object to be
20 processed with laser light with a light-converging point
located therewithin under a condition with a peak power
density of at least 1 x 10® (W/cm?) and a pulse width of 1
ps or less at the light-converging point. Therefore, the
inside of the object to be processed is locally heated by

25 multiphoton absorption. This heating forms a molten

processed region within the object to be processed. The



i nside of the object to be processed is locally heated by 25 nulti photon

absorption. This heating fornms a nolten i i t hi
processed regi on wthi j
to be processed. The 5 FP01-0144-00 nolten processed ?egion is gﬁﬁggéﬁ%FEQbo

of the above-nentioned nodified re
: _ _ gi on, whereby the | aser processin
rgghod in accordance with this aspect of the present inven?ion enab?es
@ grtproce33|ng Wi thout generating nelt or unnecessary 5 fractures
viating fromthe line along which the object is intended to he cut in

the surface gfyithe, pbbeet sedir eaxianpl e anoéxahel of) -
= ) olgjfekhe EEWPE ‘
this | aser processing nethod is a nenber including a senicgﬁggf§§@g '
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W th a peak pover  density of at least 1;Xo38cL¥icqBLeR0d1a pulse width of
Thelaserprocessingmethodinaccordancewithanaspect

10 of the present invention comprises a step of irradiating
an object to Dbe processed with laser light with a
light—convergingpointlocatedtherewithinunderacondition
with a peak power density of at least 1 x 108 (W/cm?®) and
a pulse width of 1 ns or less at the light-converging point,

15 so as to form a modified region including a refractive index
change region which is a region with a changed refractive
index within the object along a line along which the object
is intended to be cut in the object.

The laser processing method in accordance with this

20 aspect of the present invention irradiates an object to be
processed with laser light with a light-converging point
located therewithin under a condition with a peak power
density of at least 1 X 10% (W/cm?) and a pulse width of 1
ns or less at the light-converging point. When multiphoton

25 absorption is generated within the object to be processed

with a very short pulse width as in this aspect of the present



ns or less at the |ight-converging point. Wen nultiphoton 25 absorption is
generated within the object to be processed wth a very short pulse w%PEﬁ 00
as in this aspect of the present 6 FP0O1l-0144-00 invention, the en%?%ﬁf -
caused by nul ti photon absorption is not transforned into thernmal energy,
so that a permanent structural change such as ionic val ence change,
crystallization, or polarization orientation is induced 5 within the

obj ect, whereby a refractive index change region is formed. This
refractive i ndeyerchange tragicorrigy apuerdnplemubtiphet aboves ¢emt i Ohed

nodi fied region, whereby the |aser processing nethod in accordance with
this aspect afot heramsfsemd i ventt roerenabesrdas e30 privelessiRRFIGt1HBut 10
generating nmelt or unnecessary fractures deviating fromthe |ine along

whi ch the objectudisuial endednbe beswalt i Ast helowif f ade@lePCEhe PHER". An
exanpl e of the object to be processed in this |aser processing netQ?d is a
menber i ncl uch yigr gl Bissat 16n Modesperpkogableni prilkd teéiegoilty TaSwe
processing methods in accordance with the present invention are as

foll ows: Lasesithightthenpbtedtf ndrazelnageref Fahtlédurmadetahe BARcT T Dul se

| aser light. The pulse laser light can concentrate the ener&g of Iﬁser
spatial |y andis éopoedl.| yThRe reffieesty vevercer SPAGRE 1B |7 it S 33T ¢
allows the electric field i.ntensity (peak power den itéh at.th

v bbe TRet

i ght - conver gphgthpaihnvetmardseanad givditfd taveddeth Y i
mul tiphoton S?ggégéigg ﬁgghggcga'accordance with this aspect of the
present invention enables laser processing without

10 generatingn@lt.orunnecessaryfracturesdeviating fromthe
line along which the object is intended to be cut in the
surface of the object. An example of the object to be
processed in this laser processing method is a member
including glass.

15 Modes employable in the foregoing laser processing
methods in accordance with the present invention are as
follows: Laser light emitted from a laser light source can
include pulse laser light. The pulse laser light can
concentrate the energy of laser spatially and temporally,

20 whereby even a single laser light source allows the electric
fieldintensity(peakpowerdensity)atthelight—converging
pointoflaserlighttohavesuchanwgnitudethatnmltiphoton
absorption can occur.

Irradiating the object to be processed with a

25 light-converging point located therewithin can encompass

a case where laser light emitted from one laser light source



Irradiating the object to be processed with a 25 |ight- i i

|l ocated therew thin can enconpass a case where Iase? Iti Sﬁ?vgkglt?g p19|r o
one |aser |ight source 7 FP01-0144-00 is converged and then the je]c'toqi@sq—oo
irradiated with thus converged laser light with a Iight-converging point
located therewithin, for exanple. This converges l|aser |ight t her eby
allowing the electric field intensity of laser light 5 at the1

l'i ght -converging point to have such a magnitude that nultiphoton

absor ption can Qefiierddd adidatiieg tiie ofjiestt tic & HUGbd Wil Hd's

l'i ght -converging point |ocated therewithin can enconpass a case where the
object to be qyreasEerlkseiryaghtawed v il gb0 Tcesyeta g PaseF 419Gt beans
emtted froma plurality of [laser |ight sources fromdirections different
from each ot hgferemMitthin | i gbt - earwerdgi.ng Toimt cPBERFBEST HES&Fi P]fﬁ(ﬂ“t'Si nce
a plurality of laser light sources are used, this allows _the el e.ciri o

field intensignemnfoy asebwlnghthaeleneris 1igkd 1n6RVELGYRT p6SA

such a magni tude that nultiphoton absor pt i%]krfl can occgr @’HgnceF tjege}ﬁ%ve
contirgious  vveHeaseghtghhvhaging peinhdcahedRedys” FoRePPEGRAR THAh  t hat
of pulse laser Ii _ght can forma nodified region. The respective |aser

l'i ght beans ami1tgchdromzopbrpal drycat 20CPhser |ight sources may enter
the object to be processed fromthe surface thereof, | ura it)_/L f lLaser
li ght sources may Tnoddiket Ing agdre | PAECSout e BOr RARITSHY | gség | T ght

entering the object to be processed fromthe
light—convergfng point located tﬁ8££3§§h596238fencompass

a case where the object to be processed is irradiated with
10 respective laser light beams emitted from a plurality of
laserlightsourcesfromdirectionsdifferentfromeachother
with a light-converging point located therewithin. Since
a plurality of laser light sources are used, this allows
the electric field intensity of laser light at the
15 light-converging point to have such a magnitude that
multiphoton absorption can occur. Hence, even continuous
wave laser light having an instantaneous power lower than
that of pulse laser light can form a modified region. The
respective laser light beams emitted from a plurality of
20 laser light sources may enter the object to be processed
fromthe surface thereof. Aplurality of laser light sources
may include a laser light source for emitting laser light
enteringtheobjecttobepmocessedfromthesurfacethereof,
and a laser light source for emitting laser light entering
25 the object to be processed from the rear face thereof. A

plurality of laser light sources may include a light source



and a laser light source for emtting laser light entering 25 the object to
be processed fromthe rear face thereof. A plurality of laser |ight

sources may include a light source 8 FPO1-0144-00 section in mhicﬁp@%égﬁq4’oo
| ight sources are arranged in an array along a |line along which the object
is intended to be cut. This can forma plurality of |ight-converging

points along the line along which the object is intended to be cut at 5

the sane tinme, thus being able to inprove the processing speed. The

nmodi fi ed regisardsord enneth dy 1 aeeicrg ditte sobjreet are afgapoecessed 3t ive to
the Iight-converging point of laser light |ocated wthin the object. Here,
the above- menfietet 1Qreebabingewhbebnene dbprats itshe nisdideideegP®ncyk t hi n

the object to be processed along a |ine along which the object is intended
to be cut on e snf deemod pherabiegrtof Thghietclond ey MOUPPRBE ScdHPRY se a
cutting step of cutting the object to be processed along the line al ong

whi ch 15 t he1obj Bhte | 51 émy endiech t thdeokigct Vheninhenddf et? 29 Pet pibcessed
cannot be cut in the nodified region formng step, the cutting step cuts
t he olj ect. 1&mec&ﬁméngiméepthmeamsingh@bb%j@@t1@Br%éepF%%e%%%ﬂe%§?£% t he
nodified region as a starting point, thus being able to cut the object
with a 20 relsspéa@ly small force. This can cut the object to be processed
Wi t hout generating unnecessary fractures deviating fromthe HLne a%on
whi ch the object isThatenddded sebaoputsifPimad Sy Parergitih e dhcect®

be processed relative to the light-converging point of laser
light located within the object. Here, the above-mentioned
10 relativemovementformsthenmdifiedregionwithintheobject
tobeprocessedalongalinealongwhichtheobjectisintended

to be cut on the surface of the object.
The method may further comprise a cutting step of
cuttingtheobject'U)beprocessedalongthelinealongwhich
15 the object is intended to be cut. When the object to be
processed cannot be cut in the modified region forming step,
the cutting step cuts the object. The cutting step breaks
the object to be processed using the modified region as a
starting point, thus being able to cut the object with a
20 relatively small force. This can cut the object to be
processed without generating unnecessary fractures
deviating from the line along which the object is intended

to be cut in the surface of the object.
Examples of the object to be processed are members
25 including glass, piezoelectric material, and semiconductor

material. Another example of the object to be processed is



Exanpl es of the object to be processed are nenbers 25 including glass,

pi ezoel ectric material, and sem conductor material. Another exanple %%AMQ%O
obj ect to be processed is 9 FPO1-0144-00 a nenber transparent to ¥y
light emtted. This |laser processing nethod is also applicable to an
object to be processed having a surface fornmed with an el ectroni c device
or electrode pattern. The electronic device refers to a 5 sem conduct or
device, a display device such as liquid crystal, a piezoelectric device,
or the like. aTherissert progessemy et hosel nl betbreheeedi t P dG76%  of
the present invention conprises a step of irradiating a seniconduc&gr
material withplasessinghtevihod as181kpghppédrnbigi g Foi MPIGtatéd ©¢
therewi thin under a condition wth a peak power density of at |east 1 X
108 (WcnR) anebces pedl dewindt b ofr fiages formedsel bl arhelpFghene iR ditg
point, so as to forma nodified region within the sem conductor nateri al
along a |ine @t onpe i cde t pet obiect The jetedidedn 1% 37 e RIS tHe @

sem conductor material. The |aser processing method in accaordance w{th an
aspects of t hesqnesenducvedevose, codpebiey deviter wih pErlddivad mgy 38+

pi ezoel ectric material wth |laser light wwth a |ight-convergi ng point

| ocated therawibrocladeria dendrei oprwkb® alpBak power density of 20 at
|l east 1 x 108 (WcnR) and a pul se width of

1 ps or less at .the

| i ght - conver gi ng pdTine la§©r@§OtC@_5fSéW%b‘?C%PEGCF%PBHC‘EM%%%P?ﬁ%eCt
plezoeleCtrICogaéﬁélSiegégggigvgkggoglgggp?@ggg a step of irradiating
a semiconductor material with laser light with a

10 light—convergingpointlocatedtherewithinunderacondition
with a peak power density of at least 1 x 10® (W/cm?) and

a pulse width of 1 us or less at the light-converging point,

so as to form a modified region within the semiconductor

material along a2 line along which the object is intended

15 tobecut inthe semiconductormaterial. The laser processing
method in accordance with an aspect of the present invention

comprises a step of irradiating a piezoelectric material

with laser light with a light-converging point located

therewithin under a condition with a peak power density of

20 at least 1 x 10°® (W/cm?) and a pulse width of 1 ps or less
atthelight—convergingpoint,soasix:fomnamodifiedregion

within the piezoelectric material along a line along which
theobjectisintendedtobecutinthepiezoelectricmaterial.

These methods enable laser cutting without generating melt

25 orunnecessaryfracturesdeviatingfromthelinealongwhich

the object is intended to be cut in the surface of the object

10



the object is intended tobe cut in the piezoelectric materi

nmet hods enabl e | aser cutting without gegerating melt 25 or 3nhec;;§;ﬁwl44-oo
fractures deviating fromthe line along which the object is intended to be
cut in the surface of the object 10 FP01-0144-00 to be processed for the
same reason as that in the laser processing methods in accordance with the
foregoing aspects of the present invention. In the |aser processing nethod

in ac d i ' ' '

Processed e MG RIS e Tortiitl T Th LUt A1 £y B i reu £ gecti ons.
while a lIight-convergin int of laser, |light.igs i theodnsi de. of
t he obj ect tcP%ﬁF%?%EE%g@ggpgéiH&agcﬁaganlor%%EﬁSggﬁg%ﬁggaﬁgggﬂﬁx%?ﬁigstOf

sections in the plurality 10 of circuit sections. This can reliabl
( , . t
g?{gﬁ}ttSEC?¢DBr%%?ﬁ%%$F%htt+ﬁy%%%%??bn of the gap formed between gdfgce%Pe
ions. e |l .aser processing.net i i
gfpfne Pyssen; |nvéHiﬁ5W iﬁﬁ%&oﬂgg?aagfgger |% ﬁﬁgggggégﬁgfﬁﬂbggﬁgyaaﬁfgh
plurality of circui ections_ar. t. .11 adiat gg- W bgyh
T Gan prevERECEhE ] SOBFTTORE L PTom anr The TR ol rourt beot: oo and

protect the cifcyll Secllons BeaENsk eplaselitaloirtiad ssetipnocessing

met hod in accB® aspect e present invention conprises a

T onver ok b Blp oy SETLFAIFUE g B EnL b dhckessant  dhtLukites
in the inside of the object to be processed facing a gap
formed between adjacent circuit sections in the plurality

10 of circuit sections. This can reliably cut the object to
beprocessedatthepositionofthegapformedbetweenadjacent
circuit sections.

Thelaserprocessingmethodinaccordancewithanaspect
ofthepresentinventioncanconvergelaserlightatemdangle

15 by which a plurality of circuit sections are not irradiated
with the laser light. This can prevent the laser light from
entering the circuit sections and protect the circuit
sections against the laser light.

Thelaserprocessingmethodinaccordancewithanaspect

20 the present invention comprises a step of irradiating a
semiconductor material with laser 1light with a
light-converging point located within the semiconductor
material, so as to formamolten processed region only within
thesemiconductormaterialalongalinealongwhichtheobject

25 is intended to be cut in the semiconductor material. The

laser processing method in accordance with this aspect of

11



material, so as to forma nolten processed region only within the

sem conductor material along a |ine along which the object 25 is iﬁ@eqﬁﬁ%_oo
to be cut in the sem conductor material. The |aser processing met oy

accordance with this aspect of 11 FPO1-0144-00 the present invention
enabl es | aser processing without generating unnecessary fractures in the
surface of the object to be processed and without nelting the surface due
to the sane reasons as nentioned above. The nolten processed region 5 nmay
be caused by it ppbetan absemnuticon evalptdrer laeasoRs OCeEE)MBhe'y

processing nmethod in accordance with an aspect of the present invention
conpri ses afﬁéﬁbﬁ%timgnadbaébngramnﬁquuneabnbéemﬂﬁi%%%ﬁfﬁWﬁquﬁﬁﬁ i ght
such that a Tight-converging point of laser light elliptically 10

pol ari zed Wi t i afe §liddetdseid ynaf wothent trhekt ing Sheocardd cewrtRi Ot obj ect
to be processed while the major axis of an ellipse indicative of the

el liptical pokamezakisonsafs héetibasarboivght Bt BRASSAIRHRTSP 95U Ohg

whi ch the object is intended to be cut, so as to forma nodified region
causeds 15 by matbehetwredlsomptlitdphaltery aPEETPtAENaPENG WRT ch®E %" bbj ect
is intended to be cut within the object to be processed. Tge | aser h
processi ng met hod i n2 accofldanicsas phockss1aSpReENF ThECHPESERES iVERt i on
forms a nodified region by irradiating the object to he processed wth

| aser |ight sashasp@cthatf ttiee npfopeRki SNFENEACE| IGOP6E LiSH i caat?%eepo&the
elliptical polarization of |aser |ight extends along, the l]j l,o whi ch
the object isirmbdhdsdnpoamed@Ct Aot!pe PSS wpgh Lesed 1gHt°REen

that a light-converging point of laser light elliptically

10 polarized with an ellipticity of other than 1 is located
within the object to be processed while the major axis of

an ellipse indicative of the elliptical polarization of the

laser light extends along a line along which the object is
intended to be cut, so as to form a modified region caused

15 by multiphoton absorption along the line along which the
objectisintendadtobecutwithintheobjecttobeprocessed.

The laser processing method in accordance with this

aspect of the present invention forms a modified region by
irradiating the object to be processed with laser light such

20 thatthemajoraxisofane&lipseindicativeoftheelliptical
polarization of laser light extends along the line along

which the object is intended to be cut in the object to be
processed. The inventor has found that, when elliptically
polarized laser light is used, the forming of a modified

25 regionisacceleratedinthemajoraxisdirectionofanellipse

indicative of the elliptical polarization (i.e., the



processed. The inventor has found that, when ellipticall ol ari ze

light is used, the formng of a nodified 25 regiog i's acgelgrated ig aser
themaj or axis direction of an ellipse indicative of the elliptic@f01-0144-00
polarization (i.e., the 12 FP01-0144-00 direction in which the deviation in
polarization is strong). Therefore, when a nodified region is formed by
irradiating the object to be processed with laser |ight such that the

maj or axis direction of the ellipse indicative of the 5 elliptical

pol ari zati on gxtends, Al ang, tdher hingalancoivih ool dihier aohj @ct sist tort@inded to
be cut in the object to be processed, the nodified region extending al ong

the line al ong M &lye t R®Obhasdal 51 éatangeash tie bermet ban oty
i , an e d or e
efficiently. f%g%efore, the | aser processing nethod in accordance with 10

this aspect of,d hg,4&senrt pen [ i | i e

_ 3 HeNY.ebteeRrc@anitApL avert hieghpr scessilmgt speed of
the object to be processed. AFSO, the | aser processing nethod iﬁtaccordance
with the presemt, i gyest i@nd@sionmi s the radifisd iedioativemotheilny
formed except I'n the direction extending along the 15 |ine al ong which the

obj ects i s i ntendge {0 D@ AU Adhusnrekiegdsi 4 1pogsiie & ine elbnghehdbj ect to
be processed precisely along the line along which the object is intended

to be cut. Hergs obhecelld phtehtydrefies suttaimahe ditedengtde pfocagsedi nor
axis/half the length of major axis of the ellipse. 20 As the ellipticity

of laser |ighthé snoamfied, rédicok osxt agd ofig netoh g ethe ebion #tongceletiated in

the direction extending along the line along which the object is intended

to be cut the object is intended to be cut can be formed e%ficiently.
Therefore, the laser processing method in accordance with

10 this aspect of the present invention can improve the
processing speed of the object to be processed.

Also, the laser processing method in accordance with
the present invention restrains the modified region from
being formed except in the direction extending along the

15 linealongwhichtheobjectisintendedtx>becut,thusnmking
it possible to cut the object to be processed precisely along
the line along which the object is intended to be cut.

Here, the ellipticity refers to half the length of the
minor axis/half the length of major axis of the ellipse.

20 As the ellipticity of laser light is smaller, the forming
ofmodifiedregionjjsacceleratedjjlthedirectionextending
along the line along which the object is intended to be cut
but suppressed in the other directions. The ellipticity can
be determined in view of the thickness, material, and the

25 like of the object to be processed. Linear polarization is

elliptical polarization with an ellipticity of zero.

13



but suppressed in the other directions. The ellipticity can be determ ned
in view of the thickness, material, and the 25 |li ke of the object to be
processed. Linear polarizationis elliptical polarization with afP01-0144-00
ellipticity of zero. 13 FPO1l-0144-00 The | aser processing nmethod in
accordance with an aspect of the present invention conprises a step of
irradiating an object to be processed with laser light such that a

| i ght -converging point of laser light elliptically polarized 5 with an
ellipticity of otherd bhasek prddesedtneted idd in tkeordajneetv ittd Heappeeessed
while the major axis of an ellipse indicative of the elliptical

pol ari zation 9f the paseenti ghtenexbendsmpkrdrgsaal shepabéngrwafehting
object is intended to be cut under a condition with a peak power density
of at 10 |easinloki&@8 W /b&MRrjcansed pukbe laisgtrh lofghtt psuek teak at the
| i ght-converging point, so as to forma nodified region including a crack
regi on al ong thghtiBenakeggnyiicinttdielebpedtighitsel hirhiedllyPoea&deeqi t hin
t he object to be processed. The |aser processing nethod in accordance w th
this 85 aspesttnfahhel presiotltynventtlosr ithranlihaties tasetss) wdthis the
processed with |laser light such that the major axis of the ellipse

i ndi cative of obhecel topbé catopesaed zehi bn Bie masef 4%ightofewiefds 1856ng t he
line along which the object is intended to be cut in the object to be
processed, thtad28amakenyf thepokkimttcabrrdehieRé ieedpt ité¢ +e8Fbaiant
efficiently and cut the object precisel ,alon% the |ine, along w@ufh t he
obj ect is intendeddsoabengud bing @ iane Wad€h pPE6ceBIFRY hetHuEraed to

be cut under a condition with a peak power density of at

10 least 1 x 108 (W/cm?) and a pulse width of 1 ps or less at

the light-converging point, so as to form a modified region

includingacmackregionalongthe1inealongwhichtheobject

is intended to be cut within the object to be processed.

The laser processing method in accordance with this

15 aspect of the present invention irradiates the object to

be processed with laser light such that the major axis of

the ellipse indicative of the elliptical polarization of

laser light extends along the line along which the object

is intended to be cut in the object to be processed, thus

20 making it possible to form the modified region efficiently

and cut the object precisely along the line along which the

objectisintended1x>becutaijlthelaserprocessingmethod

in accordance with the above-mentioned aspect of the present
invention.

25 Thelaserprocessingmethodinaccordancewithanaspect

of the present invention comprises a step of irradiating

14



in accordance with the above-nentioned aspect of the present invention. 25
The | aser processing nethod in accordance with an aspect of the present
invention conprises a step of irradiating 14 FP01-0144-00 an obje P03 o0 ped-00
processed with |aser light such that a [|ight-converging point of |aser

light elliptically polarized wth an ellipticity of other than 1 is

located within the object to be processed while the major axis of an
ellipse 5 indicative of the elliptical polarization of the |laser |ight

extends al ongy4 hgpkipe 2loong Wi cde 44wl obj €t laseirniléniieéd suadh beh&uta under
a condition with a peak power density of at least 1 x 108 (Wcn2) and a
pul se wi dth of ; dnPScenveegsng@bibhef 1 gt r ¢anherai g piciaitly 86l as1£ed f or ma
nodi fied region 10 including a nolten processed region along the |ine along
whi ch the objggtnisnidat ensere 1oy hef citthen tthiam tlhé sobpeetedt §ibdiprblessed.
The | aser processing nethod in accordance with this aspect of the present
i nvention irrgghatestdhee oqbj@edsded Wi loe giroocesioed awiitsh ofagar el ght e such
that the major axis of the ellipse indicative of the elljptical

pol arigation ofidikaseneldfybheeaxtienmsi allopglehézbkhenalfohewa L £hehbbj ect
is intended to be cut in the object to be processed, thus making it
possibl e to fexgehbie abdhi edlerkgiemlkdig offeimi \hE0 oki¢ cEut St RETEPFEE:
precisely along the Iine along which the object is intended to be cut as

in the | aser poopessunguneehod condatéondaatd W PRAKhBOUBSYEERERA{YoREd
aspect of the present
at least 1 x 10%® (W/cm?) and a pulse width of 1 us or less

atthelight—convergingpoint,soastoformanm@ifiedregion
10 including a molten processed region along the line along
which the object is intended to be cut within the object
to be processed.
The laser processing method in accordance with this
aspect of the present invention irradiates the object to
15 be processed with laser light such that the major axis of
the ellipse indicative of the elliptical polarization of
laser light extends along the line along which the object
is intended to be cut in the object to be processed, thus
making it possible to form the modified region efficiently
20 and cut the object precisely along the line along which the
objectisintendedix:becutasjj)thelaserprocessingnmthod
in accordance with the above-mentioned aspect of the present
invention.
Thelaserprocessingmethodinaccordancewithanaspect
25 of the present invention comprises a step of irradiating

an object to be processed with laser light such that a

15



invention. The | aser processing nethod in accordance with an aspect

the present i
processed wit
poi nt of | ase
than 1 is |l oc
of an ellipse
5 extends alo

pul se width o

nodi fi ed regi gothi agl &Ti ngt Act ef rattonkee s Moden chamgd ocagiesnwikinéR FRea
a line
al ong whi ch tbpjebieet bs pndeaseed tioh bke cuite ind1de axgls &dt .anTﬁé%llﬁéér

region 10 wit

h | aser |ight such that a 15 FP01-0144-00 Iight-convgp

25 of
nvention conprises a step of irradiating an object toBEe
in

8144—00

r light elliptically polarized wth an ellipticity of other
ated within the object to be processed while the major axis

i ndicative of the elliptical polarization of the | aser

i ght

ng a line along which the object is intended to be cut under
a condi tion wi}gne-peakepgury pdamsi¢f lobeatl ighsast 1 it aBLY MPEAPY28Rd a
f 1 ns or less at the light-converging point, so as to forma

h a changed refractive index within the object alon

processing nmethod in accordance with this aspect of the present invention
i rradi ates thenabjiect veoot thebel hrpresskponiath zZeaden ¢§ Ghe RRHr LAIP Tt he

maj or axis of

| aser Bi ght exkeedsisabdnggt &elinme lainenyhideinchhenePddfects LdS

be cut in the

nodi fi ed regi be ebfti cneletd  20naid iont Wik Ptk prYe

the ellipse indicative of the elliptical polarizatjon_ of

€hl8d to

object to be processed, thus making it possible to_formthe
i

rs&epSdtangtt AL 1 ne

al ong which the object is inteqped to be cut as in tPe | aser processing

method in acdemdandewibh thecriboradnenPreésgd”adplc?

10

15

20

25

of Pheprésentt

the light-converging point, so as to form a modified region
including a refractive index change region which is a region
with a changed refractive index within the object along a
line along which the object is intended to be cut in the
object.

The laser processing method in accordance with this
aspect of the present invention irradiates the object to
be processed with laser light such that the major axis of
the ellipse indicative of the elliptical polarization of
laser light extends along the line along which the object
is intended to be cut in the object to be processed, thus
making it possible to form the modified region efficiently
and cut the object precisely along the line along which the
objectisintendedtx:becutasjxuthelaserprocessingn@thod
in accordance with the above-mentioned aspect of the present
invention.

Modes employable in the laser processing methods in

accordance with the foregoing aspects of the present

invention are as follows:
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invention. Mddes enployable in the |aser processing nethods in 25
accordance with the foregoing aspects of the present invention are_ as
fol l ows: 16 FPO1-0144-00 Laser |ight having elliptical polarizatigﬁoii9%4%ﬁoo
ellipticity of zero can be used. Linearly polarized light is obtained when
the ellipticity is zero. Linearly polarized light can maximze the size of
the nodified region extending 5 along the |ine along which the object is
intended to be cut and minimze the sizes in the other directions. The
el lipticity of ellipabeallygipollaavied &1kt taml o half tge BHON byl thedingl e
of direction of a quarter-wave plate. Wien a quarter-wave plate is used
the ellipticiéylepnibetadpiisteetb ci@ by @ﬁaﬁgiﬁgn@Wéﬂah@Péaéﬂzﬁpr%Eg?Bn ,
alone. After the step of forming the nodified region, the object to be
processed nayib@bﬂamnﬁdmmmhmhehlﬂa$¢ddHQMﬂSZ%ﬁPFe]ﬂmﬁﬁﬁﬂ¥@P%éF?6ﬁdof
laser light is rotated by about 90 by a half-wave plate. Also after the
step of forni pgght ¢demmdifiized: hegiice, of Hdeohpeetied 158 ioE25EBA Ry be
irradiated with laser light while the object to be processed is rotated by
about 90 aboutlbheg theckiess ldncesbioch bie qnﬂﬁqdeéc%nF%n%%dﬁ?%gﬁ%ggg.
These can form another nodified region extending in a direction along the
surface of then20 mbjbtizeothbe priceesséd ditf i ﬁttg%ecﬁlixi*ﬁfftllﬁ’éqsf'm mlgge
nodi fied region. Therefore, for example, respective nodified _regions
ext endi ng al org liptésitty @ eddiintd crllagngoyegkped 119ht can'be adjuste
by the angle of direction of a quarter-wave plate. When a
quarter-wave plate is used, the ellipticity can be adjusted
10 by changing the angle of direction alone.

After the step of forming the modified region, the
object to be processed may be irradiated with laser light
while the polarization of laser light is rotated by about
90° by a half-wave plate. Also, after the step of forming

15 the modified region, the object to be processed may be
irradiated with laser light while the object to be processed
is rotated by about 90° about the thickness direction of
the object to be processed. These can form another modified
region extending in a direction along the surface of the

20 object to be processed and intersecting the former modified
region. Therefore, for example, respective modified
regions extending along lines to be cut in X- and Y-axis
directions can be formed efficiently.

Thelaserprocessingmethodinaccordancewithanaspect

25 of the present invention comprises a step of irradiating

an object to be processed with laser light such that a

17



directions can be formed efficiently. The | aser processing nethod in

accordance with an aspect 25 of the present invention conprises a ste
irradiating an object to be processed with [aser |ight such thatF%6H76ﬁéq’oo

FPO1-0144-00 |ight-converging point of laser light elliptically polarized
with an ellipticity of other than 1 is located within the object to be
processed while the major axis of an ellipse indicative of the elliptical
pol ari zation of the laser light 5 extends along a |ine along which the
object i's intengded ¢onvdeyoig posntas Taseul i ghe edBjisdt! aad WePPrataed
along the [line along which the object is intended to be cut, The |aser
processi ng nmg}hod gﬁlémmﬂyﬂkﬂmxy\MﬁImtmhksthaspécuSoloﬁhéeéréﬁbﬁ%nfHW%ntion
irradiates the object to 10 be processed with |laser |ight such that the
mj or axis ofophecel{d pse grdieatdd/ evdfl e b eehbipti a4k Spefafhzat + B7° Bf
| aser |ight extends along the |ine along which the object is intended tobe
cut in the objggtchebee prfocessdd.i pHierdf pebaritaiel ebjodctl e d 456 Ipt b sed
can be cut along the line along 15 which the object is intended t8 be cut.
The | aser prosgesshag aeidiad limeasdondanceeh tthe Kl e&pdeét 15F SPAEpT Bsent
invention can cut the object to be processed b% maki ng t he o?ject ﬁbsorb
| aser |ight speasutp s®lds tthe obj ddte WRaedtedt RG. PAPSESSEha  PRSel
processing nmethod in accordance with this aspect 20 of the present
i nventi on maylgeseeabegnuhicphohenckbsetptFoantBPIEFr 58i 86 7§ the object to
be processed with laser light, thereby formng a nodifjed re i%ntﬂighin
t he object, and The laser processing method 1n accordance t 1
aspect of the present invention irradiates the object to
10 be processed with laser light such that the major axis of
the ellipse indicative of the elliptical polarization of
laser light extends along the line along which the object
isintendedtobecutintheobjecttobeprocessed. Therefore,
the object to be processed can be cut along the line along
15 whichtheobjectisintendedtxnbecut. The laser processing
methodinaccordancewiththisaspectofthepresentinvention
cancuttheobjecttx:beprocessedbynmkingtheobjectabsorb
laser light so as to melt the object upon heating. Also,
the laser processing method in accordance with this aspect
20 ofthepresentinventionmaygeneratenmltiphotonabsorption
by irradiating the object to be processed with laser light,
thereby forming a modified region within the object, and

cut the object while using the modified region as a starting

point.
25 The laser processing apparatus in accordance with an

aspectofthepresentinventioncomprisesalaserlightsource

18



cut the object while using the nodified region as a starti i

| aser processing apparatus in accordance m?th an aspecttopgthgobpt. ﬁS The
invention conprises a |aser |ight source 18 FP01-0144-00 for enit??ﬁg_gﬁﬂééoo
laser light having a pulse width of 1 ps or less; ellipticity adjusting
nmeans for making the pulse laser light enmitted fromthe Iaser |ight source
attain elliptical polarization with an ellipticity of other than 5 1;

maj or axis adjusting means for naking a najor axis of an ellipse

i ndi cative offbbeemﬁttphgcpblpelaaszatﬂéghéfh?MéNGpalQélﬁésgﬁdﬁ gRE 1

adj usted by the ellipticity adjusting neans extend along a line along

whi ch the obj getoi Seisnsveemmtbcitme_amtuSitrin@nmg@pécftortEagénsr%‘-’e% g

l'i ght -converging nmeans 10 for converging the pulse |aser |ight adjusted by
t he naj or axu§§@d|wﬁgnu;emﬁﬂte@uﬁhomhéhet&ﬁﬁﬁﬂsﬁ#@%&e?oPgﬁﬁta&ﬁﬁépns a
peak power density of at least 1 x 108 (WcnR) at a light-convergin

poi nt; neans tan ibecatilngol heizkEghn- cbhbernyi ¢yt POt Hel oY the Iégkﬁgser
l'ight converged 15 by the light-converging point within the object tao be
processed; and ;meniing medss aBgustélngt MEENF FOVi AG kg alﬁﬁﬂfgbﬁﬁ9€?§&n
poi nt of pulse laser light along the |ine _along mhicq t he k

i ntended to bancellifhe iraseratpirie edsthg Hppdt R Ph 35&5?33&9@%5\;@? this

20 aspect of the present inventi bl I i i
gener ati ng nelgulse hméé@éﬁwq‘j(r)lg%ttee[}?%% @\ﬁa]:f{%r;iuﬁ%gg\ﬁmgge?ﬁhemea o

whi ch the object is intended to be_cut i tge ong
extend along a line along whic the object is intended to

be cut in an object to be processed; light-converging means
10 for converging the pulse laser light adjusted by the major
axis adjusting means such that the pulse laser light attains
a peak power density of at least 1 x 10° (W/cm?) at a
light-converging point; means for locating the
light-converging point of the pulse laser light converged
15 by the light-converging point within the object to be
processed; and moving means for relatively moving the
light-converging point of pulse laser light along the line

along which the object is intended to be cut.
Thelaserprocessingapparatusinaccordancewiththis
20 aspectofthepresentinventionenableslasercuttingwithout
generating melt or unnecessary fractures deviating from the
line along which the object is intended to be cut in the
surface of the object to be processed for the same reason
as that in the laser processing methods in accordance with
25 theabove—mentionedaspectsofthepresentinvention. Also,

it irradiates the object to be processed with laser light
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surface of the object to be processed for the same reason as that in the

| aser processing nmethods in accordance with 25 the above-nentioned aspects

of the present invention. Also, it irradiates the object to be pf@@és@éé4'00
with laser Iight 19 FP01-0199-00 such that the major axis of the ellipse
indicative of the elliptical polarization of laser |ight extends along the
line al ong which the object is intended to be cut in the object to be
processed, thus naking it possible to formthe 5 nodified region

efficiently apd.gutniherobjeciopraei sely thrl eng itdse line caltdvg wii the
. . - th
object is intended to be cut "with the | aser processing nethods in ©

accordance w - he. i : :
1t Be;caboyeipentbened aspeessroflighe preseds eAgent £bA.
Modes enpl oya Fe in the Faser processi ng apparatus in 10 accordance with

the present inygatL9Bnar fndshf @hkows;ekt Ay ; i 6n abpust i
jekt fayinompriese t@0beotcatti 6n &Hpustin
nmeans adapted to rotafe the polarization of the pulse Iaser |ight aﬁjusteg
by the ellipt bB;j%}étaQbU}Qé e ceRaRS , byhabatdk By 1Al possiiblenby fwrpitine
rotating neans for rotating a table for nounting 15 the object to be

processed by abeutri2Q abgybnaelrifiickrasdy dindectitonhef difjedbjreercisthese ca
make the major axis of the ellipse indicative of the eIIipt{caI- "

P o et e e eh et org [ m & ect on 20 along.
surface of theiel) etle laske processcohamrictd ook dmdianFondpreedividdt itd )4
intersecting along the former line along which the object is intended to
be cut. Ther efa@icsre-fremtéxmeal @spects of the present invention.
Modes employable in the laser processing apparatus in
10 accordance with the present invention are as folZows:
It may comprise 90° rotation adjusting means adapted
to rotate the polarization of the pulse laser light adjusted
by the ellipticity adjusting means by about 90°. Also, it
maycompriserotatingmeansforrotatingzatablefornmunting
15 the object to be processed by about 90° about a thickness
direction of the object. These can make the major axis of
the ellipse indicative of the elliptical polarization of
pulse laser light extend along another line along which the
object is intended to be cut which extends in a direction
20 along a surface of the object tobe processed while extending
jjuadirectionintersectingalongtheformerlinealongwhich
the object is intended to be cut. Therefore, for example,
respective modified regions extending along lines to be cut
in X- and Y-axis directions can be formed efficiently.

25 The laser processing apparatus in accordance with an

aspectofthepresentinventioncomprisesalaserlightsource
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respective nodified regions extending along lines to be cut in X and
Y-axis directions can be formed efficiently. 25 The | aser processin
apparatus in accordance with an aspect of the present invention E8RprPses-00
a laser light source 20 FPO1-0144-00 for emtting pulse laser |ight having

a pulse width of 1 ps or Iess and |inear polarization; Iinear polarization
adj usting neans for nmaking the direction of linear polarization of the
pul se laser light emitted fromthe laser 5 |ight source align with a line

al ong whi ch thgrobjeetihg phntendgdetolbgheuhaivingan pbisetwidtbeof 1

processed; light- converging means for converging the pulse laser |ight
adj usted by the bineakspelf iZaldon pel asiiagi oeansisesh pohatritheipul se
|l aser light attains a peak power density of 10 at least | x 108 (WCWM2 ) at
a |ight-conveggingt pRyNtmesBaNstof ormdloned i nthd helilrieghti-coonwdr gilagepsdi nt  of
the pulse laser  light converged by the |ight-converging point within the
obj ect to be progessedioanst wbei mgl sedrseirol iget ariiveled fovinge Lheeki ght
-converging point of pulse laser light along the 15 line along which the
obj ectsis intengrd toubeeculighheikaser lpnecedsinggwhpphr ahesobneatcéFdance
with this aspect of the present invention enables |aser cutting without
generating nmelxtendetdnecessaey ¢vactiur esadevilatdaly fucombehe ProicRE S&RoNg
which the object is intended to be cut in the 20 surface of the object to
be processed foghtheosaregiegsosenaddrhacniarghegldsePuppeckssshgifBthods
in accordance with the above-nentioned aspects of the present invenLion.
Al so, adjusted by the linear polarization adjusting means suc
that the pulse laser light attains a peak power density of
10 at least 1 x 10% (W/cm?) at a light-converging point; means
for locating the light-converging point of the pulse laser
light converged by the light-converging point within the
objecttobeprocessed;andmovingmeansforrelativelymoving
the light-converging point of pulse laser light along the
15 line along which the object is intended to be cut.
Thelaserprocessingapparatusinaccordancewiththis
aspectofthepresentinventionenableslasercuttingwithout
generatingn@lt(N:unnecessaryfracturesdeviatingfromthe
line along which the object is intended to be cut in the
20 surface of the object to be processed for the same reason
as that in the laser processing methods in accordance with
the above-mentioned aspects of the present invention. Also,
as with the laser processing methods in accordance with the
above-mentioned aspects of the present invention, the laser

25 processing apparatus in accordance with this aspect of the

present invention makes it possible to form the modified
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as with the | aser processing nmethods in accordance with the

above- nenti oned aspects of the present invention, the |aser 25 processin?
apparatus in accordance with this aspect of the present inventi oRPfhkes 4100
possible to formthe nodified 21 FPO1-0144-00 region efficiently and cut

the object precisely along the Iine along which the object is intended to
be cut. (3) The | aser processing apparatus in accordance wth an aspect of
the present invention conprises a laser 5 light source for emtting pul se

laser |ight hayingnacppl seemt 8y had dutpsher dbgest pewedsadiyusiong weans for
adj usting the fagnitude of power of the pulse laser light enmitted from

the laser |ight,g0Hi68gaGE9FHI BPet BbaBCct NPBt intehHedmagnbeudet. of power of
pul se laser |ight; Iig%t-converging means for 10 converging the pul se | aser
light adjusted by the)linegs 1sebarpzetéoniad] sspangtueans sachréapeet he
pul se laser light attains a peak power density of at least 1 x 108 (WcnR)
at a |ight-conyer ghngspetnter meenspferrer todaivieng itdre conpghitsesonvepgehg
poi nt of the pulse laser |ight converged 15 by the Iight-convergin? nmeans
wi t hi nsan obj eeyntosbercorosessed;t iand ppdviengareansidlor hralatd wePy-fBvi ng
the |ight-converging point of pulse laser |light along a Iine along which
t he object isyhatanded tys be tessinpoher choj pett ine nrerpy degssedvshkBeei n
one nodified spot is fornmed within 20 the object to be processed by
irradi ati ng t haecohj@ectttde he pprecessetewt hsode o s&0bt §ultsed 456P | i ght
while locating the light-converging point wwthin the object; the Igser
the laser light source according to an input o the magnituade
of power of pulse laser light; light-converging means for
10 converging the pulse laser light adjusted by the linear
polarizationadjustingnmanssuchthatthepmlselaserlight
attains a peak power density of at least 1 x 10% (W/cm?) at
a light-converging point; means for locating the
light-converging point of the pulse laser light converged
15 by the light-converging means within an object to be
processed; and moving means for relatively moving the
light-converging point of pulse laser light along a line
along which the object is intended to be cut in the object
to be processed; wherein one modified spot is formed within
20 the object to be processed by irradiating the cbject to be
processed with one pulse of pulse laser light while locating
the light-converging point within the object; the laser
processing apparatus further comprising correlation storing
means having stored therein a correlation between the

25 magnitude of power of pulse laser adjusted by the power

adjustingmeans and the size of modified spot; size selecting
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processi ng apparatus further conprising correlation storing mneans having
stored therein a correlation between the 25 magnitude of power of pulse

| aser adjusted by the power adjusting means and the size of nodi FPed-8pdi;00
size selecting 22 FPO1-0144-00 means for choosing, according to an inputted
magni t ude of power of pulse laser light, a size of the nodified spot

formed at this magnitude of power fromthe correlation storing neans; and
size display nmeans for displaying the size of nodified 5 spot chosen by

the size sel %ﬁééﬂg FBANSK o JDend NV d has downd ihpat tebiemagdithed spot can
be controlled so as to becone” snaller and | arger when the power of pul se

laser light ig wgg%gigM@EeQ%Qeﬁigﬁ%ﬁt,%Q&ﬂﬂ@bﬁwﬁkymodIheeﬁnﬂﬂﬁjédrm@@t is a
nodi fied part ?orne y one pulse 10 of pulse laser |ight, whereas an

assenbly of npdif;ed,spotsiad OF Bowe i t BE doegiednr iCon vt irof mehes;
nodi fied spot size affects cutting of the object to be processed. Nanely,

the accuracyhp suttidgsgng aRisect rfbe desplagesgerhalsing tliiemotli Agedl ong
which the object is intended to be cut and the 15 flatness of the cross

sectiop deterigpat enwhen bhetredifzedsespeting meenkarge. When the nodified
spot is too small for the object to be processed having a | arge thickness,
on the other hand, vhbeibégedr it harctinido that. t Fbenddistre pragoys siangbe
apparatus in accordance with this aspect of the present 20 invention can
control the skgatebinedi §6ed spatedymeaadmadfiemgand Re rigegnivi emle hef PpEREr of
pul se laser light. Therefore, it can cut the object to be processed
preci sely al obg pilkEsé ilr@er 1ight is made lower and higher, respectively.
The modified spot is a modified part formed by one pulse
10 of pulse laser light, whereas an assembly of modified spots
forms a modified region. Control of the modified spot size
affects cutting of the object to be processed. Namely, the
accuracy in cutting the object to be processed along the
line along which the object is intended to be cut and the
15 flatness of the cross section deteriorate when the modified
spot is too large. When the modified spot is too small for
the object to be processed having a large thickness, on the
other hand, the object is hard to cut. The laser processing
apparatus in accordance with this aspect of the present
20 invention can control the size of modified spot by adjusting
the magnitude of power of pulse laser light. Therefore, it
can cut the object to be processed precisely alcng the line
along which the object is intended to be cut, and can obtain
a flat cross section.

25 The laser processing apparatus in accordance with this

aspect of the present invention also comprises correlation
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al ong which the object is intended to be cut, and can obtain a flat cross
section. 25 The | aser processing apparatus in accordance wth this aspect

of the present invention also conprises correlation 23 FPO -0144- 880 0
nmeans having stored therein a correlation between the magnitude ng %)E)\Aﬁw
of pulse |aser adjusted by the power adjusting means and the size of

nodi fied spot. According to an inputted magnitude of power of pulse |aser
light, the 5 size of nodified spot formed at this nmagnitude of power is

chosen from t e, £084 §hédi OhSL01d B Jreansheardnt busochesaniosizeteten
nodi fied spot 1s diSplayed. Therefore, the size of nodified spot forned at

the magnitude; gf eIt e B pewbaseEr pullisgh j i
pullisghl afed adijwstd Hyasbe peeressin
apparatus can be seen 10 before | aser processing. The |aser pro]?:essi ng )

apparatus in agsQEdangendbih Ay @Rpedizeob it hedpfesensponvenbtonrddnpri ses
a laser light source "for emtting pulse |aser |light having a pulse width

of | ps or |egsin @nph@hletnBYLLgiag ¢ powiear of opwesgi '
. . f gilepaheéighitsethe | aser
light emtted fromthe |aser FI ght source such that the pul sg | aser |ight

attaing a peakjpewer rienisiiend afpoat fokmadtat th 19 GngANViIAME g oft P@Weirgh®
-converging point; numerical aperture adjusting means for adjusting the
si ze of nuneritgakenapes Wi ehrae laptiocast syshermeaes uding thié ¢hpsSght
-converging 20 lens according to an inputted size of nunerical aperture;
neans for |ocaibBgt h@diifghid sEOt]+d diepdiangdpoi Bhesefpke piteesi3%8és
| i ght converged by the |light -converging lens wthin
modified spot formed at the magnitude of power of pulse laser
light fed into the laser processing apparatus can be seen
10 before laser processing.
The laser processing apparatus in accordance with an
aspectofthepresentinventioncomprisesalaserlightsource
for emitting pulse laser light having a pulse width of 1
pus or less; a light-converging lens for converging the pulse
15 laser light emitted from the laser light source such that
the pulse laser light attains a peak power density of at
least 1 x 10® (W/cm?) at a light-converging point; numerical
aperture adjusting means for adjusting the size of numerical
apertureofemiopticalsystemincludingthelight—converging
20 lens according to an inputted size of numerical aperture;
means for locating the light-converging point of the pulse
laser light converged by the light-converging lens within
an object to be processed; and moving means for relatively
movingthelight—convergingpointcxfpulselaserlightalong

25 a line along which the object is intended to be cut in the

object to be processed; wherein one modified spot is formed
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an object to be processed; and noving neans for relatively noving the
| i ght-converging point of pulse laser light along 25 a |ine along which the
object is intended to be cut in the object to be processed; wher éPA1oA&44-00
nodi fied spot is forned 24 FPO1-0144-00 within the object to be processed
by irradiating the object to be processed with one pul se of pul se | aser
light while 1locating the light-converging point within the object; the
| aser processing apparatus further conprising correlation 5 storing neans
havi ng st or edwi bef githea obgerel abimn phetosserd bhel siadl af i murtdys eBbeaperture
adj usted by the power adjusting neans and the size of nodified spot; size
sel ecting nmeaps bé opr shwasddgyi e coraipyg geo e pudsst fedemaghightidehdt epover
of pulse laser light, a size of the nodified spot forned 10 at this size of
nunerical apelbukeihgorhd Ne gar-celratd myi ngs porintigy iehhs ; t i@ bsiess /diE 81 ay
means for displaying the size of nodified spot chosen by the size
sel ecting neabsseFTheroowentng dms found hihthaheompdiltiiad sparedanipe
controlled so as to becone snaller and | arger when the 15 nuneri cal
apertube of theoephicatasystanmiqcdueled thrreingk cosnedediing PERYEFE made
greater and snaller, respectively. Thus, the |laser processing apparatus in
accor dance Wi thetsiize @apeverotal e grtesentdi wyend PYr POV BBARCISISTERE si ze
of nodified spot by adjusting the size of 20 nunerical aperture of the
optical systemeinel adinght hel z¢ i gfhtmedifiadi srp Y erfsl zeTRE Jesdem PFEEESsi ng
apparatus in accordance with this , _

for choosing, according to an inputted magnitude of power

of pulse laser light, a size of the modified spot formed

10 at this size of numerical aperture from the correlation

storing means; and size display means for displaying the

size of modified spot chosen by the size selecting means.

The inventor has found that the modified spot can be

controlled so as to become smaller and larger when the

15 numerical aperture of the optical system including the

light-converging lens 1is made greater and smaller,

respectively. Thus, the laser processing apparatus in

accordance with this aspect of the present invention can

control the size of modified spot by adjusting the size of

20 numerical aperture of the optical system including the
light~-converging lens.

Thelaserprocessingapparatusinaccordancewiththis

aspect of the present invention also comprises correlation

storing means having stored therein a correlation between

25 the size of numerical aperture and the size of modified spot.

According to an inputted size of numerical aperture, the

25



aspect of

aperture
nuneri cal

this magni tude of power is

t hus chos
nodi fi ed

processi ng apparatdfs moarn fiedsepntbédoned| as drhipreceddivgg ofheorasers

processin

pul se wi d
plurality
i ght em

attains a peakoqidfveed deprst thprofecapt| ehetsiz& ofl ggmewicaw pregtuge fed

| i ght-con

anmong @ pl ur ality tafe 1asghtororeasrigingPPetssss eeper aEeP PO Gpt PE&T

syst ens
nuneri cal
light -co

| i ght - conver gi ng | eRize clidash PBP CEISE LNgn8PPaER
to be processed; and noving neans for_relativelgegg%kp Eff@htsource

_ the present invention also conprises correlation storing nmeans
havi ng stored therein a correl ati on between 25 the size of nunerical
and the size of nodified spot. According to an inputteng@%ép%ﬁ4—Oo
aperture, the 25 FPO1-0144-00 size of nodified spot formed at

chosen fromthe correlation storing neans, and

en size of nodified spot is displayed. Therefore, the size of
spot forned at the size of numerical aperture fed 5 into the |aser

g apparatus in accordance with an aspect of the present

th of 1 10 ps or less; and |l ens selecting nmeans including

of s ightf- modn¥eérdi smot dresds spdryednveFf e hgi ohe, fuls 6 ipgset

_ _ | . i nvention
conpri ses a |@seten ifghtm sher cerrédaténnt $ionyipaineeissand LtHHE BROFHY a

a

tted fromthe laser |ight source such that the pulse |aser

i ght

verging point, the lens selecting 15 neans bei ng adapted to sel ect

including the 1 ight- converging | enses having respective

apeprocessdn@ferent from each other; neans for |ocating the

nver gi ng poi nt of the pul se | aser Iiggg_%g conv%Lafd b
[ Ges

|ight-convergaﬁ@eggpﬁﬂﬂyqpresent1nventloncompr1

10

15

20

25

for emitting pulse laser light having a pulse width of 1
ps or less; and lens selecting means including a plurality
of light-converging lenses for converging the pulse laser
lightemittedfromthelaserlightsourcesuchthatthepulse
laser light attains a peak power density of at least 1 x

10® (W/cm?) at a light-converging point, the lens selecting

means being adapted to select among a plurality

light-converging lenses, a plurality of optical systems
including the light-converging lenses having respective
numerical apertures different from each other; means for
locatingthelight-convergingpointcﬁfthepulselaserlight
converged by a light-converging lens chosen by the lens
selecting means within an object to be processed; and moving
means for relatively moving the light-converging point of
pulse laser light along a line along which the object is
intended to be cut in the object to be processed; wherein
one modified spot is formed within the object to be processed

by irradiating the object to be processed with one pulse
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pul se laser light along a |ine along which the object is intended to be

cut in the object to be processed; wherein 25 one nodified spot is forned
within the object to be processed by irradiating the object to beP01-0144-00
processed with one pul se 26 FPOL-0144-00 of pulse |aser light while

locating the light-converging point within the object; the |aser

processing apparatus further conprising correlation storing nmeans having
stored therein a correlation between sizes of nunerical apertures 5 of a

plurality of cﬂp&i&?ée sysdans) i il Ugh e thecat dghteroonviestgi negorhenseinand t he
size of nodified spot; size selecting neans for choosing, according to a

si ze of numerigcal. @PERIMTenef oBceRti talk Sysleemymeladiing s mpmsENS
| i ght-converding lens, a size of the nodified spot formed 10 at this size

of numerical @pertarF ednemdiheg eerrelation sséoriqgemansavand siaedi spl ay
means for displaying thé size of nodified spot chosen by the size

sel ecting neanserdhe d asercPreGenshagwappalaiars ofnnaneot dahcaped tirdhe
present invention can control the size of nodified spot. 15 Al so, the size

of modified spot ELorprdralithe size ebtDuskri egktapert umeclofditie opté cal
systemincluding the chosen |ight-converging |ens can be seen before |aser
processing. ihent as&kver9Lessidigaappasiat s siirzeact orattinTie dvispletans Bapect  of
the present invention conprises a |laser |ight source 20 for emtting pulse
| aser |ight h@&l@@tﬁn@mbsﬁQMdﬁbh@ésingpscgprbésgﬂxp@wéﬂeaﬂﬁU@@?ﬁ@cﬁéans
for adjusting the magnitude of power of pulse laser |light emtted fromthe
| aser light aperture of an optical system including a chosen
light-converging lens, a size of the modified spot formed

10 at this size of numerical aperture from the correlation
storing means; and size display means for displaying the
size of modified spot chosen by the size selecting means.

The laser processing apparatus in accordance with the
present invention can control the size of modified spot.

15 Also,thesizeofmodifiedspotformedatthesizeofnumerical
aperture of the optical system including the chosen
light-converging lens can be seen before laser processing.

The laser processing apparatus in accordance with an
aspectofthepresentinventioncomprisesalaserlightsource

20 for emitting pulse laser light having a pulse width of 1
psorless;poweradjustingmeansforadjustingthenmgnitude
of power of pulse laser light emitted from the laser light
source according to an inputted magnitude of power of pulse
1aserlight;alight—converginglensforconvergingthepulse

25 laser light emitted from the laser light source such that

the pulse laser light attains a peak power density of at
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source according to an inputted magni tude of power of pulse l|aser |ight;
alight -converging lens for converging the pulse 25 laser light emtted
fromthe laser |ight source such that the pulse laser |ight at t aFrrglal pesak00
power density of at 27 FP01-0144-00 least 1 x 108 (Wcn2) at a

l'i ght - converging point; nunerical aperture adjusting neans for adjusting
the size of nunerical aperture of an optical systemincluding the

| i ght-converging |ens according to an inputted size of nunerical aperture;

5 means for |pgating.thee (iigbh? caRVeraidig Raimteafitdgoptt senuhasiaral i ght
conver ged by tﬁe Tight-converging | ens %&ﬁlﬂ n ;ﬁ;oé?gct to be processgd;

and nmovi ng neans,f 9f e R Ridtvelyme ARYIMG d&pu bt Oy toenyergiofgnpnentcal pul se
| aser light along a Iiﬁe al ong which the object is intended to be cutpin

the 10 obj eCta%Qr@@rQroch%%gq;i_c\éﬁleé_ itePneciodi hyethespbihi scédovergingi t hin
the object to be processed by irradiating the object to be processed with
one pul se of pujsejlasesihyons hilpudiecntsing tiienhinghl esdnaee gt wge poi nt
within the object; the |aser processing apparatus further conprising

correl gtion 1lh.ghorifg MRans hathegl sypt edohhergingapciort elfathenphetereen a
set of the magnitude of power of pulse laser |ight adjusted by the power

adj usting neangsandigetstaevefgadney ittal lapernteoeveadingt édnbywihein
nunerical aperture adjusting neans and the size of nodified spot; size
sel ecting neaps éfeehonsivegpradeasea:dand oy amg imgautst o rnaghp t bdel vf
power of pulse laser |ight and an inputted size of numerical aperture, a
size of the medihgerthspayhtecoedeayinbumimpotimd smyareade Hidalong
a line along which the object is intended to be cut in the
10 object to be processed; wherein one modified spot is formed
within the object to be processed by irradiating the object
to be processed with one pulse of pulse laser light while
locating the light-converging point within the object; the
laser processing apparatus further comprising correlation
15 storing means having stored therein a correlation between
a set of the magnitude of power of pulsé laser light adjusted
bythepoweradjustingmeansandthesizeofnumericalaperture
adjusted by the numerical aperture adjusting means and the
size of modified spot; size selecting means for choosing,
20 according to an inputted magnitude of power of pulse laser
light and an inputted size of numerical aperture, a size
of the modified spot formed at thus inputted magnitude and
size; and size display means for displaying the size of
modified spot chosen by the size selecting means.

25 Thelaserprocessingapparatusinaccordancewiththis

aspectcﬁfthepresentinventim1cancombinepoweradjustment
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size; and size display neans for displaying the size of

nmodi f i

ed spot

chosen by the size selecting neans. 25 The | aser i i

. . : processi ng apparatus in
accordance with this aspect of the present invention can conbineF%QWK9144’oo
adj ust ment 28 FP01-0144-00 with nunerical aperture adjustnent,
able to increase the nunber of kinds of controllable dinensions of

nodi fi ed spots. Also, for the sane reason as that of the

| aser

t hus bei ng

processi ng

apparatus in accordance with the present 5 invention, the size of nodified
spot can be sggn, behgee: kaserpepraeessidimstitent aseruprbeésgi rplappdar at us
in accordance with an aspect of the present invention conprises a |aser
light source ;foFe£88 tringunbkseot aserdd icghtohavbagaklpuiseens dions 6if 1 10
ps or |ess; power adjusting nmeans for adjusting the magnitude
pul se | aser |jgiresdtd@scdromitshe faserhki ghte seascr asconat ngf tidr@n
inputted magni tude of power of pulse laser light; lens selecting neans

i ncluding a plasadigyoddssiighipreantersyiingaktensdsnter wibhvergi e 41t pul se
laser light 15 emitted fromthe |aser light source such that the pul se

| aser 5light att@hbsor, RerKs poverr miedist 1gd spoat carbstsaeXPERIEWENR) at a
l'i ght -convergi ng point, the lens selecting means being adapted to select
anong a plurapréyeo8ihgght-converging lenses, a plurality of optical
systens including the 20 |ight-converging | enses having respective
nunmerical  apert ur eshdliffsarept obessiegchppe het v s nEars FGdans@aring ¢he

| i ght-converging point of the pulse |laser |ight converged

of power of

aspectofthepresentinventioncomprlsesalaserlightsource

for emitting pulse laser light having a pulse width of 1

10 psorless;poweradjustingmeansforadjustingthenmgnitude

of power of pulse laser light emitted from the laser light

source according to an inputted magnitude of power of pulse

laser light; lens selecting means including a plurality of

light—converginglensesforconvergingthepulselaserlight

15 emitted from the laser light source such that the pulse laser

light attains a peak power density of at least 1 x 10° (W/cm?)

at a light-converging point, the lens selecting means being

adapted to select among a plurality of light-converging

lenses, a plurality of optical systems including the

20 light-converging lenses having respective

numerical

apertures different from each other; means for locating the

light-converging point of the pulse laser light converged

bya]ight—converginglenschosaﬁbythelensselectingmeans

within an object to be processed; and moving means for

25 relatively moving the light-converging point of pulse laser

light along a line along which the object is intended to
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by a light-converging |lens chosen by the |ens selecting means within an

obj ect to be processed; and moving means for 25 relatively nmoving the

l'i ght - converging point of pulse |laser [light along a line along WAP¢h- @ hed-00
object is intended to 29 FP01-0l4 -00 be cut in the object to be processed;
wherein one nodified spot is formed within the object to be processed by
irradiating the object to be processed with one pulse of pulse |aser

light while locating the light-converging point within the 5 object; the

| aser processiNg APRAr ahySoh ikt helo GRNMBioeieRGedGOwhek 8t hoonstrowd Gl erbans
havi ng storegjthereln a corrg%ation between a set of the nagnitﬂgz of

power of pul s& daserk gty i dinish &dnhycthe popeocads ity nedahst ang si zes
of nunerical “apertures of a plurality of optical systens including the 10
l'i ght-converging dienses andd hersddesed winch foresl Spode of zeul sel kedeng
nmeans for choosing,” according to an inputted negnitude of power of pulse
laser |ight and;anJHinw tedasiag t9é Nymer-caivapeimMypein sizbiofthde

nodi fied spot formed at thus inputted nmagnitude and size; and size display
means 45 for displayivie theed pecekseadigfl bpgaspotschosenebycoher 55 2eg
sel ecting neans. For the sane reason as that of the |aser processing
appar at us i n as€0s Tanren vt bl i hheeabeveemd 5 boedd aspeeti nof cot hel pt egent
invention, the |aser processing apparatus in 20 accordance with this aspect
of the presenteiwwentd eatcan themaagaseutinec Npuer of iles lefsegohigbt| abl e
di rensions of nodified spots and can see the size of nodified spots_before
adjusted by the power adjusting means and sizes of numerical
apertures of a plurality of optical systems including the
10 light-converging lenses and the size of modified spot; size
selecting means for choosing, according to an inputted
magnitude of power of pulse laser light and an inputted size
of numerical aperture, a size of the modified spot formed
at thus inputted magnitude and size; and size display means
15 for displaying the size of modified spot chosen by the size
selecting means.
For the same reason as that of the laser processing
apparatus in accordance with the above-mentioned aspect of
the present invention, the laser processing apparatus in
20 accordance with this aspect of the present invention can
increase the number of kinds of controllable dimensions of
modified spots and can see the size of modified spots before
laser processing.
The laser processing apparatus explained in the

25 foregoing may comprise image preparing means for preparing

an image of modified spot having the size selected by the
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| aser processing. The | aser processing apparatus explained in the 25
foregoing may conprise imge preparing neans for preparing an inage of
nodi fi ed spot having the size selected by the 30 FPO -0144-00 siz&F01-0144-00
sel ecting neans, and image display neans for displaying the inage prepared
by the image preparing neans. This allows the fornmed nodified spot to be
grasped visually before |aser processing. 5 The |aser processing apparatus
in accordance with an aspect of the present invention conprises a |aser

| i ght source sfpe semiddtiing medse, lsageiméjghti spaviyngeanpilcsedibdli aydicl  ps
or | ess; power adjusting neans for adjusting the magnitude of power of

pul se | aser |ightinenietpeshd radoythd asegeldrgpa rigigsoeece; |Thjr aédbaver gi ng
means for converging the pulse laser light emtted fromthe |aser |ight
source such thiaé fidenqaunseifliadespdt glotbattraispsdav peakl ppweat densps§grof at
least 1 x 108 (WCMWM2 ) at a light-converging point; neans for |ocating

the |ight-conyecgengipoint of the pulse laser |ight converged is by the

| i ght-converging means within an object to be processed; and noving neans
for rebatively novingetlesen pghicessiver gbpgrpbiat infaprerdanes e th ght
along a line along which the object is intended to be cut_in the object

to be processasdpenherfeilre pnesantiifived tsyoat comp ¥ beeed Mixadi hi 2t ERETEB] ect
to be processed by irradiating the object to be processed w th one pul se
of pul se | asefoki ghitwhhnbephdeat Lagert héghtghevésavar BRA§SpUrAtPWPENEN t he

object; the | aser . , , :
psorless;poweradjustlngmeansforadjustlngthenmgnltude

of power of pulse laser light emitted from the laser light
10 source; light-convergingmeans for convergingthepulselaser
light emitted fromthe laser light source such that the pulse
laser light attains a peak power density of at least 1 x
108 (W/cm?) at a light-converging point; means for locating
the light-converging point of the pulse laser light converged
15 by the light-converging means within an object to be
processed; and moving means for relatively moving the
light-converging point of pulse laser light along a line
along which the object is intended to be cut in the object
to be processed; wherein one modified spot is formed within
20 the object to be processed by irradiating the object to be
processed with one pulse of pulse laser light while locating
the light-converging point within the object; the laser
processing apparatus further comprising correlationstoring
means having stored therein a correlation between the
25 magnitude of power of pulse laser light adjusted by the power

adjustingmeans andthe sizeofmodified spot; power selecting
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processing apparatus further conprising correlation storing neans having
stored therein a correlation between the 25 magni tude of power of pul se

| aser |ight adjusted by the power adjusting neans and the size ofpabddidfedl0
spot; power selecting 31 FP0O1-0144-00 neans for choosing, according to an
inputted size of nodified spot, a nmagnitude of power of pulse. laser |ight
adapted to formthis size fromthe correlation storing nmeans; the power

adj usting neans adjusting the magnitude of power of pulse 5 |aser |ight

emtted from r 0 ek tdhah id TERgBi Lo dE mbd poved
chosen by thé$ggﬂéﬁ§§é?i%§$%né gaggr |§@attalﬁé The | aser procgssing

apparatus in ?g{i?rdz? ‘gn"ﬁttd?jet ieS poRepest @jléélelatyeecsqmghltnweaplt@a to

conpri ses cor ation orin 10" means having stored therein the nagnitude

of ‘pover of PHLSE diAseLs ;L ORcrARlot s, 828t 96 Eaditiacnepet; shespodeng to
an inputted srze o e nodified spot, the magnitude of power of pulse

laser |ight as‘a_%gglﬁe rfx@éﬁbtildi?ué;tizﬁg'@)é?hﬂhﬁﬁmtddé)mﬂ pewear bél ptil sa
storing neans e power adjusting 15 neans adjusts the magnitude of power

of pulse |asefzLightigepidhetdédomihelasersdd ghtghrosone ceosasht bhatke it
beconme the nagnltude of power chosen by the power sel ecting neans.

Therefore, a pRAifigsdi speé dRYONE @ cHesiehabl etisé zeowean sled ectanyedea® The
| aser processing apparatus in accordance with an aspect of the present

invention conpki gesadnkaser |ight source for emtting pulse laser |ight
having a pulse width of 1
Thelaserprocessingapparatusinaccordancewiththis
aspectofthepresentinventioncomprisescorrelationstoring
10 means having stored therein the magnitude of power of pulse
laser light and the size of modified spot. According to an
inputted size of the modified spot, the magnitude of power
of pulse laser light adapted to form this size is chosen
from the correlation storing means. The power adjusting
15 means adjusts the magnitude of power of pulse laser light
emitted from the laser light source so as to make it become
the magnitude of power chosen by the power selecting means.
Therefore, a modified spot having a desirable size can be
formed.
20 The laser processing apparatus in accordance with an
aspectofthepresent1nventlmncompr1 esalaser light source
for emitting pulse laser light having a pulse width of 1
us or less; a light-converging lens for converging the pulse
laser light emitted from the laser light source such that

25 the pulse laser light attains a peak power density of at

least 1 x 10% (W/cm?) at a light-converging point; numerical

32



ps or less; a light-converging |ens for converging the pulse |aser |ight
emtted fromthe |aser |ight source such that 25 the pul se | aser |ight
attains a peak power density of at least 1 x 106 (WcnR) at a FP01-0144-00
| i ght-converging point; nunerical 32 FPOl1l-0144-00 aperture adjusting means
for adjusting the size of nunerical aperture of an optical system

including the light-converging |ens according to an inputted size of
nunerical aperture; means for locating the |ight-converging point of the

pul se 5 | aser 3LLght reunaIgath dPiebhe 140887 6o0YRE diHgs] o fwhtihé nicah
obj ect to be processed; "and noving neans for relatively noving the

li ght - conver gbpgrPOI-Blo 105 BhS@ J1aspstdrh gt 1abiong tia Ligetatongenbinh the
object is intended to be cut in the object to be processed; wherein one

modi fied spot ksl 9£ABHI1RgW & him trdiahieati A0 oFenphegesaedapyrtoradi ating
the object to be processed with one pul se of pulse |aser Iight while

| ocating the kight- £@AVRIGH tihP@inet 1Whb-Bohhergbhgctointhef kagepulse
processi ng apparatus further conprising correlation storing means having
storedst her ei Dagegol § ghat tOfvOL ¥E ety Ihd Ne gitzecofvergieri dahsapethine
adjusted by the nunmerical aperture adjusting neans and the size of
nodi fi ed spot anaglyedtngs ieabraperstsede sabectv iy mesns ffor chdesimgly
according to an inputted size of nodified spot, the size of nunerical
aperture adapmedihg floF Mighusconpetyedgsiaiont plieownrelpealr Rytdpedrose
adj usting neans adjusting the size of numerical aperture of the optical
syst em i ncl udiengihbealbghtwitorivertg mipjeagng sstiohentad thdsice ¢ hRhAeri cal
aperture chosen by the '
object to be processed; wherein one modified spot 1is formed
10 within the object to be processed by irradiating the object
to be processed with one pulse of pulse laser light while
locating the light-converging point within the object; the
laser processing apparatus further comprising correlation
storing means having stored therein a correlation between
15 the size of numerical aperture adjusted by the numerical
aperture adjusting means and the size of modified spot; and
numerical aperture selecting means for choosing, according
to an inputted size of modified spot, the size of numerical
aperture adapted to form thus inputted size; the numerical
20 aperture adjusting means adjusting the size of numerical
apertureoftheopticalsystemincludingthelight—converging
lens such that the size of numerical aperture chosen by the
numerical aperture selecting means is attained.
The laser processing apparatus in accordance with this

25 aspectofthepresentinventioncomprisescorrelationstoring

means having stored therein the size of numerical aperture
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nunerical aperture selecting means is attained. The |aser processing
apparatus in accordance with this 25 aspect of thepresent invention
conprises correlation storing neans having stored therein the si FROB10144-00
nunerical aperture 33 FP01-0144-00 and the size of nodified spot. According
to an inputted size of nodified spot, the size of nunerical aperture
adapted to formthus inputted size is chosen fromthe correlation storing
means. The nunerical aperture adjusting neans 5 adjusts the size of

numeri cal apegtyn®cofitbeoptdralesypoem Aacbuding tichen dinghttednse Qi n
| ens such that the size of nunerical aperture chosenby the nuneric;? )

aperture se!egflﬂgdiﬂggassb§tattﬁéneﬁzeThéreﬁmeeicabdﬁpéeﬂuspoﬂéah%©¢ng a
desirabl e size can be forned. 10 The | aser processing apparatus in
accordance with g@rma§@@§tiﬁﬁuﬁﬂ§ﬁryﬁzﬁnﬂsicmwe@midmomohbﬁi§@§ralﬁb%@¥ | i ght
source for emtting pulse laser |light having a pulse width of 1 ps or

| ess; lens sekestifg WRams.i nctheli ngmar praialapey tofre 14 ¢Hes com eFgeng

| enses f or converging the pulse laser light 15 emtted fromthe |aser
light source sHglstbaihd ke zpubSeuhmaserall aghttare sifnsha qridiCHoRBPLEBNSI ty
of at least 1 x 106 (Wcn2) at a light-converging point, the |ens

sel ecting meanachedngg atapl ght ecseyecyingohegna piak dhaty tée size of

l'i ght-converging lenses, a plurality of optical systens including.the 20
I|ght-converghngehense$ﬁunﬁqu¢E@m@cbV¢@eﬁmﬁ?ﬁkﬁﬂla@@é??ﬁ?é§18F%F89ent

from each other; neans for locating the [|ight-caonv [ [
<, - ergin oi nt of
pul se | aser | mghhscarsveagedined. Therefore? modifieé]sé% s avgngtge

desirable size can be formed.
10 The laser processing apparatus in accordance with an
aspectofthepresentinventioncomprisesalaserlightsource
for emitting pulse laser light having a pulse width of 1
us or less; lens selecting means including a plurality of
light—converginglensesforconvergingthepulselaserlight
15 emittedfromthelaserlightsourcesuchthatthepmlselaser
light attains a peak power density of at least 1 x 10% (W/cm?)
at a light-converging point, the lens selecting means being
adapted to select among a plurality of light-converging
lenses, a plurality of optical systems including the
20 light-converging lenses having respective numerical
apertures different from each other; means for locating the
light-converging point of the pulse laser light converged
byalight—converginglenschosenbythelensselectingmeans
within an object to be processed; and moving means for
25 relatively moving the light-converging point of pulse laser

light along a line along which the object is intended to
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by a light-converging |lens chosen by the |ens selecting means within an

obj ect to be processed; and moving means for 25 relatively nmoving the

l'i ght -converging point of pulse |laser [light along a line along WRP @h- @ s -00
object is intended to 34 FP01-0144-00 be cut in the object to be processed;
wherein one nodified spot is formed within the object to be processed by ’
irradiating the object to be processed with one pulse of pulse |aser

light while locating the |ight-converging point within the 5 object; the

| aser processing APRAr ahESch st hero genplbsesgedcowhekal noonstord i erkans
having stored therein a correlation between sizes of nunerical apertures

of a pluralitydf i slghlaGonviengt ngobgases cansptbeesbezd of i moali fa BN S pot ;
and nunerical” aperture selecting neans for choosing, according 10 to an
inputted size i il ad SROtprécsd Z&d ofittunare qall sapef tpubsadbpted to
formthus inputted size; the lens selecting neans selecting anong a
plurality of 1]dghtEaRyeegaRgngensesl sy ddrate tdien g ippe ndf watihépi Tt
aperture chosen by the nunerical aperture selecting means 15 is attained.
Accordi ng to g ébputied 1sisze ofroredistinedappetatubefuraber proResstng
apparatus in accordance with this aspect of the present invention chooses
the size of nusBréTatiompebttng radapnted troy £ boned s riedput eedrsi 28ioThe
I ens 20 sel ecting neans selects anpng a plurality of 1li ght-converging
| enses such thetwébe st ze sofo fnumeré ciada lapepe ur erehosén byl vl huveff ca
aperture selecting neans is attained.
light~-converging lenses and the size of modified spot; and
numerical aperture selecting means for choosing, according
10 to an inputted size of modified spot, a size of numerical
aperture adapted to form thus inputted size; the lens
selecting means selecting among a plurality of
light-converging lenses such that the size of numerical
aperture chosen by the numerical aperture selecting means
15 is attained.
According to an inputted size of modified spot, the
laser processing apparatus in accordance with this aspect
of the present invention chooses the size of numerical
aperture adapted to form thus inputted size. The lens
20 selectingmeansselectsamongapluralit?oflight—converging
lenses such that the size of numerical aperture chosen by
the numerical aperture selecting means is attained.

Therefore, modified spots having a desirable spots can be

formed.
25 The laser processing apparatus in accordance with an

aspectofthepresentinventioncomprisesalaserlightsource
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Therefore, nodified spots having a desirable spots can be for

| aser processing apparatus in accordance with gn aspect of tthgFeggnIhe
invention conprises a |aser |ight source 35 FP01-0199-00 for enitFP%b’%h4%%po
| aser light having a pulse width of 1 ps or |ess; power adjusting nmeans
for adjusting the magnitude of power of pulse laser |light emtted fromthe
| aser light source; a light-converging Iens for converging the pulse 5
laser light emtted fromthe laser |ight source such that the pul se |aser
light attainssg ngak POV pEiessi 1ysof Bight easting xa 1081 gV wh)h aef al

l'i ght -converging point; nunerical aperture adjusting neans for adjusting
the size of NuBKIGAs; BEREEWE Wt iary mpshedlorsydf eat i ngtddi mygrheude

l'i ght-converging 10 lens; neans for locating the Iight-converging point of
the pulse | aserpdiddhiorcpnyeegedsby 1heht ieginttconvera rigel éﬁgermf%@mﬁ an
obj ect to be processed; and moving nmeans for relatively noving the

li ght - conver gi Hgr®8j né Digptit senvaseingl ighs &bongoaveraénel bhg WAFER the
object is intended to 15 be cut in the object to be processed; wherein one
modi figd spofaisrfDIgme ashitied theoroljlect] ase1bd ightcesse@ by UFPr ABRAL i ng
the object to be processed with one pulse of pulse laser light while

| ocating the thghputeavesgengl pghntavtehha ehpeabbpeeer gRresthyept at
processing apparatus further conprising 20 correlation storing neans.having
stored therei neascar xel at i(ov crbetateen! aoket co Ve Ael R GRIde "BMShdRar of

pul se laser |ight adjustedbythe power adjusting neans and th i
. , e
nuneri cal aperture adjusting means foragjusti%g'the31ze<3%num%&€%a?f

aperturecxfanopticalsystemincludingthelight—converging
10 lens; means for locating the light-converging point of the
pulse laser light converged by the light-converging lens
within an object to be processed; and moving means for
relatively moving the light-converging point of pulse laser
light along a line along which the object is intended to
15 be cut in the object to be processed; wherein one modified
spotisformedwithintheobjecttobeprocessedbyirradiating
the object to be processed with one pulse of pulse laser
light while locating the light-converging point within the
object; the laser processing apparatus further comprising
20 correlationstoringmeanshavingstoredthereinacorrelation
petween a set of the magnitude of power of pulse laser light
adjustedbythepoweradjustingmeansandthesizeofnumerical
apertureadjustedbytherummricalapertureadjustingn@ans
and the size of modified spot; and set selecting means for
25 choosing, according to an inputted size of modified spot,

a set of themagnitude of power and size of numerical aperture
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aperture adjusted by the nunmerical aperture adjusting neans and the size

of nodified spot; and set selecting neans for 25 choosing, according to an
inputted size of nodified spot, a set of the magnitude of power <GIA8-00
of nunerical aperture 36 FPOL-0144-00 adapted to formthis size; the power
adj usting neans and nunerical aperture adjusting neans adjusting the

magni tude of power of pulse laser light emtted fromthe |aser |ight

source and the size of nunerical aperture of the optical 5 system i ncl uding

the li ght-CO%va%rJgaerw d &N shoth 1hadi 2die tnagrbendes dfupoivey reeah siszel of
nunerical aperture chosen by the set selecting neans are attained.

According to apdrpult eehesitzf ObdHRdt Ehgdnepos adiet irgseheprazessldy
apparatus in accordance with this aspect 10 of the present invention

chooses a conbj nafjan o&f phheempgsit uteglef quneredrfdcsi zéeolananekidul
aperture adapte to formthus inputted size fromthe correlation storing

means. Then, it ad] 4sd Schdes 1Bgns £ uslemor i paveapeftpué sef | aseropiyrrl and
the size of numerical aperture of the optical system 15 including the 1
i ght - §onverggpgtéﬁn§n§pu@§n@otnétai@htheonhesghngnhgnStﬂd@hothﬁbmb¢eand
size of nunerical aperture. Therefore, nodified spots having a desirable

size can be fQrgRdeudtsor pshéceaﬁhesﬂagnbfudemetip@heapanﬁu¥ﬁeC§P§%nof
nunerical aperture are conbined together, the nunber of kinds of

control | abl e , @0t HinBaSi s83cOt impdinéard spet sttaAnBE i ncreased. The | aser
processing apparatus in accordance with an aspect of the present iggention
conprises a |laser |hghbrédngceo an inputted size of modified spot, t
laser processing apparatus in accordance with this aspect
10 of the present invention chooses a combination of the
magnitude of power and size of numerical aperture adapted
toformthusinputtedsizefromthecorrelationstoringmeans.
Then, it adjusts the magnitude of power of pulse laser light
and the size of numerical aperture of the optical system
15 includingthelight—converginglenssoastoattainthechosen
magnitudeofpowerandsizeofnumericalaperture. Therefore,
modified spots having a desirable size can be formed. Also,
sincethemagnitudeofpowerandthesizeofnumericalaperture
are combined together, the number of kinds of controllable
20 dimensions of modified spots can be increased.
The laser processing apparatus in accordance with an
aspectofthepresentinventioncomprisesalaserlightsource
for emitting pulse laser light having a pulse width of 1
psorless;poweradjustingmeansforadjustingthen@gnitude

25 of power of pulse laser light emitted from the laser light

source: lens selecting means including a plurality of
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for emtting pulse laser light having a pulse wwdth of 1 ps or |ess;

adj usting neans for adjusting the nmagnitude 25 of power of pulse |ase

power
]

light emtted fromthe laser light source; lens s i U g
_ _ ; el ecting means TR} RYi4fg 00
a plurality of 37 FPO1-0144-00 |ight-converging | enses fo? conver gi ng téﬁb

light emtted fromthe |aser |ight source such that the pul se

pul se | aser

| aser light attains a peak power density of at

a light-converging point, the |l ens selecting neans being 5 adapted to

sel ect anong @& ' oA ; s

. B Ml @it §fnd L aAbes vtet ghngr gl roses pal pb dpalert i gt

optical systems Including the |[ight-converging |Ienses hgving réZpective
&

nuneri cal

b angr i &3 rdichf € &Nk sbrom gackoatrkersuaeahs tfdre by
i ght -converging point of the pulse laser |ight converged 10

li ght - conver gj ng,{ eRs Ghesepdik bbeek afen sied eof |
( eofiaty leeansl
to be processed; and novi ng neans for reIativeI?ganing t he

|l east 1 x 108 (hi/cnR) at

€ kpahe
y a
Qﬁﬂw/éﬁzbbject

i ght -conver ging poLAt-ebnpukgenbasernt | itglt Lahs } |

( onve : e ke d i 1y Alegng AR

Obj?CF i's |ntendeq fo be cut in the object to be processed; agereiéhohge
modi fied 15 speintsdf epmedieicthiamorize 20hBeta i peopr bteBtedobyer#+a@i at i ng

the object to be processed with one pul se of i i

_ _ _ ( pul se laser |ight whi]
| ocating the {igbtssonvepgurglpeiyntofni bipicricele swbfews; #ﬂﬁié&%ﬂ% the
processi ng apparatus further conprising correlation storing nmeans hg;ing

e

stored thereimiﬁ?egtbﬁbatbmﬂgZOlh@&weenhﬁ%ﬁngofr@ﬁ@eﬁﬁﬁﬁ?tuaémSFlﬁﬁ

pul se | aser
numner i cal

10

15

20

25

lig adj usted by the power adjusting neans and si.zes

apeptytesesfdaf pé et iftnproeaopte i T s Feedst PhclUf g G ?’152

light-converging point of the pulse laser light converged
byaJjght—converginglenschose@bythelensselectingmeans
within an object to be processed; and moving means for
relatively moving the light-converging point of pulse laser
light along a line along which the object is intended to
be cut in the object to be processed; wherein one modified
spotisformedwithintheobjecttobeprocessedbyirradiating
the object to be processed with one pulse of pulse laser
light while locating the light-converging point within the
object; the laser processing apparatus further comprising
correlationstoringmeanshavingstoredthereinacorrelation
between a set of the magnitude of power of pulse laser light
adjusted by the power adjusting means and sizes of numerical
apertures of a plurality of optical systems including the
light-converging lenses and the size of modified spot; and
set selecting means for choosing, according to an inputted
size of modified spot, a set of the magnitude of power and

size of numerical aperture adapted to form thus inputted
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|'i ght-converging | enses and the size of nodified spot; an [

means for choosing, according to an inputted 25 sige bf ngdi??gdsglgftlng
set of the magnitude of power and size of nunerical aperture addﬁﬁ@dxﬁg4'oo
formthus inputted 38 FP01-0144-00 size fromthe correlation storing neans;
the power adjusting neans and |ens selecting neans adjusting the nagnitudé
of power of pulse laser light emtted fromthe |aser light source and
selecting anong a plurality of light-converging lenses 5 so as to attain

the power and sjZze,gh tHUTEb ' st
i r ! ieah sapentaE irahmeens byt tehpowet asblwsdtlingg
means. Accorg?ng to an inputted size of nodified sggt, the |aser

processi ng apparal Us,d N AGCerdareeny eahbi sdaspecng ufie thagplesdnor
i nventi on chooses a conbi nati on of the 10 nagnitude of pomer@znd si ze of

nurmer i cal am%gwgpog$yy§gla§@rﬁqgmﬂémﬁtﬁm@ﬁtbmdhat@5¢rdﬁﬂbﬁ§Qﬁﬁ¢%lation
storing nmeans . It adjusts the magnitude of power of pulse |aser |ight
emtted fromddhediasarind ghbngos reia waidi selodcl sghboagnaeppingl 35 of

l'i ght-converging |enses so as to attain the chosen 15 nmagni tude of power
and sige of nygesiced apeiinirethe pespecandedyze Theredoe Bl CabdRBF e SHot s
having a desirable size can be forned. A so, since the magnitude of power
and the size-RbsannByi e aperselecairgcoabnhed together, the nunber of

ki nds of controllabl e dinensions of nodified spots 20 can be increased

The | ' iam doqordatt S Ld 2@
preseﬁfe{neggfﬁzilggaa?ﬁfﬁﬁirsigﬁ;rise dispfsgﬁtﬁftmpglfé§geépoaf the
laser processing apparatus in accordance with this aspect
of the present invention chooses a combination of the
10 magnitude of power and size of numerical aperture adapted
to formthus inputtedsize fromthe correlationstoringmeans.
It adjusts themagnitude of power of pulse laser light emitted
from the laser light source and selects among a plurality
of light-converging lenses so as to attain the chosen
15 magnitude of power and size of numerical aperture,
respectively. Therefore, modified spots having a desirable
size can be formed. Also, since the magnitude of power and
the size of numerical aperture are combined together, the
number of kinds of controllable dimensions of modified spots
20 can be increased.

The laser processing apparatus in accordance with this
aspect of the present invention may further comprise display
means for displaying the magnitude of power chosen by the
power selecting means, display means for displaying the size

25 of numerical aperture chosen by the numerical aperture

selecting means, and display means for displaying the

39



means for displaying the magni tude of power chosen by the o] i
nmeans, display nmeans for displaying the size 25 of nﬁnericaF gﬁ;rfﬁlgctlng
chosen by the nunerical aperture selecting neans, and display meliel T&44-00
di spl aying the 39 FPO1l-0144-00 magni tude of power and size of nuneri cal
aperture of the set chosen by the set selecting neans. This makes it
possible to see the power and nunerical aperture when the |aser

processing apparatus operates according to an inputted size 5 of nodified
spot. The | asgiqprO6@s b NpaRparaidiss can dbmmee plaalaldngr twre i thed
spots along a lIine along which the object is intended to be cut within the
obj ect to be proeassed byTHES e el Fd e repoean sef iTe amates fitaeP s 8t h. - The
nodi fied region 10 includes at |east one of a crack region where a crack

is generated whtbip the qkjweat 4md beupeotessedpeatuvkbt emenpridtesketFy egi
. . - . . e I On
which is nelted within the object to be processed, and a Pefractiye igdex

change regi onpybee s i figlapastiates odexatss clargsti ng thian EREVSBRECEIED be
processed. is An exanpl e of nodes of power adjusting neans is one
including at beasbdoneeafspotND filter and a polarization filter. In
anot her node, the |aser |ight source includes a punping |aser mh?reas t he
| aser processing appﬁﬁfﬁaﬂér<ﬂrqnés&ﬁﬁqﬂannaﬁyﬁﬂﬁwQ§@tf@éﬁ&?oPiPﬁ@ teéns for
controlling 20 the driving current of the punping |aser. These.cap adjust
t he npgnltudeoﬁfmpGMEﬁedfsputsea&aserali@h?.ggﬁnéxéﬁﬁFE bhe ﬂBasggofs
nunerical aperture adjusting neans includes at |east
intended to be cut within the object to be processed. These
modifiedspotsdefineanmdifiedregion. Themodified region

10 includes at least one of a crack region where a crack is
generated within the object to be processed, a molten
processed region which is melted within the object to be
processed, and a refractive index change region where
refractiveindexischangedwithintheobjecttobeprocessed.

15 An example of modes of power adjusting means is one
including at least one of an ND filter and a polarization
filter. In another mode, the laser light source includes
a pumping laser whereas the laser processing apparatus
comprises driving current controlling means for controlling

20 the driving current of the pumping laser. These can adjust
the magnitude of power of pulse laser light. An example of
modesofnumericalapertureadjustingmeansincludesatleast
one of a beam expander and an iris diaphragm.

Thelaserprocessingmethodinaccordancewithanaspect

25 ofthepresentinventioncomprisesafirststepofirradiating

anobjecttobeprocessedwithpulselaserlightwhilelocating
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one of a beam expander and an iris diaphragm The |aser processin

in accordance with an aspect 25 of the prgsent inventiog conprisg nethp? t
step of irradiating an object to be processed with pul se |aser |?§R?‘&Aﬁ?é°o
|l ocating 40 FP01-0144-00 a light-converging point of the pulse |aser |ight
within the object, so as to forma first nodified region caused by

mul ti photon absorption within the object along a first |ine along which

the object is intended to be cut in the 5 object; and a second step, of

i rradiating thelobheetonithgipgl seihasef thghPU%ﬁﬁléaﬁﬁRi%égFEeWbﬁﬁéﬁ | aser
light attain a power higher or lower than that in the first step an

locating thethegbbseanyesqi ag poi fivrof at Aerpul Bedibsed FPERPPWFEHPRY the
object, so as to forma second nodified region caused 10 by nul tiphoton
absor pti on Wi bhi Mul bepbb} ect alas ort Rom ecbieln | iR AIGTT WHIEK Phé15ﬁ%ect is
intended to be cut in the object. The |aser processing pethod in
accordance wi tLhnanaaspgcwhich the pbaseht 1BniBRENERICERPPFsEStalfi FBE step
of irradiating 15 an object to be processed with pul se |aser |ight ile

| ocati Bg a | i gbtjecanvendi rgspent éﬁeph@fpar§édﬁé§éPglFﬁﬁtO%ﬂFﬁFnWlFﬁg

abSor pti on wi bhilsel hasebjdaiahbAg et k158 (19 RBTRFoRDWRI P hE SR Lot i s
|npended_to be cut in.the 20 object; and a second .step of irradiat.i. t he
Obj ect with !aqics/eelt hsgherpg‘rﬂtow,ﬁﬁ_ pga%lkﬂiaﬁglrhﬁh% it zls%%?gﬂﬁior?@lt& i%ng a
1 ght-convergi ng llfgfutiggngg%%g'Sgiﬁ*?eof)‘%'hséephi‘%?1£é9@tlight within
the object, so as to form a second modified region caused
10 by multiphoton absorption within the object along a second
line along which the object is intended to be cut in the
object.
Thelaserprocessingmethodinaccordancewithanaspect
ofthepresentinventioncomprisesafirststepofirradiating
15 anobjecttobeprocessedwithpulselaserlightwhilelocating
a light-converging point of the pulse laser light within
the object, so as to form a first modified region caused
by multiphoton absorption within the object along a first
line along which the object is intended to be cut in the
20 object; and a second step of irradiating the object with
pulse laser light while making an optical system including
a light-converging lens for converging the pulse laser light
attain a numerical aperture greater or smaller than that
in the first step and locating the light-converging point

25 of the pulse laser light within the object, so as to form

a second modified region caused by multiphoton absorption

41



attain a numerical aperture greater or snaller than that in the fir

and locating the light-converging point 25 of the pulse laser |ight a;ta}ﬁp
the object, so as to form a second nodified region caused by mul TPphol bhi-00
absorption 41 FP01-0144-00 within the object along a second |line along

which the object is intended to be cut in the object. \Wen respective
directions which are easy to cut and hard to cut exist due to the crystal
orientation, for exanple, 5 the |laser processing nmethods in accordance

with these aspects, ¢ et B}_@? PEESENInd BVERt o 1deer ebses wWieclsithe objaodi fi ed
spot constituting a nodified region formed in the easy-to-cut direction

and i aneaseZié hfmﬁéﬁc?e@ftmgéf&@td $POthe cOB$eEL UL ng anot her nodi fi ed
region formed 1n the 10 hard-to-cut direction. This can attain a flat cross

section in the easysd@-ipitiead dareand cerabheshcatée igepy na ket and
hard-to-cut direction as well. (4) The | aser processing apparatus in

accordance  wii g axpest seldudico phesenjsiaw euticanacoupy ifseseachpser 15
| i ght source for emtting pulse laser light having a pulse width of 1 ps or

| ess; §requengye adisksty e d@ansg et hadpust dogor dhecamgnitiives o spects
repetition frequency of the pulse laser light emtted fromthe [aser |ight
source aCCOfdcbﬂ&ﬁeopgii@sehﬁpiﬁ\t@ﬂ:irmgdietmd&esefs theqiercyt nadjHtiachAPeEgi ng
means for 20 converging the pulse laser light emtted fromthe |aser |ight
source such tpahstheupiuhgeal msatfleghteagtbai isrmegedk pbRerasichSrEytof at
|l east 1 x 108 (WcnR) at a |ight-converging
direction and increases the size of modified spot
constituting another modified region formed in the
10 hard-to-cut direction. This can attain a flat cross section
in the easy-to-cut direction and enables cutting in the
hard-to-cut direction as well.
(4) The laser processing apparatus in accordance
with an aspect of the present invention comprises a laser
15 light source for emitting pulse laser light having a pulse
widthofilpsorless;frequencyadjustingmeansforadjusting
the magnitude of a repetition frequency of the pulse laser
light emitted from the laser light source according to an
inputted magnitude of frequency; light-converging means for
20 convergingthepulselaserlightemittedfromthelaserlight
source such that the pulse laser light attains a peak power
density of at least 1 x 10% (W/cm?) at a light-converging
point; means for locating the light-converging point of the
pulse laser light converged by the light-converging means

25 within an object to be processed; and moving means for

relatively moving the light-converging point of pulse laser
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poi nt; neans for |locating the |ight-converging point of the pulse |aser
| i ght converged by the light-convergi ng neans 25 within an object % 1Q 144-00
processed; and noving neans for relatively noving the Iight-convg ging

poi nt of pulse |aser 42 FP0O1-0144-00 light along a |ine al ong which the
object is intended to be cut in the object to be processed; wherein one
nodi fied spot is forned within the object to be processed by irradiating
the object to be processed with one pul se of pulse |aser 5,I&%ht ﬁhile
| ocating the Light-eanuergi hgnporhonwi whilaht kee 6BPEEE; 1and"WABFEFN®]
plurality of nodified spots are formed along the line along which.the

obj ect is intpadedttin hhecwb]ewitt hbnb@mr@%?%%%dtmhﬁf%%%éﬁdﬁgle
irradiating the object to be processed with a plurality of pulses,of pulse
| aser 10 | i ghtpohiilsefdoad wnght héHe ghi e €oho &G FRFHD bMﬂFﬁPﬁlﬁﬁéngobject
and rel ativelynmoving the Iight-converging point along the line alaong which
the object isthetebdedtt dohbecprocersed aidh HNGcEILSFy © pﬁ&ﬁé@ugafﬁgther
conprising distance calculating nmeans for cal cul ating a,distatce E t ween
modi fi 8d 15 spaghtadhatenoezichnotther 1agbér§oRg SE§ 187 Pﬂbﬂ?t”&hr}ﬁd?g i'fude

of frequency; and di stance display nmeans for disp|laying the _distanc

cal cul at ed by obfiecti;séad o esa icub R4 Hep Fean s Iflfh‘gl fﬁ%%{p&t Shak® ?fté’&ﬁnﬁ%t hat,

when the light-converging point of pulse laser |ight has fix rel.ative
H:%% g%d kogg% St

movi ng speed, alzma heedi searmkoHbMResh SPRoPITE MO EREES FePE &V as

Tod! 1120 spol) 9LTEd, DY o pul SEof Bl 321 38eT LAt a0g gl

to be processed with a plurality of pulses of pulse laser

10 light while locating the light-converging point within the

objectandrelativelymovingthelight—convergingpointalong

the line along which the object is intended to be cut; the

laser processing apparatus further comprising distance

calculatingmeansforcalculatingadistancebetweenmodified

15 spotsadjacenteachotheraccordingtx:aninputtednmgnitude

of frequency; and distance display means for displaying the
distance calculated by the distance calculating means.

Theinventorhasfoundthat,whenthelight—converging

pointofpmlselaserlighthaszafixedrelativemovingspeed,

20 thedistancebetweeneamodifiedpart(referredtx>asmodified

spot) formed by one pulse of pulse laser light and a modified

spot formed by the next one pulse of laser light can be made

greater by lowering the repetition frequency. It has been

found that, by contrast, the distance can be made shorter

25 by increasing the repetition frequency of pulse laser light.

In the present specification, this distance is expressed
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greater by lowering the repetition frequency. It has be
_ . en found that, b
contrast, the distance can be nmade shorter 25 by increasing the re etitign

frequency of pulse laser light. |In the present specification, thi P01-0144-00

di stance is expressed 43 FPOLl-0144-00 as the distan i

_ ex| ce or pitch between

adj acent nodified spots. Therefore, the distance betmeenpthe adj acent

nodi fied spots can be controlled by carrying out adjustment for increasing
or decreasing the repetition frequency of pulse 5 laser |light. Changing

the distance accorging d:ide d¢ it drhivekness, adpdcehe mbkéid '
_ : efoedt AROH
to be processed eggiles cuttlng@?hconfornity toUthe object to be Bl ect

processed. Forming anplaralét thef diodahitedepaien ahergiieds O [
: Rl ; jedantemafbhgedn
the object is intended to be cut within the object tggte processedg 10ICh

deanes_a nDdigﬁggsr%ghoqﬁeTb@ntgéple@rbge&&&mqia@panaiusdjWS@mQ@tdéﬁée
with this aspect of the present invention calcul ates the distance between

adj acent nodi f1 gd, 8pak sgacE Ul ' ' ptli omaiyre
: g fhdindg kel nppétedio qulec o ff py
and di spl ays t%us cal cul'ated di stance. 15 Therefore, w th respect téﬁéncy,

rgg:a‘; ! egog pot s1feered; geeor dinkhginyg tihe Hagnahudeaotofdbnacieyiedinfio the
p essing apparatus, the distance between adjacent spots can be
seen before | agerxpreeesshagheTheke aferh@obiessi hybaper et vsed §rabd6rd
with an 20 - . ) ance
n 20 aspect of the present invention conprises a |laser |ight source
for emtting pghge ilhased cbngbtrmhayi gt he pid Jse tvik d Pl R)ﬁoclesﬁﬁdor F?oggg’.ng
| i ght -convergi ng means for converging the pul se ’
a plurality of modified spots along a line along which the
object is intended to be cut within the object to be processed
10 defines a modified region.
Thelaserprocessingapparatusinaccordancewiththis
aspect of the present invention calculates the distance
between adjacent modified spots according to the inputted
magnitudeoffrequency,anddisplaysthuscalculateddistance.
15 Therefore, with respect to modified spots formed according
to the magnitude of frequency fed into the laser processing
apparatus, the distance between adjacent spots can be seen
before laser processing.
The laser processing apparatus in accordance with an
20 aspectofthepresentinventioncomprisesalaserlightsource
for emitting pulse laser light having a pulse width of 1
us or less; light-converging means for converging the pulse
laser light emitted from the laser light source such that
the pulse laser light attains a peak power density of at

25 least 1 x 10® (W/cm?) at a light-converging point; means for

1ocatingthelight—convergingpointofthepmlselaserlight
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| aser light emtted fromthe | aser |
_ _ ght source such that the
light attains a peak power density of at 25 least 1 x 108 (chngylse ;aser
| i ght-converging point; means for |locating the |ight- i 04 0444-00
t he I | _ g g conver gi ng point of
pul se laser Iight 44 FPOl -0144-00 converged by the |ight-converging
nﬁans within an object to be processed; noving means for relatively novin
Ehg OL}gEE-?gnye[glggdp0|nL of pulse laser light along a line along V\/nichg
_ _ intended to be cut in the object 5 to be prqcessed;
?ggusfzgﬁtngggégiﬁﬁrgyﬂ m§irmmﬁ HﬂﬁhUﬁQyMWQﬁ%éﬂ@fmﬁé@étﬁéghﬁﬁvﬁﬁg%gﬁggg 2Peed
- C ing point of pulse laser Iight caused t he. novi
ggg?si2c?8;g;3g>u?%gﬁr¢$ﬁnﬂffmjrmaghmguméa©$ §9éeé?laﬁﬁ@?i&ntH&nﬁo§%%?ed
( within the object to 10 be processed by irradiatin
?Ejeeclti tg(r)]t bgogl\r/ig%ra_s&&ﬁ]vQﬁqing)n?imn of ¢l é@ﬂeéséﬁyQthﬁt%W % ib)%gti ng
| - ging point within the object; and wherei '
imﬁf“ fheg Spot S Bty fudrirerd takong] ehe 1r>rﬁen%ﬁrt%d %P@hctlﬁe{]’aﬁﬁ%‘glt"lgj?cltty g
t ende 0 be cut within the object 15 to be processed hy i i at.
obj ect 30 be procsssebcadgdta pidrmeey Qﬁj%ﬂp% 82 pul Oerl Ira;%gdrs ti:]%t the
while locating the light-converging point within, the object and rel,ativel
movi ng the | i ghite comegngitmglepoi mnﬁquqﬂgIiﬁ%VéPSngﬁﬂﬁﬁél Pge g%ject ig
intended to be cut; the |aser processing 20 aqparat s furth risin
di stance cal cul aghtgcomenssines Peat e afitg &F?Fax&g ge%mﬁéﬁaﬁ%giéﬁidg
spots adj acent each other according to an.in t ed ] e, of d;
moving means according to an inp%%%e% mQ899£EHQ oPfsSpegd; and
wherein one modified spot is formed within the object to
10 be processed by irradiating the object to be processed with
one pulse of pulse laser light while locating the
light-converging point within the object; and wherein a
plurality of modified spots are formed along the line along
which the object is intended to be cut within the object
15 to be processed by irradiating the object to be processed
wiU1apluralityofpulsesofpulselaserlightwhilelocating
the light-converging point within the object and relatively
movingthelight—convergingpointalongthelinealongwhich
the object is intended to be cut; the laser processing
20 apparatusfurthercomprisingdistancecalculatingmeansfor
calculating a distance between modified spots adjacent each
other according to an inputted magnitude of speed; and
distancedisplaymeansfordisplayingthedistancecalculated

by the distance calculating means.

25 Theinventorhasfoundthat,whenthelight—converging

pointofpulselaserlighthaseafixedrelativemovingspéed,

45



di stance di spl ay neansfordi spl ayi ngt he di stance cal cul ated by the distance
cal cul ating neans. 25 The inventor has found that, when the

| i ght -converging point of pulse laser light has a fixed relative FBOingl44-00
speed, 45 FPOLl-0144-00 the di stance between adjacent nodified spots can be
made shorter and | onger by decreasing and increasing the relative noving
speed of the light-converging point of pulse laser |ight, respectively.
Therefore, the distance between 5 adjacent nodified spots can be controlled

by 1 nereasing ppe JPGt &asE NGt heek b &4 ven FONOBUE Speeshols ton be made
| i ght-converging point of pulse |aser light. As a consequence, a cutting

process suitab OL y 30 PDHEGE becpegsessetd snposss bhe thieyrehangvag t he
di st ance accor%?%é tg ?he ki%dfkﬁkickness, 10 and the |ike of the object to

be processed. JB@'B@@%&&@ o MBI He - ddver dricgiiy- parver gifngupekniaser pul se
| aser Iight may Ee achi eved by noving the object to be processed while
fixing the Iig@ggﬁgpvegégﬁgbﬂyvémy;ﬁ pulkse floager thghtdishhpnasmvbagveae

| i ght -convergi ng”poi nt of pulse l'aser light while 15 fixing the object to
be processed, gp-+hYcABPVIEG: POEA.sphhe chaske @oocesEled) appacaeas iing or
accordance with ghis aspect of the present invention calculates the

di stance bet wgepradikaggnihd1pdi it ede spotincaspeedionigtol i abtiapovesding
magni t ude of speed, and displays thus cal cul ated di stance. 20 Therefore,
with respect tgoapdi biregugpet akermidgatcor8eng cooseheenagni Buddtéf"Speed
fed into the | aser processing apparatus, the distance between adjacent
spots can be seeBcess suitable for an object to be processed is possible
by changing the distance according to the kind, thickness,
10 and the like of the object to be processed. The relative
movement of the light-converging point of pulse laser light
may be achieved by moving the object to be processed while
fixing the light-converging point of pulse laser light, by
movingthelight—convergingpointof;mlselaserlightwhile
15 fixing the object to be processed, or by moving both.
Thelaserprocessingapparatusinaccordancewiththis
aspect of the present invention calculates the distance
between adjacent modified spots according to the inputted
magnitude of speed, and displays thus calculated distance.
20 Therefore, with respect to modified spots formed according
to the magnitude of speed fed into the laser processing
apparatus, the distance between adjacent spots can be seen
before laser processing.
The laser processing apparatus in accordance with an

25 aspectofthepresentinventioncomprisesalaserlightsource

for emitting pulse laser light having a pulse width of 1
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before | aser processing. The | aser processing apparatus i i

an 25 aspectof the present invention conprigespg | aser l?gﬁfcgggﬁgge rgﬁh
enitting pulse laser light having a pulse width of 1 46 FPO1- 0144- R0 1PL1A4-00
| ess; frequency adjusting neans for adjusting the magnitude of a

repetition frequency of the pulse laser light emnmtted fromthe Iaser |ight
source according to an inputted magnitude of frequency; |ight-converging
means for 5 converging the pulse laser light emtted fromthe | aser |ight

source such that the pulserlasginti 9hl;attahgsmaapeakt qrovet]uteims]
; t
| east 1 X 108]{ %nﬂ% a% a %lgﬁt?c%nvegging @pgiﬁg; means f%ﬂ Ioca5¥§zftﬁé

| Fght-conver gi,ng, pg) N of 4 heccBukaer) asequthafio onengedt bycelel ioh:

| i ght - conver gi'ng’ means in an object to be processed; noving nmeans

for relatively, smving the:hd - ' - : i
U= Jemi X & QhlseGONYER it R Atcotdpulseo kasenphiyid
along a line along which the object ?s i ntended to bg gut in tﬁz obj ect

to be processeg  and, speedradiryushi;pdcypans i - catjvesty [
. . . - g t hree ni ferd
relative noving %peed of tﬁe 15 Flghtygonvefging pointjg?;puléga?aser ?ith

caused by the _novipg: feang Acred dbBerto @t enput bad magnh 13 :
wher ei n” one nnd??Y¢d§s€§t igﬁgorned\Mtfﬂ%ﬁ%hepobjecsn?% Egdﬁfgieigggdby
:NLFi'id' ating t hgoﬁpéé%tué}f)tﬂ%tpfﬁé%ﬁ%. Vistser DBighpus Sea Dfis pubse Xl BEeeT | i ght

ile locating the 20 |ight-converging point within the object; and wherein
a plurality ofspdified spotsast el forned @l/ang)the bi hechFoAgNVAKBERIt he

object is intended t0 be cut wthin the object
point; means for locating the light-converging point of the
pulse laser light converged by the light-converging means
10 within an object to be processed; moving means for relatively
movingthelight—convergingpointofpmlselaserlightalong
a line along which the object 1is intended to be cut in the
cbject to be processed; and speed adjusting means for
adjusting the magnitude of relative moving speed of the
15 light-converging point of pulse laser light caused by the
moving means according to an inputted magnitude of speed;
wherein one modified spot is formed within the object to
be processed by irradiating the object to be processed with
one pulse of pulse laser light while locating the
20 light-converging point within the object; and wherein a
plurality of modified spots are formed along the line along
which the object is intended to be cut within the object
to be processed by irradiating the object to be processed
withapﬂuralityofpulsesofpulselaserlightwhilelocating

25 the light-converging point within the object and relatively

movingthelight—convergingpointalongthe1inealongwhich
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to be processed by irradiating the object to be processed wth a plurality
of pul ses of pulse laser light while |ocating 25 the |ight-convergi ng point

within the object and relatively noving the |ight-convergi i
_ _ gi ng poi APOar0bhgd-00
the Iine along which 47 FPOL-0199-00 the object is intended ?opbe cut; tﬁi

Iaser processing apparatus further conprising distance cal culating means
for ~calculating a distance between nodified spots adjacent each other
according to inputted magnitudes of frequency and 5 speed; and distance

di spl ay ”Ea”ﬁg%%roggég{aXE”%AﬁEﬁ&&fF@QCBe cakculafeed et herdiss ance

cal cul ating S. | 8Ser processing apparatus in accordance with this

aspect of the present_i Lo i t ; Lo
e ocency of AP T SRR ORREH Bl B e gRoydeng ey cem 1 on

speed of the Light; r_gj i - 1p@| 3051 hh
di stance bet V\%aenmg%ﬁgj?{;% r?t&?rgafl??% estpvi)étlgﬂ.Y %%}gﬁgslﬁ?ﬁ%ﬁ?ihi:sqadj ustt?ri(rjltse

makes it possible LO.LPGERESEt NGuRY morkitidse Dfocont eqhenby eand
i

di mensi ons concerni ng stance. Also, the laser 15 processing apparatus

i n accordance it this AsPacle i shhgy iAReRbr idlveNkivangal hovs st he
di st ance betw%%% adj acent nn&?figg sgots to bg segﬁ ggfgre Ias:r -

processing. T@%f@uiéé@& Py OECRESHNgt ARRAr @bUsulBy ihyr hbensconprise  size
storing neans having stored therein the size of anodified 20 spot forned

by the | aser processjng  aRRasAEESs siNgeSRIreRals 1y acearslahare wiEpahiag an

image of a plurality of nodified spots formed along a line along which the
obj ect aspect of the present invention adjusts both the magnitude

of a repetition frequency of pulse laser light and the

i0 magnitude of relative moving speed of the light-converging

point, thereby being able to control the distance between

adjacent modified spots. Combining these adjustments makes

it possible to increase the number of kinds of controllable

dimensions concerning the distance. Also, the laser

15 processing apparatus in accordance with this aspect of the

present invention allows the distance between adjacent
modified spots to be seen before laser processing.

These1aserprocessingapparatusmayfurthercomprise

sizestoringmeanshavingstoredthereinthesizeofanmdified

20 spot formed by the laser processing apparatus; image

preparing means for preparing an image of a plurality of

modified spots formed along a line along which the object

is intended to be cut according to the size stored in the

sizestoringmeansandthedistancecalculatedbythedistance

25 calculating means; and image display means for displaying

theimagepreparedbythein@gepreparingmeans. This allows
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is intended to be cut according to the size stored in th i i

means and the distance calculated by the distance 25 calguIZ;fﬁgSLg;hgg and

i mage display neans for displaying the inmage prepared by the ina@éOl”bl44’00
preparing means. This allows 48 FP01-0199-00 a plurality of nodified spots
i.e., modified region, to be grasped visually before |aser processing Thé

| aser processing apparatus in accordance with an aspect of the preseni
invention conprises a laser light source 5 for emtting pul se laser |ight

havi ng a pulsg i gt-hy of 1, hag . . . s ,
: - oPas,9k rh 88Sspbt egueney, adpustiad meansnf ofo
adj usting the é%gnl%u%% o? a repetiti%n f?equency of thegpulge | aser |ight

emttedfrom% engE W i i ;
PO . al L9bt $9Yrserace0dBg beoamskbpgtted nagnitud
frequency; Ilggtgconéerglng neags for 10 conve%ging thggpulse Iager IiSht?f

emtted fromthe lasgr {ight . 30W<s eusppblatuhen putserd ?
attai ns a peak povel < dSHETt JIo A TEaSl 1 X 168 (WomD) i

l'i ght - converging. Pty i b L .
ech ne FBaBSnkAMmYJaRaldgothes s ghtl-aconveighngopoFat
the pul se Iaseg Flg t coggerged by the |i9ht?converging nea%i ?5pwﬁthiﬁfan

obj ect ;to be processedingnguTeyi naseeans gher havehat aveluy seowiidght E 1

l'i ght - Conver gi ng poi nt o? gulse | aser Itht along a ?i%eﬁgrgﬁg &E?ch t he

Obh??F is |ntEQQ%qtfésgxéf&éqdéhéiﬁhdﬂmsmingombenpr6oes@édPSWhége¢ﬁeone

gg ified spot is f or med within the object to be processed by irradiating
the obj ect Lghe UH06eSSedp@t L bione madwemaf ofutise pdser 133 ¢HRE O | e

l ocating the l'ight-converging point within the object; and wherein
plurality of grdifieeds spatthaleskermeght source according to an inputte%
magnitude of frequency; light-converging means for

10 convergingthepulselaserlightemittedfromthelaserlight
source such that the pulse laser light attains a peak power

density of at least 1 x 10° (W/cm?) at a light-converging

point; means for locating the light-converging point of the

pulse laser light converged by the light-converging means

15 within an object to be processed; and moving means for
relatively moving the light-converging point of pulse laser

light along a line along which the object is intended to

be cut in the object to be processed; wherein one modified
spotisformedwithintheobjecttobeprocessedbyirradiating

20 the object to be processed with one pulse of pulse laser
light while locating the light-converging point within the

object; and wherein a plurality of modified spots are formed

along the line along which the object is intended to be cut

within the object to be processed by irradiating the object

25 to be processed with a plurality of pulses of pulse laser

light while locating the light-converging point within the



along the line along which the object is intended to be cut wthin the

object to be processed by irradiating the object 25 to be processg f“&fhéioo
plurality of pulses of pulse |aser |light while |ocating the FPOL-

| i ght-converging point within the 49 FPO1l-0144-00 object and relatively
nmovi ng the light-converging point along the line along which the object is
intended to be cut; the |aser processing apparatus further conprising
frequency calculating means for cal culating, according to an inputted 5
magni t ude of disd@nggghenurar orgaidiiath spef s ghdj aoBNEr BABE PGBt he

magni tude of repetition frequency of the pulse laser light emtted from

the laser |ighte SOHER Ih@sHieh ahtabhiebusis ripfarstehignPeudet oft R st ance
between the nodified spots adjacent each other; the frequency adjusting 10

means adj ust i ngsd heprBgBiEldg ebprepetist iforr thregqueaieyr IgFing het BaY <Y aser
light emtted fromthe laser |ight source such that the magnitude_ of
frequency cal gyl ahegt bigtreeand £equerioyu st iowd aBiCRGTABAASL &Nt PRP hetd

According to an inputted magni tude of distance between 15 adjacent
modi fi ed spotgaghheubasef qirsacessi hgtapparaedsted SRS 89386 Rt REERi s
aspect of the present invention calculates the magnitude of reggtition
frequency of phrerputse magmitMG@rmfenﬁpqﬁgﬁ1qqnﬁqqﬁyqnggépf|F it PedEFce
bbpexpul | iRa 9 |
such that this magnitude of distance is attained between the 20 _adjacent
modi fi ed spot sas¥heltppquendytad) Gsemnghrednseradid8tsSPRECFagRi fids of
repetition frequency of the pulse laser light emtted fromthe la l'i ght
source such thatain thus inputted magnitude oflglstanceobe£wee% Tt
modified spots adjacent each other; the frequency adjusting
10 means adjusting the magnitude of repetition frequency of
the pulse laser light emitted from the laser light source
such that the magnitude of frequency calculated by the
frequency calculating means is attained.
Accordingtoaninputtednmgnitudeofdistancebetween
15 adjacent modified spots, the laser processing apparatus in
accordance with this aspect of the present invention
calculates the magnitude of a repetition frequency of the
pulse laser light emitted from the laser light source such
that this magnitude of distance is attained between the
20 adjacent modified spots. The frequency adjusting means
adjusts the magnitude of repetition frequency of the pulse
laser light emitted from the laser light source such that
the magnitude of frequency calculated by the frequency
calculating means 1is attained. Therefore, a desirable

25 magnitude of distance can be attained between adjacent

modified spots.
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the magni tude of frequency cal culated by the frequenc i

is attained. Therefore, a desirable 25 %agnitudeqof d?stgﬁLguL:;IBg eans
attained between adjacent nodified spots. 50 FPO1-0199-00 The Ia§€91_0144—00
processing apparatus in accordance with this aspect of the present
invention may further conprise frequency display nmeans for displaying the
magni tude of frequency calculated by the frequency cal culating means. 5
When operating the |laser processing apparatus according to the.i utt ed
magni t ude of di st antige hetweer ek exerd appdirhEed 1rspeERTIERAFe YalthowWs $ he
frequency to be seen before |aser processing. The |aser processing
apparatus in aspeedanc®e wheh mresdit aspgentopnt Hea yr e9&hhenvert? ohse
conprises a laser |ight source for emtting pulse laser |ight having a

pul se wi dth ofrdqubasyodikedsy Iriegints- cEarrv etigi Mg WeehstHormaduver4f ngt t he
pul se laser light emtted fromthe Iaser |ight source such that the pulse
laser |ight artagnenaypeakcpoeeeddbpsthy 6reguensy| 6as€uiakingsmeIWene) at

a light-converging point; means for locating the light-c i
the pukse |aSWhehi@bérat@mgﬂﬂgedabﬁrtpéocegﬁgn@dﬁmgﬁg %@%ﬁé%&?@ oi nt of
obj ect to be processed; noving means for re|ative|y%ﬁ§ﬁf hFﬂ an

l'i ght - conver githg jpoputtt et mpghgguﬁas@‘rdiﬁ*@ﬁ}@c%pgﬁgzegq q%%é{qgﬂéfmpch t he
object is intended to be cut in the object to be processed, and d

ad] ust i ng. measpoker adLasELAGY RESTAGRRLGIEYoF o EFarFyE RovrRg 4peed of

processing.

The laser processing apparatus in accordance with an

10 aspectofthepresentinventioncomprisesalaserlightsource

for emitting pulse laser light having a pulse width of 1

us or less; light-converging means for converging the pulse

laser light emitted from the laser light source such that

the pulse laser light attains a peak power density of at

15 least 1 x 10°% (W/cm?) at a light-converging point; means for

locatingthelight—convergingpointcﬁfthepulselaserlight

converged by the light-converging means within an object

to be processed; moving means for relatively moving the

light-converging point of pulse laser light along a line

20 along which the object is intended to be cut in the object

to be processed; and speed adjusting means for adjusting

the magnitude of relative moving speed of the

light-converging point caused by the moving means; wherein

one modified spot is formed within the object to be processed

25 by irradiating the object to be processed with one pulse

of pulse laser light while locating the light-converging
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l'i ght - convergi ng point caused by the noving neans; wherein one nodified

spot is formed within the object to be processed 25 by irradiating the

object to be processed with one pulse of pulse laser I|ight whi | eFPOTadisg-00
the |ight-converging 51 FP01-0144-00 point within the object; and wherein a
plurality of nodified spots are formed along the |ine along which the

object is intended to be cut within the object to be processed by
irradiating the object to be processed with a plurality of 5 pul ses of

pul se | aser |ighty Whiths o O5atdAG dcheand vgfdr«ionyesgingl poy oif mbdhiied he
obj ect and ré%atlvely novi ng the |ight-converging point along the |ine

al ong which géF%gﬂgf@tfdfmédﬂéi the heneuklohBewhashr theocksechgis
apparatus further conprising speed cal cul ati ng neans for 10 cal cul ati ng,

according to apiopulted BRIBLEUHE LR nditslanes e dretiedre npodé esed oy s
adj acent each other, the magnitude of relative noving speed of the pulse

laser |ight sprasqigriglt@id dJjeeti BpUbE ask sges ¢didel wof adpduandéthetheen
the nodified spots adjacent each other; the speed adjusting neans 15

adj ustgng thepggg@gtUQQ of i edat | ygse®wvi Ng jagh i
_ _ P s ng grpeedwbt 1ehe ldaagghitnconvee gi n
poi nt of pulse laser |ight caused by the nobving neans suc;g?iat t he I

magni t ude of 1ehrtiventeYhnggspeedt cakbuhattes mpide: speddredbtivatyng
nmeans i s attained. According to an inputted nagnitude of distance between

20 adj acent nmeifhgd pDLghttbentasetngradessahgnapier atns diPnarbsflance
with this aspect of the present invention calculates the magnitude of
rel ati ve novi pgespegécafl itsheintended to be cut; the laser processing
apparatus further comprising speed calculating means for
10 calculating, according to an inputted magnitude of distance
between modified spots adjacent each other, the magnitude
of relative moving speed of the pulse laser light so as to
attain thus inputted magnitude of distance between the
modifiedspotsadjacenteachother;thespeedadjustingmeans
15 adjusting the magnitude of relative moving speed of the
light-converging point of pulse laser light caused by the
movingmeanssuchthatthemagnitudeofrelativemovingspeed

calculated by the speed calculating means is attained.

AccordingtxJaninputtedn@gnitude<xfdistancebetween
20 adjacent modified spots, the laser processing apparatus in
accordance with this éspect of the present invention
calculates the magnitude of relative moving speed of the
light-converging point of pulse laser light caused by the
moving means. The speed adjusting means adjusts the
25 magnitude of relative moving speed of the light-converging

point of pulse laser light caused by the moving means such
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| i ght-converging point of pulse |laser Iight caused b [
( _ _ y the noving neans.
The speed adjusting neans adjusts the 25 nagnitude of relative ngving speed

of the light-converging point of pulse laser |ight caused by theF i 4-00
means such 52 FPO1-0144-00 that the magnitude ofgrelative nnzing sggzgﬁbq

cal cul ated by the frequency calculating means is attained. Therefore, a
desirabl e magni tude of di stance can be attai ned between adjacent nndified
spots. 5 The | aser processing apparatus in accordance with this aspect of

ghe present inyventign fiddeyr ceMBkiise speedg dpsptiayaieahstédrby
i splaying the magnitu of relative noving speed calculated by the speed

cal cul ati ng nBans., JMgH c\PRaMRLIRE ihemkaperi Praaaessiad) afparatose i
( acegordin
to the 10 |nputte&-¥ﬁgnlaﬁde of distgnce bet ween adjacentmﬁodified spots,g

this allows thesiglptd VRagRYtDE8eSBEEWils@ aheeserm hed oretalmseérbpreeessi ng.
The | aser processing apparatus in accordance with an aspect of the present

invention conpgisesne hegeriskgbposeurce 15 for emtting pul se |aser |ight
havi ng a pul se andth of I ps or %ess; frequency adjusting ﬁeans for °

adj usting the magniiadgsel fréePpssitdg appbiequenayaotorbenpel il 88t
emtted fromthe |aser Iighﬁﬁgource; ?igﬁt-cgnvg$éing neang for ggﬁseLQ?EB
the pul se | asg!%%étngf elid peed skmem hhient aserm2y fugttes cwnee isechPeRdt t he
pul se l'aser light attains a peak power density of at least | x 108 (WCM
) at a |ight-goByesginegnspd Nt speaysnbarhd negt i hgdelnsd F¢ bkl edRPEEgEng

poi nt of the

speed calculated by the speed calculating means. When
operating the laser processing apparatus according to the
10 inputted magnitude of distance between adjacent modified
spots,thisallowstherelativemovingspeaﬂtobeseenbefore

laser processing.
The laser processing apparatus in accordance with an
aspectofthepresentinventioncomprisesalaserlightsource
15 for emitting pulse laser light having a pulse width of 1
us or less; frequency adjusting means for adjusting the
magnitude of a repetition frequency of the pulse laser light
emitted from the laser light source; light-converging means
for converging the pulse laser light emitted from the laser
20 light source such that the pulse laser light attains a peak
powerdensityofzﬂ:least].X1OB(W/cm% at a light-converging
point; means for locatihg the light-converging point of the
pulse laser light converged by the light-converging means
withhaanobject1x>beprocessed;movingmeansforrelatively

25 movingthelight—convergingpointofpmlse1aserlightalong

a line along which the object is intended to be cut in the
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pul se |l aser |ight converged by the |ight-converging means wthin an object
to be processed; noving neans f or relatively 25 noving the

| i ght -convergi ng point of pulse laser light along a line along WhP @h- g -00
object is intended to be cut in the 53 FP01-0144-00 object to be processed;
and speed adjusting nmeans for adjusting the nmagnitude of relative noving
speed of the |ight-converging point caused by the noving neans; wherein
one nodified spot is forned within the object to be processed 5 by
irradi ating tdejebj eeb te herpresesdedawdt reperd pafdesténgpieses as¥F | i ght
while locating the light-converging point within the object; and wherein a
plurality of ypidt oty shpetmagnetbdenmed abdngiwﬁeNMW%@%M&?Q?QMQ@%FQ%e
object is intended to be cut within the object to be processed by 10
i rradiating theglob} eetvé g beg proices sed seict hy at g moaliingymepnspurBesS bt pul se
| aser light while locating the |ight-converging point within the object
and rel ati velyne moviirfg echepdt glst £ coned mgithg npbhatokalesigt @ ke IPWI%G%E%‘}%Q
which the object is intended to be cut; the |aser processing 15 afgaratus
furthes conpribsi hgreondt hagi one cabseatht tagbaeangcessedcul Bl @Ffngy- >
according to an inputted magnitude of distance between nodified spots
adj acent eachobtiel sealasenbl habtorhbiet hecahgnot tde ot IhepePnvFopind
frequency of the pulse laser light emtted fromthe |aser |Jjght B source and
EOReRgPig

20 the magni tpoknbfvitdiiat Fe ahiddly speethereihd PHER{ IEHA 58i nt of
Fr?’:ljtlgrsﬂet Lg:egf ! Isgg‘tcscggesegorb%ecti haelonrrgvtlhneg lrrienaensa lsocl)’xgaswhti%hatcthgl gbtj glé% H.QpUt ted
intended to be cut within the object to be processed by
10 irradiating the object to be processed with a plurality of
pulses of ©pulse laser light while locating the
light-converging point within the object and relatively
movingthelight-convergingpointalongthelinealongwhich
the object is intended to be cut; the laser processing
15 apparatus further comprising combination calculating means
for calculating, according to an inputted magnitude of
distance between modified spots adjacent each other, a
combination of the magnitude of repetition frequency of the
pulse laser light emitted from the laser light source‘and
20 the magnitude of relative moving speed of the
light-converging point of pulse laser light caused by the
moving means so as to attain thus inputted magnitude of
distance between the modified spots adjacent each other;
the frequency adjusting means adjusting the magnitude of

25 repetition frequency of the pulse laser light emitted from

the laser light source such that the magnitude of frequency
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di stance between the nodified spots adjacent each other; the frequency

adj usti ng neans adjusting the magni tude of 25 re iti
: : etition fre
pul se laser light emtted from the |aser |ight gource such ﬁﬁ:?ﬂﬁﬁgﬂdﬁEi—oo

magni tude of frequency 54 FP01-0199-00 cal cul ated by the i i
calculating neans is attained; the speed adjustingyneanscgg?hgﬁfhgnthe
ragnltudg of relative noving speed of the light-converging point of pulse
aser light caused by the moving neans such that the magnitude 5 o
rel ative nmoving spesd&slailatedsbyat hen carttriviattiiow meah e dsA T Ry TRdkEns i s
?Ltalned. The | aser processing apparatus in accordance with this aspect of
o e Pt o e ooyt o o1 Lhe. Togr
b nodi fie spots, a conbinatia [
of repetlplon“$&9ﬁy@m%deBfpﬂks&ib@&em%MW@w@i@@UPPﬁ@tr@ﬁgPSi%égﬁvgﬁgnL;ggg
of the Ilight-converging point of pulse laser |light such that thus
inputted nmagni{gie ehusdestiancehé smaviag necdanst keh Ehet BF BRI B £ ed
spots. The frequency adjusting nmeans and 15 speed adjusfin means, adj ust
tsggegagpl E Eceieolpf rﬁtalaetilvtel orovimeqeeaey andcrhatragidt Ude o OTF“%%%‘E‘H%II] novi ng
i ght - convergi ng point of pulse |aser Ii i
the val ues of cgatcukatead meabbnasiahiaihgﬁefore, a deg?ﬁazfeaia;giﬁhéglgf

di stance can be attai ned between 20 adj i fi
_ _ ( jacent nodified ots. .
processi ng apparatu%heda@@aopdaﬂeesmmgﬁppﬁéatﬁﬁeEéﬁFCPﬁégﬂfgo Fﬁg§£ggﬁ;rise

di spl ay neans for displaying
aspect of the present invention calculates, according to
an inputted magnitude of distance between adjacent modified

10 spots,acombinationofthenmgnitudeofrepetitionfrequency
of pulse laser light and the relative moving speed of the
light-converging point of pulse laser light such that thus
inputted magnitude of distance is attained between the
adjacent modified spots. Thefrequencyadjustingmeansand

15 speed adjusting means adjust the magnitude of repetition
frequency and the magnitude of relative moving speed of the
light-converging point of pulse laser light so as to attain
‘the values of calculated combination. Therefore, a
desirable magnitude of distance can be attained between

20 adjacent modified spots.

The laser processing apparatus in accordance with the
present invention may comprise display means for displaying
the magnitude of frequency and magnitude of relative moving
speedcalculatedbythecombinationcalculatingmeans. When

25 operating the laser processing apparatus according to the

inputted magnitude of distance between adjacent modified
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t he magni tude of frequency and magnitude of relative
_ _ novi n speed
cal cul ated by the conbination cal cul ati ng neans. Wen 25 ogerafing t he

| aser processing apparatus according to the in i e
_ ar ¢ putted magni tude ofP@is 0
bet ween adj acent nodified 55 FPO -0144-00 spots, this aIPoms t he ttfoe

combi nation of frequency and relative nmoving speed to be seen before |aser
processing. The |laser processing apparatus in accordance with all the
foregoi ng aspects of the present invention can forma 5 plurality of

modi fi ed spotgs,al onga d L Ngonb ahe ¥bhisinsbeoohifeftedser 1
odi 1 dsen oy endexe t at bee cut
wi thin the Ob]%Ct to be processed. These nodified spots define a nndi?ied

regi on. The mpdi,fhgdspEegi 9 backddssnatokeasasene ‘ i
. _ ggi { pobcassragk regi on wh
a crack 1is genera edpmnthln the object to be processed, a nolteg 10 ore

processed region whigh 1. debtedewkt hyndder ahjedh docdedaptosdsded!l
; ) ) +1and
refractive index change regi on where refractive index is]EEanged W t hin :

thehobject to Re PLPEESSRY. adpect asef fHoOGasSaIy dpyaratios canaéesPdance
with all the foregoing asSpects of the present invention can adjust 15 the

2;3}?953 bet wgen adiagest medified spots, alhepebylbsenglanpevtdchoFfifa
ied region continuously or discontinuously along a |line al ong which
the object iscpiatendedntonbedeatbe Eot ming inheheodl eEed oleyPsACESAEAnUOUS] y
nakes_lt easier to cut t he ob!ect to be processed while using 20.the
modi fi ed regi QReae mENPATad spoth dde rrasanadhisheed regsonnot THHMREY 1 ed
Conplnuously: V%en the nodified region is forned discontinuously th
nmodi fi ed regi eegisndiscbatiésududeabbongne of a crack region where a Ccrac
is generated within the object to be processed, a molten
10 processed region which is melted within the object to be
processed, and a refractive index change region where
refractiveindexischangedwithintheobjecttobeprocessed.
The laser processing apparatus in accordance with all
the foregoing aspects of the present invention can adjust
15 thedistancebetweenadjacentnmdifiedspots,therebybeing
able to form a modified region continuously or
discontinuously along a line along which the object is
intended tobe cut. Ebrmingthemodifiedregioncontinuously
makes it easier to cut the object to be processed while using
20 the modified region as compared with the case where it is
not formed continuously. When the modified region is formed
discontinuously,thenmdifiedregioniscﬁscontinuousalong
thelinealongwhichtheobjectisiﬂtendedtxabecut,whereby
the part of the line along which the object is intended to

25 be cut keeps a strength to a certain extent.

(5) The laser processing method in accordance with
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the Iine along which the object is intended to be cut, where
the line along which the object is intended to 25 be1cut kegzs ;hgtfggttOf
to a certain extent. (5) The |l aser processing nmethod in accordanc%P%}Tﬂ?% 00
. FPOL-0144-00 an aspect of the present invention conprises a step of
irradiating an object to be processed with laser light while locating a

l'i ght-converging point of laser light within the object to be processed
so as to forma nodified region caused 5 by nul ti phot on absorption within

tﬂg ggj_ 22% al Qﬁgagﬁgge_eofaltq@ pié sdntt hienodpeceni sompréaded &t P <t in
| ject, and changing the position of the Iight-converging point of
aser |ight ipn-{heidtiegtanosboéct Hermeomssermwliabelawnggtig itrylyl @t i ng
the object to be processed with respect to the 10 object to be processed,
so as to formacptungld Lyght-godivbrednorpyinnefal rgar i ¥t Wisaeh Bider
along the direction of incidence. By changing the position of the
| i ght - conver gbpgepeit be gfr deaserd, i ghtsite adiratd mgdt héedjesdon 62peed
processed in 15 the direction of incidence with respect to the object to
be progessed,byhﬁuhasphopbﬁcebsbngthenh@ﬂthhnabbgrGhﬁ@@tmﬁiﬁngtﬁiélﬁgpect
of the present invention forms a plurality of nodified re%ions al i gni ng
with each ot hgtoabongi ¢hetdi begeiconiofintridrshée. PFhFST cldh PiecPBIEEC he
nunber of positions to 20 becone starting points when cutting the ohject
tobe processedndTheaefine,thhposkjtéon 08 bee prictdswe w Yo g%.ﬂi“é?v8 in
the case where the object to be processed has a_rel ative|
laser light in the direction of incidence of thg'laser light
irradiating the object to be processed with respect to the
10 object to be processed, so as to form a plurality of modified
regions aligning with each other along the direction of
incidence.
Bychangingthepositionofthelight—convergingpoint
of laser light irradiating the object to be processed in
15 the direction of incidence with respect to the object to
beprocessed,thelaserprocessingmethmﬂinaccordancewith
this aspect of the present invention forms a plurality of
modifiedfegionsaligningwitheachotheralongthedi:ection
of incidence. This can increase the number of positions to
20 becomestartingpointswhencuttingtheobjecttobeprocessed.
Therefore, the object to be processed can be cut even in
the case where the object to be processed has a relatively
large thickness and the like. Examples of the direction of
incidence include the thickness direction of the cbject to

25 be processed and directions orthogonal to the thickness

direction.
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I arge thickness and the |ike. Exanples of the direction i nci

i nclude the thickness direction oppthe object to 25 bg p?gceggghdgzge

directions orthogonal to the thickness direction. 57 FPOL- 0144- 0BP Ol 144-00

| aser processingnethod in accordance withan aspect of the present

invention conprises a step of irradiating an object to be processed with

laser light while locating a |light-converging point of laser [ight within

the object 5 to be processed, so as to forma nodified region within the

object along a |ineal png Wi 6Bet Bengbiedbdiis datendeuce with@naaredt t he

obj ect, and changing the position of the [light-converging point of |aser

light in the g raationaint incidancn doihe daser dtightof riacidtahig g he

obj ect to be 10 processed with respect to the object to be processed, so

as to forma pl ynalddy f u@ghbhe@seagwns abbgni high twhibacko@d hetd al ong

the direction of i'ncidence. The laser processing method in accordance with

an aspect of 1 hg gHeseiflveidivantdomicafplizses aighepwbthinr Bdea®Phectan

obj ect to be 15 processed with laser light while locating a

li ght -gonver gi e PRioklesekdl, aserad itght omint dinpd sl abjreeti Ao WhENBPoER sed

under a condition with a peak power density of at least 1 x 108 (W cnz)

and a pul se wgfbcofaloj@s arideess calg whe dhi ghe- ebigetgi AgiPpBRAEY 9 as to

forma nodified region within the object 20 to be processed,along’a i ne
ch

al ong which the ebredth ithd misneler, @ndbehsuging the Bt and Rgi ng
the position of the |I|ight-converging point of laser light .in the direction
of light-converging point of laser light in the direction of

incidence of the laser light irradiating the object to be
10 processed with respect to the object to be processed, sO
as to form a plurality of modified regions aligning with
each other along the direction of incidence. The laser
processingmethod in accordance with an aspect of the present
invention comprises a step of irradiating an object to be
15 processedwithlaserlightwhilelocatinga]jght—converging
point of laser light within the object to be processed under
a condition with a peak power density of at least 1 x 10°
(W/cm?) andapulsewidthof 1 psorlessatthelight-converging
point, so as to form a modified region within the object
20 tobeprocessedalongalinealongwhichtheobjectisintended
to be cut in the object, and changing the position of the
light-converging point of laser light in the direction of
incidence of the laser light irradiating the object to be
processed with respect to the object to be processed, sO
25 as to form a plurality of modified regions aligning with

each other along the direction of incidence.

58



i ncidence of the laser light irradiating the object to b i
respect to the object to be processed, go 25 aslto forn1: pFL?;F?fEdornth
nodi fied regions aligning with each other along the direction ongbl'0144_OO
incidence. 58 FP01-0144-00 For the sanme reason as that in the |aser
processing nethods in accordance with the foregoing aspects of the

present invention, the |aser processing nethods in accordance wth these
aspects of the present invention enable |aser 5 cutting w thout generating
nmelt or unnecessar \dy adleUlsesme aewisahi ag than1ihetm€nka%ﬁ¥wﬁf%ﬁﬁ§ﬁ439ma
object is intended to be cut in the surface of the object to be processed
and can 'nCH%%ﬁbd&“ﬁmuﬂbebrdénpeswntbn$hEofb@@@@éﬁﬂzﬁ&HQR}%xﬁﬁuEbemhen,
cutting the object to be processed. The nodified region 10 may be caused by
mul ti phot on ahsosgid eAvent obher hedasmspr oThes | ag B LhroSeds? FgP et hods in
accordance with these aspects of the present invention include the

fol l ow ng nodesch Apdss adspycos abdilie eplr ¢ s HNENRYT ben f eRfRye Laser
successively fromthe side farther froman entrance face 15 of the object
to be processagk omahi cthbasegeheght ingraelat Phgurhecedpeey {526 pFocessed
is incident. This can forma plurality of nodified regiong while in.a
state where ngevimdihg et oregiton 1éxiestdobet webdh tHee @degicd St A8ECBAR he

| i ght -convergi ng point of laser light. Therefore, the | i i
( . , a 2
not be scattetebdyumdinfikd segfaes athitdls ﬁﬁﬂ@cfa*%?g%fﬁysr%re’rgﬁ%re@?rgédw '

wher eby each nodified region can be forned uniformy.
canincreasethenumberofpositionsto%ecgaestartingpoints

whencuttingtheobjecttobepmocessed. The modified region
10 may be caused by multiphoton absorption or other reasons.
The laser processing methods in accordance with these
aspectsofthepresentinventionincludethefollowingmodes:
A plurality of modified regions may be formed
successively from the side farther from an entrance face
15 oftheobjecttobepmocessedonwhichlaserlightirradiating
the object to be processed is incident. This can form a
plurality of modified regions while in a state where no
modified region exists between the entrance face and the
light—convergingpointoflaserlight. Therefore, the laser
20 light will not be scattered by modified regions which have
already been formed, whereby each modified region can be

formed uniformly.
The modified region includes at least one of a crack
region where a crack is generated within the object to be
25 processed, a molten processed region which is melted within

the object to be processed, and a refractive index change
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The nodified region includes at |east one of a crack region where a crack
is generated within the object to be 25 processed, a nolten processed
region which is nelted within the object to be processed, and a R Gl 44s 00
i ndex change 59 FP01-0144-00 region where refractive index is changed

within the object to be processed. (6) The | aser processing method in
accordance with an aspect of the present invention conprises a step of 5
irradiating an object to be processed with laser light while locating a

| i ght - conver giddg P r@f rbasgethizght naks his dhaegesbjethinotie griesdssed
through a |light” entrance face of the laser light with respect to the

obj ect to be gy qeesses-adEkd | ocating the |ight-converging point at a
position closer 10 to or farther fromthe entrance face than is a half

thi ckness positiond)n thed hheknessodésethdoretfod he abfecdaneesth
processed, so as to forma nodified region wwthin the object along a line

al ong which the gbpest b§ iuMeensiebdrx benventiom thepobpest 2 HB-em qhe

| aser processing nethod in accordance with the present invention, the

modi fied regiondgif0Imednoshidet tenbegnoecdsal peth.lasen flaghf Wil On the
side of the face (e. g. , rear face) opposing the entrance face within the
obj ect to belq¥seesgedlnghbinohhergbpgcpoint ibd proerssieth wéhk iR )

| i ght -converging point of laser light is |ocated at a position closer to

and farther fsofetheeherancecsace thamsls aalhaht erhreReRSS 8t HR in
t he thickness direction, respectively.
laser light with respect to the object to be processed and

locating the light-converging point at a position closer

10 to or farther from the entrance face than is a half thickness
position in the thickness direction of the object to be
processed, so as to form a modified region within the object
along a line along which the object is intended to be cut
in the object.

15 In the laser processing method in accordance with the
present invention, the modified region is formed on the
entrance face (e.g., surface) and on the side of the face
(e.g.,rearface)opposingtheentrancefacewithintheobject
to be processed within the object to be processed when the

20 light-convergingpointoflaserlightislocatedataposition
closer to and farther from the entrance face than is a half
thicknesspositioninthethicknessdirection,respectively.
When a fracture extending along a line along which the object
is intended to be cut is generated on the surface or rear

25 face of an object to be processed, the object can be cut

easily. Thelaserprocessingmethmﬂinaccordancewiththis
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Wen a fracture extending along a line along which the object is intended
to be cut is generated on the surface or rear 25 face of an object to be
processed, the object can be cut easily. The |laser processing nmefRBY-PH44-00
accordance with this 60 FPO -0144-00 aspect of the present invention can
forma nodified region on the surface or rear face side within the object

to be processed. This can make it easier to formthe surface or rear face
with a fracture extending along the line along 5 which the object is

i ntended to bgﬁﬁéft Shenaby e nebj g¢tnt t enbeaprimes sedocard ibd cegiensily.
As a result, the laser processing nethod in accordance with this aspect of

the present jpvepti gprepabl s ethictgne sudei ngrhThethaseb]
ese _ : jproceesha
nmet hod in accordance with this 10 aspect of the present invgntion nag be

configured sughotbakedt heriens raucmalkace i saédeneto wi ¢im athd eastacrecdf an
el ectronic device and an el ectrode pattern, whereas the |ight-converging

point of |asepchirghkckr adhaki fgatharebpreentidnbeaprogesbedling pdenfed at
a position closer to the entrance face than is is the half thickness

positign in theithi ckaess)sit ecd ilonendBdetbasercyt podusialy mcholIPAT
accordance with this aspect of the present invention grows a crack from
the nodified ¢pegkopréouwasddtden et ranceabady .(ehy.a afidee)t iend aPes
opposing face (e.g. , rear face) , thereby cutting the object 20 to be
processed. Whgmotb%sﬁﬁ@rheﬂhddxﬁmnadepﬁdﬂnmﬁiwﬁﬂbhéhiénﬁﬁﬁﬁéé PacEl&i de
the distance between the nodified region and the entrance face is ’
rel atively sherkesesa timaterttien enables efficient cutting.
The laser processing method in accordance with this
10 aspect of the present invention may be configured such that
the entrance face is formed with at least one of an electronic
deviceandanelectrodepattern, whereasthe light-converging
point of laser light irradiating the object to be processed
is located at a position closer to the entrance face than
15 is the half thickness position in the thickness direction.
The laser processing method in accordance with this aspect
of the present invention grows a crack from the modified
region toward the entrance face (e.g., surface) and its
opposing face (e.g., rear face), thereby cutting the object
20 to be processed. When the modified region is formed on the
entrance face side, the distance between the modified region
and the entrance face is relatively short, so that the
deviationinthegrowthdirectionofcrack canbemade smaller.
Therefore, whentheentrance faceof theobject tobe processed

25 is formed with an electronic device or an electrode pattern,

cutting is possible without damaging the electronic device
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deviation in the growth direction of crack can be nad

when the entrance f ace of the object to be processedezzn?L|?LFneghggsforﬁ1
el ectronic device or an electrode pattern, cutting is possible wﬁ@@ﬁﬁéﬁj%—oo
damagi ng the el ectronic device 61 FP01-0144-00 or the like. The electronic
device refers to a sem conductor device, a display device such as liquid
crystal, a piezoelectric device, or the like. The laser processing nethod
in accordance with an aspect 5 of the present invention conprises a first

step of irradjat{png;;@n obhed:da i aeessed edietris pub i i
( 1 ol | seen igpardu g wh
Lgpat;ng a Ilg%b-converg!ng point of the pul se Ias;?mlight mjthi;gﬁihe e
abjec i_so ag% G dOr ma Bﬁg?qagnduévgderegman eausédquby nokyEpabdt orf
sorption within the object along a first 10 line al ong which the object

i s intended to: be,cyicd fid heeyDbepecs: ainel hikecond ste i i at i
_ _ _ p of irradiating,
after the first step, the object with pulse laser light while Iocatigg t he

5 gm conver gi ng PORIY 1 gbe pEOCesla il nadt FEocpOSECEONAANEE EEMED FSRATE he
direction of g pol of laser light in the first 15 step in the thickness
second5 rodi fi %ﬂ%rh‘étﬂﬁéger{toubﬁ%@iépﬁﬂ&seqbr1\51e'sha hitsessbp irsadaadtiddform a
€gion cause y mul ti photon absorption extendin
i : , oot ) , .al on
second ,l'ne_§ﬁ%%gé@@ﬂ3béb@o@bseeﬁWﬂihpmbm@édseblb@h@ﬁh%%ﬁﬂocaglng g a
tgree-dlnen5|ona!ly crossing the first nodified region 20 within the
obj ect. |na cytikpatPEEseEsgingwhbthtcpfssheepuionslaseanl ogpe pithgn
rocessed CF : M ¢ be
P ed cross each other, a nodified region and anot her
the object, so as to form a first modified region caused
by multiphoton absorption within the object along a first
10 line along which the object is intended to be cut in the
object; and a second step of irradiating, after the first
step, the object with pulse laser light while locating the
light—convergingpointoflaserlightatap@sitiondifferent
from the light-converging point of laser light in the first
15 steijuthethicknessdirectimqoftheobjecttxnbeprocessed
within the object, so as to form a second modified_region
caused by multiphoton absorption extending along a second
line along which the object is intended to be cut and
three-dimensionally crossing the first modified region
20 within the object.
Inacuttingprocessinwhichcrosssectionsofanobject
tobeprocessedcrosseachother,anmdifiedregionandanother
modifiedregionarenotsuperposedoneachotheratealocation
to become the crossing position between the cross sections

25 jjlthelaserpmocessingnethodjjlaccordancewitlxthisaspect

of the present invention, whereby the cutting precision at
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nodi fied region are not superposed on each other at a |l ocation to becone

the crossing position between the cr i i
. . . 0ss sections 25 in the | aser pr i
nmet hod in accordance with this aspect of the present invention fﬁﬂ@?@ﬁahngo

the cutting precision at 62 FP01-0144-00 i iti

_ _ - - the crossing position can be
gL:anted fromdeteriorating. This enables cutting mjfh a. high precision
. aser processing nethod in accordance with this aspect of the present.
invention can formthe second nodified 5 region closer to the entrance

face of the ﬂieE tQi ; e
- et o50ihg peoressedan bb pespected d 1dve Jei & OredR It -
the first HDEIFIE region. This keeps the laser |ight irradiatgd ath?Eels

: tl e ,

wher eby the second riirdibised pedt '
_ ! gteBsingmmbehodr e arp I THFS . W e
processi ng nmethods in accordance with the foregoiqg“fspeé?s of t %vﬁiesent

I nvention expajdgdoiEn Kd1e rekenegi vgn tiave cehnef $0N| RECRBE &L
object to be processed is irradiated with laser [|ight gnder a'céndi ?gnthe

with a peak pouerodlensiéy tefiraten mastce fage bOEHaNRNRIt &

_ : RPEP IS
1 pskor less at” the 1ight-converging point, a nndi??%d re igﬁuin | u ?;h gf
crack region, gah hedatmed mhéhlmséhelj(m}"fedﬁthatlbil§etBFoE%’ég%d‘.‘°é|"n‘$e 0 ?

generates a phenonmenon of an optical damage caused by nujti ,
St S e et et AR 4 S GuT Thaces
of forming the second modified region at the location to
pecome the crossing position from being scattered by the
10 first modified region, whereby the second modified region
can be formed uniformly.

The laser processing methods in accordance with the
foregoing aspects of the present invention explained in the
foregoing have the following modes:

15 Whentheobjecttobeprocessedisirradiatedwithlaser
light under a condition with a peak power density of at least
1 x 10% (W/cm?) and a pulse width of 1 ps or less at the
light-converging point, a modified region including a crack
region can be formed within the object to be processed. This
20 generates a phenomenon of an optical damage caused by
multiphoton absorption within the object to be processed.
This optical damage induces a thermal distortion within the
object1u>beprocessed,therebyformingaacrackregionwithin
the object to be processed. This crack region is an example

25 of the above-mentioned modified region. BAn example of the

object to be processed in this laser processing method is
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object to be processed, thereby formng a crack region wthin the object

to be processed. This crack region is an exanple 25 of the ab i
nodi fied region. An exanple of the object tgpbe processed inorﬁiggﬁgé {%%LOO
processing nethod is 63 FPO1-0144-00 a nmenber including glass. The peak

power density refers to the electric field intensity of pulse laser |ight

at the [light-converging point. Wen the object to be processed is
irradiated with laser 5 light under a condition with a peak power density

of at least JmerS (MecuBingnglaspul Ehenpdah povar @erngi 1%s§I4ES the

l'i ght-converging point, a nodified region including a nolten proéessed

regi on can be forapecwiihiniéhe dbjensity df pplocebaser Hepht #hetPisi de

of the object to be processed 10 is locally heated by nultiphbton

absorption. Thighbeashwgrgt ' [ i thi '
_ giwg nBoantol ten processed region with
to be processed. This nolten processed region is an gxa " 1he o0l eet

above- menti oned nodiiéedheegijett Bobexams es $id iﬁérr@ﬁjié(r?rtgldte%iotgél%ﬁggﬁessed
in this laser processing nethod is 15 a nmember including a sem conductor
materigl. Wepighe whject dandiet roeesded pes ki P‘P‘é%l?zﬁeé’cf]\%iyt ﬂilaglsgfeas i ght
under a condition with a peak power density of at |east 1. x_108 (W ¢cn?)
and a pul se widkh10f LWhsmdr drebse aulse vwidghtCEohves gPhgiFsFnt T }é/\{]e

nodi fied region including a 20 refractive index chan j i i
: . 1 | e r.eaqi,
regi on with-althangednveefiagtioiant ndaedidn e E%gb%ngé‘ﬁ]rg]gilj\%%t %\?n:?ﬁ? gs :

object to be processed. Wien nul ti photon i i
. absorpti
processed region can ge formed wi%%f%]gﬁégggﬁég{ego be

processed. Here, the inside of the object to be processed
10 is locally heated by multiphoton absorption. This heating
forms a molten processed region within the object to be
processed. This molten processed region is an example of
the above-mentioned modified region. An example of the
object to be processed in this laser processing method is

15 a member including a semiconductor material.
Whentheobjecttobeprocessedisirradiatedwith1aser
light under a condition with a peak power density of at least
1 x 10® (W/cm?) and a pulse width of 1 ns or less at the
light-converging point, a modified region including a
20 refractiveindexchangeregionwhichisaregionwithachanged
refractive index can also be formed within the object to
be processed. When multiphoton absorption is generated
within the object to be processed with a very shcrt pulse
width as such, the energy caused by multiphoton absorption
25 is not transformed into thermal energy, so that a permanent

structural change such as ionic valence change,
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Wi thin the object to be processed wwth a very short pulse w

t he energy caused by nul ti photon absorption ¥5 IS no? transfo?%gda?nfgCh1
thermal energy, so that a permanent structural change such as i ofP@1-0144-00
val ence change, 64 FPOL-0144-00 crystallization, or polarization

orientation is induced wthin the object, whereby a refractive index

change region is formed. This refractive index change region is an exanple
of the above-nentioned nodified region. An exanple of the 5 object to be

processed in this leselaPrQcessingolihedtisn @riembert liomc|iedi ebs
Adj ust nent of ‘t'he position of the |ight-converging point of Iigiﬁﬂlight

i rradiating the ,0bj ¢l £9ber pr ; g . N
: . o5 t Prcesseda o1 thet 1 he ckroess ctienget ¥ &gl @an
include a first calculating 10 step of defining a desirable position in the

thickness diyeehipaqof Hhes ldedaceaneergiagchah i @rs s alni
_ nes: . ge wfgi@ses an ghemple
irradi ating the OE]ECt to be processed as a distance from thégzitrance

face to the inside apdvdi-veditn@ridemdustandereds j
( . yot he Arefer@opileeof ndek of
the object to %e processed with 15 respect to the laser light irradiating

the object, sQ,asct o G Gl sial arofhd of ileserr plrackvee imgveathedandunt of
the object in the thickness direction; a second calculating step of

Chi cknoss di 1acts o Fequs rod Ter 20 posi {1 oni gt he | i ght-converg: ng point -
?;ngse; L:?QE ngc{ﬁ&j@ftmgn$hefobhgcposbtbepp@écébSeé}abtrﬁ@néﬁfﬁé%@g
| point ofglz:sig gig{)glféiavcﬂgtinr?gltr]llge gg?eggj ‘r;egtbeI Brgggssed
in the thickness direction can include a first calculating
10 step of defining a desirable position in the thickness
direction of the light-converging point of laser light
irradiating the object to be processed as a distance from
the entrance face to the inside and dividing the distance
by the refractive index of the object to be processed with
15 respect to the laser light irradiating the object, so as
to calculate data of a first relative movement amount of
the object in the thickness direction; a second calculating
stepofcmlculatingdatacﬁfasecondrelativemovementamount
of the object in the thickness direction required for
20 positioning the light-converging point of laser 1light
irradiating the cbject to be processed at the entrance face;
a first moving step of relatively moving the object in the
thicknessdirectionaccording1x>thedata«3fsecondrelative
movementamount;andasecondmovingstepofrelativelymoving

25 the object in the thickness direction according to the data

of first relative movement amount after the first moving
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t hi ckness direction according to the data of second rel at

ive

novement

anount; and a second noving step of relatively noving 25 j i
t hi ckness direction according to the data ofyfirst ?elat}cg ﬁgbgﬁ%%iﬁo§lfioo
anount after the first noving 65 FPO1-0144-00 step. This adjusts the
position of the light-converging point of laser Iight in the thickness
direction of the object to be processed at a predeterm ned position within

the object. Nanely, with reference to the entrance face,

t he

product 5 of

the relative gpygmenthanuugds titee ohpecticn die prockbel-comvengnd
thi ckness direction of the object and the refractive index of the obj ect
with respect (oithed psesy Niightt 1 reaa et i okne s he iotsjaddorbet diesopirRCt

distance fromthe entrance face to the light-convergin
light. Therefggge pthatesked @ani)jeemtetmnjbecbpoafes’SQUWii:t%

poi nt

~of |aser

AViEEE B e fle-

rel ative novenment anount obtained by dividing the distance fromthe
entrance to Nﬁﬁel9$ld@t@fréherebtectobyhehenab@veenﬁﬁﬁﬁonéherE¥P§E?Yve

i ndex, the light-converging point of laser |light can be

align

ed with a

desirapl e posbEitafe 81bbevemickmess: dinpeotiadhthe®kireGtheodts BEPCeTReY | aser

processi ng apparatus in accordance with an aspect of the

pres

ent invention

conprises a | gaaerhé itghtcksewscdireotieniof ithg pariset| azertng §RETASIING a

pul se width of 1 ps or less; |ight-converging means for
pul se 20 IaseﬁnHEQMfEhébb@dctwdmmﬁﬂﬁﬁ%%@FOW%Q

conve

Hta St £8P s aER?

r

BRatinbne

pul se | aser

at a |ight-comnher gbngcpobacomeprshe ndivsypce

10

15

20

25

light attains a peak power densitg;of at least 1 §a%%8thVch)

om the entrance

the light-converging point of laser light. Therefore, when
the object to be processed is moved by the relative movement
amount obtained by dividing the distance from the entrance
totheinsi&aoftheobjectbytheabove—mentionedrefractive
index, the light-converging point of laser light can be
alignedwithiadesirablepositionjjmthethicknessdirection
of the object.

The laser processing apparatus in accordance with an
aspectofthepresentinventioncomprisesalaserlightsource
for emitting pulse laser light having a pulse width of 1
us or less; light-converging means for converging the pulse
laser light emitted from the laser light source such that
the pulse laser light attains a peak power density of at
Jeast 1 x 10® (W/cm?) at a light-convergingpoint; first moving
means for relatively moving the light-converging point
converged by the light-converging means along a line along
which the object is intended to be cut in an object to be

processed;storingmeansforstoringdataofzafirstrelative
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nmeans for relatively nmoving the |ight-convergin oint con

l'i ght - convergi ng means along a line al ong 259mh?cﬁ t he obfegsrggdiggeaggd
to be cut in an object to be processed; storing neans for storin@PQ%ﬁQQQﬁ—oo
a first relative 66 FPO1-0144-00 novenent anmount of the object to be
processed in the thickness direction for locating the |ight-converging
position of pulse [laser Iight converged by the |ight-converging nmeans at a
desirabl e position within the object to be processed, the 5 data of first

relative novepenin&mPURbubei &gt R iqH ' it
\ Jeed tybedefdadsred he tdest hdine
as a distance fromthe entrance face where the pul se | aser |ight ;ﬁ?f;;hon

fromthe |asg,Lighbn geuncr Liilreythd heglob; : 184
fro b 90! globj echvengbrg predssoacd M} He
i nside thereot and dividing therﬁ{stance by the refractive 10 index of the

obj ect to be processegnwi tbnvesgestbyotihdel pyhseconuseyi '
_ _ eginggheapidted fro
the |l aser light sourcé; calculating neans for calculatingqgata of a secogh

rel ative novegestysBIBUPLs Of i bhewnh Bcttie dig qutocesbedpr ACERESEhi ERPess
direction required f or locating the Iight-convergi i
15 | liah J. g rgi ng point of the pulse
asgr |ighyaegnyer gedsbyrehetiightevenvet ganguneahs:ag PhEa1BAEr BRce
face; and second novi ng neans for relatively noving the object to be
processed in Héﬁihhhgkmﬂﬁsdﬁsimabkﬁlp@@bbi@mngst@1ﬂﬂ§§ﬁﬂ%§(ﬁr?mrgge
relative novenent anmount stored by the storage neans and the data, pof
second rel ati atiraverentce 20henourite paleel hedr byl ¢he THICHH ey ﬁﬁsns
The | aser processing apparatus in accordance with an aspect of .th r esent
i nventi on comaisgesl aghassrutdglenteasr the object to be processed to €nl
inside thereof and dividing the distance by the refractive
10 index of the object to be processed with respect to the pulse
1aserlightemittedfromthelaser1ightsource;calculating
means for calculating data of a second relative movement
amountoftheobjecttobeprocessedinthethicknessdirection
requiredforlocatingthelight—convergingpointofthepulse
15 laser light converged by the light-converging means at the
entrance face; and second moving means for relatively moving
the object to be processed in the thickness direction
accordingtotﬂuadataoffirstrelativemovementamountstored
by the storage means and the data of second relative movement
20 amount calculated by the calculating means.
The laser processing apparatus in accordance with an
aspectofthepresentinventioncomprisesalaserlightsource
for emitting pulse laser light having a pulse width of 1
us or less; light-converging means for converging the pulse

25 laser light emitted from the laser light source such that

the pulse laser light attains a peak power density of at
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for emtting pulse |laser light having a pulse width of 1 ha ;
l'i ght - convergi ng means for converging thg pul se 25 | aser Iigﬁtog !essa
the laser light source such that the pulse laser light attains g}%ggRO{EEm%O
power density of at 67 FP01-0144-00 least 1 x 108 (Wcn2) at a
l'i ght -convergi ng point; neans for locating the light-converging point of
the pulse laser light emtted fromthe | aser light source within an object
to be processed; nmeans for adjusting the position of the pulse 5 |aser
light conver gedaby 1t he1dd ghi/cednwer gi higghearsn e ¥ éit 7 HQiQtUhméﬁﬁéséOBf t he
object to be processed; and noving neans for relatively mvin he

fee a|a(5>ﬁ% @\Hiﬂ]&‘h t he

|ith'CQnV?rQiBQa@@h@HﬂﬁElpghsecohaeegihgghﬁfgl@ﬁ@h@g@
object is intended to be cut in the object to be processed. 10 For the
sane reason agmtbebdi firéheHaderser daghsi AgUrABtHEHS B FTRCBIEFENEE RFth the
above-nmentioned aspects of the present invention, the |aser processing
apparatus in paseesdafcemabhh fhesedaspeéns dhet RespFésBnPLih @nPPiﬁeenable
Iaser processing mnthout generating nmelt or unnecessary 15 fractures
devi at bng fromtbe 1igiet alaong eyt hee ob} @t~ CORV§ TR EHISE XS BétEaP in
the surface of the object to be processed, and laser processing in which
the position ehe thickiadt ofanvergirgtpo? he RFOGRIZRA1 458MY g "EENS
regu!ated |n_the thlckness direction of the object to be proc 20
within the obﬁectreBakeWeEysmpvppgoﬁh%fl%gﬁnggéyqﬁﬁgqg££O;pﬁ §%Z%§§§ﬁ vi ew
of an object to be processed during
laser light along a lihe along which the object is intended
to be cut in the object to be processed.
10 For the same reason as that in the laser processing
methods in accordance with the above-mentioned aspects of
the present invention, the laser processing apparatus in
accordancewiththeseaspectsofthepresentinventionenable
laser processing without generating melt or unnecessary
15 fractures deviating from the line along which the object
is intended to be cut in the surface of the object to be
processed, and laser processing in which the position of
thelight—convergingpointofpmlselaserlightisxegulated
in the thickness direction of the object to be processed
20 within the object.
Brief Description of the Drawings
Fig. 1isaplanviewof an object to be processed during

1aserprocessingbythelaserprocessingmethodinaccordance

with an embodiment;

25 Fig. 2 is a sectional view of the object to be processed

shown in Fig. 1 taken along the line II-II;

68



| aser processing by the | aser i i

_ : _ _ processing nethod in accordance wth

eﬂbodlnentz 25 Fig. 2 is a sectional view of the object to be pro ag

slomm in Fig. 1 taken along the line II-11; 68 FPOL-0144-00 Fig §$§§~§144‘00

Fh2n|V|em10f the object to be processed after |aser processing-effected b

sectigz:{ e{g&fs?|?g nE;hod in accordance with the enbodinent; Fig. 4 is g
( 0 e object to be processed 5 shown in Fi 1 :

the line IV-1V, Fig. 5 is a sectional vi "ottt be o ovensad
_ \ ; : ew of the object to b

zgfggthoFLg.p? takpp%anwmbtdupﬂénuyrévafFﬁ@ﬁ @bﬂgc% EPaHengﬂﬁégggized

_ ocesse cut by the laser processing method in accord

with the 10 ggbedi meBer Eu@ae%sﬁ&gaqﬁﬁﬂﬂtaﬂuﬁmr@ﬁ?ei%%?BnEﬁPﬁgsﬁéPaggﬁ

the electric field i i i :

oo o ey ot cotdaicace i D PenSOHEALNET 715, 8 1 sl ona

rScosing mehil | dge il daneec oo S, Sfr ket one

yocess o rechadn pragirneekon eacehe Enbdoriedt o' o "0 12 o

o ocessi ng Method | B1accba daneect apbnLCHECRBGdmRtSCE 10 b Pricctlidl aser
shown in Fig. 3 taken along the line V-V;

Fig. 6 is a plan view of the object to be processed
cut by the laser processing method in accordance with the

10 embodiment;

Fig. 7 is a graph showing relationships between the
electric field intensity and the magnitude of crack in the
laser processing method in accordance with the embodiment;

Fig. 8 is a sectional view of the object to be processed

15 in a first step of the laser processing method in accordance
with the embodiment;

Fig. 9 is a sectional view of the object to be processed
jjnasecondstepcxfthelaserprocessingn@thodjjlaccordance
with the embodiment;

20 Fig.10isasectionalviewoftheobjecttobeprocessaj
in a third step of the laser processing method in accordance
with the embodiment;

FL;.11isasectionalviewoftheobjecttobeprocessed

in a fourth step of the laser processing method in accordance

25 with the embodiment;

Fig. 12isaview shoring a photograph of a cross section
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Fig. 11 is a sectional view of the object to be pr [

of the |aser processing method in accgrdance 25pmffﬁsfﬁg ehgogiaguthFstep
12 is a view shoring a photograph of a cross section 69 FP01-0144- 0%?9%?4—00

\?Ma{th ;)1;] a ?ﬂlal :j_con vvgf er cut by the laser processing nmethod in accordance

| I_e enbodi ment; Fig. 13 is a graph show ng relationships between the
laser light wavelength and the transmttance within a silicon 5 substrate
in the laser processing nmethod in accordance with the embodi nent; Fi 14
Lfoieii?ﬁg‘aﬁ;ﬁﬁ‘jh&agf@‘m aff @ |saisleirc T oS Pt appdid U IR Y | aser
_ _ od in accordance wth a first exanpl i ;
Fig. 15 is a:ﬂﬁéwwgﬁﬂﬂnfaﬁcdmdﬁnneﬂwirhrﬂhﬁeﬁmﬁOdgaﬁg%ggi;genggﬁgglrﬁnt, 0

accordance with the first exanple of the enbodiment; Fi 6.is apla

\éhtewbsftﬁg Iobj ect taike Aot ess exk afors hexidNg ﬁieﬁgtéol’ﬁéﬁltigisn%ﬁﬁi”ﬁﬁnc S Be

aser is processing nmethod in accordan i i

of the_enbodlpggég1Ebgtwﬁhdkﬁﬁg@mhedﬁﬁaﬁKﬁQﬁ@#Eﬁgké%%thEﬁdI%%i£$§égpple

processing nethod in accordance with the first example of the enbod] t

with a pluraligybefréasem thghtasoupreesesze g Hethgdi R AT Glecw%/ch}gSvnf

or explaining another |aser processing nethod in accordance with the first

exanpl e of thehembododeEménwith a plurality of |aser |ight sources;

Fig. 14 is a schematic diagram of a laser processing
apparatususablejJ)thelaserprocessingnethodjjuaccordance
with a first example of the embodiment;

10 Fig. 15 1is a flowchart for explaining the laser
processing method in accordance with the first example of
the embodiment;

Fig. 16 is a plan view of an object to be processed
for explaining a pattern which can be cut by the laser

15 processing method in accordance with the first example of
the embodiment;

Fig. 17 is a schematic view for explaining the laser
processing method in accordance with the first example of
the embodiment with a plurality of laser light sources;

20 Fig.18isaschematicviewforexplaininganotherlaser
processing method in accordance with the first example of
the embodiment with a plurality of laser light sources;

Fig.19isaschematicplanviewshowingapﬁezoelectric
device wafer in a state held by a wafer sheet in the second

25 example of the embodiment;

Fig. 20 is a schematic sectional view showing a
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Fig. 19 is a schematic plan view show ng a piezoel ectri [ [

state held by a wafer sheet in the secogd IC2)5 exanpl e 01(‘: tﬂgvgﬁgo\é\?ié:}t{ "
Fig. 20 is a schematic sectional view showing a 70 FPOL-0144-00 FP01-0144-00
pi ezoel ectric device wafer in a state held by the wafer sheet 1in the

second exanple of the enbodiment; Fig. 21 is a flowhart for explaining the
cutting method in accordance with the second exanple of the enbodiment; 5
Fig. 22 is a sectional viewof a light-transmtting material irradi ated

with laser |ight, by tde £t bidg caBidod i i eforRt
ihmn aceoederickbwitthe whée
exanpl e of thgﬂee%%e iment; Fi g.C 23 is a plan view of ?Mhe :

Iight-transn‘it-tri n&hém%@éér?é i i i ; :
) b iR ated whé hehissetménght by the cutt
nmet hod 10 in "accordance with tnﬁ% second exanpl e of ?he e?/rbodi meﬁt ; | ngi g.

24 is a sectional vigw 0b1the Fi C &b Teer : .
_ 051 ke ki ghEnk FaFH &t Nl bt @k halcushovg meitiFe
taken along the line \;éq V-XXI'V:™ Fig. 25 is a sectional view of the b 2

light-transm tiing--opseséal i ; :
. mty cd | w SHIOWhé Ns &t @nd 28x smfea af ohige t dreb e HaenSA/- XXV,
15 Fig. 26 is a sectional view of the Iight-transmtting]genaterial shown i n

Fig. 23;taken along ¢he, line X4V=¥¥Vivhen vtee bifgatlt '
. _ . _ ohvet 5 g pbE HEd
novi ng speed is made |ower; Fig. 27 is a secti onalg vi ew of tgheg’m?a "

e e e et 2 mae Lurthen, Lover
Fig. 28 is a sestienstayhew eitn phezsetentresanpyecef the embodiment; ’
Fig. 23 is a plan view of the light-transmitting
material irradiated with laser light by the cutting method
10 in accordance with the second example of the embodiment;
Fig. 24 is a sectional view of the light-transmitting
material shown in Fig. 23 taken along the line XXIV-XXIV;
Fig. 25 is a sectional view of the light-transmitting
material shown in Fig. 23 taken along the line XXV-XXV;
15 Fig. 26 is a sectional view of the light-transmitting
material shown in Fig. 23 taken along the line XXV-XXV when
the light-converging point moving speed is made lower;
Fig. 27 is a sectional view of the light-transmitting
material shown in Fig. 23 taken along the line XXV-XXV when
20 the light-converging point moving speed is made further
lower;
Fig. 28 is a sectional view of a piezoelectric device
wafer or the like showing a first step of the cutting method
in accordance with the second example of the embodiment;

25 Fig. 29 is a sectional view of the piezoelectric device

wafer or the like showing a second step of the cutting method
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wafer or the |like showing a first ste [ [
: p of the cutting nmethod in acco
with the second exanpl e of the enbodi nent; 25 Fig. 28 is a sectional ngafe

of the piezoelectric device wafer or the Iike showing a s 1 0
cutting nmethod 71 FPOL-0144-00 in accordance with thegsecoﬁgoggaﬁ;%%FEﬁ ?tﬁf
enbodi ment; Fig. 30 is a sectional view of the piezoelectric device wafer

or the like showing a third step of the cutting nmethod in accordance with

t he second exanple of the enbodinent; 5 Fig. 31 is a sectional view of the

pi ezoel ectric, devi ce f i ! t t i i
nmethod in actbr %ﬁ%ﬁg%Pgé gkgﬁgggén§§%§§§g$gﬁg l%ﬁgfe?%id?ﬁ%ﬂf%méﬁﬁggtg;ng

is a sectional view.of t%e. i.e : i G- i ; A ; ;
- 18 D &Gty 61 d6Vd Cenvafierz @l dder ild deviste
fifth step of the c %?lng ﬁe?ﬁ%ﬁﬁhio In éccordanceimiklthe seconésexggggea

of the enbodinent; Fi L Sc b Ml S ! ]
nbo : a t tdfn
sanpl e mnthlnwﬁﬁ?éﬁx%t%Faggk%ég?ﬁﬁjﬁg%f%?%%dgﬁﬁgﬁb?r?gzﬁgriongaurtﬁm@ of @

linearly polarized pyl | o = i : .
tized puhse Lagsetynl LGBt seEbfa é4ampla wvEewvhshembndiment;
phot ogr aph of 3 pFane oﬁ 1@ a sanple within mh?ch a crack reg?on is formed

upon igradiation Wt i-r eul.a i Pl s s otit  C Bey .

sectional view of tFagégﬁkﬁg‘Ei%ﬂ%p?ﬁgﬁrgé@ 33k?§££n afzﬁz tﬁngfﬁic35 e

XXXV- XXXV, Fi g £36 L5 R SELLL QRN 1¥eW Rfutthe ssappd fe t Bowwt i imgringthodo 34
kXXVI-XXXVI-

taken al ong thel'i ne i :
0b] 66t 1o Do -ar acessed el endinanel aagnd Lrenplleng hieh cTROCIBEBEE |

Fig. 32 is a sectional view of the piezoelectric device

wafer or the like showing a fifth step of the cutting method
10 in accordance with the second example of the embodiment;

Fig. 33 is a view showing a photograph of a plane of
asamplewithinwhichacrackregionisformeduponirradiation
with linearly polarized pulse laser light;

Fig. 34 is a view showing a photograph of a plane of

15 asamplewithinwhichacrackregionisformeduponirradiation
with circularly polarized pulse laser lﬁght:

Fig. 35 is a sectional view of the sample shown in Fig.
33 taken along the line XXXV-XXXV;

Fig. 36 is a sectional view of the sample shown in Fig.

20 34 taken along the line XKARXVI-XXXVI;

Fig. 37 is a plan view of the part of object to be
processed extending along a line along which the object is
intended to be cut, in which a crack region is formed by
thelaserprocessingmethodinaccordancewithathirdexample

25 of the embodiment;

Fig. 38 is a plan view of the part of object to be
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intended to be cut, in which a crack region is forned

processing nethod in accordance with a ?hird exanpl e 2% o#hthaZﬁLodinent'
Fig. 38 is a plan view of the part of object to be 72 FPOL- 0144- 0G°P01-0144-00
proce;sed extending along a line along which the object is intended to be
cut, |p which a crack region is formed by a conparative |aser processing
method; Fig. 39 is a view showing elliptically polarized laser 5 light in
accordance with the third exanple of the enbodi nent, and a crack region

formed thereby; Fiag. [ epqt i i ; - y
_ ; th sele prinicess
apparatus in é’(,r(%:r asr?glge\%{miteﬂdt%ﬁ‘g ?ﬁ??% éeixlggrr{)eﬁgug;ngt hglbgnbo%ﬁrent' IiggFi g.

41 is a perspecti W & a. guariter i i i
S 4 . | WHARME aplctaek wahed db
ellipticity relé]ltfleagjéerd i \rlés gizecordancle W th tﬁg t hi r(;:@g;anpl eSI gfoa:nﬁe g

enbodi nment ; Fiag. j , i i oW .
: co}r]?p S & RETSPect i dd oW ref neetadd ;- wave plate incl '
a 90 rotation regu a% or part 1 n accor danceﬁwith 15 the tE\i rd exanpl gdg? "

t he enbodi ment; Fig.r:43 kS§ ; il i ; ;
( ’ 43 B85 & flowshanbwieg eaxipleindaid t helbaseed Jasede
met hod in accordance tE the third exanp?e of }ft![ he en}t)gdi ment ; Flﬁ:; 428: gg

2L oy S d U et 28 el of precay ot o
exanpl e of thﬁu@@?Qﬁfﬁ@Wtiegion formed thereby; ce with the third

Fig. 40 is a schematic diagram of the laser processing
apparatus in accordance with the third example of the
embodiment;

10 Fig. 41 is a perspective view of a quarter-wave plate
included in an ellipticity regulator in accordance with the
third example of the embodiment;

Fig. 42 is a perspective view of a half-wave plate
included in a 90° rotation regulator part in accordance with

15 the third example of the embodiment;

Fig. 43 is a flowchart for explaining the laser
processing method in accordance with the third example of
the embodiment;

Fig. 44 is a plan view of a silicon wafer irradiated

20 with elliptically polarized laser light by the laser
processing methed in accordance with the third example of
the embodiment;

Fig. 45 is a plan view of a silicon wafer irradiated
with linearly polarized laser light by the laser processing

25 methodinaccordancewiththethirdexampleoftheembodiment;

Fig. 46 is a plan view of a silicon wafer in which the
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Fig. 45 is a plan view of a silicon wafer irradiat i [

_ _ ed with linearl
pﬁlarlged | aser light by the |aser processing 25 method in accordgnce wth
t ? third exanple of the embodinent; Fig. 46 is a plan view of a EPPicBhid-00
wafer in which the 73 FPA -(0a44-00 silicon wafer shown in Fig. 44 is

irradiated with ellipticall ol ari ze i [
met hod in accordancg wth ¥hepthird egahgfgroilgﬂg 2¥bgg$ngﬁf§rFP5002$s:gg
2 plan view of a silicon wafer in which the 5 silicon wafer shown i n Fig
5is irradiat ﬁgé%malfle@%}fd% i Rolarizeds iasedibicghtviiyh ehbipaseplly '
processing nmethod in accordance with the third exanple of the enmbodi ment;
Fig. 48is a ﬁmgg?%bg qbgggaqﬁghttm@Iﬁhﬁﬁlananxﬁmn¢gﬁ83m$amgth@dihn ,

accor dance w ourth exanple of the 10 enbodi . Fi '
) o . I . odinent; Fig. 49 is a plan
V'e“hpf a S'!EEQBFB@BEE i/Btwhish therdskkispbewafethshemhoPAmENg; 44 U
irra |ated with elliptically polarized |laser |ight by the | i
nmethod in accord i 4 5  Af y aser .processing
; | accor danggqwi 41 iishe §xus il eaxafipd & idfi domewefbodimrertich5NRi g, 50
is a plan view of the object to be processed in the case where a crack
spot i formed:nelali ¥ekyr| sigen by Rigi.ng5t he iavetigiastedding IREERoY in
accordance with a fifth exanple of the embodinment; Fig. 51 is a sectional
Yleﬂ/taken al eRd allizleld ar stefie 1i2hd ime @honye st chr 0aessbPechetsoPnténded
L? e cut shown in Fig. 50; Fig. 52 is a sectional view taken along

I - LI accordance with the third example of the embodiment;

Fig. 48 is a schematic diagram of the laser processing
apparatus in accordance with a fourth example of the

10 embodiment;

Fig. 49 is a plan view of a silicon wafer in which the
siliconwafershowninFig.44isirradiatedwithelliptically
polarized laser light by the laser processing method in
accordance with the fourth example of the embodiment;

15 Fig. 50 is a plan view of the object to be processed
in the case where a crack spot is formed relatively large
by using the laser processing method in accordance with a
fifth example of the embodiment;

Fig. 51 is a sectional view taken along LI-LI on the

20 line along which the object is intended to be cut shown in
Fig. 50;

Fig. 52 is a sectional view taken along LII-LII
orthogonal to the line along which the object is intended
to be cut shown in Fig. 50;

25 Fig. 53 is a sectional view taken along LIII-LIII

orthogonal to the line along which the object is intended
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orthogonal to the line along which the object is intended to be cut shown

in Fig. 50; 25 Fig. 53 is a sectional view taken along LIII-LII

orthogonal to the |ine along which the object is intended 74 FPO1-BPRA4-03d4-00
to be cut shown in Fig. 50; Fig. 54 is a sectional viewtaken along LIV-LIV
orthogonal to the line along which the object is intended to be cut shown

in Fig. 50; 5 Fig. 55 is a plan view of the object to be processed shown

in Fig. 50 cut along the line along which the object 1is intended to be

cut; Fig. 56 is secl.l | Vvi;ewgQf, t kg .obj ect to be processed taken along
the Iine ann& Fbﬁ“?ﬁ%ﬁbv?éét is% ntended to 10 be cut in the case where

a crack spot is forggghie%@t%gehy saat i byl usiiey ttekdmsed opgodessilng
nmet hod i n accordanc Mth the fifth exanple of the enbodinment; Fig. 57 is

a plan view of the ohbject Iqphe;pracessad wabewntha Ehiect6isutntieiRf t he
|l i ne al ong mhf%ﬂHFﬁQQ%%féé% 15 1s intended to be cut; Fig. 58 is a

sectional view of _th bj t0, be; progessed showi ng a state where pul se
| aser |ight i g%o%%e%gdé}g\ﬁ%ln thd; obj ect by using a |light-converging

| ens having a predeternigqed.n igali@peit whes oPa efitgtobbe| Braceeetd onal
: ay : lif G SNHMBT 4§ _
view of“the object t'o be processed including a crack spot formed due to
the mul ti photo S 10N aggedapyn'rthmﬁkﬂﬂ&nahnnngma§@rthpgﬁpjgﬁgmn in
L o SOE B LN 50 @
is intended to be cut;
Fig. 56isa sectional view of the object to be processed
taken along the line along which the object is intended to
10 be cut in the case where a crack spot is formed relatively
small by using the laser processing method in accordance
with the fifth example of the embodiment;
Fig. 57 is a plan view of the object to be processed

shown in Fig. 56 cut along the line along which the object

15 is intended to be cut;

Fig. 58 is a sectional view of the object tobe processed
showing a state where pulse laser light is converged within
the object by using a light-converging lens having a

predetermined numerical aperture;

20 Fig.59isasectionalviewoftheobjecttobeprocessed
including a crack spot formed due to the multiphoton
absorption caused by irradiation with laser light shown in
Fig. 587

Fig. 60 isasectional view of the object tobe processed

25 in the case where a light-converging lens having a numerical

aperture greater than that of the example shown in Fig. 58
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Fig. 58; Fig. 60 is a sectional view of the object to be processed 25 in

the case where a |ight-converging | ens having a nunerical aperture greater
than that of the exanple shown in Fig. 58 75 FPOL-0144-00 is used;FF:018#-00
is a sectional view of the object to be processed including a crack spot
formed due to the nultiphoton absorption caused by irradiation with |aser
light shown in 5 Fig. 60; Fig. 62 is a sectional view of the object to be
processed in the case where pulse laser |ight having a power |ower than
that of the exanphgﬂ;homn in Fig. 58 is used; Fig. 63 is a sectional view

of the objectjf%lbe processed 10 including a crack spot fornmed due to the

mul ti phot on absorpti C ¥tk padh aliicno M hB duisait t b @tpshosssdd
Fig. 62; Fig. 64 isE§2§e0¥?§%%F SiGMIOf ﬁhe object to be processed in the

case where pul.se | | Lght, hayi Rgo3 PoVEfed OvRe & than minhtipfotdre
exanpl e shown TH R QSL%O%is]ﬂsed; %Fg. 65 is a sectional view of the object

Lo e pr OCesseadp%A%éjiP&% 0 & &f 85k $Pabi 80k BRU e Jasdiha it Epbotioin
ption cause Irradiation"with laser |ight shown in Fig. 64; 20
Fig. 66is a sEelc%i op@l view taken along LXVI-LXVI orthogonal to the line
al ong ich the tbject is intended to be cut shown in Fig. 57;
Fig.62isaasectionalviewoftheobjecttobeprocessed
in the case where pulse laser light having a power lower
than that of the example shown in Fig. 58 is used;
Fig. 63 is a sectional view of the object tobe processed
10 including a crack spot fogmed due to the multiphoton
absorption caused by irradiation with laser light shown in
Fig. 62;
Fig. 64 is a sectionalview of the object tobe processed
in the case where pulse laser light having a power lower
15 than that of the example shown in Fig. 60 is used;
Fig.6Siszasectionalviewoftheobjecttobeprocessed
including a crack spot formed due to the multiphoton
absorption caused by irradiation with laser light shown in
Fig. 64;
20 Fig. 66 is a sectional view taken along LXVI-LXVI
orthogonal to the line along which the cbject is intended
to be cut shown in Fig. 57;
Fig. 67 is a schematic diagram showing the laser
processing apparatus in accordance with the fifth example
25 of the embodiment;

Fig. 68 is a block diagram showing a part of an example
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Fig. 67 is a schemat’i c di agram show ng the | aser rocessin i
accordance with the fifth exanple 25 of the enbod?nent; Fig.agga{gtgsbigck
di agram showi ng a part of an exanple 76 FPO1l-0144-00 of overall cBROROPLEE-00
provided in the |laser processing apparatus in accordance with the fifth
exanpl e, of the enbodinent; Fig. 69 is a view showing an exanple of table

of a 5 correlation storing- section included in the overall controller of
the | aser processing apparatus in accordance with the fifth exanple of the

enbodi ment; Fig. 70.ig4a viaw show ahosber ; i
nt; _ _ igxame e afert hervabbeingf the
correlation s grP Srgeétfbﬁllnc Sﬁgggfn the overall 10 con?roller of the

| aser processing.a paLatys L 0-GEELREaNGe thWidHe t hefthf klxaepd |&f ofh
enbodi nment ; F?Bga§% I'S §'V|em?s ow ng still another exanple g? the table

of the correlat'og.%ggking section included in the
i ) _ overall controller of
t he [aser_prosgéglng dapparatus in 15 accordance with the fifth exanple of

t he enbodi ment; Fig.. 72 i schemati i .
L r142 k8 @dsSghemali endivaggaanobxbipleasér tppdeessi A
apparatus in accordaiceé mnt%sa si xth exanplg of the penbodimpent; Fi%.g73 is
1

2, 1 ovishon 1. sanues ogtce gl | geetsbhuntncamenusad e verell |
74" is a view ¢ ere no bean1_expander.|s di sposed; Fig.
’ Sheuing Lherconyergenceretekasey apghtatus in accordance
with the fifth example of the embodiment;

Fig. 70 is a view showing another example of the table
of the correlation storing section included in the overall

10 controller of the laser processing apparatus in accordance
with the fifth example of the embodiment;

Fig. 71 is a view showing still another example of the
table of the correlation storing section included in the
overall controller of the laser processing apparatus in

15 accordance with the fifth example of the embodiment;
| Fig. 72 is a schematic diagram of the laser processing
apparatus in accordance with a sixth example of the
embodiment;

Fig,73iszaviewshowingtheconvergenceoflaserlight

20 caused by a light-converging lens in the case where no beam
expander is disposed;

Fig.74iszaviewshowingtheconvergenceoflaserlight
caused by the light-converging lens in the case where a beam
expander is disposed;

25 Fig. 75 is a schematic diagram of the laser processing

apparatus in accordance with a seventh example of the
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caused by the light-converging lens in the case wh

di sposed; 25 Fig. 75 is a schematic diagram of thee{:sgr
apparatus in accordance with a seventh exanple of the 77
enbodi ment; Fig. 76 is a view showi ng the convergence o
caused by the light-converging lens in the case where no
di sposed; 5 Fig. 77 is a view show ng the convergence of
caused by the light-converging lens in the case where an

beam expander is
rocessin
PPO1- 0144l 0144-00
f laser I|ight
iris diaphragmis
| aser |ight
iris diaphragmis

di sposed; Fi g, /84187 bl ock diagram showi ng an exanpl e of overal

controller provided rn a nodified exanple of the |aser

10 processing

apparatus in accordapgcey {htheeshodingnhe do ) '
_ . rgre riEnce af BlagEk
anot her exanple of overall controller provided in the nodified Etﬁﬁq?g18;

the laser pr88@§§5”?y399?r@EQﬁtLaoﬁcéﬁgdagckembthnthbeeﬂﬁéﬁiW@ﬁf? g. 80

is a block diagram of”sti

accordance wt

| another exanple 1is of overall controller

provided in pgﬁigﬁgggbﬁgagmamalai@boséhe | aser processing apparatus in

enbo

iment; Fig. 81 is a plan view of an exanp] e of

the pagt of objecthg,ba ps acessedhext ppditegcan vepoen e pd 18 gL PEh 20

t he object is intende

| aser processi t RQd i o hah
enbodi ment Ag @Rt Rgdthe acenrdanceewigting asnei ght K

iris diaphragm is disposed;

to be cut, in which a crack re%ion is formed by the

Ex&ApPe "BELTENED

Fig. 78 is ablock diagram showing an example of overall

controller provided in a modified example

10 processing apparatus in accordance with the

of the laser

embodiment;

Fig.79isaablockdiagrmnofanotherexampleofoverall

controller provided in the modified example

of the laser

processing apparatus in accordance with the embodiment;

Fig. 80 is a block diagram of still another example

15 of overall controller provided in the modified example of

the laser processing apparatus in accordance with the

embodiment;

Fig. 81 is a plan view of an example of the part of

ocbject to be processed extending along a line along which

20 the object is intended to be cut, in which a crack region

is formed by the laser processing method in accordance with

an eighth example of the embodiment;

Fig. 82 is a plan view of another example of the part

of object to be processed extending along the line along

25 which the object is intended to be cut, in

which a crack

region is formed by the laser processing method in accordance
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Fig. 82 is a plan.vieM/of anot her exa '
_ _ nple of the part of object

Frogessed extending along the line along 25 mhicﬁ t he objec{ IS }gtgﬁded

o] hedc_ut, in which a crack region is f ormed by the | aser procestg0144-
gﬁ%ogingztacgprdagge_78 FP01-0144-00 with the eighth exanple of the

_ ; Fig. is a plan view of still another exanple of th
obj ect to be processed extending along the line al ong aﬁich t he gbjgggtigf
intended to be cut, in which a crack 5 region is formed by the |aser

processi ng met.had .i.n Yol rga i i ; i
; . 3 L 4anse nid bt i eigiiduieanpl e of the enbod -
Fig. 84 is a"sc et ¢ gﬁ%gran1o a Q@switch laser provided in a lgsggent,

| i ght source of th%ﬂlas ; i nek i i
: | ;| BSBR PLACESSH NG evARFAEBL US drivtdtanreaanpd ewpt 1
ei ght h exanpl e of the %3 enboglnent; Fig. 85 is a block d?ggran1sh;ufng a

part of an exaqﬂge . Qver | . J
i a c £9BLEQLEErepferidind adengprioe éssieryl Aph
Lrocﬁcg?rdané% mnPﬁ‘%%% elgggt Exanple of the enﬁ%dinegff Fig. 86 is gratus
of the | agr an Sihcar)i“'ﬂ'ge aokpjaéét of s aiptdided o exanplhte, afn overalt |a corgdol | er
the o gzer oCessing apparat us in accordance with the eighth exanple of
menly s 59 A ByRIRCka dh agnameshiduiguge shpdin atcerdancanot her
controller”of the | aser processing 20 apparatus in

00

exanple of over
accordance\M&{Eﬁr%%glQp%ﬁtﬁx@g@$p1@fofhEheeembddnman;:Fig. 88 is a bl ock

di agram showi ng a part of still another

Fig. 84 is a schematic diagram of a Q-switch laser
provided in a laser light source of the laser processing
apparatus in accordance with the eighth example of the

10 embodiment;

Fig. 85 is a block diagram showing a part of an example
of overall controller of the laser processing apparatus in
accordance with the eighth example of the embodiment;

Fig. 86 is a block diagram showing a part of another

15 example of overall controller of the laser processing
apparatus in accordance with the eighth example of the
embodiment;

Fig.87isablockdiagramshowingapartofstillanother
example of overall controller of the laser processing

20 apparatus in accordance with the eighth example of the
embodiment;

Fig.88isablockdiagramshowingapartofstillanother
example of overall controller of the laser processing
apparatus in accordance with the eighth example of the

25 embodiment;

Fig. 8%isa perspectiveview of an example of the object



exanpl e of overall controller of the | aser processin a [

accordance with the eighth exanple of the 25 enbodigenthE{gFUZQI?s a
perspective view of an exanple of the object 79 FPO -0144-00 to bep01-0144-00
processed within which a crack region is forned by wusing the |aser
processing nethod in accordance with a ninth exanple of the enbodi ment;

Fig. 90 is a perspective view of the object to be processed forned mﬁth a
crack extending fromthe crack region shown in Fig. 89; Fig. 91 is a

perspective view of another ;ex .t h j ept - o] it hi
which a crackt92%?oﬁr?ges?%?n%ggﬁéﬁu§$%%ﬁtﬁeg?gggrrﬁgéggsgfnggﬁgfﬂo%yinln

accordance 10 with the ninth e | t+hbe enhedi cehl i
. : . KW loFRRhcelh gt h ¥nisth
per spective vV%hP%Rjgiﬁﬁﬁegﬁ%Fher e£§h§|5 Bof t he objecfetogEe p?ocessed

within which a crack regipn _i by usin [
\ ; g the laser proce
in accordanceexﬁW?ﬁetﬁg %ﬁﬁtﬁhggggégggof t he embodi nent ; ig Fig?sbggigE;hOd

vi ew showi ng the stat re.a, Ly GANVRY g Gy o Nt { i

W hofobfset togh
pﬁSlploneg on the gﬁ?f:@é gf ?h E%E%%ct_to bé'prggzssed;oF?g. 94D?sealiiew
S O“{Dg the s%ﬁ%ﬁegggﬁﬁk m%éﬁ?%h%@@¥§égk&&dﬂaﬂﬁgi&omaﬁ@bfé@htegion
positioned w the object to be processed; Fig. 95 is a flowhart

for explainin .aser cessin i ; .
exanpl e of Inihg 1ASelg.PEaC g method in accordance with the ninth

Fig. 91 is a perspective view of another example of
the object to be processed within which a crack region is
formed by using the laser processing method in accordance

10 with the ninth example of the embodiment;

Fig. 92 is a perspective view of still another example
of the object to be processed within which a crack region
is formed by using the laser processing method in accordance
with the ninth example of the embodiment;

15 Fig. 93 is a view showing the state where a
light-converging point of laser light is positioned on the
surface of the object to be processed;

Fig. 94 1is a view showing the state where a
light-converging point of laser light is positioned within

20 the object to be processed;

Fig. 95 is a flowchart for explaining the laser
processing method in accordance with the ninth example of
the embodiment;

Fig.96isaperspectiveviewofanexampleoftheobject

25 to be processed within which a crack region is formed by

using the laser processing method in accordance with a tenth

80



the enbodinent; Fig. 96 is a perspective view of an exanpl j

25 to be processed within which a crack region is fornegpb$ OLS}ES ?ELECt

| aser processing nethod in accordance with a tenth 80 FPO1- 0144- 0BP@kadi & 00
of the enbodiment; Fig. 97 is a partly sectional view of the object to be
processed shown in Fig. 96; Fig. 98 is a perspective view of another

exanpl e of 5 the object to be processed within which a crack region is
formed by using the |aser processing nethod in accordance wth the tenth

exanple of the e QigP“E' Fi i ; . ;
& Nty FiBhodSnést @ partly sectional view of the obj ect
to be proce§?§dﬁgﬁomn in %lg. 98; and 10 Fig. 100 is a perspective vieklgf

still another exanple, aof; tihe oby : ict bi :
- . £, o7 the obje¢l t @l iRheaessed witbha whiehtaterack
region is formed by %S|ng Fﬁe Pgseryprocessing met hod in acco?dance W th

the tenth exa$%I§%§£?%$$degpggﬁngﬂtFigesg6Wbdes for Carrying Qut the

I nvention 15 ow ng, a preferred enbodi nent of the present

invention w il be explaidged wthdefiense v dnefdeavkhgs. exdh
( . : pleasér
processi ng net hod andélaser pro?%ssf%g apparatus in accgrdance with this

embodi grent form a,gpdif i €4 SEG ke dvednd tdrhotaon i on i
- , : Hihoton cabsocpbicgnreghen 1s
mul ti phot on a%sorpt on is 20 a phenonenon occurring mheﬁ the intensity of

'e;j;f;i 'nieghitn i[;?flg%gebyeayim Ohe Ridsds g and irigphettoodabsorprsdanFel  be
with the tenth example of the embodiment;
Fig. 99 is a partly sectional view of the object to
be processed shown in Fig. 98; and
10 Fig.100iseaperspectiveviewofstillanotherexample
of the object to be processed within which a crack region
is formed by using the lasex'processinglnethodjjxaccordance
with the tenth example of the embodiment.
Best Modes for Carrying Out the Invention
15 Inthefollowing,apreferredembodimentofthepresent
invention will be explained with reference to the drawings.
The laser processing method and laser processing apparatus
in accordance with this embodiment form a modified region
by multiphoton absorption. The multiphoton absorption is
20 a phenomenon occurring when the intensity of laser light
is made very high. First, the multiphoton absorption will
be explained in brief.
A material becomes optically transparent when the
energyhvofapmotonislowerthanthebandgapEGofabsorption

25 of the material. Therefore, the condition under which

absorption occurs in the material is hv > Eg. Even when
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A material becones optically transparent when the ener i
Iﬁmer than the band gap EG of absorption 25 of the natg¥|2Y O;hgrgpgﬁgn s
E e cagdltlon under which absorption occurs in the material is byFBOE19144 00
Even en 81 FPOL-0144-00 optically transparent, however, absorption occurs
in the material under the condition of nhv > EG (n = 2 ’3 4 ) when
the intensity of laser light is nade very high. This phenbnehoh.is known

as nul tiphoton absorption. In the case 5 of pulse wave, the intensity of

| aser 1ight |s eLerm ngg by.tb
_ ands ¢ PepkyBoue] geastbyion colhrefinashs |ight
at the Ilght gnver % whereas the nul ti photon absgrptlon occu?s

under the condifion_ wi Q
2 dé’rpﬁ?&&ﬁl\wtldﬁn@lftuhoba (heast, B,x4108- (W cn
, for exanple’ #ﬁe peaﬁ power density 10 is deternfned by (energy og Igsea

light at the h
W R éﬁ%f%&FBE'ﬂéd@%’l@ghseié(mmmwnwﬁnu highossTRest
area of |aser b hé X pu se wwdth) . In the case of a continuous maveloPﬁL

intensity Of gggg LRt ; é%noq%t g5 mued: ghotdre ablseeprtiionf.i efd tihe
EAsFt
(WcnR) of E T% Ilg t at the light-converging point. The pr|n0|plg of

| aser roceSS|@g ,Rs@ckeydance

- s e W & flen & hey esbddi sreentl iighitl iis dgteumAned

nultlpﬁoton absofption wi Il “now be explained with referencegto Flg 1 to
8F 2

6. Fig. 1is bg @Hy1ﬁ@§%N§Hwé¥1@%mgﬁtytmwbembromﬁskeden dighhgata
processing. F a sectional view of the object 1 shown in Fig 1

t l g triq. lhltl%ol IVelrl lnl_g gOlBt mmﬁmthemlﬁp]ﬂ%@o bé e i
|aser pI‘OCESSI ||g F| g 4 |gs as tII’ | I@@j (.}ot I mer

occurs under the condition with a peak power density of at

Jeast 1 x 10° (W/cm®), for example. The peak power density

10 is determined by (energy of laser light at the
light-converging point per pulse)/ (beam spot
cross-sectional area of laser light x pulse width). 1In the

case of a continuous wave, the intensity of laser light is
determined by the electric field intensity (W/cm?) of laser

15 light at the light-converging point.

The principle of laser processing in accordance with
the embodiment utilizing such multiphoton absorption will
now be explained with reference to Figs. 1 to 6. Fig. 1 is
a plan view of an object to be processed 1 during laser

20 processing. Fig. 2isa sectional view of the object 1 shown
in Fig. 1 taken along the line II-IT. Fig. 3 is a plan view
oftheobject].afterlaserprocessing. Fig. 4 is a sectional
view of the object 1 shown in Fig. 3 taken along the line
IV-IV. Fig. 5 is a sectional view of the object 1 shown in

25 Fig. 3 taken along the line V-V. Fig. 6 is a plan view of

the cut object 1.
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view of the object 1 shown in Fig. 3 taken along the |i [ [

3_3ecé!onal view of the object 1 shown in 25 Fig. 3 takgﬁ a:gngvihzlgi 2 "
vV |g.16 is a plan view of the cut object 1. 82 FPOL- 0144- 00 YRO 110\ -00
n gs. 1 and 2, the object 1 has a surface 3 with a |line along which the

object is intended to be cut 5. The line along which the object is

intended to be cut 5 is alinearly extending virtual line. In the laser 5

processing in accordance with this enbodi nent, the object "1is irradiated

with laser light L whid ; : . f
: h@OCAtF 1@ A 1 linghR; conw erlgienf Bobas P MR
obj ect 1 under a condition generating mnultiphoton abgor ption, SocfstPg

f18r 21'[ avxhn?gihf ;%gﬂﬁgyggﬁr q?i”éhﬁiﬁﬁ?ls‘mmh Cﬂﬁwgﬂ:g]s’cg: pei AnteafledsteoP@ 9Wceat i on
( _ ~converged. By relatively noving the |
Ll ght Ia_II glngng%%gerjér ggﬂeglr?q@?gmhgbh;\;aaeobjagetti §Si hm@@@‘é@dt‘bolﬂ%e @rt 5a?iGr
., ( of "arrow A), the light-convergin oint P
?ﬁ;/gdf glr(r)nrs]gt Lgerir%hi iggﬁggry\@l @E;ttelheiﬁk;j ectrtuwli nt #neled g@ %@%oelfiﬁﬁr ISS
_ region 7 along the line along which the obj to
;Rtelndgd to bg, gHEs2108! ¥n Wdddriaride valjleahib aslb,é)ﬁéx%ﬁniﬁm Fb@s?bge i'ce)CtS IIsn
g_ f_aser processing fmethod in accordance with this enbodinent, the -
ggslor;)?idonrg?nf)rﬁg li?;@ﬁ&a&@aﬂ&dim’y heakirngl 1¢let obj e¢tl ke dd€ GBS e 20
| aser Iight therein. The laser light L i t ]
through the Obﬁgﬁk—&ons@rgsng@ogme?atiehimmea'@?ﬂﬁg%lémggnrp? %gﬁgﬂ{égd

therewithin, théreby formng the
generating multiphoton absorption, so as to forma modified
region 7. The light-converging point refers to a location
10 at which the laser light L is converged.

By relatively moving the laser light L along the line
along which the object is intended to be cut 5 (i.e., along
the direction of arrow A), the light-converging point P is
moved along the line along which the object is intended to

15 be cut 5. This forms the modified region 7 along the line
along which the object is intended to be cut 5 only within
theobject].asshownjquigs.13t05. In the laser processing
method in accordance with this embodiment, the modified
region 7 is not formed by heating the object 1 due to the

20 absorption of laser light L therein. The laser light L is
transmitted through the object 1, so as to generate
multiphoton absorption therewithin, thereby forming the
modified region 7. Therefore, the laser light L is hardly
absorbedatthesurfaceZBoftheobjectl,wherebythesurface

25 3 of the object 1 will not melt.

If a starting point exists in a part to be cut when
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nodified region 7. Therefore, the laser light L is hardl

surface 3 of the object 1, whereby the sur?ace 25 3 of ¥heang;2$dlaaﬁfre
Eot melt. If a starting point exists in a part to be cut when 83 FP01-0144-00
P01-0144-00 cutting the object 1, the object 1 will break fromthe

?tartlng point, whereby the object 1 can be cut with a relatively snall
orce as shown in Fig. 6. Hence, the object 1 can be cut w thout

generating unnecessary fractures in the surface 5 3 of the object 1. The

foll owing two es. SEEMt ' B 1L ' ' '

.ch&f: MR eXi Sthkpbtketcuti L Depreafk fhemobpetianta nge
P;oaﬁssed usi ng égnndgrﬁed region as a starting point . $he first case
W _e(rje, af }f%i he didied nd egipied s fommsd an arttilf izislfohel Y s

applied to the object, 10 whereby the object breaks while using the

nodi fied regign.| s @&t akt ' ; : et ;
st LAGWROIMIEL @ANd .t hien&s, clite cHfiesti 4 @k the
t he case where t%e object to be processed has a | arge thickness, forg "

exanpl e.  Appl yingiah Rt Eh&tat iheremdoealsudess réoturesanpltase sippf
- . ! %.
bendi ng stress or shearing stress to 15 the object along the line ZTEgga

whi ch §he objgcteisyi [ '
\ fighéntigneed 110 be cut in the object to be proce
inparting a tenperature difference to the objectjso as to ggnerafzeg o

thermal stress. Anothers Lassvirsy Wier eaaesoskedm edo i j '
| : reatfi 0N dins theof WEEA NS0 t
the object naturally breaks in the 20 cross-secti onal direction,(thickneggt

ol . Cnher e R e RO an b nhi regtid o5 T8940 €7 ng
| astartinépoint? %féfglgfcgggf?%ﬁﬁ?é?!?%é?&ﬁé%h@?%?ed
regionisformed,anartificialforceisappliedtotheobject,
10 whereby the object breaks while using the modified region
as a starting point, and thus is cut. This is cutting in
thecasewheretheobjecttobeprocessedhasalargethickness,
for example. Applying an artificial force includes, for
example, applying a pending stress or shearing stress to
15 the object along the line along which the object is intended
to be cut in the object to be processed or imparting a
temperature difference to the object so as to generate a
thermal stress. Another case is where a modified region is
formed, so that the object naturally Dbreaks in the
20 cross-sectional direction (thickness direction) of the
object while using the modified region as a starting point,
whereby the object is cut. This can be achieved by a single
modified region when the thickness of the object is small,
and by a plurality of modified regions formed in the thickness

25 direction when the thickness of the object to be processed

is large. Breaking and cutting can be carried out with
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nodi fi ed regi on when the thickness of the obj [
_ Whe _ ject is small, and by a
plurality of nodified regions fornmed in the thickness 25 directio% when t he

t hi ckness of the object to be processed is | i
: _ arge. Breaking and Ay
be carried out with 84 FP01-0144-00 favorable cgntrol evenginnthfgﬁelTﬁ}4£aﬁ

natural |y breaking case, since breaks will not r i
11y _ , each the part for

no nodified region on the surface in the part to be cut, go t hat gﬁ?ymihg
part fornmed with the nodified region can be broken and cut. Such 5 a

ot act e R e e B R D on v or s have re
, ( : uch as silicon wafers have recentl
been prone t deggeaﬁﬁ t i e Ldn ' Y
. 1thei b bhi gknesse Ahemeddiithatb megii i ebor agtom
mul ti phot on gﬁgg%ﬁ?Won ﬁﬁ?l n°thi s e%bodinent i ncl udes tge fol |l owi ng {1) to

(3): (1) Case wher Lfi ; ; . h :
: [0 be auel ask 1 t
a plurality é?j3?5%%§&§%Cob?gc%ﬁ?gkﬁgig?gggssgdr(e.Jﬁﬁgbfgsgngragp@g one of

pi ezoel ectric enial L2 o : : _
- : e fqid TaBrgioni caadicabedkentand Htl.asgpch
whi l e the ||g% -‘converging point is |located therew thin under a condi;PQL

with a peak poyer densit , > Ol
ea | 1 ¥4 ehictahgnfastod wx t AGE (oN=ari®) cantral abiel iy
1 ps g? | ess ~at the 17 ght-converging point. This nmagnitude OE pul se 3;gtﬁf

i's a conditiongupder Wh i & iGrack L OE
. S e ) G, s {€88¢&0Bemanohdutoomedvadrd 28U t
obj ect to be processed while generating nultiphoton absorprfi on Wi tEEEtthe

;ﬁgf‘ic)prgngznecgﬁﬁxnd@ggg% hiPe thecon Tpdeeai pimebjedecrTfise jbRefates a
thickness.
The modified region formed by multiphoton absorption
10 in this embodiment includes the following (1) to (3):
(1) Casewherethenwdifiedregioniszacrackregion
including one or a plurality of cracks
An object to be processed (e.g., glass or a
piezoelectric material made of LiTaOsz) is irradiated with
15 laser light while the light-converging point is located
therewithin under a condition with a peak power density of
at least 1 x 10® (W/cm?) and a pulse width of 1 ps or less
at the light-convergingpoint. Thismagnitude of pulsewidth
is a condition under which a crack region can be formed only
20 within the object to be processed while generating
multiphoton absorption without causing unnecessary damages
to the surface of the object. This generates a phenomenon
of optical damage caused by multiphoton absorption within
the object to be processed. This optical damage induces

25 thermaldistortionwithintheobjecttobeprocessed,thereby

‘forming a crack region therewithin. The upper limit of
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of optical damage caused by multi photon absorption wthi j

processed. This optical damage induces 25 thePnaI dlstor?lo;hﬁﬁﬁﬁiﬁcthgo e
obj ect to be processed, thereby formng a crack region t her ewi t D 1-fHg4-00
upper limt of 85 FP01-0144-00 electric field intensity is 1 x 1012 (WcnR)
. for exanple. The pulse width is preferably 1 ns to 200 ns, for exanple

he form ng of a crack region caused by nultiphoton absorption is .
described, for exanple, in "Internal Marking of Gass 5 Substrate by

Solid-state L ser Hag
: 1%?1nten%§% iiRgs of 1045tW/Laser Mat eniaaipse.
Processi ng cenber 1998) pp. 23-28. The inventor determ ned

relationship betw%%%.hqg e
theh 8C £é§e£b]€h i niienrs vYoand, t hier neaninisd
crack by an fﬁa Xperi ment . Cbn% tions fgr t he experinment are as folﬁoa;

(A) nject taq,be | head B 1 ttihihek
Laser Light g?ur£§£8ggﬁ?§§%a§%%g?ﬁ%ﬂﬁﬁb%unplngnalglEb Ygﬁf?%ﬁiiﬂ@ﬁﬁbn) &

pavel ength: 106441 J—g&ﬁ | {0t 051 €] 05~ Sheté onal Mzeeing. 4t &lavs 8 cnp
ation’ nD smntc pul se Repetition frequency 100 kHz Pul se

Wldth'530 NS substrate by Solid-state Laser Harmonics”, Proceedings of

4SU1LaserMaterialsProcessingConference(December1998),

pp. 23-28.

The inventor determined relationships between the
electric field intensity and the magnitude of crack by an
10 experiment. Conditions for the experiment are as follows:
(A) Object to be processed: Pyrex glass (having a
thickness of 700 pm)
(B) Lasex
Light source: semiconductor laser pumping
15 Nd:YAG laser
Wavelength: 1064 nm °

Laser light spot cross-sectional area: 3.14 X

Oscillation mode: Q-switch pulse
20 Repetition frequency: 100 kHz

Pulse width: 30 ns

Output: output < 1 mJ/pulse

Laser light quality: TEMoo

Polarization characteristic: linear
25 polarization

(C) Light-converging lens
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Qut put: output < 1 mJ/pulse Laser light quality: TEM i i
characteristic: linear 25 polarizatiog (C? Ligh?-conve?grgga[;ﬁgtggn
FPO1-0144-00 Transmittance with respect to laser |ight wavel engtfR0B0b4‘DPC
Moving speed of a nounting table nounting the object to be proceséed' 100
mm sec 5 The laser light quality of TEMdp indicates that the [ight
convergence is so high that Iight can be converged up to about the

wavel ength of laser light. Fig. 7 is a graph showing the results of the

above- nenti oned experi mept,.,Hh ' it pdi - :
; . . -an ER8 rakseiessait Adi e mscpealo  18spowelrighen
Since laser light is pulse laser light, its electrf% field igtensity ?;ty.

r epr esent ed Qy Jg¥% é¥ﬂ( r density. The ordinate indicate i
. ity. T s the size of
a crack part ?craéﬁ spot§ formed within the obj ect to be processed by one

pul se of | aser Iighg An ; I f : i
_ p) AN MRS Qfd eragkmspat snfotasldsmauct ek Feyi on.
The size of a crack spot refgggs%B that of the pgrt of dinensions}g?ltﬂe

c ; ; . re «
ool TR SOl L | e e (G
e GBI gl 3A00 s qumir 1 it st ol (oo 07 o
a case where {hentigbhoEPRYLEQI DY so high that light égntbg gggggrégéers to
up to about the wavelength of laser light.
Fig. 7 1is a graph showing the results of the
above-mentioned experiment. The abscissa indicates peak
10 power density. Since laser light is pulse laser light, its
electric field intensity is represented by the peak power
density. The ordinate indicates the size of a crack part
(crack spot) formed within the object to be processed by
one pulse of laser light. An assembly of crack spots forms
15 a crack region. The size of a crack spot refers to that of
the part of dimensions of the crack spot yielding the maximum
length. The data indicated by black circles in the graph
refers to a case where the light-converging glass (C) has
a magnification of x100 and a numerical aperture (NA) of
20 0.80. Ontheotherhand,thedataindicatajbywhitecircles
in the graph refers to a case where the light-converging
glass (C) has a magnification of x50 and a numerical aperture
(NA) of 0.55. It is seen that crack spots begin to occur
withintheobjecttbeeprocessedwhenthepeakpowerdensity

25 reaches 10*' (W/cm?), and become greater as the peak power

density increases.
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glass (C) has a magnification of x50 and a nunerical apert

0.55. It is seen that crack spots begin to occur mﬁth?n tﬁ;eob§2@% ?L
processed when the peak power density 25 reaches 1011 (W cnR) aﬁ%o%égﬁ - 00
greater as the peak power density increases. 87 FPOL-0144-00 A mechani sm

by which the object to be processed is cut wupon formation of a crack

region in the | aser processing in accordance with this i i
. . enbodi nent
be explained with reference to Figs. 8 to 11. As shown in Fig. 8 rLL|5nOW

obj ect to be pr oces§%c})air§§n{bgdj;yai@dtwetdsbjas‘ertdb i i
. _ : by racessid &S| o¢
tth!lght-converglng point Pwthin the object 1 unger a condition 3%2?8
?E i phot on agggﬁpgbgﬂagggﬁrgf aseraSktﬁe@Don1anctheklaégroﬁrgc?ﬁ%¥%ﬁﬁthin
e crack region 9 is a region including one or a plurality of cracks. As

10 shown in Fig. ,@cobhgneeagkthuthhere ' EY ' i
: _ _ gbousmeht | eildi ngvthe e¥Phek Fe
as a starting point. As shown in Fig. 10, the crack rgaches t he surfgggn39

and rear face,21n0bckbeegbieed FigsAs i n AR iph& 1]
gsAs8 showihl i n AB ghorn, inh&ighj éct the
breaks, so as to be cut. The crack reaching the surface and rgar face of

the 15:0bject ,9che RHOBESSLECEBYedr DV Matnraaliat ast jridw L i
: _ aseq fopbs -
applleg to the Object. (2) Case where the nndif?gd :ggion_is e s

processed regM%ﬂy@uéﬁﬁﬁiﬂgtbehathﬁnanmaiqqupgi%m§éﬁﬂ6@ﬁﬁﬁ€%8 %228
r?;ﬁilggnig?h_as silicon) is irradiated with |laser light while the

gﬂn®ﬂ@@ﬂﬂaIdbnbd&atmdwmhgﬁewmﬂﬁp@@@@@p absorption occurs,
so as to form a crack region 9 therewithin. The crack region
9 is a region including one or a plurality of cracks. AS
10 shown in Fig. 9, the crack further grows while using the
crack region 9 as a starting point. As shown in Fig. 10,
the crack reaches the surface 3 and rear face 21 of the object
1. As shown in Fig. 11, the object 1 breaks, so as to be
cut. The crack reaching the surface and rear face of the
15 object to be processed may grow naturally or grow as a force

is applied to the object.
(2) Case where the modified region is a molten

processed region

An object to Dbe processed (e.g., a semiconductor
20 material such as silicon) 1is irradiated with laser light
whilethelight—convergingpointislocatedtherewithinunder
2 condition with a peak power density of at least 1 x 108
(W/sz)andapulsewidthoflpsorlessatthelight—converging
point. As a consequence, the inside of the object to be

25 processedislocallyheatedbynmltiphotonabsorption. This

heating forms a molten processed region within the object
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a condition with a peak power densit
. y of at least 1 x 108 W
ESLEZ width of 1 ps or less at the |ight-converging pOint,(ASng) and a
by ﬂu???gﬁgio;hgbggflge of %Ee obj ect to be 25 processed is Iocalﬁ%P%ﬁgﬁﬁifoo
i , ption. is heating forms a nolten -
within the object 88 FPO1-0144-00 to b processed regi on
. e processed. The nol
region refers to at |east one of a region once nelted andtsﬂegrocessed

re-solidified aregionin anelted state i i

J idified, ( , and a region in_th

;leszolbled:jg%/: zg%f%ésa@ﬂotc%S@éldt_ﬁdTBéatu@ltél'm@metseﬁrﬁdpﬁ@%é@é’eé’lgéeffggf{’)oﬁﬁ; °

a phase-changed region or a region havi i

f;ystalistrupiggg% JM@<ﬂpkiQ@gipmooessemeﬁegﬁoﬁnﬁagh%ms%ﬁ%%gfﬁggﬁﬁggda;tZ

nngggp |? thch a certain structure has changed into another structure in

r regigi ?n,mﬁrgﬁyggﬁgg]@nﬁePQchsyatal and ' REen MEneh§ PIBFE r%fers to
_ monocrystal structure has changed i t’

;S)E)Irygw;?al a giggg@tmiamfymngrfxa:m MBWW@EtétﬁuctTﬂPg%W;lgeg’hgﬂagggr%?guz

_ ructure, and a region in which a no

ggﬁggssslgfo ?e§§$ﬁcmup$aiﬁclbmﬁdgﬁkn&@uﬁﬁ’@h@ﬁ§5§f2§%&§%ba%§%g%§0éyrg has

ol \ structure, for exanple. Wien the gbject to b i

B con monookyskah shruebuRsanGke. St 61V S5PacSSSEE FE5 on TS Ay SuBr phous

silicon structure, for exanple. The upper |im i
: _ _ : : imt of . A :
intensity is proXet@ka tﬂ@¢nﬁ)mayf&ﬁs%ighﬁﬁé?r?ﬁgoﬁﬁﬁéig%éfqhnkghgggperably

20 1 ns to 200 ns, for exanple. B [ '
, . an exper ifi
that a a certain structure %as chaé@eérgggd Jﬁgiﬂé¥”gyfﬁbéﬁ¥% yerified

monocrystal,amorphous,andpolycrystalstructures. Namely,
10 it refers to a region in which a monocrystal structure has
changed into an amorphous structure, a region in which a
monocrystal structure has changed into a polycrystal
structure, and a region in which a monocrystal structure
haschangedintoastructureincludinganamorphousstructure
15 and a polycrystal structure, for example. When the object
tobeprocessedisasiliconmonocrystalstructure,themolten
processed region is an amorphous silicon structure, for
example. The upper 1imit of electric field intensity is 1
x 10 (W/cm?®), for example. The pulse width is preferably

20 1 ns to 200 ns, for example.
By an experiment, the inventor has verified that a
molten processed region is formed within a silicon wafer.

Conditions for the experiment is as follows:

(A) Object to be processed: silicon wafer (having
25 a thickness of 350 pm and an outer diameter of 4 inches)
(B) Laser
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nol ten processed region is formed within a silicon wafer Condi ti

the experinent is as follows: (A) Object to be processed: siliggalagfeior
(having 25 a thickness of 350 pmand an outer dianmeter of 4 i nchER)1-§By4-00
Laser 89 FP01-0144-00 Light source: sem conductor |aser punping Nd:YAG

| aser \Wavel ength: 1064 nm Laser |ight spot cross-sectional area: 3. 14 x 5
10_8 cn2 10 15 Gscillation node: Qswitch pulse Repetition frequency: 100
kHz Pul se width: 30 ns Qutput: 20 }aJ/pul se Laser light quality: TEMoO

Pol ari zation characteri stiiGyd i Reak | a&} | ' omwrep i
L hall rceROl 3ehzabhancter Ligherc | en
Magni fication: x50 NA: &Ggg)Transnlttance W th respect ?o | aser I?Eﬂ? >

wavel engt h:  60% ipg speed of a nounti i -
to be procesggégé%%oﬁg%%gec p ing table nounting the object

Wavelength: 1064 nm

Laser light spot cross-sectional area: 3.14 x

Oscillation mode: Q-switch pulse
Repetition frequency: 100 kHz
Pulse width: 30 ns
Output: 20 pJ/pulse
10 Laser light quality: TEMgg
Polarization characteristic: linear
polarization
(C) Light-converging lens
Magnification: 250
15 NA: 0.55
Transmittance with respect to laser 1light
wavelength: 60%
(D) Moving speed of a mounting table mounting the
object to be processed: 100 mm/sec
20 Fig. 12 isaviewshowinga photograph of a cross section
in a part of a silicon wafer cut by laser processing under
the above-mentioned conditions. A molten processed region
13 is formedwithinasiliconwafer1l. The size of themolten
processedregionformedundertheabove—mentionedconditions

25 is about 100 pm in the thickness direction.

The forming of the molten processed region 13 Dby
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20 Fig. 12 is a view showi ng a photograph of a cross section in a part of

a silicon wafer cut by |aser processing under the above-nentioned
conditions. A nolten processed region 13 is formed within a siliepolwaled-00
11. The size of the nolten processed region forned under the
above-mentioned conditions 25 is about 100 damin the thickness direction.
The formng of the nolten processed region 13 by 90 FPOL-0144-00

mul ti phot on absorption will be explained. Fig. 13 is a graph show ng

rel ati onshi ps, bet 1. bhe puRuglaRglhi of pbasan dic. ang (heibragsapht ance

within the sillicon substrate. "Here, respective reflecting conponents on
the surface andoseay 2 fACGrifles gbrlbensiid Gaveaubgirat e arseclignnat ed,

whereby only t ansmttance therewithin is represented. The

above'nept!Onggdr{§§“€ﬂ§H§Mﬂ¥%éﬂE% $HOWA ni Phé hel Cases ureteattdhe Hbrekness t
of the silicon substrate is 50 pm 100 pm 200 pm 500 pm and 1000 pm

reSpeCtiVely'r%gggeﬁi@%ag9k§ecE§nbscéﬁﬁ@nbh@é baserel kghfateansni tear
through the siTicon substrate by at | east 80% at 1064 nm which is the

wavel eggt h Offé\@%_\@%és’ﬂ%%fthé\’_fﬁmit&ﬁn Sihills€ @B t eSHbs tdaine rhiased, thiegkhgss of
500 umor less. Since the silicon wafer 11 shown in Fig. 12 has a

thi ckness of 3R0,PAk et he I aHrocessettingi 08 capsedehyenul t Cphot on
absorption is formed near the center of the silicon wafer, i.e., at a

part separat egpbyemmthe s suetiagel byi d76nups e showansmi thancesdm whikirs case
is 90% or greater with reference to a silicon wafer having a thickness of
200 um wherebfe thickness t of the silicon substrate is 50 pm, 100 pm,
200 pm, 500 pm, and 1000 pm, respectively.
10 For example, it is seen that laser light transmits
through the silicon substrate by at least 80% at 1064 nm,
which is the wavelength of Nd:YAG laser, when the silicon

substrate hasathicknessof 500 uymor less. Sincethesilicon

wafer 11 shown in Fig. 12 has a thickness of 350 pm, the

15 molten processed region caused by multiphoton absorption
is formed near the center of the silicon wafer, i.e., at
a part separated from the surface by 175 pm. The

transmittance in this case is 90% or greater with reference
to a silicon wafer having a thickness of 200 um, whereby
20 the laser light is absorbed within the silicon wafer 11 only
slightly and is substaentially transmitted therethrough.
This means that the molten processed region is not formed
by laser light absorption within the silicon wafer 11 (i.e.,
not formed upon usual heating with laser light), but by
25 multiphoton absorption. The forming of a molten processed

region by multiphoton absorption is described, for example,
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20 the laser light is absorbed within the silicon wafer 11 only slightly
and is substantially transmtted therethrough. This neans that t?ﬁ quEEQ—OO
processed region is not forned by laser |light absorption within 8

silicon wafer 11 (i.e., not forned upon usual heating with |aser |ight),
but by 25 nmultiphoton absorption. The form ng of a nolten processed region
by multi photon absorption is described, for exanple, 91 FP01-0144-00 in
"Processing Characteristic evaluation of Silicon by Picosecond Pulse
Laser", Preprint s rfoddses iNas | Omart adveert § gl ¢ oﬁvgéﬁa¥1%| Fing® SotF et y°YNo. 66
(April 2000), pp. 72-73. Here, a fracture is generated in th :

cross- sect i onak coSedbnecPibse vibd 9y ‘Us PG PEHS tn PE N § I€6t4R%s a
starting point, whereby the silicon wafer is cut when %QF fracz r§3reaches
the surface and cepenf@eddohgt Becsety cowe - vied efAP e 44000t uPe 1 26 ng the
surface and rear face of the object to be processed may %rOM/ng.urahly or
grow as 10 a force Herapphi®rhaointehe soBpBEE2 TR (T (FESRaCT At % “gr ows
fromthe nolten processed region to the surface and rear face ofﬁ%h%
silicos waf er dimeane oof whiel € asesn@hehe “PﬁéqnwﬁﬁQﬁ%§iﬁ%mEe$f%ﬂ15 r €gi on
once nelted and then re-solidified, where the frac%ure.%ro Jﬁéﬁnﬁ%eregion
in 15 a neltedtstatiog modniherBerREYf EABL Bt e1GPBWERFFbntA Fegi'om in the
process of re-solidifying froma nelted state. In_ any of.these .ca t he
nol t en pr ocesded ataygicor sashesr b& SHREF CRi ?ﬁsnr?ﬂé g‘? S5eC ?sgsnl%‘sct%%ef

cutting as shown in Fig. 12. Wen a te rocessed regi i.s
mﬁthingthe wafer. The fracture reaéEQngr%ﬁ% suf%%é% 568 PBalk fé@éQﬁﬁ

the object to be processed may grow naturally or grow as

10 a force is applied to the object. The fracture naturally
grows from the molten processed region to the surface and
rear face of the silicon wafer in one of the cases where
the fracture grows from a region once melted and then
re-solidified, where the fracture grows from a region in

15 a melted state, and where the fracture grows from a region
in the process of re-solidifying from a melted state. In
any of these cases, the molten processed region 1is formed
only within the cross section after cutting as shown in Fig.
12. When a molten processed region is formed within the

20 objecttx:beprocessed,unnecessaryfracturesdeviatingfrom
a line along which the object is intended to be cut are hard
to occur at the time of breaking and cutting, which makes
it easier to control the breaking and cutting.

(3) Case where the modified region is a refractive

25 index change region

An object to be processed (e.g., glass) is irradiated
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20 object to be processed, unnecessary f ractures deviatin i

al ong which the object is intended toybe cut are hard to gciuiogl ?hgl??ne
of breaking and cutting, which makes it easier to control the br%ﬁ@ﬁ?ﬁ}%ﬁﬂ?o
cutting. (3) Case where the nodified region is a refractive 25 index

change regi on An object to be processed (e. g. , glass) is irradiated 92
FPO1-0144-00 with laser light while the light-converging point is |ocated
therew thin under a condition with a peak power density of at least 1 x

108 (WcnR) awg[ ﬁlﬁg'e-}el%ﬂé hneh ek s 105hkessnvat gtihg paight iedmeatgichg

poi nt. Wien mil ti photon absorption 5 is generated within the object to be

processed wi th, & %l ¥i Shoide Pyl 86nwk dibn wien energ
. i . pausaddeys by tdph
absorption is not transformed into thermal energy, g; t hat aypernaggn?ton

structural change. such as 1ig8nik/vat enoel chandee wadyst aff| Lzasi on, 1&¥s
pol ari zation orientation is induced 10 wthin the g%ject, mhereb& a

refractive ingdex change: L &gh9drgirsg berred. When 1 plhiorki '
. . . . : upded phiokion 2$sefleEln
field intensity is 1" x 1012 (Vgcnﬂ) , for exanple. The pul se wi dth ig
Pref ergbly 1; 0s;00c}£880 WIE PRekebBhbyt 1t psh@piassssdbmidtaipl €Y The
ormng of a refractive index change region bynulti photon 15 absorption is

descri bed,  forngxanphelsé Nwikamyat the oféneRy i ' i
: wt aianthesed St rned tr_h ke
A ass by Fentosecond Laser Irradiation”, Proceedings of42th Laser "

el 80l AR T eSS ep 0m, SSReR
a permanent structural change such as ionic valence change,
crystallization, or polarization orientation is induced
10 within the object, whereby a refractive index change region
is formed. The upper limit of electric field intensity is
1 x 10*2 (W/cm?), for example. The pulse width is preferably
1 ns or less, more preferably 1 ps or less, for example.
Theformingofarefractiveindexchangeregionbynmltiphoton

15 absorption is described, for example, in “Formation of

Photoinduced Structure within Glass by Femtosecond Laser

Irradiation”,Proceedingsof42thLaserMaterialsProcessing

Conference (November 1997), pp. 105-111.

.Specific examples of this embodiment will now be
20 explained.
[First Example]
Thelaserprocessingnethodjmlaccordancewithzafirst
example of the embodiment will be explained. Fig. 14 is a
schematicdiagrmnoféalaserprocessingapparatus100usable
25 inthismethod. Thelaserprocessingapparatus100comprises

a laser light source 101 for generating laser light L; a
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20 explained. [First Exanple] The laser processing method in

with a first exanple of the enbodi ment 31|| be egplained. Fig?cizdﬁgcg
schematic diagramof a |aser processing apparatus 100 usable 25 i RPORr4144-00
nmet hod. The | aserprocessing apparatus 100 conprises a laser |ight source
101 for generating laser light L; a 93 FPOL-0199-00 | aser |ight source
controller 102 for controlling the laser light source 101 so as to

regul ate the output and pulse width of laser light L and the like; a

di chroic mrregsd03,; Hy aRgede §6n8sol Det AN EOL heomirt @ht &g
; : 1 ! ¢ ameolashe
optical axis o% laser™5 light L by 900, having a function of reflecting the

laser light Ljogt!ld@itccanues@izrod ersullsef ohe carmpertgén : i
_ QY e mhed @s@Eh |ight
L reflected by ?he dichroic mrror 103; a nounting tableglo7 for nDunt:gg

an object to Be 1¥Qcessedtl hhaadical exle; wi dhchheid aserokighi, Br

t he I!ght-converging_loglens 105; an X-axis stage 109 foﬁggivinéé?zggged >
mounting tabl g5 40%J BhhRgeXBXics idintedtiiconof & ap'rtsc@tla@éiilolfgfléﬁeﬁnvi ng
the nounting table 107 in the Y-axis direction orthogonal to the X-axis
directison; a Zi@xikS1Shageo113nfetnguyinmdtieon miumeiigatdtice t167 lpfethe
Z-axis direction orthogonal to 15 X- and Y-axis directions; and a stage
controller 1151%@& L cant ygH - awgn tehey inoy eapatl OGf f o hesa Ve St hges S8,

St e ob oot S hare toateaset A byt fas. Bicomong wirial 133,12 hhnedhy 200 8
table 107 fornmuntingemuobject1x>beprocessed]_irradiated
with the laser light L converged by the light-converging

10 lens 105; an X-axis stage 109 for moving the mounting table
107 in the X-axis direction; a Y-axis stage 111 for moving
the mounting table 107 in the Y-axis direction orthogonal
to the X-axis direction; a Z-axis stage 113 for moving the
mounting table 107 in the Z-axis direction orthogonal to

15 X- and Y-axis directions; and a stage controller 115 for
controlling the movement of these three stages 109, 111,
113.

The Z-axis direction is a direction orthogonal to the
surface 3 of the object to be processed 1, thus becoming

20 the direction of focal depth of laser light L incident on
the object 1. Therefore, moving the Z-axis stage 113 in the
7-axis direction can locate the light-converging point P
of laser light L within the object 1. This movement of
light-converging point Pin X(Y)-axis direction is effected

25 by moving the object 1 in the X (Y)-axis direction by the

X (Y)-axis stage 109 (111). The X (Y)-axis stage 109 (111)
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20 the direction of focal depth of laser light L incident on j
Therefore, moving the Z-axis stage 113 in tge Z-axis directi o;hg o) gct .
the light-converging point P of laser light L within the object g.BOBFEB?“E_OO
novenent of |ight-converging point Pin X (Y) -axis direction is effected
25 by noving the object 1 in the X(Y)-axis direction by the X(Y)-axis

stage 109 (111). The X(Y)-axis stage 109 (111) 94 FPOL-0144-00 is an

exanpl e of noving neans. The laser |ight source 101 is an Nd: YAG | aser
generating puksenl asemplegbt. mkmong msavther kinds of |aser usable as the

| aser |ight source 101 include Nd: YVO4 |aser, Nd: YLF laser, 5 and

titani um sapphire | apenaskarl fgrmmsngraedifdcks aRdide Adrla el Eéﬂeﬁ?géggsed
region, Nd:YAG |aser, Nd:YVQg |aser, and Nd:YLF |aser are used preferably
For form ng agb@_fsléaﬂ;ésyﬁ ligitex &hamgea s eafiltry kdincgn int 33ppM 88 is
used preferably. 10 Though pulse laser light is used for pro i_ng.t he
object 1 in thedidsdr exanplseurcent@hioasu M’IYﬁé%rqued:htﬁdhgT;?ZIag’%rbe
used as long as it can generate nultiphoton absorption. In the present

i nventison, | asesd tighhioeanspdio ré delsede | BeErf HEumI aTﬁEaFi"g’?ﬁqloonm?gr gi ng

| ens 105 is an 15 exanple of |ight-convergin [
_ : g. neans._ Th -axi s st
is an exanpl edft arearscessekbocaniing t He: ﬁ@h%aé’éﬁvelﬂgi ﬁ&gbéia\ﬁer’w%?ﬁ ﬁl'?he

obj ect to be processed. The light- i : .

ER e L B L S e
index change region, titanium sapphire laser is used
preferably.

10 Though pulse laser light is used for processing the
object 1 in the first example, continuous wave laser light
may also be used as long as it can generate multiphoton
absorption. In the present invention, laser light means to
include laser beams. The light-converging lens 105 is an

15 example of light-converging means. The Z-axis stage 113 is
an example of means for locating the light-converging point
within the object to be processed. The light-converging
point of laser light can be located within the object to
be processed by relatively moving the light-converging lens

20 105 in the Z-axis direction.

The laser processing apparatus 100 further comprises
an observation light source 117 for generating a visible
lightbeamforirradiatingtheobjecttobeprocessedlnmunted
on the mounting table 107; and a visible light beam splitter

25 119 disposed on the same optical axis as that of the dichroic

mirror 103 and light-converging lens 105. The dichrcic
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20 105 in the Z-axis direction. The |aser processing apparat

conprises an observation |ight source 117pfor gene?at?gg a 3?5%8?efu[§gﬁ:
beam for irradiating the object tobe processed 1 nounted on the FRAt-iOig 4- 00
table 107; and a visible light beamsplitter 25 119 di sposed on the same
optical axis as that of the dichroic mrror 103 and |ight-converging |ens
105. The dichroic 95 FPO1-0144-00 mrror 103 is disposed between the beam
splitter 119 and |I|ight-converging |lens 105. The beamsplitter 119 has a

function of reflectingabauly;ahakly ektaekins i
LR ) wak bieght spedmteand19 and
transmtting 'né %%halglng héIP ?heretﬁrgugh, and ?s gpgrraSEed soags to

change the ori,entati f L j i ; i
(&L ation f Lhe aptical paxi sthofpddie ypsuateki gho beameby 90
. A half of theQb|S|%1e Iﬁgh? qbeamgenerated by thepobserva?ion Iighty

source 117 is rQ;L t ; . )
our isereflected byribecbggmisobi td e 1¥19 andi shas Triefitedeed
vi si bl e Ilghtugéaﬁils transnittedathrough tﬁ% dichroit n1rrdfg103 10

andl i ght - convergl ng. R 05, $PAS dr sirilngrimeatte theer extinfouage Zrof i
( ( . . tshe
obj ect 1 including f#e I ne along which the object is intended to be cut 5

and the |ike. ;The |ASELoPdHe@SsHAEgaRNAY BEientBBiburahehecoppi e '

: _ gbaXign

i mage plckgp.§EV|ce 121 and an |na%ing | ens 123 di sposed 1gpon t he sane
f)ptl cal axis asr thatypludhe ihaanpsphidyt 80°11% hdilche bithenivi sdbled3,9tdnd

i ght-converging lens 105. An exanple of the image pickup device 121 is a
CCD (char ge- coupled cHeviees Ganeriee Ibeerebkeohed dgight sobrepe Wis

| i ght beam having i'llum nated the surface 3 including the |line al ong
reflectedbythebeamsplitter119,andthusreflectedvisible
light beam is transmitted through the dichroic mirror 103
10 andlight—converginglens105,soastoilluminatethesurface
3 of the object 1 including the line along which the object
is intended to be cut 5 and the like.
The laser processing apparatus 100 further comprises
an image pickup device 121 and an imaging lens 123 disposed
15 on the same optical axis as that of the beam splitter 119,
dichroic mirror 103, and light-converging lens 105. An
exampleoftheimagepickupdevice121isaCCD(charge—coupled
device) camera. The reflected light of the visual light beam
having illuminated the surface 3 including the line along
20 which the object is intended to be cut 5 and the like is
transmitted through the light-converging lens 105, dichroic
mirror 103, and beam splitter 119 and forms an image by way
oftheimaginglensl23,whereasthusformedimageiscaptured
by the imaging device 121, so as to yield imaging data.
25 The laser processing apparatus 100 further comprises

an imaging data processor 125 for inputting the imaging data



20 which the object is intended to be cut 5 and the like is transmtted
through the |ight-converging | ens 105, dichroic mrror 103, and beam
splitter 119 and forns an inmage by way of the imaging |ens 123, ®REie8s44-00
thus forned image is captured by the imaging device 121, so as to yield

i magi ng data. 25 The |aser processing apparatus 100 further conprises an

i magi ng data processor 125 for inputting the inaging data 96 FPOL-0144-00
outputted fromthe imagi ng device 121, an overall controller 127 for

control ling tBethbasesd@rseshé nghaafipay atuscdAQ lasan@weholld, candral keni t or
129. According to the imaging data, the imaging data processor 125

cal cul ates foap7ppbntcsiatobl iy dinedld sy e deacdin paippe reft ushé 00i bl e
light generated in the observation light source 117 onto the surface 3.
According to hgndnsalareointosiat & 12te shagerdangr oblere i@ gicentebks the
novenent of the Z-axis stage 113, so that the focal point of visible |ight

is located onthBeisssiageddta I dleresor tIES icwgivig et & qerlopesssr dapg
functions as an autofocus unit. Al so, according to the imaging data, the
i magi ng data @b@QH&&QLp&i&h@anub@Iﬁsimmugbtﬂataisumhedgéﬂﬁhgéﬁpéﬁééd i mage
of the surface 3. The inmge data is sent to the overall controller 127,
subj ected to yar iches okisedsal5 oof lprgdgessiurge aht? t febkosehe s8rfRESMSNI t or
129. As a consequence, an enlarged inmage or the like is displayed on the
moni tor 129. Batarfiiom therst geadopeint IdataLlbhei Abges it I 0MRT the
i magi ng data processor 125, and the like are fed into

controls the movement of the Z-axis stage 113, so that the

focal point of visible light is located on the surface 3.

10 Hence, the imaging data processor 125 functions as an
autofocus unit. Also, according to the imaging data, the
imaging data processor 125 calculates image data such as
an enlarged image of the surface 3. The image data is sent
to the overall controller 127, subjected to various kinds

15 of processing, and then sent to the monitor 129. As a
consequence, an enlarged image or the like is displayed on
the monitor 129,

Data from the stage controller 115, image data from
the imaging data processor 125, and the like are fed into

20 the overall controller 127. According tothesedataaswell,
the overall controller 127 regulates the laser light source
controller 102, observation light source 117, and stage
controller 115, thereby controlling the laser processing
apparatus 100 as a whole. Thus, the overall controller 127

25 functions as a computer unit.

With reference to Figs. 14 and 15, the laser processing
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20 the overall controller 127. According to these dat

controller 127 regulates the |aser Iigh'? source cont ?o??e\rl\elli)é the overall
observation light source 117, and stage controller 115, thereb;/ FP01-0144-00
controlling the | aser processing apparatus 100 as a whole. Thus, the

overal | controller 127 25 functions as a conputer unit. Wth re1’c erence to
Figs. 14 and 15, the laser processing 97 FPO1-0144-00 nethod in accordance
with a first exanple of the enbodinment wll now be explained. Fig. 15 is a

flowchart for,expl@i Agcorbizsd : T
m |1 B cotrbizs deagetnpr @dessi aganplboxk tTheembpetmerd be
processed 1 1s a silicon wafer. 5 First, a |ight absorption Cflaracteristic

of the obj ethii-lin%vﬂsé%rxrﬁl%%dnew arspgecty o BN [
( ( A photopetberorf athexplRénwhgch
not depicted. According to the results of neasurenment, a l|laser |ight : e

source 101 gepgsatiggelasesctighhglmdiavédy Thenabsleengtlo be mhPERSERE
object 1 is transparent or exhibifs 10 a | ow absorption is chosen (S101).

Next, the thigkngsg gf1ithe abjfeet 1 is nmeasured. Accordin
. ) to the result
of neasurenent of thickness and the refractive i ndex of tﬁe ob'gect 1, the
@

amount cof novenment ef rthe Obj gt absdorptherZcbarsctdiieticof tie ) '
(S103). This is an anount of ?mverrent pt15 of the object 1 in tl?le Z?Sf(:ihsned
direction with ref geeegaihed bheal isphticophergmedepoiont toe Lakeér whilght L
positioned at the surface 3 of the object 1 in order for the

| i ght - conver giiRgnopod@bi Pref . | asaroddight tlo tbebeepobt i Ohe&@ AT the

object 1. This amobunt of novenent is fed into the overall controller
a laser light source 101 generating laser light L having
awavelengﬁqtowhidutheobject].istransparentorexhibits
10 a low absorption is chosen (S101). Next, the thickness of
the object 1 1s measured. According to the result of
measurement of thickness and the refractive index of the
object 1, the amount of movement of the object 1 in the Z-axis
directionisdetermined (S103). This is anamount of movement
15 of the object 1 in the Z-axis direction with reference to
the light-converging point of laser light L positioned at
thesurfaoeBoftheobjectlinorderforthelight-converging
point P of laser light L to be positioned within the ocbject
1. Thisamountofmovementisfedintotheoverallcontroller

20 127.

The object 1 is mounted on the mounting table 107 of
the laser processing apparatus 100. Then, visible light is
generated from the observation light source 117, so as to
{1luminate the object 1 (8105). The illuminated surface 3

25 of the object 1 including the line along which the object

is intended to be cut 5 is captured by the image pickup device
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20 127. The object 1 is nounted on the nounting table 107 of the |aser
processi ng apparatus 100. Then, visible light is generated fromthe
observation |ight source 117, so as to illuninate the object 1 (SR~ 0lfHes00
illumnated surface 3 25 of the object 1 including the Iine along which the
object is intended to be cut 5 is captured by the inmage pickup device 98
FPO1- 0144-00 121. Thus obtained inaging data is sent to the i maging data
processor 125. According to the imaging data, the inaging data processor

125 cal cul at eg sguchrhoeadh i dd dadaa ithatiat & hes Bevalt pahet ivdgingidsité | i ght

fromthe observation Iight 5 source 117 is positioned at the surface 3
(S107). The fogalcdidy 1dat.a hscseaingocd htestiaggingndadsl ethe L1®ging
According to the focal point data, the stage controller 115 noves the
Z-axis stage Kk d pidte Foxip Hidaatilon SK8h fooksl paiotsatpienddiatt he
focal point of visible light fromthe 10 observation light source 117 is
positioned at e roeafaseins.ofetendileglight herdmiabengbsaraatiee Jiieddi ng
data processor 125 cal cul ates enlarged i mage data of the surface 3 of the
obj ect g ncl udigwutde 11nel almewg whiredd tdte Ohg entriace nd eh®ed’) to be cut 5.
The enlarged inmage data is sent to the nonitor 15 129 by way of the overal
control l er 127, whermhy facadnbaigeddatange ssintt k@ EhAesShd 9AE A th ke
object is intended to be cut 5 and its vicinity is displayed on thf
moni tor 129. NbvVenemtccanmuiimy dathedtrer hbadat &8 tot b & 0.3 JFaOHee 1 §%d
into the overall controller 127 beforehand, and is sent, ,
115moves the Z-axis stage 113 inthe Z-axisdirection (S109) .
As a consequence, the focal point of visible light from the
10 observation light source 117 is positicned at the surface
3. Accordingto the imagingdata, the imaging data processor
125 calculates enlarged image data of the surface 3 of the
object including the line along which the object is intended
to be cut 5. The enlarged image data is sent to the monitor
15 129 by way of the overall controller 127, whereby an enlarged
image of the line along which the object is intended to be
cut 5 and its vicinity is displayed on the monitor 129.
Movement amount data determined at step S103 has been
fed into the overall controller 127 beforehand, and is sent
20 tothestagecontroller115. Accordingto themovement amount
data, the stage controller 115 causes the Z-axlis stage 113
to move the object 1 in the Z-axis direction at a position
where the light-converging point Pof laser lightL is located
within the object 1 (S111).
25 Next, laser light L is generated from the laser light

source 101, so as to irradiate the line along which the cbhject
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20 to the stage controller 115. According to the novenent anount data, the
stage controller 115 causes the Z-axis stage 113 to nove the obj%%% Ldfﬁ4—00
the Z-axis direction at a position where the |ight-converging point]P of

| aser light L is located wthin the object 1 (SIII). 25 Next, |aser |ight
L is generated fromthe laser light source 101, so as to irradiate the
line al ong which the object 99 FP01-0144-00 is intended to be cut 5 in the
surface 3 of the object with the laser light L. Since the li ht-con¥Frging
point P of | adsernltiegkied soposiaitofednvi 2eistiireon 86t the PHT &t
processed region is formed only within the object 1. 5 Subsequently, fthe
X-axi s stage 0% dmber dxightsfageSingeate bt SO IHE IRM Y & 5 cut

5, so as to forma nolten processed region_ al ong th ,Iinelal ongrhovﬂit%h t he
object is intlmed loole tutprssikianedt NeétBbfet elogéffé) ! Thél- the

object 1 is bent along the line al ong which the ob'%ect itsrilo 'Fnt %@deld to be
cut 5, and thusrécessrd (SeuEpPn. i §0aMEAJEN 1Y hI5B Bt F i RPESSTI icon
chips. Effects of the first exanple will be_expl agjrg;a_d. .Heret\, etE'? Ij]%',e
al ong vihi ch t Meultgeeent by ihendedris B 0S pRA Y THHA SC8F°W th The
pul se laser light L under a condition 15 caus%Mng mul titggo%opmagsﬁé%érpn
whi | e | ocatingneved &1emg - EomveFei nte pof ntu®P wi t$7 P he® object® 1. Then, the
X-axis stage 109 and Y-axis stage 111 are .noved, SO _as _to .LDE is
| i ght - conver gi PECP®$ PEd Fr e iy 39 i gllélr‘?ga P@hWﬁf‘ﬁé Bngle)éé IF5" i1t ended
to be cut 5. AS a CONSEIUENCE. & | ithin the object 1 (S113). Then, the
object 1 is bent along the line along which the object is
10 intended to be cut 5, and thus is cut (S115). This divides
the object 1 into silicon chips.
Effects of the first example will be explained. Here,
the line along which the object is intended to be cut 5 is
irradiated with the pulse laser light L under a condition
15 causing multiphoton absorption while locating the
light-converging point P within the object 1. Then, the
X-axis stage 109 and Y-axis stage 111 are moved, so as to
move the light-converging point P along the line along which
the object is intended to be cut 5. As a consequence, a
20 modifiedregion(e.g.,crackregion,moltenprocessedregion,
orrefractiveindexchangeregion)isformedwithintheobject
1 along the line along which the object is intended to be
cut 5. When a certain starting point exists at a part to
be cut in the object to be processed, the object can be cut

25 by breaking it with a relatively small force. Therefore,

breaking the object 1 along the line along which the object
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20 nodi fi edregi on(e.g., crackregion, nolten i
_ n(e.g., on, I processed region, or ref i
kﬂqeﬁ cﬂange.reglpn).ls formed within the object 1 a?ong t he Iin@rgggbée 00
ex:gtstaf gbggfz ;s |Btended_to be cut 5. Wien a certain startingPpoint44—
0 e cut in the object to be processed, the ob
ge CEF 25 by breaking it with a relatively small force. ThereforeJeCt =an
reaking the object 1 along the |line along which the object 100 1

FPO1-0144-00 is intended to be cut 5 while usi A [
. , , i, A .
starting p0|nﬁgcanteuﬁedheoobﬁeévt15MWPH1§ PéFgaisegggé%%Eﬂ E?%P%@ g'§I'hi2
?an cut the object l.mqthqut generating _unnecessar fraﬁg & i tin
sL(r);nazzgesl i Petaﬂémngtbym oo iBtt pan @b’jte'élﬂei‘)?Jierﬂteﬁdb]gﬂ%/S be cyu{ @?%%tla%e °
: ( of the object 1. Also, in the first j L4
|Lrad|ayed_ wiftolrcehe plhse Ké@ércmigﬁPeL %?5$ﬁ5eﬁ?n ié?%%geﬁﬁﬁ%ﬁ%?ﬁégls
gbject is intended to be cut 5 under a condition geperafing 14, qmyfriiicphot on
mjfﬁ{ﬁt;ﬁg B&ﬂ?ﬁ%%ﬁq%ﬁfy f:ﬂﬁﬁpéeﬁo€8VFﬁ§lPﬂefr??gﬁ?-converding pg?ﬁt P

ect 1. Therefore, the pulse |aser |jght [ ns#M
tprou%m the objrectbiEoi ﬂﬁoaﬂtgﬁﬁ§@aﬂgﬂ§?ﬁ9“b i Ag gggo?géggg%r?he gﬁ%fgce 3
o] the object 1, whereby the surface 3 will not incur damages 15 such as

R e I o A e, e s e s
unnecessary fractur é*slSQje@'Pa‘%ri%giFan‘?ﬁ@f?%g&; %%E%%?lg%s?ﬁfg@%%iii?j i
ntended 1o b\fifhmt}?e agl.(ljlsrreel lta:j,enr tlhfghsturﬂ aLe t%'xepflfrh&.e m#@twhi—rﬂjﬂ‘ﬁf@:‘ Z,

object is intended to be cut 5 under a condition generating

10 multiphoton absorption in the object 1 while locating the
light-converging point P within the object 1. Therefore,

the pulse laser light L is transmitted through the object

1 without substantially being absorbed at the surface 3 of

the object 1, whereby the surface 3 will not incur dameges

15 such as melting due to the forming of a modified region.

As explained in the foregoing, the first example can

cut the object 1 without generating unnecessary fractures

deviating from the line along which the object is intended

tobe cut 5andmelt in the surface 3o0f theobject. Therefore,

20 when the object is a semiconductor wafer, for example, a
semiconductor chip can be cut out from the semiconductor

wafer without generating unnecessary fractures deviating

from the line along which the object is intended to be cut

and melt in the semiconductor chip. The same holds for

25 objectstobeprocessedwhosesurfaceisformedwithelectrode

patterns, and those whose surface is formed with electronic
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20 when the object is a sem conductor wafer, for exanple, a sem conductor
chip can be cut out fromthe sem conductor wafer wthout generat'gg ~0144-00
unnecessary fractures deviating fromthe |ine along which the obF % Ps
intended to be cut and nelt in the sem conductor chip. The sane holds for
25 objects to be processed whose surface is forned with el ectrode

patterns, and those whose surface is forned with electronic 101
FP01-0199- 00 devi ces such as piezoelectric wafers and gl ass substrates
formed with dieplaysdevilcess suictecad ddtquiad verfpstsapsd gg’ﬂé?e?BPEFr%%sfi r st
exanple can inprove the yield of products (e.g., sem conductor chips,

pi ezoel ectri cfoevége wititpsdiapdas displcess dé\v]icgesa%uclﬁqé’sldi i ﬁm’ﬁtﬁigst al)
prepared by cutting the object to be processed. Al so, ;since the |lipe along
whi ch the obj Bséréforat emeeth r soepemple B R HvstPeade s Of PEREVGhfect 1
does not nelt, the first exanple can decrease the wdth, of the |ine_along
10 which the object sesniqurehted® 6hbese Ut & qaIRe Wit AeBeFRF 1w Fhfer val
bet ween regions to become sem conductor chips in the case of a .

seni copduct or divapeay deviexamic)as HHwld icﬁdrséééésp’fﬁ%aﬁ%ﬂ‘gje\f BF LpP8duct s
prepared froma single object to be processed 1, whereby the productivity
of products cahe ®B5jbeti trpr bge@roseRé6d-aser light is used for cutting the

object 1, the first exanple enables processing nore canplicate t hat
obt ai ned by dicing ¥&h, #idiembhd lem@%@nwugaba%?@, Je&Teh® W gne%tlaﬁg line

al ong whi ch tgg gglgﬁﬁ é%j:g%%ngggfgge 3 of the object 1 does not melt,

the first example can decrease the width of the line along
10 which the object is intended to be cut 5 (the width being

the interval between regions to become semiconductor chips

in the case of a semiconductor wafer, for example). This

increasesthenumberofproductspreparedfromasingleobject

to be processed 1, whereby the productivity of products can
15 be improved.

Since laser light is used for cutting the object 1,
the first example enables processing more complicated than
that obtained by dicing with a diamond cutter. For example,
even when the line along which the object is intended to

20 be cut 5 has a complicated form as shown in Fig. 16, the
first example allows cutting. These effects are similarly
obtained in examples which will be explained later.

Notonlyasinglelaserlightsourcebutalsoaplurality
of laser light sources may be provided. For example, Fig.

25 17 is a schematic view for explaining the laser processing

method in the first example of the embodiment in which a
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20 be cut 5 has a conplicated formas shown in Fig. 16, the first exanple
allows cutting. These effects are simlarly obtained in exanples which

will be explained later. Not only a single |aser |ight source but FRP4c0a44-00
plurality of laser |ight sources may be provided. For exanple, Fig. 25 17
is a schematic view for explaining the |aser processing nethod in the first
exanpl e of the enbodi ment in which a 102 FPOL-0144-00 plurality of |aser

| i ght sources are provided. Here, the object 1 is irradiated with three

| aser bearms epittedithost Iespecliyet |asercds ghte sounciededs, HeTe, 18heérom
different directions while the |light-converging point Pis |located 5

within the obpgstct. 1 The inaspecitee wiasethbeansasenrbedies dmbdared fghm
sources 15, 17 are nmade incident on the object 1 fromthe surface 3
thereof. The Laspecheam flpeart heghasepurkieghl Ssodfce 129 firommaddé fienendent on
the object 1 fromthe rear face 21 thereof. Since a plurality of |aser
light 10 sourgeseareonsedhitibi sheaReghittcooysirhiedf poirfie P lisgRrcadAder gi ng
point to have an electric field intensity wth such a nmagnitude that
nul ti pBot on ahsemphi eheoocbyest 1evethaevherspeserve ilgret Paga ifedusPRave
laser light having a power |ower than that of pulse laser light. For the
same 15 reasobaseul Lighot souabsorpii A eae hedgeheshfent evertia ORIGET a
l'i ght-converging | ens. Though the |ight-converging point P is formed by
the three | aserfroghthessurdeseld thEzedd, ThRelpresdnan Averttem lipgehot
restricted thereto as long as a plurality of laser |ight sources exist
t herei n. light source 19 is made incident on the object 1 from the

rear face 21 thereof. Since a plurality of laser light

10 sources are used, this makes it possible for the
light-converging point to have an electric field intensity
with such a magnitude that multiphoton absorption occurs,
even when laser light is continuous wave laser light having
a power lower than that of pulse laser light. For the same

15 reason,multiphotonabsorptioncanbegeneratedevenwithout
a light-converging lens. Though the light-converging point
P is formed by the three laser light sources 15, 17, 19,
the present invention is not restricted thereto as long as
a plurality of laser light sources exist therein.

20 Fig.18isaschematicviewforexplaininganotherlaser
processing method in accordance with the first example of
the embodiment in which a plurality of laser light sources
are provided. This example comprises three array light
source sections 25, 27, 29 each having a plurality of laser

25 light sources 23 aligning along the line along which the

object is intended to be cut 5. Among the array light source
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20 Fig. 18 is a schematic view for explaining another |aser processing
method in accordance with the first exanple of the enbodiment in which a
plurality of laser light sources are provided. This exanple conpﬁﬂ&%§0144'oo
three array light source sections 25, 27, 29 each having a plurality of
laser 25 |ight sources 23 aligning along the Iine along which the object
is intended to be cut 5. Among the array |ight source 103 FPO1-0144-00
sections 25, 27, 29, laser beans enitted fromlaser light sources 23
arranged in tRecsaesr oW, fo7m 295i hgber bHeghs -aumerdifmprpdiasey dight

l'i ght-converging point P1). This exanple can forma plurality of

l'i ght - conver gisd@grpeisnt 235 #irai@ed. in. tdleongatke ke ong ahisdh ke
object is intended to be cut 5, whereby the processing speed can be

i nproved. Al 3@ ghith cioive rexaplpeina geugal i L §gbt-congenginpdPeiet Fegi ons
can be fornmed at the sane time upon |aser-scanning on the surface 3 in a
di rection ort hogenekanpl ¢ kel foemal phgrahith of1dighe- epjeer iRy nftidided to
be cut 5. [Second Exanple] A second exanple of the enbodinent will now be
expl ai sed.  Tipis Bxanpl elanglichect ue tad o Wb L PG TRRORAE CAnHS dartsnegd
apparatus for a light-transmtting material. The 15 light-transmtting
material is amcelanphe df whrer by ddis Progelse 1pidoeBesEdCat P] MR W iGitl e, a
pi ezoel ectric device wafer (substrate) having a thickness of about 400 pm
made of Li Ta@dscs isédissexamnpihi atrlahsiity g Tewse? aPdifA8ddRIINY

apparatus in accordance with the second . .
can be formed at the same time upon laser-scanning on the

surface 3 in a direction orthogonal to the line along which
10 the object is intended to be cut 5.
[Second Example]
Asecondexamplecﬁftheembodimentwillruwvbeexplained.
This example is directed to a cutting method and cutting
apparatus for a light-transmitting material. The
15 light-transmitting material is an example of the objects
to be processed. 1In this example, a piezoelectric device
wafer (substrate) having a thickness of about 400 pm made
of LiTaO; is used as a light-transmitting material.
The cutting apparatus in accordance with the second
20 example is constituted by the laser processing apparatus
100 shown in Fig. 14 and the apparatus shown in Figs. 19
and 20. The apparatus shown in Figs. 19 and 20 will be
explained. The piezoelectric device wafer 31 is held by a
wafer sheet (film) 33 acting as holding means. In the wafer
25 sheet 33, the face on the side holding the piezoelectric

device wafer 31 is made of an adhesive resin tape or the
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20 exanple is constituted by the | aser processing apparatus 100 shown in
Fig. 14 and the apparatus shown in Figs. 19 and 20. The apparatus_sho (M|
Figs. 19 and 20 will be explained. The piezoel ectric device mafefpéi'ﬁ€44_oo
held by a wafer sheet (film 33 acting as holding neans. In the wafer 25
sheet 33, the face on the side holding the piezoelectric device wafer 31
is made of an adhesive resin tape or the 104 FP0O1-014 -00 |like, and has an
elasticity. The wafer sheet 33 is set on a nounting table 107 while being
held with a sanpke hplidess &3b.clAstsidwy.i nThegvaler sieehitzod E6trPe
device wafer 31 includes a nunber of piezoelectric device chips 37 which 5
will be cut apdmsepeiayethihhs a7 Eadh epbeiogl keldiwidevd c@mpdisi po3¢ehas a
circuit section 39. The circuit section 39 is forned on the surface_of the
pi ezoel ectri c3devi g6 sweder indliforl BacheppezoekeectiéCddey tee ¢ffpia?]
whereas a predeterm ned gap a (about 80 dam) is formed between adjacent 10
circuit sectiQh&l&@estgnuﬂ@ethWSpaespaﬂecwwéﬂedﬁWﬁ@ﬁeC@ﬂ@ék37r@BFS s 9 as
nmodi fied parts are formed within the piezoelectric device wafer 31. Next,
Wi th referenceiid Fegut2andtdmpamited leftequt t FAgh RieIhtedrais Attt Fhg
material in accordance with the second 15 exanple wi |l be expl ai ned.
First, a |ightchdlpsGiphiesnacharavter sectéonf 38 he ThyMiuGHts MAHYTY materi al
(piezoelectric device wafer 31 nade of Li TaO3 in the secon example) to
become a nmt erisalf ormebeosuthé sutdiasrenchetinespba3cel eghel ¢ ‘F“§bg%F§%ion
characteristic can be nmeasured by usin , ,

31 for each piezoelectric device chip 37, whereas a

predetermined gap o (about 80 um) is formed between adjacent

10 circuit sections 39. Fig. 20 shows a statewhereminute crack

regions 9 as modified parts are formed within the
piezoelectric device wafer 31.

Next, with reference to Fig. 21, the method of cutting

a light-transmitting material in accordance with the second

15 example will be explained. First, a 1light absorptiocn

characteristic of the light-transmitting material

(piezoelectric device wafer 31 made of LiTaOs; in the second

example) to become amaterial to be cut is determined (5201).

The light absorption characteristic can be measured by using

20 a spectrophotometer or the like. Once the light absorption

characteristic is determined, a laser light source 101

generating laser light L having a wavelength to which the

material tobe cut is transparent or exhibitsa low absorption

is chosen according to the result of determination (S203).

25 In the second example, a YAG laser of pulse wave (PW) type

having a fundamental wave wavelength of 1064 nm is chosen.
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20 a spectrophotonmeter or the like. Once the light absorption

characteristic is determned, a laser light source 101 generating |aser
light L having a wavel ength to which the material to be cut is t PROBpF &ht00
or exhibits a |low absorption is chosen according to the result of

determ nation (S203). 25 In the second exanple, a YAG |aser of pulse wave
(PW type having a fundamental wave wavel ength of 1064 nmis chosen. 105
FPOL- 0144-00 This YAG | aser has a pul se repetition frequency of 20 Hz, a

pul se wi dth ofy, 6 ngcand & pulse 8ReEey rebeddips. rTbguenpyt ofii 20reimr of
| aser light L &mtted Tromthe YA I§sef bfs aégut 20@;§]pg ibxt, ;ﬁ; °

t hi ckness of éqg%ggiewiéthéktgaﬁgﬂ dry MEasUrsed ene%395pf GCepUhe The ckness

of the materi al e cut is neasured, the anount of displacenent (anount

of novenent) Sg + Lo hd 0hL - soNvergi NG i NE eofi thasef rbingbhel YAE oha gdie
surface (entrance tace for laser light L) of the material to be cut 10 in

the opti cal a¥gsﬁggﬁgc950ﬁmpf laser light L is determned so as to
position the ght-converging point of laser light L within the materi al

to be gut accordi ngytgrt REeM@sWiindfs o fensw=aRRM 1(1S20Zut fFome exa i
. : . e, in
conforfmity to the thickness and refractive index of the materi al ?gﬂbe

cut, 15 the anpgpt)of chep! acenemi cxemansf of heovebentjlotothe cut is
l'i ght-converging point of laser light L is set to 1/2 of the thickness of
the material fezBeredt. tAs showit idf Rigpl2Zentud t(@rohe tdioff BpEABEN Bet ween

the refractive index in the atnosphere (e.g., air) surrounding

ofthelight—convergingpointoflaserlighthromthesurface
(entrance face for laser light L) of the material to be cut
10 in the optical axis direction of laser light L is determined
so as to position the light-converging point of laser light
L within the material to be cut according to the result of
measurement (S207). For example, in conformity to the
thickness and refractive index of the material to be cut,
15 the amount of displacement (amount of movement) of the
light-converging point of laser light L is set to 1/2 of

the thickness of the material to be cut.
As shown in Fig. 22, due to the difference between the
refractive index in the atmosphere (e.g., air) surrounding
20 thematerialtobecutandtherefractiveindexofthematerial
to be cut, the actual position of the light-converging point
P of laser light is located deeper than the position of the
light-converging point Q of laser light L converged by the
light-converging lens 105 from the surface of the material

25 to be cut (piezoelectric device wafer 31). Namely, the

relationship of “amount of movement of Z-axis stage 113 in
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20 the material to be cut and the refractive index of the nmaterial to be

cut, the actual position of the |ight-convergi i ] j

| ocat ed deeper than the position o? t he Iigﬁ;?goﬁegpéing BLiL?SEﬁgbiggig%§00

light L converged by the [light-converging |ens 105 fromthe surface of the

material 25 to be cut (piezoelectric device wafer 31). Nanely, the

rel ationship of "anmpunt of novement of Z-axis stage 113 in 106 FPOL- 0144- 00

the optical axis direction of laser light L x refractive index of the

material to b@hgyéﬁfiagnyaki@nnmmécnionnuénbm$eroiighghb-éoh@éF@thV%oint

of laser light L" holds in the air. The anpunt of displacenent (anount of

nmovenent) of thgeh 4f GHe maneeigilngopee wutof ¢®E@@1Ia%ﬂﬁn1f¥%m§éém?ﬂtview

of the above-nentioned relationship (between the thickness and, refractive

i ndex of the pmteniak-tenbergtby. poheceaft desert heohht &fi aP1es BB EUE hel d

by the wafer sheet 33 is nounted on the mounting table 107 pl ace n the

X-Y-Z-axis stage 1076 ermhintubedinp dvenerdxi samerage 109V Speaky sOTgFESe 111

and Z-axis stage 113 in this enbodinent) (S209). After t he noynt i ng of ’

the materi al 19 ghe ~edhvies gdorpbetied, of | Ghser sLidhi th &P f¥Omithd *68s8Fvat i on

light source 117, so as to irradiate the material to be cut with thus

emtted |lghtttﬁﬁaHhE@Tm@mtbomé@geﬂ@tﬂ@@shé§u(@eEWe$%§6thhéfk?%%sFﬁége

pi ckup device 121, focus adjustnment is carried out b anHn th Z-axi s
FH) of TRESH

stage 113 so aefiraquisid iioderhefl LhRtMebavER i FY O “Sght L

onto the surface of the material to be cut S21
observation i ragemeterial to be cut held by thg wag'f Jﬁgg% 35h§s§ﬁgJﬁ%§%

on the mounting table 107 placed on the X-Y-Z-axis stage
10 (constituted by the X-axis stage 109, Y-axis stage 111, and
7-axis stage 113 in this embodiment) ($209). After the
mounting of the material to be cut is completed, light is
emitted from the observation light source 117, so as to
irradiate the material to be cut with thus emitted light.
13 Then, according to the result of imaging at the image pickup
device 121, focus adjustment is carried out by moving the
Z-axisstage113soastx:positionthelight—convergingpoint
of laser light L onto the surface of the material to be cut
(S211) . Here, the surface observation image of
20 piezoelectric device wafer 31 obtained by the observation
l1ight source 117 is captured by the image pickup device 121,
whereastheimagingdataprocessar125determinesthenwving
position of the 7z-axis stage 113 according to the result
of imaging such that the light emitted from the observation
25 light source 117 forms a focal point on the surface of the

material to be cut, and outputs thus determined position
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20 piezoelectric device wafer 31 obtained by the observation |[|ight source

117 is captured by the inage pickup device 121 wh i i
: , ereas th
processor 125 determ nes the noving position of the Z-axises;gggﬁggggé%éh—oo

according to the result of imaging such that the |ight '

observation 25 light source 117 forms a focal point gn tﬁg]gbsgaigog}tPﬁe

material to be cut, and outputs thus determ ned position 107 FP01-0144-00

to the stage controller 115. According to an output signal fromth

ggg;nglgagﬁcﬁé ?;ﬁ?tsst@ﬁgﬁg@nth@lbqaaglel%onﬁﬁépﬁéﬁngﬂl@ FoRtFBPS THE' 7 axi s
3 ¢ _ ving position of the Z-axis stage 1 '

at a positionffen tweiingdindedtiahprcaaascsd 1EPontPReSbRE r%%%%%%f}%gﬁ?tEd

source 117 form a focal point on the nmaterial to be cut, i. e for

posi tioning 1he cbaeablpaie zofx1 aserakilght SUCHAPEL Fthe BUHMEBOBH T 1E

material to be cut. After the focus adjustment of light emtted fromthe

10 observati ogf|ightz-sourscetat® 183conploseédd ke HQ%ﬂﬁiQﬂaﬁyérﬂ?kbn%oint

of laser light L is noved to a Ilight-convergin i i
hi kngss. andt neel raint bmé tadekeat Wieonat 67 F 51 OF 6 I8 AP T S300y ThRFe, |

the overall controller 127 sends an out i
_ ut put signal ,to the 15 .
control | er 115 Recalspoonhmvet baamatepdias E‘t’é?&eg‘itle N HeE BStSSlaggﬁnéngs

direction of laser light L by the amount  of _displ
- - - v d a
| i ght - conver gihg pgoicetl pbihasef Le§kE 1&€P§rkiﬁ@goi%%gggﬁggéf%gggotpﬁe

t hi ckness and refractive index of th i
e nat
stage control meterial to be cut. erial to be cut, whereby the

After the focus adjustment of light emitted from the

10 observation light source 117 is completed, the
light-converging point of laser light L is moved to a
light-converging point corresponding to the thickness and
refractive index of the material to be cut (5213). Here,

the overall controller 127 sends an output signal to the

15 stage controller 115 so as to move the Z-axis stage 113 in
the optical axis direction of laser light L by the amount

of displacement of the light-converging point of laser light
determined in conformity to the thickness and refractive
indexofthenmterialTxnbecut,wherebythestagecontroller

20 115 having received the output signal regulates the moving
position of the Z-axis stage 113. As mentioned above, the
placement of the light-converging point of laser light L

within the material to be cut is completed by moving the
Z—axisstage113jjntheopticalaxisdirectionoflaserlight

25 1gbytheamountofdisplacementofthelight—convergingpoint

of laser light L determined in conformity to the thickness
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20 115 having received the output signal re [ iti

_ _ gul ates the novin osition of
the Z-axis stage 113. As nentioned above, the placement of '?hep 0
| i ght-converging point of laser light L wthin the material to bEPRLF0f44-00

_ ( axis direction of

laser light 25 L by the anmount of displacenent of the |ight-converging
point of laser light L determned in conformty to the thickness 108
FPOL- 0144-00 and refractive index of the material to be cut (82153. After

conpl eted by noving the Z-axis stage 113 in the optical

the placement ,gf therbightecondergbngthei mbtetibasep beghtitL (GREA

material to be cut is conpleted, the material to be cut

noved in conformty to a desirable cutting pattern (S217)

in the

_ ( isirradiated with
laser light L, 5 apgtbherne arisscstcageoi0Odharld ghte cormd 50 Biageirtichre

0 _ _ . As shown i
Fig. 22, the haser hight L enihiedle omtdeidadger e gt i§oep@@lf®§disln

converged by the light-converging | ens 105

such that the |ight-converging

point P is poshti predrwhlihics B@ the pseicebdieried wavhcéamgretigntf hei
predeterm ned gap (80 pmas nentioned above) fornmed between adjacgﬁflng :
circuit sectzgast39.x Theabastegenbdoned tWesVrabiis ssoRnhl baterRVerfs set
such that the gap fornmed between the adjacent circuit sections 39 in order
to separate a;pldyraddinyiof t phereslrettld collbiteprEseEhi (52137 -f r BmsPRE"

pi ezoel ectric device wafer 31 is irradiated with the |aser

i ght. L

_ |
wher eas the | aseFikighp, thé sldsemdiiatdd LnamisteRef 5Pt 29f355dii4M0n of

L is seen through the nonitor 129. Here, as i i
the |aser |ightoulrder nddi ats mpnverged by the light—cdnveréﬁ%ﬁ ens Hlg% 22,

| aser |ight

10

20

25

such that the light-converging point P is positioned within
the piezoelectric device wafer 31 facing a predetermined
gap(80pmasn@ntionedabove)formedbetweenadjacentcircuit
sections 39. The above-mentioned desirable cutting pattern
is set such that the gap formed between the adjacent circuit
sections 39 in order to separate aplurality of piezoelectric
device chips 37 from the piezoelectric device wafer 31 is
irradiated with the laser light L, whereas the laser light
L is irradiated while the state of irradiation of laser light
1 is seen through the monitor 129.
Here,asshowninE&g.22,thelaserlightLirradiating
the material to be cut is converged by the light-converging
lens 105 by an angle at which the circuit sections 39 formed
on the surface of the piezoelectric device wafer 31 (the
surface on which the laser light L is incident) are not
irradiatedwiththe laserlightlL. Convergingthelaserlight
L by an angle at which the circuit sections 39 are not

irradiatedwiththelaserlightIJcanpreventthelaserlight
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20 the material to be cut is converged by the light-converging |ens 105 by
an angle at which the circuit sections 39 formed on the surface of the

pi ezoel ectric device wafer 31 (the surface on which the |aser | i GRP1+0144-00
incident) are not irradiated with the laser light L. Converging the |aser
light 25 L by an angle at which the circuit sections 39 are not irradiated
with the laser light L can prevent the laser light 109 FPO1-0144-00 L from
entering the circuit sections 39 and protect the circuit sections 39

agai nst the lggepnldrghirilng Wienitheikaser ilonghd9 bneémiroted titrone i heulaser
light source 101 is converged such that the light-converging point 5 Pis

positioned wi §bipibhe pbezgglnstrtEedeysee Magpt B1l while the energy
density of laser light L at the |I|ight-converging point P exceeds a

threshol d of opticahetlarmgel Dseoptigral 1dieeliacted ¢ riomeakdobasem huglkt cr ack
regions 9 are forned only at the light-converging point Pwthin 10 the

pi ezoel ectri csgevtea oAl elcoily aciddguas thamt beildlghtteo cdye engirgnpoins
vicinity. Here, the surface and rear face of the material to be cut
(pi ezogl ectrip devpeeiwabaed3dithihl thaopibeodaragedc Newicei whfeefétence
to Figs. 23 to 27, the formng of 15 cracks by moving the |ight-converging
poi nt of lasewhliightthé wehérdpe edgbmined.ofThdametrerilaighto Be et B8he
(light-transmtting material) having a substantially rectangul ar
par al | el epi petli §at reshowngiingFipgin23 H sxdeedali at thireshald ag roptéReiL such
that the |ight-converging
damageorcpticaldielectricbreakdown,minutecrackregions
9 are formed only at the light-converging point P within
10 the piezoelectric device wafer 31 acting as a material to
be cut and its vicinity. Here, the surface and rear face
of the material to be cut (piezoelectric device wafer 31)
will not be damaged.
Now, with reference to Figs. 23 to 27, the forming of
15 cracks by moving the light-converging point of laser light
L. will be explained. The material to be cut 32
(light-transmitting material) having a substantially
rectangular parallelepiped form shown in Fig. 23 1is
irradiated with laser light L such that the light-converging
20 point of laser light L is positioned within the material
to be cut 32, whereby minute crack regions 9 are formed only
at the light-converging point within the material to be cut
32 and its vicinity as shown in Figs. 24 and 25. The scanning
of laser light L or movement of the material to be cut 32

25 is regulated so as to move the light-converging point of

laser light L in the longitudinal direction D of material
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20 point of laser light L is positioned within the material to be cut 32,
whereby m nute crack regions 9 are fornmed only at the light-convergin

point within the material to be cut 32 and its vicinity as shommFPglﬁgééﬂ”oo
24 and 25. The scanning of laser light L or novenent of the material to be
cut 32 25 is regulated so as to nove the |ight-converging point of |aser
light L in the longitudinal direction D of material 110 FPO1-0144-00 to be
cut 32 intersecting the optical axis of laser light L. Since the |aser

light L is entbted &sems hendasasclightthsaptdealOkxiis afplbsati highanner,

a plurality of crack regions 5 9 are forned with a gap therebetween
correspondi ngrto the scanning speed of laser light L or the noving speed
of the material to be cut 32 along the longitudinal direction D of the
material to be cut 82nwbemd beskasergHt ghts emistsddimedtherl aser hbgktial to
be cut 32 is noved. The scanning speed 10 of laser light L or the noving
speed of nategbakcka dieisdtpuBLa trayg henakowedp bona] 1 59 cdsctacikshegienst he
gap between the crack regions 9, thereby increasing the number of thus
formeds crackor ggeonsreaswstiown dap FilgpretetwEes soameispyrsiiegd tof theaser
light L or the noving speed of material to be cut may 15 further be sl owed
down, so that sthenthackpeedi ofi Baser lcaitt Auoustlye fror it ispaate ofchhfi ng
direction of laser light L or the noving direction of material to be cut
32, i.e., theamevinag dirbeticon 62 eheny ithghiongéhveigrAgCpseatisr Paser
light L as shown in Fig. 27. Adjustnent of the ?ap bet ween_
of the material to Pe cut 32 when the Jaser 1light L is scanned
or the material to be cut 32 is moved. The scanning speed
10 of laser light L or the moving speed of material to be cut
32 may be slowed down, so as to shorten the gap between the
crackregions9,therebyincreasingthenumberofthusformed
crack regions 9 as shown in Fig. 26. The scanning speed of
laser light L or the moving speed of material to be cut may
15 further be slowed down, so that the crack region 9 1is
continuouslyformedjmlthescanningdirectionoflaserlight
L or the moving direction of material to be cut 32, i.e.,
the moving direction of the light-converging point of laser
light L as shown in Fig. 27. Adjustment of the gap between
20 the crack regions 9 (number of crack regions 9 to be formed)
can also be realized by changing the relationship between
the repetition frequency of laser light L and the moving
speed of the material to be cut 32 (X-axis stage or Y-axis
stage). Also, throughput canbe improvedwhenthe repetition

25 frequency of laser light L and the moving speed of material

to be cut 32 are increased.
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20 the crack regions 9 (nunber of crack regions 9 to be formed) can also
be realized by changing the relationship between the repetition 58 gﬁpgy;oo
of laser light L and the noving speed of the material to be cut ? -axi s
stage or Y-axis stage) . Also, throughput can be inproved when the
repetition 25 frequency of laser light L and the noving speed of materi al
to be cut 32 are increased. IIl FPO1-0144-00 Once the crack regions 9 are
formed along the above-mentioned desirable cutting pattern (821 )

stress is generatetnhdee the phystkal resddihal® fdfee §¢tafitond the

envi ronment al changes, and the like within the material to 5 be cut, the
part fornmed webhvehment acked et wingalol g ﬁuﬁéﬂPQcB@EPer”skﬁéﬁgkkn g?Bh?%%e
crack regions 9 forned only within the naterial to_be cut éﬁ

| i ght - conver giiaggpoenetedddiestovpbyai€§d ex?ﬁé?é%nyE??lﬁB he2dPRtial to

be cut at a position fornmed with the crack regions 9 22 Q. Wth
reference to EngsIOZQenbaSZChQm@e%uﬁﬂﬁhéhﬁf %h W+ﬁﬁ%ﬁ(é% Wétﬁél §¥ Upon

physi cal external force application, wl]l %hg ned First .tu§ gaterlal
to be 6ut (pbezmﬁl,e‘@mpérﬁeﬂﬁré@%%]?t@f)crfao‘? 89\“}?’5 HePEF5ER regfons 9
al ong the desirable cutting pattern_is placed,i tt| 1 a

while in a st&beakek@ ByoH ﬁgﬁePr§ﬁéefe§soaﬁa§p38fm8§ sagﬁ RR Eﬁ%

The cutting apparatus has a suction

chuck ShoM.eh SA 6 explialined

later, a suct mefeganp (GfotPe depr ctlédf ﬁﬁ@cf@@vﬁfQHﬂg {27 on° chuck 34,

pressure needle 36 (pressing Member)s (REGRIYS NoEIHE Uil 89 JTERRBA( 0L
formed with the crack regions 9 (S221).

10 With referénce to Figs. 28 to 32, the cutting of the
material to be cut upon physical external force application
will be explained. First, the material to be cut
(piezoelectricdevicewafer31)formedwiththecrackregions
9 along the desirable cutting pattern is placed in a cutting

15 apparatus while in a state held by a wafer sheet 33 grasped
by the sample holder 35. The cutting apparatus has a suction
chuck 34, which will be explained later, a suction pump (not
depicted)connectedtothesuctionchuck34,apressureneedle
36 (pressing member), pressure needle driving means (not

20 depicted) for moving the pressure needle 36, and the like.
Usable as the pressure needle driving means is an actuator
of electric, hydraulic, or other types. Figs. 28 to 32 do
not depict the circuit sections 35.

Once the piezoelectric device wafer 31 is placed in

25 the cutting apparatus, the suction chuck 34 approaches the

position corresponding to the piezoelectric device chip 37

112



20 depicted) for noving the pressure needle 36, and the |ike. Usable as

the pressure needle driving nmeans is an actuator of electric, hy?b Ib

or other types. Figs. 28 to 32 do not depict the circuit sections ggT Eﬁééoo
the piezoelectric device wafer 31 is placed in 25 the cutting apparatus

the suction chuck 34 approaches the position corresponding to the ’

pi ezoel ectric device chip 37 112 FP0O1-0144-00 to be isolated as shown in

Fig. 28. A suction punp apparatus is actuated while.in a state wh
sucti on chuckt84d ssolataters ehey¥drin §16r g%uté*aﬁﬁFﬁgFFPW§’gF§§6%fé§t§rg

device chip 37 to be isol ated, whereby the suction c k 3 .
pi ezoel ectri cidewfteathd piiBil¢ piiréz?oéltééer reeggvT e %q%fon éua%%%%gag > the

i solated as shown in Fig. 29. Once the sucti huck 3
b ezocl ectri cldsated CHITEBEC phaRTs BEAIE ET BE S D G BebeLe

i sol ated, the pressure needle 36 i d th iti i
the 10 pi ez0okbabri b rau S60RIE e e L8 SHEH 17 SAVENe | B5r T oFage of

waf er sheet 33 (rear face of the su i ' [
Fart her “ﬁéiéﬁ’?%f??e AR g@ﬁ*}”é’ey{‘%&%@&? 3»:%'6@2?;3&%@%,&'59
;PfesiStgaIﬁ;3épg§§e?gcféf$ﬁd S.aﬁiFEOWﬂei%r %%u?%ghgéﬁF%$§gﬁh§%F?ggﬁg >3
7 12 LR Bt ARSI R Bt ot o o
\é\’hu:- ](c: gcgr g\rﬁ f. 2(%1%?22)%5 e:ﬁ%%li%ng o i el 1 58 L AGK iTRA1A0Y, O 9L ¥ R ulRe
needle 36 is moved to the position corresponding to the
10 piezoelectric device chip 37 to be isolated from the rear
face of wafer sheet 33 (rear face of the surface held with
the piezoelectric device wafer 31) as shown in Fig. 30.
When the pressure needle 36 is further moved after
abutting against the rear face of the wafer sheet 33, the
15 wafer sheet 33 deforms, while the pressure needle 36 applies
astresstothepiezoelectricdevicewafer31fromtheoutside,
whereby a stress is generated in the wafer part formed with
the crack regions 9, which grows the crack regioné 9. When
the crack regions 9 grow to the surface and rear face of
20 the piezoelectric device wafer 31, the piezoelectric device
wafer 31 is cut at an end part of the piezoelectric device
chip 37 to be isolated as shown in Fig. 31, whereby the
piezoelectric device chip 37 is 1isolated from the
piezoelectric device wafer 31. The wafer sheet 33 has an

25 adhesiveness as mentioned above, thereby being able to

preventcutandseparatedpiezoelectricdevicechips37from

113



20 the piezoelectric device wafer 31, the piezoelectric device wafer 31 is
cut at an end part of the piezoelectric device chip 37 to be iSO%%ﬁfﬂbf%ﬂ-oo
shown in Fig. 31, whereby the piezoelectric device chip 37 is isolated
fromthe piezoelectric device wafer 31. The wafer sheet 33 has an 25

adhesi veness as nentioned above, thereby being able to prevent cut and

separ ated piezoelectric device chips 37 from 113 FPO -0144-00 flying away.
once the piezoelectric device chip 37 is separated from the piezoelectric
devi ce waf er Sllyindieawancti on chuck 34 and pressure needle 36 are noved

away fromthe wafer sheet 33. 5 Wen the suctio 'Cgﬁfk 34 %q%§2&95§ e
needl e 36 are novedince hbeimicizared® GHre£0ef 6Lt ? O 18evi ¢8 56N I's Tel eased
from the wafer sheet 33 as shown in Fig. 32, s%nce t he %Q{Qﬁﬁ;ﬁf%nd
attracted to the miecideoreatiick d8¥icher@l e B 1o & FUBT W Apiat atus. - whi ch
is not depicted, is used for sending an 10 ion_air in th i i Of)> of
arrows B in Fpgessarewm©¢@b@iﬂiﬁéepméfﬁél%E?Yi%rﬂEJﬁE%wgﬁfg %5%%30 %ied and
attracted to the suction chuck 34, and the piezogel ectr] i.C er 31
(surfabe) hel dhbéy thﬂe&M@ﬁéﬁﬁsﬁEEFk3%4éVﬁiEF&&ﬁ@&em??%df%ﬁggggﬁ @?YééFbre, a
suction apparatus may be provided in 15 place of .thei. hhGlepRipg, such
that the cut bhd sephrbe@diqHEAGAENT 9 Vd&V Eblgh?agggf%éﬁggﬁiezoelectric
device wafer 31 are cleaned asg dust and the_like.3gre Ll ahedsoknewn as
a met hod of cuh?iwgfﬁﬁeshﬁﬁérﬁélaFoSBBWEUEndEégfo3§én3?§g%nentaIochanges is

one tmparti ngig ét?{rgaeé?égrt% %}qgnsguection chuck 34. Here, an ion air blow

apparatus, which is not depicted, is used for sending an
10 ion air in the direction of arrows B in Fig. 32, whereby
the piezoelectric device chip 37 isolated and attracted to
the suction chuck 34, and the piezoelectric device wafer
31 (surface) held by the wafer sheet 32 are cleaned with
the ion air. Here, a suction apparatus may be provided in
15 place of the ion air cleaning, such that the cut and separated
piezoelectricdevicechips237andpiezoelectricdevicewafer
31 are cleaned as dust and the like are aspirated. Known
as a method of cutting the material to be cut due to
environmental changes is one imparting a temperature change
20 to the material to be cut having the crack regions 9 only
therewithin. When a temperature change is imparted to the
material to be cut as such, a thermal distortion can occur
in the material part formed with the crack regions 9, so
that the crack regions grow, whereby the material to be cut
25 can be cut.

Thus,inthesecondexample,thelight—converginglens
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20 to the material to be cut having the crack regions 9 only therew thin.

When a tenperature change is inparted to the material to be cut as:f%ﬂ%4zb0
thermal distortion can occur in the material part fornmed with t heP e -
regions 9, so that the crack regions grow, whereby the material to be cut
25 can be cut. Thus, in the second exanple, the light -converging |l ens 114
FPO1- 0144-00 105 converges the laser light L emtted fromthe |aser |ight
source 101 such that its light -converging poin is positioned wthin the
li ght-transmi 0% rermateydsakheplavaeléghti & endéviask fvanarn s 1psefnet t he
energy density of laser light 5 at the |ight-converging point exceeds the

t hreshol d of septteallldansyehet idmstlieht déeneerdirs PPéakdsWAOS Whi ¥HY or ns
the mnute cracks 9 only at the light-converging point within _the
light-transmgithgnnetiesi dlicric tivasmiditiing . meteed athe (PLEZRABLEF ST tti ng
material is cut at the positions of thus 10 formed crack regions_9, the
anount of dus@eentssiafer SVeryhesaly|thavesealsy ¢RBSpBYPbillEisey bt cing
damages, chipping, cracks on the material surface, and the |ike occurring
al so  beconesaverye i glSinoentdieg Inghpoi PANSHCEERSg Tt et P ERSH L9 cot al ong
the crack regions 9 formed by the optical danmages 15 qr optical ?ielectric
breakdown of bheithghianagmeon ept el FhedacHr G RECakPER T HHICSE]PPity of
cutting inproves, so that cutting direction_can be contuﬂléﬁkea§k%ﬁ.

Al'so, the di thaguiwmuteceankpe pade el ¢ & Ihar PNEE 93Pl wed- 'n e

dicing wwth a dianond cutter, whereby th umber. of . . . .
J thelight—transmittingmgtergagand{tsv1c1n1ty. Sincethe

light-transmitting material is cut at the positions of thus

10 formed crack regions 9, the amount of dust emission is very

small, whereby the possibility of di¢ing damages, chipping,

cracks on the material surface, and the like occurring also

becomes very low. Since the light-transmitting material is

cut along the crack regions 9 formed by the optical damages

15 or optical dielectric breakdown of the light-transmitting

material, the directional stability of cutting improves,

so that cutting direction can be controlled easily. Also,

the dicing width can be made smaller than that attained in

the dicing with a diamond cutter, whereby the number of

20 light-transmitting materials cut out from one

light-transmitting material can be increased. As a result

of these, the second example can cut the light-transmitting
material quite easily and appropriately.

Also, a stress is generated within the material to be

25 cutduetophysicalexternalforceapplication,environmental

changes, and the like, so as to grow the formed crack regions

115



20 light-transmitting materials cut out fromone |ight-transmtting

material can be increased. As a result of these, the second exanple can

cut the light-transnitting material quite easily and appropriateF§01AD§64-00
a stress is generated within the material to be 25 cut due to physical
external force application, environmental changes, and the like, so as to
grow the forned crack regions 115 FP01-0199-00 9 to cut the
light-transmitting material (piezoelectric device wafer 31), whereby the

light-transm bt irag Jwt efriel 11 gan-1:edn abl 9t bey ondt @i 4 he (pbszbedastoict or med
crack regions 9. 5 Also, the pressure needle 36 is used for applying a

stress to thedqkiyght-Laaasni1t) nghdmiteys itdle (pgbzeekectnictidgvingtenager 31),
so as to grow the forned crack regions 9 to cut the light-transmtting

material (piezaal £6174181y device avatre 3391t iwhendbfothed Idmghtk reghsmbtti ng
material 10 can further reliably be cut at the positions of fornmed crack
regions 9. \Wen the piezoelectric device wafer 31 (light-transmtting
material) formed with a plurality of circuit sections 39 is cut and
separated i nto indi gidual tA5 prezoetectcédleleds ces olvigps 87, appd ying a
l'i ght-converging lens 105 converges the laser light L such that the
| i ght - conver gsgesgoitat the paghti-omedswithingt hetwafed priezbgdiengrike gap
formed between adjacent circuit sections 39, and forms the crack regions
9, whereby thdepiiezoekéetr i3d)devicceswabegr8y the formed crack regions
9 to cut the light-transmitting material (piezoelectric
device wafer 31), whereby the light-transmitting material
10 can further reliably be cut at the positions of formed crack
regions 9.

When the piezoelectric device wafer 31
(light-transmitting material) formed with a plurality of
circuit sections 39 is cut and separated into individual

15 piezoelectric device chips 37, the light-converging lens
105convergesthelaserlighthuchthatthelight—converging
point is positioned within the wafer part facing the gap
formed between adjacent circuit sections 39, and forms the
crack regions 9, whereby the piezoelectric device wafer 31

20 can reliably be cut at the position of the gap formed between
adjacent circuit sections 389.

When the light-transmitting material (piezoelectric
device wafer 31) is moved or laser light L is scanned so
as to move the light-converging point in a direction

25 intersecting the optical axis of laser light L, e. g., a

direction orthogonal thereto, the crack region 9 is
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20 can reliably be cut at the position of the gap formed between adjacent
circuit sections 39. Wien the light-transmtting material (piezoelectric
device wafer 31) is noved or laser light L is scanned so as to mRAl1t4-00
l'i ght-converging point in a direction 25 intersecting the optical axis of
laser light L, e. g., a direction orthogonal thereto, the crack region 9
is 116 FPO1-0199-00 continuously formed along the noving direction of the
|'i ght-converging point, so that the directional stability of cutting
further inproy&stinhbedl yakesmet Rossidl eheomovdmtg ofiitéet cont iofg Wierecti on
nore easily. 5 Also, in the second exanple, dust-enmtting powders hardly
exist, so Fhali@@tl@&w@la@im?/pgdiemi i waber therdipeeveabahgstdeility
dust-em tting powders fromflying away is necessary, whereby dry
processi ng cags beut eahyzedrthethempeoteisng whtiep. ke ithepearidnd enpl e,
since the formng of a nodified part (crack region 9) is realized by
non-cont act peegessi nghe Wtttihg dasectioghtote ereblems of durability of
bl ades, their replacenent frequency, and the like in the dicing caused by
di anong cutters w lAlsof Dectite dsondsénamplide doshieniibing ROWRNS I ed
part (crack region 9) is realized by non-contact rocessing with the | aser
light L, the seeond exaﬂplesoamhanﬂnqrﬁubﬁkﬂﬂtiﬁ animy waker i 5T al ong
a cutting pattern which cuts out the light-transmtting nmaterial wthout
conpl etely cupremgnthngsahe.dﬂhe—pmégéhDGin@@ﬂﬁrénfrgmng%ylng away 1S
necessary, whereby dry processing can be realized in the
cutting step.
10 In the second example, since the forming of a modified
part (crack region 9) is realized by non-contact processing
with the laser light L, problems of durability of blades,
theirreplacementfrequency,andthelikeinthedicingcaused
by diamond cutters will not occur. Also, since the forming
15 of amodified part (crackregion9) is realized by non-contact
processing with the laser light L, the second example can
cut the light-transmitting material along a cutting pattern
which cuts out the light-transmitting material without
completely cutting the same. The present invention is not
20 limited to the above-mentioned second example. For example,
thelight-transmittingmaterialmaybea semiconductor wafer,
a glass substrate, or the like without being restricted to
the piezoelectric device wafer 31. Also, the laser light
source 101 can appropriately be selected in conformity to
25 an optical absorption characteristic of the

light-transmitting material to be cut. Though the minute

117



20 limted to the above-nentioned second exanple. Forexanple, the
light-transmtting material maybe a sem conductor wafer, a glass

substrate, or the |like without being restricted to the piezoelecFPpE'0144'Oo
device wafer 31. Also, the laser |ight source 101 can appropriately be

sel ected in conformty to 25 an optical absorption characteristic of the
light-transmtting material to be cut. Though the mnute 117 FPO1-0144-00
regions 9 are formed as a nodified part upon irradiation wth the |aser
light L in theegeenadoexpamierméd as matodtised ipdivespdoriexadbdelonsing

an ultrashort pulse laser [light source (e.g., fento second (fs) laser) can
forma 5 nodi§ied @aétlaaugedibhtaLrehramm\ﬂedqnﬁnexﬂmpkﬁa(iﬁg @rnot
refractive index), thus being able to cut the light-transmtting nmaterial

Wi thout generatkbgitbever ador eegmpile,ubyngtal ditng sswatt RUABEhanS 4l
characteristic change. 10 Though the focus adjustment of laser light Lis
carried out bygnbvsbgrtbe(Z:gxbsfsma@esﬁbbﬁd1Qﬂ&éIk&&ﬂrmr©%@s§@ﬁ@ a
apparatus 100, it may be effected by moving the |ight-converging |ens 105
in thesopti cahoaxtsedi pect icauodd Haserdfimiut iveninteut chenag (BsgREEL ed
thereto. 15 Though the X-axis stage 109 and Y-axis stage 111 are noved in
confornity torafdesitabl e iouteilng pahuern bainhe abaser BPoceédsi ngthe
apparatus 100, it is not restrictive, whereby the laser |light L may be
scanned in confighnityahemiftdegi mabeeislt wihgopht geparating the cratk
regions 9 by utilizing such a mechanical characteristic
change.

10 ThoughthefocusadjustmentoflaserlightIJiscarried
out by moving the Z-axis stage 113 in the laser processing
apparatus 100, it may be effected by moving the
light-converging lens 105 in the optical axis direction of
laser light L without being restricted thereto.

15 Though the X-axis stage 109 and Y-axis stage 111 are
moved in conformity to a desirable cutting pattern in the
laser processing apparatus 100, it is not restrictive,
whereby the laser light L may be scanned in conformity to
a desirable cutting pattern.

20 Though the piezoelectric device wafer 31 is cut by the
pressureneedle36afterbeingattract@jtothesuctionchuck
34, it is not restrictive, whereby the piezoelectric device
wafer 31 may be cut by the pressure needle 36, and then the
cutandisolatedpiezoelectricdevicechip371maybeattracted

25 to the suction chuck 34. Here, whenthe piezoelectricdevice

wafer 31 is cut by the pressure needle 36 after the
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20 Though the piezoelectric device wafer 31 is cut by the pressure needle
36 after being attracted to the suction chuck 34, it is not restriéi;6$%4_oo
wher eby the piezoelectric device wafer 31 may be cut by the pres%% 3
needl e 36, and then the «cut and isol ated piezoelectric device chip 37
maybe attracted 25 to the suction chuck 34. Here, when the piezoelectric
device wafer 31 is cut by the pressure needle 36 after the 118
FP01-0144-00 piezoelectric device wafer 31 is attracted to the suction
chuck 34, thesadecacofid hiecite and arsdllat edaprezesrectPi Ehe dB'ce thip 37
is covered wth the suction chuck 34, which can prevent dust and the |ike
from adheri ngc@ck et ,suhéaser £ &cofo ft hbe piwz eeldetspilat eV ERZ M §FFEC Al so,
when an i mage pickup device 121 for infrared rays is used, focus |,

adj ust nent caflebEceattied ot byveretiwity thefusdtian chyrk 8f WD | i ght
L. Inthis case, it is necessary that a half mrror be used instfad of the
di chroi ¢ 10 nda gsr<h@ht whiste adidspbsi higkarf wpt iachie déd &8 bBEwRRN 3tHe hal f
mrror and the |aser |ight source 101, which suppresses the return |ight
to thesl aser &fghhespiereel@dtrHerdeviee ¢Bipréferred that the output of

| aser light L emtted from the laser |ight source 101 at,y?e ti of focus
adj ust ment 15 be seklso, aheonst dpapevsicHERBEVEREN ThaPT o I SUTPUT for
form ng cracks, such that the laser light L for carryin out focus

adj ust nent does weed daheges tad watresT alCab e CAFEL QchpérPEf?&Z Bdtures

of the present invention will now be explained from.the viewgoin%s.gf t he
second exanpleeflected light of laser light L. In this casé, 1t 1

necessary that a half mirror be used instead of the dichroic

10 mirror 103, while disposing an optical device between the
half mirror and the laser light source 101, which suppresses

the return light to the laser light source 101. Here, it

is preferred that the output of laser light L emitted from

the laser light source 101 at the time of focus adjustment

15 be set to an energy level lower than that of the output for
forming cracks, such that the laser light L for carrying

out focus adjustment does not damage the material to be cut.
Characteristic features of the present inventionwill

now be explained from the viewpoints of the second example.

20 The method of cutting a light-transmitting material
in accordance with an aspect of the present invention
comprises a modified part forming step of converging laser

light emitted from a laser light source such that its
light-converging point is positioned within the

25 light-transmitting material, so as to form a modified part

only at the light-converging point within the
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20 The nethod of cutting a light-transmtting material in accordance with

an aspect of the present invention conprises a nodified part formng t%QOO
of converging laser light emtted froma laser |ight source suckf?¢kﬁéiﬁs

|'i ght-converging point is positioned within the 25 light-transmtting
material, so as to forma nodified part only at the |ight-convergi ng point
within the 119 FP01-0144-00 light-transmtting material and its vicinity;

and a cutting step of cutting the light-transmtting material at the

posi tion of tius,{.of regsme fng@dapantiall andhié smei AdUI by ARG Arigh e "9
light-transmtting material 5 in accordance with this aspect of the

pr esent invqu&gﬂ,ofthﬁt&aagrﬂﬁqﬁnightebnaeﬁméﬂtSHthﬁﬁﬁﬁlﬁﬁeat the

| i ght-converging point of laser light is positioned within the

li ght-transmgédngiomtef i ehus nfdheedouodiiédegaparforming step, whereby the
nodified part is fornmed only at the 10 light-converging paoint wthjn the
light-transmtting Tmehemedhahdsidust g aihi)@.htl‘r’irtaﬁ@”&}tttlﬂ‘ﬂgm%%ﬁan][ he
light-transmtting material is cut at the position of thus  forned nodified
part, so thatihhecaspoahcefwiltst thibsabpacti efvehy BREFEDT wWhRY B P'he

possibility of dicing damages, 15 chipping, cracks on_the material, surface,
and the |ike toeclagdng ighsoi bewomey gt fUEhEDE Ade Lhght-converging

light-transmtting material is cut at the position, of éhus. Hprnedtngdified

part, the dirpcthonalost abekety ofighitti ng |RpFOVESNeSo tHAM AUt t FAg

direction can be controlled easily. . .
light-transmitting mgterial in the modified part forming

step, whereby the modified part is formed only at the
10 light-converging point within the light-transmitting
material and its vicinity. In the cutting step, the
light-transmitting material is cut at the position of thus
formed modified part, so that the amount of dust emission
is very small, whereby the possibility of dicing damages,
15 chipping, cracks on the material surface, and the like
occurring also becomes very low. Since the
light-transmitting material is cut at the position of thus
formed modified part, the directional stability of cutting
improves,sothatcuttingdirectioncanbecontrolledeasily.
20 Also,thedicingwidthcxnlbemadesmallerthanthatattained
in the dicing with a diamond cutter, whereby the number of
light-transmitting materials cut out from one
light-transmitting material can be increased. As a result
of these, the present invention can cut the
25 light—transmittingmaterialquiteeasilyandappropriately.

Also, in the method of cutting a light-transmitting
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20 Al so,

the dicing wwdth can be nmade smaller than that attai ned
dicing wwth a dianond cutter, whereby the nunber of |ight-transm
materials cut out fromone Ilight-transmtting material can be i né

As a result of these, the present invention can cut the 25
light-transmitting material quite easily and appropriately. Al so,

met hod of
accor danc

cutting a light-transmtting 120 FPO -0144-00 nmaterial i
e wth this aspect of the present invention, dust-emtti

in_the
Phicfea-oo

in the
n

ng

powders hardl yaexistl 90 tshatorumndeaibrichat thiscleemsicty ddatehe f BFEpFRYent i ng
the dust-emtting powders fromflying away is necessary, whereby dr%
processing 5igaBnbeoneabiizedenintt vegcquowdens shasly exied mstché826f PRut ti ng

a light-t

ransmtting material in accordance with this aspect of t

he

present i nventi:beicasingdclkenfiogniate of on prsdiehitdd gpere dRstr8REFE&09by
non-contact processing with laser light, problens of durability of bl ades,
10 their repl poenent fregitptyg aaay theetekearh e IERY ¢y PAGSETSBY

di anond cutters will not occur. Also, since the formng of a nodified part
i s reabi zed byanobecorbddizepr desdienguthilny ShéE€P-aser |ight, the method of

cutting a

light-transmtting material in accordance with t
the present inventi®n Wenmethodins ¢ithing Pahseh 1T He" Skt &t @M

For

cutting pattern which cuts out the light-transmtting material w.thout

conpl etel y cutini agcoldansgne/ithr éhdsapiEpecitned ithft Pres

is forned

10

20

25

§E% £OVEG Tl er i al

sincetheformingofamodifiedpartisrealizedbynon-contact
processingwithlaserlight,problemsofdurabilityofblades,
theirreplacementfrequency,andthelikeinthedicingcaused
by diamond cutters will not occur. Also, since the forming
of a modified part is realized by non-contact processing
with the laser light, the method of cutting a
light-transmitting material in accordance with this aspect
of the present invention can cut the light-transmitting
material along a cutting pattern which cuts out the
light-transmitting material without completely cutting the
same.

Preferably,thelight—transmittingmaterialisformed
with a plurality of circuit sections, whereas laser light
is converged such that the light-converging point is
positioned within the light-transmitting material part
facing the gap formed between adjacent circuit sections in
the modified part forming step, so as to form the modified
part. With such a configuration, the light-transmitting

material can reliably be cut at the position of the gap formed
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20 with a plurality of circuit sections, whereas laser light is converged
such that the light-converging point is positioned within the Ii%?b -h 4-00
ransmtting material part facing the gap fornmed between adjacent Otedi
sections in the nodified part form ng step, so as to formthe nodified 25
part. Wth such a configuration, the light-transmtting material can
reliably be cut at the position of the gap fornmed 121 FPO1l-0144-00 between
adj acent circuit sections. Wien irradiating the light-transmtting nateri al
with |aser |bghtwveen thgamedif cédcpakt sE6LAPRG-step, it is preferred that
the | aser |ight be converged by an angle at which the 5 circuit sectLons
are not irradiated Wheh itredizsdmd tydtlightorvengmad ting Maikser 13t Yht by an
angle at which the circuit sections are not irradiated with the |aser

| i ght when inaaékdmgﬁ;ihémdqpmifi%®§ﬁﬁﬁﬁQKﬁkﬁﬁé??ﬁihﬁ%%F¥ﬁéeF5§gr
light in the nodified part formng step as such can prevent 10 the

| aserlight froheentbei hgsenelmmz:&iq copcETaRs BNdepraneke &t pligh Ehet
sections against the laser light. Preferably, in the nodified ar% form ng
step, €he |i ghtircontesgichgopsi Arei BOhovEde 3ha Beditiddt ithif ilr‘?ts&lsgéf?' fg the
optical axis of laser light, so as to forma nodified 15 part conti.nuously
al ong the movCrgveincée she ofa $eve Ui PY¥orh &M iy 2hor it CD e CelgYLt

| i ght-converging point is noved in a direction intersecting.t opt.i cal
axis of |aser selGtglensi re¥henabdiffi&afi7Ead 1 8t b nép@t f A sgﬁﬁggsg%éesn to

formth ifi r ntin I | on [ . .
° the mod ir%%dﬁ%t&rﬁft%e ff%ﬁiyk?éﬁsﬂié@f%ém¥g€¥%lal with the laser

light in the modified part forming step as such can prevent
10 thelaserlightfromenteringthecircuitsectionsandprotect
the circuit sections against the laser light.

Preferably, in the modified part forming step, the
light-converging point is moved in a direction intersecting
the optical axis of laser light, so as to form a modified

15 part continuously along the moving direction of the
light-converging point. When the light-converging point is
moved in a direction intersecting the optical axis of laser
light in the modified part forming step as such, so as to
form the modified part continuously along the moving

20 direction of the light-converging point, the directional
stabilityofcuttingfurtherimproves,whichmakesitfurther
easier to control the cutting direction.

The method of cutting a light-transmitting material
in accordance with an aspect of the present invention

25 comprises a crack forming step of converging laser light

emitted from a laser light source such that its
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20 direction of the light-converging point, the directional stability of
cutting further inproves, which nmakes it further weasier to control the
cutting direction. The nethod of cutting a light-transmtting mat EPPAT 0144700
accordance with an aspect of the present invention 25 conprises a crack
formng step of converging laser light emtted froma |aser |ight source
such that its 122 FP0O1-0144-00 |ight-converging point is positioned within
the light-transmtting material, so as to forma crack only at the

| i ght - conver gi ngnPokBhvkhihe t heolnght -its angmistittiiogedmat €A LAknandthe s
vicinity; and a'cutting step of cutting 5 the light-transmtting materi al

at the positigngat-thussmietirg maeekial n shesnevhbornfa cwadngnady at
light-transmtting material in accordance with this aspect of the present
invention, |aser1hightcbsveenyaggpdisuchithan the Light-tsanengthgPoi nt
10 of laser light is positioned within the Iight-transnitting material, so
that the energytdensit ¥naf ikasetchinghy;aentihe chighngceheBr §EngupsiAg
exceeds a threshold of optical damage or optical dielectric breakdown of
the |ight-trapgei ttighg - trahemial i nghereateyr i lcratckt he posheoBNPYy APYfhe 15
| i ght-converging point within the light-transmtting material and its
vicinity. In tthemedt ciragkstep, the light-transmtting material is cut at
the position of thus forned crack, so that the amount of dust em ssion is
very small, wherebyntttes pesbbBidfi tytbindiacl hgh takerp¥ni thi pprpgerial

in accordance with this aspect of the present invention,
laserlightisconvergedsuchthatthelight—convergingpbint
10 of laser light is positioned within the light-transmitting
material, so that the energy density of laser light at the
light—convergingpointexceedsathresholdofopticaldamage

or optical dielectric breakdown of the light-transmitting

material, whereby a crack is formed only at the
15 light-converging point within the light-transmitting
material and its vicinity. In the cutting step, the

light-transmitting material is cut at the position of thus
formed crack, so that the amount of dust emission is very
small, whereby the possibility of dicing damages, chipping,
20 cracks on the material surface, and the like occurring also
becomes very low. Since the light-transmitting material is
cut at the position of the crack formed by an optical damage
or optical dielectric breakdown, the directional stability
of cutting improves, so that cutting direction can be
25 controlledeasily. Also,thedicingwidthcanbemadesmaller

thanthatattainedinthedicingwithadiamondcutter,whereby
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20 cracks on the material surface, and the |like occurring also becones

very low. Since the light-transmtting material is cut at the positio% f 0
the crack formed by an optical damage or optical dielectric breaﬁ@@%ﬁ,lgﬁéo
directional stability of cutting inproves, so that cutting direction can

be 25 controlled easily. Also, the dicing width can be nade snaller than
that attained in the dicing with a dianond cutter, whereby 123 FP01-0144-00
the nunber of light-transmtting materials cut cut from one

| i ght-transm thienguiBé erd Al igan-beananieased. mae i abs Wut o8t fHE%ENCt he
present invention can cut the light-transmtting nmaterial quite easily and
appropri at el y1 i5rAl-s@anismitcthd ngembhodr b 1 ctan ey aciieghedt r ahgra £ESHg
material in accordance with this aspect of the present invention,

dust - eni tti ng qgowdens shar dl yhexi spresent hatimeentidri catdthg/ GWani h§ewat er

f or preventing the dust-emtting powders fron1fllyin8 away i S necessary,
wher eby dry praegssivignshQtaamdreatenldzadite adrl buepfmprstaayiateldhe

met hod of cutting a light-transmtting nmaterial in accordance with this
aspect sof the presentlsionvent tba, meshadeof Heuttoing iy 1o GRS L HES i zed

by non-contact processing with |aser light, problens of durabilit 6§L
bl ades, 15 t heiatereipllacemeatcbrdguneacyit néhﬁﬁa¢$R%C?noﬁhémﬁ<ﬁﬁﬁ§é sed

by dianond cutters will not occur. Also, since the forning ofﬁiicra%y i's
real i zed by ndmcoritiant, phedessiing g POVRETS 8EF LY §HE STt haC et hod of

cutting a light-transmttin material in accordance with,thi s aspect of
t he prgsent glubricating/cf%aningwaterforpreventlngykedus ~emi f%g

powdersfromflyingawayisnecessary,wherebydryprocessing
10 can be realized in the cutting step.

Tn the method of cutting a light-transmitting material
in accordance with this aspect of the present invention,
since the forming of a crack is realized by non-contact
processingwithlaserlight,problemsofdurabilityofblades,

15 theirreplacementfrequency,andthelikeinthedicingcaused
by diamond cutters will not occur. Also, since the forming
of a crack is realized by non-contact processing with the
laser light, the method of cutting a light-transmitting
material in accordance with this aspect of the present

20 invention can cut the light-transmitting material along a
cutting pattern which cuts out the light-transmitting
material without completely cutting the same.

Preferably, in the cutting step, the
light-transmitting material is cut by growing the formed

25 crack. Cutting the light-transmitting material by growing

the formed crack in the cutting step as such can reliably
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20 invention can cut the light-transmtting material along a cutting
pattern which cuts out the light-transmtting material w thout conpletel
cutting the sanme. Preferably, in the cutting step, the 1light-trank 3164 -00
material is cut by growing the formed 25 crack. Cutting the
light-transmtting material by growing the formed crack in the cutting step
as such can reliably 124 FPOL-0144-00 cut the light-transmtting materi al
at the position of the formed crack. Preferably, in the cutting step, a
stress is appldedtholtbrttghhsintansngtha ver el erti ahebpoasditAgnacpridssi ng
menber, 5 so as to grow a crack, thereby cutting the light-transmtting
mat eri al . WherFansdd essadls. applied to the light-transnitting material in
the cutting step by using a pressing nenber as such, so as to grow a
crack, thereby cuttimg fidrablyi,ght thansuitinqeEtegt,er akresheis applied
light-transmtting 10 material can further reliably be cut at the position
of the crack.tdTbeedipartattirsarfsori towitrtg mat @r 1 & hhy-usinesaipressg NareEIs s in
accordance with an aspect of the present invention conprises a |aser light
sour ce;5 hol di ngp geansgtow chotachg the rehy ¢uighing thaskiaht ngr qadertelingd an
optical device for converging the laser light enmtted fromthe |aser |ight
source such trtemidl ghtteonyekgeng isciprl tedEedhe ki gost i Tonedlt Wi %in
the light-transmtting material; and cutting nmeans for cutting the
| i ght - transmi trtd rey et em dheatuthéngostepopy using a pressing meémber as
such, so as to grow a crack, thereby cutting the
light-transmitting material, the light-transmitting
10 material can further reliably be cut at the position of the
crack.

The apparatus for cutting a light-transmitting
material in accordancewithanaspect of the present invention
comprises a laser light source; holding means for holding

15 the light-transmitting material; an optical device for
convergingthelaserlightemittedfromthelaserlightsource
such that a light-converging point thereof is positioned
within the light-transmitting material; and cutting means
for cutting the light-transmitting material at the position

20 of a modified part formed only at the light-converging point
of laser light within the light-transmitting material and
its vicinity.

In the apparatus for cutting a light-transmitting
material in accordance with this aspect of the present

- 25 invention, the optical device converges laser light such

that the light-converging point of laser light is positioned
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20 of a nodified part formed only at the |ight-converging point of |aser
light within the light-transmtting nmaterial and its vicinity. In the
apparatus for cutting a light-transmitting material in accor danc&ReiL9144-00
this aspect of the present 25 invention, the optical device converges
laser light such that the |ight-converging point of laser light is
positioned 125 FPO1-0144-00 within the light-transmtting material, whereby
a modified part is forned only at the light-converging point within the
li ght-transm tticpg nrekeri iadh nd drisn M wing mat eFhed, therebytd mogliféads cuts
the light-transmtting material at the 5 position of the nodified part
formed only apgtrhe idl ifghnecoByegiarg thei Nt ghitt-kiomvielre iinigg podtrtamsithtini ng
material and its vicinity, whereby the light-transmtting material is
reliably cut alhenmo st f ik te fleedrpadtand Ass ¥ icansequenteent deanount

of dust emssion is very small, 10 whereas the possibility of dicin
damages, chi ppinta.ines aekss eﬂtshehenﬂEgma+tsmm$mbbtinmmma¢ﬁwiakeﬂb €rring
al so becomes very low. Al so, since the light-transmtting material is cut
al ong tshe nodiddsad ipart oft hendi r ectdidhiald strahit i thomfed cutitlivhg dthprtdges,
whereby the cutting direction can be 15 controlled easily. A so, the dicing
wi dth can be nHdg tsrainvergiran gchatt atvtidiiied ithe hd idihdirigr awi s & idi%anond
cutter, whereby the nunber of light-transmtting materials cut out from
one |ight-trarsnititalngnaiat esi ai ctabtpe Vhereaseme As dtrdsiaAnsmigit iese,
t he present invention can cut the
material is reliably cut along thus formed modified part.
As a consequence, the amount of dust emission is very small,
10 whereas the possibility of dicing damages, chipping, cracks
on the material surface, and the like occurring also becomes
very low. BAlso, since the light-transmitting material is
cut along the modified part, the directional stability of
cutting improves, whereby the cutting direction can be
15 controlledeasily. Also, thedicingwidthcanbemade smaller
thanthat attainedinthedicingwithadiamondcutter, whereby
the number of light-transmitting materials cut out from one
light-transmitting material can be increased. As a result
of these, the present invention can cut the
20 light—transmittingn@terialquiteeasilyandappropriately.
Also, inthe apparatus for cuttingalight-transmitting
material in accordance with this aspect of the present
invention, dust-emitting powders hardly exist, so that no
lubricating/cleaningwaterforpreventingthedust-emitting

25 powdersfromflyingawayisnecessary,wherebydryprocessing

can be realized in the cutting step.
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20 light-transmtting material quite easily and appropriately. Also, in
the apparatus for cutting a light-transmtting material in accordance with
this aspect of the present invention, dust-emtting powders hardfﬁoéipéﬁﬁ'oo
so that no |lubricating/cleaning water f or preventing the dust-emtting 25
powders f romf |lying away i s necessary, whereby dry processing can be
realized in the cutting step. 126 FP01-0l4 -00 In the apparatus for cutting
alight-transmtting material in accordance with this aspect of the
present invention, Isi nbe tpparedivs ebmpazetisng ot nkdgby-heANEBAEAERY
processing with |aser light, problens of durability of blades, 5 their

repl acenent fmeguenay, ianchdderddee imithetdisi egreaisedt BYyedpramsARAT
cutters will not occur as in the conventional techniques. A so, since the
modi fi ed part ihsehodoed Hincadhecontatt eprivresdisnfonwned haonasepterght as
mentioned above, the apparatus for cutting a light-transmtting_10
material in apcocdaadeinﬁhihssréém@ﬁ,Eﬁobl@m®p§§éﬁwbﬁﬁﬂkﬁﬁfgﬁaééﬁrcut
the light-transmtting nmaterial along a cuttingl attern which cuts out the
| i ght - 6r ansni thieng raytardansnwi r@guencpnphettély E;E@tlﬂﬁ@‘q AECERGEaUTRE
apparatus for cutting a light-transmtting 15 material in accordance wth
an aspect of bhedpamsedtCmmvémﬁiMﬁllcﬁﬁﬁrp§é§raaﬁa§@rtPﬁgﬁP“§§GFé@Paﬁolding
means for holding the light-transmtting material; an optical device for
convergi ng | atechniigheseni PLe@/ f SGMachd Toaderdif i R3TFceS IGERSEhEY a

| i ght -convergi ng point thereof is positioned . .
J gno%—%ontact processin% with the laser light as mentioned

above, the apparatus for cuttihg a light-transmitting
10 material in accordance with this aspect of the present
invention can cut the light-transmitting material along a
cutting pattern which cuts out the light-transmitting
material without completely cutting the same.
The apparatus for cutting a light-transmitting
15 material in accordancewithanaspect of the present invention
comprises a laser light source; holding means for holding
the light-transmitting material; an optical device for
converging laser light emitted from the laser light source
such that a light-converging point thereof is positioned
20 within the light-transmitting material; and cutting means
for cutting the light-transmitting material by growing a
crack formed only at the light-converging point of laser
light within the light-transmitting material and its
vicinity.
25 In the apparatus for cutting a light-transmitting

material in accordance with this aspect of the present
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20 within the light-transmtting material; and cutting neans for cutting
the light-transmtting material by growing a crack formed only at the

l'i ght-converging point of laser [light within the Iight-transnittfﬁ81’0144‘00
rgtﬁ{|?I and its vicinity. 25 In the apparatus for cutting a
ight-transmtting material in accordance with this aspect of th

127 FPO1-0144-00 invention, the optical device convergeg | aser IiShPrgzgﬂt

that the light-converging point of laser light is positioned wthin the

li ght-transm thiagcABher kak, opeithat dehecenengyerdensiagesf 1igher shelyht at
the |ight-converging point exceeds 5 a threshold of optical damage or

optical diel eghkiCrii eakdewaonokrigheg pghtt bfarsset Lightns ePEAF1oRACr eby a
fraﬁk is formed only at the light-converging point within the
t'hg ltltL?ntsm LWt RG nMeherl g h e ard smti cimg mat eftied,, shethauttthiengnREANs cut s
_ g ransmtting material by growing 10 the crack forned only at the
|'i ght - conver gigeg sp@iynd £ Watsleirnl 1 ¢ e alti g 1t ohnswonvieng ingtee il ex68eFfs
vicinity, whereby the light-transnmtting material is reliably cut along
the crack forneEedyhand oftdptalcadadi@geg @ romt i1 diel eetriebrsr&dRyBwn of
the light-transmtting material. As a 15 consequence, the amount of gust
eni ssion is verytiseralght -wheneas tthegpwssibial t yhor oy & He Harddosme
chi pping, cracks on the nmaterial surface, and the |jke occurring also
beconmes verydmiw. Sanmce the |ighghtrapswerging neRetitl Vgl [ al5h§ t he
crack, the directional stability of cutting inproves,
light-transmitting material and its vicinity. Then, the
cuttingmeanscutsthelight—transmittingmaterialbygrowing
10 the crack formed only at the light-converging point within
the light-transmitting material and its vicinity, whereby
the light-transmitting material is reliably cut along the
crack formed by an optical damage or optical dielectric
breakdown of the light-transmitting material. As a
15 consequence, the amount of dust emission is very small,
whereas the possibility of dicing damages, chipping, cracks
on the material surface, and the like occurring also becomes
very low. Sincethelight—transmittingmaterialiscutalong
the crack, the directional stability of cutting improves,
20 so that cutting direction can be controlled easily. Also,
the dicing width can be made smaller than that attained in
the dicing with a diamond cutter, whereby the number of
light-transmitting materials cut out from one
light-transmitting material can be increased. As a result

25 of these, the present invention can cut the

light—transmittingmaterialquiteeasilyandappropriately.
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20 so that cutting direction can be controlled easily. Also, the dicing

wi dth can be nade smaller than that attained in the dici i I

. icing wth a apon
cutter, whereby the number of |ight-transmtting materialg cut 05{38%%?—00
one light-transmtting material can be increased. As a result 25 of these

the present invention can cut the light-transmtting materi i i
and appropriately. 128 FPOL-0144-00 Algso, in the appgr at ug :‘glr gﬂlttiengazl Y
light-transmtting material in accordance with this aspect of the, present

i nvention, dust-eniplbogipmitessphias thy fexicstttigg a héﬂhgatransmlttigg

| ubricating/cleaning water for preventing the dust-emtting 5 powders from
flying away imaReeeasariy, adwseipnae ywptiocebspngspest et r Bagi PEESERTt he
cutting step. In the apparatus for cutting a light-transmttin mat eri al
in accordanceiwvkhttibins aspeeemdftihg poedens hamjehtﬁ@rﬁtﬂsi%ghtaﬁen& ack
is formed by non-contact 10 processing with laser |ight ’probl ens of
durability of 1bbades.t 1 nigheileane ploacerent of meqyendyn akee Che trere bt ehe
dicing caused by dianond cutters will not occur as in the conventional
techni gues. Apsmdesisnteon hdyéngekaysis oered SBy YnoHsRYAeEY PEP5EESS g with
the laser light as nentioned above, the method 15 of cutting a

| i ght -t ransm tdaimdpenatearliigled Mradder Fat¢e N\ tHh€Prhi s aspect of the present

invention can cut the light-transnmitting naterial along a cutti t
which cuts out the In gite taprafates ngoFaEBEFAPSwht ﬂr&@th%c_dtﬁﬁlnésf“éllr%)%i%%ut telr Eg

t he same.

material in accordance with this aspect of the present
invention, since the crack is formed by non-contact

10 processingwithlaserlight,problemsofdurabilityofblades,
theirreplacementfrequency,andthelikelethedicingcaused
by diamond cutters will not occur as in the conventional
techniques. Also, since the crack is formed by non-contact
processingwiththelaserlightasn@ntionedabove,themethod

15 of cutting a light—transmittingnmterial in accordance with
this aspect of the present invention can cut the
light-transmitting material along a cutting pattern which
cutsoutthelight—transmittingnmterialwithoutcompletely
cutting the same.

20 Preferably, the cutting means has a pressing member
for applying a stress to the light-transmitting material.
When the cutting means has a pressing member for applying
a stress tothe light-transmittingmaterial as such, a stress
can be applied to the light-transmitting material by using

25 the pressing member, so as to grow a crack, whereby the

light-transmitting material can further reliably be cut at
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20 Preferably, the cutting neans has a pressing nenber for i
, LT appl ying a
stress to the light-transmtting material. Wen the cutting gga%s gas

pressi ng nenber for applying

a stress to the light-transmtting ﬁﬁpéfp§ﬂ4'00

as such, a stress can be applied to the light-transmtting material by
using 25 the pressing nenber, so as to grow a crack, whereby the
light-transmtting material can further reliably be cut at 129 FPQO -0144-00
the position of the crack formed. Preferably, the light-transmtting

material is op@e Waeseisurbacehesclackedowned.a plural it y of circuit

sections,

whereas the optical device converges the laser light such 5

t hat

the |ight-convergi ngrpekpbbls, poset Logkd-nrehsmithéngl mgheripandfi PPPng

mat eri al

part facing the gap forned between adjacent circuit sections.

Wth such a m@fs!egwlaia?wustﬂt&mdcghﬂthraambmali'ﬁgOrf-aft?émlaité&ﬁtrlé?lnisably
be cut at the position of the gap formed between adjacent 10 circu
sections. Prefwereadlas theeopplceal delevteecenreeggRstaskrsey ghtdPhyYUsR angl e
at which the circuit sections are not irradiated wth the |aser Iight
Wien the optiealatderecd igbnvecgesridiag Padai Hisg e SEy 1o esh §Iié Nt Wiviec
circuit sections are 15 not irradiated with the |aser light as such, jt can

pr event

the lasgrttmgitsnfi ttdmoemat¢nypt heastr d@ici nSectiong2Bnd P

h the

ct

the circuit sections against the laser light. Preferably, . the aﬁggratus

further conpritsesvedr ghtd et gi A§rpoiht MRATHEFeans f

10

15

20

25

Bt oy FHGt hé

configuration,thelight—transmittingmaterialcanreliably
be cut at the position of the gap formed between adjacent
circuit sections.

Preferably, the optical device converges laser light
by an angle at which the circuit sections are not irradiated
with the laser light. When the optical device converges the
laser light by an angle at which the circuit sections are
not irradiated with the laser light as such, it can prevent
thelaserlightfromenteringthecircuitsectionsandprotect
the circuit sections against the laser light.

Preferably, the apparatus further comprises
light-converging point moving means for moving the
light-converging point in a direction intersecting the
optical axis of laser light. When the apparatus further
comprises light-converging point moving means for moving
the light-converging point in a direction intersecting the
opticalaxisoflaserlightas:mxﬂL a crack can continuously
beformedalongthenmvingdirecthwlofthelight—converging

point, so that the directional stability of cutting further
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20 1 i ght- converging point in a direction intersecting the optical axis

of laser light. Wien the apparatus further conprises |ight-converging

poi nt noving nmeans for noving the light -converging point in a dF Y@kt b -00
intersecting the optical axis of laser light as such, a crack can
continuously 25 be formed along the noving direction of the

|l i ght-ccnverging point, so that the directional stability of cutting
further 130 FPO1-0144-00 inproves, whereby the direction of cutting can be
controlled fyrthare£aghk¥enlyfhe dibearpbe] o Acuhitid gexampleec @it 1 ¢d ked

enbodi nent Wil be explained. 5 In the third exanple and a fourth exanple

which will ber,explaided; J@ter, an object to be processed is irradiated
with |aser Iidﬁt such that” the direction of |inear polarization of

linearly polarized {@sefq | epextends along a line along which the object
is intended to be cut in the 10 object to be processed, whereby a nodified
region is formed i tthheObkespltownbehprsoesssaimens i lobhseegrpheenedn the
nodi fied spot formed with a single pulse of shot (i.e., a single pulse of

| aser irradiat ophe, thhedsiezampn et heddiar ehirh  esdrgmict nghktlongithePei ne
al ong which the object is intended 15 to be cut can be nmade relatively
| arge when thexpasenelii ghte2) bs puliset| asebel pghcesTad ipventreriphgd
confirmed it by an experinment. Conditions for the experinment are as
fol lows: (A) @bigctlisebe lnrgpressedh Pyhek gthes diafeqt {Haviodg 1inear
polarizationoflinearlypolarizedlaserlightextendsalong
a line along which the object is intended to be cut in the
10 object to be processed, whereby a modified region is formed
in the object to be processed. As a coOnsequence, in the
modified spot formed with a single pulse of shot (i.e., a
singlepulseoflaserirradiation),thesizeinthecﬁrection
extending along the line along which the object is intended
15 to be cut can be made relatively large when the laser light
is pulse laser light. The inventor has confirmed it by an
experiment. Conditions for the experiment are as follows:
(A) Objecttobeprocessed:Pyrexglasswafer(having
a thickness of 700 um and an outer diameter of 4 inches)
20 (B) Laser
Light source: semiconductor laser pumping
Nd:YAG laser
Wavelength: 1064 nm

Laser light spot cross-sectional area: 3.14 x

oo

25 107% cm

Oscillation mode: Q-switch pulse
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a thickness of 700 pmand an outer dianeter of 4 inches) (B) Laser Light
source: sem conductor |aser punping Nd:YAG |aser Wavel ength: 1064 nm Laser
light spot cross-sectional area: 3.14 x 25 10-8 cm Gscillation nbae1-0144-00
Qswitch pul se 131 FP01-0144-00 5 10 Repetition frequency: 100 kHz Pul se
width: 30 ns Qutput: output < 1 m)/pulse Laser light quality: TEMDO

Pol ari zation characteristic: linear polarization (C Light-converging |ens
Magni fication: x50 NA: 0.55 Transmittance with respect to |aser |ight

wavel ength: 60% (D) Mvi ng;speeti o freduericyg 1@bleHaounting the obj ect
to be processed: 100 nm sec Each of Sanples 1, 2, which was an object to be
processed, 15 was exposedcinsa widigh e pulse shot of pulse laser |ight while

the light-converging point is |located within the object to
Output: output < 1 mJ/pulse
Laser light quality: TEMoo
5 Polarization characteristic: linear
polarization
(C) Light~converging lens
Magnification: x50
NA: 0.55
10 Transmittance with respect to laser light
wavelength: 60%
(D) Moving speed of a mounting table mounting the
object to be processed: 100 mm/sec
Eachof Samples 1, 2, whichwasanobject tobeprocessed,
15 was exposed to a single pulse shot of pulse laser light while
the light-converging point is located within the object to
be processed, whereby a crack region caused by multiphoton
absorption is formed within the object to be processed.
Sample 1 was irradiated with linearly polarized pulse laser
20 light, whereas Sample 2 was irradiated with circularly
polarized pulse laser light.
Fig. 33 is a view showing a photograph of Sample 1 in
plan, whereas Fig. 34 is a view showing a photograph of Sample
2 in plan. These planes are an entrance face 209 of pulse

25 laser light. LettersLPandCPschematicallyindicatelinear

polarizationandcircularpolarization,respectively. Fig.
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be processed, whereby a crack region caused by nultiphoton absorptionis

formed within the object to be processed Sa i i i
( . . nple 1 was irrad
linearly polarized pul se |laser 20 |light, whereas Sanple 2 maslﬁﬁfg%¥%%6%ﬁ4—oo

with circularly polarized pulse laser light. Fi i i i
phot ograph of Sanple 1 in plan, whereas gig. 34gi532 L?ea/ghg&;ﬁgognng :
photograph of Sanple 2 in plan. These planes are an entrance face 209 of
pul se 25 laserlight. Letters LP and CP schematically indicate Iine
ggl ?;I gat/: g\rllv ggﬁifla{@%\?lrsd@@lmh izatlilgnshoespect CYesy. S§Fion 93 %@&%%144- 00

: matically showi ng a cross section of i
Elhgvvl ﬁg ;alé(ra(r;%aé}ﬁ)&g?ftihe ﬁi:cgngBX)@@/kéﬁOé\lon@ ghe%inﬁs?g@(‘aa)g‘&\gchéﬁa?%gl : 9

S section o anple 1 shown in Fig. 3 i

OO 00T Bece agke SepenBOL 6ol pratudhaid 1A 5551 565 MaPep L2 38™ AT ch | o
the object to be processed. In the case where pulse laser light is
linearly pol ardw&eh linghig. 89 sabwmaﬂ@h@f@beQSJNtﬁéxgﬂzéX%YIcrQkﬁrgﬁgt 90
formed by a single pulse shot is relatively large in the 10 directio
al i gni By wi t hsple 9 riectboneomilthiear gpesarizaes oi.l WIrhFR 1?n‘§?%8§é§°?hat
Eﬂe form ng of the crack spot 90 is accelerated in this direction. \Wen

e pul se | aseb Heghtrodessad.cul arly pol arized |light, by contrast, the size

of the <crack spot 90 forned by a sin i
( 90 gl e pul se shot I
greater in any specilhi ctloké r eeBpoWEsSs ?nlﬁﬁﬁ?1§ggé%gggsi§§%g?l%ﬁe

erack spot 99 plorZ]Latrhiezedc; rl?igthltc,maglsilogalnngntlihieg .na;i)éi,nyg]e size of crack spot
90 formed by a single pulse shot is relatively large in the
10 directionaligningwiththedirection of linearpolarization.
‘This indicates that the forming of the crack spot 90 is
accelerated in this direction. When the pulse laser light
is circularly polarized light, by contrast, the size of the
crack spot 90 formed by a single pulse shot will not become
15 greater in any specific direction as shown in Fig. 36. The
size of the crack spot 90 in the direction yielding the maximum
length is greater in Sample 1 than in Sample 2.
The fact that a crack region extending along a line
along which the object is intended to . be cut can be formed
20 efficiently will be explained from these results of
experiment. Figs. 37 and 38 are plan views of crack regions
each formed along a line along which the object is intended
to be cut in an object to be processed. A number of crack
spots 90, each formed by a single pulse shot, are formed
25 along a line along which the object is intended to be cut

5, whereby a crack region 9 extending along the line along
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| ength is greater in Sanple 1 than in Sanple 2. The fact that a crack

regi on extending along a line along which the object is i
J ¢ is intend =
can be forned 20 efficiently will be expl ai ned f{on1these reguffgﬁggbﬁlﬁyloo

experinment. Figs. 37 and 38 are plan views of crack regi
_ _ _ Vi egions each f
ggoggogegggg aL?28n§2|Chfthe oEject is intended to begcut in an obf;gfdto
. r of crac spots 90, each fornmed by a single
shot, are forned 25 along a |ine along which the object ?s integdgdpggsge
39-

cut 5, wherehy;anckaekopggieni8 extendedgtalangithe I mSity
_ : Hishe o
FP01-0144-00 which the object is intended to begZUt 51is forned.lF

gngﬁstagf ngggi%gg?gnt%gg@Fﬁeﬁ:u@@ﬁomrBadbamﬁdnuwpphirﬁéﬁéétP8§eWi?Pgh§7

_ _ ection o i near polarization of pulse | i i

g@thcﬁggklggggghgﬁg 5ag@tfrﬂi@ha;obwemt tBatnﬂéﬁdedigécBéoeﬁig H#%ngglhgﬂz
_ ( is accelerated along the direction of th I

whi ch the obj ged1drs dattiended ol dxe legersl igepébgnene: v t%H%zL:lLfr’]% %JZO:” nigvel y

large in this direction. Therefore, the <c i i
: _ : , rack region 9 t
l i ne alpng whigh drhe: rbjocite kO diss iinmeed@édtpobBngEtF’S éxﬁa ggodl!ﬁ%rq}?glﬂﬁgg ;he

smal | er nunber of shots. On the other hand, F
_ shot s. , Fig. 38 sh i
S o e upon dasndpotkens it e pab e ook a8 iUk eLrs Meh TrERE e | on

of linear polarization of pulse |aser light |
_ _ i's t '
al ong whi ch t hel @bj etti chst hetedided 15 J'thﬁg%’éie@u*fo -re g}?ﬁgé;alfdﬁtg%g%}et% ﬂgr ack

spot 90 in the direction of the |ine al i - -
on -
be cut size is relatively large in th:lgs 1|r(';er(]:tti%% .ObJT%%E:e'f%rleDt@FQEd to

crackregimq9extendingalongthelinealongwhichtheobject
10 is intended to be cut 5 can be formed by a smaller number
of shots. On the other hand, Fig. 38 shows the crack region
9 formed upon irradiation with pulse laser light such that
the direction of linear polarization of pulse laser light
is orthogonal to the line along which the object is intended
15 to be cut 5. Since the size of crack spot 90 in the direction
of the line along which the object is intended to be cut
5isrelativelysmall,thenumberofshotsrequiredforforming
the crack region 9 becomes greater than that in the case
of Fig. 37. Therefore, the method of forming a crack region
20 in accordance with this embodiment shown in Fig. 37 can form
the crack region more efficiently than the method shown in
Fig. 38 does.
Also, since pulse laser light is irradiated while the
direction of linear polarization of pulse laser light is
25 orthogonal to the line along which the object is intended

to be cut 5, the forming of the crack spot 90 formed at the
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Sisrelatively small, the nunber of shots required for formn

region 9 becones greater than that in the casg of Fig. 37. Thgre$2$ecraﬁk

met hod of formng a crack region 20 in accordance with this enbodiﬁ§99'61?4'oo
shown in Fig. 37 can form the crack region nore efficiently than the

nmet hod shown in Fig. 38 does. Also, since pulse laser light is irradiated
while the direction of |inear polarization of pulse laser light is 25
orthogonal to the line along which the object is intended to be cut 5, the

form ng of thesgpack spet18@aterntd take bheth 3 FEROL-OL44-100= o psong
accelerated in the wdth direction of the Iine along which the object is

“intended to be,gutnScndhssRf@r a.s Wherndebetoriaekowpdt. 90hexednds i Khehe
width direction of the line along which the object is intended to be cut 5
too nuch, 5 thenehiesik lspdtespracessid icatnetwipitdcdsekytbencet tHoA§Net he
| i ne al ong which the object is intended to be cut 5. By contrast, the
crack spot 90 hoepgdwatchhehshobjdoesinointertieddtaubh FHtdPr &6Pi BHShot her
than the direction aligning wth the line along which the object is
i ntended to betgut obgebti not he pedhedsed aecordansecwsehyt Res CBibddPRENt
shown in Fig. 37, whereby the object to be processed can be cut
preci sely. Thowgk makienglbheg shiehi nhe pbdesterfi AB§eareEctroRe Fétabivel y
| arge anong the sizes of a nodified region has 15 been explained in the

as

case of |inear pyokankzattoniheheraszesan & iferaer ptithd PHarkdsd Mo
wel | . Nanmely, as shown
extend much in directions other than the direction aligning

with the line along which the object is intended to be cut

10 5 in the method in accordance with this embodiment shown

in Fig. 37, whereby the object to be processed can be cut
precisely.

Though making the size in a predetermined direction

relatively large among the sizes of a modified region has

15 been explained in the case of linear polarization, the same

holds in elliptical polarization as well. Namely, as shown

in Fig. 39, the forming of the crack spot 90 is accelerated

in the direction of fnajor axis b of an ellipse representing

~elliptical polarization EP of laser light, whereby the crack

20 spot 90 having a relatively large size along this direction

can be formed. Hence, when a crack region is formed such

that themajor axisof anellipse indicative of theelliptical

polarization of laser elliptically polarized with an

ellipticity of other thanl aligns with a line along which

25 the object is intended to be cut in the object to be processed,

effects similar to those in the case of linear polarization
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in Fig. 39, the formng of the crack spot 90 is accelerated in the

direction of major axis b of an ellipse representing elliptical

pol ari zati on EP of laser |ight, whereby the crack 20 spot 90 havin@P%1'0144"00
relatively large size along this direction can be formed. Hence, when a
crack region is fornmed such that the major axis of an ellipse indicative

of the elliptical polarization of |laser elliptically polarized with an
ellipticity of other than 1 aligns with a Iine along which 25 the object is

intended to beygutyi N Hdre Ohjrecle1tla phe qirtgecessed L f eheetesgshnPfaPin®r t hose
in the case of linear polarization 135 FPO1-0144-00 occur. Here, the

el lipticity is;hakfathe 4 emgt Denft i cbmamd sxashal f Ahéheepdl hPbi CHaY or
axis b. As the ellipticity is smaller, the size of the crack spot 90 al ong
the direction j@fsymir axhe & eednsse greatkespot i9eal PHagdiadi Z8aLIPYNt 5
is elliptically polarized light wwth an ellipticity of zero. GCrcularly
pol ari zed |ighpsisapbt aisnadvibescnbe eréaper ci thindasly, PrRicdh 268nRd8" Hrake
the size of the crack region relatively large in a predeterm ned
directign. Therefdreipthisllyepbddrirent! Hopst ROthetOAPpaBS IEAE YRk ECHRer e
the ellipticity 10 is 1. Though neking the size in a predeterm ned,
direction rel atireahyrigrgel anbned thehsi zeshife iaasdhendd’ ¢ E¢ileRTAES *Ybeen
explained in the case of a crack region, the same holds in nolten
processed regi 98BSl andi ceracbiwes it sdirangl the Tadioneo e, wertrt1XEL Y
t hough pul se laser light is explained, the sane holds in co tinuo%%.mave
| aser |ight asleelge. Thea predetermined direction. Theretore, is
embodimentdoesnotencompassthecasewherethee&lipticity
10 is 1.

Though making the size in a predetermined direction
relatively large among the sizes of a modified region has
been explained in the case of a crack region, the same holds
in molten processed regions and refractive index change

15 regionsaswell. Also,thoughpulselaserlightisexplained,
the same holds in continuous wave laser light as well. The
foregoingalsoholdinafourthexamplewhichwillbeexplained
later.

The laser processing apparatus in accordance with the

20 thirdexampleofthisembodimentwillnowbeexplained. Fig.
40jjsaschematicdiagrmnofthislaserprocessingapparatus.
The laser processing apparatus 200 will be explained mainly
in terms of its differences from the laser processing
apparatus 100 in accordance with the first example shown

25 in Fig. 14. The laser processing apparatus 200 comprises

an ellipticity regulator 201 for adjusting the ellipticity
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foregoing also hold in a fourth exanple which will be explain

| aser processing apparatus in accordance with the 20 th!ord eggrrp: Zt g; . t-rll-ihg
enbodi ment wi Il now be explained. Fig. 40 is a schematic diagram FPGYiL44-00
| aser processing apparatus. The |aser processing apparatus 200 will be
explained mainly in terms of its differences fromthe |aser processing
apparatus 100 in accordance with the first exanple shown 25 in Fig. 14. The

| aser processing apparatus 200 conprises an ellipticity regul ator 201 for

adj usting the gl LiptiGiLy ;1360 FPQlsH144 ot aed Zatd oy
_ J LY 1 5360 of epdt e d Zatdros bésénslerght ght L
emtted from a% Eser ight source lol,ggﬁd a 90 rotation regul ator 20% for

adj usting the ynotalih@R ohnROkagd Zaldtait iain tregullaser RDGhfo justel
ng tl , t a&justedg f
the ellipticity regulator 201 by about 90. 5 The ellipt igci ty regul ator r28r1n

i ncl udes a quarnier, Wams oAt @307 ishewnn piFige 4iseFhkigark esmitaiasd
. cl . . @m |
207 can adjust the ellipticity of elliptically polarizedqli ht by prate

changing the £ Ofe dTECH DG Negiel ytonh2dl | bghebant h30T

pol ari zation ifly'% s made i ncfiB dentt%)n t he zuarter vva\%e 1%wt)lhat el ggz;r t he
transmdted light atfad Rgielhiiptitgateqpbdact 24l oncERdRBth qszamtéa’e‘f%‘f% ned
ellipticity. The angle of direction is an angle formed between the najor
axis of the eliipse@Endnche Xnarig. 4s nEhei gnedtabovaye Lkthél’ Gither
than 1 is enployed as the ellipticity in this enbodinent. 15 The

ellipticity r_ew?@g@rtﬁéne_rﬁrpMy hef pdllanitZarildy oplariges E;L@mt by
beconme el liptically polarized |ight EP having
changing the angle of direction 8. Namely, when light with
linear polarization LP is made incident on the guarter wave
10 plate 207, the transmitted 1light attains elliptical
polarizationEPwitha predetermined ellipticity. Theangle
of direction is an angle formed between the major axis of
the ellipse and the X axis. As mentioned above, a number
otherthanlisemployedastheellipticity inthisembodiment.
15 The ellipticity regulator 201 can make the polarization of
laser light L become elliptically polarized light EP having
adesirableellipticity. Theellipticity isadjustedinview
of the thickness and material of the object to be processed
1, and the like.
20 When irradiating the object tobe processed lwithlaser
light L having linear polarization LP, the laser light L
emitted fromthe laser light source 101 is linearly polarized
light LP, whereby the ellipticity regulator 201 adjusts the
angle of direction 6 of the quarter wave plate 207 such that

25 the laser light L passes through the quarter wave plate while

being the linearly polarized light LP. Also, the laser light
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a desirable ellipticity. The ellipticity i j i i
( ( : y is adjusted in view of th
t hi ckness and nmaterial of the object to be processed 1, and the IiEe.

When irradiating the object to be processed | with |aser

0
light L FRAATRA44-00

| i near polarization LP, the laser light L emtted from i
source 101 is linearly polarized Iight LP, whereby tﬁe ;PFiLﬁfg{tglght
regul ator 201 adjusts the angle of direction e of the quarter wave plate
ag7lsucg that 25 the laser |ight L passes through the quarter wave plate
ile being the,lioearl ympekarizedrliyghtld R zed dasathé iighsek, IhfHiEPy37
FPOL- 0144-00 source 101 emts linearly polarized [aser Iight L, whereby
the elliptici tﬁ/hé%Qlﬂi%tt_(iti%(}lré@uU@ﬂ@ﬁ@@ﬁaﬁy unhereasiay Y asen onilyghits e

| i near polarization L

is utilized for irradiating the object to be

processed withy|aseror B1KBEr o1t atdviom equl atwri 12034 forubiess & 3Hat 19 wave

pl ate 205 as shown in Fig. 42. The half wave plate 205 is

a wavel ength

plate for mekipgepohbackzatbopeoptbogenatl #bthlimearly pol arized incident

light. Nanely, when Tinearly polarized |i i
_ _ , W near ght LP1 with an angl e_of
directign of 45 is 1fnhéneo Yardtomni dherdwalfatwav @ 03 dne 1208 s ﬁghaé%‘rﬁ‘)‘f%

transmtted

| i ght beconmes linearly polarized |ight LP2 rotat i
respect to’'theplpekdens as ghtowrPLin Wign AdtatThey ave ‘Wearpi%fggi %590 hser

light L emitted fromthe ellipticity regulator 201 by 900, the 90

rotation regul at gav20angper pleselfozsomasine pPAB&iEAEIRAI PTHAGECOPP At B°

_ i : t§°20
onto the optical axis of laser light L. Wen not rotating.the Elar' at?on
of | aser linearly polarized incident light. Naméﬁy, hen l?neari§

10

15

20

25

polarized light LP; with an angle of direction of 45° is
incidentonthehalfwaveplateZOS,forexample,transmitted
light becomes linearly polarized light LP, rotated by 90°
with respect to the incident light LP;. When rotating the
polarization of laser light L emitted from the ellipticity
regulator201by90°,the90°rotationregulator2030perates
so as to place the half wave plate 205 onto the optical axis
of laser 1ight L. When not rotating the polarizationof laser
light L emitted from the ellipticity regulator 201, the 90°
rotation regulator 203 operates so as to place the half wave
plate 205 outside the optical path of laser light L (i.e.,
at a site where the laser light L does not pass through the
half wave plate 205).
Thedichroicmirror103isdisposedsuchthatthe1aser
light L whose rotation of polarization is regulated by 90°
or not by the 90° rotation regulator 203 is incident thereon
and that the direction of optical axis of laser light L is

changedby 90°. Thelaserprocessingapparatus200comprises
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light L emtted fromthe ellipticity regulator 201, the 90 i

regul ator 203 operates so as to place the half mavé pl ate Zggtghig?de
optical path of laser light L (i.e., 20 at a site where the IaserFF?bﬁgigf—oo
does not pass through the half wave plate 205). The dichroic mrror 103 is
di sposed such that the laser |ight L whose rotation of polarization is

regul ated by 90 or not by the 90 rotation regulator 203 is incident

thereon 25 and that the direction of optical axis of laser light L is

changed by90. ,The, | As ek 2BLOLES SoRgr GEPAITEd t1he200Y Eampe '
( | ; ei g4 NEIBOEPHIN -
a 0-axis stage 213 for rotating the X-Y plane of thgmnnunting tablégigé %0

about the thickpegs @ir ggbenthe theckhy ; '
| peet dipechéopr ofetbedorieThet
controller 115 regulates not only the novenent of Etages 109, 11?? ?Egge

but al so the ppuerentssédal. strgeta .cWthot kéerldriceegnl ngpo

the | aser processing nmethod in acc%?hance with the thi?dgigiﬁgﬁg %futﬁﬁé
eﬂbodl ment  Wihle neveRenexpt aitaeds Fog, MGl $18,f bochese Hhér MeXSIMElrhi ng
this |aser processing method. The object to be processed 10 1 is a silicon
waf er. St eps gk0Lit@eSkillz.are the same as those of the first exanple shown
in Fig. 15. The ellipticity regulator 201 adjusts the ellipticity .of |aser
light L having |ineantpotefézaidonoli gam £ 0 e o 4 3mtNenka $@% BF AGEGHt "Jour ce
101 (S121) . The laser light L having 15 elliptical polarization, EP %jth a

gﬁzlr{:lrol e el | igettireid yn eaborbenobtditidch ehb AT € lea aawdiee® HED dF FIROGHSE Yof t he

will now be explained. Fig. 43isa flowchart for explaining
this laser processing method. The object to be processed
10 1 is a silicon wafer. Steps S101 to S111 are the same as
those of the first example shown in Fig. 15.
Theellipticityregulator201adjuststheellipticity
of laser light L having linear polarization LP emitted from
the laser light source 101 (5121). The laser light L having
15 ellipticalpolarizationEPvﬁijladesirableellipticitycan
be obtained when the angle of direction @ of the quarter
wave plate is changed in the ellipticity regulator 201.
First,forprocessingtheobjecttobeprocessed1along
theY—axisdirection,themajoraxis<ﬂfanellipseindicative
20 oftheellipticalpolarizationEPoflaserlightIJisadjusted
so as to coincide with the direction of the line along which
the object is intended to be cut 5 extending in the Y-axis
direction of the object to be processed 1 (S123). This is
achieved by rotating the 6-axis stage 213. Therefore, the
25 p-axis stage 213 functions as major axis adjusting means

or linear polarization adjusting means.
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wave plate is changed in the ellipticity regulator 201. F

processing the object to be processed 1yalogg the Y-axis gfﬁéczﬁgn t
maj or axis of an ellipse indicative 20 of the elliptical poIarizEfQ%ﬁ
of laser light L is adjusted so as to coincide with the direction of the
line along which the object is intended to be cut 5 extending in the
Y-axis direction of the object to be processed 1 (S123). This is ach
by rotating the 0-axis stage 213. Therefore, the 25 O-axis stage 213
functions as mjor @y pradbysthga eansecol dianenthpdaniizadiercabfust i ng
means. 139 FPO1-0144-00 For processing the object 1 along the Y-axis

di recti on,

tige D o obaki obnregyledosr 203 carries it addpesmeest Wikt ieh

does not rotate the polarization of laser light L (S125). Nanel

it
operates so agot9 mbaceotde hald puve iplstion of Sashe busstde &)ﬁ?iﬁlle-
optical path of laser light L. The laser light source 101 generates |a
light L, \/\hemg]a,é%;,heitldspeﬁémtg sdniach tiche letgee&hei bailfit WAdEdPLBTtEetOc

extending in the

axis direction in the surface 3 of the object to b

5‘%:4—00

i eved

ser
ut 5
e

processed 1 ishirbadbatiedoti thet hptiaserpadhl pghiaperFlgohialis a pl i

_ _ t bpt . an vie

of the object 1. The object 1 is irradiated with the Igser Ibghg E suchI "
PALi

that the major axishénthsatilviglf sheraed 11 Qs g e ralteisp e &
EP ¢ | i ght extends along the rightnost |ine alon whi ch
i s intended tehbeeest tbei hibhea bbpecthich IHeiGhdetthe S| 3

laser light L is positioned within the obj
processed regcoms5 extending in the Y-axis direct?onbkgcghl’ nDlt%@ 3

EP of | aser

poi nt P of
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e’ surfa

of the object to be processed 1 is irradiated with the laser
light L. Fig. 44 is a plan view of the object 1. The object
1 is irradiated with the laser light L such that the major
axis indicative of the ellipse of elliptical polarization
EP of laser light extends along the rightmost line along
which the object is intended to be cut 5 in the object 1.
Since the light-converging point P of laser light L is
positioned within the object 1, molten processed regions
are formed only within the object 1. The Y-axis stage 111
is moved along the line along which the object is intended
to be cut 5, so as to form a molten processed region within
the object to be processed 1 along the line along which the
object is intended to be cut 5.

Then, the X-axis stage 109 is moved, so as to irradiate
the neighboring line along which the object is intended to
be cut 5 with laser light L, and a molten processed region
is formed within the object 1 along the neighboring line

along which the object is intended to be cut 5 in a manner
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are formed only within the object 1. The Y-axis stage 111
the line along which the object is intended to be cut 5 so as to form

is noved al ong

nol ten processed region within 20 the object to be 1 fA—OO
_ _ \ n 2( processed 1 al bBRGLTHE
line along which the object is intended to be cut 5. Then, the X—a%is

stage 109 is noved, so as to irradiate the neighboring Iine along which
is intended to be cut 5 with laser light L, and a nolten
processed region 25 is formed within the object 1 along the nei ghboring

t he obj ect

line along whghihecobiachehsibneantedd.0 Bg mapea iny vhkdin@gnohuer

FPOL- 0144-00 simlar to that nmentioned above. By repeating this, anolten
i o thé nEdheedbpechin Bhengbieet 1iabengothRe cut 5
Fig. 45 shows the case where the

processed regPhcéSséQr
successively fromthe right side (S127)

object 1 is it{pdsatebarich 5 shecéssevelyghiton theviraghti aéde polafl zation.

Nanely, the

object 1 is irradiated with laser light such that the

direction ofgplgnems spekartzaidsare kReot theabidacghl exdengsdiatsdghih ||

- ° - - - |
al ong which the object is intended to be cut 5 in the object 1ﬁb10 hbxtlne
t he 905r ot at | PRe r Egs At1GIgh0B opeiay ebi so: aPotay i aiden -he NREEL YnabBe pl ate

205 (Fig. 42) onto the optical axis of laser light L. This carries out

adj ust ment  f osbj et atingrthei potdwizatliesend i ghtepchitgiat Eie #LE8CEE Bt t he
ellipticity regulator 219 by 900 (S219). 15 Subsqg%ently, the | aser |ight

101 gener at esofasenekt ghiladizathieredd pielppAs hi

i ntended to

10

15

20

25

line along which the object is intended to be cut 5 in the
object 1.

Next, the 90° rotation regulator 203 operates so as
to place the half wave plate 205 (Fig. 42) onto the optical
axis of laser light L. This carries out adjustment for
rotating the polarization of laser light emitted from the
ellipticity regulator 219 by 90° (S219).

Subsequently,thelaserlight101generateslaserlight
L, whereas the line along which the object is intended to
be cut extending in the X-axis direction of the surface 3
of the object 1 is irradiated with the laser light L. Fig.
46 is a plan view of the object 1. The object 1 is irradiated
with the laser light L such that the direction of the major
axis<xfanellipseindicative<xftheellipticalpolarization
EPofJaserlightlaextendsalongthelowest1inealongwhich
the object is intended to be cut 5 extending in the X-axis
direction of the object 1. Since the light-converging point
P of laser light L is positioned within the object 1, molten

processed regions are formed only within the object 1. The
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be cut extending in the X-axis direction of the surface 3 of the object 1
is irradiated with the laser light L. Fig. 46 is a plan view of the object
1. The object 1 is irradiated 20 with the laser light L such thatF?ﬂé‘O£44'oo
direction of the major axis of an ellipse indicative of the elliptical
polarization EP of laser light L extends along the |owest |ine along which
the object is intended to be cut 5 extending in the X-axis direction of

the object 1. Since the light-converging point 25 P of |laser light L is

posi tioned wighjn;therghiecdoli smabvea apongessedliegi ahsnarehiohnede only
within the object 1. The 141 FPOL-0144-00 X-axis stage 109 is noved al ong

the Iine al ongpybkeh & herenib@eb bscubtiensedstto bermwatm®l t SVPASCEHSEBr M
nolten processed region within the object 1 extending along the line along

whi ch the obj eghibs WpteDFedhé coppecutl Fexterthon aleoy-the diseageors
nmoved, such that the inmmediately upper |ine along which the object is
intended to RrieHt thei sbjecadiat edtrentkdt he basentl iSght L, whereby a
nol ten processed region is formed within the object 1 alon the line al ong
whi ch the object isThehendgtk t ¥-beisutstiagen 16 anaregrher Ssichi | @rat otPRat
nmentioned above. By repeating this, respective nolten processed regions
are formed w thinedtibeelgbppperllahenglohe WhﬁﬁhﬂﬁhﬁﬂOhjﬁﬁ%;%ﬁai@éeédgd
successively fromthe |lower side (S131). Fig. 47 shows the case where the
object 1 is iroapeated ith thesdaseedlwiih thhaddsry HPNG fearPeredy
pol ari zation LP. Then, the object 1 is bent along the |ines to ?e cut
amolten processed region is formedwi hin the object I along
the line along which the object is intended to be cut 5 in

10 amanner similar to that mentioned above. By repeating this,
respective molten processed regions are formed within the
object 1 along the individual lines to be cut successively
from the lower side (S131). Fig. 47 shows the case where
the object 1 is irradiated with the laser light L having

15 linear polarization LP.

Then, the object 1 is bent along the lines to be cut
5, whereby the object 1iscut (S133). This divides theobject
1 into silicon chips.

Effects of the third example will be explained.

20 According to the third example, the object 1 is irradiated
with pulse laser light L such that the direction of themajor
axis of anellipse indicative of the elliptical polarization
EP of pulse laser light L extends along the lines to be cut
5 as shown in Figs. 44 and 46. As a consequence, the size

25 of crack spots in the direction of lines to be cut 5 becomes

relativelylarge, wherebycrackregions extendingalonglines
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S5, whereby the object 1 is cut (S133) . This divides the object 1 into
silicon chips. Effects of the third exanple will be explained. 20

According to the third exanple, the object 1 is irradiated with paP3g0144-00
laser light L such that the direction of the major axis of an ellipse
indicative of the elliptical polarization EP of pulse laser light L

extends along the lines to be cut 5 as shown in Figs. 44 and 46. As a
consequence, the size 25 of crack spots in the direction of lines to be cut

5 becones re}gthyelyt l@MOBe Whemnebybgrackma By omsamdearendi aiosbongThe nes
142 FPOL-0144-00 to be cut can be forned by a smaller nunbe? of s%ots. The

third exanpl e;gapdesfimbpatdan for i crackl y egimnsrasksuehionshas defhg abl e
to inprove the processing speed of the object 1. Also, the crack spot
formed at thetghethedorsabdE wxirpdobeithedprecesohsgaiteed ohdme pelEFt ect i on
aligning with the 10 I'ine along which the object is intended to be cut 5,
whereby the obj exisd, aar beacut spoecicsied @tonbet fleot ideeahetigeWhFRA  t he
object is intended to be cut 5. These results are simlar to those of the
fourth59xa”p|QnmhﬁﬁbcﬁﬁbhsbephéplahaadthatdirecFFQUr@hiE&éﬁg|g}tmhéhgourth
exanpl e of this enbodinment will be explained mainly internms of its
differences frometdEondivhd cexahpl@jedi g.s 48tesdadschbretie i HhPERPYf this
| aser processing apparatus 300. Among the constituents of the laser 15
processi ng appaeathbsed00, cehdse dudentecasely g thgehire along which
the object is intended tobe cut 5. These results are similar
to those of the fourth example which will be explained later.
10 [Fourth Example]
The fourth example of this embodiment will be explained
mainly in terms of its differences from the third example.
Fig. 48 is a schematic diagram of this laser processing
apparatus 300. Among the constituents of the laser
15 processing apparatus 300, those identical to constituents
of the laser processing apparatus 200 in accordance with
the third example shown in Fig. 40 will be referred to with
numerals identical thereto without repeating their
overlapping explanations.
20 Thelaserprocessingapparatus300isnotequippedwith
the 90° rotation regulator 203 of the thirdexample. A B-axis
stage 213 can rotate the X-Y plane of a mounting table 107
about the thickness direction of the object to be processed
1. This makes the polarization of laser light L emitted from

25 the ellipticity regulator 201 relatively rotate by 90°.

The laser processing method in accordance with the
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of the |laser processing apparatus 200 in accordance with the third exanple
showmn in Fig. 40 will be referred to with nunerals identical therefo

wi thout repeating their overlapping explanations. 20 The |aser pF%Q%E%?%@”OO
apparatus 300 is not equipped with the 90 rotation regulator 203 of the
third exanple. A 8-axis stage 213 can rotate the X-Y plane of a nounting
table 107 about the thickness direction of the object to be processed 1
This makes the polarization of laser light L emtted from25 the '
ellipticity regukehorexd@bleel afi veliys r emabdibyn®0.wiThe bease¥Pp? Heelsi ng
nmethod in accordance with the 143 FPO -0144-00 fourth exanple of this
embodi ment Wi dpe bet exph aifedep SPET abi snsp GT1 51 ép 13191 256 rsPEPCEIDTNG n t he

| aser processing nethod in accordance with the third exanple shown in Fig.
43 are carri efle@Hbdi tn tdecd ndutde exiarpltheas higld exERels sperat iBnfHd -
subsequent step S125 is not carried out, since the fourth exanple_ is not
equi pped w t h4ghar@0'caratiad amt regutheof o203 APtaEP g epS 19281 - t hehe
operation of step S127 is carried out. The operations carried out so far
process the obpecttidf df asbskeawmentnsFey. SUL ile BORerAEF 129 AUtar SEBCEhat in
the third exanple. Thereafter, the stage controller 115 regulates the

G axi s stage 2h8 $ouasht expwpaeeiist npy QGUiPP¢HeWP6PaFF8n9§f FRE2HIER s
stage 213 rotates the object 1 by 90" in the X-Y plane. Consequently, as

shomndin Fi g. r4gnlabsorrh@Odmj or axis of elliptical polarization EP can be
cause
After step $123, the operation of step S127 is carried

out. The operations carried out so far process the object

10 1 as shown in Fig. 44 in a manner similar to that in the
third example. Thereafter, the stage controller 115
regulates the 6-axis stage 213 so as to rotate it by 90°.
The rotation of the 6-axis stage 213 rotates the object 1
by 90° in the X-Y plane. Consequently, as shown in Fig. 49,

15 the major axis of elliptical polarization EP can be caused
to align with a line along which the object is intended to
becutintersectingthelinealongwhichtheobjectisintended
to be cut 5 having already completed the modified region
forming step.

20 Then, like step $127, the object 1 is irradiated with
thelaserlight,wherebymoltenprocessedregionsareformed
within the object to be processed 1 along lines to be cut
5 successively from the right side. Finally, as with step
5133, the object 1 is cut, whereby the object 1 is divided

25 into silicon chips.

The third and fourth examples of this embodiment
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to align with a line along which the obj is i
_ \ _ ( ject is intended to be cut
intersecting the [ine along which the object is intended to be cut 5
having al ready conpleted the nodified region formng step. 20 ThEROTT9 %A -00
step S127, the object 1 is irradiated with the laser [|ight, mhereb& nol t en
processed regions are f crmed within the object to be processed | along
lines to be cut 5 successively fromthe right side. Finall i
ones 12 o . . | de. nally, as with step
133, e object 1 is cut, whereby the object 1 is divided 25 into silicon
chips. The t hifgh anded aur & he ebtaragceimopt el hits bbei Fremeing e Tppesi B494- 00
explained in the foregoing relate to the formng of nodified regions by
mul ti phot on apsgi&hs 0By hbm@yphotbheabsespnioninv@@w¢wmmnayh%uﬁr?ﬁ%n%bject
to be processed by irradiating it with laser light while locating its
li ght - conver gi Age ROL BH rfa wicihi thé hebjhjteco lse rsoaas srek &Vt hér@rﬁjlégilé% s
direction of an ellipse indicative of elliptical polarization extend
al ong a I|ne.@t@ﬁgm@@@@m&hgh@@hﬂﬂelscaniegdééliﬂhﬁ?QﬁRVGQQiQ%@OE%PeCt
wi t hout form ng nodified regions caused by nmultiphoton absorption, This
can al so cut {henohj ent abgagtllot he tbnma&thbemhﬁ&ﬁrtﬂéiébFéEFCFéon
intended to be cut efficiently. [Fifth Exanple] In a fifth exanple of this
enbodi ment  andfsintdllantse seviersh igzanpl ekl ey @t POMRTC MiG" 5&ERPI ai ned
| ater, 15 sizes of nodified spots are controlled by re %J%}ing t he
along a line along which the object is inté% ed to be cut
in the object without forming modified regions caused by
multiphoton absorption. This can also cut the object along
10 the line along which the object is intended to be cut
efficiently.
[Fifth Example]
In a fifth example of this embodiment and sixth and
seventh examples thereof, which will be explained later,
15 sizes of modified spots are controlled by regulating the
magnitude of power of pulse laser light and the size of
numerical aperture of an optical system including a
light-converging lens. The modified spot refers to a
modified part formed by a single pulse shot of pulse laser
20 light (i.e., one pulse laser irradiation), whereas an
assembly of modified spots forms a modified region. The
necessity to control the sizes of modified spots will be
explained with respect to crack spots by way of example.
When a crack spot is too large, the accuracy of cutting
25 an object to be cut along a line along which the object is

intended to be cut decreases, and the flatness of the cross
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magni tude of power of pulse laser light and the size of nuneric

of an optical systemincluding a Iight-converging lens. The nDd?figge;tg{e
refers to a nodified part formed by a single pulse shot of pul seFP@kel 400
light (i.e., one pulse laser irradiation), whereas an assenbly of nodified
spots forms a nodified region. The necessity to control the sizes of

nodi fied spots will be explained with respect to crack spots by way of
exanpl e. Wien a crack spot is too |arge, the accuracy of cutting 25 an

obj ect to be §éﬁ%§élﬁ)agt@rﬁbﬂﬁt@|50ngl"ﬁ\bé wh 10 he eRpeained wiitht enttenee be cut
decreases, and the flatness of the cross 145 FPOl-0144-00 section

deteriorates.Jhi i | ai it . .
. . td sy 190 ke @spl aFngd 9 tis refarence evt ofFe sob5ect ot &5.
Fig. 50 is a d%an view of an object to be processed 1 in ?he case where

crack spots age §psEBSschielatinvehy loarsge by resiog dhespatsera e otessed
method in 5 accordance with this enbodinent. Fig. 51 is a sé?iional v?ew

taken along LiziLltpReifeldtge @yOﬁgim@ithethasebjEEQCESSingemﬁé@Odtbnbe cut
5in Fig. 50. Figs. 52, 53, and 54 are sectional views taken along |ines

LIT-LI4, LITTabkbldaiBd WitV thVs eatobdgenal. tBighélline s i EheYhe
object is intended 10 to be cut 5 in Fig. 50, respectively. As can be seen
from these deawenasonghe -devbathen e sireswbi chtaelobsissttsi 91BEEBARS
greater when the crack spots 90 are too large. Therefore, as shown in Fig.
55, the accuraeyp®fciautst ingrFibe bbj edtigs. 52@n§3th@ncﬁifrféeaéleoﬁ@CMPEﬁ'lt he
object is intended to be cut 15 5 becones lower. Also, irregulariti of
cross sectiongid@s taken along lines LII-LII, LIII-LIII, and LIV—L?%
orthogonal to the line along which the object is intended

10 to be cut 5 in Fig. 50, respectively. As can be seen from
thesedrawings,thedeviationinsizesofcrackspots9becomes
greater when the crack spots 90 are too large. Therefore,
as shown in Fig. 55, the accuracy of cutting the object 1
along the line along which the object is intended to be cut

15 5 becomes lower. Also, irregularities of cross sections 43
in the object 1 become so large that the flatness of the
cross section43deteriorates. When crack spots 90 are formed
relatively small (e.g., 20 um or less) by using the laser
processing apparatus in accordance with this embodiment,

20 by contrast, crack spots 90 can be formed uniformly and can
be restrained from widening in directions deviating from
that of the line along which the object is intended to be
cut as shown in Fig. 56. Therefore, as shown in Fig. 57,
the accuracy of cutting the object 1 along the line along

25 which the object is intended to be cut 5 and the flatness

of cross sections 43 can be improved as shown in Fig. 57.
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in the object 1 becone so large that the flatne [
_ ss of the <cros
deteriorates. Wen crack spots 90 are formed relatively Snalls(zectlono43
OLbleSS) by using the | aser processing apparatus in accordance vﬁéﬁ#? ,%gyﬂo
g odi nent, 20 by contrast, crack spots 90 can be formed uniformy and can
F restrained fromwdening in directions deviating from that of the line
$hong which the object is intended to be cut as shown in Fig. 56
therlefore, as shown in Fig. 57, the accuracy of cutting the obj ect 1 al ong
fe ine al ong 25 whichcthek epjorstais tioot badge asesweh cBE €51 8R He 9 at ness
\C/)\h cross sections 43 can be inproved as shown in Fig. 57. 146 FPO1-0144-00
thghc[ﬁgkozﬁg%?miggjg?ggg@gg@ aﬁishohheppbdegé cattnhgndafohy B¢ 15%Me al ong
( intended to be cut and cutting for yieldin f
\(,:M_r ;)?]sr Zggtel(:?rhtrg@%@%ih%'f@&rﬁeﬂdjiwa flbt a:trcaiﬂ@%g@g%n éﬁ‘é%@%t}?@eﬁ% % %%T:f I
an obj ect to be processed having a |arge thick
Eg\rll\?\r/glrm tZ 22019?1 ects \Eirbbkbgpdﬂ‘as th te0 ecuitremEley ﬁa@gltmﬁh ?%S@eé%%ggiss nt can
of crac spots will be explained. As shown in F
Eggepﬁggr epf@?ggﬂf” Vod Pitdue ssane hatvtieiosiezéasBeat B aERESPot h%’ﬁé‘t’%’& %en
_ i ght-converging | ens has a magnification
Ff 0.8 is smadherobhastthallobeaharackospot- ?n t he case mﬁgrélghgnd an MA
ight-converging lens has a magnification of x50 and an NA of 72 The
Pegk poﬁgrtﬂen5|ty Th?fpmmmmaﬁtma$em@opﬁ@ﬁﬂﬂﬁ%WCS?tF82€95%%ﬁékbe?kpulse
.e. , e power of pulse laser |ight i ’
I SNl B0, ARG cHhepeby

spots will be explained. "As shown 1n
power density is the same, the size of a crack spot in the
10 case where the light-converging lens has a magnification
of %10 and an NA of 0.8 is smaller than that of a crack spot
in the case where the light-converging lens has a
nmgnificationofoOandanNAof0.55. The peak power density
isproportionaltotheenergyoflaserlightperpulse,i.e”
15 the power of pulse laser light, as explained above, whereby
thesamepeakpowerdensityn@ansthesamelaserlightpower.
When the laser light power is the same while the beam spot
cross-sectional area is the same, sizes of crack spots can
beregulatedsoastobecomesmaller(greater)asthenumerical
20 aperture of a light-converging lens is greater (smaller).
Also, even when the numerical aperture of the
light-converging lens is the same, sizes of crack spots can
be regulated so as to become smaller and larger when the
laser light power (peak power density) is made lower and
25 higher, respectively.

Therefore, as can be seen from the graph shown in Fig.
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t he sane peak power density neans the sane | aser |ight power
Lﬁser light power is the same while the beam spot grosg-sectioxgin tge

e sanme, sizes of crack spots can be regulated so as to becone sﬁgFrg}hé—oo
(greater) as the nunerical 20 aperture of a light-converging lens is
greater (snaller). Also, even when the nunerical aperture of the
| i ght-converging lens is the sane, sizes of crack spots can be regul ated
Zgngstto become shaller and | arger when the |aser |ight power g eak power
Seenlf¥én:fhgagsgéﬁégagagd;aaﬁ_hpg?igganeb9e6€99éP§?dTﬁ8rEF0F8, ggo%%n be

in Fig. FPA - - i

can be. regul abadserasntn tecommesied] GRS S R AUMPFEaFCRREr ECTe of <
| ight-converging lens is nade greater or the |aser |light po ade

| ower. On theegents arade sireesesfortdeklapei st tHN KOV h r,is.gade
nme S Y % :
beconme greater when the nuneri cal aperturg of a | ¢ FgngéW% 585 as to

g?gg Snaile{ @hlPh?anhErhaserSitghtOfpr%@ki%99$§Hg%ﬂ{&%g&%%#ﬁéqugggsskgt
control w urther be explained wth ref ' i
exanpl @ shown aisn #o gbecdzmeS&Heglt@rsercfmrbnghevingweergg%% E)ag?ete%eu,?%aégngs. The

processed 1 within which pulse laser light L_is conv
- - . » L) r b
[ ght - conver gingH:enoiengi @l BFSdeVER TR A e HEPI ey e HEE 128 ons
_ _ ing yielded an electric field intensity at a t hr eshol d
causi ng mul ti pleoteon 116 meFFOMPINSF or hi gher by this laser irradiation. FIST

e The crack spot size control will further be explained
with reference to the drawings. The example shown in Fig.

10 58 is a sectional view of an object to be processed 1 within
which pulse laser light L 1is converged by use of a
light-converging lens having a predetermined numerical
aperture. Regions 41 are those having yielded an electric

field intensity at a threshold for causing multiphoton

15 absorption or higher by this laser irradiation. Fig. 59 1s
a sectional view of a crack spot 90 formed due to the
multiphoton absorption caused by irradiation with the laser

light L. On the other hand, the example shown in Fig. 60

is a sectional view of an object to be processed 1 within

20 which pulse laser light L is converged by use of a
light-converging lens having a numerical aperture greater

than that in the example shown in Fig. 58. Fig. 61 is a
sectionalviewofzacrackspot90formedduetothenmltiphoton
absorption caused by iyradiation with the laser light L.

25 The height h of crack spot 90 depends on the size of regions

41 in the thickness direction of the object 1, whereas the
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a sectional view of a crack spot 90 fornmed due to the nultiphoton
absorption caused by irradiation with the laser |ight L. On the g%&fIOl 4-00
hand, the exanple shown in Fig. 60 is a sectional view of an obj to %e
processed 1 within 20 which pulse laser light L is converged by use of a

| i ght-converging | ens having a nunerical aperture greater than that in the
exanple shown in Fig. 58. Fig. 61 is a sectional view of a crack spot 90
formed due to the multiphoton absorption caused by irradiation with the

| aser |ight Lyi@bh Thefheirghtc bpot BPadkpepdt DD tdEpéids 64 FREISPS " of
regions 41 in the thickness direction of the object 1, whereas the 148
FPO1- 0144- 00 w di Aiweetk ionacktspoondd e padsh bk hes éiilzl’ee%tflqlbﬁifo 41 in
a direction orthogonal to the thickness direction of the object 1. Nane

ly,
when these sigeseof IegiNameld] ahennhiesessheroad®igrdat &r, 3ERMARF ght h
and width w of crack spot 5 90 can be nade snul |l er and

_ , @re ter, c
respectivel y. sAslten abe gresrtashenhEi §eioby medderidEh d#g&rré&kvﬁﬂ each
other, in the case where the laser light power is the sane, th si zes of

hei ght 5h and sbdthanvbefmadacknaspotr F0"E &F 47 GlegISAREE L 186 a5 t 6°b&R0me

smal ler (greater) when the nunmerical aperture 10 of | i ght - cony ing | ens
i s made greatbe $eeml¥iee) .Figkhe S5&xampl élsﬁ’éW‘?Wﬁ‘?ﬁl“@ﬁ seaé:% 8ghgt%hal

view of an object to be processed 1 within which pul se | ser @EghEheL
having a powedinl ower celignvwhRae thet A8 S&XarpPBtsROWAT A° EF§. 388 s

?gnxgggeﬁbmgp522§§%§€ggggh%Bgéggkgxﬁhgw<ﬁ?ér§ég%%o%596%%n“gg%%ghthEde“er
soas1x>becomesmaller(greater)whenthenumericalaperture
10 of a light-converging lens is made greater (smaller).
The example shown in Fig. 62 is a sectional view of
an object to be processed 1 within which pulse laser light
1, having a power lower than that in the example shown in
Fig. 58 is converged. In the example shown in Fig. 62, since
15 the laser light power is made lower, the area of regions
41 is smaller than that of regions 41 shown in Fig. 58. Fig.
63 is a sectional view of a crack spot 90 formed due to the
multiphoton absorption caused by irradiation with the laser
light L. As can be seen when Figs. 59 and 63 are compared
20 with each other, in the case where the numerical aperture
of the light-converging lens is the same, the sizes of height
h and width w of crack spot 90 can be regulated so as to
become smaller (greater) when the laser light power is made
lower (higher).
25 The example shown in Fig. 64 is a sectional view of

an object to be processed 1 within which pulse laser light
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41 is smaller than that of regions 41 shown in Fi 58. Fi [

sectional view of a crack spot 90 formed due to tge nultighotgﬁ ;Esgr | on
caused by irradiation with the laser |light L. As can be seen mheﬁPQ4§ {Aé%po
and 63 are conpared 20 with each other, in the case where the nunerical-
aperture of the light-converging lens is the same, the sizes of height h
and width w of crack spot 90 can be regulated so as to becone snaller
(greater) when the laser |light power is nade |ower (higher). 25 The

exanpl e shownyin,Figg S4pbsch 66t i j '

npl \ g ef totakn viest ofin vineobkewple oShewprdte

1 within which pulse”laser Iight 149 FPOL-0199-00 L hating a ome? Ioméfed
than that in f;tﬂ& AR &oshorged N FRigy. 660.9 8 soriviesrel v iERNgO g5ctach
sectional view of a crack spot 90 forned due to the mnultiphoton absorption

caused by irgadiashommidd dueetbasee hightphot o adeae 1R isdeFawRER BY
59 and 65 are conpared with each other, the sizes of height h and mﬁgfh a

of crack spot ;90-838thennedH ahed sxmrasiglot Lhechasasning SeEn o § -

the nunerical aperture of the |ight-converging lens is nadgﬁw?gg%z? when
(smaller) whike 1he 64 ager cbhphepometh icnatndehlegwekhe hs gk I hgioht
Meanwhi | e, the regions 41 indicative of those yielding an electric field
intensity at @ bRdeshakd fobfekeatk cpbitelt@ ciant desiregudapssl °ofSf 5Pning a

crack spot or higher are restricted to the Ii i i
( _spot _ ght - conver gi ng poi
its vicinity pdeeneoshheléol|qwdaigereaben: tisp ﬁw%u%sle?gﬁif ngs‘?r;{ﬁgéa\?udth

15 a high beamquality is utilized, this enbodi ment achieves
light-converging lens is made greater (smaller) while the

laser light power is made lower (higher) .

10 Meanwhile,theregions41indicativeofthoseyielding
anelectricfieldintensityatzathresholdforelectricfield
intensity capable of forming a crack spot or higher are
restricted to the light-converging point P and its vicinity
due to the following reason: Since a laser light source with

15 a high beam quality 1is utilized, this embodiment achieves
a high convergence of laser light and can converge light
up to about the wavelength of laser light. As aconsequence,
the beam profile of this laser light attains a Gaussian
distribution, whereby the electric field intensity 1is

20 distributed so as to become the highest at the center of
the beam and gradually lowers as the distance from the center
increases. The laser light is basically converged in the
state of a Gaussian distribution in the process of being
converged by a light-converging lens in practice as well.

25 Therefore, the regions 41 are restricted to the

light-converging point P and its vicinity.
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a high convergence of laser light and can converge light wup to about the
wavel ength of | aser light. As a consequence, the beam profile of t&is 4-00
| aser light attains a Gaussian distribution, whereby the el ectriEPYePtf
intensity is 20 distributed so as to becone the highest at the center of

t he beam and gradually | owers as the distance fromthe center increases.

The laser light is basically converged in the state of a Gaussian
distribution in the process of being converged by a |light-converging |ens

in practice as well, 25 Therefgiridet i egicanodd neatecarSONtELddS 1881 he
|'i ght-converging point P and its vicinity. 150 FP01-0144-00 As in the

foregoing, this ﬁggjagi%g%@g cag; £08tgPLrstrepotf aceatkt epnised §inzBECHf
crack.spots are deternmined in view of a requirenent fora degree of precise

cutting, a reggi r BN reddHt Bodagiaeraf of batnéss dut tédmess? 56881 5RES and t he
magni tude 5 o thi ckness of the object to be processed. Sizes of_crggk

spots can be dgtel akRedeldt ¥i@wnek st he crasersad t iofnsinappjtdg mag51hi
processed as well. This enbodi nent can control sizes of nodified s

ts,

t husmaki ng i t ROsgEBkEetO SARIE ObYeptecs S PraresAgdal oPy? @S 4#nE*8Féng
whi ch the object I1s intended to 10 be cut and yield a favorable Lat@ess in
cross sectiongday s BBKigY dendiriiieedspotsi exral| re fart sgBjPdcPs 47 e ©°
processed having a relatively small thickness. A so, by making modified
Spots greater ;d beopadt@ssaditas nglof dbj e Eembosingd ihFLesytd fravi'ig “a
relatively large thickness. 15 There are cases where an ob'ec% to ke,
processed has of modifiedspots, thusmakingitpossibletocarryoutpt

cutting along a line along which the object is intended to

10 be cut and yield a favorable flatness in cross sections by
making modified spots smaller for objects to be processed
having a relatively small thickness. Also, by making
modified spots greater, it enables cutting of objects to
be processed having a relatively large thickness.

15 There are cases where an object to be processed has
respectivedirectionseasyandhard1x>cutdue1x>thecrystal
orientation of the object, for example. When cutting such
anobject,thesizeofcrackspots90formedintheeasy-to-cut
direction is made greater as shown in Figs. 56 and 57, for

20 example. Whenthedirectionofealinealongwhichthec&ject
is intended to be cut orthogonal to the line along which
the object is intended tobe cut 5 is a hard-to-cut direction,
on the other hand, the size of crack spots 90 formed in this
direction is made greater as shown in Figs. 57 and 66. Here,

25 Fig. 66 is a sectional view of the object 1 shown in Fig.

57 taken along LXVI-LXVI. Hence, & flat cross section can
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respective directions easy and hard to cut due to the crystal orientation

of the object, for exanple. Wen cuttin j i
, fo . g such an object, the si
spots 90 forned in the easy-to-cut direction is nadL greater aszg%@gh&¥¢yj%o

Figs. 56 and 57, for 20 exanple. Wen the di [ [
_ 57, . rection of a line al i
ggfeg?j?gtiniznhnée?deg to be cut orthogonal to the line along mﬁ?gth{ﬁg

. e 0 be cut 5is a hard-to-cut directi
hand, the size of crack spots 90 forned i i i T e o e

_ _ inthis direction is d
gEj EE?WI Is Roanbq(g_Sobt%ﬁ@w Sithhtieéaﬁy-Zﬁo-Fctlgt d@echstiaﬂbeé’ﬁ"iiéﬁaf:uﬁqgwgo SEte ﬁteer
( in Fig. t aken al ong LXVI-LXVI. Hence, a fl

asz;OQUf??néﬁésgfpieoiﬁﬁtﬂg bher obt at+ et dhreﬁéi@%s95t6ééﬁt d?ﬁeggﬁga

ng is possible in the hard-to-cut direction as well :
Iﬁgtcgggt0?|éf;cgfSg@fb@meghsﬁdbsUMthamoaiZ©$l95I@QQ%iqﬁQﬂFQﬁﬁﬁ;?ﬁgghi;he
_ S, the sanme holds in nelting spot i
i ndex change §Qg§§olfgblenanpkeﬁnthspb@ﬁéﬁddﬁiﬁ@ﬁséagﬁ§§gcﬁﬁgﬁssé§ gggtlve

expressed by energy per pulse (J), or average output j i
obt ai ned by nuhbi@@mémgukheienee;@dmmﬂsgyjﬁsgNdb@efképé¥%%dgﬂ%§p8bgpggg?|ue

l'ight. The foregoing holds in sixth 10 and sev [
_ enth e l.e |
expl ai ned | at epotEhe Faserxgmmbesdintg PapFar aﬁuguiﬁeajc%%%aﬁ@vmct%& p‘ﬁlal °e

fifth exanple of this enbodinent will be expl.ai i i
_ _ _ ained. Fig. i
di agram of t hiespraseredpbycessirgy REpaPitas Qﬂ@@.thévkg§§ﬁ6éPg§g§s?ﬁgen&tIC

apparatus 400 will be explained 19 8 a2 AT fhe bt gy ber ghase from
bythefrequencyoflaserlight. Theforegoingholdsinsixth
10 and seventh examples which will be explained later.
The laser processing apparatus in accordance with the
fifth example of this embodiment will be explained. Fig.
67 is a schematic diagram of this laser processing apparatus
400. The laser processing apparatus 400 will be explained
15 mainly in terms of its differences from the laser processing
apparatus 100 in accordance with the first example shown
in Fig. 14.
The laser processing apparatus 400 comprises a power
regulator401foradjustingthepoweroflaserlightLemitted
20 from a laser light source 101. The power regulator 401
comprises, for example, a plurality of ND (neutral density)
filters,amjanmchaniﬁnformovingtheindividualNDfilters
to positions perpendicular to the optical axis of the laser
light L and to the outside of the optical path of laser light
25 L. An ND filter is a filter which reduces the intensity of

light without changing the relative spectral distribution
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apparatus 100 in accordance with the first i :
: exanpl e shown
| aser processing apparatus 400 comprises a DOMEP regulato:n4ghgf Lo The

adjusting the power of laser light L emtted 20 froma |aser Iigﬁ%ogb%%%i;oo

gollttﬂﬁ ?%’Sh;?g“i?f?éré‘?laﬁﬁ”ﬁrkéﬁﬁanfih For moving the | ndi vi dual ND
rirers tﬁ positions perpendicular to the optical axis of the laser [ight
e R i
0 2P e e e b s R R
pover *Boul 5t o 4z EEDBCkEexn CaSer ST LU 13 3 21O (e
E?figfgi?g Lg@ﬁgsgéanfﬁkhﬂnpéQbﬁ%j%;g@hé%bggﬂg?Cﬁgyé%ﬁgﬁdg%¥ﬁggﬁgﬁ%gg z?nﬁD
|aser ki ot Ezcnocae Lobad] gt heopeRer Lot - | 44he | ot L am P o Fre

e laser light source 101. The power re%ulator 4 o g rom 19

; . . . 1 C i
polar 7aton Shilcken dosposea et o Exfar £ “6001 tal i S 81 f{ near
1 o Shout e i afaser A PG *E5 L 5y GESTFabr e 1 o
topositionsperpendiculartotheopticalaxisoflaserlight
1, so as to adjust the power of laser light L emitted from
10 the laser light source 101.

The power regulator 401 may comprise a polarization
filterdisposedperpendiculartotheopticalaxisoflinearly
polarized laser light L, and a mechanism for rotating the
polarization filter about the optical axis of laser light

15 L by a desirable angle. Rotating the polarization filter
about the optical axis by a desirable angle in the power
regulator 401 adjusts the power of laser light L emitted
from the laser light source 101.

Here, the driving current for a pumping semiconductor

20 laser in the laser light source 101 can be regulated by a
laser light source controller 102 which is an example of
driving current control means, SO as to regulate the power
of laser light L emitted from the laser light source 101.
Therefore, the power of laser light L can be adjusted by

25 atleastoneofthepmwerregulator401andlaserlightsource

controller 102. If the size of a modified region can attain
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about the optical axis by a desirable angle in the power r

adj usts the power of laser light L enittgd fron1thg | aser F?;L?tggufgé

101. Here, the driving current for a punping sem conductor 20 | aBRG 17 %l 4400
| aser |ight source 101 can be regulated by a |laser |ight source controller
102 which is an exanple of driving current control neans, so as to

regul ate the power of laser light L emtted fromthe |aser |ight source

101. Therefore, the power of laser light L can be adjusted by 25 at |east

ORe of the poyei.degualara A and dasee bidghtstsentcef ponerobferasion. |f
the size of a nodified region can attain 153 FPO1-0144-00 a desirable val ue

due to the adj pstaant,of npowese oM il@sesoukbghtont byl tée 1aked onghtnour ce
controller 102 alone, "the power regulator 401 is unnecessary. The power

adj ust ment  expl, a negyi Dat He 401 egoivIG dce safd '
_ _ et edhehpnvan agavatben bf
the | aser processing apparatus inputs the magnitude of pomerg into an °

overal | contrglleg;led, i whird reiddgdiegexpl '
_ : Wridgdiegexpl af fiedt batwengn iy opsirAgod REyb
or the like. The | aser processing apparatus 400 furtheréﬁznprisgs a yboard

d:jth 058 m rr o e 13 i ppesedssHghghmtathieihases thighegnioubrsEONBler is
adj usted by the power regulator 401 is incident thereon whereas_ the
orientation ofntBenopié£all ashs roflleasdr?, whit vi lildaerapbetney 166°Ta | ens
sel ecting mechani sm 403 including a plurality of Iight-converging’lenses
for convergiBg ubenbasekelybghtrdl orefthectédeby the dichroic mirror 15 103;
and a |l ens sel ecting nechanismcontroller 405 for ’
The laser processing apparatus 400 further comprises
a dichroic mirror 103 disposed such that the laser light
10 Lwhosepowerisadjustedbythepowerregulator401isincident
thereon whereas the orientation of the optical axis of laser
light L is changed by 90°; a lens selecting mechanism 403
including a plurality of light-converging lenses for
convergingthelaserlightIJreflectadbythedichroicndrror
15 103; and a lens selecting mechanism controller 405 for
controlling the lens selecting mechanism 403.
The lens selecting mechanism 403 comprises
light-converginglenses105a,105b,105c,amdasupportplate
407 for supporting them. The numerical apertures of
20 respective optical systems including the light-converging
lenses 105a, 105b, 105c differ from each other. According
to a signal from the lens selecting mechanism controller
405, the lens selecting mechanism 403 rotates the support
plate407,therebycausingeadesirablelight—converginglens

25 among the light-converging lenses 105a, 105b, 105c to be

placed onto the optical axis of laser light L. Namely, the

154



controlling the I ens selecting mechanism 403. The | ens sel ecting nechani sm

403 conprises |ight-converging | enses 105a, 105b, 105c, and a supg&; -RJ%%QOO
407 for supporting them The nunerical apertures of 20 respective 6hic§l

systens including the light-converging |enses 105a, 105b, 105c differ from
each other. According to a signal fromthe | ens selecting nmechani sm
controller 405, the lens selecting nmechanism 403 rotates the support
pl ate 407, thereby causing a desirable light-converging |lens 25 anong the
| i ght - conver gilnghd enses: t1i0Ha mekDEN 1 sH03P 3 ¢ heof pleacdd Bnt'd/R%re opti cal
axis of laser light L. Nanely, the 154 FP01-0144-00 |ens selecting
mechani sm 403 i s of ThevolvbertyféighhecronBeeiss I16HRS EEHMPEIGINEC I ses
attached to the |lens selecting mechanism 403 is not restrictsﬂ to 3 but
may be other Iumdbersectheqg haehapesatél3 66 pRE TTEF It Pghs meY
apparatus inputs a size of nunmerical aperture or an_instruction jar
choosi ng one dfe bhaekightbaony ergiengt hempey atrosal thshasesir (T e
overall controller 127, which will be explained |ater, by using a keyboard
or the 9ike, tdmpatadight - dopuesgi ag 3 PE ChUERH ChANEREL YHE nBferdtal
10 aperture is chosen. Munted on the nmounting table 107 of the J[asers
processi ng apparst nscm foraphobs 888 G BE Pioeee8EacePVEFRARPat B Wi th
the laser light L converged by one of the .ight-conyeragi | enses J10ba to
105¢c which i g I{i)&;apos’té)@bo%lOSchnto the overall gontrom{ergf{"p, whl R w1PP
be explained later, by using a keyboard or the like, the
light-converging lens 1is chosen, namely, the numerical
10 aperture is chosen.
Mounted on the mounting table 107 of the laser
processing apparatus 400 is éan object to be processed 1
irradiated with the laser light L converged by one of the
light-converging lenses 105a to 105c which is disposed on
15 the optical axis of laser light L.
The overall controller 127 is electrically connected
to the power regulator 401. Fig. 67 does not depict it. When
the magnitude of power is fed into the overall controller
127, the latter controls the power regulator 401, thereby
20 adjusting the power.
Fig. 68 is a block diagram showing a part of an example
of the overall controller 127. The overall controller 127
comprises a size selector 411, a correlation storing section
413, and an image preparing section 415. The operator of

25 thelaserprocessingapparatusinputsthenmgnitudeofpower

of pulse laser light or the size of numerical aperture of
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15 the optical axis of laser light L. The overall controller 127 is
electrically connected to the power regulator 401. Fig. 67 does not_d igt
it. Wien the nmagnitude of power is fed into the overall controII5P011§£? -00
the latter controls the power regul ator 401, thereby 20 adjusting the
power. Fig. 68 is a block diagram showi ng a part of an exanple of the
overall controller 127. The overall controller 127 conprises a size

sel ector 411, a correlation storing section 413, and an inage_preparing
section 415. dhe @peledDrsyftdb ird Udser threodegbitngoapsandngs PRPUESR t he
magni t ude of power of pulse laser light or the size of nunerical aperture
of 155 FPOL- 0444- 90z ¢ hee Ioptd aald 19y blyensingl adieigoehed | 9gtithec davérgi HY | ens
to the size selector 411 by using a keyboard or the like. In this

exanpl e, the tRplexs@ylehodseiopet ofytdieodsghne odrivies 1Lt -Fen¥esc103a,
105b, 105c instead of the nunerical aperture 5 size being directl

inputted. In tbBhseeasesat heoblespelidc vienstrratedic dheapemeyies lopPERRUL S

| i ght-converging | enses 105a, 105b, 105c are registered in the overal
controkl er 12%izbeferehandecaiy thapatoédt helmimds ease agdrd GEEPSFTEKE
optical systemincluding the chosen |ight-converging lens is 1.8

aut omati cal | ynhedrined shersizessefether lAght-TREVESPLBPaLPHRSSt P PRAY

section 413 has stored the correlation between the set of Euhie Iizzr
power magni t ud@Sband Ofenerie ale HFdria® St ZdhangVehelsi 28P6f ol | spot

bef orehand. Fig. 69 is an exanple of table show ng this .
bgforehand,andda aofthernmmricalagertureofthecptlcal

system including the chosen light-converging lens 1is
10 automatically fed into the size selector 411.

The correlation storing section 413 has stored the
correlation between the set of pulse laser power magnitude
and numerical aperture size and the size of modified spot
beforehand. Fig. 69 is an example of table showing this

15 correlation. In this example, respective numerical
apertures of the optical systems including the
light-converging lenses 105a, 105b, 105c are registefed in
the column for numerical aperture. In the column for power,
magnitudes of power attained by the power regulator 401 are

20 registered. In the column for size, sizes of modified spots
formed by combinations of powers of their corresponding sets
and numerical apertures are registered. For example, the
modified spot formed when the power is 1.24 x 10%* (W/cm?)
while the numerical aperture is 0.55 has a size of 120 um.

25 The data of this correlation can be obtained by carrying

out experiments explained in Figs. 58 to 65 before laser
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15 correlation. In this exanple, respective nunerical apertures of the
optical systems including the |ight-converging |enses 105a, 105bypdP5¢1484-€00
registered in the colum for nunerical aperture. In the colum for power
magni t udes of power attained by the power regulator 401 are 20 registeredi

In the colum for size, sizes of nodified spots fornmed by conbinations of
powers of their corresponding sets and nunerical apertures are registered
For exanple, the nodified spot forned when the power is 1.24 X 1011 '
(WenR)  whi IRFRPRSHimer i EaF PR tTe is 0.55 has a size of 120 pm 25 The

e
S S D i
A R e
?Lefgm?g ngngZ?ﬁﬁ%?gc%?cﬁb%?gﬁﬂé ﬁ%ﬂa%§?%§§%¥§y8§ Sggghgbgg%%Fgﬁdggghftr?e
to a set havihg Ve Gstst sk S o 83 Ps FHe on tar 120 The dat o of

si ze correspondi . S ;
E Eiessisizgesef’ee?é?ﬂa%iftl?é e ?ﬁ%é%%%ga??%ﬁﬁ%ﬁﬁ%‘i?“%?ﬁ B to
and numerical aperture slze 18 displayed on the monitor 129.
If there is no set corresponding to these values, size data
10 corresponding to a set having the closest values is sent
to the monitor 129.
The data of size corresponding to the set chosen by
the size selector 411 is sent from the size selector 411
to the image preparing section 415. According to this size
15 data, the image preparing section 415 prepares image data
of a modified spot in this size, and sends thus prepared
data to the monitor 129. As a conseqguence, an image of the
modified spot is also displayed on the monitor 129. Hence,
the size and form of modified spot can be seen before laser
20 processing.
The size of numerical aperture may be made variable
while the magnitude of power is fixed. The table in this
case will be as shown in Fig. 70. For example, the modified
spot formed when the numerical aperture is 0.55 while the

25 power is fixed at 1.49 x 10% (W/cm?) has a size of 150 pm.

Alternatively, the magnitude of power may be made variable
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15 data, the image preparing section 415 prepares imge data of a nodified
spot in this size, and sends thus prepared data to the nonitor 1?& 1A81f4-00
consequence, an imge of the nodified spot is also displayed on @1-
nonitor 129. Hence, the size and formof nodified spot can be seen before
| aser 20 processing. The size of nunerical aperture may be made vari abl e
whil e the magnitude of power is fixed. The table in this case wll be as
shown in Fig. 70. For exanple, the nodified spot formed when the nunerical
aperture is Ovsblahite sime 25 powericself iapedtatrel 149 Hixed11 THE chdylhas a
size of 150 pm Alternatively, the nmagnitude of power may be pade variabl e
157 FPO1- 014400 hits lca steheidilziee of s mineeini ¢al Fagertlr e Fiog £x2BRLIETHER® abl e
inthis case will be as shown in Fig. 71. For exanple, the _nvodified,spot
formed when thedpbived $mof iScetheat whenothe1paver (A digiedhaitl &- tRe* ddher i cal
aperture is fixed at 0.8 has a 5 size of 30 pm The | aser processin

net hod i n accoidanble whiitlle the ﬁbmﬁhicé%aﬁﬁﬁété¥eth$éf%ﬁﬁﬂxﬁtngné aFFI now be
explained with reference to Fig. 67. The object to be processed 1 is a
silicoh wafesizénotheOf uth exanpl e, operations of steps S101 to 10 S111

are carried out as in the |laser processing nethod in accquﬁgge w% g t he
first exanpl e shownThe lpisgr Pr®Cesarirgrmes e 57 #ECOFRENFEGH T UL bt E wer
and nunerical aperture size are fed into the overall controIJeQ1127tﬁs
expl ai ned aboe®ampdeorafi nghi® EAEOGAMENST 'Hower PPHpiE: gyiplained Wi

referencetoFig. 67. The object tobe processedlisasilicon
wafer. In the fifth example, operations of steps S101 to
10 S111 are carried out as in the laser processing method in
accordance with the first example shown in Fig. 15.
After step S111, the magnitude of power and numerical
aperture size are fed into the overall controller 127 as
explained above. According to the data of power inputted,
15 the power of laser light L is adjusted by the power regulator
401. According to the data of numerical aperture inputted,
the lens selecting mechanism 403 chooses a light-converging
lens by way of the lens selecting mechanism controller 405,
thereby adjusting the numerical aperture. These data are
20 also fed into the size selector 411 of the overall controller
127 (Fig. 68). As a consequence, thesize and formof amelting
spotformedwithhatheobjectILuponirradiathmuofonepulse
of laser light L are displayed on the monitor 129.
Then, operations of steps 8113 to 8115 are carried out
25 as in the laser processing method in accordance with the

first example shown in Fig. 15. This divides the object 1
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15 the power of laser light L is adjusted by the power regul ator 401.
According to the data of nunerical aperture inputted, the |ens S?é@fhﬂ@&—oo
mechani sm 403 chooses a |ight-converging |ens by way of the |ens eéklng
mechani sm control |l er 405, thereby adjusting the nunerical aperture. These
data are 20 also fed into the size selector 411 of the overall controller
127 (Fig. 68) . Asa consequence, the size and formof a nelting spot
formed within the object 1 upon irradiation of one pulse of laser light L
are di spl ayedimro thel hoen tor1dP9. Then, operations of steps 5113 to S115
are carried out 25 as in the |laser processing nethod in accordance with
the first exanpl e Bhiowrh iBR@aRLell5. This divides the object 1 158
FPOL-0144-00 into silicon chips. Si xth Exanpl e] A sjxth exa Le.onjthis
enbodi ment wi || novk béxeksixampde o frhhiB TP diEeTs Vblfl}rPQW&%ef?’glg HEES from
the fifth exanple. 5 Fig. 72 is a schematic diagram of tgi | aser

processi ng appaiat vsiBOGIMAEAgL E hed EbHREFRcRMIE B Phell EEreX%IP%%ee'ssi ng
apparatus 500, those identical to constituents f.the | aser processing
appar at us 400F1@. adéoidafce afiefg t itthe IFFap é%cfantaljes SHOW® | ?\r‘gﬁ:%.ss%nig are

referred to with nunerals 10 identical thereto w thout ngegkinglgggir
overl appi ng expaBaARLEo00 4 n AN AséNCpr 6eREEF hYSBppart us 500, “ 2" beam

expander 501 is disposed on the optical axis of laser_ light_L. n a
power regul atBFO263ISaRE FPRIFERT T QﬁwﬁﬁFﬁfbége?ﬁécﬁgaﬁP 98hs 1 PSLYEE

of the laser processing apparatus 400 in accordance with
thefifthexampleshowninFig.67arereferredtowithnumerals
10 identical thereto without repeating their overlapping
explanations.
Inthelaserprocessingapparatus500,zabemnexpander
501 is disposed on the optical axis of laser light L between
a power regulator 401 and a dichroic mirror 103. The beam
15 expander 501 has a variable magnification, and is regulated
by the beam expander 501 so as to increase the beam diameter
of laser light L. The beam expander 501 is an example of
numerical aperture regulating means. The laser processing
apparatus 500 is equipped with a single light-converging
20 lens 105 instead of the lens selecting mechanism 403.
The operations of the laser processing apparatus 500
differ from those of the laser processing apparatus of the
fifth example in the adjustment of numerical aperture based
on the magnitude of numerical aperture fed into the overall
25 controller 127. This will be explained in the following.

The overall controller 127 is electrically connected to the
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15 expander 501 has a variable magnification, and is regulated by the beam
expander 501 so as to increase the beamdianeter of |aser |ight i-polT-h@m—oo
beam expander 501 is an exanple of nunerical aperture regulating neans.

The | aser processing apparatus 500 is equipped with a single

| i ght-converging 20 |l ens 105 instead of the | ens sel ecting nmechani sm 403.

The operations of the | aser processing apparatus 500 differ fromthose of
the | aser processing apparatus of the fifth exanmple in. the aﬁ' ust.nent of
numeri cal apebpéamepeter 66 1t heFhagnid 688 SoR kR CaltMdser ¢ t’gnf into
the overall 25 controller 127. This wi|ll be explained in.the fol Iﬁvvi ng.

The overal | cehteolfl mimdpica’ apkasttriecs F§ddarebhe@VES aec I8 -

FPOL- 0144- 00 beam expander 501. Fig. 72 does not depict this. \Wen éhe

size of numeri2al thperatrer q‘:@rréaspﬁttcpcvﬁer%lv%?é@agaﬁ?%ﬂ &pagi b9 he

| atter carries out control for changing the magnitude of .?eanégxgaggler
501. This regaf dvesn texparapii B0dat | hléfrefng]e%trﬁ%itheF‘ép% 1 dser |ight

L incident on the i ‘ght-conv_ergi ng |ens 103r ghe_r for ed.cyvir'gth %gl Y. poe
i ght - Bonver gbagm| eds2mOB: T adfustABnt1 3T i nce84si g tHe “THimer cal _
p0SSi bl 0. _Thi BL@hErcpaveToiegpl died Hitth 1 ShEFER0E o 1 6o, P oand’da.
1 Gt | conver gLhgnEeASTTB%eMREN LERE BOdm SOXBARAEE 56251 SR6E B 0i Be, On
gp?egtggr hangbmgkgbaz4agéiéﬁfgEg%spggjggtE%%lCQQ%§£§§nfﬁcfﬁdiﬁ&eEhEight L
light-converging lens 105 1is possible. This will be
10 explained with reference to Figs. 73 and 74.
Fig.73jj;aviewshowingtheconvergenceoflaserlight
L effected by the light-converging lens 105 when the beam
expander 501 is not provided. On the other hand, Fig. 74
is a view showing the convergence of laser light L effected
15 by the light-converging lens 105 when the beam expander 501
is provided. As canbe seen when Figs. 73 and 74 are compared
with each other, the sixth example can achieve adjustment
so as to increase the numerical aperture with reference to
the numerical aperture of the optical system including the
20 light—converginglens105inthecasewherethebeamexpander
501 is not provided.
[Seventh Example]
A seventh example of this embodiment will now be
explained mainly in terms of its differences from the fifth

25 and sixth examples. Fig. 75 is a schematic diagram of this

laser processing apparatus 600. Among the constituents of
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15 by the light-converging I ens 105 when the beam expander 501 s

provi ded. As can be seen when Figs. 73 and 74 are conpared w th each
other, the sixth exanple can achieve adjustment so as to increas&PPhg0144-00
nunerical aperture with reference to the nunerical aperture of the optical
systemincluding the 20 Iight-converging lens 105 in the case where the
beam expander 501 is not provided. [Seventh Exanple] A seventh exanple of
this enbodiment will now be explained mainly in terns of its differences
fromthe fiftBhe2 sand shrddessanypl espaFegus 7600s & hositensdent deabr e of
this | aser processing apparatus 600. Anong the constituents of 160

FPO - 0144-00 tbeskaseenpsadesse ig sappar atess BOP2PPAESE UisdeneFEardepce
constituents of the |aser processing apparatus in accordance wth the
fifth and sixwhtexarnepf estased sak téreeing e tarafasrabs o vHenPIBarat fer et 0
wi thout repeating their overlapping 5 explanations. In the |aser

processi ng appaeatusa@O0heretio i s idihapitr agepedoings tdissigos ey eshaPRENBpt i cal
axis of laser light L instead of the beam expander 501 between a dichroic
m rror 5103 anexpdahiaghtnsconverging | ens 105. Changing the aperture size of
10 the iris diaphragm 601 adjusts the effective diameter of the

li ght - conver gi ng | edis th@S.askpi e¢es i apAPRYHPEDE 608 &hi BkafppebspIm
nunerical aperture regul ating neans. The | aser rocessi ng. apparatus 600
further conpricddsiamisdaseati aphtlagmptdemr éﬂLérO%é@Sﬁérléﬁﬁﬁng HgStRad

aperture size of the iris
of the beam expander 501 between a dichroic mirror 103 and

a light-converging lens 105. Changing the aperture size of

10 the iris diaphragm 601 adjusts the effective diameter of
the light-converging lens 105. The iris diaphragm 601 is
anexample of numerical aperture regulatingmeans. The laser
processingapparatus600furthercomprisesanirisdiaphragm
controller 603 for changing the aperture size of the iris

15 diaphragm 601. The iris diaphragm controller 603 1is
controlled by an overall controller 127.

The operations of the laser processing apparatus 600
differ from those of the laser processing apparatus of the
fifth and sixth examples in the adjustment of numerical

20 aperture based on the size of numerical aperture fed into
the overall controller 127. According to the inputted size
of numerical aperture, the laser processing apparatus 600
changesthesizeofapertureoftheirisdiaphragm601,thereby
carryingoutadjustmentfordecreasingtheeffectivediameter
25 of the light-converging lens 105. Therefore, with only one

light-converging lens 105, adjustment for decreasing the
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15 di aphragm 601. The iris diaphragmcontroller 603 is controlled by an
overall controller 127. The operations of the |aser processing apparatus

600 differ fromthose of the |aser processing apparatus of the fPOEnV0aA4—00
sixth exanples in the adjustnment of nunerical 20 aperture based on the size
of nunerical aperture fed into the overall controller 127. According to

the inputted size of nunerical aperture, the | aser processing apparatus

600 changes the size of aperture of the iris diaphragm 601, thereb

carryi ng out adjnestoebt apeartudecreasting théickflectysteni el edling égethe

| i ght-converging I ens 105. Therefore, with only one |ight-converging |ens
. 105, adj ust medtghorcdeceegsnng tdres 16 05FP0L - @b44-i0C enunefhéal vaipler t BRe of
the optical systemincluding the |[|ight-converging |lens 105 is possible.

This will be eeppkahmddwikhhreéteesneetboFEngs. 7B6aadd777. Fig. 76 is a

vi ew showi ng the convergence of laser light 5 L effected by the_

| i ght - convergi ng | eA$g10% herviwy bhpyinditdsheagrer sepeowidease DA 10Ré ot her
hand, Fig. 77 is a view show ng the convergence of laser |light L effected
by the5 |ightLcerfiferyedgbyehbeldsghheaorierging deashr§nve6L Pe 1pESvi ded.
As can be seen when Figs. 76 and 77 are conpared 10 with each other, the
sevent h exanpbéaphmagrhi ®we cadidest-nefp the cadarohphey dake: t/'Hel Auhdrf¥al
aperture with reference to the nunerical aperture of the optical s%sten1

i ncl udi ng t he shiwgho- EbRvEPVREIEBRS 065 lPKEeEhd 10ade lngdiettRE Ppi §he

di aphragm is not provided. - _ .
light-converging lens 105 when the iris diaphragm 601 is

provided. As can be seen when Figs. 76 and 77 are compared

10 with each other, the seventh example can achieve adjustment
so as to increase the numerical aperture with reference to
the numerical aperture of the optical system including the
light-converging lens 105 inthecasewherethe irisdiaphragm
is not provided.

15 Modified examples of the fifth to seventh examples of
this embodiment will now be explained. Fig. 78 is a block
diagram of the overall controller 127 provided in a modified
example of the laser processing apparatus in accordance with
this embodiment. The overall controller 127 comprises a

20 power selector 417 and a correlation storing section 413.
The correlation storing section 413 has already stored the
correlation data shown in Fig. 71. An operator of the laser
processing apparatus inputs a desirable size of a modified
spot to the power selector 417 by a keyboard or the like.

25 Thesizeofmodifiedspot isdeterminedinviewofthethickness

and material of the object to be modified and the like.
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15 Modified exanples of the fifth to seventh exanples of this enbodi nent
w Il now be explained. Fig. 78 is a block diagramof the overal

controller 127 provided in a nodified exanple of the |aser proce§BPhy0144-00
apparatus in accordance with this enbodinment. The overall controller 127
conprises a 20 power selector 417 and a correlation storing section 413.
The correlation storing section 413 has already stored the correlation
data shown in Fig. 71. An operator of the |aser processing apparatus
inputs a desizebbedshgetofttai smidifited tisppower ské epower 486l ebbosed1y by a
keyboard or the like. 25 The size of nodified spot is determ ned in view of
t he thi cknesspowat dmtwsd@dnding e abjecvtlteo bf giorh flidedtamd it he thke. 162
FP01-0144-00 According to this input, the power selector 417 chooses a
power cor r esponghitged & it fyahmuehefcirzd dtdent staking sdusion dgdtteddsi ze
fromthe correlation storing section 413, and sends it to the power
regul at or 401sefdderef ore,t vheowde edusaropriddessThg rappaeat wsenegue at ed
to this nmagnitude of power is used for |aser processing, a nodified spot
havi ngs a desiaabtepsozesshng bapfarateds R deted dondéisi ngorhitydenagni t ude
of power is also sent to the nonitor 129, whereby the magnitude of power

i s displ ayed. pprethis weaahplog, lekerioraosesical apedidried srotxBavihe| e
power is variable. If no size at the value identical to that of thus

i nputted val ue désistbiedsinet®en der ritedn FH6r PAGsECPFERNADY, tRdRer
data corresponding to a size havin? the closest value is sent to the
power regul atoagadiudadof mewrshiitop 11QFENMite tReprnitor 129, whereby

the magnitude of power is displayed. In this example, the

10 numerical aperture is fixed while power is variable. If no
size at the value identical to that of thus inputted value

is stored in the correlation storing section 413, power data
corresponding to a size having the closest value is sent

to the power regulator 401 and the monitor 129. This is the

15 same in the modified examples explained in the following.
Fig. 79 is a block diagram of the overall controller

127 provided in another modified example of the laser
processing apparatus in accordance with this embodiment.

The overall controller 127 comprises a numerical aperture

20 selector 419 and a correlation storing section 413. It
differs from the modified example of Fig. 78 in that the
numerical aperture is chosen instead of the power. The
correlation storing section 413 has already stored the data

shown in Fig. 70. BAn operator of the laser processing

25 apparatus inputs a desirable size of a modified spot to the

numerical aperture selector 419 by using a keyboard or the

163



15 sanme in the nodified exanples explained in the following. Fig. 79 is a
bl ock di agram of the overall controller 127 provided in another 8'f' E
exanpl e of the laser processing apparatus in accordance wth thigB ﬁ"b? 4-00
enbodi nent. The overall controller 127 conprises a nunerical aperture 20
sel ector 419 and a correlation storing section 413. It differs fromthe
modi fied exanple of Fig. 78 in that the numerical aperture is chosen

i nstead of the power. The correlation storing section 413 has al ready
stored the_dalﬁkeshawnmabﬁagyuéﬂteA@hepmmﬁnﬁcaﬁapﬁétvégé@%ﬁQk%%%1%g 25
apparatus inputs a desirable size of a nodified spot to the nupnerjcal
aperture sel echotsdi® hymesiicg laakeybone ¢ oir asROIERNFPO12 G144- B8V %e. Asa
consequence, the nunerical aperture selector 419 chooses a nunerical
aperture correspabdengdentacsilzé chaviatg ofa e uEnPWetd cal2e of FHAL 0T the
inputted size fromthe correlation. storing section 413, and sends, data of
this 5 nunerlcakrabetﬂunest@Ehagl@m§uﬁﬂﬂuﬂﬁﬁm)3ﬁ§ﬁﬁﬁﬁ%ﬁ1%®%§r6$lEPiS405
beam expander 501, or iris diaphragmcontroller 603. Therefore, en the

| aser processhogeappai atpes tuegul at be leng seier Wingnefh Huh®h FEAF “Gpefture is
used for |aser processing, a nodified spot having a desirable si can be
formed. The 1808at beawneepandgrt h9 L, rrirert icald IGRTAEE SP8 TP e§eéﬁ3to t he
nonitor 129, whereby the size of nunerical aperture is displayed.. Iln this
exanpl e, the Pbeeefsefi wagnwisiee 1a8GieProarSapect GPBaFét\‘iarfséPg?tﬁ?g. 80

is a block diagramof the overal|l controller, .
tothis sizeof numerical apertureisusedfor laserprocessing,

a modified spot having a desirable size can be formed. The

10 data concerning this numerical aperture is also sent to the

monitor 129, whereby the size of numerical aperture is

displayed. In this example, the power is fixed while
numerical aperture is variable.

Fig. 80 is a block diagram of the overall controller

15 127 provided in still another modified example of the laser

processing apparatus in accordance with this embodiment.

The overall controller 127 comprises a set selector 421 and

a correlation storing section 413. It differs from the

examples of Figs. 78 and 79 in that both power and numerical

20 aperture are chosen. The correlation storing section 413

has stored the correlation between the set of power and

numerical aperture and the size in Fig. 69 beforehand. An

operator<xfthelaserprocessingapparatusinputszadesirable

size of a modified spot to the set selector 421 by using

25 a keyboard or the like. As a consequence, the set selector

421 chooses a set of power and numerical aperture
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15 127 provided in still another nodified exanple of the |laser processing
apparatus in accordance with this enbodinment. The overall controller 127
conprises a set selector 421 and a correlation storing section 4HPf194144-00
differs fromthe exanples of Figs. 78 and 79 in that both power and
nunerical 20 aperture are chosen. The correlation storing section 413 has
stored the correlation between the set of power and nunerical aperture and
the size in Fig. 69 beforehand. An operator of the |aser processing
appar at us i nptdSr@splesdiepl e ire ofpw rodifiz Spo the e sia Sélect or
421 by using 25 a keyboard or the like. As a consequence, the set selector
421 chooses asseting posmeroand humbeiteabfapeweur én 164usPONCHAR4SFY 1S
corresponding to thus inputted size fromthe correlation storing section
413. Data of pewerté nthdyswehoseydettdrs 40dent Onot hheoposerhaeuid@icr 401.
On the other hand, data of nunerical aperture in the chosen set is sent to
the | ens 5 sebecting itechapiestucent naiiechesn Beani &xRidéer 5D, 195 iris
di aphragm controll er 603. Therefore, when the |aser processing apparatus
regul ated to t&kepoivey reechanner icaltralpget Y0 obeani §XBahdpg g%d $%or

| aser processing, a nodified spot having a desirable size can be forned.
The data 10 cbnieraiawhtden meapti taldee 06 Gower hgraieree BReRukRR i tater
aperture is also sent to the nonitor 129, whereby the nmagnitude of power
and size of npneresalnapmRaratys %R BPlayEY LoThESePRYEET FRE BXATHT €% can

control sizes of nodified spots, Therefore, when the size of a nPdiéied
spot is made aperture of this set is used for laser processing, a modirie

spot having a desirable size can be formed. The data

10 concerning the magnitude of power and size of numerical
apertureisalsosenttothemonitor129,wherebythemagnitude
of power and size of numerical aperture is displayed.

These modified examples can control sizes of modified
spots. Therefore, when the size of a modified spot is made

15 smaller, the object to be processed can precisely be cut
along a line along which the object is intended to be cut
therein, and a flat cross section can be obtained. When the
object to be cut has a large thickness, the size of modified
spot can be enhanced, whereby the object can be cut.

20 [Eighth Example]

An eighth example of this embodiment controls the
distance between a modified spot formed by one pulse of laser
light and a modified spot formed by the next one pulse of
pulselaserlightbyregulatingthenmgnitudeofearepetition

25 frequency of pulse laser light and the magnitude of relative

moving speed of the light-converging point of pulse laser
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15 smaller, the object to be processed can precisely be cut along a line
al ong which the object is intended to be cut therein, and a flat cross
section can be obtained. Wien the object to be cut has a |large tHRKr€d44-00
the size of nodified spot can be enhanced, whereby the object can be cut.
20 [Ei ghth Exanple] An eighth exanple of this enbodi mrent controls the
di stance between a nodified spot fornmed by one pulse of laser light and a
nodi fied spot formed by the next one pulse of pulse |aser |ight by
regul ating theigmgni t Ndeed, ait epeitidlon 2e dieqseney bet weehsedjasent! i ght
and the magni tude of relative noving speed of the |ight-converging point
of pul se | asemotidF iklf0dpOid4- Qo thghtcl INantely explanent ool scHdeiditshance
bet ween adj acent nodified spots. In the foll ow ng explanation, the
di stance is dssesedmtd be & pi péhch. p The'lsorionalr odf opi phclp pMuilllbee
explained in terns of a crack region by way of exanple. 5 Let f (Hz) be the
repetition freguédrdyeaf ipulteerisasdr a kirglkt, ragdon pymvsecpfbextampleovi ng
speed of the X-axis stage or Y-axis stage of the object to be processed.
The nowi ng speeds @Gktt hed )sbagese arepegxanplires refiueekat o ¥ euima ngsspeed
of the light-converging point of pulse laser |ight. Thecrack 10 part forned
by one shot oflighitseahdsefmhight) e tle¢erawichg spead «ff abk X%potis Flhegef or e,
the number n of crack spots fornmed per unit length of the |line along which
the object ioriHtendedstagbeoktithesobgegs fol bevprogessddy, The moving
speeds of these stages are examples of relative moving speed
of thelight-convergingpoint of pulselaser light. Thecrack
10 part formed by one shot of pulse laser light is referred
to as crack spot. Therefore, the number n of crack spots
formed per unit length of the line along which the object
is intended to be cut 5 is as follows:
n=£f/v.
15 The reciprocal of the number n of crack spots formed
per unit length corresponds to the pitch p:
p = 1/n.
Hence, the pitch p can be controlled when at least one
of the magnitude of repetition frequency of pulse laser light
20 and the magnitude of relative moving speed of the
light-converging point is regulated. Namely, the pitch p
can be controlled so as to become smaller when the repetition
frequency f (Hz) is increased or when the stage moving speed
v (mm/sec) is decreased. By contrast, the pitch p can be

25 controlled so as to become greater when the repetition

frequency f (Hz) is decreased or when the stage moving speed
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15 The reciprocal of the nunber n of crack spots formed per unit length
corresponds to the pitch p: p = 1/n. Hence, the pitch p can be controlled
when at | east one of the nagnitude of repetition frequency of pufgglrgééﬁ'oo
light 20 and the magnitude of relative noving speed of the

| i ght-converging point is regulated. Nanely, the pitch p can be controlled
so as to becone snaller when the repetition frequency f (Hz) is increased
or when the stage noving speed v (misec) is decreased. By contrast, the
pitch p can be 2&Gm¢satiolseiinspoeaseto becone greater when the repetition
frequency f (Hz) is decreased or when the stage noving speed 166

FPOL- 0144- 00 v ( nmBes)whsléntheased.e Nevemiile oftirkat ereshhp BELHWRAGS of

rel ati onship between the pitch p and crack spot size in the direction of
line along whhehpihehobjeot tsachtepdedsizebencubesdaseshdbdn Ph biFfgs. 81
to 83. Figs. 81 to 83 are plan views of an object to be yrocessed al ong
the line al onglehgchhidle ©Ohf edtidar lisntepgagdetotBePeutus, i SHOYS +Br ned
with a crack region by the |aser processing in accordance with this

enbodi frent.  BAigeackl spo8390 Figserhbd by oasepnlat biewnle amasBiefight .
10 Formng a plurality of crack spots 90 aligning each other along.the
line al ong whiehbehereppeeedi 8lppgehbedlinepaliend “5ighefds 8P8F&Ek  Fegi on
9. Fig. 81 shows a case where the pitch p is greater than thi size d. The
crack regi on 9ni§nEeAnktd e sedht? nudusty 1s formed with a crack region

by the laser processing in accordance with this embodiment.
A crack spot 90 is formed by one pulse of pulse laser light.
10 Forming a plurality of crack spots 90 aligning each other
along the line along which the object is intended to be cut
5 yields a crack region 9.
Fig. 81 shows a case where the pitch p is greater than
the size d. The crack region 9 is formed discontinuously
15 along the line along which the object is intended to be cut
5 within the object to be processed. Fig. 82 shows a case
where the pitch p substantially equals the sized. Thecrack .
region 9 is formed continuously along the line along which
the object is intended to be cut 5 within the object to be
20 processed. Fig. 83 shows a case where the pitchp is smaller
than the size d. The crack region 9 is formed continucusly
along the line along which the object is intended to be cut
5 within the object to be processed.
In Fig. 81, the crack region 9 is not continuous along
25 the line along which the object is intended to be cut 5,

whereby the part of line along which the object is intended
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15 along the line along which the object is intended to be cut 5 within the
object to be processed. Fig. 82 shows a case where the pitch p 01-0144-00
substantially equals the size d. The crack region 9 is forned coﬁplauousfy
along the line along which the object is intended to be cut 5 within the
object to be 20 processed. Fig. 83 shows a case where the pitch pis

smal ler than the size d. The crack region 9 is fornmed continuously al ong
the Iine along which the object is intended to be cut V“tgﬁflthe obj ect

to be processtd.bd gurigkegrs a RELEPIER TR ECER T  hot TWHMITRISUs"aFdng 25
the line along which the object is intended to be .cut 5, ~whereby the part

of |ine al ongCahrghneheubbs exteR f ida 16F PBILG148- 66 PBOE%SEE? 5

keeps a strength to some extent, Therefore, en arryi.ng out a_step of
cutting the oBféer LasedePhroressd héﬁfﬂéulnﬁégs%hﬁlo%%%‘ﬁ%}%%%&ﬁ%&gof t he

obj ect becones easier. In Figs. 82 and 83,_th§%crack region 9 is

cont i nuously FBriias 588t Sthet 1F & 28KohGIWAP Ch FHePBh; BR U3 % £RF8Rded to
be cut 5, which makes it easy to cut the object while using th ck
regi on°9 as a23PBBtthY kkﬂQNﬁloﬁﬁeWBFFEhp&Fiéyqﬁﬁﬁaléréﬁf@PdFﬁéﬁaﬁﬁbgé?ze d
in Fig. 81, and substantially equals the_size d. i.n Fi .82, where 10
regi ons generétiH@lﬁﬂIWPﬁﬁStéﬁ §g§¥rﬁpi8ﬁtu6§ﬁ PPP&&FagpéﬁéwP?ﬁ% u §8 | aser
| i ght can be prevented,frog1being %upgngose%in%n crack spots 90 which have
al ready been FEPREAIEAICR Pe&l €, St&VitAEi 6% i sizes of crack spots 90

can be made smal| er TheNginE!:X’pt{]se ho g”é?éatb@f found phaty, when 2 prggi on
generati ng
81, and substantially equals the size d in Fig. 82, whereby
10 regions generating multiphoton absorption upon irradiation
withpulselaserlightcanbepueventedfrombeingsuperposed
on crack spots 90 whichhave alreadybeen formed. Asaresult,
deviations in sizes of crack spots 90 can be made smaller.
Namely,theinventorhasfoundthat,whaqaregiongenerating
15 multiphoton absorption upon irradiation with pulse laser
light is superposed on crack spots 90 which have already
been formed, deviations in sizes of crack spots 90 formed
in this region become greater. When deviations in sizes of
crack spots 90 become greater, it becomes harder to cut the
20 object along a line along which the object is intended to
be cut precisely, and the flatness of cross section
deteriorates. 1In Figs. 81 and 82, deviations in sizes of
crack spots can be made smaller, whereby the object to be
processed can be cut along the line along which the object

25 is intended to be cut precisely, while cross sections can

be made flat.
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is nmultiphoton absorption upon irradiation with pulse laser light is
super posed on crack spots 90 which have al ready been forned, deviab&
sizes of crack spots 90 forned in this region becone greater. wieh

deviations in sizes of crack spots 90 becone greater, it becomes har
cut the 20 object along a line along which the object is intended to
cut precisely, and the flatness of cross section deteriorates. In Fi
and 82, deviations in sizes of crack spots can be made snuller, wher
the object to be mocessed eah ibetbetfatepgitte tine ighdhyewBMBhet Hke
object 25 is intended to be cut precisely, while cross sections can

nmade flat. 168hFPOAmIdd#m@0t Asamxpdrat ned tie i dhopelsi AEIVEREIBIgHI R

exanpl e of

t his enbodi ment can control the pitch p by regulat[ng t he
magni t ude of megeittiiencf rezpentyiof Pueeeneasat Pughe deSefadhblt

der

rel ati ve noving speed of the Iight-converging@Szfoint of pul se | aser
(e

Thi s enabl es hageitpdeceSsicigtiive ponflognspge

by changing the pitch p in view of the thickness and material of the
obj ects and theihtkef piHamhatsies faebtt hathiheFlas gacst BECEBAPLBPI ed i s

10 explained in the case of crack spots, the sane holds in nelting

954 4 o
der to
be

gs. 81
eby

be

of
l'i ght.

raeobi @Bt ~FBNBRY ptBCessed

spot s

and refracti véni oofeko ohihyd o 5HEsOL @RV Pt REPECEFET b O T BGen

when nelting spots and refractive index change s ots,ai§%§u9%¥ggsedton
those whi ch hpi&chl peauyiseenf tof fdtCNiss eRgtMobehrdd t* A&
| i ght - convergi ng poi nt

10

15

20

25

and the like.

Though the fact that the pitch p can be controlled is
explainedinthecaseofcrackspots,thesameholdsinn@lting
spots and refractive index change spots. However, there are
no problems even when melting spots and refractive index
change spots are superposed on those which have already been
formed. The relativemovement of the light-convergingpoint
of pulse laser light may be realized by a case where the
object to be processed is moved while the light-converging
point of pulse laser light is fixed, a case where the
light-converging point of pulse laser light is moved while
the obﬁect is fixed, a case where the object and the
light-converging point of pulse laser light are moved in
directions opposite from each other, and a case where the
object and the light-converging point of pulse laser light
are moved in the same direction with their respective speeds
different from each other.

With reference to Fig. 14, the laser processing

apparatus in accordance with the eighth example of this
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15 of pulse laser light may be realized by a case where the object to be
processed is noved while the light-converging point of pulse |laser |ight
is fixed, a case where the 1|ight-converging point of pulse |aser FF0gh 144-00
noved while the object is fixed, a case where the object and the 20
| i ght-converging point of pulse laser light are noved in directions
opposite fromeach other, and a case where the object and the
| i ght-converging point of pulse laser light are noved in the sane
direction witbmbbéimenesperil videsperdsaidefif enasintlyf r om eaerimdt Iedr . 195 Wth
reference to Fig. 14, the | aser processing apparatus in accordance wth
t he ei ghth exatpferehceli ri60 FHRO119444- PO oerbbedinger@rpaidtuse B&pI ahned
mainly in terns of its differences fromthe |aser processing apparatus 100
in accordancecwbtbhahke itlst hefampltes sdawre shoFngn Aidg. THe |Bsedaspirght
source 101 is a Qswitch laser. Fig. 84 is a schematic 5 diagram of the
Q switch | aseliphavicierce n0d 1ase@-swghthdeawese [0¢. SFhés@ sehedAtE&ser
conprises mrrors 51, 53 which are disposed with a predeterm ned gap
t her ebét ween, daakaserof nbdiQmavwss odi sposed rovtdedrit Ad agertr bigh 5 ECHREE53, a
punpi ng source 57 for applying a punping input to the |aser medi um 10 55,
and a Q switch039 dTspdyesk Petwdenerheohnsése radi R BS 2 land3 t'He GH PE6r 51.
The material of the laser nedium55 is Nd: YAG for exanple. A p%nping
input is appl dedpises tid PP IRASFEEST 98B FherPRsEYCRBdi BmIS5SEn a
state where the loss in a resonator , .

medium 55 disposed between the mirrors 51 and 53, a pumping

source 57 for applying a pumping input to the laser medium
10 55, and a Q-switch 59 disposed between the laser medium 55
and the mirror 51. The material of the laser medium 55 is
Nd:YAG, for example.
A pumping input is applied from the pumping source 57
to the laser medium 55 in a state where the loss in a resonator
15 is made high by utilizing the Q-switch 59, whereby the
population inversion of the laser medium 55 is raised to
a predetermined value. Thereafter, the Q-switch 59 is
utilized for placing the resonator into a state with a low
locss, so as to oscillate the accumulated energy
20 instantaneously and generate pulse laser light L. A signal
S (e.g., a change in a repetition frequency of an ultrasonic
pulse) from a laser light source controller 102 controls
the Q-switch 59 soastomakeitattainahighstate. Therefore,
the signal S from the laser light source controller 102 can
25 regulate the repetition frequency of pulse laser light L

emitted from the laser light source 101. The laser light
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15 is nmade high by utilizing the Qswitch 59, whereby the popul ation
inversion of the laser nmedium55 is raised to a predeterm ned val ue.
Thereafter, the Q@Qswitch 59 is wutilized for placing the r esonat of FOAr§144-00
state with a low loss, so as to oscillate the accumul ated energy 20

i nst ant aneously and generate pulse laser light L. Asignal S (e.g., a
change in a repetition frequency of an ultrasonic pulse) froma | aser

i ght source controller 102 controls the Qswitch 59 so as to nake it
attain a hi ghsstuate. cdhereiber,102 e shomedmsSl¢ rdmitiegueaser afil gRE186ur ce
controller 102 can 25 regul ate the repetition frequency of pulse |aser
light L emnittednkromThe kapetikight fsmguench0lis TheINasEEd YD 170
FPO1-0144-00 source controller 102 is an exanple of frequency adjusting
neans. The repekirtitor foequbacyl dser egubaeesi MerPRa radper atrutod the [aser
processi ng apparatus inputs the magnitude of repetition frequencX to an
overal | cont r olaleri t5de2df mipetiwidn fyecwepical hedn V&L lgy casraglast
keyboard or the like. The foregoing are details of the |aser |ight source
101. Ddring tRe&7,asbicpreckssingxnlid nsls) deteto bE proeessd@YPPard Rbved in
the X- or Y-axis direction, so as to forma 10 nodified region along a |ine
al ong whi ch t libeobilket The feresareido eseset@it.s ThEPeflGser Wheht FOFAFAg a
nodified region in the X-axis direction, the speed of relative novenent of
the |ight-cofddrging point of laser light can be adjusted by regulating

t he novi ng speed of the X-axis stage 109. Wen ,
9 P Duringthelaser%rocessing,theobjecttobeprocessed

1 is moved in the X- or Y-axis direction, so as to form a
10 modifiedregionalongalinealongwhichtheobjectisintended
to be cut. Therefore, when forming a modified region in the
X-axis direction, the speed of relative movement of the
light-converging point of laser light can be adjusted by
regulating the moving speed of the X-axis stage 109. When
15 forming a modified region in the Y-axis direction, on the
other hand, the speed of relative movement of the
light-converging point of laser light can be adjusted by
regulating the moving speed of the Y-axis stage 111. The
adjustment of the respective moving speeds of these stages
20 is controlled by the stage controller 115. The stage
controller 115 is an example of speed adjusting means. The
speed is regulated when the operator of laser processing
apparatus inputs the magnitude of speed to the overall
controller 127, which will be explained later, by using a
25 keyboard or the like. The speed of relative movement of the

light-converging point of pulse laser light can be adjusted
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the speed of rel ative mvement of the 11ght-converging point of Laser..

. . - oint o r

l'ight can be adjusted by regulating the noving spegd gfpthe Y—ax%gagfg&éq_oo
111. The adjustnment of the respective noving speeds of these stages 20 is
controlled by the stage controller 115. The stage controller 115 is an
exanpl e of speed adjusting neans. The speed is regulated when the operator
of | aser processing apparatus inputs the nagnitude of speed to t over al
control | er 12@hewnhi ehile| theel kxpt R IEF PBY ud ng #2865 W@Vng?d or

the like. The speed of relative novenent of the |I|ight-converging point of
pul se | aser Iﬁghtmoamnbesadpdsﬂédr@@mlﬁpeﬁa0144-00 when, while the

| i ght-converging point Pis nade novable, its noving_speed is requlated.

The overal | control Tke QQer@iltﬁ@nﬁégéﬂeﬁré%@s@?néheabﬁaﬁétB§0Fﬁsg&88rdance

with the eighth exanple further adds 5 other functions to th overgl

](c:pnt[ol | er llzzpplfi.rtaheSIméﬁcpﬁdéé§§ivr‘ﬂgtfaﬁb8rea‘tq}?st]? ﬁXQE‘E’éFd@‘%@"W £H%he
i rst exanple. ig. 85 is a block diagram show ng._a

t he ovéral | cohhﬁ@lfencliqnéftQﬁémi@@@%aéﬁo€8§§FﬁglﬁﬁB§#zﬂﬁétﬁ%ﬁ é%gthagze

with the eighth exanple. The overall 10 control|er. 127 canpr.ises_a-di
cal cul ating s@épp@ﬁsimg,apgagaggsgpb@pﬁ§;g@99eowlEaggh%ﬁﬁﬂgﬂ:F%Sgglg[stance

preparing section 14 5. To the distance calculating, section ,
nagni t ude ofFﬁ@pe@ﬁt%6naquﬁﬁﬁﬂﬂ%?QHa”bﬁpgglpgs8rp??bh?f fd 5 éigééi%@i

_ and T1es
magni t ud f [ '
ghitudes © tggyéggrgff%g%t%%lagg‘fﬁ?%&§tﬁg%bsg&Jp?égééQPHégﬁgmratus

in accordance with the eighth example. The overall

10 controller127comprisesachstancecalculatingsection14l,
a size storing section 143, and an image preparing section
145. Tothe distance calculating section 141, the magnitude
of repetition fregquency of pulse laser light and respective
magnitudesofmovingspeedsofthestages109,111areinputted.

15 Theseinputsareeffect@dbytheoperatoroflaserprocessing
apparatus using a keyboard or the like.

The distance calculating section 141 calculates the
distance (pitch) between adjacent spots by utilizing the
above-mentioned expressions (n = f/v, and p = 1/n). The

20 distance calculating section 141 sends this distance data
to the monitor 129. As a consequence, the distance between
modifiedspotsformedattheinputtedmagnitudesoffrequency
and speed is displayed on the monitor 129.

The distance data is also sent to the image preparing

25 section 145. Thesizestorihgsection143hasalréadystored

therein sizes of modified spots formed in this laser

172



15 These inputs are ef f ected by the operator of |aser processing
apparatus using a keyboard or the |ike. The distance cal cul ati ng sect.i

141 cal cul ates the

on

the above-nentioned expressions (n = f/v, and p = 1/n). The 20 distance

cal cul ati ng
consequence,

storing section 143 has al ready stored

section 141 sends this distance data to the nonitor 129.

As a

the di stance between nodif ied spots f ornmed at the inputted
magni t udes of f requency and speed is displayed on the nonitor 129. The
di st ance dat apirecalssdngenppeoathe .i nhkgeopdepar i agthe R isdcnioh s atke si ze

therein sizes of nodified spots

formed in thi sheaserel@atEPeLod&d41i00t pe oTkssi P Bbparsr st oddot dithg to-

t he di stance data and

the size data stored in the size storing section

143, the i nageageepeepayiseseictn ol ppeprpsssi ieage data of @ afddiirided

region fornmed by the distance and size, and sends thus prﬁgared 5 i mage

data to the

norsiction fAiogne tsy & hechisecprearcend &a zemeged soPd$ h8 USRI SRS

is also displayed on the nonitor 129. Hence, the distance between adj

modi fi & spot smapd théa forrhefmemdi ¢y dd F-egP6nacapn Hedderdc betBbridd%ser

Though t he di stance calculatina_section 141 cal cul ates _ 10 the
|

processi ng.

di st ance bet wednthediddidd eshaesiy s idlisA
p=1/n) , the followi ng procedure nmay also be taken. First,
havi ng regi st éleaderheherdl st awmes higs isetweens ERB L Rt 1 A& So°

frequency,

10

15

20

25

egi on
acent

sphaveexyit 88 BARI LAY 247v, and
a table
trseﬁ’égittqeon

t he novi ng speeds of stages 109, 111, and.the distancergftmeen

form of modified region ¢an be seen before laser processi

Though the distance calculatingsectionl4l calculates
the distance between modified spots by utilizing the
expressions (n = f/v, and p=1/n), the following procedure
may also be taken. First, a table having registered the
relationship between the magnitude of repetition frequency,
the moving speeds of stages 109, 111, and the distance between
modified spots beforehand is prepared, and the distance
calculating section 141 is caused to storedata of this table.
When themagnitude of repetition frequency and the magnitudes
of moving speeds of stages 109, 111 are fed into the distance
calculating section 141, the latter reads out from the
above-mentioned table the distance between modified spots
in the modified spots formed under the condition of these
magnitude.

Here, the magnitudes of stage moving speeds may be made

variablewhile themagnitude of repetition frequency is fixed.

On the contrary, the magnitude of repetition freguency may

be made variable while the magnitudes of stage moving speeds
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15 nodifi ed spots beforehand is prepared, and the distance calculating
section 141 is caused to store data of this table. Wen the nagnitgge 924 00
repetition frequency and the magni tudes of noving speeds of staggg 03, -
111 are fed into the distance calculating section 141, the latter reads
out fromthe 20 above-nentioned table the distance between nodified spots
in the nodified spots forned under the condition of these magnitude. Here,
t he magni tudes of stage novi ng speeds may be nade variable while the
magni t ude of aepetfiitieah frkfsencyini stli¢xedcases, OfththeaboRerae)tiphad

magni tude of repetition frequency nmay be made variabl e while_the magnitudes
of stage novi agpspeedend7andRGLIE 44200s8deltitierl JiAtapCce GadREdAT RS s,

t he above-nentioned expressions and table are used in _the distance

cal cul ating section 141 ffor camnyiing ut pPoeeass g f 6P caasPARIt hBS

moni tor 129 to display the distance between nodified spots 5 and an image
of the nodifi®dniegiroh?9 A idi sieyf bhegdi aganead verell MaHftissl FBPtE27
shown in Fig. 85 inputs the magnitude of repetition frequency and the
stage Povi ng spéeds, imhgeeby thecurdiifAagdt KEIdCHance between adj acent

modi fied spots. Alternatively, a 10 desirable distance b imequﬁd'acent
nodi fi ed spots nay béJU?ﬁ@@tf@ﬁ?gahﬂgtHé“hﬁ@ﬁ?@&&eCBFthﬁ BF 5 ns%Pgauency
and magnitudes of stage noving speeds may be controlled._ This rocedure
wi Il be expl aihedin &hénpelkBoliagaan ig-udss Ot st 8PBF HEORi HFF B Ehodi Ry a
part  of anOthﬁae stage moving speeds, thereby calculating the distance

between adjacent modified spots. Alternatively, a

10 desirable distance between adjacent modified spots may be

inputted, and the magnitude of repetition frequency and

magnitudes of stage moving speeds may be controlled. This
procedure will be explained in the following.

Fig. 86 is a block diagram showing a part of another

15 example of the overall controller 127 provided in the eighth

example. The overall controller 127 comprises a frequency

calculating section 147. The operator of laser processing

apparatus inputs the magnitude of distance between adjacent

modified spots to the frequency calculating section 147 by

20 using a keyboard or the like. The magnitude of distance is

determined inview of the thickness andmaterial of the object

to be processed and the 1ike. Upon this input, the frequency

calculating section 147 calculates a frequency for attaining

this magnitude of distance according to the above-mentioned

25 expressions and tables. In this example, the stage moving

speeds are fixed. The frequency calculating section 147
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15 exanpl e of the overall controller 127 provided in the eighth exanple.
The overall controller 127 conprises a frequency calculating sectiagn 147.
The operator of |aser processing apparatus inputs the magnitude §P01-0144-00
di stance between adjacent nodified spots to the frequency cal cul ating
section 147 by 20 using a keyboard or the like. The magnitude of distance
is determned in view of the thickness and material of the object to be
processed and the like. Upon this input, the frequency calculating section
147 cal cul at eseadbr equencyafloulatesi rdatp thi sthmghpsade bfolti seanéee
according to the above-nentioned 25 expressions and tables. In this
exanpl e, the sbageoibeirn)?2 spéds Hreobigel.torhe Prosqssreyt TaLRIRSE g
section 147 174 FPO1-0144-00 sends thus calculated data to the Il aser |ight
source controbl ragd?. pyheasshecoljyecthe o Uses g5 e e 139 s@PPEELEYS to

| aser processing by the | aser processing apparatus regulated to this
magni t ude of ﬁeeq&emeﬁ,Tﬂhet@iStaﬁééisugétWéénﬂ@ﬁFé@Eﬁirn%@?fﬁé&téﬁﬁﬁs can
attain a desirable magnitude. Data of this magnitude of frequency is also
sent bo the hetivesn E@ﬂaQQEﬁe@?d%ﬁigdnﬁ@ﬁﬁﬁu&@ﬂﬁa?W%Hheﬁcgeﬁérable

di spl ayed. Fig. 87 is a block diagram show ng apart of still apother 10
exanpl e the ovepaliltugent rBﬁFér0f12gl|§rW@édJ  Of g ST FY 1&x&hD? €€ Fhe
overal | controller 127 conprises a speed calculating sectjon 149. I|n a
manner si mi | atot Bhenaenikehtldhed IGRY, thHé Wﬁ%ﬁ??ﬁg% %f ST B8t ween

adjacent nodified spots is fed into the speed cal cul ati ng section
displayed.

Fig. 87 isablockdiagramshowingapart of still another

10 example the overall controller 127 provided in the eighth
example. The overall controller 127 comprises a speed
calcuiating section 149. In a manner similar to that
mentioned above, the magnitude of distance between adjacent
modified spots is fed into the speed calculating section

15 149. Upon this input, the speed calculating section 149
calculates a stage moving speed for attaining this magnitude

of distance according to the above-mentioned expressions

and tables. In this example, the repetition frequency is

fixed. The speed calculating section 149 sends thus

20 calculateddata tothe stage controller 115. When the object
to be processed is subjected to laser processing by the laser
processing apparatus regulated to this magnitude of stage

moving speed, the distance between adjacent modified spots

can attain a desirable magnitude. Data of this magnitude

25 of stagemoving speed is also sent to themonitor 129, whereby

this magnitude of stage moving speed is displayed.
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15 149. Upon this input, the speed cal culating section 149 calculates a
stage noving speed for attaining this magnitude of distance accordb?g R? 00
t he above-nenti oned expressions and tables. In this exanple, t hefPOL=0144-
repetition frequency is fixed. The speed cal cul ati ng section 149 sends
thus 20 calcul ated data to the stage controller 115. When the object to be
processed is subjected to | aser processing by the |laser processing
apparatus regulated to this magnitude of stage noving speed, the distance
bet ween adj acent nnﬂi@i86jsprQOChdﬁaaﬁﬁmaﬁqwkM%$Péﬁg@ﬂﬁﬁﬁﬁ%ﬁﬂ%ﬁh%ﬁta of
t his magni tude 25 of stage noving speed is also sent to the nonitor 129,
wher eby  t hi seragpleudetbe steg Inoenhgodpesdl? s Paioycegetn thpseighth
FP01-0144-00 Fig. 88 is a block diagran1shomﬁn9 a part of still another
exanpl e of thexewpiall Tonovekbét cr2it ynld\Erdbd’ CAMPHE SESFhEATL ERARPPR. The
overal |l controller 127 conprises a conbination calculating section 151. It
differs from thécuasesnofseitgen 5586 ahd 9B7Z fiayst hRPMBHENCE epetak FoRs -
frequency and stage novin speed are calculated. In a manner sinmilar to
that néntionel6 abd®d, inHdadi BohAERRS Wekon 4dFLSERCYNdRF I EPSPBY s fed
into the conbination calculating section 151. Accarding to_ the_ .

above- nent i oneReER e SRS RY 18880t able$ MERBEE Gt indt Bg Y CRFEHF 8RFAg

section 151 calculates a repetition frequency and a, stage nopvin ed for
attaini ng thi 8PREGR thaedﬂo‘irta%%@&ﬁ&@?%ﬁ@?é&ﬁﬁﬁ&??b l%ﬂlsé’iﬁ%st il%g§§§ct i on

151 sends thus calculated data to the stage control 115. Thel rligh
intothecxmminationcalculatfggsectlonkgi.'%ccoréaég%o ght

the above-mentioned expressions and tables, the combination
10 calculating section 151 calculates a repetition frequency
and a stage moving speed for attaining this magnitude of
distance.
The combination calculating section 151 sends thus
calculated data tothe stage controller 115. The laser light
15 source controller 102 adjusts the laser light source 101
so as to attain the calculated magnitude of repetition
frequency. The stage controller 115 adjusts the stages 109,
111 so as to attain the calculated magnitude of stage moving
speed. When the object to be processed is subjected to laser
20 processing by thus regulated laser processing apparatus,
the distance between adjacent modified spots can attain a
desirable magnitude. Data of thus calculated magnitude of
repetition freguency and magnitude of stage moving speed
are also sent to the monitor 129, whereby thus calculated
25 values are displayed.

The laser processing method in accordance with the
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15 source controller 102 adjusts the laser |light source 101 so as to attain
the cal cul ated magnitude of repetition frequency. The stage contraller %%500
adj usts the stages 109, |IIll so as to attain the cal cul ated nagnifgaé'gﬁ -
stage noving speed. Wen the object to be processed is subjected to | aser
20 processing by thus regul ated | aser processing apparatus, the distance
bet ween adj acent nodified spots can attain a desirable magnitude. Data of
t hus cal cul ated nmagnitude of repetition frequency_and nagnitude of stage
nmovi ng speed eapbthl saaspie ©d théSnﬁmbpdﬁmﬁzg,WﬂﬁéréBv PRUS*BaPelFdt ed 25
val ues are displayed. The |aser processing nmethod in accordance with the
176 FPO1- 0144786 aijgttht exenpt ecessehils eaisddileeOntvadi ey - ndw bee 84pPEned.
The object to be processed 1 is a silicon wafer. In the eighth exanple,
operations fremespéps 6p0tatbosd Ifircar etersrPbel gt S1iA ar frdteried AfFar to
that of the |aser processing nmethod 5 in accordance with the first exanple
shown in Fig. ib5a mafiner stepld [to thhs df sthede 1Rt REes eadjidCeREThRPt i ng
spots in the nelting spots forned by one pul se of pulse laser, i.e., the
magni t Gde of pint elscprdencdetdrh tbg. TEFS tpiet@NPLs S§oH8t éfnifidd i'n-vi ew of
the thickness and material of 10 the object 1 and the |ike. The ma ni t ude
of pitch pis fed PAt6rtHeeRTeRAl ILhGORLPBRNER PEIT SRR § REET §© ég.ngThen,

in a manner simlar to that_ of the Iaserrﬁrocessinﬁ netgfd in ?ccordance
with the firstbexant & EHBWHE 170 FPELS TG MHRY ANORELBF St RY 8113566 S115

are carried out. This . . .
i.e., the magnitude of pitch p, is determined. The pitch

p is determined in view of the thickness and material of
10 the object 1 and the like. The magnitude of pitch p is fed
into the overall controller 127 shown in Fig. 88.

Then,inanwnnersimilartothatofthelaserprocessing
method in accordance with the first example shown in Fig.
15, operations of step S113 to S115 are carried out. This

15 divides the object 1 into silicon chips.

As explained in the foregoing, the eighth example can
control the distance between adjacent melting spots by
regulating the magnitude of repetition frequency of pulse
laser light, and regulating the magnitudes of moving speeds

20 of X-axis stage 109 and Y-axis stage 111. Changing the
magnitude of distance in view of the thickness and material
oftheobject].andthelikeenablesprocessingincmnformity
to the aimed purpose.

[Ninth Example]

25 Aninth example of this embodiment changes the position

of the light-converging point of laser light irradiating
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15 divides the object 1 into silicon chips. As explained in the foregoing,
the eighth exanple can control the distance between adjacent nel t% Ot4S—OO
by regulating the magnitude of repetition frequency of pul se | addr "foaﬁt,
and regul ating the nmagni tudes of noving speeds 20 of X-axis stage 109 and
Y-axis stage 111. Changi ng the nagnitude of distance in view of the
t hi ckness and naterial of the object 1 and the |ike enables processing in
conformty to the ained purpose. [Ninth Exanple] 25 A ninth exanpl e of
thi s enbodi merthe hemiges: tthe heogirdicsssest irhdhiel ghtrecsiwdr §itnhd NSaidsn st
| aser light irradiating 177 FPOL-0199-00 the object to be processed in the
direction of itwtdenbgecto thee b Berminmeramy afldity HlgmadpildedInads 9B
nodified regions aligning in the direction of incidence. Formng a
plurality of reddidnied riegitdres ddiddcthion B lexdEidfaFSn terns of a crack
region by way of exanple. Fig. 89 is a perspective view of an olf'h’e t to be
processed 1 formed Rexinowos crack addgivonet oM@ ARt HE DY Tt Wi tby Afsi ng
the |aser processing method in accordance with the ninth exanple .of this
enbodi rent . 10e¥wetiRt oh Heome Ag a &S 26KaERI YYPENE Y i ¥ 2BRL8xplHi%ed in
brief. First, the object 1 is irradiated with Eul se | aser I%ﬁg&t L ile
the |ight - conV&d giriyPPEFRECHE VB i PASHT OPP RGR{TA PP LIRS wi t WY he
object 1 near its rear face 21 and is noved aLong a chnf al ong. whi Cnh t he
object is i nt efidgy two crack regions 9 within the d&bjec by using the

laser processing method in accordance with the ninth example

of this embodiment.

10 Amethodof forming twocrack regions 9willbeexplained
inbrief. First, the object 1 is irradiated with pulse laser
light L, while the light-converging point of pulse laser
light L is located within the object 1 near its rear face
21 and ismoved along a 1ine alongwhich the object is intended

15 to be cut 5. This forms a crack region 9 (9A) along the line
along which the object is intended to be cut 5 within the
object 1 near the rear face 21. Subsequently, the object
1 is irradiated with the pulse laser light L, while the
light-converging point of pulse laser light L is located

20 within the object 1 near its surface 3 and is moved along
the line along which the object is intended to be cut 5.
This forms a crack region 9 (9B) along the line along which
the object is intended to be cut 5 within the object 1 near
the surface 3.

25 Then, as shown in Fig. 90, cracks 91 naturally grow

from the crack regions 93, 9B. Specifically, the cracks 91
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15 to be cut 5. This forns a crack region 9 (9A) along the Iine along

whi ch the object is intended to be cut 5 within the object 1 near tgi 6?25 00
face 21. Subsequently, the object 1 is irradiated with the pul se Fader -
light L, while the 1light-converging point of pulse laser light L is

| ocated 20 within the object 1 near its surface 3 and is noved along the
line al ong which the object is intended to be cut 5. This forns a crack
region 9 (9B) along the line along which the object is intended to be cut

5 within the objectallpeprow fhemsilid scecy. rosiqndd tayaghdit /2 P90,
cracks 91 naturally grow fromthe crack regions 9A, 9B. Specificall|ly, the
cracks 91 178 FPO1f0dM4:100 qiataly &ldai ajr Gf (P8 tREagfatRer 8gR6h B2%1 Char d
the rear face 21, fromthe crack region 9A (9B) toward the crack region

9B (9A), and f®BM Ak, candks reni ohe OBreoharadine 2Br FaCerd3thanfurEantiorm
cracks 9 elongated in the thickness 5 direction of the object in

> _obj he
surface of objact Theést eradi nforml g Cckise 9iﬁéoagéhﬁdwﬁmcHjﬁﬁetgbféﬁ?sFs
i , the surface to becone a cross secti

intended to be cut 5, i. e. . | ( n.
Hence, bhe objiececticarrhehewrbiehd™ hbelse atoRG %3%%tt1h%xBﬁPgt‘:]?g is
intended to be cut 5 by artificiaII%,agplyin%ya reLativeI% 1% sn%ll force
thereto or natailahbythé tHow 23ppPyVRGCEUNE £PIEGTcéS MREFRAEAS S 6FeGBl ng,
the ninth exanple forns a pIuraIitg of ncrack regions Qitherggxlin0£§§sing
the nunber of Pecht®onsha §UBEEGRETLRFITHY BpBFARPE THeh Fut t 17§ e “obj ect

Lo fsa object 1 can be cut along the line along which the object
is intended to be cut 5 by artificially applying a relatively

10 small force thereto or naturally without applying such a
force. |

Asintheforegoing,theninthexampleformsaplurality
ofcrackregions9,therebyincreasingthenumberoflocations
to become starting points when cutting the object 1. As a

15 consequence, the ninth example makes it possible to cut the
object 1 even in the cases where the object 1 has a relatively
large thickness, the object 1 is made of a material in which
cracks 91 are hard to grow after forming the crack regions
9, and so forth.

20 When cutting is difficult by two crack regions 9 alone,
three or more crack regions 9 are formed. For example, as
shown in Fig. 91, a crack region 9C is formed between the
crack region 9A and crack region 9B. Cutting can also be
achieved inadirection orthogonal tothe thicknessdirection

25 of the object 1 as long as it is the direction of incidence

of laser light as shown in Fig. 92.
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15 consequence, the ninth exanple nmakes it possible to cut the object 1
even in the cases where the object 1 has a relatively |arge thickness, Pe
object 1 is nade of a material in which cracks 91 are hard to groﬁ?%%f%i 4-00
form ng the crack regions 9, and so forth. 20 Wien cutting is difficult by
two crack regions 9 alone, three or nore crack regions 9 are forned. For
exanple, as shown in Fig. 91, a crack region 9Cis forned between the
crack region 9A and crack region 9B. Cutting can also be achieved in a
direction orthogonal ptefdienlhi ckness dinectdxames off théesoppleediners | ong
as it is the direction of incidence of |laser light as showmn in Fig. 92.
179 FPO1-0144- 9@ IRneflerabby, ctrackheegiath 9ea<a$rpﬂ15xtﬁ5?tim%lbérfﬁéﬂlieﬁleg¥om .a
plurality of crack regions 9 are successively forned from the side farther
fromthe entrapge $oce {#riher surdraddhe)entglandee felsicede - B0 bEUBEBERSSEd ON
which the pulse laser light 5 L is incident. For exanple, in Fig. 89, the
crack region OA s boreed torst pracdsskdnon héichatkereyl o 1958 1i8Phed.

If the crack regions 9 are forned successively fromthe side closer to the
entrancg face, Lthe Pt seehaserfdr iesrealatedn FLA-hS%i MBSoFTESKNT RELPRe
crack region 9 to be fornmed later 10 will be scattered by the crack region
9 formed earliBh.ifSomeabhiseguenaryd tesn heoasa6&ctfIifaNs1Zds$ 6PTPRE: crack
part (crack spot) formed by one shot of pulse laser light L cgnstituting
the crack regi df thdé oraed regeensieace, [eHeed susdeSsdgicdy 6 PBrhsuStdfer

cannot be fornmed uniformy.
closer to the entrance face, the pulse laser L irradiated

at the time of forming the crack region 9 to be formed later
10 will be scattered by the crack region 9 formed earlier. As
a consequence, deviations occur in sizes of the crack part
(crack spot) formed by one shot of pulse laser light L
constituting the crack region 9 formed later. Hence, the
crack region 9 formed later cannot be formed uniformly.
15 Formingthecrackregions9successivelyfromthesidefarther
from the entrance face does not generate the above-mentioned
scattering, whereby the crack region 9 formed later can be

formed uniformly.
However, the order of forming a plurality of crack
20 regions 9 in the ninth example of this embodiment is not
restricted to that mentioned above. They may be formed
successively from the side closer to the entrance face of
theobjecttobeprocessed,orformedrandomly. In the random
forming,forexamplejquig.91,thecrackregrm19Cisformed
25 first,thenthecrackregim19B,andfinallythecrackregion

9A is formed by reversing the direction of incidence of laser

180



15 Form ng the crack regions 9 successively f romthe side f arther from
the entrance face does not generate the above-nentioned scatterin

whereby the crack region 9 formed |later can be fornmed uniformy. EBQ%V%}?4'OO
the order of formng a plurality of crack 20 regions 9 in the ninth
exanple of this enbodinent is not restricted to that nentioned above. They
may be formed successively fromthe side closer to the entrance face of
the object to be processed, or forned randomy. In the random formng, for
exanple in Figligdt.the crack region 9Cis formed 25 first, then the crack
region 9B, and finally the crack region 9A is fornmed by reversing the

di rection of incidentieowdh ltaserfotB8OnEROA20pA4redikyghf mofhdagR ¥®21PBF mi ng
of a plurality of nodified regions is explained in the case of crack
regions, the saseehplasnednimoltergrocds sed dkegiegiongnd thef paBei veldhdex
change 5 regions. Though the explanation relates to pulse |aser light, the
same hol ds f orisombilhenuprwaes sleas erediiqgist .arher ¢ fsaet hrocbsdehgCapparfat us
in accordance with the ninth exanple of this enbodi nent has a

confi gubati on ségibas. tDhatgt tbe etipd Argdaonpy obeses i PAISEr AIRT 108 Fn
accordance 10 with the first exanple shown in Fig. 14. In the ninth
exanpl e, the pbsitkoa bblbeghbrceAveigrrRySpyPNE PasKTt RdIFRi ckness
direction of the object to be processed 1 is adjusted b the Z-axi s, stage

y
113. This can adj ust Thad 43gJhPIOGRPELGENMPPHO? FES PIsBCERY FoNFR L™ FP%at a
position closer to or farther _ , . .
ninth example of this embodiment has a configuration similar

to that of the laser processing apparatus 100 in accordance

10 withthe first example showninFig. 14. Intheninthexample,
the position of light-converging point P in the thickness
direction of the object to be processed 1 is adjusted by

the Z-axis stage 113. This can adjust the light-converging

point P so as to locate it at a position closer to or farther

15 from the entrance face (surface 3) than is a half thickness
position in the thickness direction of the cbject to be
processed 1, and at a substantially half thickness position.

Here, adjustment of the position of light-converging
pointPinthethicknessdirectionoftheobjecttobeprocessed

20 caused by the Z-axis stage will be explained with reference
to Figs. 93 and 94. 1In the ninth example of this embodiment,

the position of light-converging point of laser light in

the thickness direction of the object to be processed is
adjusted so as to be located at a desirable position within

25 the object with reference to the surface (entrance face)

of the object. Fig. 93 shows the state where the
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15 fromthe entrance face (surface 3) than is a half thickness position in
the thickness direction of the object to be processed 1, and at a
substantially half thickness position. Here, adjustnent of the po§ﬁ¥ﬂ6@15ﬂ"oo
| i ght-converging point Pin the thickness direction of the object tobe
processed 20 caused by the Z-axis stage will be explained with reference
to Figs. 93 and 94. In the ninth exanple of this enbodinent, the position
of |ight-converging point of laser light in the thickness direction of the
obj ect to be pregessetvergiadj psted Boohs asehe ibbtabebs ato sl WexighBlte
position within 25 the object with reference to the surface (entrance face)
of the object the gur 93csitons tiheeolst @t e lwheliben HdielB1a ¥ Btapa4i Eoved

| i ght-converging point P of laser light L is positioned at the surface 3
of the object bl Wen tioward axilse st agehicscopvedaiby z ksvar d1fhe the

| i ght-converging I ens 105, the |ight-converging point P noves fromthe
surface 3 to theH -Hawsiver giing e iohj dcmoress Istedut hen strfaass 3 Hiee tdfount

of novenent of |ight-converging point Pwthin the object 1 is Nz (where
N is tHe refractiide iofdekeobbthetobjeetsiowi tin Fiesp8dt tThe mnQusers i ght
L) . Hence, when the Z-axis stage 1is noved in view of the refractive index
of the obj ect novinemt ok dsimvt-qanvargirgsarointght Withife thesidq3sF ol

| i ght-converging point P in the thickness direction of the  object .1 can be
control | ed. NareeMg, (ahgesiFalf éhgospfreatise %rh%eﬁfi%tth@oﬁvéﬁg%ﬂnb it P
in the thickness direction of the obLect lis definedt%% Ebe di st.ance (Nz)

fromthe respect to the laser light L). Hence, when axls stage
is moved in view of the refractive index of the object 1

10 with respect to the laser light 1, the position of
light-converging point P in the thickness direction of the
object 1 can be controlled. Namely, a desirable position
of the light-converging point P in the thickness direction
of the object 1 is defined as the distance (Nz) from the

15 surface 3 to the inside of the object 1. The object 1 is
moved in the thickness direction by the amount of movement
(z) obtained by dividing the distance (Nz) by the
above-mentioned refractive index (N). This can locate the
light-converging point P at the desirable position.

20 As explained inthe first example, the stage controller
115 controls the movement of the Z-axis stage 113 according
to focal point data, such that the focal point of visible
light is located at the surface 3. The laser processing
apparatus].isadjustedsuchthatthelight—convergingpoint

25 P of laser light L is positioned at the surface 3 at the

position of Z-axis stage 113 where the focal point of visible
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15 surface 3 to the inside of the object 1. The object 1 is noved in the
thickness direction by the amount of movement (z) obtained by di¥' 'ng Eye
di stance (Nz) by the above-mentioned refractive index (N) . This Eg%— 129700
locate the [light-converging point P at the desirable position. 20 As
explained in the first exanple, the stage controller 115 controls the
novenment of the Z-axis stage 113 according to focal point data, such that
the focal point of visible light is located at the surface 3. The |aser
processing appahat bis located] aktidie st a%fat3 ¢ h@2tAghE- EBRVETGFRG %gint 25
P of laser light L is positioned at the surface 3 at the g slt%on of
Z-axi s stage moSemhske (Zheekptainediit BFIS sible@ds ?ﬁof-glﬁﬁ-ﬁoa??ght is
located at the surface 3. Data of the ampunt of _movenent (z) explained in
FI?S. 93 an E#Otsgfed Eh?ooaﬁéalét6P@Brpﬁl?ﬁ618@eralI controller 127. Wth
reference to Fig. 95, the |laser processin thod 5 in ]
P: nt hhexarr]PI e of t hWétérﬁﬁﬁﬁWémepﬁPlﬁig-ﬁgﬂ Bg‘eeiﬁisﬁf mcae%csgﬁrndgg%gfgg\ngt hthe
owchart for explaining this |aser processi t hod. The,.obj .
]E)_r octes§ed 1| i 4N ACSPFFVeFE Wéftért.]‘%ﬁ“éf)“%@l@ia’f@{? r?ge Egﬁé e&@%@lﬁﬂ%ﬂ%ﬁ%ﬁ%f bte he
irst exanple 10 shown in Fig._15. Subsequent] t he _thi_ckn .
object 1 is REHRE éﬂplﬂééﬁgd?nﬁlg 0 9?hjes & ‘"fc%éfr Sguﬁ'xéaﬁleanenslg'}gowglggkness

and the i [ i :
ST s b ol SR S HREARAT T
a silicon wafer.
Step S101 is the same as step S101 of the first example
10 shown in Fig. 15. Subsequently, the thickness of the object
1 is measured. According to the result of measurement of
thickness and the refractive index of object 1, the amount
of movement (z) of object 1 in the Z-axis direction is
determined (S103). This is the amount of movement of object
15 1 in the Z-axis direction with reference to the
light-converging point of laser light L positioned at the
surface 3 of object 1 in order for the light-converging point
Poflaserlightldtobelocatedwithintheobject]” Namely,
the position of light-converging point P in the thickness
20 direction of object 1 is determined. The position of
light-converging point P is determined in view of the
thickness and material of object 1 and the like. 1In this
embodiment, data of a first movement amount for positioning
the light-converging point P near the rear face within the

25 object 1 and data of a second movement amount for positioning

the light-converging point P near the surface 3 within the
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151 in the Z-axis direction with reference to the |I|ight-converging point
of laser light L positioned at the surface 3 of object 1 in order_for th

| i ght-converging point P of laser light L to be located within tﬁ@oéﬁpéé?"oo
1. Nanely, the position of |ight-converging point P in the thickness 20
direction of object 1 is determ ned. The position of |ight-converging
point Pis determined in view of the thickness and naterial of object 1
and the like. In this enbodinent, data of a first novenent anount for

posi tioning thgekicght acenveegi ng Fdinstt Moddan PHECESEESF Z€61@Nt APnPEhe 25
object 1 and data of a second novenent anmount for positioning the

| i ght - conver giftpgmpai hé fRrmearby hes iy theedd avofhf hr $h@ovg 3MQY¥A4- 00
object 1 are used. A first nolten processed region to be fornmed is forned
by using the dasacofdfmektempuarmsaseahwestion nosee ofrRETRA tish fnrgedssEd
region to be forned is formed by wusing the data of second novenent anount.
Data of theseusimoyementdaaaooft Segoads 8@ VieRed tt RECWEral PaEanPLoltP8F€127.
Steps S105 and S107 are the same as steps S105 and S107 in the first
exanmpl & shownmoneFiegt aBoulhe #beafepoimito ddiea Ovenadd &P@&rﬁg}lﬁre52§107 is
sent to the stage controller 115. According to the focal gcal nt 935?5 t he
stage control | er 115tepsnilanHeS A%t sPageme13sistaie Sz0axd%d gitPdct i on
(S109) . This positions the focal point of visible Iight f the
observation | ighthedlircss examatetHeowurifageds. 1 hics BSF‘ﬁtpoH?t #3%%i s
e L e ot P dro sRbSEs 258 e Y achobepoeldi pnedaat the

According to the focal point data, the stage controller 115

10 moves the Z-axis stage 113 in the Z-axis direction (S5109).

This positions the focal point of visible light of the

observation light source 117 at the surface 3. At this point

of Z-axis stage 113, the focal point P of pulse laser light

L is positioned at the surface 3. Here, according to imaging

15 data, the imaging data processor 125 calculates enlarged

image data of the surface of object 1 including the line

along which the object is intended to be cut 5. The enlarged

image data is sent to the monitor 129 by way of the overall

controller 127, whereby an enlarged image in the vicinity

20 of the line along which the object is intended to be cut
5 is displayed on the monitor 129.

The data of first movement amount determined by step

S103 has already been inputted to the overall controller

127, and is sent to the stage controller 115. According to

25 this data of movement aﬁount, the stage controller 115 moves

the object 1 in the Z-axis direction by using the Z-axis
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15 data, the imaging data processor 125 cal cul ates enl arged imge data of
the surface of object 1 including the line along which the object i 0
intended to be cut 5. The enlarged inmage data is sent to the nonﬁ?gi’9§@4_o
by way of the overall ~controller 127, whereby an enlarged inmage in the
vicinity 20 of the line along which the object is intended to be cut 5 is
di spl ayed on the nonitor 129. The data of first novenent anmount determ ned
by step S103 has already been inputted to the overall controller 127, and
is sent to thetayagelGonbral besitibn Rbesedthg Légbs-cRPYegaiadoPOMBYenent
amount, the stage controller 115 noves the object 1 in the Z-axis
direction by msoRgliberZtaghs 1184s AR DA 4+i00 it dde PPIacd 4 paditi on
where the light-converging point P of laser light L is |located within the
object 1 (Sillthis Thisddenpbdetposi tisoneies ndgr rers fege PdcEN6F CPRECED] ect
1. 5 Next, as in step S113 of the first exanple shown in Fig. 15, a nolten
processed regilon is formed within the object 1 so as to extend along the
i ne along which the object is intended to be cut 5 (S113). The nol.ten
processed region iBekormed heasteneStbarcf deee vi i ARG &V 1B
Then, according to the data of second novenent anount as in_ste .SI%l, t he
object 1 is miigd I am@earxpgoqeﬁée@ir@ﬂl%yl%ﬁ@%ﬁéﬂﬂst@t’“abﬁef%ﬁetc a

position where the |[|ight-converging point P of laser. light L.,is |ocated
within the ofij sctag {Sleend Sulseh i |19Pea§lPH9sV€bC%1€%? P F

intended to be cut 5 (S113). The molten processed region
is formed near the rear face within the object 1.

10 Then, according to the data of second movement amount
as in step S111, the object 1 is moved in the Z-axis direction
by the Z-axis stage 113 to a position where the
light-converging point P of laser light L is located within
the object 1 (S115). Subseguently, as in step S113, amolten

15 processed region is formed within the object 1 (S117). 1In
this step, the molten processed region is formed near the
surface 3 within the object 1.

Finally,theobject].isbentalongthe1inealongwhich
the object is intended to be cut 3, and thus is cut (S119).

20 This divides the object 1 into silicon chips.

Effects of the ninth example of this embodiment will
be explained. Theninthexample formsapluralityofmodified
regions aligning in the direction of incidence, thereby
increasingthenumberoflocationstotmcomestartingpoints

25 when cutting the object 1. 1In the case where the size of

object 1 in the direction of incidence of laser light is
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15 processed region is formed within the object 1 (S117). In this step,
the nolten processed region is formed near the surface 3 wthin the ob{ect
1. Finally, the object 1 is bent along the line along which the BBpEcel{% 00
intended to be cut 5, and thus is cut (S119) . 20 This divides the object

1 into silicon chips. Effects of the ninth exanple of this enbodi nent wll

be explained. The ninth exanple forns a plurality of nodified regions
aligning in the direction of incidence, thereby increasing the nunber of

| ocations to betanevslarlitdme poiwtsr@ihshehjeattd ng maeeohi ectatierigl t he
case where the size of object 1 in the direction of incidence of |aser

light is 185 £R0dr0dK4cPickel atéviedyd| togerov Hhen ea tihedbb} edt 491 nade of
a material in which cracks are hard to grow froma nodified region, for
exanpl e, the pb}estamplies tHae dbtjectuit iatherrdond gusehemantvexne redi bkeexi st s
along the line along which the object is intended 5 to be cut 5. In such a
case, forningragpbnealisty adformptié léde alegigonsielstha cbies tehbaat #RARC can
easily cut the object 1. [Tenth Exanple] A tenth exajP!e of this

enmbodi frent  conbrd suthie. pdsi such a o se, nowliieg arehponl 1 by el Ekeéss
direction of an object 10 to be Eroqessed by adjusting the _

| i ght - conver gragiopeia¢ iof thiseembpghmentt cad % EkNesE diNSeOPishtot - t he
object. This positional control will be explained in terms of a crack

regi on by way of ex&fhpheh Frgmrdelis a perspective view of an object to be

processed 1 in which a crack region _ . , o
Atenthexampleof thisembodiment controlstheposition

of a modified region in the thickness direction of an object

10 to be processed by adjusting the light-converging point of
laser light in the thickness direction of the object.

| This positional control will be explained in terms of

a crack region by way of example. Fig. 96 is a perspective

view of an object to be processed 1 in which a crack region

15 9 is formed within the object 1 by using the laser processing

method in accordance withthe tenth example of this embodiment.

Thelight—convergingpointofpulselaserIJislocatedwithin

the object 1 through the surface (entrance face) 3 of the

object with respect to the pulse laser light 1. The

20 light-converging point is adjusted so as to be located at

a substantially half thickness position in the thickness

direction of the object 1. When the object to be processed

lisirradiatedwiththelinealongwhichtheobjectisintended

to be cut 5 under these conditions, a crack region 9 is formed

25 along a line along which the object is intended to be cut

5at ahalfthicknesspositionof theobjectlanditsvicinity.
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15 9 is fornmed within the object 1 by using the |aser processing nethod in
accordance with the tenth exanple of this enbodinent. The |ight-converging
point of pulse laser L is located within the object 1 through thEPSUrfagé-00
(entrance face) 3 of the object with respect to the pulse laser |ight L.
The 20 light-converging point is adjusted so as to be located at a
substantially half thickness position in the thickness direction of the
object 1. Wen the object to be processed 1 is irradiated with the line

al ong whi ch the objEtY. % iskeratedly sechéocaf Biandértitchebgecoridshowms, a
crack region 9 is forned 25 along a |line along which the object is intended
to be cut Satnarhal f9&hi eknesstpescraok négidme DhjsedorihedndcicesksiZinity.
186 FP01-0199-00 Fig. 97 is a partly sectional view of the object 1 shown
in Fig. 96. Atrerndteralihgkyreg dovwarid ther sedfaceatkesndreaar danatatal |y
grown toward the surface 3 and rear face 21. Wen the crack region 9 is
formed at theWhahfthiehi kalessg pos Btiisofio Bnexhat ithe haldi thigknes s hesihi @kness
direction of the object 1, the distance between the naturally grow ng
crack 91 and ahdelssrviacenBtyriartfedd izRnessn Beemadeonr eifatheepyi¢ohg,

for exanple, in the case where the object 1 has a relatively

| ar get hi cknes$, TUherdfsranceapativeen boechdtexs bhyi Pl whFrECk B8 21¢%e

al ong which the object is intended to be cut 5in the object 1 maintains a
strength to atbersarhaesténtreadhered ctle, afeecarApi KELaGL VERE $P2P of

cutting the object 1 after termnating the |aser processing, handling the
obj ect becontSreargmple, in the case where the object 1 has a felatively

large thickness. Therefore, apart tobe cut extendingalong

10 the line along which the object is intended to be cut 5 in
the object 1 maintains a strength to a certain extent.
Therefore, when carrying out the step of cutting the object
lafter terminating the laser processing, handling the object
becomes easier.

15 Fig. 98 isaperspectiveviewof anobject tobeprocessed
1 including a crack region 9 formed by using the laser
processing method in accordance with the tenth example of
this embodiment as with Fig. 96. The crack region 9 shown
in Fig. 98 is formed when the light-converging point of pulse

20 laser 1ight L is adjusted so as to be located at a position
closertothesurface (entrance face) 3thanisahalf thickness
position in the thickness direction of the object 1. The
crack region 9 is formed on the surface 3 side within the
object 1. Fig. 99 is a partly sectional view of the object

25 1 shown in Fig. 98. Since the crack region 9 is formed on

the surface 3 side, naturally growing cracks 81 reach the
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15 Fig. 98 is a perspective view of an object to be processed 1 including
a crack region 9 forned by using the laser processing nethod in %g@oréilaﬂc%o
with the tenth exanple of this enbodinment as with Fig. 96. The cFBLk -
region 9 showmn in Fig. 98 is fornmed when the |ight-convergi ng point of

pul se 20 laser light L is adjusted so as to be |located at a position

closer to the surface (entrance face) 3 than is a half thickness position
in the thickness direction of the object 1. The <crack region 9 is forned
on the surfacsuBfateld aw thisrvidieitahj edente, K pCcOX §seEtERPLNY FRMT onal
view of the object 25 1 shown in Fig. 98. Since the crack region 9 is
formed on thehsUrifrec @ 1®ngi Wbichathe &l 4w ot eraefs @Pe g&&hf’tan%e 187
FP01-014 -00 surface 3 or its vicinity. Hence, fractures extendi pg al ong
the line al onbikdlytta meanj dot the swibaeedt ohse et theaPRISFEKEISER o
occur in the surface 3, whereby the object 1 can be cut easily. 5 In the
case where theescutacesB8lwf the object 1 is formed with electronic devices
and el ectrode patterns in particular, form n% t he crack regi.on_9 near the
surface 3 can preveht theresd eberefine sevf2e’ SAfdtPRODIGE F ASnt BETH
damaged when cutting the object 1. Nanely grovvi ng cracks 91 fromithe 10
crack region 9itbRACELEREiSHIACESRRMEIFEEF @%Eétgfr&s lﬂ'%artbb?‘ég%r'l cuts

the object 1. Cutting may be achieved by the _natural growh of cra}%s 91
al one or by af®rPiefall§ Grafmf nF9diqackdest itﬁeaaaF?Ffi% ?oc?lﬂeprn%‘{%r al

I OT 0" O 2eKe rece Y & R JCREPEEE AR SR HS: YA bEAbgRa% A the

cutting the object 1. Namely, growing cracks 91 from the
10 crack region 9 toward the surface 3 and rear face 21 of the
object 1 cuts the object 1. Cutting may be achieved by the
natural growth of cracks 91 alone or by artificially growing
cracks 91 in addition to the natural growth of crack 91.
When the distance between the crack region 9 and the surface
15 3 is relatively long, the deviation in the growing direction
of cracks 91 on the surface 3 side becomes greater. As a
consequence, the cracks 91 may reach regions formed with
electronic devices and the like, thereby damaging the
electronic devices and the like. When the crack region 9
20 is formed near the surface 3, the distance between the crack
region 9 and the surface 3 is relatively short, whereby the
deviationingrowingdirectionof cracks 91 canbemade smaller.
Therefore, cutting can be effected without damaging the
electronic devices and the like. When the crack region 9
25 is formed at a location too close to the surface 3, the crack

region 9 is formed at the surface 3. As a consequence, the
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15 3 is relatively long, the deviation in the growing direction of cracks
91 on the surface 3 side becones greater. As a consequence, the ﬁgﬁggalg}_oo
may reach regions formed with electronic devices and the like, t by
damagi ng the electronic devices and the |ike. Wen the crack region 9 20
is formed near the surface 3, the distance between the crack region 9 and
the surface 3 is relatively short, whereby the deviation in grow ng
direction of cracks 91 can be nade smaller. Therefore, cutting can be

ef fect ed wi t hoatddarfagimef the crelckcte it ddddicddsa ige ¥ hat NS U’(Aﬁ%‘ﬁet he
crack region 9 25 is fornmed at a |location too close to the surface 3, the
crack regi on39 vits drocaesie schtiive isgn ftaeer by Agtréeratleid 2FHerdss
FP01-0199-00 random form of the crack region 9 itself appears at the
surface 3, whnchreakssg ehidpghhg§inghereby deteriorating the accuracy in
breaking and cutting. The crack region 9 can al so be forned\g@&te gge 5
|i ght - conver gi ng poThe eofrasll seedimer®| icgRt a13% 48 Jord¢ < 10 be
located at a position farther fromthe surface 3 than is a half thigkness
positi 6n in théghhi-cknessgdngepPidh ObfPY-he® olf &t 11¥9r?‘1tn$Lt fPs28ad&t®Phe

crack region 9 is forned on the rear face 21 side within the abhj 1. 10
As with Fig. 96, aFige QQquC@tfcbéFsﬁefé‘?ﬂ/ElWe%”bt‘fam?lf'n L O8hitEE SE&?%Fudi ng

crack regions formed by using the | aser , processing ,nethod in. .dance
with the tentf thamppa Alt £RiskBRBOH %O“Thl’e\%@reg"c}kl?]‘é@?%%gé%ugggégg‘

i)(;)??(]![ s direct ic>%nthghoc}):a\,\jlnecitn 1|.:i gin ]t 015' ?:afs%r, nt?l’?e ngreanc}} Q%gliiogxhg 'iCsO@\é?anidng
on the rear face 21 side within the object 1.

10 As with Fig. 96, Fig. 100 is a perspective view of the
object 1 including crack regions formed by using the laser
processing method in accordance with the tenth example of
this embodiment. The crack region 9 in the X-axis direction
shown in Fig. 100 is formed when the light-converging point

15 of pulse laser light L is adjusted so as to be located at
a position farther from the surface (entrance face) 3 than
is a half thickness position in the thickness direction of
the object 1. The crack region 9 in the Y-axis direction
is formed when the light-converging point of pulse laser

20 light L is adjusted so as to be located at a position closer
to the surface 3 than is the half thickness position in the
thickness direction of the object 1. The crack region 9 in
the X-axis direction and the crack region 9 in the Y-axis
direction cross each other three-dimensionally.

25 Whentheobject]Misasemiconductorwafer,forexample,

a plurality of crack regions 9 are formed in parallel in
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15 of pulse laser light L is adjusted so as to be located at a position
farther fromthe surface (entrance face) 3 than 1is a half thickness
position in the thickness direction of the object 1. The crack rééw&ﬁoé4ﬁﬁ00
the Y-axis direction is forned when the |ight-converging point of pulse

| aser 20 light L is adjusted so as to be |located at a position closer to
the surface 3 than is the half thickness position in the thickness
direction of the object 1. The crack region 9 in the X-axis direction and
the crack regeanh®f rthend-Yamxivs axtis détriest ioness Bath beHey the crack

t hree-di nensionally. 25 Wen the object 1 is a sem conductor wafer, for
exanpl e, a pkegabihtyd dfikeradktitdgicohs theapemicpredct AT PR T eWhiereago
FPOL- 0144-00 each of the X- and Y-axis directions. This forms the crack
regions 9 |ikeha lattéxds divhdedeh condubtudugdf ehipfheh£h8 VY thfter is
divided into individual chips while using the lattice-like crack regions
as starting pophtscewvhénet hsaSkergek ondgiadn sS4 atk iige PRIDGSs dihedt tBF and
the crack region 9 in the Y-axis direction are |ocated at the sane

positi bn in chackhtekhess dprekeidorrwls dig esBjiedt and therdadediegion

| ocation where the crack region 9 in the X-axis direction and the crack
region 9 in tAelly-the & dixiec CilgeGtatsr 886t 1202B8E P bt SAMS PHIRE tdRGl es.
At the location where the crack, K regions 9 intersect each %ther at right
angl es, they apPethgupbBipbBedsofiggehiorned, iR CRIRGked /i TG iCCGHE SF or
the «cross sectjon in the X-axis direction, and the crggs s.ectdi.on i.n_t he
Y-axi s direct PohPEdt1 PR &t LBECRTBERSFCRON ighP the X-axis direction

and the crack region 9 in the Y-axis direction intersect

10 each other at right angles. At the location where the crack
regions 9 intersect each other at right angles, they are
superposed on each other, which makes it difficult for the
cross section in the X-axis direction and the cross section
in the Y-axis direction to intersect each other at right

15 angles with a high accuracy. This inhibits the object 1 from
being cut precisely at the intersection.

When the position of the crack region 9 in the X-axis
direction and the position of the crack region 9 in the Y-axis
direction differ from each other in the thickness direction

20 of the object 1 as shown in Fig. 100, the crack region 9
in the X-axis direction and the crack region 9 in the Y-axis
direction can be prevented from being superposed on each
other. This enables precise cutting of the object 1.

In the crack region 9 in the X-axis direction and the

25 crack region 9 in the Y-axis direction, the crack region

9tobe formed later ispreferably formedcloser tothe surface
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15 angles with a high accuracy. This inhibits the object 1 from being cut
precisely at the intersection. Wen the position of the crack region 9 in
the X-axis direction and the position of the crack region 9 in t B g8 A4 -00
direction differ fromeach other in the thickness direction 20 of the
object 1 as shown in Fig. 100, the crack region 9 in the X-axis direction
and the crack region 9 in the Y-axis direction can be prevented from being
superposed on each other. This enables precise cutting of the object 1. In
the crack regilent@anget fimced axtbadirethieorr 2okl nded orp8 koresd £EFIL6RTY in
the Y-axis direction, the crack region 9 to be formed later is preferably
forned cl oser Ifothhecsackareg100 ¥POd-o8 40 00Eq dittraandes fac@eBClRERTI s t he
crack region 9 forned earlier. |If the crack region 9 to be forned later is
formed cl oser tottthe hearebacd ddetpan tlivabhé STRFK £eRERN PefPHRCD SBELASH /
earlier, the pulse laser light L irradiated when form ng the crack 5
region 9 to b&hkopubdel deeeri tighhth ehetrblated whele K 9l vh the CERREd
earlier at the location where the cross section in the X-axis direction
and thé crossreeépnoh imbenEoxmestilatedi f6cIFIRt ¢ RER Ve ENCREIC HEIREH Oat
right angles. This fornms _deviations between the size of a part formed at a
position 10 t8 BecoRe ER&labsveimshe R6a tirle MO 9 CE&SSoFSShd Phe
size of a part fornmed at another position in the crack regio

9 to be
formed | ater. iTheRerbrasis He r&ctdiery agrohh® GhP e SeCoMHrEd It “c4inst be

formed uniformy. Wien the crack region 9 to be fornmed.later_is fornmed
di%ection Entersect eaé% other at right angles. Thfs forms

deviations between the size of a part formed at a position

10 to become the above-mentioned intersecting location and the
size of a part formed at another position in the crack region
9 to be formed later. Therefore, the crack region 9 to be
formed later cannot be formed uniformly.

When the crack region 9 to be formed later is formed

15 closer to the surface 3 than is the crack region 9 formed
earlier, by contrast, scattering of the pulse laser light
L does not occur at a position to become the above-mentioned
intersecting location, wherebythe crackregion 9tobe formed
later can be formed uniformly.

20 As explained in the foregoing, the tenth example of
this embodiment adjusts the position of light-converging
point of laser light in the thickness direction of an object
to be processed, thereby being able to control the position
of amodified region in the thickness direction of the object.

25 Changing the position of light-converging point in view of

the thickness and material of the object to be processed
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15 closer to the surface 3 than is the crack region 9 forned earlier, by
contrast, scattering of the pulse laser light L does not occur ag @ _0 ~00
position to becone the above-nentioned intersecting |ocation, wh F By ihe
crack region 9 to be f orned later can be forned uniformy. 20 As
explained in the foregoing, the tenth exanple of this enbodi ment adjusts
the position of light-converging point of laser light in the thickness
direction of an object to be processed, thereby being able to control the
position of andothéikidke egiabd 4 lenert BrekaessnNgi FeGdR g thheOobj®ct . 25
Changi ng the position of |ight -converging point in view of the thickness
and material obJjek&.object to be processed 191 FP01-0144-00 and the |ike
enabl es | aser processing in conformity to the object. Though the fact that
the position of a nBphbbdthedpsh thah the pomtFbPP &d # NAKRFEHERILA Nt he
case of a crack region, 5 the sanme holds in nolten processed regions and
refractive i nger khaegs roddiednss cHrd@gh achen &5 GRdE i ¥t eEeEo° pul se
| aser light, the sane holds for continuous wave |aser i ht.fThe | aser
proces§i ng apﬁﬁﬁaﬁé@eihohééo%@dﬁ%%ﬁ%ﬁtHFQQﬁ§S?ﬁ)qﬁQﬁPWSeQQ%pFE OFCEhTE
enbodi ment has a configuration simla tohthe Iase& Frgcessinga?ﬁgaggtus
100 in accordaﬁéé&mcpﬁngﬁhéeﬁﬂP§F'exghﬁPS shB&nSFRIENGT 24, *F ent h
exanple, the Z-axis stage 113 agiusts th osition of |ight-converging
point Pin th@utlﬁieckﬁ%%%d‘igr%t g B?m%tﬂécc{)s iprﬁ?gtjc%‘ﬁogs wave {dsdk
light.
The laser processing apparatus in accordance with the
10 tenth example of this embodiment has a configuration similar
to the laser processing apparatus 100 in accordance with
the first example shown in Fig. 14. 1In the tenth example,
the Z-axis stage 113 adjusts thepositionof light-converging
point P in the thickness direction of object 1. This can
15 adjust the light-converging point P so as to locate it at
apositionclosertoorfartherfromtheentranceface(surface
3) thanisahalfthicknesspositioninthethicknessdirection
of the object 1 or at a substantiallyhalf thickness position,
for example. These adjustment operations and the placement
20 of the light-convergingpoint of laser light withinthe object
can also be achieved by moving the light-converging lens
105 in the Z-axis direction. Since there are cases where
the object 1 moves in the thickness direction thereof and
where the light-converging lens 105 moves in the thickness

25 directionoftheobjectZlinthepresentinvention,theamount

of movement of the object 1 in the thickness direction of
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15 adjust the light-converging point P so as to locate it at a position
closer to or farther fromthe entrance face (surface 3) than is g@¢§ﬂ6144_00
t hi ckness position in the thickness direction of the object 1 or"at™ a
substantially half thickness position, for exanple. These adjustnent
operations and the placenent 20 of the |ight-converging point of |aser
light within the object can also be achieved by noving the

l'i ght-converging lens 105 in the Z-axis_direction.. Since there ar [cases
where the obfeetol effvésifriehigqhiackesst i rEdE o & HRY &BF A" Wher e t he
|'i ght-converging I ens 105 npves in the thjickness 25 direction of the object
1 in the presehtai peepbdokelehbvandorement HBO¥AENt of the object 1 in the
t hi ckness direction of 192 FP01-0144-gQ %he obLect.l is defi eq_astﬁ%first
rel ati ve novement aRpen®dlBptBeBEcBAdIAEPATIFOEVREISRENP ARSunt .2 TThe

o) ustent of | LGNt conver g poupt FI g, Lhe {5 ekngss dlieeiian gy the,
| magi nB data BYOGMZOR 1E0SLAPEIABEES PRSI HATAE LA FoF oLkt oA t he
on the' surf acE*ELALBBAAME 165 BEPRES) Figh he-data RSt REST ehlh exanpl o as
oot e Soveciht G 0 P8 ol L o e e e
ipgi gftlj stt \égsga%ﬁal -%{nﬁlpﬁéttirﬁ% L ff%%%l?’poirlt}!.e JASEEipPE AGRIR HenappeEQtus 1
bytheobservationlightsource117onthesurfaceBaccording
10 to the imaging data in the tenth example as well. According
to this focal point data, the stage controller 115 controls
the movement of the Z-axis stage 113, so as to locate the
focal point of visible light at the surface 3. The laser
processing apparatus 1 is adjusted such that the
15 light-converging point P of laser light L is located at the
surface 3 at the position of Z-axis stage 113 where the focal
point of visible light is located at the surface 3. Hence,
thefocalpointdataisanemampleofsecondrelativenmvement
amount of the object 1 in the thickness direction thereof
20 required for locating the light-converging point P at the
surface (entrance face) 3. The imaging data processor 125
has a function of calculating the second relative movement
amount.
Data of themovement amount (z) explainedwithreference

25 to Figs. 93 and 94 is fed into and stored in the overall

controller 127. Namely, the overall controller 127 has a
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15 light-converging point P of laser light L is |located at the surface 3
at the position of Z-axis stage 113 where the focal point of viskghg_bigggoo
is located at the surface 3. Hence, the focal point data is an e e~ o
second rel ative novenment anount of the object 1 in the thickness direction
t hereof 20 required for locating the |light-converging point P at the
surface (entrance face) 3. The inmaging data processor 125 has a function
of calculating the second rel ative novenent anpunt. Data of the novenent
amount (z) exphachédnwothsterépendata2git bhei §e1298VaRC8emMeRLt @F°T it o and
stored in the overall controller 127. Nanely, the ove&all controller 127
has a 193 FPO&fOtHe4-@0)damdtd e BECSEEFRAG! ddt &16F tRREXPEFSt FYECTbYBTent
anount of the object to be processed 1 in the_thickness directio of the
obj ect 1. Theoéwénﬁwbj©©mﬂroFTEﬁ012??1%F&@ér@éﬁ?Fdﬁ?@rstﬁ%%?°855°§l§§is
stage 113 adjust the position of 5 |ight-converging g int _of .pulse | aser

li ght convergddShy anbe Prghiscof%ee§i nglPendWhehin gﬁe Pﬁﬁégl P tRfckness
of the object 1. The | aser processin% met hod i n ac org?nce with EhF tenth
exanpl & wi || Béobxpkanied 9wnoh PPanér ShcBUL§St H@S%sg%g 0°BP3EESSFngY
apparatus in accordance wth the first exanple shown in Fig. 14 d_the

f1 owchar t fortbﬁel#QbérC@FB@égéFﬁgle%%ﬂﬁﬁ&”ﬂh%aécﬁ?ﬁ%ﬁé% ﬁﬁPﬁﬁgﬁ%%fP%st
exanmpl e shown in Fig. 15. The object to be processed 1 is a silicon wafer.
Step S101 is tthe $¥M8C4s Istep 5101 of the first exanple

Thelaserprocessingmethodinaccordancewiththetenth
example will be explained with reference to the laser
10 processing apparatus in accordance with the first example
shown in Fig. 14 and the flowchart for the laser processing
method in accordance with the first example shown in Fig.

15. The object to be processed 1 is a silicon wafer.
Step S101 is the same as step S101 of the first example
15 shown in Fig. 15. Subsequently, as in step S103 of the first
example showninFig. 15, thethickness of object 1 ismeasured.
According to the result of measurement of thickness and the
refractive index, the amount of movement (z) in the Z-axis
direction of object 1 is determined (S103). This 1is the
20 amount of movement of object 1 in the Z-axis direction with
reference to the light-converging point of laser light L
positioned at the surface 3 of object 1 required fecr
positioning the light-converging point P of laser light L
within the object 1. Namely, the position of
25 light—convergingpointPinthethicknessdirectionofobject

1 is determined. The amount of movement (z) in the Z-axis
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15 shown in Fig. 15. Subsequently, as in step S103 of the first exanple
shown in Fig. 15, the thickness of object 1 isneasured. According to the
result of measurenent of thickness and the refractive index, theF203uli4éf00
novenent (z) in the Z-axis direction of object 1 is determ ned (S103).
This is the 20 amount of novenment of object 1 in the Z-axis direction with
reference to the light-converging point of laser light L positioned at the
surface 3 of object 1 required for positioning the |ight-converging point
P of laser |ightettivhthsnohbecnbpete df davel yf rbkapdsetinowenén5of

| i ght-converging point Pin the thickness direction of object 1 is

det erm ned. Theeamgenrt 10fn pheemntknez)s dirddiei dh akeset94 FROLPOE44100
direction is one exanple of data of relative novenent of the object 1 in

t he thicknessodi Leghtebohhergdhg pbenpoBi Lt sodetotmlinghit inomiewgbhigtpei nt P
is determned in view of the thickness and material of the object 1,
effects of presgsRhegsarEmatgrial ofashaerseta hardifecasdLptrothesdobpgect),
and the like . This data of novenent anount is fed into the overal
controbler 12&.gS} efss s apndh &1dle ana sititles ofod estteépsa$1081.aAd k8107  of
the first exanple shown in Fig. 15. The focal point data 10 cal cul ated by
step S107 is Uatia deft ao Secvedenbeewent isEnbedt ntiork hehevegrakl soditreédesn of
object 1. This focal point data is sent to the stage controller 115.
According to 8Bi’s focal point data, the stage controller 115 noves the

Z-axis stage 113 in the Z-axis direction (S109) .
Steps S105 and S107 are similar to steps S105 and S107

of the first example shown in Fig. 15. The focal point data
10 calculated by step S107 is data of a second movement amount
in the Z-axis direction of object 1.
This focal point data is sent to the stage controller
115. Accordingtothis focalpointdata, thestagecontroller
115moves the Z-axis stage 113 inthe Z-axisdirection (S109).
15 This positions the focal point of visible light of the
observation light source 117 at the surface 3. At this
position of Z-axis stage 113, the light-converging point
P of pulse laser light L is positioned at the surface 3.
According to imaging data, the imaging data processor 125
20 calculates enlarged image data of the surface of object 1
including the line along which the object is intended to
be cut 5. This enlarged image data is sent to the monitor
129 by way of the overall controller 127, whereby an enlarged
image near the line along which the object is intended to
25 be cut 5 is displayed on the monitor 127.

Data of the relative movement amount determined by step
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15 This positions the focal point of visible Iight of the observation
| ight source 117 at the surface 3. At this position of Z-axis stagg 1&ﬁ 4-00
the light-converging point P of pulse laser light L is positione@ t-Phe
surface 3. According to imaging data, the imagi ng data processor 125 20
cal cul ates enlarged i nage data of the surface of object 1 including the

| ine al ong which the object is intended to be cut 5. This enlarged i nage
data is sent to the nonitor 129 by way of the overall controller 127,

wher eby an enbapgedasi ahgeadgabeéheihpnetadong whechvereldbfestrPsl¢ht ended
to 25 be cut 5 is displayed on the nonitor 127. Data of the relative
novenent anoupp7deied tisnednbyt sttdre $859EPOIRDIAU1OD 1Sh1D3 RESOANHELdVC been
inputted to the overall controller 127, and is sent to_the stage
control | er 115hiAckarddAgotvemertti amaany, chenpvageRPNAREIAEL Y heCarage
controller 115 causes the Z-axis stage 113 to nove the object 1 in,the
Z-axis 5 direchkop-akia pasigei adwer enavre theymebiettet giRgthsi AT 3% PS of

| aser light is located within the object 1 (S111). Steps S113 and,6S115 are
simlab to stepseStidnand S1pssihown WheFRgtheslivhE-FER¥§ECHEIdPItEEs t he
object 1 into silicon chips. 10 Effects of the tenth exanple of .this
embodi nent wi Pl ofbéaerpl dipbd. iFhéoraser @%éﬁﬁpetpﬁréﬁﬂ§¥ﬁsltﬁgl& fect to
be processed 1 with pul se |aser Ii%ht L while adjustin%)tg? pog%%’g of

i ght - conver gi ng poBbepP $HL1 Bad hi tkrivss siBilact T 6P Db édta F gr eby
formng a nDd;;gag Eﬁgﬁfgi 15. The foregoing divides the object 1 into

silicon chips.

10 Effects of the tenth example of this embodiment will
be explained. The tenth example irradiates the object to
be processed 1 with pulse laser light L while adjusting the
position of light-converging point P in the thickness
direction of object 1, thereby forming a modified region.

15 This can control the position of a modified region in the
thickness direction of object 1. Therefore, changing the
position of a modified region in the thickness direction
of object 1 according to the material and thickness of object
1, effects of proccessing, and the like enables cutting in

20 conformity to the object 1.

Industrial Applicability
Thelaserprocessingmethodandapparatusinaccordance

with the present invention can cut an object to be processed

without generating melt or fractures deviating from lines

25 to be cut on a surface of the object. Therefore, the yield

and productivity of products (e.g., semiconductor chips,
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15 This can control the position of a nodified region in the thickness
direction of object 1. Therefore, changing the position of a nodified
region in the thickness direction of object 1 according to the nif&AirAL44-00
and thickness of object 1, effects of processing, and the |ike enables
cutting in 20 conformty to the object 1. Industrial Applicability The

| aser processing nethod and apparatus in accordance wth the present

i nvention can cut an object to be processed wthout generating nelt or
fractures devpatiznglecomiki teyiz® tahilpes ,cundndbspiay adevibtes hauohj agt .
Therefore, the yield and productivity of products (e.g., sem conductor
chips, 196 FP01ig01d4cnPspi by gelagrtneddhbyevi tel hiops ecandt dilsppaycaesfees
such as liquid crystal) prepared by cutting objects to be processed can
be i mproved. &8% BRPOim@144e00 CLAIMS A |laser processing nethod conprising
a step of irradiating an object to be processed with laser light with a

| i ght-converging point |ocated therewithin, so as to form 5 a nodified
regi on caused by rmnulti photon absorption within said object along a |ine

al ong which the object is intended to be cut in said object. 2. A |aser
processi ng nmethod conprising a step of irradiating an object to be
processed with laser light with
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10 a light-converging point |ocated therewthin under a condition with a
peak power density of at least 1 x 108 (Wcm2) at the light- con¥§bg|@g44 00
point and a pulse width of I ps or less, so as to forma nodified region
including a crack region wthin said object along a |ine along which the
object is is intended to be cut in said object. 3. A |laser processing

met hod conprising a step of irradiating an object to be processed wth

| aser light with a |ight-converging p0|nt | ocated therewit hin under a
condition with a peak power density of &Plyéast I x 108 (VVCIQ) 20 at the
l'ight -converging point and a pul se w dth of ess % tgsforma
nodi fi ed regi on |ncﬂudlngAalaﬁﬁEeﬂfoﬁﬁﬁﬁﬁé§h@8tpgal ﬂmﬂffﬂfﬁg§%l &b] éct
along a line along which the object is intended to ge cut |n %}Igl hj ect.

4. Alaser précessilng imst ﬁ’écPk&ﬁﬁ)’? itS R paros‘{eeﬁaseoq wish 18P Hi 9 hg an obj ect
to be processed-wth laser light with a ht - conver |ng oLpt. ed

t herew thin uﬁ@é%ghtIQBnFﬁﬁglﬁﬂdﬂxﬁﬁ:&Bﬁ&FF% Eh%f?%l fp & %aefigégglt of
at least 1 x 108 (WcnR) at the |ight-conver, 0|n dth
of 1 nd or |é&s§odidisgd F@gFBPnﬁaHﬁggf?%dWQ% AR %§Q£%?§ ggtﬁbe

i ndex change region which is a region cd pdex
within said oﬁag(ﬁ °§D8ﬁ§ 2L PRHE iqé’ﬁg x\\nﬁf’%ha}}lhcgq g’j ec%’%lggl |én;£zlr%% 'g'%?lo be
cut in said object .. A laser rocegflng met hod according to one of

clains 1 to 4, qmﬁﬁwﬁq¥t%ﬁa%%ﬁ%r emtted fromsaid |aser |ight

source lncludes puléﬁ las%rlasgr processing method comprising a step of
irradiating an object to be processed with laser light with
10 a light-converging point located therewithin wunder a
condition with a peak power density of at least 1 x 10® (W/cm?)
at the light-converging point and a pulse width of 1 pus or
less,soastx)fonnanmdifiedregionincludingacmACkregion
within said object along a line along which the object is
15 intended to be cut in said object.

3. A laser processing method comprising a step of
irradiating an object to be processed with laser light with
a light-converging point located therewithin under a
condition with a peak power density of at least 1 x _10El (W/cm?)
20 at the light-converging point and a pulse width of 1 us cr
less, so as to form a modified region including a molten
processed region within said object along a line along which

the object is intended to be cut in said object.
4. A laser processing method comprising a step of
25 irradiating an object to be processed with laser light with

a light-converging point located therewithin under a
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10 6. A laser processing nethod according to one of <clains 1 to 5, wherein
said irradiating an object to be processed with laser light with ﬁ _ 1-00
| i ght-converging point |ocated therewithin is carried out by irrh 9%t9%
said object wth laser light emtted fromone | aser |ight source while 15
converging said laser light and locating a |ight-converging point within
said object. 7. A laser processing nethod according to one of clains 1 to

5, wherein said irradiating an object to be processed with_|aser |jght
with a |ight-conaet gong indi apea® poeer denshayend ehireast éar tPed 46l by
irradiating said object wth a plurality of laser_ |ight heans emtted from
respective |aserhdighhtseusmes: fimgnpdiifepagt adpubee MO AT & PBct i ng
respective |ight-converging points within said object. 8. A |aser .
processi ng nelbsd, ascasdtagdmn slraidafded 2sgnkar Bpel WP i H?gF?FVYﬁ | aser
| ight beans emtted from respective |aser |ight sources enter sajd ob

. . j ect
from sai d 199iFB8%-Blah gl i wobch Aeret 91 on WAL haseha it EE ST AT 1t hod
according to claim7, wherein said plurality of | aser |jght sou ces,
i ncl ude a | aséndekighthsowade ¢bjeetmaldngya Jr’h%é‘:lolnigg‘fﬁl‘g'éé:rﬂe ﬁ%é??ng sai d
5 object fromsaid surface thereof, and a |aser |ight source for emtting
a laser |ightibeantented g & €usbi8cEaffoRPIERE ‘rear face thereof. 10. A

| aser processing method according to one of clai 7 t0..9 erein_ said
plurality of |aser Pight Bobfges processing metho accordlﬁg\@% HeNof

claims 1 to 4, wherein the laser light emitted from said
laser light source includes pulse laser light.

10 6. A laser processing method according to one of
claims 1 to 5, wherein said irradiating an object to be
processed with laser light with a light-converging point
locatedtherewithiniscarriedoutbyirradiatingsaidobject
with laser light emitted from one laser light source while

15 converging said laser light and locating a light-converging
point within said object.

7. A laser processing method according to one of
claims 1 to 5, wherein said irradiating an object to be
processed with laser light with a light-converging point

20 locatedtherewithiniscarriedoutbyirradiatingsaidobject
wiﬂnapluralityoflaserlightbeamsemittedfromrespective
laserlightsourcesfromdifferentdirectionswhilelocating
respective light-converging points within said object.

8. A laser processing method according to claim 7,

25 wherein said plurality of laser light beams emitted from

respective laser light sources enter said object from said
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10 include a light source section having |aser |light sources arranged in an
array along said line along which the object is intended to be cut. 11. A
| aser processing nethod according to one of claims 1 to 10, wher EPR1s@i4f -00
nodi fied region is fornmed by 15 relatively noving said object wth respect
to the light-converging point of laser light |ocated within said object.
12. A laser processing method according to one of claims 1 to 11, further
conprising a cutting step of cutting 20 said object along said line along
whi ch the objegtfasei thender. to be cut after the step of forming said

nodi fied region. 13. A laser processing nethod according to one of_ clains
1 to 12, wherein sapd objettsenchroessgliagmethhd Actasdingrior 9siifg’ met hod
according to one of 25 claims 1 to 12, wherein said object includes a

pi ezoel ectri cwhaBé ehisalid RDOr FP0dy 0T4ks HOr 15ghA Jasere Hibeeydpigl Akt hod
according to one of clains 1 to 12, wherein said object includes a

sem conduct or 1ignt esdwtce Hor Anliasengpeotasst nigl gt hedMaceseditng £d18ne of
Sclaims 1 to 15, wherein said object is transparent to laser |ight

irradi ated. 13bjAct akesm pradckssirdg oeethedeadeordd iy tegeondight EPAFRR 1 to

16, wherein said surface of said object is formed wth an electronic
devi ce or el efbrogeipaibera.laser light beam entering said object ?rom

the rear face thereof.
10. A laser processing method according to one of
claims 7 to 9, wherein said plurality of laser light sources
10 include a light source section having laser light sources
arranged in an array along said line along which the object
is intended to be cut.
11. A laser processing method according to one of
claims 1 to 10, wherein said modified region is formed by
15 relatively moving said object with respect to the
light-converging point of laser light located within said
object.
12. A laser processing method according to one of
claims 1 to 11, further comprising a cutting step of cutting
20 saidobjectalongsaidlinealongwhichtheobjectisintended
to be cut after the step of forming said modified region.
13. A laser processing method according to one of

‘claims 1 to 12, wherein said object includes glass.

14. A laser processing method according to one of
25 claims 1 to 12, wherein said object includes a piezoelectric
material.
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10 18. A | aser processing nethod conprising a step of irradiating a

sem conductor material with laser light with a |ight-converging ggbgt 14-00
| ocated therewithin under a condition with a peak power density g0id4-
| east 1 x 108 (WcnR) at the light-converging point and a pulse width of 1
ps or 15 less, so as to forma nodified region within said sem conduct or
material along a line along which the object is intended to be cut in said
sem conductor material. 19. A | aser processing nethod conprising a step of
irradiating a pi ezogbect ri clamderricasting asdhad giscomimg 26 gne ©

| i ght-converging point |ocated therewithin under a condition with a peak
power densitycdhint 1easi2,lwhet@8n(sdtaRp]eat ihelpdghta e6MEEPHHRGE Pbi nt
and a pulse width of 1 has or less, so as to fornma nodified region within
sai d piezoel epbtkeiataterial along a line along which the object is
intended 25 to be cut in said piezoelectric material. 20. A laser
processi ng net hod atéor di Agl 4 ®e 0w ot e DU FPELTEH AR 19 i1t ©1 OP§ 98,
wherein said object has a surface formed wth a plurality of circuit

secti oBs; andcihémei b tdd 5l,i gherebnvar i 9PIFsitnt SoFr 3R L #RYHO L185%F ocat ed
within said object so as to face a gap fornmed between 5 adjacent circuit
sections anongighitd iplraédaleite@.of circuit sections. 21. A | aser processing

met hod according to claim?20, wherein |aser Légﬁ% isS co yerqu %%_%@ angl e
keepi ng said |aser 1i-ght Af tas¢¥ rpERF et $hed SR o RIS T (i

claims 1 to 16, wherein said surface of said object is formed
with an electronic device or electrode pattern.
10 18. A laser processing method comprising a step of
irradiating a semiconductor material with laser light with
a light-converging point located therewithin under a
condition with a peak power density of at least 1 x 108 (W/cm?)
at the light-converging point and a pulse width of 1 us or
15 less,soastoformamodifiedregionwithinsaidsemiconductor
material along a line along which the object is intended
to be cut in said semiconductor material.
19. A laser processing method comprising a step of
irradiating a piezoelectric material with laser light with
20 a light-converging point located therewithin under a
condition with a peak power density of at least 1 x 108 (W/cm?)
at the light-converging point and a pulse width of 1 ps or
less,soastoformamodifiedregionwithinsaidpiezoelectric
material along a line along which the object is intended
25 to be cut in said piezoelectric material.

20. A laser processing method according to one of
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10 sections. 22. A laser processing nmethod conprising a step of

irradiating a sem conductor material with laser light with a

| i ght -convergi ng point |ocated therewithin, so as to form a noltéﬁ01'0144'00
processed region only within said sem conductor 15 nmaterial along a |line

al ong which the object is intended to be cut in said sem conductor
material. 23. A laser processing nethod conprising a step of irradiating
an object to be processed with laser light elliptically polarized with an
el lipticity ofclatimer 1t han120 ¥hewelint sat da obight- &&%vér §UF§ as6i A BE%sai d

| aser light 1is located within said object while the major axis of an

el | i pse indi catiithe aofoltulre 16ltlyi otfi cdlr péitasiesatiions joffNser | ght ext ends
along a line along which the object is intended to be cut, so as tqo forma
modi fi ed region causkerkynnuhei phationc@syersbrHEGH talPéng2 8&F dt 19'He 281 ong
whi ch the object is intended to be cut within said object. 282

FPO1- 0144- 00 24.caAddasithpn cesshphjenbtIndSdonprrs ngaR spepepPetveen
irradiating an object to be processed with laser light _elliptically

pol ari Zed wi t rdgraert pircutly ekcttikhas RaAd §a§®09£@¥é&12ﬁl$%ﬂﬁkﬁf ergi ng
point of said laser light 5 is located within said object while the major
axis of an elddqisi@risndi cative of the elliptical polarization of |aser

| i ght extends along a |ine along which the oQ%ec i S igtended to cut
under a condition wi2h a Pebks POREPCEERINOYTIIORACFLELENE © 108 P\Wene) at

the light_con¥§ﬁé¥é¥%‘¥§é§f a@%ht is converged by an angle keeping said
laser light from irradiating said plurality of circuit
10 sections.

22. A laser processing method comprising a step of
irradiating a semiconductor material with laser light with
a light-converging point located therewithin, so as to form
a2 molten processed region only within said semiconductor

15 material along a line along which the objéct is intended
to be cut in said semiconductor material.

23. A laser processing method comprising a step of
irradiating an object to be processed with laser light
elliptically polarized with an ellipticity of other than

20 1 such that a light-converging point of said laser light
is located within said object while the major axis of an
ellipse indicative of the elliptical polarization of laser
light extends along a line along which the object is intended
tobe cut, soas to formamodified region causedbymultiphoton

25 absorptionalongsaidlinealongwhichtheobjectisintended

to be cut within said ocbject.
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ilgcftugiulnse Wi dthkof 1 ps olr | ess, so as to forma nodified region
. g a crack region along said |ine along which the obj i
intended to be cut within said object. 25. A Paser pr ocessi njge(r:r;[at LFO%(Ql_OlM_OO
conprising a step of irradiating an object to be processed with |aser
light 15 elliptically polarized with an ellipticity of other than 1 such
that a light-converging point of said laser light is located within said
object while the major axis of an ellipse indicative of the el I,éet%)ticfal
o]

pol ari zation of laséd- |i§hta8R¥ SRCH MY FYERE GPBRYRAMER® the Tobj ect i s
| east 1 x 108 WS S (3o PPORE cofveyi ML FH T ARHCT a BUF be Wirdth ¢
ps or less, so as to)forma m)diéfi-eg reﬁﬁgﬁ@?%cﬁz afit”"a |u se wrdth of 1
regi on al ong i 1d At v 1 YorRp 1 adhi 281 t”ﬁetg’bkﬁrbcetﬂii?%#ﬁnlgiﬂygégotoéﬁb%épg&t%%\ffteﬁi n
said object. 25 26. A |aser processing method conprisin -
[{radiating al @IS e eSS RET e 565 BB 0198500
olarized w i pti.ci
i g tcsﬁgvrei jgii;ﬁgalﬁﬁsﬁi%gqnjstdiaﬁ :e%a'sl’eci’_tc%kiv'geﬁ% I oched i e o o oo
e A L
| east 1'% 108 (lerertatoerl SR on ety Baf EREAR RS SR, o 1
Qﬁaﬂéel ?Z;l Ozoﬁfk&%%ég;&p}%ﬁng%i L0885k £ 894 QR £ el Ml PG Aod £Td S04 i e dndex
at least 1 x 10® (W/cm?) at the light-converging point and
10 a pulse width of 1 us or less, so as to form a modified region
including a crack region along said line along which the
object is intended to be cut within said object.
25. A laser processing method comprising a step of
irradiating an object to be processed with laser light
15 elliptically polarized with an ellipticity of other than
1 such that a light;converging point of said laser light
is located within said object while the major axis of an
ellipse indicative of the elliptical polarization of laser
light extends along a line along which the object is intended
20 to be cut under a condition with a peak power density of
at least 1 x 10® (W/cm?) at the light-converging point and
a pulse width of 1 us or less, so as to form a modified region
including a molten processed region along said line along
which the object is intended to be cut within said object.

25 26. A laser processing method comprising a step of

irradiating an object to be processed with laser light
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10 with a changed refractive index within said object alon sai i

al ong which the object is intended to be cut in gaid objegt 5 lIE:
processing nethod according to one of claims 23 to 26, wherein sgﬁg 8%h4-00
elliptical polarization is 15 linear polarization with an ellipticity of
zero. 28. A laser processing nethod according to one of claims 23 to 27
wherein said ellipticity of elliptical polarization is adjusted by 1
changing the angle of direction of a quarter-wave plate. 20 29 | aser
processi ng neehmdpaaceﬁﬁvngOﬂerén@dowltbléﬂn§1§3pP6C?§Y BSnBFﬁgrn A step

of irradiating said object wth laser |ight wh

iler
pol ari zati on mfshaSemhatlghﬁlb?taﬁénﬁegglﬁ9 thaFf9&g%ggbrgﬁéggf%§9h¥he
step of formng said nodified region, 25 30, A |aser processing
according to oselotatebaiith2s £81980036RHr PG & §t@ I8f PﬁPﬁdlgelng sai d
obj ect 204 FP01-0144-00 with laser light _while rot ing the i on of
| aser |ight bﬁlab@@tl@@l@@buve&ﬁiﬁm@kﬁéééPHFFé&tP bt? %&%géﬂ?é gEby a
hal f-wave plate after the step of form ng said regi Qn, % 3
| aser @rocessdnghﬁﬁ*ﬁﬁh@%ﬁﬂpﬂgﬁhél@%ﬁ%&ﬁ%ﬁthgqgﬁF8ﬁﬂﬁ§t fgcp ?o be
processed with laser light elliptically pol rlzed th an II| E city of
other than 1tsude FWétU@d@Fgﬁtceﬁﬁ&éﬂém %153 ﬁtPSF gqge|a§5p58 3 C i s

| ocated within said object i e nm
at least 5 WP W/cnp Jé% EY&ékt converglng point and

a pulse width of 1 ns or less, so as to form a modified region
including a refractive index change region which is a region

10 with a changed refractive index within said object along
said line along which the object is intended to be cut in
said object.

27. A laser processing method according to one of
claims 23 to 26, wherein said elliptical polarization is

15 linear polarization with an ellipticity of zero.

28. A laser processing method according to one of
claims 23 to 27, wherein said ellipticity of elliptical
polarization is adjusted by changing the angle of direction
of a quarter-wave plate.

20 29. A laser processing method according to one of
claims 23 to 28, comprising a step of irradiating said object
with laser light while rotating the polarization of laser
light by about 90° by a half-wave plate after the step of
forming said modified region.

25 30. A laser processing method according to one of

claims 23 to 28, comprisinga step' of irradiating said object
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10 el lipse indicative of the elliptical polarization of |aser [light
extends along a line along which the object is intended to be cut

to cut said object along said |ine along which the object is inteﬁﬁ@g—éi?4_oo
be cut. 32. A laser processing apparatus conprising: 15 a laser |ight
source for emtting pulse laser Iight having a pulse width of 1 us or

less; ellipticity adjusting means for making the pulse laser light emtted
fromsaid laser |ight source attain elliptical polarization wth an
ellipticity ofw Dt heradnanl 1ght Ovhideor odits radjthiet PRGaxEAAS 1PBr Ohaki AT t he
maj or axis of an ellipse indicative of the elliptical polarization of

pul se | aser |iphyhadjusbedtHp sabdutld tlpﬁll‘éil@f;lsﬁgjr@é%tijﬁ@ °© dR1&NY
along a line along which the object is intended to be cut in an.object to
be processed; B$ d hghtf-eemeeplbi e afs@rsthers e edr P HEt R he 3gdl @%d?'&%

light adjusted by said major axis adjusting neans such that 205

FPOL- 0144- 00 saedipualse |aser |ight attains a peak power density of at
least 1 x 108 (WcnR) at a light-converging point thereof,;. neans_ for

| ocating the |ight-cahver ghnp i mtr s ssdrsemet Aeer CPTight S tadvergEd BY said
l'ight-converging point within 5 said object; and moving means_for.
relatively novingatihetihgghitn cavilks i hg SiﬁFQQeﬁﬁﬂQNyft&efaf?ﬁhﬁlgpgng
said line along which the object is intended Hg.be.cu%. 3%. A las
processi ng appefatpsiseddydpegardzeaiiith an ellipticity o othe?®than

1 such that a light-converging point of said laser light
is located within said object while the major axis of an

10 ellipse indicative of the elliptical polarization of laser
light extends along a line along which the object is intended
to be cut, so as to cut said object along said line along
which the object is intended to be cut.

32. A laser processing apparatus comprising:

15 a laser light source for emitting pulse laser light

having a pulse width of 1 us or less;
ellipticityadjustingn@ansfornmkingthepulselaser

lightemittedfromsaidlaserlightsourceattainelliptical

polarization with an ellipticity of other than 1;

20 major axis adjusting means for making the major axis
of an ellipse indicative of the elliptical polarization of
pulse laser light adjusted by said ellipticity adjusting
means extend along a line along which the object is intended
to be cut in an object to be processed;

25 light-converging means for converging the pulse laser

light adjusted by said major axis adjusting means such that
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10 32, conprising 90 rotation adjusting neans adapted to rotate the

pol ari zation of pulse laser light adjusted by said ellipticity a%%gigbgg ~00
means by about 90. 34. A laser processing apparatus according to clai'm %,
conprising rotating means for rotating a table for 15 nmounting said object
by about 90 about a thickness direction of said object. 35. A laser
processi ng apparatus conprising: a laser light source for emtting pul se

| aser light having a pulse width of 1 ps or |less and Iinear,polarizgtion;
20 |inear pol griizapu0Beatipssti hijgireamst 4 0rs reakiar) o edi peasiidy 6F Pinear |
pol arization of the pulse laser light emtted fromsaid |aser I|ight source
align with a hicagtahongl 0%whinylerfheadly ddtghits donvERIER @Oaétcﬁbeir% an

object to be processed; 25 |ight-converging nmeans for convergi %he pul se
| aser |ight adjustedaby &af dobbhéay gha higlzat ¢oRVaHP LBEY m%%ﬁgu §6
FP01-0144-00 such that said pulse laser light attains a peak power . density
of at |east 11paskd81{yernwedrged byaicbAvehn§rAGPEET AL EHRT F VIREARS f or

| ocating the |ight-converging point of the pulse |aser |ight converged by
sai d | isght - comedrdqyiotg uai;ntandd wi t hi n sai d obj ect; and noving neans for
relatively noving the |ight-converging point of pulse Iaser.lighttﬁkpng
said line along whimclvitiee objeetsis fRtendedidd PEUt. BBYIAI aser
Prosessing ap%aj_rga};[tu-scocnovng);c_.}lisr:gn%bint of pulse laser light along said line

along which the object is intended to be cut.
33. Z&laserprocessingapparatusaccording‘Uaclaim
10 32,comprising90°rotationadjustingmeansadaptedtorotate
the polarization of pulse laser light adjusted by said
ellipticity adjusting means by about 90°.
34. ]\laserprocessingapparatusaccording‘toclaim
32, comprising rotating means for rotating a table for
15 mountingsaidobjectbyabout90°abouta1ﬁﬁcknessdirection
of said object.
35. A laser processing apparatus comprising:
a laser light source for emitting pulse laser light
having a pulse widthof 1 ps or less and linear polarization;
20 linear polarization adjusting means for making the
direction of linear polarization of the pulse laser light
emitted from said laser light source align with a line along
which the object is intended to be cut in an object toc be
processed;
25 light-converging means for converging the pulse laser

light adjusted by said linear polarization adjusting means
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10 a laser light source for emtting pulse laser |light having a pul se

width of 1 ps or |less; power adjusting neans for adjusting the naggb&gg?4gjoo
power of the pulse laser light emtted fromsaid |aser light sou

according to an input of the magnitude of power of 15 pulse laser |ight;

| i ght -convergi ng means for converging the pulse laser |ight adjusted by
said |linear polarization adjusting neans such that said pulse |aser |ight
attains a peak power density of at least 1 x 108 (WcnR2) at a .

| i ght - conver gsaghpoiatt sthdnedise 2osaedrisfortEaéasingetheMGhPeBERVEr gi ng
point of the pulse laser |ight converged by said |ight-conver ing pans
Within an obj e€tatt bedet prab@sEbthmArat AoVt TROAVS TGN IR HR Ggleﬁ Prgsi ng
the |ight-converging point of pulse |laser light along a Iine 25 al ong

whi ch the obj ect ismeahenfted lcwatd neuthienlsghE- 6B EEFII DAL GHe“Rbdi fi ed
spot is formed within said object 207 FPO1-0. 44-00 by irradiatin% sa%d
object with opelpel saesef Indhie coayerged ght Sa il ONeERT Y T PoLrl

| i ght-converging point within said object; said | aser processing apparatus
furthes conpriwdithgn sBidopbdkatiioAnst ori ng means having stored therein a

correl ati on between the magni tude of power of puLse]!aser ad%usteqhgy said

power adj usting neamsvand theefinge of LABdi fitsd aSPREY si Z89%el8cti nd neans

for choosing, according to an , . .
J light—coA%erging point of pulse laser light along said line

along which the object is intended to be cut.
36. A laser processing apparatus comprising:
10 a laser light source for emitting pulse laser light
having a pulse width of 1 us or less;
power adjusting means for adjusting the magnitude of
power of the pulse laser light emitted from said laser light
source according to an input of the magnitude of power of
15 pulse laser light;
light-converging means for converging the pulse laser
light adjusted by said linear polarization adjusting means
suchthatsaidpulselaserlightattainszapeakpowerdensity
of at least 1 x 10° (W/cm?) at a light-convergingpoint thereof;
20 means for locating the light-converging point of the
pulse laser light converged by said light-converging means
within an object to be processed; and
moving means for relatively moving the
light-converging point of pulse laser light along a line
25 along which the object is intended to be cut in said object;

wherein one modified spot is formed within said object
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10 i nputted magni tude of power of pulse laser light, a size of said
nodi fi ed spot fornmed at said nmagni tude of power from said correlﬁgquoﬁ 4-00
storing neans; and size display neans for displaying the size of & iéé
spot chosen by said size selecting neans. 15 37. A | aser processing
apparatus conprising: a laser light source for emtting pulse |aser |ight
having a pulse width of 1 .is or less; alight -converging |lens for
converging the pulse laser light emtted fromsaid_|aser quht ource such
that said 20byuligealdisaring getdakdiess #ifdalensoRdi S§erdi £ iﬁsleéast 1
x 106 (WcnR) at a |ight-converging point thereof; nunerical, K apertur,

adj usti ng neands ghdr whad] estdass irtethei HOt - (RIS &9 Qﬁéf‘ttu‘fh%g*néﬁlgpti cal
systemincluding said |ight-converging | ens according to an inputted size
25 of nuneri calbja@warit ure; means for locating the light-converging point of
t he 208 FPO1-0144-00 pul se | aser |ight converged by_said |ight-conver.ging
lens within an obj setict daberppbeessadndameP#ovT A e &%“}Peﬁliﬁr\?a y
moving the [|ight-converging point of pulse Iaﬁer,ligh% al nqﬁ% Ii.nea 5

al ong Whi ch the obj &S red dtitdnFdP 13 DMedts i H28APe 8 10683; éi'n “one
nodi fied spot is formed within said object % irradiati ng sl@igeqtgseeq_l W th
one pul se of mAnEelasan hetgirenwiinteMPERALY é PhePPYght S dRVeT gihg poi nt
wthin said (ggfﬁgﬁedbysaidpoweradjustingmeansandthesizeofmodified

spot;
size selecting means for choosing, according to an
10 inputted magnitude of power of pulse laser light, a size
of said modified spot formed at said magnitude of power from
said correlation storing means; and
size display means for displaying the size of modified
spot chosen by said size selecting means.
15 37. A laser processing apparatus comprising:
a laser light source for emitting pulse laser light
having a pulse width of 1 us or less;
alight-converginglensforconvergingthepulselaser
light emitted from said laser light source such that said
20 pulse laser light attains a peak power density of at least
1 x 10% (W/cm?) at a light-converging point thereof;
numerical aperture adjusting means for adjusting the
size of numerical aperture of an optical system including
said light-converging lens according to an inputted size
25 of numerical aperture;

means for locating the light-converging point of the

208



10 said | aser processing apparatus further conprising: correlati i
means having stored therein a correlation beFReen tge si ze ofaahon sgorlng
aperture adjusted by said power adjusting nmeans and the size of Eﬁé#fﬁLﬁ4-00
spot; size selecting nmeans for choosing, according to said 15 inputted
magni t ude of power of pulse laser light, a size of the nodified spot

formed at said size of nunerical aperture fromsaid correlation storing
nmeans; and size display neans for displaying the size of nodified spot
chosen by saigubseelsstectigiy meamer 0! 39 SAiﬁaééEhEF6€§§§Fﬂ@n8pb%?gtus
conprising: a laser |light source for emtting pulse laser Iight having a
pul se width okidhps en begsctand ben§r§§ﬁéé€8ﬁgaﬁ€ans including a plurality
of light-converging Ienses f or converging the pul se laser |ight 5
emtted fromsaid |mseingi ghmesowr ce Se€h tHgLasavgiyul sé" ' Ilbﬁ?
attains a peak power density of at least 1 x 209 FPQ1-0144-00 108.(W cn®)

at a I|ght-conghgrngnpekgtnghepéoﬁ,0§apélﬁén§as§élééﬂﬁﬁgaﬁﬁaﬁsabégﬂa
adapted to sel ect among a plurality of light-converging |enses, .a

plural bty of epbhgabhsyisttéresobhackubs g teaiced Fgme G&ﬁvgwadngBﬁg‘éE; havi ng
respective 5 nunerical apertures different from each, %her' ans _for
| ocating the |ight-wbaveiyiang perAfise IRft 15&%@“?‘5%’&? |1i“g$ﬁf§8%98Fged by

a light-converging |l ens chosen by said |lens s i i t hi
obj ect to be prodessddating said %bject w%t% o%ge%hﬁg% o %%l@%tqﬁge?n

light while locating the light-converging point within said
object;
10 said laser processing apparatus further comprising:
correlation storing means having stored therein a
correlation between the size of numerical aperture adjusted
by said power adjusting means and the size of modified spot;
size selecting means for choosing, according to said
15 inputted magnitude of power of pulse laser light, a size
ofthemodifiedspotformedatsaidsizeofnumericalaperture
from said correlation storing means; and
size display means for displaying the size of modified
spot chosen by said size selecting means.
20 38. A laser processing apparatus comprising:
a laser light source for emitting pulse laser light
having a pulse width of 1 us or less; and
lens selecting means including a plurality of
'light—converginglensesforconvergingthepulse1aserlight
25 emitted from said laser light source such that said pulse

laser light attains a peak power density of at least 1 x
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10 noving nmeans for relatively noving the |ight-converging point of pulse
| aser light along a line along which the object is intended to qﬁnOldh -00
said object; wherein one nodified spot is formed within said objec
irradiating said object with one pulse of pulse laser 15 |ight while

| ocating the light-converging point within said object; said |aser
processi ng apparatus further conprising: correlation storing nmeans having
stored therein a correlation between sizes of nunerjcal apertures of a 20
plurality of bti(@alcmysaters lilmditadiony egaiidd PERPLCHATERY ngsa+% Y and
the size of nodified spot; size selecting neans_for choosin QQQ ng to
a size of nmlec*ain@peeamﬁ e g daptedat os et 8t ﬁ@?’ﬁal"f‘]gﬁs osen
| i ght-converging lens, a size of the nodified spot 25 forned.at said size
of nuneri cal @béhnghmrdonnﬁngﬂnﬁ leoses) af i R 51 ?¥u?fn885%caénﬂwiﬁips

FPOL- 0144-00 size display neans for display |ng the sjize. of nod dvespot
chosen by saldnsluélseleélﬁnél@béngonggrgﬁpga %?S%?o%%gkn%gr%%%%

conprising: a laser light source for emttin ulse laser light 5 haV|ng a
pul se %i dt h ofiuetlcal BE§§tUE@ﬁe?‘1§§FG§PFnﬁgﬁgaﬁgc}f’o?g quti ng the

magni tude of power of pul se | aser ht emtted fron1sa| er ¢l ight
sour ce according tomaﬁﬂﬁn%ﬂﬁﬂéﬁaﬁ&@ﬁlgﬁﬁelbﬁhb otV of T HuT qﬁéggr g?ght

pulselaserlightconvergedbyallght—converglnglenschosen
bysaidlensselectingmeanswithinanobjecttobeprocessed;
and
10 moving means for relatively moving the
light-converging point of pulse laser light along a line
along which the object is intended to be cut in said object;
wherein one modified spot is formed within said object
by irradiating said object with one pulse of pulse laser
15 light while locating the light-converging point within said
object;
said laser processing apparatus further comprising:
correlation storing means having stored therein a
correlation between sizes of numerical apertures of a
20 pluralityofopticalsystemsincludingsaidlight—converging
lenses and the size of modified spot:
size selecting means for choosing, according to a size
of numerical aperture of an optical system including said
chosen light-converging lens, a size of the modified spot
25 formed at said size of numerical aperture from said

correlation storing means; and
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10 a light-converging |l ens for converging the pulse laser light emtted
fromsaid |aser light source such that said pulse |laser |ight at ?h S0%44-00
peak power density of at least 1 x 108 (WcnR) at a Iight-converg' 3 por nt

t hereof ; nunerical aperture adjusting nmeans for adjusting the 15 size of
nunerical aperture of an optical systemincluding said |ight-converging

| ens according to an inputted size of nunerical aperture; neans for

| ocating the |ight-converging point of the ul se l.aser  |ight cqnyerged by
said |ight-convergi pjzeehisplay W@ihﬁrfoénd%?g@t’l?‘é 5968&%@881§h8gmvi ng
means for relatively noving the I[ght-conven%in% Eoint of pul se | aser

| i ght al ong asbpiiechalsgngbihsehdt BéZ8bF8eECraNPn'E€AHEd to be cut in said
obj ect; wherein one nodified spot is formed within said object 25 by
irradiating said obp8et whthe®ope PUPSRSIPPuPRRATAERT CPTB%%Sﬁﬂﬁre | ocati ng
t he |ight-converging Eoint within said 211 FP01-0144-0 obhect; sakﬁ | aser
processi ng apparat us iapeheki@dhpewieRy:foTGMHHENDRSES: LA STedn¥ Ravi ng
stored therein a correlation between a set of the magnitude of power of
pul se 55 | asehalilgist caddseed iIBFhs&itd IpbePTadf§sti ng neans and the size
of nunerical aperture adjusted by said nynerical . aperture adj.usting.-neans
and the size of nodPPHed 3PHESTERY &SNS Pirnagﬁﬁﬁﬁéggoi}h%ﬂ@&d%g‘%deaggordi ng

to said inpu%&%%rn% nkh%%% qgs%%“ﬁ&g%& %%E%%eha %%mlg%qg %%%e%ahqght
source according to an inputted magnitude of power of pulse
laser light;

10 a light-converging lens for converging the pulse laser
light emitted from said laser light source such that said
pulse laser light attains a peak power density of at least
1 x 10® (W/cm?®) at a light-converging point thereof;

numerical aperture adjusting means for adjusting the

15 size of numerical aperture of an optical system including
said light-converging lens according to an inputted size
of numerical aperture;

means for locating the light-converging point of the
pulse laser light converged by said light-converging lens

20 within an object to be processed; and

moving means for relatively moving the
light-converging point of pulse laser light along a line
along which the object is intended to be cut in said object;
wherein one modified spot is formed within said object
25 by irradiating said object with one pulse of pulse laser

light while locating the light-converging point within said
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10 inputted size of nunerical aperture, a size of the nodified spot forned

at said inputted magnitude and size; and size display neans for di avd 00
the size of nodified spot chosen by said size selecting neans. 395?£a¥22%}

processi ng apparatus conprising: 15 a laser light source for emtting pul se
| aser light having a pulse width of 1 ps or |ess; power adjusting neans
for adjusting the magnitude of power of pulse laser light emtted from
said laser light source according to an inputted magnitude of power of
pul se 20 | assisjédght; lens selecting nmeans including a plurality of

| i ght-converging | enses for converging the pulse laser light emited from
said laser |ight saurick lsselr phatessitigpaPperatusefuf PRt SRTRT hsi ™ peak
power density of at least 1 x 25 108 (WcnR) at a |ight-converging point,
sai d | ens sel ecti ng-ommslst bei ngt aXapg elicBBS s BPEENJardig [ﬁhﬁ%ﬁﬁ y* of 212
FPO1-0144-00 light-converging |lenses, a plurality of optical_ syste
i ncl udi ng sai dotrghtt combertgicosy BerriedIhbe AG IeyE& Pgéw‘?ﬁﬁré-’%i Rar=®
apertures different fromeach other; neans for |pcating the d the
| i ght - sonver gl agepdi ightofacivstes! pul §élﬂa@%ve¥iag%ﬂu%dﬁgier“&é‘d“sbﬁnsau d

| i ght-converging lens chosen by said | ens selecting nmeans, within. obj ect
to be processide ardd WW%aﬁ@eﬁéPrﬁelﬁl%ﬁfs rrg\yi r"isgaJtOTHenup'!egléQl

i ght-convergin oint of pulse laser light along a Line.,. .. .
’ gapgrgure adjugting means ang the 519e of mddified spot;

size selecting means for choosing, according to said
inputted magnitude of power of pulse laser light and said
10 inputted size of numerical aperture, a size of the modified
spot formed at said inputted magnitude and size; and
size display means for displaying the size of modified
spot chosen by said size selecting means.
40. A laser processing apparatus comprising:
15 a laser light source for emitting pulse laser light
having a pulse width of 1 ps or less;
power adjusting means for adjusting the magnitude of
power of pulse laser lightlemitted from said laser light
source according to an inputted magnitude of power of pulse
20 laser light;
lens selecting means including a plurality of
light-converginglensesforconvergingthepulselaserlight
emitted from said laser light source such that said pulse
laser light attains a peak power density of at least 1 x
25 10 (W/cm?) at a light-converging point, said lens selecting

means being adapted to select among a plurelity of
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10 al ong which the object is intended to be cut in said object; wherein one
nmodi fied spot is formed within said object by irradiating said objpget gikhoo
one pul se of pulse laser 1light while locating the Iight-convergi ng point
within said object; 15 said |aser processing apparatus further conprising:
correlation storing nmeans having stored therein a correlation between a

set of the magnitude of power of pulse laser |ight adjusted by said power

adj usting neans and sizes of nunerical apertures of_a ural i 0 pti cal
systems 20 i nthglingosaedginghieashder G mytd IsY 2k ?ﬁtl%?%eggf“gﬂgdified

spot; size selecting neans for choosing, according to_sai i
magni t ude of pow@ndahgpakie LagBE-FPRNEXAHCt Snsg?zga89n§u§ggggg%§g8erture

of an optical systemincluding 25 said chosen Ii%ht-con%e&ging | ens, a size

of the nodifi edmespoelf eprsduaessaid LREGAI GdO™aNG L 26 %4dd 213

FP01-0144-00 size display neans for displayi the siz f L fi spot
chosen by said si zemeehectend afgdnidng 41€ iﬁﬂﬁgéFOBVSEggggn%ggﬁ%é?§?S§

For prépar i ng pam semgecat L net 1708 k58 A T O LT 28 LT S B eat o
S O S eanamge USPLaY, oA, 0 cflisPhavinget bad wege
processed; and
moving means for relatively moving the
light-converging point of pulse laser light along a line
10 along which the object is intended to be cut in said object;
whereinonenmdifiajspotisformedwithinsaidobject
by irradiating said object with one pulse of pulse laser
light while locating the light—converging]point,within said
object;
15 said laser processing apparatus further comprising:
correlation storing means having stored therein a
correlation between a set of the magnitude of power of pulse
laserlightadjustedknzsaidpoweradjustingmeansandsizes
of numerical apertures of a plurality of optical systems
20 including said light-converging lenses and the size of
modified spot;
size selecting means for choosing, according to said
inputted magnitude of power of pulse laser light and the
size of numerical aperture of an optical system including

25 said chosen light-converging lens, a size of the modified

spot formed at said magnitude and size; and
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10 42. A | aser processing apparatus conprising: a laser |ight source for
emtting pulse laser light having a pulse width of 1 ps or |ess; éﬁwgﬁl ~00
adj usting neans for adjusting the nagnitude of power of pulse | &5 I éﬁt
emtted fromsaid |aser light 15 source; |ight-converging neans for
converging the pulse laser light emtted fromsaid |aser |ight source such
that said pulse |laser |ight attains a peak power density of at least 1 X
108 (WcnR) at a light-converging point thereof; 20 neans faor Iopatkpg t he
| i ght - conver gi ng painte af sphey nprarse fhasrspi apitn shees el Obyradiid &

| i ght-converging means wthin an object to be processed; and noving neans
for rel ativelgpomvitngsémeby | $ghd - sbrw es gl gt pod nted®s pul se | aser |ight
along a line 25 along which the object is intended to be cut in said

obj ect; wherein one!Inndi fA da sspotprios efserimed 2RPERRR USaF 6CBEF e BN
FP01-0144-00 by irradiating said object with one pulse of pulse |aser

light while |loftatlagnsasd toghl - convergbh@dpoint within said object; said

| aser processing apparatus further conprising: 5 correlatio S%O I ng means
havi ngs st or ed t her eimage prepeel agneaisct WeRHEP AL NAGRIHFEE %?m?) %\éjrecgf

pul se laser |ight adjusted by said power adjusting nmeans and the séze of
modi fi ed spotspandapuver thel etef e rreiad Por Seheost 1y SCaECordion)=E'd° an
and

image display means for displaying the image prepared
by said image preparing means.

10 42. A laser processing apparatus comprising:

a laser light source for emitting pulse laser light
having a pulse width of 1 us or less;

power adjusting means for adjusting the magnitude of
power of pulse laser light emitted from said laser light

15 source;

light-converging means for converging the pulse laser
light emitted from said laser light source such that said
pulse laser light attains a peak power density of at least
1 x 10® (W/cm®) at a light-converging point thereof;

20 means for locating the light-converging point of the
pulse laser light converged by said light-converging means
within an object to be processed; and

moving means for relatively moving the
light-converging point of pulse laser light along a line

25 along which the object is intended to be cut in said object;

wherein one modified spot is formed within said object
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10 inputted size of nodified spot, a magnitude of power of pulse |aser
| i ght adapted to formsaid size fromsaid correlation storing neang' 6349 00
power. adjusting nmeans adjusting the magnitude of power of puIseF? Lefiad-
light emtted fromsaid |aser light 15 source such that the magnitude of
power chosen by said power selecting neans is attained. 43. A |aser
processi ng apparatus conprising: a laser light source for emtting pul se
| aser Iight having a pulse width of 1 }as or less; 20 a |ight-converging
| ens for conviey gl ngadihet puyseaidsepiett ghttlerdne b isomSart $askiS$y ght
source such that the pulse laser light attains a peak power density of at
| east 1 x 10Bi¢N¥ eiid)l eatoce t imdsaddnMiai Taprpis i nchee edk ;er?uhﬁé‘r?%%q]
aperture adjusting neans for adjusting the 25 size of nunerical aperture
of an opticalolsystemincluding said |ight-converging |ens; 215 FP01-014
-00 neans for locating said |light-converging point of the pulse |aser
li ght converged by said 1&sgt roormesrgineg 2Peas atwist BRRTBAT b BRI 1 E 0" %e
processed; and noving neans for relatively noving the 5 |jght-converging
poi nt Bf pul se | asecotighetadbongtarinaemeansndawiinch TR Sbj €t §5" i it ended
to be cut in said object; wherein one nodjfied spot is farne mﬁihin said
object Dby ircadiaiehgosabateppecthintadsvhe 5l P@fﬂeﬁupgep}’ §&r *27Fgnt
while locating the |ight-converging point within said .

Iight adjusted by said power adjusting means and the size

of modified spot; and
power selecting means for choosing, according to an

10 inputted size of modified spot, a magnitude of power of pulse
laser light adapted to form said size from said correlation
storing means;

said power adjusting means adjusting the magnitude of
power of pulse laser light emitted from said laser light

15 source such that the magnitude of power chosen by said power
selecting means is attained.

43. A laser processing apparatus comprising:
a laser light souice for emitting pulse laser light
having a pulse width of 1 ps or less;

20 alight—converginglensforconvergingthepulselaser
light emitted from said laser light source such that the
pulse laser light attains a peak power density of at least
1 x 108 (W/cm?) at a light-converging point thereof;

numerical aperture adjusting means for adjusting the

25 size of numerical aperture of an optical system including

said light-converging lens;
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10 object; said |laser processing apparatus further conprising: correlation
storing neans having stored therein a correlation between the size_of 00
nunerical aperture adjusted by said numerical aperture adjustingFﬁggﬁglﬁﬁa
the size of 15 nodified spot; and nunerical aperture selecting neans for
choosing, according to an inputted size of nodified spot, the size of
nunmeri cal aperture adapted to formsaid inputted size; said nunerical
aperture adjusting neans adjusting the 20 size of nunerical aperture of
the optical system imeahsdfog losaitdnigi gaid ddehdrgionyaredidsnehnt 1dt thee size
of nunerical aperture chosen by said nunerical aperture sel ecting neans
is attained. 441sh lasetr mingSs¢mgea@©@HaiGéﬂéb&Gﬁh§rﬁ@ﬁvfgg&n@agép5Iight
source for emtting pulse laser light having a pulse width of 1 ps or
| ess; 216 FPOWi@h44r GO lodris cseltecbengprosssseidiclandi ng a plurality of
| i ght -converging | enses for converging the pulse |aser |ight, enittgd from
said laser |ight soumowénguch rdeats sai dopul seelagdarellyi ghtMari®% ns 5" feak
power density of at least 1 x 5 108 (WcnR) at a |ight-convergi ng.point
t her eofs, sai d liens - cselventding pedns Isdi wy lacaprsdn d 198t &l OBFoAg 1ae
plurality of light-converging Ienses, a plurality of optical systens
i ncl udi ng sai & lldrghtwhéohvieregyiolg elcéns &st THeRA GRF F@sla%&%gn %h%P%é&Ft'
apertures different fromeach other; , L . :

wherein one modified spot is formed within said object

by irradiating said object with one pulse of pulse laser
light while locating the light-converging point within said
10. object;
said laser processing apparatus further comprising:
correlation storing means having stored therein a
correlation between the size of numerical aperture adjusted
by said numerical aperture adjusting means and the size of

15 modified spot; and

numerical aperture selecting means for choosing,
according to an inputted size of modified spot, the size
of numerical aperture adapted to form said inputted size;
saidnumericalapertureadjustingmeansadjustingthe
20 size of numerical aperture of the optical system including
said light-converging lens such that the size of numerical
aperture chosen by said numerical aperture selecting means
is attained.
44, A laser processing apparatus comprising:
25 a laser light source for emitting pulse laser light

having a pulse width of 1 us or less;
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10 neans for locating the |ight-convergin oint of th i
converged by said |ight-converging Ieng ghgsen by saig Igﬁgsgelgier ) ont
nmeans Wi thin an object to be processed; and nmoving neans for rela ?@gT%144—00
noving the 15 |ight-converging point of pulse laser Iight along a |ine

al ong which the object is intended to be cut in said object; wherein one

nodi fied spot is formed within said object by irradiating séid object with

one pul se of pulse laser |ight while |ocating the |ight-conveytgi [
within said 20 objébhﬁssaaiaQ¥%W§pF@@@§siﬁ@géBgéP8t8§ f%f%ﬁ%ggéggﬁgfg?;g:

correlation storing nmeans having stored therein,a .corre
( : : , ati.o ygen
si zes of nunerlnghta@emvar@sn©ﬂe§éﬁé3“%4GPQVFF9189tﬁﬁbﬂ?i§8ﬁﬁb5§$%g | enses

and the size of nodified 25 spot; and nuneri cal i
for choosi ng. 247 FBOLE D00 detssrdiAghto =& Tep SLF Bt 6P S 81 o rod

spot, a size of nunerical aperture adapted to formsaid_in i
u shze;
g %E Egggt il

paid, | ens sel cheseg iushs seresteng Behg?SH ETGILY) ¢

by sai dsnuneri taf apemiuret @éﬁéﬁﬁ%ﬁ%@%% p%%ﬁéé%%kgp%gﬁgggﬁﬁgosen

processing apparatus comprising. a lscer I1qI SO Ge fohoPl Lalagbubse
of light-converging lenses, a plurality of optical systems
including said light-converging lenses having respective
numerical apertures different from each other;

10 means for locating the light-converging point of the
pulse laser light converged by said light-converging lens
chosen by said lens selecting means within an object to be
processed; and

moving means for relatively moving the

15 light-converging point of pulse laser light along a line

along which the object is intended to be cut in said object;

wherein one modified spot is formed within saiciobjeét
by irradiating said object with one pulse of pulse laser
light while locating the light-converging point within said

20 object;

said laser processing apparatus further comprising:
correlation storing means having stored therein a
correlation between sizes of numerical apertures of said
pluralityoflight—converginglensesandthesizeofnmdified
25 spot; and

numerical aperture selecting means for choosing,
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10 power adjusting neans for adjusting the magnitude of ower

laser light emtted fromsaid |aser I?ght sogrce; a Iigh?-convgigﬁglsf

for converging the pulse laser light emtted fromsaid |aser Iighgpgéﬁﬁgg4'oo
such that said 15 pulse laser light attains a peak power density of at
least 1 x 108 (WcnR) at a light-converging point thereof; numerical
aperture adjusting means for adjusting the size of numerical aperture of
an optical systemincluding said |light-converging |ens; 20 neans for

| ocating the | hgbbraonyetgiag joputted shee quinselyfsst SHoght ac§hv&r 9&d by
said |ight-converging lens wthin an object to be processed; and noving
means for rel ahimekycapvipgrthee bidghtedonvefgirmg Spéne NELLEE s E1P8ser
light along a Iine 25 along which the object is intended to be cut in said
obj ect; wherein one sadif i Bh s pete lies thogredeanthi s 5&¢ 6109 @6&0@185“8
FPO1-0199-00 by irradiating said object with one pulse of pulse |aser

light while | opatiragitheotighihtcommeres pingdiansad shich §BPH thbj e °Lai d

| aser processing apparatus further conprising: 5 correlation storing means
havi ng stored hheeeicad sperebnei athdmtwedy asaéd dfunﬂ%’ei’?%]gniamééug?
power of pulse laser light adjusted by said power adjusting neans and the
si ze of nuneri ealleapéngumeaadj ast @d tiyinegi-d nunmerical aperture adjusting
means and the size of nodified spot; and

45. A laser processing apparatus comprising:
a laser light source for emitting pulse laser light
having a pulse width of 1 ps or less;

10 power adjusting means for adjusting the magnitude of
power of pulse laser light emitted from said laser light
source;

alight—converginglensforconvergingthepulselaser
light emitted from said laser light source such that said

15 pulse laser light attains a peak power density of at least
1 x 10%° (W/ecm?) at a light-converging point thereof;

numerical aperture adjusting means for adjusting the
size of numerical aperture of an optical system including
said light-converging lens;

20 means for locating the light-converging point of the
pulse laser light converged by said light-converging lens
within an object to be processed; and

moving means for relatively moving the
light-converging point of pulse laser light along a line

25 along which the object is intended to be cut in said object:

wherein one modified spot is formed within said object
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10 set selecting neans for choosing, accordin [ [

set I ng, g to an inputted size of

nodi fi ed spot, a set of the magnitude of power and sizepof nuneri%ﬁh
558144'00

aperture adapted to formsaid inputted size; said power adjusting
and nunerical aperture 15 adjusting neans adjusting the magnitud f
ar | I _ : _ : g gni tude of power
pul se aser light emtted fromsaid |laser |ight source and the size of
nunerical aperture of the optical systemincluding said Iight-converging
Iﬁns such that the nagnitude of power and size of nunerical aperture
chosen by sai dpset rggheatiing s2@dneapscar eiaht ahaegulas. oA PHIEE pFBRESSI ng
apparatus conprising: a |laser light source for emtting pulse |aser |ight
having a pul se1wydth.,0f1d 1psaarincesse Jigher- cdjvestding REARE YigrhJypasei ng
fhe magni tude of = 25 power of pulse laser light emtted fromsaid | aser
}ght_ sour ce; oB38ckR01-0144-00 lens selecting neans including a plurality
o] l'i ght-converging | enses f or converging the pulse |aser |light . emtted
fromsaid | aser |ightasaulesesushocansisqiaPpamaies Ifagehqy GRIPAEEANAS a
peak power density of at least 1 X 5 108 (Wcn2) at a |ight-convergin
poi nt thereof, said bemﬁe1aeﬁewﬂaﬂynﬁﬂguﬂﬁﬁﬁ&mﬁ%ﬁﬁﬁﬁeﬁtPBegeFBEFegﬂnﬁg
said plurality of Ilght-converging | enses, a plurality of optical Sygtens
i ncl udi ng sai d doirghtl-atdrvebgt ngehenses %éﬁﬁﬁgmﬁéébéEgﬁﬁgfpﬁwﬁéf?gﬁw €
apertures different fromeach other;
laser light adjusted by said power adjusting means and the
size of numerical aperture adjusted by said numerical
aperture adjusting means and the size of modified spot; and
10 set selecting means for choosing, according to an
inputted size of modified spot, a set of the magnitude of
power and size of numerical aperture adapted to form said
inputted size;
said power adjusting means and numerical aperture
15 adjusting means adjusting the magnitude of power of pulse
laser light emitted from said laser light source and the
size of numerical aperture of the optical system including
said light-converging lens such that the magnitude of power

and size of numerical aperture chosen by said set selecting

20 means are attained.
46. A laser processing apparatus comprising:
a laser light source for emitting pulse laser light
having a pulse width of 1 us or less;
power adjusting means for adjusting the magnitude of

25 power of pulse laser light emitted from said laser light

source;,
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10 means for locating the |ight-converging point of the pulse |aser |ight
converged by said light-converging | ens chosen by said |ens seleg%b?g 144-00
means within an object to be processed; and noving neans for rela |vePy
noving the 15 light-converging point of pulse laser light along a line

al ong which the object is intended to be cut in said object; wherein one
nodi fied spot is formed within said object by irradiating said object with
one pul se of pulse laser light while locating said Iight-conyerging:point
within said 20 objgehs sséletasey prewessilig t §s PﬁPFﬁlF god%?ising:
correlation storing neans having stored therein a correlatjon bitm§gn a
set of the nagmbhudeoﬁbepQWEglﬁnqnﬂéerqqu%IQHQﬂﬁhﬁéF St ?ﬁF aP power
adj usting neans and sizes 25 of nunerical apertures of said pl. raligg of

| i ght - conver giehg t tkengesmanditihbasézel B3 R R LYot ;t%éﬁd S§3G PH

FP01-0144-00 set sel ecting neans for choosing, accqrdin% tg gn kngu;ted
size of nodifileGespatigha settadhst e PRRINPOHEE BENSpdweCtafd 78 o
nunerical aperture adapted to formsaid inputted Siéﬁ fro saL% lens
correl ation stiofi (ig/aeanet B tapghtporererdingtPA el Sy 1%6hs' sé8cti ng

means adjusting the magnitude of power of pulse |aser |ight emtt from
said |aser |i ghtlesaumgenanus $liod pAGPRADAG $& ACT MRS F,%/dgﬁur%l?‘%y

| i ght-converging lenses so as to attain the_ power and size Liscal
aperture choserf bygbardosgerging lenses, a pluraW%ty og oﬁglcéﬁ éygﬁé

including said light-converging lenses having respective
numerical apertures different from each other;

10 means for locating the light-converging point of the
pulse laser light converged by said light-converging lens
chosen by said lens selecting means within an object to be

processed; and

moving means for relatively moving the
15 light-converging point of pulse laser light along a line
aloné which the object is intended to be cut in said object;
whereinonenwdifiedspotjjsformedwithinsaidobject
by irradiating said object with one pulse of pulse laser
lightwhilelocatingsaidlight-convergingpointwithinsaid

20 object;
said laser processing apparatus further comprising:
correlation storing means having stored therein a
correlation between a set of the magnitude of power of pulse
laser light adjusted by said power adjusting means and sizes
25 ofnumericalaperturesofsaidpluralityoflight—converging

Jenses and the size of modified spot; and
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10 selecting neans. 47. A |laser processing apparatus accordi i

42, conprising display neans for displayigg Pﬁe magni t ude dgpgpgo cIaLm

by said power selecting neans. 48. A |aser processing apparatus 2@%8?a?§gﬁ’00
to claim 15 43 or 44, conprising display nmeans for displaying the size of
nunerical aperture chosen by said numerical aperture selecting means. 49
A l'aser processing apparatus according to claim 45 or 46, conprising.

di splay neans for displaying the 20 magnitude of power and the size of
nunerical aperture kot thé eset. nghowen shyf o3ai ah e ingsl &G HP HRANS 80, A

| aser processing apparatus according to one of clainms 36 to 49 ﬁhe éin a
plurality of sapdtredi kied oﬁpn@@ifbednﬁpQﬂ(nﬁ;%?qioﬁet§ﬁoﬂagﬂﬁFEHetﬂ£
object is intended 25 to be cut within said object define a nodified

regi on; sai dpowdicf bed segeont i meher] eeyl AP NS GRERE %A W& ggﬁmzﬁld
FPO1-0144-00 region where a crack is generated within, said object, a nolten
processed regﬁnppwhe@hsﬁgenémmmj&mi@hﬁ@r§§ﬂ@téBPeEFPr&H& M§3NEFr act i ve

i ndex change region where refractive index is changed wi.thin said Qject

5 51. A |aser processingpaeehoddiefbingingEna 3¢ st éﬁlﬁftﬂpﬁaﬁfsglng an

obj ect to be processed wth pulse laser Iight while |ocati a
| i ght - conver giaig u sdingt tloé melga iucsecf &@@PIICifgﬂ’t‘lafﬁl‘?isﬁrsiﬁ@ggﬁfnéégfdso as

to forma first nodified region caused by multiph
0 .
from said laser light sou¥ce andpséfgkting among said

plurality of light-converging lenses so as to attain the
power and size of numerical aperture chosen by said set
10 selecting means.

47. Alaserprocessingapparatusaccordingtocﬂaim
42, comprising display means for displaying the magnitude
of power chosen by said power selecting means.

48. Alaserprocessingapparatusaccordingtocﬂaim

15 43 or 44, comprising display means for displaying the size
of numerical aperture chosen by said numerical aperture
selecting means.

49. Alaserprocessingapparatusaccordingtocﬂaim
45 or 46, comprising display means for displaying the

20 magnitude of power and the size of numerical aperture in
the set chosen by said set selecting means.

50. A laser processing apparatus according to one
of claims 36 to 49, wherein a plurality of said modified
spots formed along a line along which the object is intended

25 to be cut within said object define a modified region;

said modified region including at least one of a crack
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10 absorption within said object along a first line along which the object
is intended to be cut in said object; and a second step of irradiating fgzgoo
object with pulse laser |ight while making said pul se | aser Iighfpgﬂfg' a
power higher or lower than that in said first step and | ocating 15 the
| i ght-converging point of the pulse laser light wthin said object, so as
to forma second nodified region caused by nultiphoton absorption within
said object along a second line along which the object is intended to be
cut in said pbjeshwhdd R crackasegeme paessivig hiet droid ebIBFrsiaBe L BeRir st
step of irradiating an object to be processed wth pulse |laser light while
| ocating a Ii9bgcgggg@rgbggonp@hmthoistmelpadsﬂlth$érSﬁi@hpbﬁﬁﬁhinaggid
object, so as to forma first nodified region caused by nultiphoton 25
absor ption W hi&f s8¢ €1 08jaciealcbagge Fegsonl vineral xafg adtiicte i€ *obfect is
intended to be cut in said object; and 222 FP0O1-0144-00 a second step of
irradi ati ng sahéngbpeat tWihhspubsebjkaser |ight while nmaking an opti cal
systemincluding a |ight-converging | ens for converging the pul se | aser
light sattain a numpLical Aapeséurergreasengoneshaf| epmpPhafifflat 5 in said
first step and locating the |ight-converging point of the pul se Ias§r
light within said objfitst soeasofol fordiabise@dn@Passis FedPs 8gr6F¢adsed by
mul ti photon absorption wthin said object _along a secon% i ne alon% whi ch
the object iwiitht pndee tlesee doghtnwhilg dpjcecing a light-converging
point of the pulse laser light within said object, so as
to form a first modified region caused by multiphoton
10 absorption within said object along a first line along which
the object is intended to be cut in said object; and
a second step of irradiating said object with pulse
laser light while making said pulse laser light attain a
powerhigherorlowerthanthatinsaidfirststepandlocating
15 the light-converging point of the pulse laser light within
said object, so as to form a second modified region caused
by multiphoton absorption within said object along a second
line along which the object is intended to be cut in said
object.
20 52. A laser processing method comprising:
a first step of irradiating an object to be processed
with pulse laser light while locating a light-converging
point of the pulse laser light within said object, so as
to form a first modified region caused by multiphoton

25 absorption within said object along a first line along which

the object is intended to be cut in said object; and
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10 53. A | aser processing nethod conprising: a laser |ight source for

emtting pulse laser light having a pulse width of 1 ;
. . . . ps or less; fr
adj usting neans for adjusting the nagnitude of a repetition freq&%ﬁigﬂgggyoo

the pulse laser light emtted 15 fromsaid |la [ [
_ _ ser light source according to
an inputted magnitude of frequency; |ight-converging means for converg?ng
the pulse laser light emtted fromsaid |aser light source such that said
pul se l'aser light attains a peak power density of at least 20 1 x_ 108
(WenR) at a |ight-gosyesgingt @i of itreadioft inpar g GPIessatitng PHES®
l'i ght - converging point of the pulse laser |ight converged by said
| i ght - conver gil Bg efrearisyh ti wi e ama bbhgcent @t GirlocEASET éﬂﬁlHaépﬁganeans
for relatively noving the 25 |light-converging point of pulse |aser light
along a |ine lakbmgcehivelroting bepector samestded tHebeY te Lareaitd 986 ect ;
223 FP01-0144-00 wherein one nodified spot is formed within said ject io
be processed by tiarimadi atineg isaild agisirEotr ewiotls 86 Fe ﬁﬁl§€mléﬁrp§%§@ &zégr
light while locating the |ight-converging point wthin said object; and 5
wherei s a pIuﬁalsbydofi§atcbvﬂnﬁaﬁdeé0§96ﬂ§9aﬁéef%ﬁQRRTC%ﬂYﬁﬁP%Qi(?qlpﬁe
al ong which the object is intended to be cut wthin said obgect y
i rradiating saifdtokj polsei thsar blantliithior 555 8916F T pufSe "Fats%lr)f yht
while locating the [light-converging point wthin said object and
relatively a second modified region caused by multip Sedn absorpticn
within said object along a second line along which the object
is intended to be cut in said object.
10 53. A laser processing method comprising:
a laser light source for emitting pulse laser light
having a pulse width of 1 ps or less;
frequency adjusting means for adjusting the magnitude
of a repetition frequency of the pulse laser light emitted
15 from said laser 1light source according to an inputted
magnitude of frequency;
light-converging means for converging the pulse laser
light.emitted from said laser light source such that said
pulse laser light attains a peak power density of at least
20 1 x 10%® (W/cm?) at a light-converging point thereof;
means for locating the light-converging point of the
pulse laser light converged by said light-converging means
within an object to be processed; and
moving means for relatively moving the

25 light-converging point of pulse laser light along a line

along which the object is intended to be cut in said object;
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10 moving the light-converging point along said line along which the

object is intended to be cut; said |aser processing apparatus further
conprising: distance calculating nmeans for calculating a di st ancé’PWet0Addn 00
said nodi fied spots adjacent each other according 15 to said inputted
magni t ude of frequency; and distance display neans for displaying the
distance calculated by said distance calculating means. 54. A |aser
processi ng nmethod conprising: a laser light source for emtting pulse |aser
light 20 having a pukseiw siidimetiitips swot essfotmehtrichivesgiadghieans for
converging the pulse laser light emtted fromsaid |aser |ight source such

that said puksepkagebckisgbll Byt ai Psddapenl poieromtpnst twidf e lpgdse 1 X
108 (WcnR) at a light-converging point thereof; 25 means for |ocating the

|i ght - conver gig#g pRQiskt 1@fsdrhe i gputl s@illasarodaitghty corey driged tmpre@nging
l'i ght - convergi ng means 224 FPOL-0l 44-00 within an object to be processed,;
novi ng neans F@in&elﬁpﬂh\@l s dTRyiohg ddre  dridgght - conver gi ng poi nt of pul se
laser light along a line along which the object is intended to be cut in
said obj ect; 5 andwppeedradjpistialg readssébd nad)ilitachgpohie aagricimee of
relative noving speed of the light-converging point of pulse laser light
caused by sai &1l ng itednseacdend ngpitah arhe igiated sTHGFIENARS 0 Hseed:;
cut within said object by irradiating said object with a
plurality of pulses of pulse laser light while locating the
light-converging point within said object and relatively
10 movingthelight-convergingpointalongsaidlinealongwhich
the object is intended to be cut;
said laser processing apparatus further comprising:
distance calculating means for calculating a distance
between said modified spots adjacent each other according
15 to said inputted magnitude of frequency; and
distance display means for displaying the distance
calculated by said distance calculating means.
54. A laser processing method comprising:
a laser light source for emitting pulse laser light
20 having a pulse width of 1 ps or less;
light-converging means for converging the pulse laser
light emitted from said laser light source such that said
pulse laser light attains a peak power density of at least
1 x 10® (W/cm?®) at a light-converging point thereof;

25 means for locating the light~converging point of the

pulse laser light converged by said light-converging means
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10 wherein one nodified spot is fornmed within said object i iati

fald obj ect with one pulse of pulse |aser |ight mhiIL Ioca??nbrggg:atlng
ight-converging point within said object; and wherein a pIuraIityoéfoégfaoo

nodi fied spots are formed 15 along said line along which the object is

intended to be cut within said object by irradiating said object with a

plurality of pulses of pulse laser |light while locating the

l'i ght -converging point within said object and relatively nmoving the

| i ght - conver giwighpoi @ @bdeg tsdiod A8 B AGTEdhi ch 20 the object is

intended to be cut; said | aser processing a ratus f i $i

- - ! ] i h i :
di stance calculat!n@oweams1%ﬂe&ﬁﬁcuI§9Fgg gp'%;%ﬁﬁkywheﬁéggﬁggg:3%%9-
nodi fi ed spots adjacent each other according to said i%

speed; and 25 digittare wixgsingy Rfddifs ForPHi TpIdi Ty i gilgs]{oa cendﬁ%intemje °

cal cul ated by said distance cal cul atin
g neans. .225 FPO1-.0144- : | aser
1508 0 ggl%%cté

processi ng nmetdorhcehpehst ey obd acisds FPRRoed ©tSt° &M £Ei ng se | aser

light having a pulse width of 1 ; j i
( _ _ ps or less; frequency adjustin
adj ustitng the avegnitude 5 of a repetition frequency gf tLe pulgenFZQeror

e e of f querEd PaRESsonvurBRRY. Feare o Ui Seiab PR

raser Tignt ernéi[z;t?idvé En%rxrr]ixsq%i sdpelg %rf ’lclixgqtig% Qrc%%v%lf%Qntghﬁéiﬁﬁioq pulse
laser light caused by said moving means according to an
inputted magnitude of speed;

10 whereinonenmdifiedspotisfbrmedwithinsaidobject
by irradiating said object with one pulse of pulse laser
light while locating the light-converging point within said
object; and

wherein a plurality of said modified spots are formed

15 along said line along which the object is intended to be
cut within said object by irradiating said object.with a
plurality of pulses of pulse laser light while locating the
light-converging point within said object and relatively
movingthelight—convergingpointalongsaidlinealongwhich

20 the object is intended to be cut;

said laser processing apparatus further comprising:

distancecalculatingnwansforcalculatingacﬁstance
petween said modified spots adjacent each other according
to said inputted magnitude of speed; and

25 distance display means for displaying the distance

calculated by said distance calculating means.
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10 pul se laser light attains a peak power densit

. I _ y of at least 1 x 108
(Wcne) at a |light-converging point thereof; means for locating th
| i ght -converging point of the pulse |aser |ight converged by saigsotl'm“'OO

| i ght-converging means wthin an object to be processed;

15 novi ng neans

for relatively noving the [|ight-converging point of pulse |aser |ight

along a line along which the object is intended to be cut

and speed adj usting nmeans for adjusting the magnitude of

in said object;
20 rel ative

movi ng speed of theski ghtacoayer gbngeess g ofiepudd ecomrBESIRGNt ¢

sai d noving neans according to an inputted nﬁgﬁ?tude of spé%d' mﬁg?g?nbgne
nodi fied spot is fopmedseithidghsaseioby etr eimg- tye Ner @(‘:Jé§§eéla§93fi ttglF at | ng
sai d object with one pulse 25 of pulse laser |ight while |ocating the
I|ght-converghggin@oanummthﬁdsaidfohjestpraﬁ58226 FPOL- 0144- 00 wherein a

plurality of said nodi

ied spots are formed along said |line alon

the object is intendedquenby adiswindinpasaifbobfags tBRY] ‘FW%H‘P&PF%BS}%;Q
object with a plurality of pulses of pulse laser light while |ocating the
5 1i ght- convergi Bgrgpénitubn i regaintyiifetheapdl sel B % eIy 9o FMg Fﬁe

l'i ght -converging point along said |ine along which the object is_intended
to be cut:; saifddrases;dr deessi rig gippase¥yee f BEEREAIAGMTS sPRgL PRt ESEnce

cal cul ating neans for cal culating a distance
magnitude of frequency;

light-converging means for converging the pulse laser

light emitted from said laser light source such that said

10 pulse laser light attains a peak power density of at least

1 x 10% (W/cm?) at a light-converging point thereof;

means for locating the light-converging point of the

pulse laser light converged by said light-converging means

within an object to be processed;

15 moving means for relatively

moving the

light-converging point of pulse laser light along a line

along which the object is intended to be cut in said object;

and

speed adjusting means for adjusting the magnitude of

20 relativenmvingspeedofthe]jght-convergingpointofpulse

laser light caused by said moving means according to an

inputted magnitude of speed;

whereinonenmdifiedspotisfbrmedwithinsaidobject

to be processed by irradiating said object with one pulse

25 of pulse laser light while locating the light-converging

point within said object; and
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10 between said nodified spots adjacent each other accordi i

: i ing to said

i nputted magni tudes of frequency and speed; and distance d?splay ng r
FEHAg01 46 00

di spl aying the distance calculated by said distance cal culating
A laser processing apparatus according to one 15 of claims 53 to 55
conprising: size storing neans having stored therein the size of said
nodi fied spot formed by said | aser processing apparatus; image preparing
nFans for preparing an image of a plurality of said nodified spots forned
along said |ine a'OQEeraﬂpwhmpbrbhatqbpécunktmbdﬂéﬁ@édsﬁ@t%éﬂéhﬁoéﬁﬁgrding
Lo the size stored in said size storing neans and the distance cal cul ated
y said dlsta@q%ngab@wbalﬁng_ﬁ&ang;waﬂdhimhgeObﬁ§§Ka95néaﬁ§nﬂ8? dPsBFayi ng
the image prepare by said inmage preparing nmeans. 25 57. A |aser
processi ng appakalughGampeiisi by catl ayer riraghetéogr 68 FoPPaftt MAG Pl se
| aser |ight 227 FPO1-0144-00 having a pulse width of 1 ps or |ess;
frequency adj ystirag iRBasS ﬁms@jafsphhget}msemédigﬂﬁﬁd@hig? kpgatgatq th6n
frequency of the pulse laser light emtted fromsaid |aser light source; 5
| i ght - gonver giinghears viealy icenyerigitng itthd rpwlese [oddect eingh £ SARt'Ed Yf r om
said | aser light source such that said pulse |aser light attains a peak
power density nefvialg tieast ght -xob@8 rgWhgrE)ira aéOPG@ﬁti-d%&ﬂféF‘ PRE Wﬁ’&icﬁ‘t
t hereof ; nmeans for |ocating the |ight-converging point of the
the object is intended to be cut;
said laser processing apparatus further comprising:
distance calculating means for calculating a distance
10 between said modified spots adjacent each other according
to said inputted magnitudes of frequency and speed; and
distance display means for displaying the distance
calculated by said distance calculating means.
56. A laser processing apparatus according to one
15 of claims 53 to 55, comprising:
size storing means having stored therein the size of
saidnmdifiedspotformedbysaidlaserprocessingapparatus;
image preparing means for preparing an image of a
pluralityofsaidnmdifiedspotsformedalongsaidlinealong
20 which the object is intended to be cut according to the size

storedinsaidsizestoringmeansandthedistancecalculated
by said distance calculating means; and
image display means for displaying the image prepared
by said image preparing means.
25 57. A laser processing apparatus comprising:

a laser light source for emitting pulse laser light
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10 pul se |l aser light converged by said |ight-converging neans wthin an
obj ect to be processed; and noving neans for relatively noving the

| i ght -convergi ng point of pulse laser light along a line along WhiEOR -0444-00
object is intended to be cut in said object; 15 wherein one nodified spot
is formed within said object by irradiating said object with one pul se of
pul se laser |light while locating the |ight-converging point within said
object; and wherein a plurality of said nodified spots are forned 20 al ong
said line a|0ﬂnghgch e sebjwdeithi ®fi 1t esded flesise cut within said object
by irradiating said object with a plurality of pulses of pulse |aser Iight
while | ocating the flrieghlenegnvelgs non@oiernswi ¢henjsaitdnglileemagndtude
relatively nmoving the |ight -convergi ngpointal ongsai dlineal ongwhich 25
the object isdfmbendpdtivibe frgquaatyl dfasbe prnbseski sy dppdrtatiid trart her
conprising: 228 FP01-0144-00 frequency cal cul ati ng neans for cal cul ati ng,
accordi ng to a@rdoamputitded amsegniltivde cfowdicst’ance bet ween said nodified spots
adj acent each other, the magnitude of repetition frequency of the pul se
| aser Isight enitt ed lfigtm-5csaied diagene 41 g o rsovn eer gbnad NecPat £ aild Seus
i nputted nmagni tude of distance between said nodified spots gg!acentdeach
other; said flriegueroy tadicustriong spednsaadrubiohly e g ude adr sa*
repetition frequency of the pulse laser light emtted from aid]]as r
| i ght source sucdse Ratserhéighgnett@ensfa peak power density O at leas
1 x 10%® (W/cm?) at a light-converging point thereof;
means for locating the light-converging point of the
10 pulse laser light converged by said light-converging means
within an object to be processed; and
moving means for relatively moving the
light-converging point of pulse laser light along a line
along which the object is intended to be cut in said object;
15 wherein one modified spot is formed within said object
by irradiating said object with one pulse of pulse laser
lightwhilelocatingthelight—convergingpointwithinsaid
object; and
wherein a plurality of saidxnodified spots are formed
20 along said line along which the object is intended to be
cut within said object by irradiating said object with a
plurality of pulses of pulse laser light while locating the
light-converging point within said object and relatively
movingthelight—convergingpointalongsaidlinealongwhich

25 the object is intended to be cut;

said laser processing apparatus further comprising:
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10 frequency cal cul ated by said frequency cal cul ati ng nmean i i

58. A laser processing apparatus accordi%g to clain1957,acgnp1?s?ttaln6d.
frequency display neans for displaying the nmagnitude of frequenc@l%Ol_OlM—OO
cal cul ated by said frequency 15 calculating means. 59. A |aser processing
apparatus conprising: a |laser light source for emtting pulse laser |ight
having a pulse width of 1 ps or less; light-converging neans for converging
the pulse laser 20 light emtted fromsaid |laser |ight source_such that

said pul se laser |Egbtuahtqi nad qeak jpower mensi t y- of afap tipg
(Wcen2) at a |light-converging point thereof; nmeans ?or Iocatfﬁéﬁthz * 108
|i ght - conver ghegop@iifly 06 arhénpputse ragert udeet dbavepgRP Yyt §aid

|'i ght-converging nmeans 25 within an object to be processed; noving ans
f or reIatlvelmowqwu@@_t@@oﬂQQaEE@IEﬁm44e@Ohliqﬂhenmanﬁéﬁgﬂﬁ@é%kﬁ%ﬁeoF’pulse
laser light along a line along which the object is intended to cut in
sai d object; rapdtdpaes adpgsenny okl Pods&diasernyl ehe ?ﬁijgfn‘ichgéog‘f 5
relative noving speed of the |ight-converging point caused by said noving
means; swher ei [aQREL @l 11kt spot ciesd @ e bl W%%Fapaﬁjtséffé%vtu‘je

![ L;a?: 3}1![ ?goﬁ%?gggggggeVn;etumquneﬂggé\;;dﬁffi%%l ggoil:gsa%rjacleingahteac iolt%elrc}cat I ng
saidfrequencyadjustingmeansadjustingthen@gnitude
of repetition frequency of the pulse laser light emitted
from said laser light source such that the magnitude of
10 frequency calculated by said frequency calculating means
is attained.
58. Alaserprocessingapparatusaccordingtocﬂaim
57, comprising frequency display means for displaying the
magnitude of frequency calculated by said freguency
15 calculating means.
59. A laser processing apparatus comprising:
a laser light source for emitting pulse laser light
having a pulse width of 1 ps or less;
light-converging means for converging the pulse laser
20 light emitted from said laser light source such that said
pulse laser light attains a peak power density of at least
1 x 10%® (W/cm?) at a light-converging point thereof;
means for locating the light-converging point of the
pulse laser light converged by said light-converging means
25 within an object to be processed;

moving means for relatively moving the
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10 object; and wherein a plurality of said nodified spots are formed along
said |line along which the object is intended to be cut within said object

by irradiating said object with a plurality of pulses of pulse | &Rl-0igHt 00
while locating the 15 Iight-converging point wthin said object and
relatively noving the Iight-converging point along said line along which

the object is intended to be cut; said |aser processing apparatus further
conprising speed cal culating neans for cal cul ating, according to an 20

inputted magnityde_obdi-shanee pehvedt srildemdisired ighat @ latjgaceritineach
ot her, the nagngtude gfergla?igg nnvingﬁgbeed of the%gulse Igser light so

as to attain E'ﬂuﬁgi @199&%%%&3%@% Oft i pneebdetueen saidl oimjdicti;ed
spots adj acent each other; said speed adjusting neans adjusting the

magni t ude of Fgg rel ati ve noving speed of the |ight-converging point of
pul se |aser I1ght caused by said noving neans such that the magnitude 230

FPOL- 0144-00 of rel ablewd HBYLBYiERERER S Y adgd shy ngat de spepd tad i
nmeans is attained. 60. A Iager prgcessing appa?atugngccording to gfgfﬁflgg,
conpri si ng speed sdiisR! a¥vABaNspéea ¢l spleayiinptthenvBrgagpipadet sfaussdat i ve
novi ng speed cal cul ated by said speed calculating means. 61. A |aser
processi ng appas alausy ¢S imgns | aser |ight source for emtting pul se

| aser light having a pulse width of 1 ps or |ess;
wherein one modified spot is formed within said object
by irradiating said object with one pulse of pulse laser
light while locating the light-converging point within said
10 object; and
wherein a plurality of said modified spots are formed
along said line along which the object is intended to be
cut within said object by irradiating said object with a
plurality of pulses of pulse laser light while locating the
15 light-converging point within said object and relatively
movingthelight-convergingpointalongsaidlinealongwhich
the object is intended to be cut;
said laser processing apparatus further comprising
speed calculating means for calculating, according to an
20 inputted magnitude of distance between said modified spots
adjacent each other, the magnitude of relative moving speed
ofthepulselaserlightsoastoattainthusinputtedmagnitude
of distance between said modified spots adjacent each other;
said speed adjusting means adjusting the magnitude of

25 relativemovingspeedcxfthelight—convergingpointofpmlse

laserlightcausedbysaidmovingmeanssuchthatthemagnitude
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10 frequency adjusting neans for adjusting the magnitude

frequency of the pulse laser light emtted fromsaid |aser

of a

repetition

light _s

|'i ght-converging nmeans for converging the pulse laser |Ii i ¥r 14-00
said | aser light source such that said 15ppulse | aser I:SEE gglgfﬁg Lﬁgtik
power density of at least 1 x 106 (WcnR) at a |ight-convergi ng point
thereof; means for locating the |ight-converging point of the
l'ight converged by said light-converging nmeans within an object to be
processed; 20,ROMI1RG ARARGY § 9§ spekatdalelyl atrad by sehigl speehEae6HVaF g Ag

poi nt of pulse laser light along a Iine along which the object

pul se | aser

is intended

to be cut in gabdsobkegttainnd.speed adjustin j ust |

. . d. g neans for adjusting the
gagnlpude of 25 relative noving speed of the Iight-converg{ng po?nt caused
y said noving meangp . 231a FRAE0p 4408 snheragime tatel srdcPF8dnNgpt S8 for med

Wi thin said object by irradiating said object with one

pul se of

laser |ight while-dsatd gy t bpekbghti-sydrazer gAY s pdian QW§ﬁiﬁy§%$8%k%§ject;

and 5 wherein a plurality of said nodified spots are forned al

line akong whirghyntikedebp eate list ive ended gt spded Q:ajtcwiliactrﬁ%%a?%ii‘g%%&% | gy

irradiating said object wwth a pluralit [
_ _ ( y of pulses of pulse laser ligh
whi |l e | ocati ngalhaldtight me@meer gi ng point within said gbject and ont

rel atively

61. A laser processing apparatus comprising:

a laser light source for emitting pulse laser light

having a pulse width of 1 us or less;

10 frequency adjusting means for adjusting the magnitude

of a repetition frequency of the pulse laser 1i

from said laser light source;

ght emitted

light-converging means for converging the pulse laser

light emitted from said laser light source such that said

15 pulse laser light attains a peak power density of at least

1 x 10%8 (W/cm®) at a light-converging point thereof;

means for locating the light-converging point of the

pulse laser light converged by said light-converging means

within an object to be processed;

20 moving means for relatively

light-converging point of pulse laser light al

moving the

eng a line

along which the object is intended to be cut in said object;

and

speed adjusting means for adjusting the magnitude of

25 relative moving speed of the light-converging point caused

by said moving means;
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10 noving the |ight-converging point alon [ [ [
_ ng t ( g said line along which
object is intended to be cut; said | aser processing appargtus furtLQE

conpri si ng

conbi nati on cal cul ati ng nmeans for cal cul ati ng, accordﬁ?&}"

G 4290

i nputted nmagni tude of di stance between said nodifi i
; ; ) ied 15 spots adja
ot her, a combination of the magnitude of repetition frquency o# fﬁgt each

|l aser light emtted fromsaid |laser |ight source and the magnitude of

relative noving speed of the |light-convergi ng point of pulse |aser

caused by sai d novi g fEANSEGES! Tedbpaitn ¢ iosmedput e 201/l tdUde of

pul se

i ght

di stance between said nodified spots adjacent each other; said frequency

adj usting ne
pul se | aser

magni t ude of
i s attained;

novi ngg speed

ans adj usthoong hea ragebi ece woth repetptlon ¢f 1ase
l'tght emtted "fromsaid |aser |ight source sS?ﬁbT?ét th e

f £ eguancyceat enbatrad 1 hyhsacdnwemgiinatpom talt bt
s attal %%% FPO1-0144-00 sgid spegd adjust?ﬁg ﬁgﬁ??ﬂgg}fglfiz thgeans
Iagnl F'ehOf oﬁfé@{;vgnanV|ng speed of the |ight-converging point of pulse
er |ight causedby said noving neans such that themagnitude of relative

cal cul gt ede by Saidreadhiynaf iseid Bodaféafatrdgs regnEoaed

attained. 62. A |aser processing apparatus according to claim 61

conpri sing di gpba

magni t ude of

rela?ive movi ng speed cal cul ated by said cophi nation

cal cul ati ng mBa@@Swithin said object by irradiating said object with a

10

15

20

25

plurality of pulses of pulse laser light while locating the
light-converging point within said object and relatively
movingthelight-convergingpointalongsaidlinealongwhich
the object is intended to be cut;

said laser processing apparatus further comprising
combination calculating means for calculating, according
to an inputted magnitude of distance between said modified
spots adjacent each other, a combination of the magnitude
of repetition frequency of the pulse laser light emitted
from said laser light source and the magnitude of relative
moving speed of the light-converging point of pulse laser
lightcausedbysaidmovingmeanssoastoattainthusinputted
magnitude of distance between said modified spots adjacent
each other;

saidfrequencyadjustingmeansadjustingthenmgnitude
of repetition frequency of the pulse laser light emitted
from said laser light source such that the magnitude of

frequency calculated by said combination calculating means

is attained;

232
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10 63. A | aser processing apparatus accordin i
_ _ _ at | g to one of clainms 53 to 62,
wherein a plurality of said nodified spots fornmed along said line alo
which the object is intended to be cut within said object definng%l'lagM—OO
nodi fied region; and wherein said nodified region includes at |east one of
15 a crack region where a crack is generated within said object, a nolten
processed region which is nmelted within said object, and a refractive
i ndex change region where refractive index is changed within said object.
64. A laser processisagdnspéed seonptisignge a9 a@ jstsd nof themeaasti4fe ah
obj ect to be processed with [laser |light while locating alight- converging
poi nt of | aserrelldtdhte Mb¥hh§ spried objteet ] gt asonvet@ing 2ofHd ¢ 841FE&gi on
caused by nultiphoton absorption w thin said object along a line along
whi ch the obj aglsdss] i gt €pdedetibyhen initov ingmidn s 25 chbj et thamd98A&REPNg t he
position of the light-converging point 233 FP01-0144-00 of laser light in a
direction of idrisenee wf moeit@sspeedghelciiabeldabyngadsl &%lﬂié’@ttig?ﬁ“th
rfspept to said object, so as to forma plurality of said nodified regions
alignirng with caanhadihey nadaomnyg isaiak wiimesti on of incidence. 5 65. A |aser
processing nethod conprising: a step of irradiating an object to he
processed with |aser2.li ghtlahet @ricoeasing 2PP3 Ft U S GRS ARG baiCﬁmaiS‘r
laser light within said object, so as to forma nodified region. wthin
sai d obj ect al@ng corigmie algg swhisoghmeRasobpEcdl$Rlay1ng the Tragni ttide
of frequency and magnitude of relative moving speed
calculated by said combination calculating means.

10 63. A laser processing apparatus according to one
of claims 53 to 62, wherein a plurality of said modified
spotsformedalongsaidlinealongwhichtheobjectisintended
to be cut within said object define a modified region; and

wherein said modified region includes at least one of

15 acrackregionwherezacrackisgeneratedwithinsaidobject,
amolten processed regionwhichis melted within said object,

and a refractive index change region where refractive index
is changed within said object.
64 . A laser processing method comprising:

20 a step of irradiating an object to be processed with
1aserlightwhilelocatinga]jght—convergingpointoflaser
light within said object, so as to form a modified region
caused by multiphoton absorption within said object along
a line along which the object is intended to be cut in said

25 object, and

changing the position of the light-converging point
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10 intended to be cut in said object, and changing the position of the
| i ght-converging point of laser light in a direction of incidencg @{-BP@ ~00
| aser light irradiating said object with respect to said object, 88 2 %o
forma plurality of said nodified regions aligning wwith 15 each ot her
along said direction of incidence. 66. A |aser processing nethod
conprising: a step of irradiating an object to be processed with |aser
light while locating a |ight-converging point of |aser. _|ight mﬁihig sai d
obj ect under @f dendint i bohtiirhaal ik wwef Toe HeRGe P IofRad 2564st 4 % 108
(WcnR) at the light-converging point and a pul se mﬁQ%ﬂ ?t 1. ps _or_|less,
so as to formaradbdiinedsaidicdasdtt MishsaraPEBLet? 3AThG d SGte S8l Bhg
which the object is intended to be cut in_ sajid object, and changing the
posi tion of the foghts pdmredgitygofosaid MmeHigiliedd&d 44 Ghe Fﬁ“é”&i%g*i‘i on of
i nci dence of the laser |ight irradiating_said object with respect to said
obj ect, so asea34 BPP&r02ddn00seddf 8iweatpPar &Fi £)CofeB5Fd nodified regions
aligning with each other along said direction of incidence. 67. A |aser
processi ng met hod aébor di hglaeebner ofeselag fEeBACE oCBBPT WhtP®! n sai d

plurality of nodified regions 5 are forned successively fromthe side
farther from anent epagteRr Cffaéér@fdls?éildlgoﬁjnee]ﬁﬁﬁtvﬁﬁ’\c[ﬁ? ?Egggreslsleé]ﬁfq%q

irradiating said object is_incident. 68 ., A laser processin
according to @nee@fli@mwhﬁlem%a%wg \ﬁ/rﬂejr%?%'%%]?‘é&ffr%ld?? PB&QF@ r(;L%gierricl udes

A light within said object, so as to form a modified region
within said object along a line along which the object is
10 intended to be cut in said object, and

changing the position of the light-converging point
of laser light in a direction of incidence of the laser light
irradiating said object with respect to said object, so as
to form a plurality of said modified regions aligning with

15 each other along said direction of incidence.

66. A laser processing method comprising:

a step of irradiating an object to be processed with
laserlightwhilelocatingealight—convergingpointof]aser
light within said object under a condition with a peak power

20 density of at least 1 x 108 (W/cm?) at the light-converging
point and a pulse width of 1 us or less, so as to form a
modified region within said object along a line along which
the object is intended to be cut in said object, and

changing the position of the light-converging point

25 of lase.r light in a direction of incidence of the laser light

irradiating said object with respect to said object, so as



10 | east one of a crack region where a crack is generated within said
object, a nolten processed region which is nelted within said object, and
. . > . . . 0l— -00
a refractive index change region where refractive index is changéd wi Oh A
said object. 69. A |laser processing nethod conprising a step of 15
irradiating an object to be processed with laser light through a |aser
| i ght entrance face of said object while locating the |ight-converging
point at a position closer to or farther fromsaid entrance face than is a
hal f thi cknesgoppsihiopluraltihy bhi skieseodt fied ineyishsaild Iobjnectitho as
to form20 a nodified region within said object along a Iine along which
the obj ect isechphesdrdrt elbagcatibndsaedtobpect. inGidAankcgser processing
met hod according to claim69, wherein said entrance face is formed with at
| east one of an el eetronkclaew qer areb Sim @ neithat @ qeaadEmg  t@n@®5%hkher ei n
the light-converging point of laser light irradiating said object is
| ocated at a poaiitisofd clco$6ér wive 2850 FROD plaradd tyapfl madifaiRE regéeMfhan i s
the half thickness position in said thickness direction. 71. A |aser
processi ng nmethed congt sscogss avély Srostdye of d¢ fpadhali P aan 6bjtééP o be
processed 5 with laser light while locating a ILght-qonvergingﬁfoint of
the |aser |iglitcei blii nasdi dodbfecen Wolas tasFormA T ilsrddifddid é81Fegi on
caused by nultiphoton absorption within said object along a first line
al ong whi ch t bbjebjtedts iipciigiestded to be cut in said object; and
68. A laser processing method according to ore of
claims 64 to 67, wherein said modified region includes at
10 least one of a crack region where a crack is generated within
said object, amolten processed region which ismelted within
said object, and a refractive index change region where
refractive index is changed within said object.
69. A laser processing method comprising a step of
15 irradiatinganobjecttobeprocessedwithlaserlightthrough
a laser light entrance face of said object while locating
thelight-convergingpointatJapositioncloser1xaorfarther
from said entrance face than is a half thickness position
in the thickness direction of said object, so as to form
20 amodifiedregionwithinsaidobjectalongaxlinealongwhich
the object is intended to be cut in sald object.
70. Alaserprocessingmethodaccordingtoclaim69,
wherein said entrance face is formed with at least one of
an electronic device and an electrode pattern; and

25 wherein the light-converging point of laser light

irradiating said object is located at a position closer to
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%o a second step of
aser light while locating the i - i i i
'ppsitiongdifferent g | i ght-converging point of |aser light at
first step in the thickness direction of said object within said 15
object, so as to forma second nodified region caused by nultiphoton
absorption extending along a second line along which the object is
intended to be cut and three-dinensionally crossing said first nodified
regi on withingsaijd. 9bigete 72ce Ahasers pmeessifng hietkined saposiding 1o claim
71, 20 wherein said second nodified region is formed closer to the [aser
light entrancg,facenotypakd abieetibhan is said first nodified region. 73.
A laser processing nethod according to one of clainms 69 to 72, wherein

sai d object is irradiatedywibetasesceabihgghetbnderomprdndigion with a
peak power density of at least 1 x 108 (WcnR) at the |ight-converging
poi nt of laser Iighg E%f%&lepﬂéﬁ4iﬁﬂa@ﬂaltBn@wlrseb\med:tthtofbelpp@célssleéss so
as to formsaid nodified region including a crack region within said ’
obj ect 5 74. Aykagen sRe@cesghrgwhellkod caatdndi kg ltightne oofve rgizion®o89tt o 72,

wherein said object is irradiated wwth laser 5 light under a condition

irradiating, after said first step, said object with

. a
fromthe |ight-converging point of laser |ightfPPh-8af¢ 00

with a peak pewerhéensidy 1afghat wienst daixd 10§ oW ,car)aattq ferm a first
| i ght -converging point of laser light and a pulse width of 1 gs or |ess
5 v Q )

so as to for mgaiidikediédech coegiedrby moll bdiphg tannad 3@ ot 8s

within said

10

15

20

25

obj ect.
object along a first line along which the object is intended

to be cut in said object; and

a second step of irradiating, after said first step,
said object with laser light while locating the
light-convergingpointoflaserlightataapositiondifferent
from the light-converging point of laser light in said first
step in the thickness direction of said ocbject within said
object, so as to form a second modified region caused by
multiphoton absorption extending along a second line along
whichtheobjectisintendedtobecutandthree—dimensionally
crossing said first modified region within said object.

72. Alaserprocessingnethodaccordingtoclaim71,
wherein said second modified region is formed closer to the
laser light entrance face of said object than is said first
modified region.

73. A laser processing method according to one of
claims691x>72,whereinsaidobjectisirradiatedwithlaser
light under a conditionwith a peak power density of at least

1 x 10® (W/cm?) at the light-converging point of laser light
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10 75. A laser processing nethod according to one of claims 69 to 72,
wherein said object is irradiated with |aser [|ight under a condition with

a peak power density of at least 1 x 108 (WcnR) at the | i ght - coRP8RgPAg4-00
point of laser light and a pulse width of 1 ns or Iess, so as to formsaid
nodi fied 15 region including a refractive index change region which is a
region with a changed refractive index. 76. A laser processing nethod
according to one of <clains 69 to 75, wherein adjustnent of the position of

the 1ight-cogxarging seoiNat9fod ases oki Dhds i Boask atd Agrsaiad dhpectied0 in
said thickness diréction includes: a first calculating step of defining a

desirable pogkhion iRc3BUInghCckRask diegeehi aatatint beili ghtjecanvergi ng
poi nt of laser I'ight irradiating said object as a distance fromsaid

entrance face to theyinsige) i ber eof cedds thyinth tip 2% caidiidigttanoacbyit he
refractive index of said object 3?%h respect to the laser |ight y

irradiating sahdiakj €Sto BD, #5e231nFHP1ld 0b44chli ¢ arcakidatates dat 426Fra
first relative novenent anmount of said object in said thickness direction;

a second cal culiahicngn&é £p eéneat cuhalitigadatak pbwar decoiidy pél at ileest
nmovenent anount of said object in said 5 thickness direction required for

posi tioning thexlightweenvergi tgepoigtit-efotasering ghtinitr eadiagdngd 18aitd

object at said entrance face; a first nmoving step of relatively nmoving

sai d object iamcsaighlidd ekaessoflilrestdobeascmaanga §osai g HaMedSf i§6cond
region including a molten processed region within said
object.

10 75. A laser processing method according to one of
claim5691x>72,whereinsaidobjectisirradiatedwithlaser
light under a condition with a peak power density of at least
1 x 10% (W/cm?) at the light-converging point of laser light
and a pulse width of 1 ns or less, so as to form said modified

15 region including a refractive index change region which is
a region with a changed refractive index.

76. A laser processing methoed according to one of
claims 69 to 75, wherein adjustment of the position of the
light—convergingpointof1aserlightirradiatingsaidobject

20 in said thickness direction includes:

a first calculating step of defining a desirable
positioninsaidthicknessdirectionofthelight—converging
point of laser light irradiating said object as a distance
from said entrance face to the inside thereof and dividing

25 said distance by the refractive index of said object with

respect to the laser light irradiating said object, so as
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10 rel ati ve novenent anount; and a second noving step of relatively noving
said object in said thickness direction according to said data of first

rel ati ve movement amount after said first noving step. 77. A |asefP01-0144-00
processi ng apparatus conprising: 15 a laser light source for emtting pul se
| aser light having a pulse width of 1 ps or less; l|ight-converging neans
for converging the pulse laser |ight emtted fromsaid | aser |ight source
such that said pulse laser light attains a peak power density of at | east
20 1 x 108 (WremRklatulatlel ghtacover gimgtpoieiattver movemeintsemeovitngfneans
for relatively noving the [|ight-converging point of pulse |aser |ight
converged by ssaidd dojghtt- denverigi ng intaes saldingcd ildime al ong whi ch t he
object is intended to be cut in an object to be processed; 25 storing neans
for storing data of aaskicosti rellauilee ingoeerpnoiamedeuleft isgi daskj €€t a@in t he
t hi ckness direction 238 FP01-0144-00 for locating the |ight-converging
position of pue®raseslatightmcoenengedmbynsaiod |dajit - doneet giiig SAedns at
a desirable position within said object, said data of first relative
novemernt anounthilsireg obt di nedt byndefieduiggrache desi r abdel Bl goki¢i ofhgs a

di stance fromthe entrance face where the pulse laser light emtted from
said | aser |i ghtgrsource eetiergpsai ot dbjseatl iah t her a@se geng Rat e I&d

di viding said distance by the refractive index of said object with respect
to the pul se dtaserid igytitragme tfedef;rom said | aser |ight source;

a first moving step of relatively moving said object
in said thickness direction according to said data of second
10 relative movement amount; and
a second moving step of relatively moving said object
in said thickness direction according to said data of first
relative movement amount after said first moving step.
77. A laser processing apparatus comprising:
15 a laser light source for emitting pulse laser light
having a pulse width of 1 ps or less;
light-converging means for converging the pulse laser
light emitted from said laser light source such that said
pulse laser light attains a peak power density of at least
20 1 x 10%® (W/cm®) at a light-converging point thereof;
first moving means for relatively moving the
light-converging point of pulse laser light converged by
said light-converging means along a line along which the
object is intended to be cut in an object to be processed;
25 storing means for storing data of a first relative

movement amount of said object in the thickness direction
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10 cal cul ating means for cal culating data of a [
_ _ ( _ second relative
?nnunt of said object in the thickness direction required for Igngghﬁntgjub
I!ght-converg!ng point of the pulse |aser |ight converged by saig 11 0
f|ght-conyerg|ng means at said entrance face; and 15 second movi ng neans
ordrglatlvely_nDV|ng sai d object in said thickness direction according to
sai ata of first relative novenent ampunt stored by said storing neans
an? sai d data of second relative novenent anount cal cul ated. by ,said
f?gﬁglSELPgeHE%?sgﬁffi?ﬁﬁyuhﬁzii%hmeQﬁﬁﬁﬂqyygaﬁﬁ§ﬂ598§ EgnBP?Egn #5901 aser
our ¢ _ pul se laser light having a I i

g;iifsz,fl|gh1iggﬂrehgemgemdansaﬂddhghﬁé&ﬁvﬁﬁgﬁmgﬁﬁﬁ %afg%ﬁ%gg??é%?l >

te rom sail aser |ight source such that said 5 i
attains a peagopowesndenshiy ebidtobaast: ia%d1@%t?V@§n§$¥%?e5é?§€£v£Ight

l'i ght - converging point thereof; 239 FPO1-0144-0Q neans for |gcating,the
gag '

| i ght - conver gihagepehnt anbupul beinpaskiaiPgAt P¥nf et LhIPPoh Sald T 4887 1 i ght

of 1 gbl - Conveba ndon s poidis G EZpT S FACERTFRGC S UNGEr ol By Sai d
o “conver g means Wi g i clnes o oo o oL w0
light along a IFﬁ:lylmmwemgtﬁﬁg F@Qﬁﬁﬂébhég?gﬁﬁé of R rg?fﬁﬂﬁ%é [aser
object to the inside thereof and dividing said distance by
the refractive index of said object with respect to the pulse
laser light emitted from said laser light source;

10 calculating means for calculating data of a second
relative movement amount of said object in the thickness
direction required for locating the light-converging point
of the pulse laser light converged by said light-converging
means at said entrance face; and

15 second moving means for relatively moving said obJject
in said thickness direction according to said data of first
relative movement amount stored by said storing means and
said data of second relative movement amount calculated by
said calculating means.

20 78. A laser processing apparatus comprising:

a laser light source for emitting pulse laser light
having a pulse width of 1 pus or less;

light-converging means for converging the pulse laser
light emitted from said laser light source such that said

25 pulse laser light attains a peak power density of at least

1 x 10° (W/cm?) at a light-converging point thereof;
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10 al ong which the object is intended to be cut in said object. 240
FP01-0144-00

meansforlocatingthelight—convergingpointofpulse
laser light emitted from said laser light source within an
object to be processed;
means for adjusting the position of light-converging
5 point of the pulse laser 1light converged by said
light—convergingn@answithhqthethicknesscﬂfsaidobject;
and
moving means for relatively moving the
light-converging point of pulse laser light along a line

10 along which the object is intended to be cut in said object.
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