DESCRI PTI ON Laser Processi ng Met hod and taser--Proeessiag-Apparatus
Technical Field The present invention relates to | aser processing 5 nethods
and | aser processing apparatus used for cutting objects to be processed
such as sem conductor material substrates, piezoelectric materi al IR
substrates, and glass substrates. Background Art 10 One of | aser
applications is cutting. Atypical cutting process effected by |aser is as
foll ows: For exanple, a part to be cut in an object to be processed.such as
a sem conductor wafer or glass substrate is irradiated with |aser |ight
having a wavel ength absorbed by the objecinrpPrde that nelting upon heating
proceeds due to the laser light absorption fromthe surface to rear face of
the object to o] t rt t, r t ject. to be
- processed is cugssgémggég%gfﬁﬁg g%?ﬁgg S%gogﬁéggspr %&%Eé@nd?ﬁ%§%§ * he
region to beco . tin art in 20 the surface of the object to be
cut. Therefore?E?% sﬁégéagggl%here the object to be processed is a
sem conduct or wafer, Tﬁenicogdugto%vde%L%psrj c%;%g_pea% t he ab%ve-ngntioned
regi on anong those for medPii>the $OVFACE °0F fthé Seni condlidtor Prarar ﬁﬁght

melt. 25. Known as_exanples, qf net hods whi.ch can prevent th surface.of the
obj ect tD be pricbisan FROMIRATI g e To sbpatarus used £33 cBEtiR

objects to be processed such as semiconductor material
substrates, piezoelectric material substrates, and glass
substrates.

Background Art

o

10 One of laser applications 1is cutting. A typical
cuttingprocésseffectedbylaserisas follows: Forexample,
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 wévelength‘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. Howevef,'this method alsc melts

h 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
region among those formed in the surface of the semiconductor

wafer might melt.
25 Known as examples of methods which can prevent the

surface of the object to be processed from melting are



| aser - based cutting nethods di scl osed i n Japanese“Patert==Apptiecatton
Lai d- Open No. 2000-219528 and Japanese Patent Application Laid-Open No.
2000- 15467. In the cutting nmethods of these publications, the part to be
cut in the 5 object to be processed is heated with laser 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. Disclosureof the Invention
When the thermal shock generated in the object-to be 10 processed is |arge
in the cutting nmethods of the above-nentioned publications, unnecessary
fractures such . as those deviating fromlines to be cut qr those extending
to a part not i17a%FaPeds 'FHtFéggrmﬁﬁgg86céﬁﬁcgﬁéﬁéf6PeSaP€H8§8 gﬁ???ﬁg

met hods cannot achieve recisign cutting. 15 Wen the object to be Erocessed
is a sem conductBPiiad BrO" Le yP aldReR Jit rat® Tor Witch JaPengsedFeF Lt al

di splay device,_ or,. a glass _substrate formed with an electrode pattern in
particul ar, serﬁ%%ﬁ%gbﬁmct%%sq‘q?ieﬁhi Hoer 8- i<l -ay laeviitescubEing

el ectrode patterns may be damaged due to the 20 unnecessary fractures. Al so,
average i nput dPReEREAF sCEothegh Prhlimrasécoratt FRg REFRolS gﬁa?“tthénthlé? nal
damage i nparted to the sem conductor chip and the like is large It is an
obj ect of the prlekeft GhPenPreresseprovilda t9hyéichpt aees sl i heerddshamd

| aser processing apparatus which 25 generate no unnecessary fractures in
the surface of tﬁ?ﬁdﬁ]wt it I L5hcESsed BAC A TRt e eltherie lsgppPakeln 2 (1)

The | aser processing nethod in accordance with . _
the part to be cut in the object, whereby the object is cut.

Disclosure of the Invention

When the thermal shock generated in the object to be
10 processed 1s 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 sémiconductor wafer,
aglass substrate formedwithaliquidcrystaldisplaydevice,
or a glass substrate formed with an electrode pattern in
/ particular, semiconductor chips, ligquid crystal display
devices, or electrode patterns may be damaged due to the
20 unnecessary fractures. Also, average input energyissohigh
in these cutting methods that the thermal damage imparted

to the semiconductor chip and the like 1is large.
It is an object of the present invention to ﬁrovide
laserprocessingmethods andlaser processingapparatuswhich

25 generate no unnecessary fractures inthe surface of anobject

to be processed and do not melt the surface.



an aspect of the present invention conprises a step of irradiating an
object to be processed with laser light with a |light-converging point

| ocated therewithin, so as to form5 a nodified region caused by rmnultiphoton
absorption wthin the object along a cutting line along which the object
should be cut. If there is a certain start region in the part to be cut in
the object to be processed, the object to be processed can be broken by a
relatively small force so as to be cut. 10 In the | aser processing nmethod in
accordance with this aspect of the present invention, the object to be
processed is broken f(@longThieelkispe at ores whigmathebbhegttosdantended t o be
cut wusing the nodified region as the starting point, whereby the object
can be cut. Herece,asdpecobpéct heo rhe semic essethtlbocanober caes wet Ista@p of
relatively small force, whereby the object can be cut w thout generating
unnecessary frdctrerdds dend ahi olgjett dm beeptoaesatong tihilebetrhel gbi ecith s
intended to be cut in the surface of the object. The | aser processing

met hod i n accordangetwebhveligd ng2fo aspdcicaafed heepeesentni nuenrtsi oo fccal |y
generates nulti photon absorption within the object to be processed, thereby
f orming a nodifoed friegi argitheretoed, bl aselt 1plght oh salhed b tyi @bsardyeich by
the surface of the object to be processed, whereby the "surface of the

obj ect will nottheebb;etlere,oridie A& tiirghl i seralerg RYiphitte ophees dimile

position where the laser |light is converged. The line al ong which the
object is 3 imnkended tdfbehent Mmye heradimetactuakbyodr amntioa pdet s f ace
or inside of the object to be cut or a virtual line. The
becut intheobject tobeprocessed, theobject tobe processed
(' can be broken by a relatively small force so as to be cut.
10 Inthe laser processing method in accordance with this aspect

of the present invention, theobject tobe processed is broken

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. Hencé, the object to be processed

15 can be cut with a relativeiy small force, whereby the object
canbecut without generatingunnecessary fracturesdeviating

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

{ in the surfdce of the object.

The laser processing method in accordance with this

20 aspectofthepreseﬁtinventionlocallygeneratesmultiphoton
absorptionwithin theobject tobe processed, thereby forming
amodifiedregion. Therefore,laserlightishardlyabsorbed

by the surface of the object té be processed, whereby the

surface of the object will not melt. Here, the

25 light~converging point referstothepositionwhere the laser

light is converged. The line zlong which the object is



subject of (1) explained in the foregoing also holds in (2) to (6) which

wll be explained later. 5 The | aser processing nethod in accordance with an
aspect the present invention conprises a step of irradiating an object to
be processed with laser light with a |ight-converging point |ocated

therewithin under a condition wth a peak power density of at least 1 x 108
(Wcnez) and 10 a pulse width of 1 us or less at the |ight-converging point,
so as to forma nodified region caused by multiphoton absorption within the
obj ect along a line along which the object is intended to be cut in the
obj ect. The | asetNpEHCESst agenet haavilhe dacébhdardeadilynd ¥ aive on1shaspeéecef
the present invention irradiates an object -to be processed with |aser
light with a |ight-é&8aveegiPhgtpei APIerbchbeliet Aot edl tahi v Ltk laincondThEon
with a peak power density of at least 1 x 108 (WcnR) and a pulse width of
1 us or |ess atstvhaekitght - Coneerdiang egoil nt thdHarefarieng al20 phedwmenoa)
known as optical damage caused by multiphoton absorption occurs within the
obj ect to be protesdéd. wihicy waptli bal edpimgeadhdudes .t hermal distortion
within the object to be processed, thereby formng a crack region within
the objett to be proc&bséd.seTire areackirenykbhod s nat eyl wit128n khpect
above-nentioned nodified region, whereby the Iaser processing nmethod in
accordance w th thespaspect ofivehéiod ppegenisecisneestiepnoénablresibaseg an
processing W thout generating nelt or unnecessary fractures deviating from
the line along whiehtt hécobjlert psotasteadedvwtithbe lasteri n Thght with a
light~convergingpoint located therewithinunder a condition
with a peak power density of at least 1 x 10° (W/cm?) and
10 a pulse width of 1 pus 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 1s 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
us 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



surface of the object. An exanple of the object to be 5 processed in this

| aser processing nethod is a nenber including glass. Here, the peak power
density refers to the electric field intensity of pulse laser light at the
| i ght-converging point. The | aser processing nethod in accordance with an
aspect 10 the present invention conprises a step of irradiating an object
to be processed wth laser light with a |ight-converging point |ocated
therewithin undera condition wth a peak power density of at least 1 x 108
(WcnR) and a pulse width of 1 ps or less at the |light-converging point, 15
so as to form apresiefit edinegndnonnclendixigsa nodlgfeen promessethg regiOmwd t hin
the object along a line along which the object is intended to be cut in the
obj ect. The | asgengracesgine] tret-hothe ae sxztoy daaceunkeshddhi st iragpech wie t he
present invention irradiates an object to be 20 processed with |aser |ight
with a |ight-cohives gh hgngowinichotlat edb i bet ens t hh e tiiel@rt @ lsonchit iian tket h a
peak power density of at least 1 x 108 (WcnR) and a pulse wdth of I ps
or less at the dughiceon¥ergienpipeidi. Teretaneletbe thasiclsgeaft tdre ebj ect
to be processed is locally heated by 25 nultiphoton absorption. This heating
forms a 5l ten pprocessedinedioms W aben phe ebjseely tmetdleodr osesseatbmbie 5
nol ten processed region is an exanple of the above-nentioned nodified

regi on, wherebyiidiendasgglprsecesseng, dipdakpowvecdedaney meidrd Bbshspect
of the present invention enables |aser processing wthout generating nelt
or unnecessary electric field intensity of pulse laser 1light at the

light-converging point.
Thelaserprocessingmethodinaccordancewithanaspect
10 the present invention comprises a step of irradiating an
object to be processed with laser 1light with a
light-convergingpoint locatedtherewithin under acondition
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,
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



5 fractures deviating fromthe line along which the object 1is intended tobe
cut in the surface of the object. An exanple of the object to be processed
in this laser processing nethod is a nenber including a senm conductor
material. The |aser processing nethod in accordance with an aspect 10 of
the present invention conprises a step of irradiating an object to be
processed with laser light with a 1ight-converging point |ocated
‘therewithin under a condition wth a peak power density of at least 1 x 108
(WcnR) and a pulse width of 1 ns or less at the |ight-converging point, 15
so as to forma nodified region including a refractive index change region
which is a regi BRINMEPHPEC ChaTRed SPePNaks PRe X MHtleOhi the APPKE-BBE&PEFoNng a
line along which the object is intended to be cut in the object. The |aser
processi ng nmet hBadiiA 1gdc Fegamie Wiar ahi sthep(l asgiedtr oF e $ kN @r 8SERPd 1in
invention irradi ates an object to be processed with |aser light with a

| i ght - conver gi ngcperaenceotiatiedhilier e ethPh Wnrdereacbriditgroni o ehaklpeak

' power density of at least 1 x 108 (WcnR) and a pulse width of 1 ns or
less at the |ighesesnpsogiengipgi mithhen qanardahetcomebt absorprEeASESTY

" generated within the object to be processed wth a very short pulse wdth
as in thts aspefracturhe pgevsenting6iirnvenbeohinehelengrgpichuskd phject

mul ti photon absorption is not transformed into thermal energy, so that a
per manent st rugsurdlerskeahyebsunt as thenser adentd hehalhgect - crirseakihpkat i on,
or polarization orientation is induced 5 within the object, whereby a
refractive i ndexfdienge]eegitonbe processed in this laser processing method

is a member including a semiconductor material.
The laserprocessingmethodinaccordancewithanaspect
10 of the present invention comprises a step of irradiating
an object to be processed with laser light with a
light-convergingpoint locatedtherewithinunder acondition
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,

o
n

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



is formed. This refractive index change region is an exanple of the
above-nenti oned nodified region, whereby the |laser processing nethod in
accordance with this aspect of the present invention enables |aser
processing without 10 generating nmelt or unnecessary fractures deviating
fromthe |line along which the object is intended to be cut in the surface
of the object. An exanple of the object to be processed in this |aser
processing nethod is a nenber including glass. 15 Mddes enployable in the
f oregoi ng | aser processing met hods i n accordance with the, present

R e i i
o 1 aser spat lly ang S erom s DAL B BN,

source all ows t
| i ght - conver gi ser ht to have such. a nmagnitude t

mul ti phot on a%%&kﬁﬁ?ﬁﬁican OEEQF I gﬂla?lng:VHglbbjgé ePSebecﬁF%@ESSed

with a 25 light- canver, 0|nt | ocat ed_t herew t can _encaonpas case

where | aser 11 G % ﬁl%ua”%o%o% Paia?lﬁﬁgﬁ?nseaaﬁsgta frs &&Mﬁ@&& nd

t hen th% ob_|ectit |rr% Wi W th thuys conve ed | as «

l'i ght - converglﬁé Githt Fd% %ﬂ’ HELER% Ri T ?% E%%ﬁﬁ%@ %ﬁ?%g%dﬁngﬁes

aser ot Siekehycal |9 1o, Lhe el peLii ) shobLaLens by, oLl sag o S

absorption can %C%%e above-mentioned modified region, whereby the laser
processing method in accordance with this aspect of the
present invention enables laser processing without

10 generating melt or unnecessary fractures deviating from the
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 1s 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 (peak power density) at the light-converging
point of laser light tohave such amagnitude that multiphoton
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 |ight-convergi ng point

| ocated therewithin can enconpass a case where the object to be processed
is irradiated with 10 respective | aser light beans emitted froma plurality
of laser light sources fromdirections different fromeach other wth a

| i ght-converging point |located therewithin. Since a plurality of |aser

| i ght sources are used, this allows the electric field intensity of |aser

light at the 15 light-converging point to have such a magnitude that

mul ti phot on absorption can occur. Hence, even continuous wave |aser |ight

havi ng an i nstagt epeeesqPeWehdl eMer thanohribat 0f pulse;leserylightnean form
a nodified region. The "respective |aser |1ght beans emtted froma

plurality of 20,}asegediigide SOUEEES, IBY 26N &5t Lhe, 9PDf §61 1R 1B Prosessed
fromthe surface thereof. A plurality of l|aser Iight Sources nmay Include a

laser 1ight souee.|fofy el L LR d.as651d | ghﬁlai@mc%fq:vg%lg&e 1°at£ieez0tl$cgin?,fti g

processed fromthe surface thereof, =~ and a | aser source for

I |'i ght j h ' f -
aser light entes ﬁ!?{/ %g fl"ol 2 éqgfr)t fr‘&te 12 th8 PFOLES 3%_ s g‘é} gf—‘ ll{a%%[l J;_ gtﬁ]?t

thereof. A plura I ght sources may inclu rce 8

secti o i whigh aset ohi oBbrsauRCs LenaARdR] (AN Ay uakanga |ine

al ong which the object“Is inten e cut. ma plurality of

Iight-convermﬁﬂﬁﬁgggg§oﬁjgggor @§o$i9§na$§ Which the object is intended
to be cut at 5 the 'sane tinme, thus being able to inprove the processing
speed. The nodified 7,809 Ohd Snd OniRd BY5ERYI NPt & O @A LRy with a
light-converging point located therewithin can encompass
a case where the object to be processed is irradiated with
10 respective laser light beams emitted from a plurality of
laser light sources fromdirectionsdifferent fromeach other
with a light-converging point located therewithin. Since
a plurality of laser light sources are used, this allows
the electric field intensity of laser 1light 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. Apluralityof laser 1light sources
may include a laser light source for emitting laser light
enteringtheobjecttobeprocessedfromthesurfacethéreoﬂ
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



be processed relative to the light - converging point of laser [|ight

| ocated within the object. Here, the above-nentioned 10 rel ative novenent
forms the nodified region within the object to be processed along a |line

al ong which the object is intended to be cut on the surface of the object.
The nethod may further conprise a cutting step of cutting the object to be
processed along the line along which 15 the object is intended to be cut.
When the object to be processed cannot be cut in the nodified region form ng
step, the cutting step cuts the object. The cutting step breaks the object

to be processed usiagtthg PAhiLed 1L 00 RS Pyt birBG PRI eq AU Q?LQSJ
able to cut the object with a 20 relatlvely smal |l force. This can cut the

object to be procgssed w Lnouts genenalidhguangesssarysf1Ackies « SIgK abing
fromthe line along which the object is I ntended e cut in the surface

of the object. Exapp|es éﬁ A6, 9bj 992a§9tgnopﬁ9_ %gm@6§% oant%5a1ong

i ncl udi ng gl ass, plezoe ectric na eria uct or eria

LN examl e orpbe phLegiohg BesRoceasedLe: 9.3, e snﬁgaéseta£o

| aser light emtt | aser~ processing od s al'so applicable to an

object to pro e Y a a r h . C n
or electrogi pattgﬁﬁé %%Hg g% foﬁﬁégdggfég QB e“{& 1ﬂ§1§b§ekﬁgohgag§¥%f§g
device, a dlsplayfﬂg §e such as liquid crystal a piezoelectric device, or

the like. The | ase proceSS|ng met hod in accordance with an aspect of the

present invention corrprlﬁgé n%d%tﬁ%djgfebﬁ ﬂdigtftﬂgned by moving the object to
be processed relative to the light-converging point of laser
light located within the object. Here, the above-mentioned
10 relativemovement forms themodified regionwithinthe object
tobeprocessedalongalinealongwhich the object isintended

to be cut on the surface of the object.
The method may further comprise a cutting step of
cutting the object to be processed along the line along which
15 the object is intended to be cut. When the object to be
processed cannot be cut in the modified region forrﬁing 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

\Ne}



a sem conductor material with laser light wwth a 10 |ight-convergi ng point

| ocated therewithin under a condition wth a peak power density of at |east
1 x 108 (WcnR) and a pulse width of 1 ps or less at the |ight-converging
point, so as to forma nodified region within the sem conductor material
along a line along which the object is intended 15 to be cut in the

sem conductor material. The | aser processing nethod in accordance with an
aspect of the present invention conprises a step .of irradiating a’

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

located therew ghh@m%@qertJ_%n%g@q'ew%wta@eaf ael%tp%wtt%%s' t@m%f 1304t

least 1 x 108 (Wcn2) and a pufse wd ps or |ess

| i ght - conver si ng,pgi.a 51ﬁ§n§%t%%dfqgﬂ%ﬂgguéﬁéﬁﬁéﬁﬂ% o OV\%\%th EB% £9:8% o

pi ezoel ectric materia a line along ject I's IRt en

be cut in the pi g;eeggge%? S5 1ako, cThesg JpLhods renahl € dasers cyttiog

W t hout generati necessary fractureées dévi |ng romthe

al ong which the gb%%%Et hg@qg9nto Pﬁec §Egrggﬁesﬁ E%ES 9 f%@% QBJSCt

10 to be processéd for t reason as t aser roceSS|n

methods 1 p accor dapee whl, t%ggiefvcireegm 39 BIBSA S & sugﬁ o £5 \5‘0? ?%@EEO”

In the | aser proCéssing et “4dcd aspec

present inventio .10 . Pr.ocess havea surface formed with
a plurality of CQFE goggégg%ﬁ%,dgﬁﬁeﬁé arl %gﬁt %ﬁverglng poi nt of | aser
the o e pro essed.

light is located int n b e Lo b fa |n ap
fornmed between adj acen c?r%ﬁftﬁﬁﬁ:%%ﬁ? % lBF&FaI ancert adp8ct

of the present invention comprises a step of irradiating
a semiconductor material with laser light with a
10 light-convergingpoint located therewithinunder acondition
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,
so as to form a modified region within the semiconductor
material along a line along which the object is intended
15 tobecutinthesemiconductormaterial. Thelaserprocessing
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—convérgingpoint,soastxnfonnamodifiedregion
within the piezoelectric material along a line along which
theobject isintendedtobecut inthepiezoelectricmaterial.
These methods enable laser cutting without generating melt
25 orunnecessaryfracturesdeviatingfromtﬂualinealonghmiéh

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

10



o

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

t hepositi onof the gap fornmed between adjacent <circuit sections. The |aser
processi ng nethod in accordance with an aspect of the present invention can
converge laser light at an angle 15 by which a plurality of circuit
sections are not irradiated with the laser light. This can prevent the |aser
light from entering the circuit sections and protect the circuit sections
agai nst the laser light. The | aser processing nmethod in accordance with
anaspect 20 the present invention conprises a step of irradiating a
seniconductor1ﬁ%ﬂ£§igﬂoqﬁ%ﬂ?q 3 TgHe™Me (832 oN Bghtthédnvér ¢ty LpSFkt

| ocated within the sem conductor, material, so as to forma nolten processed
regi on only WRHGESSHE Sk e8AdULEEFONERBFEM 1tH 5Rg BoTeIRi g 85§e®iSch t he
object 25 is intended to be cut in the sem conductor material. The |aser

processi ng mettodieh PAESSFarddw sAitiiP-hi s aspect of ~I the present
i nvention enabl es | aser processing w thout generating unnecessary fractures
in the surface of tR& bbfekise¥ puncgirvdessedhaddini 2 eandawese gt he
surface due to the sane reasonsasnentionedabove. The nolten processed
regi on°5 nay BSResiised Hie mulesiepiol reabsen pttlom obr esthe reasonsssed2) The
| aser processing nethod in accordance with an aspect of the present
i nvention conpPiydexyea stspack fqnmestv ath ag law adbjtecat cbr delpsecedsnad  with
| aser light such_ that a |ight-converging point of laser light elliptically
10 pol ari zed WhtiHead eibhpricentprefingt Peinthad laissrl déghédis located
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
beprocessedat thepositionof thegap formedbetweenadjacent
circuit sections.
The laserprocessingmethodinaccordancewithanaspect
of the present invention can converge laser light at an angle
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.
The laserprocessingmethodinaccordancewithanaspect
20 the present invention comprises a step of irradiating a
semiconductor material with laser light with a
light-converging point located within the semiconductor
material, soas to formamolten processed region only within

!
the semiconductormaterial alongalinealongwhichtheobject

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

laser processing method in accordance with this aspect of



within the object to be processed while the major axis of an ellipse
i ndicative of the elliptical polarization of the |laser |ight extends al ong
a line along which the object is intended to be cut, so as to forma
nodi fied region caused 15 by nmul ti photon absorption along the |ine al ong
which the object is intended to be cut within the object to be processed.
The | aser processing nethod in accordance with this aspect of the present
invention fornms a nodified region by irradiating the object to be processed
with laser light such 20 that the major axis of an ellipse indicative of
the ellipticaltippl prezabtonnokentaser ¢nghteexiends slrongssheqgl iwiehauang
which the object is intended to be cut in the object to be processed. The
i nventor has founerdthatg unheoacekbirptircalturespioh ahkezed flaases £ khghthjiestused
the formng of a nodified 25 region is accelerated in the mgjor axis
direction of amw éld bpseeskadi eati vetdut hee irigpitheakupokaki gad itan thie. €. ,
the 12 direction in which the deviation in polarization is strong)
Therefore, whesmree medsbhedsiegiivied psuted yhd s adéabirBgestbe rekjiest to be
processed with laser light such that the mgjor axis direction of the
el |'i psé& i ndi catdyweeolcatiBedShel hixptipabrpal apseabt 0on ext endse Aleradnlke |ine
al ong which the object is intended to be cut in the object to be processed,
the modified region @4t endhagl akengothieed $ ey ale®@M@dVhh Checd Fga b @Gleni S
intended to be cut can be forned efficiently. Therefore, the |aser
processi ng nmetadnodsipe &c coOf danee pMddent0 idisaispectombr i fes peesert iorvention
can inprove the processing speed of the object to be processed.

irradiating an object to be processed with laser light such

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
object is intended tobe cut within the object tobe processed.

The laser processing method in accordance with this

aspect of the present invention forms a modified region by

.
/ 3

irradiating the object to be processed with laser light such

20 that themajor axisof anellipse indicative of theelliptical
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

12



Al so, the | aser processing nethod in accordance with the present invention
restrains the nodified region from being forned except in the direction
extending along the 15 line along which the object is intended to be cut,
thus making 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 mnor axis/half the |ength of major axis
of the ellipse. 20 As the ellipticity of laser light is smaller, the
form ng of nodified region is accelerated in the direction extending along

the line al ong uhichfhe bj&ctpbsidntandsdsh.De. St byt ;8 ed in the

other directions. The ellipticity can In view o e

thi ckness, ”Bi{}'ﬁerr'éaﬁcir@n% e 5 éijl.(f 8fré%c€rgq e(fgﬁn dt)E%pJ{ Sa%:qn Li near

polarlzatlon IS iptical po AT zation an-e pt| zer 13 The

aser processing ggte@ocgt bgggro%%g WAy 2spect oL e, SNt

i nvention conpris p rra tin an o e pr OCGSSG& with

acer 1Ot Sich gl 8 bt oLig A of LASRC P o e

a1 PSS IS B T B o

ek ot B S P T A B
n

3

ps or less at., t ight - conver n 0
E & f% d %%g Q%é% 1

ﬁgjas 4O forn1a nDdlfled reglon
i ncluding a crac reglon al i'ne

hi CIF Hﬁé objeé¥

the object is intended to be cut can be formed efficiently.

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 line along which the object is intended to be cut, thus making
it possible to cut the object tobe 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

of modified region is accelerated in the direction extendin

[Le}

along the line along which the object is intended to be cut
but suppressed in the other directions. The ellipticitycan
be determined in view of the thickness, material, and the
25 like of the object £o be processed. Linear polarization is

elliptical polarization with an ellipticity of zero.

13



is intended to be cut within the object to be processed. The | aser
processi ng nethod in accordance with this 15 aspect of the present
invention irradi ates the object to be processed with |aser |ight such that
the major axis of the ellipse indicative of the elliptical polarization of

| aser light extends along the |line along which the object 1is intended to be
cut in the object to be processed, thus 20 naking it possible to formthe
nodi fied region efficiently and cut the object precisely along the line

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

met hod i n accordance Whelatke @mboves steng nehkddasyeeutomfarideew prlesartspect

i nvention. 25 The | aser processing nethod in accordance with an aspect of

t he present inveati ehecpopseaes iavehep oof ciompadisats g stk af dbjreeti attanbe
processed with laser light such that a |ight-converging point of |aser
light ellipticalby pbhacitzed wétprabeekkbbpliiaint Yl fe0t heght hancd iksakogat ed
within the object to be processed while the ngjor axis of an ellipse 5

i ndi cative of th@l@h’t#@bhﬁ@kg@@gé}jdﬂrﬁib@ﬂa@%rtl H@sel ipt gbk11¢pbenrds zabong
the Iine along which the object is intended e cut under a condition

with a pesk powegidenshtylDiptatikeast étMeléLO@q&Nmeﬂs) 1kt PWise W @hl of
1 ps or less at the light-converging point, so as to forna nodified region

10 including a nebtest ptocesSeoregion whong tihe nhé;[)tﬁr éﬂﬁrtgoﬂ/\/@hCthF
object is intended to be cut within the object e processed. The [aser
processi ng nmet hognincaceoedamefew1hi i Sal polarization of the laser light
extends along a line along which the object is intended to
be cut under a condition with a peak - power density of at
10 least 1 x 10% (W/cm?) and a pulse width of 1 ps or less at
the light-converging point, so as to form a modified region
includingacrack regionalong 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
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
;o 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
object is intended tobe cut as in the laser processing method
in accordance with the above-mentioned aspect of the present
invention.

25 The laserprocessingmethodinaccordancewithanaspect

of the present invention comprises a step of irradiating

14



aspect of the present invention irradiates the object to 15 be processed
with aser light such that the major axis of the ellipse indicative of the
elliptical polarization of laser |ight extends along the |ine along which
the object is intended to be cut in the object to be processed, thus
making it possible to formthe nodified region efficiently 20 and cut the
obj ect precisely along the line along which the object is intended to be
cut as in the |aser processing method in accordance with the

above- nenti oned aspect of the present invention. The |aser processing

nmet hod in accorganepijwcth tan wspeedce2SeOf wihe presentliigRverhicon €ompra ses a
step of irradiating an object to be processed with laser |ight such that a

15 light- ConVerDicE]QtP@bﬁ%e@@ﬂn@%&%ﬁnhﬂ @t agbkipyiheal 11y Rol@fiZedo 1 Mt fe@n
ellipticity of other than 1"is located within the object to be processed

while the ”Hlorwﬁﬁhsa@fefqhﬁ%iépﬁﬁ of Nelieat inye nof tgel@&ét@&'@?%hln the
pol ari zation of the Iaser i ght 5 extends along a |ine along ch the

object is intende t & EW - dndere & gondi tt'h%nm‘éﬂatoli‘ Qx?%agfpgﬁ‘%%g%yy of

at least 1 x 10 '(VVch) and a pul se width of s or l[ess at

l'i ght - copver gi nﬂqc@P&é‘E1V§Q>fa§h&%l@#@ﬁa@ogbié?ﬁzég%ﬁ%f m&hlé%'erigmght

refractive i ndex change regi on wh is a region with a changed

refractive index, W thi nawﬁgoah@qt NGy Whii R, %h@ngagﬂ’etehlghfn@@w@& is

intended to be cut in the 0bject. rﬁ% | aser processing neth I n accordance

with this aspect 9of the prgsent Lovention ifQdi %@éﬁ%&%&%si@y of

at least 1 x 108 (W/cmz) and a pulse width of 1 ps or less
at the light-converging point, soas to formamodified region
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
object is intended to be cut as in the laser processing method
in accordance with the above-mentioned aspect of the present
invention.
The laser processingmethod inaccordancewithanaspect
25 of the present invention comprises a step of irradiating

an object to be processed with laser light such that a

15



15 be processed with laser light such that the major axis of the ellipse

i ndicative of the elliptical polarization of |aser |ight extends al ong the
| ine al ong which the object is intended to be cut in the object to be
processed, thus naking it possible to formthe nodified region efficiently.
20 and cut the object precisely along the Iine along which the object is
intended to be cut as in the |aser processing nethod in accordance with the
above- nenti oned aspect of the present invention Mddes enployable in the

| aser processing nethods in 25 accordance with the foregoing aspects of the

present inventi an @€ asnéothomspolhitlasesséi ghnbaviingteldaintigslarized
polarization with an ellipticity of zero can be used. Linearly polarized

light is obtaineg whem tdie gddd Ptd £idsy dtheger®anlingariycpotard zeshn ldnght
can maxi m ze the size of the nodified region extending 5 along the |ine

al ong which the oljfclt i igd edRE LR PG HEUL AR ALBEMLZEstHE Si Z8S iRt he
ot her directions. e ellipticity of elliptically polarized |Iight can be

adj usted by the angl & of vdifrectd gmqgt«’acgqals&féry\?a/&cm akeché/\yﬂseee light
quarter-wave plate is used, the el icity can be adjusted 10 by changlng

the angl e f di r%@ﬂ@m@laq%g %ftl%etgﬁoﬁg%f)éh ft%mo% eElee gﬂ%{éﬁ&ieef egj on,

the object to be processed may be irradiated mnth whil e the

A'so. arter the Sion ot Toim g 18 The nod T1ed reg o?ﬁ%}?'%%}’%ﬁtfy R sd
processed may bejeast 1 x 10° (W/cm?) and a pulse width of 1 ns or less at
the light-converging point, so as to form a modified region
including a refractive index change region which is a region
10 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
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
objectisintendedtokxacutas.hqthelaserprocessingmethod
in accordance with the above-mentioned aspect of the present
invention.
Modes employable in the laser processing methods in

25 accordance with the foregoing aspects of the present

invention are as follows:

16



irradiated with |aser 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 nodified region extending in a direction along the surface
of the 20 object- to be processed and intersecting the fornmer nodified
region. Therefore, for exanple, respective nodified regions extending al ong
lines to be cut in X- and Y-axis directions can be fornmed efficiently. The
| aser processing nethod in accordance with an aspect 25 of the present
invention conprises a step of irradiating an object to be processed with

laser light such that apaddr|igiic conviei@idg i idalofpdaserzd4d a4 with an
elllptlcally polarized wth an ellipticity of other than 1 is |ocated

thin the obj e%lippeecptfccﬁs%e(éowebh%é he Jui 0&%5%19]‘ &haeltiPSeight
ndi cative of the elliptical polarization of the |aser |ght 5 extends al ong

l'ine al ong whi chs EB@aQQb@Qﬁhe‘nst}ﬁ@E@E‘E@ﬁh@:?‘cyli% LMo, S8:i88.00 1 dNGeq

bj ect to be processed along the [ine along which the object i's Intended to
be cut. The |aser; processi rﬂgxmw@q!hl ns@E&%rfdé‘Héeﬁwo‘éﬂ' fuetdhfégleﬁ%féemu the
present invention iTradiates the object to be processed™wth |aser I7 ght

such that ¢ he major, 't%eOfl1kgea?$1k%%ﬁqu}1%a5+;(§c9f d Il?lt%l ldeRt Gabe cut

polarlzatlon of Ias 1 ght extend ong the mhlch t he obj ect

is intended to be, fut niQ ik ?eObdl*?é:ts ?e?e 099@8;% he&f%&&@ onkhe apject

to be processed can be cut along the [iTne along 1 e object is

intended to be culy ik Vf‘ﬁfrofpépffﬁﬂé‘ﬁlﬁfoﬁ%%z@d@f@%@'%’é‘ﬁ%&“é&b&&d

‘aspect of the present
"~ 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.

The laser processingmethodinaccordancewithanaspect

25 of the present invention comprises a step of irradiating

an object to be processed with laser light such that a

17



can cut the object to be processed by nmaking the object absorb [|aser |ight
so as to nelt the object upon heating. Also, the |aser processing nethod in
accordance with this aspect 20 of the present invention nay generate

mul ti phot on absorption by irradiating the object to be processed with | aser
light, thereby formng a nodified region within the object, and cut the
object while using the nodified region as a starting point. 25 The | aser
processi ng apparatus in accordance with an aspect of the present invention
conprises a laser light source 18 for emtting pul se laser light having a
pul se width of 1 liughbrcémesrgebd pptintidiylasgustgngedtadps ifoarl liyekd Iy itzeel
pulse laser light emtted fromthe | aser light source attain elliptical

pol ari zation w t hwarh el ightliiqittiy iofy attherthelranhdnl] im\j bocaxed wadf st ithg
means for making a major axis of an ellipse indicative of the elliptical

pol ari zation of tdigejeqpulise Heagpeioddsghid adjiust edebyatbe £kispsf can yelddjpsst i ng
nmeans extend along a line along which the object is intended to be cut in
an object to be pnotéesseidie bifgiie ednyergicag paans k2 for ogameen gsbg Likgt
pul se laser light adjusted by the major axis adjusting neans such that the
pul se | aser |ighteaddrddNs]lochgoaakipewerofigngiioh aheabbleast id xndd8ddIMen?)
at a light-converging point; neans for |ocating the [|ight-converging point
of the pul se | aseje ldught seorvergeduiSthy bhgett gt -IONYES G SGe POd TEngMttHRI N

the object to be processed; and noving neans for relatively noving the
| i ght - conver gi ng Jpaienta lafngultsiect ages dib it al Onichtddiridd & be cut.
The laser processing method in accordance with this
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
is intendedtobecut intheobject tobeprocessed. Therefore,
the object to be processed can be cut along the line along
15 which the object is intended to be cut. The laser processing
method inaccordancewiththis aspect of thepresent invention
can cut the object to be processed by making the object absorb
('5  laser light so as to melt the object upon heating. Also,
| the laser processing method in accordance with this aspeét
20 of thepresent inventionmay generatemultiphoton absorption
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

aspect of the present inventioncomprisesalaser light source

18



al ong which the object is intended to be cut. The | aser processing apparatus
in accordance with this 20 aspect of the present invention enables |aser
cutting without generating nelt or unnecessary fractures deviating fromthe
i ne along which the object is intended to be cut in the surface of the
object to be processed for the sanme reason as that in the |aser processing
nmet hods i n accordance with 25 the above-nenti oned aspects of the present
invention. Also, it irradiates the object to be processed with |aser |ight
1 such that the major axis of the ellipse indicative of the elliptical

pol ari zation of |aser li.ght, extends al ong the [Iine along i ch the object
"s i ntended to be 86 THYHEY GHLEE 5 T Hbteded 14 MU hed g d of 1
possible to formthe 5 nDdifiﬁ ‘region E%;jcientl and cut the object
precisely along PReCFilfEsl 8 gl tERCY HE Bh] edtd Meanst et 8d a8 RV LSE th
the | aser processing nethods in accordance with the above-nentioned aspects
of the present invéRtifon:iNHde¥EhpFOyaABPE itha N 385 et 1PRbCESSIRE dipdriat us
in 10 accordance wi.ith the present invention are as_follows: It nmay conprise
90 rotation adj us€itrgPfe&dd BEapEedatienr viabeabhel bbPakFrhyioh Ve hdhsi se
| aser light adjusted by the ellipticity adjusting neans by about 90. Al so,
it may coRprise rot BEIRY ABaRs 20N Stégt MEGNS L @afdmamsumalng Bxithef
obj ect to be processed by about 90 about a thickness direction of the

obj ect. These can2hekelihee idjbrcatd e 6f thae ldlintise ] raleairneéion ehdhe

el liptical polarization of ul se | aser light extend al ong another |ine
al ong whi ch the pulse laser light adjusted Py theellipticity adjustingmeans

extend along a line along which 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.
The laser processing apparatus in accordance with this
20 aspect of the present invention enables laser cutting without
éeneratingxnelt or unnecessary fractures deviating from the
line along which the object 1s 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

18



object is intended to be cut which extends in a direction 20 along a surface
of the object to be processed while extending in a direction intersecting
along the fornmer line along which the object is intended to be cut.
Therefore, for exanple, respective nodified regions extending along |ines
to be cut in X- and Y-axis directions can be forned efficiently. 25 The

| aser processing apparatus in accordance with an aspect of the present

i nvention conprises a laser light source 20 for emtting pul se |laser |ight
having a pulse wwdth of 1 ps or less and |inear polarization; |inear

pol ari zation adj ygstihnghaeansef 0B jarkbRgst be theesllopsofiddnearive of the
pol ari zation of the pulse laser light emtted fromthe |aser 5 |ight source
align with a |inecaliang iwhilchdine i0RjE€dn it lIddeandedio He Gids ian oy ebgect
to be processed; |ight-converging neans for converging the pul se | aser

light adjusted by ithke diicheak RAAfzAtdLR Ad)ius il Rans s weh cutthat, the
pul se laser light attains a peak power density of 10 at least 1 x 108

(Wcene) at a |ighbhgervetgimng RidtssdEansusi QExingatd PP AP1e to form the
| i ght-converging point of the pulse laser |ight converged by the

|'i ght -conver gi ng REUAL 1Wdt Rely e e rAjc8En th} RePIRResIRA o ARE tMRVIR] sBBNS
for relative lynmoving the light-converging point of pulse I'aser |ight along

the 15 line al ong)whischnthe: 0bjLEnd SriiRhepded it P b€ iUt nt Thgchasehe cut
processi ng apparatus i'n accordance with this aspect of the present

i nvention enabl esykagerneutbisRG WihQUL 5 ngLRRRAUII 1R Ide r JAMRECESSAN ¥he
fractures deviating fromthe |ine along which the object is intended to be

CUtrin t he above-mentioned aspects of the present invention.
( Modes employable in the laser processing apparatus in
10 accordance with the present invention are as follows:

It may comprise 9Q° rotation adjusting means adapted
to rotate the polarization of the pulse laser light adjusted
by the ellipticity adjusting means by about 90°. Also, it
may comprise rotatingmeans for rotating a table for mounting

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 to be processed while extending
in adirection intersecting along the former line along which
the object is intended to be cut. Therefore, fdr example,
respective modified regions extending along linestx;be cut
in X—vand Y~axis directions can be formed efficiently.

25 The laser processing apparatus in accordance with an

aspect of thepresent inventioncomprisesalaser light source

20



20 surface of the object to be processed for the sane reason as that in the
| aser processing nmethods in accordance with the above-nentioned aspects of
the present invention. Also, as with the |aser processing nethods in
accordance with the above-nentioned aspects of the present invention, the

| aser 25 processing apparatus in accordance with this aspect of the present
i nvention nakes it possible to formthe nodified 21 region efficiently and
cut the object precisely along the |ine along which the object is intended
to be cut. (3) The | aser processing apparatus in accordance wth an aspect
of the prese i nve tlon conpri ses j ght source for .em_tting

pul se | aser &ht %esel‘ﬁed’{ hﬁo‘fhtl }b%vﬁ'?g 1248+ Fo tajdj L]Jcstal ng
means for adjustlng the gni,t ude of power of the, ul se | aser ht emtted
from the |a¥ér 9% ghtS%o@P elaBESFdlpﬁglatrol%?r‘Hoﬁ‘put quhé:%zta}ggn of
power of pulse | aser |ight; %ht converglng means for 10 convergﬁ@g t he
pul se | aser PlQWFtdthsfgﬁrﬁy £RE | PA&ANY pohari daFpehalj Ut i ng ns such
that the pul se_| aser [|ight attalns a_ peak power density of at least 1 x 108
(WenR) at  ROLEGRIZEHREePEi Tif poisE; l%ﬁﬁsllf%?t ﬁaéa‘wﬁ&lﬂ%‘the laser

l'i ght -converging point of the pul se Iaser Ilght converged 15 by the

|'i ght 5converg|lﬁ? P LSS G tarﬂilrgl“ar‘r“dﬁ] ectline pelong oo dhamPifil A§ neans
for relatively noving the _|ight-converging point of pulse | aser |ight al ong
a line al ond™MsE®d hé objPect C§ i APendad Pglﬁétcuﬁoerqu?ﬁﬂﬁﬁﬁﬂ? dit o be
processed,; mhereln one nodified spot is formed within 20 the object to be
processed by liON&dicCRTRE 31 BBpastf e Ieeverging the pulse laser light

adjusted by the linear polarization adjusting means such

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

object tobeprocessed; andmovingmeans for relativelymoving

the light-converging point of pulse laser light along the
15 line along which the object is intended to be cut.

The laser processing apparatus in accordance with this
aspect of the present invention enables laser cuttingwithout
generating melt or unnecessary fractures deviating fromthe
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 methodé 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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processed with one pulse of pulse laser light while locating the

| i ght-converging point wwthin the object; the |laser processing apparatus
further conprising correlation storing means having stored therein a
correl ati on between the 25 magni tude of power of pul se |aser adjusted by the
power adjusting neans and the size of nodified spot; size selecting 22
means for choosing, according to an inputted nagnitude of power of pulse

| aser 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 medidgficede figpenhtalyosan bytt hiee bz SelReiding 1yeansng Miee

i nventor has found that the nodified spot can be controlled-so as to becone

smal | er and | arger awheq e dpowdle oofclul s& liasendedght be aade | ower and
hi gher, respectively. The nodified spot is a nodified part forned by one

pul se 10 of pul se | aser |trght)auhereascansasgeaphbyrotupodhfbedospise forms
a nodified region. Control of the nodified spot size affects cutting of the

object to be pregessedspbabeLY. t KOG r SEOA aGY drit i ot rliR@sORj BLdef O be
processed along the 1line along which the object is intended to be cut and

the 155fl atnessqpt EHGrEEOSSr B O JhaIION ke rWEdh ¢ hey yiBY Bi geh sspot i's
too | arge. VWengthe nnéifiedlspot ismfg% sﬁ%ll fgr 9?%e obj ect t% 5%

processed haviagea barged hixckaess, pONetheqs 9thesq hands the 98jesting hard
to cut. The | aser processing apparatus in accordance with this aspect of

the present 20Qnenvemti et FONEEQ f the ShZ& af s8di {hed SRek By Acth usti ng
t he magni tude of power of pulse laser light. Therefore; it

the laser light source according to an input of the magnitude
of power of pulse laser light; light-converging means for
10 converging the pulse laser light adjusted by the linear
polarizationadjustingmeanssuchthatthepulselaserlight
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 1light-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

the light-converging point within the object; the laser
processingapparatus further comprising correlation storing
means having stored therein a correlation between the
25 magnitude of power of pulse laser adjusted by the power

adjustingmeansandthesizeofnmdifiedspot;sizéselecting
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can cut the object to be processed precisely along the line along which the
object is intended to be cut, and can obtain .a flat cross section. 25 The

| aser processing apparatus in accordance with this aspect of the present
invention also conprises correlation 23 storing neans having stored therein

-~ a correlation between the nagnitude of power of pulse |aser adjusted by the

power adjusting neans and the size of nodified spot. According to an
i nputted nmagni tude of power of pulse laser light, the 5 size of nodified
spot fornmed at this magnitude of power is chosen fromthe correlation

storing means,. And fto*}“%h%%?ﬁi@é %ic%%r‘&]‘:igg“ngéfEtﬁd%ﬁg%&%cﬁin%@ﬂ'%dof

Therefore, the size of d “spot a e of power of

pul se laser rJoinqu oE%quisrgrﬁaeggg lli%%e\\tr, Qrsq(%%séf DYe rﬁte%sség@ ft&gmgﬁen 10

bef ore | aser "processi'ng. Sér’ procéssi ng apparatus i naccordance with
an aspect of__the.pr nt _i,nvention_conpr.i.ses a laser light.source .for

oni t 1 ng pul &4 1Bl ghe SR e Tar FarRe T S P et on g Pk + TEESSs

| i ght - conver gi l.ens .for.converging th | se 15 |aser_light em.tted from
the laser |ight §65?cgléﬁéﬁyt%%fgst¢h§[ﬁ%%ﬁgﬁX%ﬁgrt#?gﬁ%z%fﬁgﬁﬁﬁlglﬁgak power
density of at Jtea tE} x .10 hWc.nQ at a1!jﬁht-converging poi nt; nuneri cal
apertdure adj5§%|n§ §ﬁ§kpbr m%ﬁﬁ'rﬁf%%% "G Zruneri cal aperture of an

OpL1 Sal SYSTom | NCtdlng LUEck! BDLANETOLI0 20 LR RsSOL gL 0L b g
: : gm : gg%z %:op?gr{%ginlgetdmﬁg{)halt%h%o uéggme Is‘fjrlnsa rlelri g]%l lcac_zfngveerr gﬁgnb‘é’het r;la%wer
of pulse laser light 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 along 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



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; wherein one
nodi fied spot is fornmed 24 within the object to be processed by irradiating
the object to be processed with one pul se of pulse |aser Iight while

| ocating the light-converging point within the object; the |aser processing
apparatus further conprising correlation 5 storing neans havi ng stored
therein a correl ation between the size of numerical aperture adjusted by

t he power adjusting neans and the size of nodified spot; size selecting
means for cheisimgg aeceosdhagihg anhoraputtede ivagnidarde loft ijmowdie tweknpul se

| aser light, a size of the nodified spot forned 10 at this size of nunerical
aperture fromthlkemegntiebdti oh psicar oigpuesdns;a sand asine tedidspy ayhareans rf or

di splaying the size of nodified spot chosen by the size sel ecting neans.
The inventor hasusaumd meahst Badnedef kege spdtmeanf bed 0 r olplcedr8i0ngs to
beconme smaller and | arger when the 15 nunerical aperture of the optical

syst em i ncl uditgah henpui g d eenrrengiqig ok enswé s orage 1geens eer andyisiakher,
respectively. Thus, the | aser processing apparatus in accordance with this

aspect 50f t hespresentmbiventdoshsart ot sel thhe B4 gei phdansh Iadkspet by
adjusting the size of 20 nunerical aperture of the optical system i ncluding

the |ight-coswesenn@rbenshe W A1 i @€6$ShHGmARPA| ainks dhuActekdance
with this aspect of the present invention also conprises correlation
size of modified spot is displayed. Therefore, the size of
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
aspect of thepresent inventioncomprisesa laser light source
for emitting pulse laser light having a pulse width of 1
us 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
aperture of anoptical systemincluding the light-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
moving the light-converging point of pulse laser 1ight along

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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storing neans having stored therein a correl ati on between 25 the size of
nuneri cal aperture and the size of nodified spot. According to an inputted
size of nunerical aperture, the 25 size of nodified spot formed at this
magni t ude of power is chosen fromthe correlation storing neans, and thus
chosen size of nodified spot is displayed. Therefore, the size of nodified
spot forned at the size of nunerical aperture fed 5 into the |aser
processi ng apparatus can be seen before | aser processing. The |aser
processi ng apparatus in accordance with an aspect of the present invention
conprises a | asierhin ghte shiece td be prpresagdpw serkddert inigghhe aviawy a
pulse width of 1 10 ps or less; and |l ens selecting nmeans including a
plurality of da ¢t pooressgidng iténses podseonfepging ldeepul sght agerle | i ght
emtted fromthe laser |ight source such that the pulse laser |ight attains
a peak power densitingfthatligastcdnxerg@ng\VWeih®) vatthdn tgkt eodaver gilrg
point, the lens selecting 15 neans being adapted to select anong a plurality
of |ight-condergimgricersesngaapputraliutsyfottbpti cahpsystegecotrelatdiarg t he
| i ght-converging | enses having respective nunerical apertures different
from each ot hercomeanmehors hkodati agotrkel thbteinonvesgr 1l poomtbeatfwddre pul se
| aser |ight 20 converged by a |ight-converging | ens chosen by the | ens
sel ecting neanhens ihe nfanmehjiect] 4pebeupe adgasead anthapvivey adipans rfor
relatively noving the |ight-converging point of pulse laser Iight along a
| i ne al ong whircartshenabjcket sigse oAteoadeditd bpeocutsire tdel obj bod naarize
processed; wherein

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 1lens 1is made greater and smaller,
respectively. Thus, the laser processing apparatus 1in
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

1i

()

ht-converging lens.

The laser processing apparatus in accordance with this
aspect of the present invention also comprises correlation
storing means having stored therein a correlation between

25 thesizeofnumericalapertureandthesizebfnmdifiedspot.

According to an inputted size of numerical aperture, the

25
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25 one nodified spot is forned within the object to be processed by
irradiating the object to be processed with one pulse 26 of pulse |aser
light while locating the light-converging point within the object; the

| aser processing apparatus further conprising correlation storing neans
having stored therein a correlation between sizes of nunerical apertures 5
of a plurality of optical systens including the |ight-converging |enses and
the size of nodified spot; size selecting neans for choosing, according to
a size of nunerical aperture of an optical systemincluding a chosen

i ght;converggqqelg Smoéi%ﬂé@ §%o$r%%fﬂ%ﬂﬁ%%Cthgoﬁaégﬁgﬁgelék?ﬁoﬁ%? $sSi ze of
nunerical aperture fromthe correlation storing neans; and si‘ze displ ay
means for d'SB'h%%'e@)ngB%.tﬁézc?oPEeJ{EDtdi'cM o4 3R, ghasen %X?t%%ss'c%%s%ﬁ' ecting

g appara W' t he " pre

means. The | aser processin P us 1n accordance resen
i nvention can ntrol_the.size of nodifi spot. .15 SO, e size of

nodi fi ed spot Sﬁ%Fm%g 3 &%leeéisfébtof'Sncaﬁr?i?ef%%)gapgﬂelﬁegootfe’t %Eeo?ft‘iecg(r% system
i ncluding the_c¢ osen gight-cgnv rai g}lens can be seen geforqzlaszr
processing.  TREFASE SHrocEEbTRG Appaitaciesi A AuBranE WaH Ui 48

t he present inv%nt{on conprises a laser I|ight sour ce 20 for eniﬁtin pul se

| aser Pight halitig-a® pnsse Qi grhcst q 98 ug §68. P9 5REN BYT U5T iTAG Sfreans
for adjusting_the magnitude of power of pulse laser light emtted fromthe

| aser |ight 860rcé® @gdrding to an inputted nmagnitude of power of pul se

laser light; a lightsconverging |ens. for converging the pylse 25 laser |ight
emitted fromthe IaggF ?aﬁg %%hﬁ%%f%ﬂﬁﬂ?gﬂﬁﬁg%d% 11 ad8oPdarCe Wit 3N

8ect of

aspect of thepresent inventioncomprisesa laser light source
for emitting pulse laser light having a pulse width of 1
10 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
15 means Dbeing adapted to select among a plurality of
light-converging lenses, a plurality of optical systems
including the light-converging lenses having respective
numerical apertures different from each other; means for
locatingthelight-convergingpointbfthepmlselaserlight
20 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

25 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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the pulse laser light attains a peak power density of at 27 least 1 x 108
(WcnR2) at a light-converging point; nunmerical 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 locating the |ight-converging point of the pulse |aser |ight
converged by the light-converging lens within an object to be processed;
and noving nmeans for relatively noving the |light-converging point of pulse
| aser light along a line along which the object is intended to be cut in

the 10 obj ECtoJEOprsQrP§§%§§€i?1‘{‘@%ﬁﬁ‘eoi‘<§’c%€%%} £ SP%h'isc&?\FéTP indV¥ thin

the object to be processe rradiating t obj ect e processed with

I f | L ght ile | toi ' - j i nt
W thin the obfgeit (Rei P acll SPOesta i apracd (& Ttha ot g™
et of the maBht b L Or Tpaver b Cparag T aer 11O "Ra GePed s By KA Pover
adj usting means ang the siz f. nupe%igal gpertu%e ad%ystgd b tkg%
nuer i cal aper it & Ad] GEEF RG> ruRHs BRECTRE L 417 & of UiGtr Fr e RpEt & ze

| ect. f i 20 i t [ tt.ed it f
of pulse | asei® | PghP and ‘akti npi t cPsi 5% of SRGREPFcal Wpdtule, S5 zo  of

th dified t f d at t i tt it . Sjze: d. si

i epl oy means TOr URERTEs TS e A Ehb b daa e S Rt b eBhe AF i R o ze

sel ecting neans 25.Th%ﬁé§%?28processing a aratu% in acco%fancemjtghthis
ion

aspect of the PreSeHS| SRS Kot P AES pONRR td] BSERii oot 1e

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, thesizeofmodified spot formedat thesize of numerical
aperture of the optical system including the chosen
light—ﬁonverging lens can be seen before laser processing.

The laser processing apparatus in accordance with an

aspect of thepresent inventioncomprises a laser light source

20 for emitting pulse laser 1light having a pulse width of 1
usorless;poweradjustingn@ansforadjustingthen@gnitude

of power of pulse laser light emitted from the laser light

source according to an inputted magnitude of power of pulse

laser light; alight-converging lens 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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28 with nunerical aperture adjustnment, thus being able to increase the
nunber of kinds of controllable dinmensions of nodified spots. Also, for the
sanme reason as that of the |aser processing apparatus in accordance with
the present 5 invention, the size of nodified spot can be seen before |aser
processing. The | aser processing apparatus in accordance with an aspect of
the present invention conprises a laser light source for emtting pul se

| aser |ight having a pulse width of 1 10 ps or |ess; power adjusting nmeans
for adjusting the magnitude of power of pulse laser light emtted fromthe

laser light soweee BccoDlimy chd) adt ianpulhede FREaEE 16 pofi nRoWeEMOF i guil se
| aser |light; |ens selectlng means including a plurality of [|ight-converging

I enses for conygegingetdte; il 56y hasek foéoRbjLateRyttirdsiromt henbases1 1 i ght
source such that the pulse laser [|ight attains a peak power density of at

least 1 x 108 é%ﬂé?ﬁhlecﬁftaﬁdpitg_@alcé’ﬂé(’é‘éﬁ'lﬂglﬁ‘a'lﬂb +H€1 kPRS- 8RL €641 Mg means
being adapted to select anong a plurality of |ight-converging |enses, a

plurality of optihcahcsyshens +8Hchyding, they 20 Ad ght nemeﬁﬁgunlpé@@@leé havi ng
respective nunerical apertures different fromeach other; neans

locating the LEght- ﬁ@f\\qeacwﬂlgq c&'hrét19t;httheoﬁ%§§ gﬁ%lrl;ﬂgﬂ{tﬁ@nﬁ!ﬁ%d by

a light-converging | ens chosen by the I'ens sel ec nmeans W thi'n an obj ect

to be pr Ocessegaséﬁdl{@]’ﬂc NGofB@PGed WPy 2(.51@ q'l@ﬁﬁ'tl%lo}ﬁv@\ﬁ'lﬂ% Fl@ﬁs w1th1n
l'i ght - convergi ng point~of pulse Taser” l|ight "along a ong which the
object is intepdedhiO-t 3% be processed; and moving means for relatively
moving the light-converging point of pulse laser 1ight along
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
bythepower adjustingmeansandthesizeocfnumerical aperture
¢ adjusted by ti‘le 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 The laser processing apparatus in accordance with this

aspect of the present invention can combine power adjustment
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be cut in the object to be processed; wherein one nodified spot is forned
within the object to be processed by irradiating the object to be processed
wi th one pul se of pulse laser |light while locating the |ight-converging
point within the 5 object; the |aser processing apparatus further conprising
correlation storing nmeans having stored therein a correlation between a set
of the magni tude of power of pulse laser |ight adjusted by the power

adj usting neans and sizes of numerical apertures of a plurality of optical
systens including the 10 |ight-converging | enses and the size of nodified

spot; size %ﬁhﬁ?tﬁﬂﬂeﬂF€Q§ Eg%rEUQQSEH%mﬁﬁ%%%Egiank9d§@iﬁ€pHB&§dto

magni t ude of power of pulse laser |ight "a an inputted siz of nuneri cal

aperture, a size olod hemdibled,snat Jonredonato | hus: L nputd,ed pogit ude and

si ze; and size spl ay means I splaylrng the size spot

chosen by the, 5128 o SELLGL NHEANS £ EOLy LNe. 3aNE. TEASOIL, 45, LhaL of ot he

| aser processing “apparatus in actordance w e ve- nentioned aspect of

the present iinwent (on. the | Asgb nuocessingeappar stlus, 1), 30 Ageardaoce vith

this aspect o resent ion Can 1 nCrease the nunber i nds of

contraf | abi e Gimnsians. oL < MmObLiedsnols a0 can,see e, Bize aloodi fied
spots before ™ l'aser processing. The 1aser 0C€esSi hg ~appar at us epra|ned in
the 25 foreg&kggﬁﬂﬁxlconprise i mge preparing neans for preparing an inmage
of nodified spot aV|ﬁb the size selected by the 30 size selecting neans,

and image display %%%nfaEBE 5@&5@5@@ﬁﬁlapparatus in accordance with an
aspect of thepresent inventioncomprisesa laser light source
for emitting pulse laser light having a pulse width of 1
10 ps or less; power adjusting means for adjusting the magnitude
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-converging lenses for converging the pulse laser light
15 emitted from the laser 1ight 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
by a light-converging lens chosen by the lens selecting means
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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t he i mageprepared by the image preparing nmeans. This allows the forned
nodi fi ed spot to be grasped visually before | aser processing. 5 The | aser
processi ng apparatus in accordance with an aspect of thepresent invention
conprises a laser light source for emtting pulse |aser light having a
pulse wdth of 1 ps or |less; power adjusting nmeans for adjusting the

magni tude of power of pulse laser light emtted fromthe |laser |light 10
source; light-converging neans for converging the pulse laser light emtted
fromthe laser |light source such that the pulse laser light attains a peak

power density Bk attl easthd objdd8 {MenBroat saehi; Olihe £ONY €618 Meb PO N d
means for locating thelight -converging point of the pulse |aser |ight

converged 15 bypbhe d Fghhe 8QN\RI1G o FBRBS L Wt ﬁr@@e@@és%tﬁ/ - RE ating
processed; and noving neans for relatively noving the |ight-converging

poi nt of pul serhasepldghte NG A ddiq aliang MY g the pbjRotsd ) 448ended
to be cut in the objéct to be processed; wherein one nodified spot Is

formed within gQgEQewﬁ?hgc%o& Pﬁg9&%?@%%%@~Q%n%%&gqh§2g?9n£hﬁiﬁ@iEQQE;O be

processed with one pul se of pulse’laser I'ight whil ing t

i ght -cenver gi -pai-nt ~wi.t hi i ot i nar.at us
ght - conver gi Bg4paknt cp: N raegggzﬁ%aﬁgp%]g\%% Aroeges! er@f&aﬂ?g

further conprising correlation storing n a

correl ation beE@@?@lEQ@d%%ﬂEﬁHﬂéHgﬁnQkangggﬂgﬁgg%ﬁgré§§§%Jfﬂgﬂafﬁ.ﬁwted
e f nmoditi

by the power adjusting nmeans and t Sl ze ed spot; power selecting

31 means Tor CBAPRLAG 2 AGA0LE Pe Iy AL dAILEEHo5L2 & 0LuTRA [160: Spte 2
gni tude of power of pulse, laser Iight adapted to
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
Q‘ 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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formthis size fromthe correlation storing neans; the power adjusting
nmeans adj usting the magni tude of power of pulse 5 laser light emtted from
the |l aser |ight source such that the magnitude of power chosen by the power
§e|ecting means s attained. The | aser processing apparatus in accordance
with this aspect of thepresent invention conprises correlation storing 10
nmeans having stored therein the magnitude of power of pulse laser Iight and
the size of nodified spot. According to an inputted size of the nodified
spot, the magnitude of power of pulse laser |light adapted to formthis size
is chosen fromthezemwektationmsbosi rgpdeanse dhep poywer aad) st dhgplby means
adj usts the magni tude of power of pulse laser light enmitted fromthe |aser
|'i ght source so ashtamedepkepbecony tihde mmgnpt aser 0fg pewes . chibisenabyovbe
power sel ecting neans. Therefore, a nodified spot having a desirable size
can be forned. 20hdhfotmeemopna¢esss hgt appaeajtssgdt @¢60kUanar: Wit lager
aspect of the present invention conprises a |laser |ight source for emtting
pul se | aser |ightphaveBgiaghul se width of 1 ps or less; a light-converging
lens for converging the pulse laser light emtted fromthe |aser |ight

source such that 25 therpyl 5sdagaioddsBin Qlipats taspeaks fyiatansiity, oh at
least 1 x 108 (WcnR) at a light-converging point; nunerical 32 aperture

adj usting neans fospad)wstingptbeest zeneihtibeedrstisapantise pigrnseptesal
systemincluding thelight -converging lens according to an inputted size of
nunerical apertur®r emitting pulse laser light having a pulse width of 1
us or less; power adjusting means for adjusting the magnitude
i\l of power of pulse laser light emitted from the laser light
10 source; light-convergingmeans for convergingthepulselaser
light emitted fromthe laser 1light source such that the pulse
laser light attains a peak power de'nsity of at leést 1 x
10% (W/cm®) at a light-converging point; means for locating
the light-converging péint of thepulse laser 1ight convérged
15 by the 1light-~converging means within an object to be
processed; and moving means for relatively mov1ng the

light~converging point of pulse laser light along a line

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

S

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 1ight 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 light adjusted by the power

adjustingmeansandthesize of modified spot; power selecting

31



means for locating the |ight-converging point of the pulse 5 | aser |ight
converged by the light-converging lens within an object to be processed,
and noving nmeans for relatively noving the |ight -convergi ngpointof pul se
| aser light along a line along which the object is intended to be cut in
the object to be processed; wherein-one nodified spot is forned 10 within
the object to be processed by irradiating the object to be processed with
one pul se of pulse laser light while locating the |light.-converging point
within the object; the |aser processing apparatus further conprising
correlation storing neans having stored therein a correl-ation between 15

the size of numerdgad rapesion$imgl] vsiced doy gt aAUTRNICAld s apetifuréd agiast i ng
means and the size of nodified spot; and nunerical aperture sel ecting nmeans

for choosing, acgesd] ngmal@ idmdenpyt pedesi @3e Wil gdidJad 150k, ab BBt 8l 2E Of
nunerical aperture adapted to formthus inputted size; the nunerical 20

aperture adj usting-eans adidstididchbe-&Ze Hf i dBRbkGal maned t uhe Qwdihe
optical systemincluding the Iight-converging |ens such that the size of

numerical apert W eosed lyardde g el £ aln apRighukegeebechbigr Means, i se
attained. The | aser processing apparatus in accordance with this aspect

of thepresent invendi on QAR SES £ FH IR 20N 286eT 1 RghtMBaNschayhag §ior ed
therein the size of nunerical aperture 33 and the size of nodified spot.

According to an dywuded Sk o fOboBei £h88e8P9S tHNB oGz Of cPUDRY I fiins

aperture adapted to formthus inputted size i's chosen fromthe correl ation

storing neans. TFhe nuweriLal aperture adj usting neans

The laser processing apparatus in accordance with this

aspect of thepresent inventioncomprisescorrelationstoring

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 gdjusting

15 means adiusts 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
aspect of the present inventioncomprisesalaser 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
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5 adjusts the size of nunerical aperture of the optical system including
the light-converging |lens such that the size of nunerical aperture chosen
by the nunerical aperture selecting means is attained. Therefore, nodified
spots having a desirable size can be forned. 10 The | aser processing
apparatus in accordance with an aspect of the present invention conprises a
| aser light source for emtting pulse laser light having a pulse wdth of 1

ps or less; lens selecting neans including a plurality of 1ight-converging
| enses f or converging the pulse laser light 15 emtted fromthe |aser |ight
source such that the pulse |laser [light attains a peak power density of at

least 1 x 108 (Wa@yturg agdivisghnacopves diomge piof vt 1 ng hael shee élrarts e dteans
being adapted to select anong a plurality of light-converging |enses, a
plurality of optiddzérisyst edsr AL udpAg e ¢1ghi re dieek igd g densesy Itavi ng
respective nunerical apertures different fromeach other; neans for

| ocating the |idghrcanerging po an ahpulisepubseel aserunégita tapartged;: by
a light-converging |l ens chosen by the I ens selecting nmeans w thin an object
to be processed; maahf@vingomeans gf bhe2bi ghed -atewved 50 oy ipeg nithef the pulse

| i ght-converging point of pulse laser |light along a line along which the
obj ect i s5intendddsaxr 134Hie comveinyeachéyobhect igbt beopyecessed;envtherigiminone
nodified spot is formed within the object to be processed by irradiating

t he object to be yr obassadtni vh pnecpssed; ehdubyengaveans| fghtradhitieely
locating the |light-converging point wwthin the 5 object; the |aser
processi ng appar atusirfautbheri gfonprérsienping 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
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

o
o

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

P
; )

aperture adapted to form thus inputted size; the numerical

20 aperture adjusting means adjusting the size of numerical

apertureoftheopticalsystemiﬁcludingthelight—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 aspect of thepresent inventioncomprisescorrelationstoring

means having stored therein the size of numerical aperture
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correlation storing neans having stored therein a correlation between sizes
of nunerical apertures of a plurality of |ight-converging |enses and the
size of nodified spot; and nunerical aperture selecting nmeans for choosing,
according 10 to an inputted size of nodified spot, a size of nunerical
aperture adapted to formthus inputted size; the lens selecting neans

sel ecting anong a plurality of |ight-converging | enses such that the size
of nunerical aperture chosen by the nunerical aperture selecting nmeans 15
is attained. According to an inputted size of nodified spot, the |[aser

hvent | on_choockt. The O 2 of Mgt LA apet Tur e HURRCed CBEFor RRCHIS

i nvention chooses t aperture adapte ormt

i nputted size. Jhe.dens 20 selectig feans, sel gols: Adng, A AL Ald Ly of

| i ght-converging 'lenses s h he 'sizeé numerical” d@perture chosen by

t he nuneri cal er | ect i ns_is.attained. . Therefore i.fied
spots having aqgégﬁﬂéﬁFzﬁgbg%gﬂggg%ggiZFo%ﬁeéﬁoiggT%%OTa%%$ %ﬁ%ﬁégéiﬁﬂf
apparatus in acgo dance gg%g_anThaspect of tfeag esent inven%Lon conprises a

r
| aser 1ight source '35 T'oF '8mitti I’(?g npuurT%rel?aaser Fi ngehé?'\gijrki](jS énﬁulnéeéanv\sn dth
an

of 1 ps or less;. paower.adjusting neans for _adjusting.the nitude ., of
pover 6 pul se TANETTT FBRt LR Ll TehT ¢ hE S o Part'E Sharea: woteh

| i ght - conver gi l.ens. for_.converqing the pulse 5 |ase pght,emtted from
the laser Ii gh&%scolu%dzlej%utc Tt Hé%th% tcﬁgvﬁﬁlgglé’gl gsegrs FIU(g:ht ué%?apﬁ% Fy 2peeéljk power

density of at numerical aperturechosenbythenumerical apertureselecting

means 1s attained. Therefore, modified spots having a
desirable size can be formed.
10 The laser processing apparatus in accordance with an
aspect of thepresent inventioncomprisesa laser 1ight source
for emitting pulse laser light having a pulse width of 1
HUs or less; lens selecting means including a plurality of
light-converging lenses for converging the pulse laser 1ight
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 xrespective numerical
apertures different from each other; means for locating the
light-converging point of the pulse laser light converged
by a light-converging lens chosen by the lens selectingmeans
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



least 1 x 108 (WcnR) at a light-converging point; nunerical aperture

adj usting neans for adjusting the size of nunerical aperture of an optical
systemincluding the |light-converging 10 |l ens; neans for |ocating the

|'i ght-converging point of the pulse |aser |ight converged by the

| i ght-converging lens wthin an object to be processed; and novi ng neans
for relatively noving 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 nodified spot is fornedwithin the object

t obepr ocessedbyi Mreadiut iingt hehebpbgecto the Ipeopessesisedheire hn omree puldsi i@ld
pul se laser [light while locating the |ight-converging point within the

obj ect; the | aserspntotessirngdappdriat tise bbriekerc ccosprbsenged®ycarnrael isttiiony
storing neans having stored therein a correlation between a set of the
magni t ude of powerheofolpldcse t@adsy pigldsseadjwistredb iy tihe powet ad)s euStaseg
means and the size of nunerical aperture adjusted by the nunerical aperture
adj usting neans langht h@isiezeocottimdi thed ixpai-coand sgihgsebeating: meandef or
25 choosing, according to an inputted size of nodified spot, a set of the
magni t ude5of powerbjat Sitze dbseunpibeaksaper apper a 86s aflapiask toenfparimithy s
si ze; the power adjusting neans and nunerical aperture adjusting neans

adj usting the nmagnirtident iafn poyet nghepuksadiagestdighthepei h eddrr@atien
laser light source and the size of nunerical aperture of the optical 5
system i ncl udi ng Hewvddrghd : coanver gnuherars 1sugledtthated hef aagnivtrade tf oqfower
and size of nunerical aperture chosen by the set selecting neans are

att ai ned. light-converging lenses and the size of modified spot; and

é‘ nunerical 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 selectingmeansselectsamongapluralityoflight—converging
lenses such that the size of numerical aperture chosen by
the numerical aperture selecting means 1s attained.
Therefore, modified spots having a desirable spots can be

formed.

25 The laser processing apparatus in accordance with an

aspect of thepresent inventioncomprises a laser light source
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According to an inputted size of nodified spotsthe--gser—processi ng
apparatus in accordance with this aspect 10 of the present invention
chooses a conbi nati on of the nmagnitude of power and size of nunerical
aperture adapted to fornthus inputted size fromthe correlation
storingmeans. Then, it adjusts the nmagnitude of power of pulse 'Laser |ight
and the size of nunerical aperture of the optical system 15 including the
| i ght-converging lens so as to attain the chosen nagnitude of power and
size of nunerical aperture. Therefore, nodified spots havi_nga desirable
size can be forned. Also, since the magnitude of power and the size of
nunerical apertufer améttonbi pedseodesher lighe hembeg ef pkimdswofith of 1
controllable 20 dinensions of nodified spots can be increased. The | aser
processi ng apparasus 1asaceoreganze] wt hnameaaspiet adfj ushéngrigsentgnnvedtei on
conprises a laser light source for emtting pulse laser |light having a
pul se wi dth of lofpsower|eESpulpentesad] Usthngemeansdfororadjhnesfengrt heght
magni tude 25 of power of pulse laser light emitted fromthe |laser |ight
source; | ens sel ectirog; neahsghhetodiragganpl beaki fyrotondérbight esenyet géng
| enses for converging the pulse laser light emtted fromthe | aser |ight
source suth thatltberpluigetlasertediQhim atiailnsar feaktpever cdenschytbét at
|l east 1 x 108 (bd/cnR) at a light-converging point, the | ens selecting
means being 5 adaptegulseskheet angng atphinal et peak pbgbt-denvetgi af at

| enses, a plurality of optical systems including the |ight-converging
‘lenses having respastive ntfrewicaf) aapertigles- dofferentg foicdmteashmer heal
‘means for locating the

‘ aperture adjusting means for adjusting the size of numerical

aperture of anoptical systemincluding the light-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
spotis formedwithintheobject tobeprocessedbyirradiating
the object to be processed with one pulse of pulse laser

light while locating the light-converging point within the

g
/ .

object; the laser processing apparatus further comprising
20 correlationstoringmeanshavingstoredthereinacorrelation
between a set of the magnitude of power of pulse laser light
adjustedbythe power adjustingmeans andthe sizeof numerical
aperture adjusted by the numerical aperture adjusting means
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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| i ght-convergi ng point of the pul se | aser-+ightwconverged 10 by a

| i ght-converging | ens chosen by the | ens selecting neans wthin an object
to be processed; and noving neans for relatively noving the

| i ght-converging point of pulse laser 1light along a line along which the
object is intended to be cut in the object to be processed; wherein one
nodi fied 15 spot is formedw thin the obj ect to be processed by irradiating
the object to be processed with one pul se of pulse laser Ilight while

| ocating the light-converging point within the object; the |aser processing
apparatus further conprising correlation storing neans having stored

therein a correl aldgn 29 hetyesn @, setsofet he, fBga, & Hdgy f 5 m&in PU e

|l aser |ight adjusted by the power adjusting means and sizes of nunerical

apertures of a plyy, {é/aP a#g%q;;u%' aé}(%@ﬂrﬁg'rﬁ@éle? ar&%utsr%q l ’cﬂQ]Er%r@‘tho i N

| enses and the S|ze nmodi et s ectlng ans oSl ng,
according to an i o} difi 0 h e of
power and size 6¥pﬁhne%iéglﬁg%g?t{ﬁ£? ed to 13%%??%@sgpép§ %ggmjéggélze

f h I

[rom the corr el st s 2;,%4"%5%5% ”}2 FOEL, 291 sl e ot Lens

emtted fromthe yaser l.i ght Oslo] 6 |q;n el e&%d&g?q{@g%}as pg ral,e];tayt ch
a

| i ght - converglngfﬁenses 50" as he pove Size Of ' nunerica

aperture chosen juy Lhe, pet p o%?tf ng, reans. LESALALNG L0 A I npul ted o) ze

of nodified spot er  processing ap ar us | h ‘accordance wt

aspect of the prgsenl, iNentd AL GHOPSES A CATPINALigR of the

According to an inputted size of modified spot, the

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

to formthus inputtedsize fromthecorrelationstoringmeans.

Then, i1t adjusts the magnitude of power of pulse laser light

and the size of numerical aperture of the optical system

5
o

including the light-converginglenssoastoattain the chosen
magnitude of powerandsizeof numerical aperture. Therefore,
modified spots having a desirable size can be formed. Also,
‘ since themagnitude of power andthe sizeofnumerical aperture
are combined together, the number of kinds of controllable

20 dimensions of modified spots can be increased.

The laser pro‘cessing apparatus in accordance with an
aspectof thepresent inventioncomprises 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

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

source; lens selecting means including a plurality of
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10 magni tude of power and size of numerical aperture adapted to formthus
inputted size fromhe correlation storing neans. |t adjusts the magnitude
of power of pulse laser light emtted fromthe laser |ight source and
selects anmong a plurality of light-converging | enses so as to attain the
chosen 15 nagni tude of power and size of nunerical aperture, respectively.
Therefore, nodified spots having a desirable size can be fornmed. Al so,
since the nmagnitude of power and the size of nunerical aperture are

conbi ned together, the nunber of kinds of controllable dinensions of

modi fi ed spots 12dhtaobeciftreasedesTher baseerpiagessd pglapparsaiusi gt
accordance with this aspect of the present invention may further conprise
display neans it €spha fige Lhe crapndH tde ualcepover tehesene Byiltske] a pomer

sel ecting neans, display neans for displaying the size 25 of nuneri cal
aperture chosen fyhi ke tRUMRY & GRlakapentuld nseleoli Mg 1erans) angd® disgphay
means for displaying the 39 magnitude of power and size of numerical
aperture of thest setighesednby¥rihegsflise! esll Dsngesaélsectﬂm%sm@%%%éfng _
possible to see the power and nunerical aperture when the 1aser processing
appar at us oper a &5 @8£§0f di Bg1E0+aBmbABULL ¢ Bize tp &f 1DE {1 edhsppiinghe

| aser processing apparatus can forma'plurality of nodified spots along a
line al ong whi qf'!eﬁi@spbl_aeg&l\b§alhg§/ef@)qedofagigg_lc@yé’!é_nm nihbeuekihgcttio be
processed. These nodified spots define anodified region. The nodifiedregion

10 includes at |gast-onevofgengr ackns68i ORWH8Le & ACk v’ numerical

apertures different from each other; means for locating the

—

light-converging point of the pulse laser light converged
10 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 albng which the object is intended to
be cut in the object to be processed; wherein one modified
15 spot isformedwithintheobject tobeprocessedby 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
correlationstoringmeanshavingstoredthereinacorrelation
20 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

25 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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generated within the object to be processed, a nolten processed region
which is nelted within the object to be processed, and a refractive index
change region where refractive index is changed within the object '

t obeprocessed. 15 An exanpl e of nbdes of power adjusting neans is one
including at | east one of an ND filter and a polarization filter. In

anot her node, the laser light source includes a punping |aser whereas the

| aser processing apparatus conprises driving current controlling neans for
controlling 20 the driving current of the punping | aser. These can adj ust

t he magni t ude safzeppwen tofe ot seliasen dighing Mveexarpleep®le r aagaest dfig

numeri cal aperture adjusting neans includes at | east one of a beam expander

and an iris dmephsagid Tbesl aseecpingenshng dehhod g raecaizdaneeqdwi bh an
aspect 25 of the presentinvention conprises a first step of irradiating an

obj ect to be pooeesseguMsth 2 Sei hBsmiltit@hl s Wi t Be 106 NYyh¥8odrce
| i ght-converging point of the pulse laser light wiwthin the object, so as to

forma first 5&@!Ha?élcf;ﬁﬂb%&@g‘%emﬁ_lutﬂélmd'ytéﬁhqtg@{‘cw 1101y WMehbéy the
object along a first line along ich the object” is intended to be cut in

the 5 gbject; sandsatrseaendipt epeobovdadingf isNget Be abject cwht Bpepthse | aser
i ght while nmaking the pulse laser light attain a power higher or | ower

than that in tReskir sl shepsandskaeatiing nldR@d.i ght-converging point of the
pul se laser light within the object, so as to forma second nodified region

caused 10 by nulti pheteRdaRgorpt &QNi MbEbt By tde, ORjrealoqalmarg apsecopde |ine
al ong which the object is intended to be cut in 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
toformthusinputtedsize fromthecorrelationstoringmeans.
It adjusts themagnitude of power of pulse laser 1ight 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 incréased.

The laser processing apparatus in accordance with this
aspect of the present inventionmay 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



object. The | aser processing nmethod in accordance with an aspect of the
present invention conprises a first step of irradiating 15 an object to be
processed with pulse laser light while locating a |ight-converging point of
the pulse laser light within the object, so as to forma first nodified
regi on caused by nultiphoton absorption within the object along a first
line al ong which the object is intended to be cut in the 20 object; and a
second step of irradiating the object with pulse laser |ight while making
an optical systemincluding a light-converging |ens for converging the

pul se laser |ighignatid ol PWREFi £38 SPLE L enieat el oipsSpebi&rot hate t hat
inthe first step and |ocating the |ight-converging point 25 of the pul se

laser light w tddinchBgeply Lete s8@ AS1d& 10 Atads seconds nrALtied s £gion
caused by nul ti photon absorption 41 within the object along a second |ine

al ong whi ch the objggt thiestp'gr\lztcezi”daerﬁjdt Rereul | Q{Jé?@uPQi Gflen WD Taspective

directions which are easy t and ard to cut exist due to the crystal

orientation, f | I i et L - w th
These aspect s T TTETTLEy spPard® ePost- DEOCSRTLRG T D00 LpBEeRnianse B

constituting a i : i formed in the easy-to-cut direction and
i ncreases the s@gﬁ%#l%%?%@;t spot constituting another nodified region

o ey ro oy T oM LRy T 20,8 BBl Alp o pom St o
direction as V\%f'modified spots along a line along which the object is
intended to be cut within the object to be processed. These
modifiedspotsdefineamodifiedregion. Themodifiedregion
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
refractiveindexischangedwithinfheobjecttobeprocessed.
15 An example of modes of power adjusting means 1s 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 controllinglneaﬁs for controlling
20 the driving current of the pumping laser. These can adjust
the magnitude of power of pulse laser light. An example of
modes of numerical aperture adjustingmeans includes at least

cne of a beam expander and an iris diaphragm.

The laserprocessingmethodinaccordancewithanaspect

25 of thepresent invention comprisesafirst stepof irradiating

anobject tobeprocessedwithpulselaser lightwhile locating
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(4) The laser processing apparatus in accordance wth an aspect of the
present invention conprises a laser 15 |ight source for emtting pul se

| aser |ight having a pulse width of 1 has or |ess; frequency adjusting nmeans
for adjusting the nmagnitude of a repetition frequency of the pul se | aser
light emtted fromthe |laser |ight source according to an inputted
magni t ude of frequency; |ight-converging neans for 20 converging the pul se

| aser light emtted fromthe |aser Iight source such that the pul se | aser
light attains a peak power density of at least 1 x 108 (WcnR) at a

| ght - converging ; I MMonvBaNSHd Pod PCAHA Nehd B 1l d ONGEINVISIGING, iR AL Of
the pulse laser |1ght converged by the |Iight-converging neans 25 within an

object to be processpady and, MViNng f@aNs, fOr, o isvel g & d
| i ght - conver gi ng point of pulsei?gser 42 ﬁﬁﬁi%g%%ﬁg%gyfgﬁg'a oﬁ@gﬁhich t he

obj ect is i”t%ﬂ?ﬁg?ggﬁggﬁcﬁP%ﬂs%r%Q%c&bh?@%iEOBPS 8%@&?@%%&%%¥@?Eﬁg@tone

nodi fied spot “is wthin the object to be protesse y irradiating

the obj ect toltl‘”rheora‘i &fh i hch(g'eo*%qa![ of i%%'egﬁe'dasc_%r b2 'éthtin""‘Eih'ge

| ocating the I'i'ght-convergi'ng point in the ect; and wherein

plural ety of mmdiddied spots ArsLored, B ang he dine along whichthe

object is inten . cut”- " w e object to'b .6roces
520270 LSRG S5kl e SRR It I AL Lol s pul e
o L) ot L ETRLEE L UL O 00 g ol 818, L0, L Bl o
conpri si ng di%%%”@%ght—converging point of the pulse laser light 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.
The laserprocessingmethodinaccordancewithanaspect
of thepresent inventioncomprisesafirststepofirradiating
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 ke 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 @ 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
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cal cul ating neans for calculating a distance between nodified 15 spots

adj acent each other according to an inputted magnitude of frequency; and
di stance di splay nmeans for displaying the distance calculated by the

di stance cal cul ati ng neans. The inventor has found that, when the

|'i ght-converging point of pulse laser light has a fixed relative noving
speed, 20 the distance between a nodified part (referred to as nodified
spot) formed by one pul se of pulse laser light and a nodified spot forned
by the next one pulse of |aser light can be nade greater by |lowering the
repetition freguemgy tht digpedean onosndddiat 11hy LHg apt chtdee dingtearce can
be made shorter 25 by increasing the repetition frequency of pul se | aser
light. In theipreaserthdRead igatdan,id hire dstaice is expressed 43 as the
di stance or pitch between adjacent nodified spots. Therefore, the distance

bet ween the adj acent yrRgi teedespl;e R bei 6ROl dred rRY 58y T ¥d N9 0Uh g
adj ustnent for increasing ofr decreasing the repetition frequency of pulse

5 laser |ight.hEhang pacthe fi atancer Reeerdicng 4.0 dhie ki, rdhieGkngss, and
the like of the object to be processed enables cutting in conformty to the

obj ect 5o be pEﬁ%Q&ﬁﬁQfpE@E@E@Qng&fﬂHﬁ&giﬁ%c@%r@%gE@ﬁ¥iﬁ%%%§e%E%@%t% line

al ong which the object is inten to be cut wthin the object to be

processed 10 defipes @ qmd Ehfeen&@gh%cﬁ&esé@%% ﬂ%%%%ﬁ&ﬂi??@@%%@&s in

accordance with this aspect of the present invention calculates the

di stance bet wegh sadi-ag¢anly MOHJIdied 3PS 1RGCHAMRG L@ the bARYLERdcyt
magni t ude of f requency, and di splays thus cal cul ated di stance.

| direction and increases the size of modified spot
.
\ constituting another modified region formed in the
10 hard-to-cut direction. This can attaina 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
width of 1 psor less; frequency adjustingmeans for adjusting

the magnitude of a repetition frequency of the pulse laser

light emitted from the laser light source according to an

.
/ Y

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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15 Therefore, with respect to nodified spots fornmed according to the
magni t ude of frequency fed into the | aser processing apparatus, the

di stance between adj acent spots can be seen before |aser processing. The

| aser processing apparatus in accordance with an 20 aspect of the present
invention conprises a laser light source for emtting pulse |laser |ight
having a pulse width of 1 ps or less; |ight-converging neans for converging
the pulse laser light emtted fromthe |aser |ight source such that the
pul se laser light attains a peak power density of at 25 least 1 x 108
(Wcm) at a light-converging point; neans for locating the

| i ght - conver gi hgohbi atong @héipel skohasehithghbe d4]eonves goutdydathe o

| i ght -convergi ng nmeans within an object to be processed; noving neans for
relatively movaigcuthen ltihghtbgentet gilrg muiaesssfd ;puhsecliasene | nghifisddng a
line along which the object is intended to be cut in the object 5 to be
processed; andppeed fadimest wnighimahs dixgre cadf alsé iprg cetslse dimgint t ardlies wfng

rel ative noving speed of the |I|ight-converging point of pulse |aser |ight
caused by the thmovolnjenceans aecprocagseéd anthnpuetedl sagot t pdes ©f 1 speed;
wherein one nodified spot is formed within the object to 10 be processed by
i rradi & ing thel gbi edtilo lbeapriogessed! i t-comees pid is@ pefi mulvsenhkiasegre | i ght
while locating the 1light-converging point within the object; and wherein a
plurality of nodjéced espbtseaeenfopiredaabiongpf hediifnedad pmgs awei Thrnidid
object is intended to be cut wwthin the object 15 to be processed by

i rradi ati ng t hel oby edte tldnkeapoogessieth the object is intended to be cut

within the object to be processed by irradiating the object

to be processed with a plurality of pulses of pulse laser

10 light while locating the light-converging point within the

object andrelativelymovingthelight-convergingpointalong

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

laser processing apparatus further comprising distance

calculatingmeans forcalculatingadistancebetweenmodified

15 spotsadjacenteachotheraccordingtx;aninpﬁttednmgnitude

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

The inventor has found that, when the light-converging

point of pulse laser 1ight has a fixed relative moving speed,

20 the distance between amodified part (referred to 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 freguency. 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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with a plurality of pulses of pulse |aser light while |ocating the

| i ght-converging point wwthin the object and relatively noving the

| i ght -convergi ng point along the |line along which the object is intended to
be cut; the | aser processing 20 apparatus further conprising distance
calculating neans for calculating a distance between nodified spots

adj acent each other according to an inputted magni tude of speed; and

di stance di splay nmeans for displaying the distance cal culated by the

di stance cal cul ating nmeans. 25 The inventor has found that, when the

| i ght - conver gi ngaspohst doktpHksect aseich ighdvwdias affaloead rekatiive Pyt H19
speed, 45 the distance between adjacent nodified spots can be made shorter

and | onger by decreasi ngeasdoirBcreasbingtbieersd @idater namd e sherdqaofidde
|'i ght-converging point of pulse laser light, respectively. Therefore, the

di stance betweensgoad] agent,dodbht 61 508t $ycan A ieontddl | £45 by haer egst ng
or decreasing the relative noving speed oy t he Ilght convergi ng point of

pul se | aser ||9hinc9§a§1ﬁ@n§§q}l§‘&(@asﬁn§@h@ PpePL 0£65 St SH IS e offopu Bl
object to be processed is possible by changing the distance according to

the kind,sthi CknP§§erlpl<§}ﬁ‘€| t hendddsg P Hheigbhget é@c@ﬁdﬂﬁcg’cﬂ%ﬁ%ﬁ@ kThe,
rel ative novenent of the |light-convergi ng point of pulse laser light may

be achi eved by nmpyipgnthe, %c@@hetloi]@o@r&?@§§§@c¥\md Be pfﬂc?@e%gsetd"@nables
l'i ght - converging point of pulse |aser light, by nmoving the |ight-converging

poi nt of pul se I@@@flhggmc@ﬁfbemitéyftloxmgow@c@bdcﬂséptr@clé%s@rdoce%@ﬁm@r by
novi ng both. The | aser processing apparatus in accordance with th
a plurality of modified spots along a line along whlch the
object is intended tobe cut within the object to be processed
10 defines a modified region.

The laser processing apparatus in accordance with this
aspect of the present invention calculates the distance
between adjacent modified spots according to the in?utted.
magnitude of frequency, 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 aspect of thepresent inventioncomprisesa laser light source
for emitting pulse laser light having a pulse width of 1
us or less; light-converging means for converg-ing the pulse
laser light emitted from the laser light scurce 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

locating the light-converging point of the pulse laser light
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aspect of the present invention calculates the distance between adjacent
nodi fi ed spots according to the inputted nagnitude of speed, and displ ays
t hus cal cul ated di stance. 20 Therefore, with respect to nodified spots
formed according to the magnitude of speed fed into the |aser processing
apparatus, the distance between adjacent spots can be seen before |aser
processi ng. The | aser processing apparatus in accordance wth an 25 aspect
of thepresent invention conprises a |aser |ight source for emtting pul se
| aser light having a pulse width of 1 46 as or |ess; frequency adjusting
means for adjusttagveheednmagnibhedéightacoepetrginoméarguenclyinfan haebprdse
|l aser light emtted fromthe |aser |ight source according to an inputted
magni t ude of fregoeheyprbrghtedonwendgingg mezarss faor 15 lcaonivesr g mptirey pitese
| aser light emtted fromthe |aser Iight source such that the pul se | aser
light attains a peaktpoweverdensgi pyint af pedbst laxedO0Ri¢W caP)n@ta aline
| i ght-converging point; neans for locating the Iight-converging point of
the pul se | aseraloghtwitiortvertrgedbiydthe sl L gbencodvies agureanstid apiddn an
obj ect to be processed; noving nmeans for relatively noving the
| i ght - cortver gi ngt pobaitpodcpuise; | aserspeéghtadd onging héames af onge avhisti ide
object is intended to be cut in the object to be processed; and speed
adj usting neans tloe adjgudttiune t hef magnd tadevedf mebahpve spddig speedciod t he
15 light-converging point of pulse |aser |light caused by the noving nmeans
according to an 1ihgput+teshvegyl tgdeo it speed;l sewherseirn lagatnodubeadogpaiei s
formed within the object to

moving means according to an inputted magnitude of speed;

é, 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 1light 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 1s intended to be cut within the object

15 to be processed by irradiating the object to be processed
withapluralityofpulsesofpulselaserlightwhilelocating

the light-converging point within the object and relatively

moving the light-converging point along the line along which

P

the object is intended to be cut; the laser processing
20 apparatusfurthercomp:isingdistancecalculatingmeansfor
calculating a distance between modified spots adjacent each
other according to an inputted magnitude of speed; and
distancedispiaymeansfordisplayingthedistancecalculated
by the distance calculating means.
25 ' The inventor has found that, when the light-converging

.pointofpmlselaserlighthaseafixedrelativemovingspéed,



be processed by irradiating the object to be processed with one pul se of
pul se laser light while locating the 20 |ight-converging point wthin the
object; and wherein a plurality of nodified spots are forned 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 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-converging point al ong
the Iine along which 47 the object is intended to be cut; the |aser
processi ng apparla udisuatherbeonpen séage dest ancel L d W@t ngaredrss nfagie
cal cul ating a di stance between nodified spots adjacent each other according
to inputted magmnstadesr ehdf fegygenby dedr & spegdndai i st ancehdisgilay ve
meansfor displaying the distance calculated by the distance cal cul ating
means. The | asermgrocgsspawd appahat 0d ghn -acookrdagnieg woihttbif pulaspactseal the
present invention adjusts both the magnitude of a repetition frequency of
pul se laser |ightignd, t hest@cragrilttude Dhetefateye tmwi agsspeed ofethhen
| i ght-converging point, thereby being able to control the distance between
adj acent odi fi etdspodst nCanldiRidng pbhieseaadpaisiornics 1rakps indrgossidloa to
i ncrease the nunber of kinds of controllable dinensions concerning the
di stance. Al so, dderdéaseig thepfaacasisidgoapparsiledsi ¢ HtaedorganeivMdiy ity s
aspect of the present invention allows the distance between adjacent
modi fi ed spots tgniher seerpbeiorrasaseriphiocess ng.cneRspidrrser praaesigng
apparatus nmay further conprise

process 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 cbject to be processed while
fixing the light-converging point of pulse laser light, by
moving the light-converging point of pulse laser l1ight while
15 fixing the object to be processed, or by moving both.
The laser processing apparatus in accordance with this
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 aspect of the present inventioncomprisesa laser light source

for emitting pulse laser light having a pulse width of 1
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Si ze stortrnyg=mearis“tiaving stored therein the size of a nodified 20 spot
formed by the | aser processing apparatus; imnmage preparing neans for
preparing an inmage of a plurality of nodified spots forned along a line
~al ong which the object is intended to be cut according to the size stored
in the size storing neans and the distance cal cul ated by the distance 25
cal cul ati ng neans; and inmage display neans for displaying the inage
prepared by the image preparing neans. This allows 48 a plurality of
nodi fied spots, i.e., nodified region, to be grasped visually before |aser
processing. The | aser processing apparatus in accordance with an aspect of
the present invepti Li%g% | r, A4 : 5 r.emitti P se
| aser |ight havi ﬁg ggpglgs%'vm t q%()ep%ip}a;dsj%%@@@gﬁsquéﬁcﬁgg%j&%is??ng nmeans
for adjusting t i o] etjtd frequ 0 | se r
light emtted P@% H?ﬁgaFggiﬁ %?éﬁéfﬁké#é%%%L%%&gﬁﬁg%%geéﬁ&?%&%%f%ﬁliﬁﬁ@
magni t ude of fregue o4 zconverging.neans_for. 10 _cQnverging.th se
SR A e T e St eef e enae TRe pares P4

| aser light emtfe aser i gh t € pu aser
|1 Oht - conver gi ng = BoF e Eedie. OB ng | T TR CCBVE gi NG pbi riCby
obj ect o be- pr oSESLRHT BRG IRORT ho® AEARE {08 Mt FRIAEFUel SPGO P et ent
| i ght-convergi ng_poi nt of Lse laser . light alqgn | i pe. al ong which the
o e e e s et

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

pulse laser light converged by the light-converging means
10 within an object tobe processed; 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; and speed adjusting means for
adjusting the magnitude of relative moving speed of the
15 light-converging point of pulse laser light causedyby 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 alcng
which the object is intended to be cut within the object
to be processed by irradiating the object to be processed
withapluralityof pulses of pulse laser light while locating
25 the light-converging'point'withirlthe object and relatively

moving the light-converging point along the line along which
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20 the object to be processed with one pulse of pulse laser light while

| ocating the light-converging point within the object; and wherein a
plurality of nodified spots are formed 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 processed with a plurality of pulses of
pul se laser |ight while locating the light-converging point wwthin the 49
object and relatively noving the |light-converging point along the line

al ong which the object is intended to be cut; the |aser processing
apparatus further conprising frequency calculating neans for cal cul ating,
according to an inputted 5 magni tude of dj stance between nodified spots

adj acent eachtqﬁr1?qe?ﬁelﬁad%FF§§§Qﬁt9e %tFPantﬁﬁggﬁéﬁEyHﬁOQQﬂ§ﬁﬂﬂse

| aser light emtted fromthe laser |ight sqQurce so as to attain thus

i nput t ed rragniatHP(ferad'fU%?EFBHéé Gt 1HE L SHBACE S SPGt's "EdP&@ BRIt %dach

ot her; the frequency adjusting 10 neans adjusting the magnitude of
repetition fr&quenth?iof9 ardl piaRee Padereq] HRE L EAPE (SBP S afI 2 AR T &6 | i ght
source such that the magnjtude of frequency cal cul ated by the frequency
cal cul ati ng neANEY P ERIEGHed. TAcEBPUL Rt Fogn iithpest ed ragsvendy ¢md

di stance between 15 adjacent nodified spots, the |aser processing apparatus
in accordancePFat P §185pE6E GF SR Y Presentor AveRt 3 ving EAPELSAEESS he
magni tude of a repetition frequency of the pulse laser light emtted from
the |aser |igheS3uradeddoh thhat! $1 sCerafmt € Wt B9 distnce i s. at t ai ned

bet ween the 20 adj acent_nodified spots. The frequency adjusting neans
The laser processing apparatus in adcordance with this

aspect of the present invention adjusts both the magnitude

of a repetition freguency of pulse laser light and the

10 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.

These laser processing apparatus may further comprise

sizestoringmeanshaving storedthereinthesizeof amodified

20 spot formed by the laser processing apparatus; image

preparing means for preparing én 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

sizestoringmeans andthedistancecalculatedbythedistance

25 calculating means; and image display means for displaying

the image prepared by the image preparingmeans. Thisallows
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adj usts the

«f-epetition frequency of the pulse |aser |ight

emtted fronlthe Iaser | i ght source such that the magnitude of frequency
cal cul ated by the frequency calculating means is attained. Therefore, a
desirabl e 25 nagni tude of distance can be attai ned between adjacent
nmodi fi ed
aspect of the present invention may further conprise frequency display
means for displaying the magnitude of frequency cal cul ated by the frequency
cal cul ati ng neans.
the inputted magni tude of distance between adjacent nodified spots
this allows the_frequenc

processi ng appa?a?g

i nvention conpr
havi ng a pul se
| aser |i
pul se laser |ight attg?ﬁ %feﬁé§ﬁcﬁﬁﬁﬁﬁjﬁbﬁgpﬁ§aBFSa%n]%?QQ£§QNQP ¥1ifgan
(WenmR) at a li

| i ght-convergin

to

th

i
re

e pul se

ght-co
Iativé?

spot s.

vergin
y novi
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i ses

RFap

it
%@l t

The | aser processing apparatusin accordance with this

5 When operating the | aser processing apparatus according
y ﬂ g to_be ge%n eforg | aser proce S|§g The ag
¥c8FdEH &tw-th°BR 10 aSpect 6t "t A8 prEseht
a | aser g&ﬁ Eurce Eor enlttln% Qulse | aser |ight
haBPe Vﬁ§u VeS8 IOFRghESEONPEPGPR§IRBans for converging
ght itted fromthe laser light source such that the

convergi ng point; nmeans for |ocating the

PR Iotig RES PRI E & TVASES N ‘Q‘Pﬂpf%%?ﬁ/érljéﬁrb];ﬂ%hﬁsomce
ans within an object _to be processed; _ noving neans_for
ﬁ@ltFF@ﬁtPE%ﬁQeP@Fﬁﬁ béﬂhf BFVbDESé paiee W%gﬁ@ %fo%g a

i ne 20 al ong which the object is |ntended to be cut |n the object to be
processed; and '$peed é&ﬁﬁstﬁﬁ&qﬁﬁéﬁy fasH] Udj it ifgpns for adjusting the

T

10

15

20

25

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 means4 for
converging the pulse laser light emitted from the laser 1light
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
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
spotisformedwithintheobject tobeprocessedbyirradiating
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

to be processed with a plurality of pulses of pulse laser

light while locating the light-converging point within the
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t he magni tude of relative noving speed of the |ight-converging 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 pul se
of pulse laser light while |ocating the light-converging 51 point within
the object; and wherein a plurality of nodified spots are fornmed along the
line al ong which the object is intended to be cut wwthin the object to be
processed by irradiating the object to be processed with a plurality of 5
pul ses of pulse laser light while locating the 1ight-converging point

Wi thin the obj ht - conver poi_nt. al ong

ect. and_rel at.ivel nmovi n ge i in
the |ine al ong @%ﬁ%‘93P§é%ﬁﬁ2&ﬁé%¥??Yﬁ€%§ 8198%EéC88¥?r9ﬂ%g%8§8Fa&PS@essing
apparatus further conprising speed cal cul ating. means for 10 cal cul ati ng,
according to aﬁﬁ?% qﬁ%&ﬁﬁﬁghwg&& BsedPE@%ﬁEelsHéﬁﬁﬁﬁﬁdnﬁai??éﬂi%pég§
adj acent each ather, the magnitude of relative noving speed of the pulse
| aser |ight so ‘@°%0 PAPFEPRPRUEPPAPGEEd Tddhictude I 1§ sCarfde Benwden t he
nodi fied spots adjacent each other; the speed adjustingneans 15 adj usting
the magnitude ¢f2YeihR 4RI AEFNSgE eh&dd BH atHE 9 | FGRPT S &0gR g NFBItHEof
pul se |l aser |ight caused q% the noving nmeans such that the magnitude of
rel ative novi ng"¥pred e A di- st 88CByPt heeepaf iddiscupaet A RNt gach
attained. According to an inputted magnitude of distance between 20
adj acent modi fi¥d Spot'd e RENEIEE ProceBstAfiappaF asusen ChddtT PMEE with
this aspect of the present invention calculates the magnitude of relative
movi ng speed oft& light emitted from the laser light source so as to
attain thus inputted magnitude of distance between the
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.
According to an inputted magnitude of distance between
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 souxrce such
that this magnitude of distance is .attained between the
20 adjacent modified spots. The freguency 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 is attained. Therefore, a desirable

25 magnitude of distance can be attained between adjacent

modified spots.
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| i ght-convergi ng point of pulse l'aser |ight caused by the
speed adj usting neans adjusts the 25 magnitude of relativ
the light-converging point of pulse laser |ight caused b
such 52 that the magnitude of relative noving speed calc
frequency cal culating neans is attained. Therefore, a de
of distance can be attained between adjacent nodified sp
processi ng apparatus in accordance with this aspect of t
invention may further conprise speed display nmeansfor di

t hemagni t ude of relati%f vin speed cal cul at ed bﬁ t he

means. When operating the?F&s oCedS HYP AP I

i nputted nagni tude of di stance between adjacent nodified

£ HOESdRg o

novi ng neans. The
e novi ng speed of
y the novi ng neans
ulated by the
si rabl e magni t ude
ots. 5 The | aser
he present
spl ayi ng
speed calcuhating

&°10

spots, this allows

P
the relative nDASRESpeld to'®ePIESF Hef HPESN T B¥er MBYocksst it FRBPFaS&r

processing apparatus in accordance with an aspect of the
conprises a | asérr GIUFCYs ol Tl 2 1 5MedRS ehPEL FAGPpaYsRI| BB

pul se width of 1 us or |ess; frequency adjusting neans fo
magni t ude of a ﬁé@ﬁHQWQM1q%kﬁHk$L%ﬁ
the laser |ight source; |ight-converging neans for conve

present invention
er "ppghtvAavPhAg a
r adjusting the

ofY tHe gulespangyecalicyRetiag feedstrom

rging the pul se

| aser |ight emni fhed ppemethadl berl k1 PFiPcessdngeagpehs t hataades J3wlds €0l aser

light attains a %eak power density of at least 1 x 108
| i ght - conver gi nghepbiptt t @ awgridrdeceheiia§anke Hetgisenc
the pulse laser |ight converged by the |ight-converging

[PWcnR) at a
veeeh hgopaifatdof
nmeans

spots, this allows the frequency to be seen before laser

processing.

{ The laser processing apparatus in accordance with an

10 aspect of thepresentinventioncomprisesa laser 1ight source

for emitting pulse laser light having a pulse width of 1

Bs or less; light-converging means for conve

rging 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 p

oint; means for

locating the light~converging point of the pulse laser light

converged by the light-converging means within an object

to be processed; moving means for relativ

ely 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 s
light-converging point caused by the moving
one modified spot is formed within the object
25 by irradiating the object to be processed

of pulse laser light while locating the 11
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peed of the
means; wherein
to be processed
with one pulse

ght-converging



wi thin an object to be processed; noving neans for relatively 25 noving the
| i ght - converging point of pulse laser light along a line along which the
object is intended to be cut in the 53 object to be processed; and speed
adj usting neans for adjusting the magnitude of relative noving speed of the
| i ght -convergi ng point caused by the noving neans; wherein one nodified
spot is fornmed within the object to be processed 5 by irradiating the object
to be processed with one pulse of pulse |aser light while |locating the

i ght-converging point within the object; and wherein a plurality of

nodi fied spotsyafgcfiorimd, aheng,4he: | ng ¢hoag Wi S, thes objaChob$fied
intended to be cut within the object to be processed by 10 irradi ating the

obj ect to be pr e i | uraldt fy . I 0 S aser ki g

whil e Iocatipg ?ﬁgggl?6%@¥§€ﬁ%£fﬁvﬂg§S%F%HJdF¥ﬁ?%%ﬁh&hggkegpgaﬁgﬁ?gra?%ve!y
moving the "ghiﬁ‘&eﬂ}ﬁ%ag‘tggbgo'cﬂtt aigng A h@e" '@é@%"&é‘é rolDEsOBI SGT 1S
intended to be cut; the l'aser processing 15 apparatus fturther conprisinhg
conbi nati on cal L 0ng. r, galcul ati r.di t haputted
ragni tude of -0t b ARba BaPuein TORT 68 Sadtelenfeednt da BufRan TRy LE
conmbi nation of fh gni tude epetition fr engy . t he | se | r

| i ght en?tted fé%ﬁ??ﬁe fggerpfiait géﬁ%ée gﬁ' qg tﬁél%%gn?fﬁﬁﬁy%(freﬁggive

moving speed ofy1he, LLghL:5onYeLglng ROLAL 0 aulse Jaserd i ghi . caysed by

the noving nmeans®s0 as to us T nputted mag ude 0 di Stance

betveen the modj £ ed. shat o adi 3650 e 3¢ QIS 2140 (HeAHEDGH A URTERO

nmeans adj usti ng gni
the object 1s intended to be cut; the laser processing

e

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
modified spots adjacent each other; the speed adjustingmeans
15 adjusting the magnitude of relative moving speed of the
light~converging point of pulse laser light caused by the
moving means such that themagnitude of relative moving speed

,(' calculated by the speed calculating means 1is attained.
According to an inputted magnitude of distance between
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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25 repetition-frequency of the pulse laser light emtted from the |aser

| i ght source such that the nagnitude of frequency 54 calculated by the
conbi nation cal culating nmeans is attained; the speed adjusting nmeans
adjusting the magnitude of relative noving speed of the |ight-converging
poi nt of pulse laser [|ight caused by the noving neans such that the

magni tude 5 of relative noving speed cal cul ated by the conbination
calculating neans is attained. The |aser processing apparatus in accordance
with this aspect of the present invention cal culates, according to an

i nputted magni tude of distance between adjacent nodified 10 spots,

aconbi nati on of ni t ude. .of . repetitiqn _frequenc aof pul.se l.aser, |ight
and the reIative{ﬁggrﬁgeé%%gar%ﬁd?ﬁgﬁJf%g 39@%H@gFgﬂﬁépﬁgﬁnFagF”6&|58 Féser

l'igh h th h ' d i tude of di I i-hed h
A LR AP LTI G B LA g Sl e

adj usting neans adjust. the nmagnituyde qQf repetition_ frequency and the
magn tude of rel GFs YRR RECEpERACoPT: Al SRENGh: ComAS of H oS Tt PBEYBER se
| aser light so as to attain ,{he val ues of cal cul ated conbi nati on.

Therefore, a deXf+aBFe" Mgt 11Ee DPCUPstance can be attai ned between 20
adj acent dified spots. The | aser processing apparatus in accordance wth
"the present inventi oﬁ%gaéﬁﬁﬁﬁ HSH é?ljig’rééﬁgsfl&aﬂ‘?@ﬁf]a?f:ﬁd’ltt}h%hls
magni t ude of frequenc d magnitude of rel ative mvin speed cal cul ated by
the combi nat i on LA & hGSnRARSE ER' O5° bje sl Ay EHE T BSBPTAFScERST Ry

apparatus according to the
PP éié%laymeansfordisplayingthemagnitudeofrelativemoving

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, thisallows therelativemoving speedtobe seenbefore

laser processing.
The laser processing apparatus in accordance with an
aspect of thepresent inventioncomprisesa laser light source
15 for emitting pulse laser light having a pulse width of 1
pus or less; freguency 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
powerdensityofeﬂ:least]_x108(W/cmz)at(alight—converging
point; means for locatiﬁg the light-converging point of the
pulse laser light converged by the light-converging means
within an object to be processed; movingmeans for relatively
25 movingthelight—conve:gingpohﬂ:ofpulselaserlightalong

a line along which the object is intended to be cut in the
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i nputted magni tude of di stance bet ween adj-acent-mpdifi+ed-—55 spots, this

all ows the conbination of frequency and relatlve nDV|ng speed to be seen
before | aser processing. The | aser processing apparatus in accordance with
all the foregoing aspects of the present invention can forma 5 plurality
of nodified spots along a |line along which the object is intended to be cut
within the object to be processed. These nodified spots define a nodified
region. The nodified region includes at |east one of a crack region where a
crack is generated within the object to be processed, a nolten 10 processed
region which is nelted within the object to be processed, and a refractive
i ndex change regfilfcwhépeber epracesvedi ndex i spagrangegu sk t g nrekhe solfjagct to
be processed. The | aser processing apparatus in accordance with all the

f or egoi ng aspectdj wit ire Preseagnihvedat bonredntadjeustovity tsheedi stiarnde

bet ween adj acent nodified spots, thereby being able to forma nodified
region conti nualuisi ht -aron vl IsioTy ipuous by uakdngy & Hd mevakhagnge avhs chwitdre iobj ect
is intended to be cut. Forming the nodified region continuously nakes it
easier to cut tdre nbféfietiche psatmssetiwihblie tist pgj20tttehagdiddedtadegi on
as conpared wth the case where it is not fornmed continuously. \Wen the
nmodi fi ed regi orpyi s frerdied 1 rd) soontobmisityy ddeprmed fdetl wiagi amd pulse

di sconti nuous along the line along which the object is intended to be cut,
whereby the parft pofl dehd dsiare Jal ging wihi loh Tdwestahjecthd Sliigitended dx@inzb be
cut keeps a strength to a certain extent. (5) The | aser processing nethod in
accordance W tipoint within the object; and wherein a plurality of modified

spots are formed along the line along which the object is

4 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 1locating the
light-converging point within the object and relatively

moving the light-converging point along the line along which

the object is intended to be cut; the laser processing

15 apparétus further comprising combination calculating means

for calculating, according to an inputted magnitude of

distance between modified spots adjacent each other, a

s combination of the magnitude of repetition frequepcy of the
pulse laser light emitted from the laser light source.and

20 the magnitude of relative moving speed o0of the
light-converging peoint of pulse laser light caused by the

moving means soO 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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56 an -aspect of the present invention conprises a step of irradiating an
object to be processed with laser light while |locating a |Iight-converging
point of laser light within the object to be processed, so as to form

nodi fied region caused 5 by multi photon absorption within the object along a
line along which the object is intended to be cut in the object, and
changi ng the position of the |ight-converging point of laser light in the
direction of incidence of the laser light irradiating the object to be
processed with respect to the 10 object to be processed, so as to forma
plurality of nodified regions aligning with each other along the direction

of incidence. Byaghangitg bhe Rosbhb PRaffct Ba1klLaht1agnuera DY pekRteq Of
| aser light irradiating the object to be processed in “15 the direction of

i nci dence with r%@eﬁéeéﬁae?ﬁ_s%in%eg@s 539959%5%%%54}%@@@@& E9GESSLNg

met hod in accordance wt is aspect o he présent I1nvention forns a

plurality of ”kaio%iiglg, {sﬁgie@n%falthgnw%gég?@@f 10 I %p‘iﬁ%ediléggfi on

of incidence. This c reasé the nu positrons to becone

starting points ‘ﬁ"ﬂg%tc%ﬂs@gj e ok %tv_i%%bt RHACES38d  hTheref @légni’é@&e

object to be processed can be cut even in e case where the o ct to be

processedshas a pel atdval ¥, I@éggﬁghkﬁgg@S%gygk%{§%4g%§6¥ﬁ%ﬁg8ég§n9{i&ﬁe

direction of incidence inclu i ckness ject to 25

be processed andcghggggkqgﬁ dt-heggnal, 4. stRe thickness direction. 57

The laser processing apparatus in accordance with this

aspect of the present invention calculates, according to

{i an inputted magnitude of distance between adjacent modified
10 spots, acombination of themagnitude of repetition frequency
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 1s attained between the
adjacent modified spots. The frequency adjusting means and

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 wvalues of calculated combination. Therefore, a

—
n N

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 freguency and magnitude of relative moving
speedcalculatedby thecombination calculatingmeans. When

25 operating the laser processing apparatus according to the

inputted magnitude of distance between adjacent modified

55



The | aser processi ngnet hod i n accordance with an aspect of the present

i nvention conprises a step of irradiating an object to be processed with

| aser light while locating a |light-converging point of laser light within
the object 5 to be processed, so as to forma nodified region within the-
object along a line along which the object is intended to be cut in the

obj ect, and changing the position of the Iight-converging point of |aser
light in the direction of incidence of the laser light irradiating the

obj ect to be 10 processed with respect to the object to be processed, so as
to forma plurality of nodified regions aligning with each other along the
direction of inciS#&rice. tirhe 3ld<ts ThecEdxingg ifét A6 19 UEREHr daf && Mty €an
aspect of the present invention conprises a step of irradiating an object
to be 15 process®@Viiinch spesel Y9 gt Safn ediss imper IArgMessdmeer gi ng  poi nt
of laser light within the object to be processed under a condition with a
peak power density of &dbel baser prockosinanppRyatnd & paksedandensobth 81Ns or
less at the light-converging point, so as to forma nodified region within
the object 20 totbe proecgsosed alsprgta bEnthal pngsent cintdret obj ewn iform a
intended to be cut in the object, and changing the position of the

| i ght - conYer gi ngrpoirat 16y ledsarodiifgrad ispatise adiongctai drinef aliongi déncé ohet he
| aser light irradiating the object to be processed with respect to the
object to be proeckised,isdn26ndsdite Permtarigihuimat he phofctrddi $¢ ed ocegisens
aligning wwth each other along the direction of incidence. ' 58 For the

'same reason as tRhesemadif iadepopsodetsing modified region. Themodified

region includes at least one of a crack region where a crack

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
refractive index is changedwithin the object tobeprocessed.

The laser processing apparatus in accordance with all

the foregoing aspects of the present invention can adjust

15 the distance between adjacent modified spots, thereby being
able to form a modified «region <continuously or
discontinuously along a line along which the object is

{7 intended tobe cut. FCrmingthemodifiedregioncontinuously
makes it easier to cut the object to be processed whileﬁjsing

20 the modified region as compared with the case where it is
not formed continuously. When themodified region is formed
discontinuously, themodified region is discontinuous along

the line along which the object is intended to be cut, 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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met hods i n accordance with the foregoing-aspects. of the present invent ion,
the | aser processing nethods in accordance wth these aspects of the
present invention enable |aser 5 cutting wi thout generating nelt or
unnecessary fractures deviating fromthe Iine along which the object is
intended to be cut in the surface of the object to be processed, and can

i ncrease the nunber of positions to becone starting points when cutting the
obj ect to be processed. The nodified region 10 nay be caused by nulti photon
absorption or other reasons. The |aser processing nethods in accordance
with these aspects of the present invention include the follow ng nodes: A

plurality of nodified rggion y be forned successively fromthe side
farther froman éft ratike tFa@g r{%g &S558 Cob BT P heC PPROTERR A2 o LRRI OF

laser light irradiating the object to b rocessed is, incident, This can
forma plurality dPTedifi%ar ecﬁfst\?ﬁ?e{)é’rioﬁeéS?fja‘fjet]'\’nﬁé‘rsérn%lg%d’lhflﬁéd
regi on exists between the entrance face and the |ight-convergi ng point of

| aser |ight. Ther®Gritd,n% Rel I Hylerc PV $ T HHLI \HOIlP‘tn%g%&ﬁesfcétlﬁége‘/ﬂlWl%@iefi ed
regi ons which have  already been forned, whereby each nodified region can be
formed uniform yOPTRE thbeliPki RECF YT oR SRAUHES M £ &St f5¢ B3I oL cagRed
‘region where a crack i.s generated within the object to be 25 processed, a
ol ten pr 8cessedbediudrt Wmmicden ShsIndd o tHitH itthé hebjoddE Cito 2BENEr Geedded,
and a refractive index change 59 region where refractive index is_changed
within the ObjecﬁlOP@ Bglﬁbdg@ggga“aﬂzls intended 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

10 object to be processed, so as to form a plurality of modified

regions aligning with each other along the direction of
incidence.

By changing the position of the light-converging point

of laser light irradiating the object to be processed in

15 the direction of incidence with respect to the object to

be processed, the laser processing method in accordance with

this aspect of the present invention forms a plurality of

modifiedfegionsaligningwitheachotheralongthedi;ection

of incidence. This can increase the number of positions to

20 become startingpointswhencuttingtheobjecttobeprocessed.

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 object to

25 be processed and directions orthogonal to the thickness

direction.
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(6) The laser processing nethod in accordance with an aspect of the present
i nvention conprises a step of 5 irradiating an object to be processed with
| aser light while locating a |ight-converging point of laser light within
the object to be processed through a |light entrance face of the |aser
light with respect to the object to be processed and |ocating the

| i ght-converging point at a position closer 10 to or farther fromthe
entrance face than is a half thickness position in the thickness direction
of the object to be processed, so as to forma nodified region within the
object along a line along which the object is intended to be cut in the
object. 15 In the | aserherbeasspngecees hodnenhasqoradaneeiaddw i higanprsgeent
invention, the nodified region is formed on the entrance face (e.g.,

surface) and on bife t3icd@rafsdhie ifmeatil® @mprirear f aeep eEpasiagithéng
entrance face within the object to be processed within the object to be

processed when the 28;kicghtocpaveretagspai wit9f1d aseriddmahtybis d aeakednat a
position closer to and farther fromthe entrance face than is a half

t hi ckness positi aniignhthedhhieeknegs pdi heChbkons s& espeatd Uelohin RN odject
fracture extending along a |ine along which the object is intended to be

cut is geperatedtenpbherseEface, Mo b8aF 020, FRGemeH i8Rt 8 ok Q& in the
processed, the object can be cut easily. The | aser processSing nmethod in

accordance w th bBiTj%ctGQ 139Rest 1 PhethiEoRE ORI I TYeH Mk Can fiokm@rysmdbfi ed
region on the surface or réar face side within the object to be processed.
This can nake itpeashgr #® £9&mhhecsur baee Hanging the position of the
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 processed with laser light while locating a light~-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 psorlessatthe light~-converging
point, so as to form a modified region within the object
20 tobeprocessedalongalinealongwhichtheobject is intended
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.



rear face with a fracture extending along the line along 5 which the object
is intended to be cut, whereby the object to be processed can be cut
easily. As a result, the.laser processing nethod in accordance with this
aspect of the present invention enables efficient cutting. The |aser
processi ng nethod in accordance with this 10 aspect of the present

i nvention may be configured such that the entrance face is fornmed with at
| east one of an electronic device and an el ectrode pattern, whereas the
i ght-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 hal f thickness posi?y on'¢ PatR 19AINhess Wigtedt 6 1FRBY| RERFESSiNg
processing nethod in accordance with this aspect of the present invention
grows a crack fromiees nbdi pireqrdragicorn ittdhwdrte thr efirghcs e (@f gthe
surface) and its opposing face (e.g., rear face), thereby cutting the

obj ect 20 to be Prexwssedveniennt fFe et ¢ f edoFe§rongme thetied: apceh@ance
entrance face side, the distance between the nodified region and the
entrance face | ¥¥tdl dthiast yashoets 8 that Prasentevivdnbhon nen el grbiver
direction of crack can be made smaller. Therefore, when the entrance face
of the obj ect tcEWe processeeupsoesetatied nelih an wieete vt Ly dEVACRILES an
el ectrode pattern, cutting is possible w thout damagi ng the el ectronic
device 61 or thEevidkendHa @t édter dahe déongeviretlertd et obd esénil sohelirntdrd
device, a display device such as liquid crystal, -a piezoelectric device, or
the like. The | d&selgr 68&ss ngh ek dean cdc Ebedalptec wittch bgnpagpeesed, and

canincrease thenumber of positionstobecome startingpoints
) when cutting the object tobe processed. Themodifiedregion
10 may be caused by multiphoton absorption or other reasons.
The laser processing methods in accordance with these
aspects of thepresent inventioninclude the followingmodes:
A plurality of modified regions may be formed
successively from the side farther from an entrance face
15 of theobject tobeprocessedonwhich laser light irradiating
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~converging point of laser light. Therefore, thelaser
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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5 of the present invention conprises a first step of irradiating an object
to be processed wth pulse laser light while locating a light-converging-
point of the pulse laser light within the object, so as to forma first
nodi fied 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
pul se laser light while |locating the |ight-converging point of laser |ight
at a position different fromthe light-converging point of laser light in
the first 15 stepgivn hérddd clerdesstdiveechten 0§ dhiengds edthtio bee prlwpessed
within the object, so as to forma second nodified region caused by
nmul ti phot on absarpthomextenskesig al ong a second |ine along which the object
is intended to be cut and three-dinensionally crossing the first nodified
region 20 within the ohj ectthd NnagegUptbBEshiNGaSS HIB Whi 8BcEF@58cEEEIHIONS
of an object to beprocessed cross each other, a nodified region and anot her
nodi fied regi on A1 ea§PEcSUPEr ROSEGH W QACh; BT ESFidh Bohpeatbena sk Pecme
t he crossing position between the cross sections 25 in the | aser processing
met hod iy accor di%k%ﬂ!ﬁi*hc{}@h%l@?@@@tto Bé e JYRSENL thNvaydd ORgheheriely the
cutting precision at 62 the crossing position can be prevented from
deteriorating. 1Hd=enabl Eﬁgl@ﬂiéblﬁlﬁeﬂﬁiﬁg%ﬁr&h ol B£4 S QN.ghkheitBSRIthe
processing nmethod in accordance with this aspect of the present invention
can formthe seeyykd®dicf bethr & & £POR HHARET at Didhe LnRtrance rhaceopfrrche
obj ect to be processed

laser light with respect to the object to be processed and

L 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 cbiject 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., rear face) opposing theentrance facewithintheobject
to be processed within the object to be processed when the

20 light-convergingpoint of laserlight islocatedat aposition
cleoser to and farther from the entrance face than is a half
thicknesspositioninthe thicknessdirection, respectively.
When a fracture extending along a 1line along which the ocbject
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 processingmethod in accordance with this
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-with respect to the laser light than is the first nodified region. This
keeps the laser light irradiated at the tine of formng the second nodified
region at the location to becone the crossing position from being scattered
by the 10 first nodified region, whereby the second nodified region can be
formed uniformy. The | aser processing nethods in accordance with the
foregoi ng aspects of the present invention explained in the foregoing have
the follow ng nodes: 15 Wien the object to be processed is irradiated with

| aser light under a condition with a peak power density of at least 1 X
108 (WcnR) and a EU|?e Mﬁdth of 1 .ps or less at_the F I|i L-coqverging
poi nt, a nodi FPEE Fedf o' f ARy & VEHHOT Fagi bR R ah MPE EaEetc™M thi n t he

object to be processed. This 20 generates a phenonenon of an optical damage
caused by mul Pi’pﬁgﬁoﬁuél%&epﬂroﬁe\ﬁrt Riei et fé96bjiect o the pPIEESsk. P Thi s
optical damage induces a thermal distortion within the object to be
processed, thBFEEFSEEFm nghascFa M syildnedstBirntot Fermhjhcsurdape o
processed. This crack region is an exanple 25 of the above-nenti oned

nodi fi ed regi 6A2TARGERaNPILE &f frREL US| eEtendibe pREEEsEBE LANEN?OP@ser
processing nethod is 63 a nenber including glass. The peak Romer.density
refersPto thBhéFBcERre cOPieft Intiernsindedot opheseut aseredgiyhthat ophret

| i ght-convergi ng point. Wen the object to be processed is irradiated with

| aser 5 |ightouRERrCeoned tFon B Chitacpeakypowd? il ofhgatleeast 1 x

10 (WcnR) and a pulse width of 1 us or less at the
processing method in accordance with this aspect of the

present invention enables efficient cutting.
The laser processing method in accordance with this
10 aspect of the present invention may be configured such that
thé entrance face is formedwith at least one of an electronic
deviceandanelectrodepattern, whereasthelight-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 themodified region
and the entrance face is relatively short, so that the
deviationinthegrowthdirectionofcrackcanbemadesmaller.
Therefore, whentheentrancefaceof theobject tobeprocessed
25 is formed with an electronic device or an electrode pattern,

cutting is possible without damaging the electronic device
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| i ght-converging point, a nodified region including-a nolten processed
region can be formed within the object to be processed. Here, the inside of
the object to be processed 10 is locally heated by mnultiphoton absorption.
This heating forns a nolten processed region wi.thin the object to be
processed. This nolten processed region is an exanple of the
above-nentioned nodified region. An exanple of the object to be processed
in this laser processing nethod is 15 a nenber including a sem conductor
material. When the object to be processed is irradiated with |aser [|ight
under a condition with a peak power density of at least 1 x 108 (WcnR) and
a pulse width of thensi k. | eas dtedtheonid gbticoOMeERGsN PGIdHi,cohdmdicl ed
region including a 20 refractive index change region which is a region with

a changed refdaetiye iandexspanyal sevbeef osured wist hinghhe obiestato zbe
processed. Wien nul ti photon absorption is generated wthin the object to be

processed W tpidk ¥eEYeshord quilise, WwHtihas isuch, the energy caused by
mul ti phot on absorption 25 is not transformed into thermal energy, so that a

permanent  struct ur athLhas@ep s868s3$nh ARG HMAILNCR, NANYey i t R4n aspect
crystallization, or polarization orientation is induced wthin the.object,

wher eby, a ref ract h¥@rieRdex iGRanas dre8bRPritss EFimRd. s 4y s rriefRGLHY ¢ ndex
change region is an exanple of the above-nentioned nodified region. "An

exanpl e of thebo9hbeek ot Do ik 9ees5ednigh1khits dasel g paessigG rethod is
a menber including glass. Adjustnent of the position of the |ight-coriverging

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
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-converging point of laserlight at apositiondifferent
from the light-converging point of laser light in the first
15 stepjjnthethicknessdirectioncﬁftheobjecttxnbeprocessed
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.

Inacuttingprocess inwhichcrosssectionsof anobject
tobeprocessedcrosseachother, amodifiedregionandanother
modified regionare not superposed on each other at a location
to become the crossing position between the cross sections

25 in the laser processingmethod in accordance with this aspect

of the present invention, whereby the cutting precision at
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point of laser light irradiating the object to be processed in the

t hi ckness direction can include a first calculating 10 step of defining a
desirable position in the thickness direction of the |ight-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
i ndex of the object to be processed with 15 respect to the |laser |ight
irradiating the object, so as to calculate data of a first relative
novenent anmount of the object in the thickness direction; a second

cal cul ati ng stlep afoxalcylpatsiing odat @n ofe @ reeeonddr ef ahi deet eMEnENin anount
of the object in the thickness direction required for 20 positioning the

| i ght - conver gi Tigi poénsbDés | @setihd ghith i 4 riadhmtpnge i dheoobj ect to be
processed at the entrance face; a first noving step of relatively noving

the object in the tiiekness (ﬂirb%‘éfsis(ilfhgaﬁ\@@hdﬁngnt@c&@@dﬁﬁ&@ wi t 15 eqond
rel ative novenent anount; and a secondnovi ng step of relatively noving 25

the object in ddeethicgkes dise@et i OfeRECOHR Hamgfbomith: datandafiod fisdd
rel ati ve novenment anmount after the first noving 65 step. This adjusts the

positi an of thedighticonyendintdentppinte 0bckagsaind bighéct Botthertdisdness
direction of the object to be processed at a predeterm ned position within

the object. Nan®l Yrestddt ref enencesd o thmentizange fasesi tie nsodued 5 of
the rel ative novenent anount of the object to be processed in the thickness

direction of theyobjectrrandxebgsrehs actdame 1iighdex rebdtihe cabpecthaitime espect
to the laser light irradiating the object becones the distance fromthe

thrance face d© forming the second modified region at the location to

. become 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 When the object tobeprocessedisirradiatedwithlaser
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

K ' light-converging point, a modified region including a crack
region can be formed within the object to be processed. | This

20 generates a phenomenonv of an optical damage caused by
multiphoton absorption within the oiject to he processed.

This optical damage induces a thermal distortion within the

object to be processed, thereby forming a crack region within

the object to be processed. This crack region is an example

25 of the above-mentioned modified region. 2n example of the

object to be processed in this laser processing method 1is
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the Iight-converging point of |laser |light. Therefore, when 10 the object to
be processed is noved by the rel ative novenent anount obtained by dividing
the distance fromthe entrance to the inside of the object by the
above-nentioned refractive index, the |ight-converging point of laser |ight
can be aligned with a desirable position in the thickness direction 15 of
the object. The | aser processing apparatus in accordance with an aspect of
the present invention conprises a laser light source for emtting pul se

| aser light having a pulse width of 1 ps or less; |ight-converging neans
for convergi ng: trkenjeul secP0dlmserlddght T pter dawam tbeshaseretéghttcsour ce
such that the pulse laser light attains a peak power density of at least 1
x 108 (WcnR) e aeleghtircaivarqiing g Nty 41 sl SoViarer mears far the
relatively noving the |ight-converging point converged by the

| i ght - conver ginigyieadsnwad i@ Jdine: al ong 25 which the object is intended to
be cut in an object to be processed; storing neans for storing data of a

first relative 66 mmeeneid oBBydt Ohe becebleati storhed Prosewsed lidyethhe
thickness direction for |ocatingthe |ight-convergingposition of pulse

| aser Is5i ght canvergeddby 4 bendi ghbnCevergbogk Meaks @nait fes hable grosition
within the object to be processed, the 5 data of first relative novenent

amount bei ng abt-ai Ted (ay cnélef & néng foh@s@es;iie@lal erposiiki @ aesad ditstapce from
the entrance face where the pulse laser light emtted fromthe |aser |ight

source ent er s ltigh 10hjB6ie tod rREL P PELSSREL P ddeegh BSI ida- Thereph rd <& Vi di ng
the distance by the refractive
processed region can be formed within the object to Dbe
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 inclu_ding a semiconductor material.
Whentheobject tobe processedisirradiatedwith laser
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 refractiveindex changeregionwhich isaregionwithaéhanged
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 short 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 wvalence change,
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10 index of the object to be processed with respect to the pulse |aser
light emtted fromthe | aser |light source; calculating nmneans for
calculating data of a second relative novenent anount of the obj ect tobe
processed in the thickness direction required for locating the

| i ght-converging point of the pulse 15 laser |ight converged by the

| i ght-converging neans at the entrance face; and second novi ng neans for
relatively noving the object to be processed in the thickness direction
according to the data of first relative novenent anmpunt stored by the

storage neans andidhe idata 2f, secopdikelaktyenmyerERLt 4R arpumguealjcul at ed
by the cal cul ati'ng neans. The | aser processi ng apparatus in accordance with

an aspect of wtlbc%lm@ﬁ@rﬁbjéﬁ’temw]'@lmrféﬁlsac"’\:ll\f’eg@hdle'yg&taa]§§é”r%%1oﬁqor
em tting pul se |aser i ght” having a pulse width of 1 us or |ess;

i ght - conver gisngr gRADS. f%l%oﬁé{?&g egvea%s%u{ éﬁar’ré? .lf%?h a'wm Shphed from

the laser light source such t he p aser ttains a peak power

density of at @ghgegﬁgv&-ﬁe&%g%%&@{ b}qcoa eLgLAG PQU N hofreans

for locating th t-convergi ng poi nt aser |ght emtted

orL Be ! Escboah ceouposubboLBaay. Opmgt D% ALOCESREGiecimans of o

adj usting the p S|t|on 0 | aser |g t “‘converge

| i ght- converglngﬁﬁﬁgqs Wit i dhi ckness of the object to be processed,
and novi ng neans or rel atlvégiqﬁbjﬁ%g the |ight-converging point of pulse

laser light along aA'dg[l%tﬁ\E%go“fh't%% &1QRIBCH A §Hent %%%%dco‘ﬁ‘?zel} rx% tin

the object to be procéessed. 10 For sane reason as t in the
Processing  point of laser light irradiating the object to be processed

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
step of calculating data of a second relative movement amount
of the object in the thickness direction required for
20 positioning the 1light-converging point of laser 1light
irradiating the ocbject to be processed at the entrance face
a first moving step of relatively moving the object in the
thickness direction according to the data of second relative
movement amount; anda secondmoving stepof relativelymoving

25 the object in the thickness direction according to the data

of first relative movement amount after the first moving
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met hods in accordance with the above-nentioned aspects of the present

i nvention, the | aser processing apparatus in accordance wth these aspects
of thepresent invention enable |aser processing wthout generating nmelt or
unnecessary 15 fractures deviating fromthe |ine along which the object is
intended to be cut in the surface of the object to be processed, and | aser
processing in which the position of the |ight-converging point of pulse

| aser light is regulated in the thickness direction of the object to be
processed 20 within the object. Brief Description of the Drawings Fig. 1 is
a plan view ofstap.obfrect tajhe tpr a¢res ot idUldnNg £ |t&h%eﬂl@l]ﬁ(‘r%%$ﬂv@ggbygt he

| aser processing nmethod in accordance wth an enbodiment; 25 Fig. 2 is a
sectional viewdihnt be 164eaCl i §Rt Be) PROGESSAthe sTN@WRe ERi b @f dnd 8kgBcal ong

the line Il1-11; 68 Fig. 3 is a plan view of the object to be processed
after |aser prt%@égkeaegéée%tteéipk_?édtea@rh%@epwsqcc%ﬂmhﬂ?m%bh@ct
accordance with the enbodi nent; is a sectional view of the object to

be processed papghown lerthF'rfbféi:etlﬁzi%ertd"‘ltq{@ dhe e Ve Vie el %roéut% a
sectional view of the object to be processed shown in Fi'g. aken al ong

the l'ime V-V, ol%ghe%l%tqv@ RO ¥LEW: Aind e Qplt%to]g?e@@tl%r]%%%%%@ss@at by
the | aser processing nethod in accordance with t nbodinment; Fig. 7 is

a graph show ng ¢glkati anghi Ps Hetweend B¢ the object and the refractive

indexof theobject withrespecttothe laserlight irradiating
the object becomes the distance from the entrance face to
the light-converging point of laser light. Therefore, when
10 the object to be processed is moved by the relative movement
amount obtained by dividing the distance from the entrance
totheinsi&eoftheobjectbytheabove—mentionedrefractive
index, the light-converging point of laser light can be
alignedwith a desirable position in the thickness direction

15 of the object.
The laser processing apparatus in accordance with an
aspect of thepresent inventioncomprisesalaser light source
for emitting pulse laser light having a pulse width of 1
Us or less; light-converging means for converging the pulse
20 laser light emitted from the laser light source such that
the pulse laser light attains a peak power density of at
least 1 x10% (W/cm?) at a light-converging point; first moving
means for relatively moving the light-converging point
converged by the light-converging means along a line along
25 which the object is intended to be cut in an object to be

processed; storingmeans for storing data of a first relative
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electric field intensity and the magnitude of crack in the |aser processing
met hod in accordance with the enbodinent; Fig. 8 is a sectional view of the
object to be processed 15 in a first step of the |laser processing nethod in
accordance wth the enbodinent; Fig. 9 is a sectional view of the object to
be processed in a second step of the | aser processing nethod in accordance
with the enbodinent; 20 Fig. 10 is a sectional view of the object to be
processed in a third step of the |aser processing nethod in accordance

with the enbodinment; Fig. 11 is a sectional view of the object to be

processed in @odOHERD 20RO £ ERE JIARR: PF BESRSI NG JRE Nodnin racgaedance 25

with the enbodinent; Fig. 12 is a viéw shoring a photograph of a cross

section 69 inya-0affo Rk 13%85&%%’!‘?%?.E%m’s‘@c@ﬁ(véf‘i%&éﬁéiP.‘L&?S%%iu’l%e met hod

in accordance wth the enbodi nent;” Fig. is a gr oW ng relationships

betveen the |aser,|] gt veyel sngth Apd the Lyansi tiance willify skl i con

5 substrate in the Ser processing od 1'n"accorda
enbodi nment; Fi 1445 &, sehepat .6 dia0nam of -akaser, processi ar at us
h ! sirablPe ¥ t ct2p§MLP oéséégﬁ, aRR
usabl e |n_the(?%ser processing ne@hod'ln accgpgance_ %nﬁﬁpae?lrs exanpl e of
the emtodi ”E”t%ar%‘ao.ffgfillé'Ee?aﬁ&%@ﬁ'ﬁ?ér?én% Sxalal %él%fgt &.-a%8l by
processing nethod in accordance wt e Tirst exanple’o the "enbodrnent ;
defining the desirable position as a distance from the
entrance face where the pulse laser light emitted from the
laser light source enters the object to be processed to the
inside thereof and dividing the distance by the refractive
10 index of the object to be processed with respect to the pulse
laser light emitted from the laser light source; calculating
means for calculating data of a second relative movement
amount of theobject tobeprocessedinthethicknessdirection
requifedforlocatingthelight-convergingpointofthepulse
15 laser light converged by the light-converging means at the

entrance face; and secondmoving means for relatively moving

the object to be processed in the thickness direction

i
A

accordingtoiﬂuzdataoffirstrelativemovementamountstored
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
aspect of thepresent inventioncomprisesa laser light source
for emitting pulse laser light having & 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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Fig. 16 is a plan view of an object to be processed for explaining a
pattern which can be cut by the laser 25 processing nethod in accordance
with the first exanple of the enbodinment; Fig. 17 is a schematic view for
expl aining the | aser processing nmethod in accordance with the first exanple
of the enbodinent with a plurality of laser |ight sources; 20 Fig. 18 is a
schematic view for explaining another |aser processing nethod in accordance
with the first exanple of the enbodinment with a plurality of |aser light
sources; Fig. 19 is a schematic plan view showi ng a piezoelectric device
wafer in a statadeld hpa watet) sheetlight-herseeerictg 25isxampanoffotrhe
enbodi nent; Fig. 20.is a schematic sectional view showing a 70

pi ezoel ectri c 1dedtcegraherl iighe sdrater il dpbynt ke ved eiskeriset niyhe second
exanpl e of the enbodinent; Fig. 21 is a flowhart for explaining the cutting

method in acearidaree fokhthBel seeenth exargdue @f wthgignbediymidt tHbE 9. 22
is a sectional viewof a light-transmtting material irradiated with | aser

light by the euiddeRge®et hednd FACRIdMGa VR theiseepnd rexarphalek the
enbodinent; Fig. 23 is a plan view of the light-transmtting materi al

irradi ated w B sleaser ght 9bénvyrsbe ]?h'ttlhiengi@ﬁ’sh@@nvé@giﬁ? e danegiwi th the
second exanpl e of the enbodi nent; ig. 24 is a sectional view of the

l'ight-transm thiengh k€& & dlo SPRMBH e go 1230 6keds &b 0BE dtiey 1 A aeXXEV- XXV,

Fig. 25 is a sectional view of thelight-transmtting
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.

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
accordancewith theseaspects of thepresent inventionenable
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
the light-converging point of pulse laser light is regulated
in the thickness direction of the object to be processed

20 within the object.

Brief Description of the Drawings

Fig. l1isaplanview of anobject tobe processed during
laserprocessingknfthelaserprocessingmethodjJ)accordance
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;
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material shown in Fig. 23 taken along the line XXV-XXV; 15 Fig. 26 is a
sectional view of the light-transmtting material shown in Fig. 23 taken

al ong the line XXV-XXV when the |light-converging point noving speed is nade
lower; Fig. 27 is a sectional view of the light-transmtting material shown
in Fig. 23 taken along the |ine XXV-XXV when 20 the |ight-converging point
novi ng speed is made further lower; Fig. 28 is a sectional view of a

pi ezoel ectric device wafer or the like showing a first step of the cutting
method in accordance with the second exanple of the enbodinent; 25 Fig. 29
is a sectional view bfigthé psezagel®rtvievw devitde okgket op bhepkokessddwi ng a
second step of the cutting nmethod 71 in accordance with the second exanple
of the enbodi nefter Eieger3@rickesssecnt icohzdchdevibofthdiel psezoplectssinglevi ce
wafer or the |like showing a third step of the cutting method in accordance
wi th the secondeekanplia etcbhdaenbodintnthe BmbogimdAtis a sectional view of
the piezoelectric device wafer or the |ike showng a fourth step of the
cutting nethod in aEcgtdanse sedthidhel seeonst examyieaf t6he erboes sent ;

Fig. 32 is a sectional view of the piezoelectric device wafer or the like
showi nga fifthhstepiaf Fihe Guttkseg skbhedthdOlineartcordance with the second
exanpl e of the enbodinent; Fig. 33 is a view show ng a photograph of a

pl ane of a sanple w Fhyn 5\ ehs @ctti @ekl vegwant khefdrjred tpor proesssdd on
with linearly polarized pulse laser light; Fig. 34 is a view showing a

phot ograph of shekanénofig. 3 taken along the line V-V;

Fig. 6 is a plan view of the object to be processed

pre—

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

in a second step of the laser processingmethod in accordance

P
£ \
{ g

with the embodiment;

20 Fig. 10isasectional viewof theobject tobe processed
in a third step of the laser processing method in accordance
with the embodiment;

Fig. 1l1is asectional viewof theobject tobeprocessed
in a fourth step of the laser processing method in accordance

25 with the embodiment;

Fig. 12isaviewshoringaphotographof a cross section
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15 a sanple withi n which a crack region is fornmed upon irradiation wth
circularly polarized pulse laser light; Fig. 35 is a sectional view of the
sanple shown in Fig. 33 taken along the line XXXV-XXXV; Fig. 36 is a
sectional view of the sanple shown in Fig. 20 34 taken along the line
XXXVl - 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 forned by the |aser processing nethod in
accordance with a third exanple 25 of the enbodinment; Fig. 38 is a plan

view of the parinof @bj€cir tD Pe1id2h PhOCES SOtk X enc Nga 8¢ NPrécd s oen gl ong
whi ch the object is intended to be cut, in which a crack region is forned

by a conpar at inye: 4 4$efn PIASSSS] NG MRLN00; h i Snp39ihén @ Vi ew showi ng
elliptically polarized laser 5 light in accordance with the third exanple

of the enbodi ment, a6 ack, rgelga!éﬂ{‘ sfh%rw'I% therehy, shigs 6chéeﬁ the

schemati c diagran1of e | aser processing apparatus in a cor dance w

third exanple qgf;d é‘zellgﬁ*:’g%(y@%gt%o K Onedd dried afcpee&i’c}{?n‘é' EW i,

guarter-wave plate I'Tpticity regu I'n accordance with

the, thisrd exampliof, dhe embodiiat o, BLassd2qi 2o, pErapectiyn yiew ol a

hal f - mave plate 1nclu atron re accordance with

15 the third e@jr’g)leqm%dl%en enbodi nent ;

Fig. 14 is a schematic diagram of a laser processing

he

apparatususablejj)thelaserprocessingnethodelaccordance
with a first example of the embodiment;

10 Fig. 15 is 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. 18is aschematicviewforexplaininganother laser
processing method in accordance with the first example of
the embodiment with a plurality of laser light sources;

Fig. 19is aschematicplanviewshowingapiezoelectric

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. 43 is a flowhart for explaining the | aser processing nethod in
accordance with the third exanple of the enbodinent; Fig. 44 is a plan view
of a silicon wafer irradiated 20 with elliptically polarized |aser |ight by
the | aser processing nethod in accordance with the third exanple of the )
enbodinment; Fig. 45 is a plan view of a silicon wafer irradiated wth
linearly polarized |laser light by the | aser processing 25 nethod in
accordance with the third exanple of the enbodinent; Fig. 46 is a plan view

of a silicon wafer in which the 73 silicon wafer shown in Fig. 44 is

irradiated w thy €tbépt€al bYevRQleand Zed ilnas &k altieghd 1 Y i fige liager PHacessi ng
nmethod in accordance with the third exanple of the enbodiment; Fig. 47 is a

plan view of & 5idhE08:¥ahEr ek inphi chr thge Smisbdisom: waf er shown in Fig. 45
is irradiated with linearly polarized |aser light by the |aser processing

method in accor danc}.elﬁyq"'eﬁfh1tsrbef§.8!a59a9¥%‘8}|@yﬁafrhlerx Srhedigmnt,, fihost8 is a

schemati c di agram of t | aser processing apparatus in accordance wth a

fourth exanpl & pf5t8gy qd0c&mROdh MBI & s & Gnd 4% drfp e PL AN YL eé%l%d?me%‘d‘ con
wafer in which the silicon wafer shown in Fig. 44 is irradiated wt

elliptigally polariggd Iasers Li Q@Et%ﬁaﬁ%h%%f% Offgi}?ﬂﬂtglé‘i?é r{h
accordance with the fourth exanple nbodi nent 5 Fig. 50is a plan

view of the objfct 10 Qefr%roq%ec%%e%lthnlggsrcrdﬁ@m%f €hd ELBEkngPRItHsy formed
relatively | arge

in accordance with the second example of 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 piezoelectricdevice

wafer or the like showing a second step of the cutting method



ST

by using the laser processing nethod in accordance with a ( fifth exanple
of the enbodinent; Fig. 51 is a sectional view taken along LI-LI on the 20
| ine al ong which the object is intended to be cut shown in Fig. 50; Fig. 52

is a sectional view taken along LII-LIl orthogonal to the Iine along which
the object is intended to be cut shown in Fig. 50; 25 Fig. 53 is a
sectional view taken along LIII-LIIl orthogonal to the |line along which the

object is intended 74 to be cut shown in Fig. 50; Fig. 54 is a sectional
vi ew taken along LIV-LIV orthogonal to the Iine 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 ;3804 e Fl gen 505Ul e b00G. 43601 L NSt 2L PO G Emete, Ob] ect

is intended to be cut; Fig. 56 is a sectional view of fhe object to be

processed taken alpng %'@eléhr‘of‘ecaél oL gl tf“@h@?fe@oe‘l%c‘t%%”cﬁi&%é 10 be

cut in the case where” a crack spot forned relatively small by using the

| aser proces lglgeg‘j?@@ﬁe'f ]?&%(Noqﬂ'%gfat% lﬂb%tﬂ%{a {a%tt{)}xee)éﬂwl %ggﬁegﬁkﬁﬁom N

enbodi nment ; is a p an view | ec e proces

Fig. 56 cut airs)nachﬁ?gwg FLoRg. Mbi o e Solgot 45 Lo ! apendetkda be cut:

Fig. 58 is a sectronal viewo pr ocessed owmng a state
wher e E)OU| se | aser lI-L:Lgf'.t 3'15:'.598”5‘@9&%%%".‘(‘ \Bpéw of the piezoelectric device

wafer or the like showing a fourth step of the cutting method
in accordance with the second example of the embodiment;
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
asamplewithinwhichacrackregionis formeduponirradiation
with linearly polarized pulse laser light;

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

@)

asamplewithinwhichacrackregionisformeduponirradiation

Ju

with circularly polarized pulse laser light;

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 XXXVI-XXXVI;

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

25 of the embodiment;

Fig. 38 is a plan view of the part of object to be



t he object by using a light-converging | ens having a predeterm ned
nuneri.cal aperture; 20 Fig. 59 is a sectional view of the object to be
processed including a.crack spot formed due to the nmultiphoton absorption
caused by irradiation with laser light showmmn in Fig. 58; Fig. 60 is a
sectional view of the object to be processed 25 in the case where a

| i ght-converging | ens having a nunerical aperture greater than that of the
exanple shown in Fig. 58 75 is used; Fig. 61 is a sectional view of the
obj ect tobe processed including a crack spot forned due to the mul ti phot on

absor pt.i on C.‘E‘ﬁ%ﬁc@é’sé(ﬁr dlqg% Vgltomg' asel L1 g, $h th'@ ajg@ct 6 Fig.

62 is a sect| View o ect beé™ process e mhere

pul se L aser || ghichas ggo%eooa@{ 'om b é]?aa@h Poenelaorﬁo%%n &he

Fig. 58 is use IS a sectlon View 0 ect e pro essed

10 i ncl udi ng c k d due Lo t he mul t hoton absor pti on caused
by |rrad|at|o%aw§ %%%r f% h%ﬂ%c %Sl$$dﬂe%58 Flg 64 is a sectional

ilow ol tho obi ect_ta besyraseRped, %yhgse%tewam SE R
AR R %eﬁaﬁi%% [5:RILEEL o0 Hosesped, et
laser |ight ShOW@ Nerack region formed thereby;

Fig. 40 is a schematic diagram of the laser processing
apparatus 1in 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

=
[$)]

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 1light by the laser

processing method 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 methodinaccordancéwiththethirdexampleoftheembodiment;

Fig. 46 is a plan view of a silicon wafer in which the
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Fig. 64; 20 Fig. 66 is a sectional view taken along LXVI-LXVI orthogonal to
the line along which the object is intended to be cut shown in Fig. 57;

Fig. 67 isa schematic diagram showi ng the |aser processing apparatus in
accordance with the fifth exanple 25 of the enbodinent; Fig. 68 is a bl ock
di agram show ng a part of an exanple 76 of overall controller provided in
the | aser processing apparatus in accordance wth the fifth exanple, of the
enbodi ment; Fig. 69 is a view show ng an exanple of table of a 5
correlation storing - section included in the overall controller of the

| aser processidid apRaRatus shbwaCGPrdanaa i i thagher dd f;t bhexanple afl 1yhe
enbodi nent; Fig. 70 is a view show ng anot her exanple of the table of the

correl ation sty sesti one i nei yded, ynt%@919¥€ﬁabkocé95996tﬁ@k%%@ of, the
| aser processing apparatus in accordance with the fifth exanple of the

enbodi ment; Figc/dqdSa \A)/ltehwﬁ*@wm&@téiém@h@td@&h@%o@fﬂ{e ithe table of

t he correlatlon storing section included in overall contrrﬁler of the

| aser processing ap &9tg§s%ﬂ nélgﬁcp gﬁqg?am%fpm&nfaserthﬁxaﬂph?tﬂg t he

enbodi nent; Fig. 7 IS trc diagramo processi ng

appar akus in %q_q.qr&ﬂ'p%%f\@rt gh§@| A %Tarﬁ%l ?SOIrI“M1aT%@%1mEQHneE'r9y73 I's a

VIeM/ShOMAng the convergenc
polarized laser light by the laser processing method in

accordance with the third example of the embodiment;

Fig. 48 is a schematic diagram of the laser processing

o

apparatus in accordance with a fourth example of the
10 embodiment;

Fig. 49 is a plan view of a silicon wafer in which the
siliconwafer showninFig. 44 isirradiatedwithelliptically
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 1is 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

14



20 caused by a light-converging lens in the case where no beam expander is
di sposed; Fig. 74 is a view show ng the convergence of laser light caused
by the light-converging lens in the case where a beam expander is disposed,
25 Fig. 75 is a schematic diagram of the |aser processing apparatus in
accordance with a seventh exanple of the 77 enbodinent; Fig. 76 is a view
showi ng the convergence of |aser light caused by the |ight-converging | ens
in the case where no iris diaphragmis disposed; 5 Fig. 77 is a view
showi ng the convergence of l|aser |ight caused by the light-converging |ens

in the case where \ah i s, ]gpﬂ{qgﬁ%ls5§|sposed Fig. 78 is a block diagram
showi ng an exanpl e of overa controller provided in a nodified exanpl e of

the |aser 10 proces%+Qgﬂgg@aﬁgtQ§H%FC@9§9rQan§ ?#“£Qk%9ea% %FIﬂF@t 11 9

79 is a bl ockdi agr anof her "exa overa controller “provi ed in

the nodified exﬂgﬂl e l er r par at Ccco th

t he elr’dlf)Odl rr}[ent Ig Oegc% ildg a Se %I %g?i%d%l% Fﬁgag]g e F§a{rrpg€&9§i%n
overal | controlJer Dpr ed example o e | aser processing
apparatus in accorégﬁgﬁgmn ?Vl %qggod&%bnt Fig. 81 is a pl an view of an

Sl o o ot o Mt ot od 0 bl L7 o
shown in Fig. 50 cut along the line along which the object
is intended to be cut;
Fig. 56isasectional viewof theobject tobe 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

-
o

is intended to be cut;
Fig.58isasectionalviewoftheobjecttobepmocessed
showing a state where pulse laser light is converged within

the object by using a 1light-converging lens having a

predetermined numerical aperture;

20 | Fig. 59 1isasectional viewof the cbject tobe processed
including a crack spot fcrmed due to the multiphoton
absorption caused by irradiation with laser light shown in
Fig. 58;

Fig. 60is asectional viewof theobject tobeprocessed

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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is formed by the |laser processing nethod in accordance with an eighth
exanpl e of the enbodinent; Fig. 82 is a plan view of another exanple 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 fornmed by the

| aser processing nmethod in accordance 78 with the eighth exanple of the
enbodi nent; Fig. 83 is a plan view of still another exanple of the part of
obj ect to be processed extending along the line along which the object is
intended to be cut, in which a crack 5 region is fornmed by the |aser
processing nethod in accordance wth the eighth exanple of the enbodi nent;
Fig. 84 is a sghenmtdgg diagramof a Qswitch laser provided in a |aser

| i ght source of the | aser processing apparatus in accordance with the

ei ghth exanple of thejglhkerbedaeitond] ¢ie8%1 shaobheek h BELABRWNG a
part of an exanple of overall controller of the | asér processing apparatus
in accordance;wchhdtihg el ghtlh exampbe ofo it egpodicenty e Fig1 8§ Ha o bl ock
di agram showi ng a part "of another 15 exanple of overall controller of the

| 'aser processi Bgs2PRAGAL HaukBAASHOrdanes: W4 Lk eLgbth exaemdigo.0f ibhe
enbodi nent; Fig. 87 is a block diagram show ng apart of still another

exanpl eg of ove@gbL gontroller of the laser processing 20 apparatus in
accordance with the eighth exanple of the enbodi nent;

Fig. 62 isasectional viewof theobject tobe processed
in the case where pulse laser light having a power lower
than that of the example shown in Fig. 58 is used;

Fig. 63 isasectional viewof theobject 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 isasectional viewof theobject tobe processed

in the case where pulse laser light having a power lower
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JJJJJ of the example shown in Fig. 60 is used;

Fig. 65isasectional viewof theobject tobe processed
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 c¢cbhject is intended
to be cut shown in Fig. 57; |

Fig. 67 1is 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. 88 is abl ockdi agram showi ng apart of still another exanple of overal
controller of the |laser processing apparatus in accordance with the eighth
exanple of the 25 enmbodinent; Fig. 89 is a perspective view of an exanple
of the object 79 to be processed within which a crack region is fornmed by
using the | aser processing nethod in accordance with a ninth exanple of the
enbodi nent; Fig. 90 is a perspective view of the object to be 5 processed
formed with a crack extending fromthe crack region shown in Fig. 89; Fig.
91 is a perspective view of another exanple of the object to be processed
within which a crack region is forned by using the | aser processing nethod
in accordanceof 16veirthlt kenimillcaxanmpbei ddd t he ehbodiament ;prfdapsd2g s a
perspective view of still another exanple of the object to be processed

wi thi n whi ch #psaskus eghorecdar daraedwbyhusiheg ftifeH asesmpreocessitrg met hod
in accordance wth the ninth exanple of the enbodinent; 15 Fir ' 93 is a

Vi ew show ng dfieo$imdée: Where a 5 light-converging point of laser light is
positioned on the surface of the object to be processed; Fig. 94 is a view
showi ng the state wheje @ 14 ghtvconverghngy R MxHfplass ddral dfsa
positioned within 20 the object to be processed; Fig. 95 is a flowhart for

explaining thet@SPition " storing - section included in the overall

controller of the laser processing apparatus.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

]
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ccordance with the fifth example of the embodiment;
Fig. 72 is a schematic diagram of the laser processing-
apparatus 1in accordance with a sixth example of the
embodiment;

Fig. 73 isaview showing the convergence of laser light

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

Fig. 74 is aview showing the convergence of laser light
caused by the light~converging lens in the case where a beam
expander is disposed;

25 Fig. 75 is a schematic;diagraN)of the laser processing

apparatus in accordance with a seventh example of the

17
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processing nethod in accordance with the ninth exanple of the enbodi nent;
Fig. 96 is a perspective view of an exanple of the object 25 to be
processed within which a crack region is fornmed by using the |aser
processing nmethod in accordance with a tenth 80 exanple of the enbodi nent,
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 exanple of 5 the object
to be processed within which a crack region is formed by using the |aser
processi ng nethod in accordance wth the tenth exanple of the enbodi nent;
Fig. 99 is a pawiddimssctii onal view of the object to be processed shown in
Fig. 98; and 10 Fig. 100 is a perspective view of still another exanple of
the object to be prddessed iw d hii awwthioshing chacknregoenceics f@sardibltusi ng
the | aser processing nethod in accordance wth the tenth exanple of the
enbodi nent. Bestuddéulés; frore Carghyi1wprudr dibey lrvwentinonhtb ckiet i efrel how ng, a
preferred enbodi nent of the present invention will be explained with
reference to tihe draawiphgsagm The diasersgar;ocessi ng nmet hod and | aser processing
apparatus in accordance with this enbodinent forma nodified region by
mul ti piBot on absor pt iFdar.. The snul i &pheicen ngbisiy pbhoBren2d X phesporegnnd
occurring when the intensity of laser light is nmade very high. First, the
mul ti phot on aksarged @y whd 1 it expnaigtred nign 1lehisefin the case where an

iris diaphragm is disposed;

Fig. 78 isablockdiagramshowing an example of overall
controller provided in a modified example of the laser

10 processing apparatus in accordance with the embodiment;

Fig. 79is ablockdiagramof another example of overall
contreoller 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
object 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 @ plan view of another example of the part
of object to be procéssed extending along the line along

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

regionis formed by the laser processing method in accordance
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A material becones optically transparent- when the energy by of a photon is
| ower than the band gap EG of absorption 25 of the material. Therefore, the
condi tion under which absorption occurs in the material is by > EG Even
when 81 optically transparent, however, absorption occurs in the material
under the condition of nhv > EG(n = 2, 3, 4, ...) when the intensity of

| aser light is nade very high. This phenonenon is known as nultiphoton
absorption. In the case 5 of pulse wave, the intensity of laser light is
determ ned by the peak power density (WcnR) of laser light at the

l'i ght - conver givig hp@ihd e (\WHereas:dnie st itpRotamoalisenpti on occurs under the
condition wwth a peak power density of at least 1 x 108 (WcnR), for

exanpl e. The peak pewgr densd typlf ivs deberddnedhyrhenes gympieclasenel i ght
at the [light-convergi'ng point per pulse)/(beamspot cross-sectional area

of laser ligh a)f:tpé'f $8 5 WGt f) blenpf@@esé:@é%x‘?ten@lﬁgnéi&#@Hﬁe"‘ﬁvﬁe ai B8g
intensity of [aser light is determned by the eléectric field |ntenS|ty

(WenR) of |a§ﬁ&ch1§hé'%%ge%% H@elhk%RBe@0@$ehg'BgtpohﬂtthBﬁ Qrb98b9|e of
| aser processing in accordance with the enbodinent utilizing such

mul ti phot on a?é@ﬁ%'P@fernled BP¥HB8 L6 ﬁfé‘@@sg‘iﬁcﬁ‘meﬂq%ﬁ%gcEBrEbHEe 1to

6. Fig. 1 is a“plan view of &an object to be processed urlng | aser 20

processing. Fg¢n2ths @l%mw bng\ileewfofthteh%mg%%%n% Shown inFig 1
taken along the line is a plan view of the object 1 after

| aser processing. FFgg 4giys ;g %egEh@ﬂﬁklcvhgﬁ@QEmtB? gbpegt;i1cahowaekn Fig.
3 taken along the liné

provided in a laser light source of the laser processing
apparatus 1in 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

-
[$)

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

Fig. 87isablockdiagramshowingapartofstill another
“example of overall controller of the laser processing
20 apparatus in accordance with the eighth example of the

embodiment;
Fig.88isablockdiagramshowingaparfofstillanother
example of overall controller of the laser processing
apparatus in accordance with the eighth example of the

25 embodiment;

‘Fig.89iseaperspectiveviewofanexampleoftheobject
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IV-1V. 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. 82 As shown
in Figs. 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 éxtending virtual line. In the |laser 5 processing
in accordance with this enbodinent, the object 1 is irradiated with |aser
light L while locating a |ight-converging point P within the object 1 under
a condition generating multiphoton absorption, so as to forma nodified
region 7. Theebi gt ncaRLeraiing Rekal uheker s LosR)d OEaLioan ; slGoahmaphigh 1 he
|l aser light L is converged. By relatively noving the laser light L alFong the
line along Leh .t j [.S.1 i .al.ong - e

di rection of \Ag%gg\% N ?%{Sﬁegt?%gﬁ%gégﬁgg{%ﬁh&g&)g{;%ﬁc%Ql(alsmeerrg\}g %%&Rglﬂt he

i ne al ong whj h ] .S 1 Nt d to 15 be cut S. This forms the

nodi fi ed regi%%g9bé?o§§ ?ﬁ% Fﬁ%ggagggﬁg whi ch the object is intended to be
cut 5 only within ne ohj.ect s shown .in Figs S.. Ln_the |aser
processi ng nethod ?Egacggrggnée%ﬁﬁ%k%g%%yénﬁé%ﬁﬁ%ﬁt?g?hgbﬂga%f?8d%%region
7 is npt forned heating the.object_ 1,due to,.the 20 sorption of |aser
it T t her ap o ReSRatdhed B R Fho i el for BB e P asReer T so
as to generatghonHltip?oton @bsorption therewithin, thereby formng the

modi fied regi oA°%" tReféfor&  the laser light L is hardly absorbed at the

surface 3 of the Ob]E‘?St. %1 i/\@ear epbeyrstpheectszyxyéc avcieew 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;

Fig. 93 is a view showing the state where a

[
wn

light~converging point of laser light is positioned on the
surface of the object to be processed;

Fig. 94 1s 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. 96 is aperspective viewof anexample of the object

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

using the laser processing method in accordance with a tenth

e8]
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25 3 of the object 1 will not nelt. If a starting point exists in a part to
be cut when 83 cutting the object 1, the object 1 wll break fromthe
starting point, whereby the object 1 can be cut with a relatively snall
force 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 followi ng two
cases seemto exist in the cutting of the object to be processed using the
nodi fied region as a starting point. The first case is where, after the
nodified region is fornmed, an artificial force is applied to the object, 10

wher eby the ohdeghpbeeakstmbi éehegim@nt he nodified region as a starting
point, and thus is cut. This is cutting in the case where the object to be

processed has a | argejd higkness, pa&@ﬂy@@%’ﬂﬂi%na&ﬂﬁ%hngfaih@rélﬁjié@ﬂ3doforCe
i ncludes, for exanple, applying a bending stress or shearing stress to 15

the object al ahg ghecdinesalong, W ch; §heggbj ect is intended to be cut in
the object to be processed or inparting a tenperature difference to the

obj ect so as to genssad € ither _lrs?[erc%sﬁre AQLNBE £RSErds Mgrera Jpdified
region is forned, so that the object naturally breaks in the 20

cr 0ss- sect | onalndliGealdon Y ¢haess Ui Galian) 0f chhe oL ecteuhibh & ising

the nodified region as a starting point, whereby the object 1s cut. This

can be achi evet, hye@ 15 %iehgi mpdi hhed Egio‘&!%fs%’@% ﬁu@_@h&@iﬁn@éﬁoﬂjaﬁ{]@

object is small, and by a plurality of "nodifiedregions fornmed in the
thickness 25 djyactipn when, the fhi cknessnof chhsaphipct to be processed

Fig. 99 is a partly sectional view of the object to
be processed shown in Fig. 98; and
10 Fig. 100 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 tenth example of the embodiment.
Best Modes for Carrying Out the Invention
15 Inthefollowing, a preferredembodiment of the present
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
energyhvof aphotonislower thanthebandgapEgof absorption

25 of the material. Therefore, the condition under which

absorption occurs in the material is hv > Eg. Even when
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is large. Breaking and cutting can be carried out wth 84 favorable control
even in this naturally breaking case, since breaks wll not reach the part
formed with no nodified region on the surface in the part to be cut, so
that only the part formed with the nodified region can be broken and cut.
Such 5 a breaking and cutting nethod with favorable controllability is
quite effective, since sem conductor wafers such as silicon wafers have
recently been prone to decrease their thickness. The nodified region forned
by nul ti photon absorption 10 in this enbodi ment includes the follow ng (1)
to (3) : (1) Casecatidne tirke spadichited hegiver,i @ba oatpadlonr egicors incthdi ng one
or a plurality of cracks An object to be processed (e.g., glass or a

pi ezoel ect ri cramteatriizdl uhade oheltdmdBios of madi ategd w &h2, 15 ldgser . )i ght
while ~tho e |;g. ht-converging point is located ., ns .. therewithin
under a condi Wwhefn whehiatgeaktpoyerl gensitigmaf isahabeaséry} Kigl08 (ML en?) and
a pulse width of 1 ps or less at thelight-converging point. This magnitude
of pul se wi dt bhemm@n@@nﬂét}dmmadefﬁuy\bi)imoao@ra@%l@ﬂpe:gio@ﬂ can the tesged only
20 within the object to be processed while generating nmnultiphoton

absor pti on W bhogtileauskig, UPRECESESanYidanBgesasd 0 tighsurd aeecehihbe

obj ect. This generates a phenonenon of optical danage caused by nultiphoton
absorption w bhi Ahet he00]R0lc t 0abes Pf pcenger?) Thi s19pétcalglamagethaduces
25 thermal distortion within the object tobe processed, thereby

light-converging point, whereas the multiphoton absorption

~occurs under the condition with a peak power density of at

least 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. 2 is a sectional view of the object 1 shown
in Fig. 1 taken along the line II-JI. Fig. 3 is a plan view
of the object 1 after laser processing. Fig. 4 isa 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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formng a crack region therewthin. The upper Iimt of 85 electric field
intensity is 1 x 1012 (WcnR), for exanple- The pulse wwdth is preferably 1

ns to 200 ns,

for exanple. The formng of a crack regi on caused

bymul ti photon absorption is described, for exanple, in "Internal Marking of

G ass 5.Substrate by Solid-state Laser Harnonics", Proceedings of 45th

Laser

i nventor determ ned rel ationshi ps between the

Mat eri al s Processi ng Conference (Decenber 1998), pp. 23-28. The

electric field intensity and

t he magni tude of crack by an 10 experinent. Conditions for the experinent

are as follows: (A) AbjeEwrt enbei gs ocessed?, Pyrexorg)aass 1(hayi igua fathi ckness
of 700 pm) (B) Laser Light source: sem conductor |aser punping 15 Nd: YAG

| aser \Wavel engd Rii 3064 1n1Melasengl hghEhSORE SRS Sectheapleareap3cld X

cn2 Gscillation node: Qswitch pulse 20 Repetition frequency: 100 kHz
Pul se width: 30 ngyQutpye 208hBULhTch RVEPHhsEct Laselnt d g qualld it TEMbO

Pol ari zation characteristic: linear 25 polarization (C) Light-converging

| ens

10

15

20

25

5 is a linearly extending virtual line. In the laser
processing in accordance with this embodiment, the object
1 1is irradiated with laser light L while 1locating a
light-convergingpoint Pwithintheobject 1l under acondition
generating multiphoton absorption, so as to form a modified
region 7. The light-converging point refers to a location
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 girection of arrow A), the light-converging point P is
moved along the line along which the object is intended to
be cut 5. This forms the modified region 7 along the line
along which the object is intended to be cut 5 only within
the object 1 asshowninFigs. 3to 5. Inthe laser processing
method in accordance with this embodiment, the modified
region 7 is not formed by heating the object 1 due to the
absorption of laéer 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

absorbed at the surface 3 of the object 1, whereby the surface

3 of the object 1 will not melt.

If a starting point exists in a part to be cut when
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86 Transm ttance with respect to laser |ight wavelength: 60% (D) Moving
speed of a mounting table nounting the object to be processed: 100 mm sec 5
The |l aser light quality of TEMOO indicates that the 1ight convergence is so
high that |ight can be converged up to about the wavel ength of |aser |ight.
Fig. 7 is a graph showing the results of the above-nentioned experinent.
The absci ssa indicates peak 10 power density. Since |laser |light is pulse

| aser 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 thetebiadte 6197 6€tpracessesle by 1 WwIMEL BYES® Honl @s€Etbirghhg AN
assenbly of crack spots forns 15 a crack region. The size of a crack spot

refers to thatﬁeantth@hegébyoﬁh@iagﬁéhen§ ekntBe enackispob ykekdipgyhe
maxi rum | ength. The data indicated by black circles in the graph ( refers

to a case whergpLhe f&%é'&@%‘fﬁ#\& 2% gl%g%.g)ielﬁ%%, anEBgp ficat ign gf x100

and a nunerical aperture (NA) o the ot her hand, the data

indi cated by whj,t€, GIfGl€gehR AhE ngr @Rl Lol 8IS, 10 2 CASe yhene Lhe

| i ght-convergi ng ‘gjlceass (%)e hgs? an%agﬁ??clg caﬁ%ﬁ ofa%x%%angﬁa numerac%
aperturg (NA)30f0 . obt <k$ seen that crack spots begin to occur wthin
the object to be prgggsgegeggen t he peak power density 25 reaches 1011

(Wcen2), and becone gfeatef &5: A& RERK SRAVEL emdEHSLE Vs NGT @88€Sut B/ng

of the object to be processed using the modified region as
astartingpoint. Thefirstcaseiswhere,afterthenmdified
regionis formed, anartificial forceisappliedtotheobject,

10 whereby the object breaks while using the modified region
as a starting point, and thus is cut. This is cutting in
thecasewheretheobject tobeprocessedhasalargethickness,

for example. Applying an artificial force includes, for
example, applying a bending 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 breaks 1in 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,

andby apluralityofmodified regions formed in the thickness

25 direction when the thickness of the object to be processed

is large. Breakihg and cutting can be carried out with
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A nmechani sm by which the object to be processed is cut wupon formation of a
crack region in the |l aser processing in accordance with this enbodi nent

will now be explained with reference to Figs. 8 to 11. As shown in Fig. 8,
the 5 object to be processed 1 is irradiated with laser light L while

| ocating the |ight-converging point Pwthin the object 1 under a condition
where nul ti photon absorption occurs, so as to forma 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 starting point. As shown in Fig. 10 the crack reaches
the surface 3 and %%PI?QE%QQPQﬁO%?ﬁﬁ%BF 15T?tﬁga%%b@ﬁe?ﬁlﬁgéﬁgﬁhS%Wﬁ?
object 1 breaks, so as to be <cut. The crack reaching the surface and rear
face of the 15 obj@Etakd He phetesscd HR§ Rl RANEF AL P Mghaw 188 B3 dite
is applied to the object. (2) Case where the nodified region is_a nolten
processed regi on AT ddjeEuiiFdse 1pr bBEsRRHL (0 P cud, sehrtldwidedtor thegrart
material such as silicon) is irradiated with laser light while the

| i ght - conver gi ng po? fred & iitdr ahedna hicf B9 116193 AUnder beabeehem tarsh cidict h W Peak
power density of at least 1 x 108 (WcnR) and a pulse wdth of | us or |ess
at the |ight-conver BrAgkipai ad cas tangdmsidepnésh fave riahdiedeo st ¥ ¢ hbalvbj et
to be 25 processed is |ocally heated by nultiphotonabsorption. This heating
forms a nolten procesSBdtredifdratiitifn $HeCobpert CoBEUEBObe WBE6ESsFAEN e

nol ten processed region refers to at
‘ silicon wafers have recently been prone to decrease their

thickness.
The modified region formed by multiphoton absorption
10 in this embodiment includes the following (1) to (3):
() Case where themodified region is a crack region
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

(9]

therewithin under a condition with a peak power density of
at least 1 x 10°% (W/cm?) and a pulse width of 1 us or less
atthelight-convergingpoint. Thismagnitudeofpulsewidth
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 absorpticn within
the object to be processed. This optical damage induces
25 thermal distortionwithin the object tobe processed, thereby

forming a crack region therewithin. The upper limit of
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| east one of a region once nelted and then tTe=sotrdi-fietds—a—reg
nelted state, and a region in the process of re-solidifying fromits nelted
state. The nolten processed 5 region may al so be defined as a phase-changed
region or a region having changed its crystal .structure. The nolten
processed region nmay al so be regarded as a region in which a certain
structure has changed into another structure in nonocrystal, anorphous, and
pol ycrystal structures. Nanmely, 10 it refers-to a region in which a
nonocrystal structure has changed into an anorphous structure, a region in
which a nonocrystal structure has changed into a polycrystal structure,
and a region in whiedrea mondcreist dlntstysidtyurie lhasleHarngédm nt of @ staeugtiere
i ncl udi ng an anor phous structure 15 and a pol ycrystal structure, for

exanpl e. When t he dlheeptilstowhetpr deesseflershbaysl Incanm G0Aossysiat example.
structure, thenolten processed region is an anorphous silicon structure,
for exanple. The appeformimy odfa eleckriegibhneta:dan epsiully ibdotonXbEdkdtion
(WcnR), for exanple. The pulse width is preferably 20 1 ns to 200 ns, for
exanpl e By an experismeriscitieed nviendt arxdwasl everid ivech ddwaia la Marditren o ecdessed
region is formed within a silicon wafer. Conditions for the experinent is
as follows: 5(A) Objsettstlirathe pr gegssedtasil LeeBrwad efofheyt NPradeddings of

t hi ckness of 350 pm and an outer dianeter of 4 inches) (B) Laser 89 Light
source: sem conductor H Bseer g ig 1 Ndr¥AeskaggConference (December 1998),

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 um)
(B) Laser
Light source: semiconductor laser pumping
15 Nd:YAG laser
Wavelength: 1064 nm -
Laser light spot cross-sectional area: 3.14 x
(i'_ 1078 cm?
Oscillation mode: Q-switch pulse
20 Repetition freguency: 100 kHz
Pulse width: 30 ns
Output: output < 1 mJ/pulse
Laser light quality: TEMgp
Polarization characteristic: linear
} 25 polarization

(C) Light-converging lens
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Wavel ength: 1064 nm Laser |ight spot cross=secti-ofnegrea 3 x 5 10-E
cn2 Gscillation node: Qswitch pulse Repetition frequency 100 kHz Pul se
width: 30 ns Qutput: 20 pi/pulse 10 Laser light quality: TEMoo Pol ari zati on
characteristic: linear polarization (C) Light-converging |Iens

Magni fication: x50 15 NA® 0.55 Transmttance with respect to | aser |ight
wavel ength: 60% (D) Mving speed of a nounting table nounting the object to
be processed: 100 nmsec 20 Fig. 12 is a view showi nhg 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 forned

W thin a siliconwafer 11. Thershgeiofaidtennlitten rpepeessat laser light
‘regi onf or nedunder t heabove- nmenti oned conditions 25 Is about 100 pmin the

t hi ckness dlrectw@ﬁelghgtﬁorenag of the nolten processed region 13 by 90
mul ti phot on absorption will be explained. Fig. 13 is a graph showi ng

‘rel ationshi ps between the W@M@%fﬁ@ﬁéﬁéﬁﬁ kﬁsernkm&thgaaganeméuﬁﬂﬁﬂ@tﬁmmce
within the silicon substrate. Here,

object to be processed: 100 mm/sec
5 The laser light guality of TEMpyy indicates that the
light convergence is so high that light can be converged

up to about the wavelength of laser light.

Fig. 7 1s 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 %100 and a numerical aperture (NA) of
20 0.80. Ontheother hand, the data indicated by white circles
in the graph refers to a case where the light—converging
glass (C) has amagnification of x50 and a numerical aperture
(NA) of 0.55. It is seen that crack spots begin to occur
within the object to be processed when the peak power density

25 reaches 10%' (W/cm®), and become greater as the peak power

density increases.
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respective reflecting conponents on the surface and rear 5 face sides of the
silicon substrate are elimnated, whereby only the transmttance
therewithin is represented. The above-nentioned relationships are shown in
the cases where the thickness t of the silicon substrate is 50 pm 100 pm
200 pm 500 pm and 1000 pm respectively. 10 For exanple, it is seen that

| aser light transmts through the silicon substrate by at |east 80% at 1064
nm which is the wavel ength of Nd: YAG | aser, when the silicon

subst r at ehasat hi ckness of 500Unor | ess. Sincethesilicon wafer 11 shown in
Fig. 12 has a thickness of 350 pm the 15 nolten processed regi on caused by
mul ti phot on absor ption A redhanied bgamhitdethentieieef tbhige ddcdsetat ercut
i.e., at a part separated fromthe surface by 175 pm The ( transmittance
in this case is 90%®rrgrrat sn Wt ha refarienceyidd @n sild coisamfgrodinding a
thi ckness of 200 pm whereby 20 the laser light is absorbed within the
silicon wafer 11 oflycsbi@htdy \aneh i shsdbshdirddy Jansiad ted explained

t herethrough_  This nmeans that the nolten processed region is not formed by
llaser |ight absorptd®n-addiddgtd ey stildcom waf en 11aéi seown NOtriQr ed wHeon
usual heating with laser light), but by 25 nultiphoton absorption. The
formng ofs a ol t@fl oGS IR pricR@iseRd0Y HH {1+ PRt 9P ADSOERTI Ot Slight L
descri bed, for exanple, 91 in "Processing Characteristic eval uation of
Silicon by Picosgeond;Bebsenbaser] ;g -ensi s 0fg bhentat i ondd n Meetdig o 1of
Japan Wl ding Society, No. 66 (April  2000), pp. 72-73. Here, a fracture is
generated in the ccrgssesectddbltion where multiphoton absorption occurs,

so as to form a crack region 9 therewithin. The crack region

e

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

2
o

object to be processed may grow naturally or grow as a force

is applied to the object.
(2) Case where the modified region 1s a molten

{” processed region

An object to be processed (e.g., a semiconductor
20 material such as silicon) is irradiated with laser light
while the light-convergingpoint islocatedtherewithinunder
a condition with a peak power density of at least 1 x 108
(w/cmz)andapulseﬁidthoflpsorlessatthelight—converging
point. As a consequence, the inside of the object to be
25 processed is locally heatedbymultiphotonabsorption. This

heating forms a molten processed region within the object
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5 direction while using the nolten processed region as a starting point,
whereby the silicon wafer i-s cut when the fracture reaches the surface and
rear face of the silicon wafer. The fracture reaching the surface and rear
face of the object to be processed may grow naturally or grow as 10 a force
is applied to the object. The fracture naturally grows fromthe nolten
processed region to the surface and rear face of the silicon wafer in one
of the cases where the fracture grows froma region once nelted and then
re-solidified, where the fracture grows froma region in 15 a nelted state,
and where the fraglupe grows tLam anegion o L ihe Aracess;of rersolid bying
froma nelted state. I'n" any of these cases, € nolten processed region is
formed only wthin_the cro ection a f] w in Fi.g. -.12.
When a nol ten proég?§gdcﬁgb§§ngig éﬁgﬂeé%§§tﬁ%%t%%g”%%t%%%bgf ﬁglﬁglfl%g’
processed, unnecessar%.fractures eviaiigg%fzéﬁg a_line_along which the

0 ac

obj ect is i nt ended t675&8 0at Ar'e® Eﬁ%jsﬁ At TRV n elﬂﬁﬁ%ﬁsﬁgognd
utting, which K it i trol.th Ki d cutting. (3
Case wher ot ho oAt 6 agrong SaT iy A6t U8 © 25§ nddkCCHRrge Pegran A
object to Ee processed (e.%. _%Iaﬁs) ii.irradiate 92ﬂﬁ4th | aser .| ight
whil e the Pight-céfergi R§Ypoinf PS FOEAPRA 2T HerRATHi W ARRY &GPt 8n
ith Kk d it f, t | t, 1 108 (W d i dt h_of
T hs or less at FROSFIGNEVCHGHG RS oo C VR it 4 B aB5r BPLGR"S

I's generated “‘thb?oEQ%s%%'§8gi%8 $§yp£f§§:i§%e%%E e% ggr! region in which

a certain structure has changed into another structure in

P

monocrystal, amorphous, andpolycrystal structures. 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
“ haschangedintoastructureincludinganamorphousstruéture
15 and a polycrystal structure, for example. When the object
tobeprocessedisasiliconmonoccrystal structure, themolten
processed region 1s an amorphous silicon structure, for
{‘ example. The upper limit 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 um and an outer diameter of 4 inches)

{B) Laser
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short pulse width, the energy caused by nultiphoton absorption is not
transforned into thermal energy, so that a permanent structural change such
as ionic valence change, s crystallization, or polarization orientation is
i nduced 10 within the object, whereby a refractive index change region  is
formed. The upper limt of electric field intensity is 1 x 1012 (WcnR2) ,
for exanple. The pulse width is preferably 1 ns or less, nore preferably 1
ps or less, for exanple. The formng of a refractive index change region
bymul ti photon 15 absorption is described, for exanple, in "Formation of

Phot oi nduced Structure wthi SSq nt aser :%ﬁﬁﬁJ lLrradi ati.Qn
Proceedi ngs of 42th Laser Nh?eg%gls €y€§§SS|ng Q%gh erence1 %qgn%335i5%7),

pp. 105-111. Spegﬁf&% cexanples of this enbodiment will nom1be 20 expl ai ned.
[ First Exanpl e] aser processing nethod |n accordance with a first
exanpl e of the enbodi ment mnll gi ﬁxpﬁarpgg . 14 is a schematic diagram
of a | aser processing apparatus B0° tdab %5 |n thls nmet hod. The

| aser processi ng apparatus 10 es _a laser ht sour.ce 101 for,
gener ati ng Iaser Irght L; a P@% £%§h it %ﬁﬂﬁce SO e P '£62 %0ﬁ4

controllrsg th bg zlrght source 101 so as to regulate t he out put and
pul se wi d seF”\rght L and the like; a dichroic mrror 103, arranged

SO as to Change the Orlentat f% the optical axis of laser 5 light L by
90, having a function of ref %%f PR Tader Q7switch pu

Repetition frequency: 100 kHz
Pulse width: 30 ns
Output: 20 pJ/pulse
10 Laser light quality: TEMgp
Polarization characteristic: linear
polarization
(C) Light-~converging lens
Magnification: x50
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 isaviewshowing a photograph of a cross section
in a2 part of 2 silicon wafer cut by laser processing under
the above-mentioned conditions. A molten processed region
13is formedwithinasiliconwafer 11l. Thesizeof themolten
processedregionformedundertheabeve~mentionedconditions
25 is about 100 pym in the thickness direction.

The forming of the molten processed region 13 by
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light L; a light-converging | ens 105 for converging the laser |light L
reflected by the dichroic mrror 103; a nounting table 107 for nounting an
object to be processed 1 irradiated wth the laser |ight L converged by the
| i ght-converging 10 |l ens 105; an X-axis stage 109 for noving the nounting
table 107 in the X-axis direction; a Y-axis stage 111 for noving the
nmounting table 107 in the Y-axis direction orthogonal to the X-axis .
direction; a Z-axis stage 113 for noving the nounting table 107 in the
Z-axis direction orthogonal to 15 X- and Y-axis directions; and a stage
control l'er 1imiftoiphdx@i BREbirpg ibhes DV pERNp 10fi fdrsert L as 54 agpsph09, 111,
113. The Z-axis direction is a direction orthogonal to the surface 3 of the

obj ect to be gpAg: @dlétlbﬂ@%l%%(:]@@tﬁgenzﬂjéhﬁv@&éﬁ@ﬁh%f‘f ot stocalgdept h of
| aser light L incident on the object 1- Therefore, nmdving the Z-axis stage

113 in the ZyaKiksedtf865190t68Bl LA N IR lsiiGNTFOBYBE gL RYe POI Y H)  Of
| aser light L wwthin the object 1. This novenent of |ight-converging point

Pin X(Y) -aXlr%querc@aGﬁ\ﬂé)rkéﬁl@éﬁf’&é e@or@%]ban{@vwgtﬁ@esmae&é and nrdahe
X(Y)-axis direction by the X(Y)-axis stage 09 (111). The X(Y)-axis stage

109 (El1) 9%4ds §Bd6§a<57p|t%e0§1@9%bﬂgsﬂfg§‘£‘§at§*’é‘%é 83¢hi hhebh, SHE .8, 101 1S

r/" N

an Nd: YAG | aser generating puise laser 1ight. Known as other kinds of |aser

usabl e as tf&@allyasmeItgmsﬁwfsﬁcéo%h@r}@m%lwle\é%}@sS&{neA\ld A& |aser,
5 and titanium sSapphire laser. For formng a crack region or nolten

processed regiRfe NENYAGH AP 81 NAADA JASCE sRBFn in the cases where
the thickness t of the silicon substrate is 50 pm, 100 pm,
200 pym, 500 pym, and 1000 pym, 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
substratehasa thicknessof 500umor less. Sincethesilicon
wafer 11 shown in Fig. 12 has a thickness of 350 um, the

15 molten processed region caused by multiphoton absorption
is formed near the center of the silicon wafer, i1.e., at
a part separated from the surface by 175 um. The
transmittance in this case is 90% or greater with reference
to a silicon wafer having a thickness of 200 pm, whereby

20 the laser 1light is absorbed within the silicon wafer 11 only
slightly and is substantially 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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Nd: YLF | aser are used preferably. For formng a refractive index change
region, titanium sapphire laser is used preferably. 10 Though pul se | aser
light is used for processing the object 1 in the first exanple, continuous
wave |laser light wmy also be used as long as it can generate nultiphoton
absorption. In the present invention, laser light neans to include |aser
beans. The light-converging lens 105 is an 15 exanple of light-converging
nmeans. The Z-axis stage 113 is an exanple of neans for |ocating the

l'i ght-converging point within the object to be processed. The

| i ght - conver gi ¥g ‘BépﬁﬁS@ﬂn@a§€¢aﬁﬁ@ﬂﬂfkﬁﬁﬁibeeVégH@@aomjPﬁiﬁlﬂhéoﬁbﬁétt to
be processed by relatively noving the light-converging lens 20 105 in the
Z-axi s directibicogheohaskul 37 desssgi’'ngPappaiatasciadef Bet herakdlgmtiises an
observation |light source 117 for generating a visible [|ight beamfor
irradiating thef ochiprt el benprisessed Nowwitt dédprad 200 hpum i g -t7abl e 107;
and a visible light beamsplitter 25 119 di sposed on the sane optical axis
as that of the dichridre, M frecti08 andydnepdtednvet e ngr dsenselG5.onEle
dichroic 95 mrror 103 is di sposed between the beamsplitter 119 and

| i ght - conver gidigr¢ @nsorl05hiTke Usdam sple theltdi9phaseasefiuneyion ek a
reflecting about a half of a visual |ight beam and transmtting the

remai ni ng hal fstdweretdnought , anteiab b tdre anded o vagetroishamgeiitdre the
orientation of the optical axis of the visual |ight beam by 90. A half of
t he visibl e | ifghict beamgeresatBt bunfweobser vatirofiabeghf tSwursdd itba i s

wafer. The fracture reaching the surface and rear face of
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 fractﬁre grows from a region
in the process of re-solidifying from a melted state. In
any of these cases, the molten processed region is formed
(" only within the cross section after cutting as shown in Fig.
12. When a molten processed region is formed within the
20 object tobe processed, unnecessary fractures deviating from
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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oy

reflected by-the beamsplitter 119, and thus reflected visible |ight beam
is transmtted through the dichroic mrror 103 10 and |i ght-converging | ens
105, so as to illumnate the surface 3 of the object 1 including the line
al ong which the object is intended to be cut 5 and the |ike. The |aser
processi ng apparatus 100 further conprises an image pickup device 121 and
an imagi ng lens 123 disposed 15 on the sane optical axis as that of the
beamsplitter 119, dichroic mrror 103, and |ight-converging | ens 105. An
exanpl e of the inage pickup device 121 is a CCD (charge-coupled device)

e of _ ice 121 is a arge-coupled  device) '
Cur T ace 3 i el uorng 1he FPRS "0 Wil TAE B B Jee P abhdsa T be cut
5 and the likg,i L ransm t .t l.i.ght - ' I 0
dianroic i rior apstAARERRER L N T R PR TR BN o

(ne, LTR,00 | ghey 223, hergoe s oL, TRIE 15 £aPL Gty Y gL el 1

device 121, sO as 10 yie " proce appar at us
100 furth i i i dat 5 f i ut t i .th
i ng. dat a 085t Lae Feao T ORI ERE Homiging B0 e Er St Bhep kpP1one
t I 127 f trolli t.he | i t. 100
ohol &2 and a ToETI S0 Yt bruE PEIERS FAET R T et tHeT AadPhg data
processpr,125 ﬁalgulatfs foaltﬁpin%hdata 5 for Loca&{ng the'igcak ﬁqint of
the visible ITH" gdnersd ed > 9Tt hE"Gbse? VRLY orf 41T S8ur BB 117781’ t he
f 3. A di to. the focal int dat t.h t troll 115
control s the TERVENBREOBIT RO Z 4xPS Torage 1150 Wor it THa 8y S0 that

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* (W/cm?), for example. The pulse width is preferably
1 ns or less, more preferably 1 ps or less, for example.
The formingof arefractive index change regionbymultiphoton

___________ is described, for example, in “Formation of

ot
(€3]
4]
)
]
D
~
g
—+
.
0
3

Photoinduced Structure within Glass by Femtosecond Laser

Irradiation”, Proceedingsof 42thLaserMaterials Processing

Conference (November 1997), pp. 105-111.

.Specific examples of this embodiment will now be
20 explained.
[First Example]
The laser processing method in accordance with a first
example of the embodiment will be explained. Fig. 14 is a
schematic diagramof a laser processing apparatus 100 usable
25 inthismethod. The laserprocessingapparatus 100 comprises

a laser light source 101 for generating laser light L; a
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focal point of visible light is |ocated on the surface 3. 10 Hence, the

i magi ng data processor 125 functions as an autofocus unit. Al so, according
to the inmaging data, the imaging data processor 125 cal cul ates i nage data
such as an enlarged i mage of the surface 3. The imge data is sent to the
overall controller 127, subjected to various kinds 15 of processing, and
then sent to the nonitor 129. As a consequence, an enlarged i nage or the
like is displayed on the nonitor 129. Data fromthe stage controller 115,
imge data from the imaging data processor 125, and the like are fed into
20 the overal |laont ddlgher s@27ce AoporhiInge 1t @ ORhese cdataocdd iwegl thetlreeaver al |
controller 127 regulates the |laser |ight source controller 102, observation
| i ght source Might@asdustcagell conss ald eegllst e tther ebypworhdopli sg wilve hl aser
processing apparatus 100 as a whole. Thus, the overall controller 127 25

functions as afcoapeterigiti L.and the nefkereneecheckcgs. r A add, By rahed aser
processing 97 nethod in accordance with a first exanple of the enbodi nent

wi Il now be exq aisned.cidgge thel 6roeft ovcharts the @gilaiinengs dhilsslaser
processi ng nethod. The object to be processed 1 is a silicon wafer. 5
First, m |ightliapsonptdyonochanaetiag st fonefibheophietitectlin$ et anxenred by a
spectrophotoneter or the like which 1is not depicted. According to the
results of nmeaswmnepts 1ightasenveightgIeuisCrod@d rgensfealding tasarslkirght L

having a wavelength to which the object 1 is transparent or exhibits
light L reflected by the dichroic mirror 103; a mounting
table 107 for mounting an object to be processed 1 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 ocbject 1. Therefore, moving the Z-axis stage 113 in the
Z-axlis direction can locate the light-converging point P
of laser light L within the object 1. This movement of
light-converging point P in 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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10 a | ow absorption is chosen (S101). Next, the thickness of the object 1
is measured. ~According to the result of neasurenent of thickness and the
refractive index of the object 1, the anount of novenent of the object 1 in
the Z-axis direction isdetermned (5103). This is ananountof novenent 15 of
the object 1 in the Z-axis direction wwth reference to the |light-converging
point of laser light L positioned at the surface 3 of the object 1 in order
for the light-converging point P of laser light L to be positioned within
the object 1. This anpunt of novenment is fed into the overall controller

20 127. The obj*écfMl S*§MRBEnCéd "GN itWe MBGMSt-i ng tabl e 107 of the |aser
processi ng apparatus 100. Then, visible light is enerated fromthe
observation |ight soiP8d2aFer lsphasorsceilliuhs Aat -(YRE bbjeEgenersidsy. The
illum nated surface 3 25 of the object 1 including the |line along which the
object is intBHdeg tasee ldghts | Kneapt afedtisr kiadsnagel piekusaddei e 98
121. Thus obtained imaging data is sent to the inmaging data processor 125.
Accordi ng to thBeeilpEfimildat govrive 1Whgnagudddida YiCedesser N@sYkhlentat es
such focal point data that the focal point of visible light fromthe
observa?ion |ight tBteviwcsabPhiise peseri-onkdr fo e gsar¢agek IYBLO7PT The
focal point data is sent to the stage controller 115. According to the
focal point dabalteherseagesednteoliPer Nd1bABVEessehe NV deage. 1a8di nt he
Z-axis direction (5109) . As a consequence, the focal point of visible
light fromtheN#0Ybbskasait fgl REgAtP DAL U7 Forpbsimionedrat repelsarface

index change region, titanium sapphire laser 1s 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. 1In 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
light beamfor irradiatingtheobject tobeprocessed 1l mounted
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 dichroic
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3. According to the inmaging data, the imging data processor 125 calcul ates
enl arged i nage data of the surface 3 of the object including the line along.
which the object is intended to be cut 5. The enlarged inage data is sent
to the nonitor 15 129 by way of the overall controller 127, whereby an
enlarged image of the Iine along which the object is intended to be cut 5
and its vicinity is displayed on the nonitor 129. Mvenent anount data
determ ned at step S103 has been fed into the overall controller 127

bef orehand, and is sent 20 to the stage controller 115. According to the

movement anounii gesa, 1bhei stapersond rett wsed 1oncansas el Zeaxisl stage 113
to nove the object 1 in the Z-axis direction at a position where the

|'i ght - conver gi gy POl BdnTe 1‘1(%5Fén§|9b15 L rgel geahedp1wickiixn 1tihe makj ect 1
(5111). 25 Next, laser |ight is generated fromthe laser light source

101, so as to ﬂJrK@@'io% &4 he rhihe 1aloagwhi e ine cﬁblae%s@l' I‘i%’?@'%atrrp be

cut 5in the surface 3 of the object with the laser light L i nce the

| i ght - conver gidigy pot W s Of i nd aSRE Jdahin Sy Hﬁaﬁf I%Mfm@ W [ hgphjsect 1,

a nolten processed region is formed only within the object

Subsequent [y, Jfieaiaxisy 8t ageci@fgant, oanicn stags ditiy gptar@g@daﬁ'song the

lint to be cut 5, so as to forma |ten processed region along the |ine

al ong whi ch the Q%e§15u§l mrz_s,ﬁqecng@gmt}py bgocuty B aWict b &ﬁéﬁ@lgbbfetlﬂgh(@ll?»)
Then, the object is bent along the line along which the object iIs 10

i ntended to be, LAt éen@E‘QtéBU%y' St (Gt oﬁéé}@)atao?;h'ﬁ%@ltv'9§§rcéh§1f?bll‘%0t 1

into silicon chips. "Effects of ‘the first exanple wil1l be explained. Here,
reflectedbythebeamsplitter 119, 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'imaéing lens 123 disposed
15 on the same optical axis as that_qf the beam splitter 119,
dichroic mirror 103, and light-converging lens 105. An
example of theimagepickupdevice 12l isaCCD (charge-coupled
device) camera. Thereflectedlight 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
of the imaging lens 123, whereas thus formed image is captured
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



the Iine along which the object is intended to be cut Sis irradiated with
the pulse laser light L under a condition 15 causing nultiphoton absorption
while locating the 1light-converging point Pwthin the object 1. Then, the
X-axis stage 109 and Y-axis stage 111 are noved, so as to nove the

| i ght-converging point P along the |ine along which the object is intended
to be cut 5. As a consequence, a 20 nodifiedregion (e.g., crackregion,

nol ten processed region, or refractive index change region) is fornmed
within the object 1 along the |ine along which the object is intended to be
cut S. Wien a certain-starting point exists at a part to _be cut in the

obj ect to be processed ftRB U5 eBRIERA FRVIRR 128, B BYeaRL AF At Wallg ra
relatively small force. Therefore, breaking the object 1 along the line

al ong whi ch t R& obfjogceonitg@lilg niontégdédses beoeassbnahibratsing D hodi fied
region as a starting point can cut the object 1 with a relatively small
force. This ca&nwbatet handbj eonitow tRABut Hererainhgo thretesgany datgct ur es
deviating fromthe line along which 5 the object is intended to be cut 5 in
the surface 3tdfe tithegiol eettalpracsesoirnlfhecélesiabganpbel phntoldiedet 1 is
irradiated with the pulse laser light L at the line along which the object
is inténded tdoyelegetsngntles fadngdptnenoferier atisag 120l haht igshstren ed
absorption in the object 1 while locating the |[|ight-converging point P
within the objlectthe degefarion lhehpubsertaséd 7| pght [thies surdesri Bted

t hrough the object 1 without substantially being absorbed at the surface 3
of According to the focal point data, the stage controller 115

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 tc 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. Accordingtothesedataaswell,
the overall controller 127 regulates the laser light scurce
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 funcfions as a computer unit.

With reference toFigs. 14 and 15, the laser procéssing
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the object 1, whereby the surface 3 will not incur damages 15 such as
nmelting due to the formng of a nodified region. As explained in the
foregoing, the first exanple can cut the object 1 w thout generating
unnecessary fractures ( deviating fromthe |line along which the object is
intended to be cut 5 and nelt in the surface 3 of the obj ect . Therefore,
20 when the object is a sem conductor wafer, for exanple, a sem conductor
chip can be cut out fromthe sem conductor wafer w thout generating
unnecessary fractures deviating fromthe line along which the object is
intended to be ¢ d onduct or_chi me,.hal ds for

t cand_nelt .in the, sem -. The s
25 objects to1%3H6¥%&gs§880ﬁ88§565%+éﬁ@e%?§S oT etP 'la$ EF%C 6ﬁgﬂe tterns,
and t hose whose surface is forned wi th el ectronj 01 devi ces such as
ol et 11 o W bPb A 3 pa i e et Pl e St benblove T G Oh S R such
as liquid crystals.. Therefore, the first ex | e ¢can i nprove the yield of
pr odugt s e?/g?}?lsselrﬁsc?%mciﬁs%lrﬂgp@,etﬁ’ioéjzoe%ggt PP&GHEV{T&P% tﬂrﬁéﬁe%ﬁ 5
di spl ay devices such as_Jiquid %%stal) prepared by cutting the object to

be processed. A, SThithe"# al ong which the object is intended to be
cut 5in the surface 3 of the object 1 does not nelt, the first exanple can
decrease the width &t 4e Filrfeg]'% BAGOUR” WA CR SH1RE TEB IS S ¥ FRESRIEG St 0 be
cut 5 (the width bejng the interval betme%p regions to hecane sem conduct or
chips in the ctdse tea“@é?ﬁ%dﬁd&t%ﬁe%a?%,o?%e%%n% e ke WG eases

t he nunber of products prepared_froma single object to_be processed 1,

wher eby t he pHGHU@Fig??ﬁcaﬁdpro%ﬁﬁ?gd%Qﬁlto the results of measurement,

a laser light source 101 generating laser light L having
a wavelength to which the object 1 is transparent or exhibits
10 a low absorption is chosen (S101). Next, the thickness of
the object 1 is 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). Thisisanamount of movement
15 of the objéct 1 in the Z-axis direction with reference to
the light-converging point of laser light L positioned at
the surface 3 of theobject 1 inorder for the light-converging
point P of laser light L to be positioned within the object
1. This amount of movement is fed into theoverall controller
20 127.

The object 1 is mounted on the mounting table 107 of
the laser prbcessing apparatus 100. Then, visible light is
generated from the observation light source 117, so as to
illuminate the object 1 (5105). 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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15 be inproved. Since laser light is used for cutting the object 1, the
first exanpl e enabl es processing nore conplicated than that obtained by
dicing wwth a dianond cutter. For exanple, even when the |ine along which
the object is intended to 20 be cut 5 has a conplicated formas shown in
Fig. 16, the first exanple allows cutting. These effects are simlarly
obt ai ned i n exanples which will be explained later. Not only a single |aser
| i ght source but also a plurality of laser |ight sources may be provided.
For exanple, Fig. 25 17 is a schematic view for explaining the |aser
processing nmethod in the first exanple of the enbodinent in which a 102

plurality of |as lig soyrces are provided. Here e bject 1 i

P i at o wi th Chtee T BL SRS bATBEAl o bt ToeSpRb iy EhPagaT et
sources 15, 17, 19 fron1djiESreq% directioons while the |ight- onvergln
point P is |ocatBEO5SRiFHi h2the OBFRETT Efhé PreiPBRBing e d bdert Nreadd Fpgm
the |laser |ight sources 15, 17 are de_incident on the object 1 fromthe
surface 3 thereo??t?hErP§§éﬁoﬁeé%pfFgﬁFPﬁétﬁéséPChlﬁ@ﬁ@lsﬁﬁﬂéé 99tPs hade

i ncident on the oRjegt 1 fromthe rear face 21 thereof. Since a plurality
of laser |ight 1878otPces RF&uSédV:Bhpse fEoPoske MRS Fr e 1ight

Iight-congerging point to_have an electric field intensity w-th such a

magni t ude’ t hat naPPFpRotdrd asEPFitdRNEEC dits theeves faren 3 dSP i-ght i s
conti nuous wave | aser |jght having, aﬁgfmer | ower than that of pul se |aser
light. For the same 15TPBa%en2!mAtiprGtich 18bge8Rpt F ot theSyeRBE&PEHS Even
W t hout

115. Accordingtothe focal point data, the stage controller
115moves the Z-axis stage 113 inthe Z-axis direction (S109).
As a consequence, the focal point of visible light from the
10 observation light source 117 is positioned at the surface
3. According tothe 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 tothestagecontroller11l5. Accordingtothemovement amount
data, the stage controller 115 causes the Z-axis stage 113
to move the object 1 in the Z-axis direction at a position
where the light-converging point Pof laser light L is located

within the object 1 (S111).

25 Next, laser light L is generated from the laser light

source 101, soas toirradiate the line along which theobject



a light-converging |lens. Though the |ight-converging point P is fornmed by
the three laser light sources 15, 17, 19, the present invention is not
restricted thereto as long as a plurality of |aser |ight sources exist
therein. 20 Fig. 18 is a schematic view for explaining another | aser
processing nmethod in accordance with the first exanple of the enbodinent in
which a plurality of laser |ight sources are provided. This exanple
conprises three array light source sections 25, 27, 29 each having a
plurality of laser 25 |light sources 23 aligning along the |ine along which
the object is intended to be cut 5. Anong the array light source 103
sections 25, 27is2hntémsed thedmscem § tied theosmukésee 3 igfthtthesobnfees 2Bch

arranged in the sanme row forma single Ilight-converging point (e.g.
| i ght - conver gi nghpolaseP1)igihils. exdmalee tb@nliohm-aoplarginyypoint P of
|'i ght-converging points 5 P1, P2, ... along the line along which the object

is intended toléeeceul iGhtwher @by ithenprHocassiing t$peetbiect g idphovesh
Al so, in this exanple, a plurality.of rows of nodified regions can be

forned at the sgiBcébsedupeyiloaselssaaniicdg oMy heritsuhf agee 3obieatdiT ection
orthogonal to the line along which 10 the object is intended to be cut S.

[ Second Fxanpl ejubssgeondl gxaimd &-akikher gpdbadiorent Wdti Newahbe explataed.
This exanple is directed to a cutting method and cutting apparatus for a

light-transm tthdigedvs Boh@l thdheidd {6 09bé-taansmidding vt e5ila ifoBen

exanple of the objects to be processed. In this exanple, a piezoelectric

devi ce processed region along the line along which the object is
intended to be cut 5 within 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 1line along which

o,

the object is intended to be cut 5. As a conseguence, a
20 modifiedregion (e.g., crackregion, moltenprocessedregion,
orrefractive indexchangeregion) is formedwithin the object
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



waf er (substrate) having a thickness of about 400 pm nmade of LiTaO3 is used
as a light-transmtting material. The cutting apparatus in accordance with
the second 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
shown in Figs. 19 and 20 will be explained. The piezoel ectric device wafer
31 is 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 |ike, and has an elasticity.
The waf er sheetis33nitenskd dro e mountd ndhitlablves 1h@7 awmiolde fieidng elgelod wst h a
sanpl e holder 35. As shown in Fig. 19, the piezoelectric device wafer 31

i ncl udes a nunbestaft phezeeiractencuwevheeksie@s 137i vihiache Batwi v 1 pesmedifl and
separated | ater. Each piezoelectric device chip 37 has a circuit section
39. The circuitfogeet.i onTB9s icarf otued thre t bejsutf dcewdfhdhe pieezaelteatric
device wafer 31 for each piezoelectric device chip 37, whereas a

predet er mi ned gapeae(akayt £8Q@cpukeiss dkot aed nhet weent iad] micenta Ibh Civhe ght
sections 39. Fig. 20 shows a state where mnute crack regions 9 as nodified

parts abe fornmedewobheatt he ipteioetecd e drviscenwahers3dtadexd ochh
reference to Fig. 21, the nethod of cutting a light-transmtting nateri al
in accordance whthcthe .second 15 exanple will be explained. First, a light
absorption characteristic of the light-transmtting material (piezoelectric

device wafer 31 madenokoliia@Bel ithe SLEQYPIE, the object 1 is irradiated
with the pulse laser light 1L at the line along which the

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 1 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 damages

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
tobecut 5andmelt inthesurface 3 of 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 objectstobe processedwhose surface is formedwithelectrode

patterns, and those whose surface is formed with electronic
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exanple) to beconme a material to be cut is determ ned (S201) The |ight
absorption characteristic can be neasured by using 20 a spectrophotoneter or
the like. Once the light absorption characteristic is determ ned, a |aser

| i ght source 101 generating laser light L having a wavel ength to which-the
material to be cut is transparent or exhibits a | ow 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 fundanmental wave wavel engt h of
1064 nmis chosen. 105 This YAG | aser has a pul se repetition frequency of

20 Hz, a pul sg e\‘/‘i{,j h%)‘ﬁ‘f_ﬁ i :eg%e%epc‘{'r%% Gagers 9ha $9a£ Ou\ﬁbgigratsep

di ameter of | aser fromthe aser

Next, the thic glen% of t et gﬁ%éiggt C}eq/lbce%cgh};gﬁ aﬁﬁz éﬁgﬂjﬁg 8(2)%03’%1: Once t he

thlckness of t erla sﬁiacenent
t of t ht t_.of h f

the. sur Sce”‘”ﬁm”%‘%%caef e ?5% rﬁo'fv%mie rEoT fplgoé%ét Tut 10

in the optical axi s dlrectlon aser g Ll éﬁ m ned

position the |{ghtcomegfy %&rn? J()?51 &s&F °Fi ﬁﬁF“E ‘Eh‘f%CPHBSwﬁ% ial to

b t di t | t t F .

conf or i Ty to TTE I THIBRHEES SHAPrHT Rt ges T HEER b SaRe TraL Y] S 9 be cut.

15 the amount aof displacenment (ampunt of novenment) of the [|ight-converging

point of |aser™f§ gt TC?st%Q}ethﬂﬁﬁﬁiﬁd t he thlckness of the material to be

cut, 28 shown in Fa, 22 Sueg L he diifcene beluesn e, Bl AR

to be cut 5 in the surface 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
increases thenumber of productsprepared froma single object
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.

Not onlyasinglelaser light sourcebutalsoaplurality
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 thematerial to be.cut and the refractive index of the material to be cut,
the actual position of the light-converging point P of laser light is

| ocat ed deeper than the position of the 1ight-converging point Q of |aser
light L converged by the [|ight-converging |Iens 105 fromthe surface of the -
material 25 to be cut (piezoelectric device wafer 31). Nanely, the

rel ati onship of "anobunt of novenent of Z-axis stage 113 in 106 the optical
axis direction of laser light L x refractive index of the material to be

cut = actual amount of novenent of |ight-converging point of |aser light L"

T omenc DaERbEY SrLee fAP! SRR AR S TOVRERE D The S
oot L Bt o L SNB CHELERD LAY Skiees 204, HBLEREh eyl no
MOV Z-axi 5 stAGRSIOCL onbPeht biBY PRBE X8 & of huel H0B oY BT & Sge 111,
mater (a6 to BB ETETTE EoNB Lt ebe § HHE T SoMERTe1R0 PPOM (R DOBRIAR T on
| i ght source 117,.s0 as to. irradiate the material to be cut th thus

eni tt ed |ight"f“57ﬁ%i”rh‘é?f? AETrdig 3%% ﬁéSPsgweo?a?ﬁagPﬁa{natﬂ% ifage
Stage 113 S0 RETH PGt i AR REght . coreaiifing Yo 8F Faserisn L
observati on | GEToF N30 CHse et T B fovi TIE BAFSE B1SBOCATEHS b e
observation light source 19 is made incident on the object 1 from the
rear face 2i 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, multiphoton absorption can be generatedevenwithout
a light~converging lens. Though the light-convergingpoint
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. 18 isaschematicviewfor explaininganother laser
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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|l ight source 117 is captured by the inmage pickup device 121, whereas the

i magi ng data processor 125 determ nes the noving position of the Z-axis
stage 113 according to the result of imaging such that the light emtted
fromthe observation 25 |ight source 117 fornms a focal point on the surface
of the material to be cut, and outputs thus determ ned position 107 to the
stage controller 115. According to an output signal fromthe imging data
processor 125, the stage controller 115 controls the Z-axis stage 113 such
t hat thenoving position of the Z-axis stage 113 is |ocated at a position
for making 5 thethbgbt2emi 21 ed§r oradde absear watiitard ifghin sedeceliditform a
focal point on the material to be cut, i. e. , for positioning the focal

poi nt of |asesohigbt Lopnto-iheysurfiacerat thgneMat®fi alordp Be guhgiréfter
the focus adjustnment of light emtted fromthe 10 observation |light source
117 is conpl elﬁghttbgnvékgmgcgaygfgtélggppllrht%rpcf-&mrdil@tp&mts prpved to a
l'i ght - convergi ng point correSponding to the thickness and “refractive index
of the mterlﬁﬂuig%x@%fq@céﬁ%@malﬁr&,alitﬁgﬁo;@\aelrgaltl-cv&mer@ilrﬁgEéz%tgends an
output signal to the 15 stage controller 1I5 so as to nmove the Z-axis stage
113 ims the op#,l eal axigidhpectd qan%fai_@ﬁgrwﬂilcgmhle by dbe jamoyptnqef

di spl acenment of the 1ight-converging poinf of laser lTight “determned in

conform ty totéhee thitcknegpeandyr eheastdvessimylaxfq tthe wet enbabvte. be cut,
whereby the stage controller 20 115 having recei ved the output signal

[ﬁgul ates then1oyj ng t1poskkbAp1ef 4 Peufadxts ot B9es LEhoAst BNtLgnedsabove,
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]

Asecondexample of the embodiment will nowbe explained.

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. In this example, a piezoelectric device
wafer (substrate) having a thickness of about 400 um made
of LiTaOs; 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 bhe
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 1s made of an adhesive resin tape or the
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pl acement of the |ight-converging point of laser light L wthin the
material to be cut is conpleted by noving the Z-axis stage 113 in the
optical axis direction of laser light 25 L by the amount of displacenent of
the light-converging point of laser light L determned in conformty to the -
thickness 108 and refractive index of the material to be cut (S215). After
the placenent of the light-converging point of laser light L wthin the
material to be cut is conpleted, the material to be cut is irradiated with
laser light L, 5 and the X-axis stage 109 and the Y-axis stage 111 are

moved in”confof sy A% nflesiy able cauLting PALLSIALSELD: 558 shawn, 10

Fig. 22, the laser emtte t he Iaser source 1

conver ged by tgﬂﬁdodnragt A A 1&@9 Lﬁﬁelr?ésr agund ot L e Lot glloq;ave%rgl g

point P is posi the i ézoe i'c device acing a

predeternlnedfﬁgap @ﬁghown gggég ?éégi?xﬁﬁﬁ vo%d% ggp%lcerU|t

sections 39 bSvE" nentl "s"'% such that
Separate a plarSi 15 or° Brae %fé%f?l?ié%éé‘%%w%if ¢ %’\Eic%?c Him e %
FLEZFSLSZ?H&#%V{% L5} PineT A Ao t e st AP 0P FFPRIRREF b lecgi‘;?reas
[ ador 1ight L ihh ARy * 50 K6 mECHAIAr £6-belRatC 1L BbhviTTaE by L he

l'i ght- converglqg Iens 105 rcuit _sectio

formed on the SHFFEES of fﬁé %?%gog?eéfrfgéBEVF88§ﬁ§%5ﬁC ﬁerﬁ%“m er39

31 for each piezoelectric device chip 37, whereas a

( predetermined gap o (about 80 um) is formed between adjacent

i0 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

=
{n

example will be explained. First, a light absorption
characteristic of the light-transmitting material
(piezoelectric device wafer 31 made of LiTa0;3 in the second

example) tobecome amaterial to be cut is determined (5201).

P

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 istransparent or exhibits a 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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ra N
{

‘be cut (piezoelectric eV|ce wa

surface on which the laser light L is incident) are not irradiated wth the
| aser light L. Converging the laser 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 L fromentering the circuit sections 39 and protect the
circuit sections 39 against the laser light L. Wen the laser light L
emtted fromthe laser |light source 101 is converged such that the

| i ght-converging point 5 P is positioned within the piezoelectric device
wafer 31 while the energy density of laser light L at the |ight-converging
poi nt P exceeds a threshold of optical danmage or optical dielectric

b kd
o nt P thi M 1D o 1 Eo0 Barr o a8y BB Nt o S AT PG i o hatér1 8l Lo

be cut and|t55ﬁﬂ(géu& tﬁ{gg %pe s%%; 3ﬁ¥ﬁg%o%%%%g&g§§gg§6 REM/q%terlal to

mnth
reference to Fi 23 to 27,.the fornln

ks b
sgéigx)%ﬁet?rf%%&?sl gﬁﬁg Fplgggg§§¥§Thg%gD¥¥2 terlal to

l'ight- converg
be cut 32 39 tra @;ﬁtlng material) having a substantially rectangular
paralleleplpe f&%ﬁfsh Tn Fig. 23 is irradiated with laser light L such

mierial o be cut i GHerERy RERGY & SerEth &k&'@eE}Ji'l%?e%Z% %“mt?' P
SR b MR e
measured, the amount of displacement (amount of movement)
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
mezasurement (5207). For example, in conformity to the
thickness and refractive index of the material to be cut,
15 the amount cf 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 ~ thematerial tobe cut andthe refractive index of thematerial
to be cut, the actual position of the light-converging point
P of laser light is located deeper than the position of tﬁe
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 él). Namely, the

relationship of “amount of movement of Z-axis stage 113 in
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of laser light L or novenent of the material to be cut 32 25 is regulated so
as to nove the light-converging point of Jlaser light L in the |ongitudinal
direction D of material 110 to be cut 32 intersecting the optical axis of

| aser light L. Since the laser light L is emtted fromthe |aser |ight
source 101 in a pulsating manner, a plurality of crack_regions 5 9 are
formed with a gap therebetween corresponding to the scanning speed of | aser
light L or the noving speed of the material to be cut 32 along the

| ongi tudi nal direction D of the material to be cut 32 when the | aser |ight
L is scanned or the material to he cut 32 is noved. The scanning speed 10
of | aser |ighthe opttihelnmawviisg ddpeed iof ot éeisalr Laghe tuk rd82ramyibe sl owed
down, so as to shorten the gap between the crack regions 9, thereby

i ncreasi ng t henaexber oie thatsAierimed berack =r egt 9as shamtshawnovenéhy. 26.
The scanning speed of laser light L or the noving speed of material to be

cut may 15 fuetrhenr ghe -sbawedgdewnposatt bat 1kBercragktr 8gi B18si $n the
continuously fornmed in the scanning direction of laser light L or the

novi ng direct ker.of That@cualt 6 e EiHcddnt (8mount e MBVEREN €] recthon of
the light-converging point of laser light Las shown in Fig. 27. Adjustnent

of thesgap beum@m—aant\za@g@hgcEoﬁegi ens19sénunheit of i aek negioes frto be
formed) can also be realize y changing the rel ati onship between the

repetition freguensyyoimdraseindd gbllakiandnht pe(ymvidih tapaed Oindsheanmt eri al
to be cut 32 (X-axis stage or Y-axis stage). Al so, throughput can be
i nproved whenrtlieatepeti th@Bx of the material to be cut). Thereafter,
the material to be cut held by the wafer sheet 33 is mounted
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
Z-axls stage 113 in this embodiment)} (5209). After thé
mounting of the material to be cut 1s completed, light is
emitted from the observation light source 117, so as to
irradiate the material to be cut with thus emitted light.
15 Then, according to the result of imaging at the image pickup
device 121, focus adjustment is carried out by moving the
Z-axis stage 113 so as toposition the light-converging point
of laser light L onto the surface of the material to be cut
©{8211). Here, the surface observation image of
20 piezoelectric device wafer 31 obtained by the observation
light source 117 is captured by the image pickup device 121,
whereas the imaging data processor 125 determines the moving
position of the Z-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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25 frequency of laser light L and the noving speed of material to be cut 32
are increased. 111 Once the crack regions 9 are fornmed al ong the
above-nentioned desirable cutting pattern (S219), a stress is generated due
to physical external force application, environnmental changes, and the |ike
within the material to 5 be cut, the part formed with the crack regions 9 in
particular, so as to growthe crack regions 9 fornmed only within the
"material to be cut (the light-converging point and its vicinity) , thereby
cutting the material to be cut at a position fornmed with the crack regions
9 (S221). 10 Wt hheedergnecenta dilgs: 128.t A8y rdihey ot &n ngptefutt hegnaht eri al
to be cut upon physical external force application wll be explained.

First, the matfecmalthkoihegtuly dépbepoetessot clTevitte wabee 3dptkolbed with
the crack regions 9 along the desirable cutting pattern is placed in a

cutting 15 appamaidrs: Milid ehé n-axskadeadel U3 bych trafterhsheeinggogiasped by
the sanpl e hol der 35. The cutting apparatus has a suction chuck 34, which

Wil be expl abfedhbateixif sxtcfd QN 3puEPlddwted depkoiesht comnmect adkingt he
suction chuck 34, a pressure needle 36 (pressing nenber), pressure needle

driving neanstheol @0t depiteleed) rbarc HoV¥HBEryhei BhesyHespeedb e 13650and t he
like. Usable as the pressure needle driving neans i s an actuator of

electric, hydeatdd£l pOinetdiet hbyReSer 8o 128ct®, 3240 rhObodepi 6hihle
circuit sections 39. Once the piezoelectric device wafer 31 is placed in 25
the cutting appar @budsl pBensueli 0B sehuQk o398 appheaches theface of the
material to be cut.
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 1 by the amount
of displacement of the light-converging point of laser light
determined in conformity to the thickness and refractive
index of thematerial to be cut, whereby the stage controller
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 ﬁo be cut is completed by moving the
Z-axis stage 113 in the optical axis direction of laser light

25 IbetheamomTtofdisplacementofthelight—convergingpoin%

of laser light L determined in conformity to the thickness
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position corresponding to the piezoelectric device chip 37 112 to be

i solated as shown in Fig. 28. A suction punp apparatus is actuated while in
a state where the suction chuck 34 is |ocated closer to or abuts against

t he piezoelectric device chip 37 to be isolated, whereby the suction chuck
34 attracts 5 the piezoelectric device chip 37 (piezoelectric device wafer
31) to be isolated as shown in Fig. 29. Once the suction chuck 34 attracts
t he piezoelectric device chip 37 (piezoelectric device wafer 31) to be

i solated, the pressure needle 36 is noved to the position corresponding to
the 10 piezoelectric device chip 37 to be isolated fromthe rear face of
waf er sheet 33n¢reafréacevefintiexsoffhte heterwi htotlhe pitzo8lEkTtric device
wafer 31) as shown in Fig. 30. Wien the pressure needle 36 is further noved
after abutting agafrdr tthe péaceface of the luwgher coheetrg3lg pbent K& waf er
sheet 33 deforns, while the pressure needle 36 applies a stress to the

pi ezoel ectri cl dlewt cei giaf €r w3t Himomhteheascetribdeto whetebyia stmplkstdds
generated in the wafer part formed with the crack regions 9, which grows

t he crack regilonan®teweh td hee ceacki s egioadi & ¢ owmi 1o Tdwee=surf@oe 1and rear
face of 20 the piezoelectric device wafer 31, the piezoelectric device

waf er 531 i s card athea-endspattgoefldhenpi ezoetectis ctdayd a@l1 ehepnaded 0 be -
i solated as shown in Fig. 31, whereby the piezoelectric device chip 37 is
i sol ated fromnbenfprezoghect désideviceunatay paktelire( S&I ey, sheethd®3 has an
25 adhesi veness as nentioned above, thereby being able to prevent cut and
separ at ed pi ezodliect R2¢ deei tesehi psgB7 If reamtted from the laser light

source 101 is converged by the light-converging lens 105
such that the light-converging point P is positioned within
10 the piezoelectric device wafer 31 facing a predetermined
gap (80umasmentioned above) formedbetweenadjacent circuit
sections 39. Theabove—ﬁentioneddesirablecuttingpattern
is set such that the gap formed between the adjacent circuit

sections 39 in order to separate a plurality of piezoelectric

[
i

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
L is seen through the monitor 129.

Here,asshownthig.22,thelaserlightLirradiating

20 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 1is incident) are not

irradiatedwiththelaserlightl. Convergingthelaserlight

25 L by aﬁ angle at which the circuit sections 39 are not

irradiated with the laser light L can prevent the laser light
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113 flying away. Once the piezoelectric device chip 37 is separated from
the piezoelectric device wafer 31, the suction chuck 34 and pressure needle
36 are noved away fromthe wafer sheet 33. 5 Wien the suction chuck 34 and
pressure needle 36 are noved, the isolated piezoelectric device chip 37 is
rel eased from the wafer sheet 33 as shown in Fig. 32, since the former is
attracted to the suction 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 Bin Fig. 32, whereby the piezoelectric device chip 37 isolated and
attracted to the suction chuck 34, and the piezoelectric device wafer 31

(surface) hel d dynidie wvaf8f + sBeat 32 rale Gl GaNed aWhitt orlhe dran-aleyitere, a
suction apparatus nmay be provided in 15 place of thé ion air cleaning, such

that the cut apdi$gparabedq phezoehecttie deypge ghips 37 and piezoel ectric
device wafer 31 are clean 8 as dust and the Fi ke are aspirated. Known as a

Tethod of cutting e alerialcle beapll, dys tag eny openLal changes i s

one inparting a tenperature ange thé material to be cu ng the

crack Tegi onse8, 0bLy oot DereylIdUdly When 4 Jeoperatire Ghange b Lamarted to

the materi al as such, érmal” dI'sto on C€an O he

material partoforned.yiifoLhe, gLack [RGIQNS 9. 80t hal the, opaek gl ons

grow, whereby t erral” € cut can be cu € second
exanpl e, the &ﬁgﬁé'C@ﬁgeréﬂé¥b§6”g%né%¥® of laser 1light L at the

light-converging point P exceeds a threshold of optical
damage or optical dielectric breakdown, minute crack regions
© 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
irradiatedudjjulaserlightIJsuchthat'thelight—conveiging
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
bf 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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105 converges the laser light L emtted fromthe laser light source 101
such that its light-converging point ispositioned wthin the
light-transmitting material (piezoelectric device wafer 31), whereby the
energy density of laser light 5 at the |ight-converging point exceeds the
threshold of optical damage or optical dielectric breakdown, which forns
the mnute cracks 9 only at the |ight-converging point wwthin ‘the

light-transmtting material and its vicinity. Since the light-transmtting
material is cut at the positions of thus 10 forned crack regions 9, the
amount of dust emssion is very snmall, whereby the possibility of dicing

damages, chipping, cracks on the material surface, and the |ike occurring
al so becones venry bewcuSi B2eivherbeghing rarsmpttiaey retier iodl lesercliglat ong
the crack regions 9 fornmed by the optical damages 15 or optical dielectric
breakdown of thel.ight-transmtting nmaterial, the directional stability of
cutting inproves, so that cutting direction can be controlled easily. Also,
the dicing width can beimederisarakblker Ihgn Lhiat eattacdethdmthele sici hghwi t h
a dianond cutter, whereby the nunber of 20 light-transmtting materials cut
out fromone |ighturicearent hid gl gat eng abnean, keplnes easeds Ak reglubhs of
t hese, the second exanple can cut the light-transmtting material quite
easily and approprieatefyrmélisnith Stdas ey grnarared omrilipdndiegmabethal to
be 25 cut due tophysicai .external force application, environnental
changes, and theskizk@ingospsetioo grwed he ifg@rtnmedoeraek megirnspekbod thhecut
the light-transmtting nmaterial (piezoelectric
: material to be cut 32 along the longitudinal direction D
of thematerial to be cut 32 when the laser light L is scanned
{ or the material to be cut 32 is moved. The scanning speed
10 of laser light 1 or the moving speed of material to be cut
32 may be slowed down, so as to shorten the gap between the
crack regions 2, thereby increasing the number of thus formed
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 région 9 is
continuously formed in the scanning direction of laser light
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 freguency 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 ' freguency of laser light L and the moving speed of material

to be cut 32 are increased.



device wafer 31) , whereby the light-transmtting material can reliably be
cut at the positions of forned crack regions 9. 5 Al'so, the pressure needle
36 is used for applying a stress to the light-transmtting nmateri al
(pi ezoel ectric device wafer 31), so as to grow the forned crack regions 9
to cut the light-transmtting material (piezoelectric device wafer 31) ,
whereby the light-transmtting 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 into individual 15 piezoelectric device
chips 37, the light-converging lens 105 converges the laser light L such
that the |ight-convergi n@ndeoi ohei scpasi t regednwi t hi mitehefvahed paldndacheg
the gap fornmed between adjacent circuit sections 39, and forns the crack
regi ons 9, whereby desPimeaael @Hd desdevbce swad €InPbad@ gan (sehbably sheeeuyt
at the position of the gap forned between adjacent circuit sections 39.
When the |ight-transriddridyhtmt ehialt o prezaelsaciehiterndeViree ceafgip13Batiisn,
noved or laser light L is scanned so as to nove the |ight-converging point
in-a direction 25 igiensaeidiia 1t BBagRbsCakn@Xi e Qfi kkagetnihohte lnat®r b1 ta
direction orthogonal thereto, the crack region 9 is 116 continuously forned
al ong the mgvi ng digeeeht ORhafpdhero hhahtii 8RR 8F 8@k PeGRbn sSPih Balrttikelar,
directional stability

: SO0 as to grow the crack regions 9 formed only within the

material to be cut (the light-converging point and its
g vicinity), therebycuttingthematerialtobecut ataposition
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
(plezoelectricdevicewafer 31) formedwith the crack regions
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) connectedtothe suctionchuck 34, apressure needle

e,
a

36 (pressing member), pressure needle driving means (not
20 depicted) for mov;ng 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 39.
Once the piezoelectric device wafer 31 is piaced in
25 the cutting apparatus, the suction chuck 34 approaches the

position corresponding to the piezoelectric device chip 37
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of cutting further inproves, which nakes..it.possible to control the cutting
direction nore easily. 5 Also, in the second exanple, dust-emtting powders
hardly exist, so that no lubricating/cleaning water for preventing the
dust-em tting powders fromflying away is necessary, whereby dry processing
can be realized in the cutting step. 10 In the second exanple, since the
formng of a nodified part (crack region 9) is realized by non-contact
processing wth the laser light L, problens of durability of blades, their
repl acenent frequency, and the like in the dicing caused by dianond cutters
w [l not occur. Also, since the formng 15 of a nodified part (crack region
9) is realized by non-contact processing with the laser light L, the second
exanpl e can cut ttchiee liisghitatterdaas altdvimgn riéteer &l ak ergta couttip @ ppatriae s
which cuts out the light-transmtting material wi thout conpletely cutting

t he sane. The preéseattuavent wbhlesimat s2ddd mhieed tbet dnecaborezment idned
second exanple. For exanple, the light-transmtting material maybe

asem conduct or wabeitedacbass tsubstaaties oz it thke 4w cthei dgevice
restricted to the piezoelectric device wafer 31. Also, the laser |ight
source 101 can appriepit abehy ibe lsekect itk t &b ¢anfosudt Yo eh2b kaps eptireak s
absorption characteristic of the light-transmtting material to be cut.
Though the m nut eheldife 7 @gl ©ftsr O deeiterdreid a3 (@ ikedichiced HardevpOdiwafer
irradiation wth the laser light L in the second exanple, it i's not
restrictive. For3exanpl Be tsbhgtan abtsashorinpplge dAsebnce the suction

chuck 34 attracts the piezoelectric device chip 37
(piezoelectric device wafer 31) tobe isolated, the pressure
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 32 deforms, while the pressure needle 26 applies
astresstothepiezoelectricdevicewafer 31 fromthe outside,
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 cu£ at an end part of the piezoelectric device
chip 37 to be isolated as shown in Fig. 31, whereby the
piezoelectric device <chip 37 1s 1isolated from the
piezoelectric device wafer 31. The wafer sheet 33 has an
25 adhesiveness as mentioned above, thereby being able to

prevent cut and separated piezoelectric device chips 37 from
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light source (e.g., fento second (fs) laser) can forma S nodified part
caused by a refractive index change (higher TrefractTve-i-ndex), thus being
able to cut the light-transmtting material w thout generating the crack
regions 9 by utilizing such a nechanical characteristic change. 10 Though
the focus adjustnment of laser light L is carried out by noving the Z-axis
stage 113 in the | aser processing apparatus 100, it may be effected by
noving the 1light-converging lens 105 in the optical axis direction of

|'aser light L without being restricted thereto. 15 Though the ' X-axis stage
109 and Y-axis stage 111 are noved in conformty to a desirable cutting
pattern in the |aser processing apparatus 100, it is not restrictive,

wher eby the | asefllyiighkt alayay be scanned in conformity to a desirable
cutting pattern. 20 Though the piezoelectric device wafer 31 is cut by the
pressure needl e 36 aftenchahigphtisaldedr 1o deld cauchipBl dundpa B ed trom not
restrictive, whereby the piezoelectric device wafer 31 may be cut by the
pressure needl e 8fe phdzébeact hec deuti cendaifsel at i ezeel eatdhwcided gedchi p
37 maybe attracted 25 to the suction chuck 34. Here, when the piezoelectric
device wafer 3lpiksseutebyetbieI@SIW BoNCRULR2F6Fabherhd Rafekl8heet 33.

pi ezoel ectric device wafer 31 is attracted to the suction chuck 34, the
surface of the cwheanthé solatieth phazeeb£cind ¢ redevireen 68l pe 36 b CRYCESH
with the suction chuck 34, which can prevent dust and the |ike from
adhering to the spefaselated piezoelectric device chip 37 is released from

the wafer sheet 33 as shown in Fig. 32, since the former

is attracted to the suction 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 rlace of the ionair cleaning, such that the cut and separated
plezoelectric device chips 37 and piezoelectricdevicewafer

31 are cleaned as dust and the like are aspirated. Known

as a method of cutting the material to be cut dﬁe to
environmental changes is one impartingeatemperature 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, in the second example, the light~-converging lens
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5 of the piezoelectric device chip 37. Al so, when an inmage pickup device 121
for infrared rays 1is used, focus adjustnent can be carried out by utilizing
reflected light of laser light L. Inthis case, it is necessary that a half
mrror be used instead of the dichroic 10 mrror 103, while disposing an
optical device between the half mrror and the |aser |ight source 101,

whi ch suppresses the return light to the laser |ight source 101. Here, it
is preferred that the output of laser light L emitted from the |aser |ight
source 101 at the tine of focus adjustnent 15 be set_ to an energy | evel

| ower than that of the output for form ng cracks, such that the |laser |ight

L for carrying ougpsf @@H§e§§jel3'5tt}{@ﬂl5 sdees: ot 1danBge-4 e xRt BE1als <01 bgn cut .
Characteristic features of the present invention will now be explained from

the viewpoints of sthesecondyexample: « s 2Qgkhe Bt Bed: A fitdd NYpBsitioned
light-transmtting material in accordance™w th an aSpecCt of the present

i nvention conpri %?%h?nmgkgi ed It{]%%?xi‘@’tﬁ‘i&p n%fteq%»ierqia@gzbé%&tri& ght
er ch tha

emtted froma |as I ght source su t 1ts” light-converging point 1Is

ositioned within 5,Lkghtztyra 18N i : f.Qr
ngified part onF%bgfétﬁ%fg?gﬁﬁfcgﬁgg%g?ngh%Eﬁéﬁf i Eﬁ?%lﬁﬁé&pff%eq]?lght
light-trangmttin teri d. | Lelnity: . an ti i ng
the |ight- t§r ansm tg'}:lnﬁéjeerna?ie?}?gl C%r%é?%%ﬁll%ofs:%s%lngn%&‘%et%ﬁt&s % n@?ﬂleér:sorg%]fdlzgédf
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the minute cracks 9 only at the light-converging point within
the light-transmittingmaterial anditsvicinity. 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 thé possibility of dicing 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 cut due tophysical external forceapplication, environmental

changes, and the like, so as to grow the formed crack regions
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the laser light is converged such that the |ight-converging point of |aser
light is positioned within the light-transmtting material in the nodified
part formng step, whereby the nodified part is formed only at the 10

| i ght-converging point within the light-transmtting material and its
vicinity. In the cutting step, the Ilight-transmtting material is cut at
the position of thus fornmed nodified part, so that the anmpbunt of dust

em ssion is very small, whereby the possibility of dicing damges, |S

chi ppi ng, cracks on the material surface, and the like occurring also
beconmes very low. Since the light-transmtting material is cut at the
position of thus9 fioy nesk nodef legdhpattanthecdingchihenal ast abikizbyietreutting
i nproves, so that cutting direction can be controlled easily. 20 Al so, the
dicing width candeeirrdeager! bey , thaardihats it aighed ¢ dam shhie tding Rgcwkthla
di anond cutter, whereby the nunber of Ilight-transmtting materials cut out
from one Ilght-t@®n§@1i5bmg}ﬁﬁks&lédtﬁ@naggitﬂgﬁ§%§£§orﬁ@dQn&ﬁﬁukég;@ﬁs

t hese, the present invention can cut the 25 light-transmtting nmaterial
quite easily andgappropriately. Also, in the nethod of cutting a
light-transmtting 120 material in accordance with this aspect of the

present pnvention, dU§§36U1EEE”ErQQ%G?éSngééﬁéy3@¥&§§msé8)ﬂb&a%p@Qyin? a
| ubricating/cleaning water for preventing the dust-emtting powders from

flying away is ngeeesaryo wher ebyndry BhaGessiRg natcaRahe (hegkbéedctpithe
cutting step. In the nethod of cutting a light-transmtting materi al

device wafer 31), so as to grow the formed crack regions

9 to cut the light-transmitting material (piezoelectric

S

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 waferv 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
105 converges the laser light L suchthat the light-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 39.

When the light~transmitting material (piezoelectric
device wafer 31) is moved or laser light L 1is scanned so0
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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in accordance with this aspect of the present invention, since the formng
of a nodified part is realized by non-contact processing with |laser |ight,
probl ens of durability of blades, 10 their replacenent frequency, and the
like in the dicing caused by dianond cutters will not occur- Al so, since
the formng of a nodified part is realized by non-contact processing wth
the laser light, the nmethod of cutting a light-transmtting material in
accordance with this aspect i5 of the present invention can cut the
light-transmitting nmaterial along a cutting pattern which cuts out the
light-transmitting material wi thout conpletely cutting the sane.
Preferably, the light-transmtting material is formed 20 with a plurality
of circuit sectiorsjtwheveslsy | &semebi ghtong stikenvervged sdictedtiaan t hé the

| i ght-converging point is positioned within the light-transmtting materi al
part facing the lgaphf-oraorec: hetveqroiadj acenthetrchie td senttiions i mtathdity
nodi fied part formng step, so as to formthe nodified 25 part. Wth such a
configuration, the |gwghding ahsnthéingmpratesj akhtah mekeabliy pessublat tihe
position of the gap formed 121 between adjacent circuit sections. Wen
irradi ating the |dghtrdl ansmddttihdrederecdion ttord aserilyi.ght in the

nodi fied part formng step, it is preferred that the |aser |ight be
converged Sy an angl e aflsshi dhn tthe Sidrelidxasgdlz, ons sar-emiatt ingr adivai-ed
with the laser light. Converging the laser light by an angle at which the
circuit sectionhaa® nadxidy,adiat edaw hb therliasetinbi/ghtanhey water for

preventing the dust-emitting powders from flying away is

necessary, whereby dry processing can be realized in the

o

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 1L, problems of durability of blades,
their replacement fregquency, andthelikeinthe dicing caused
by diamond cutters will not occur. Also, since the forming

of amodifiedpart (crackregion 9) isrealizedbynon-contact

b
w

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 limitedtothe above-mentioned second example. For example,

the light-transmittingmaterialmaybe asemiconductorwafer,

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
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irradiating the light-transmtting material wth the Taser light-in-the
nodi fied part formng step as such.can prevent 10 the laser light from
entering the circuit sections and protect the circuit sections against the
| aser light. Preferably, in the nodified part formng step, the

| i ght-converging point is noved in a direction intersecting the optical
axis of laser light, so as to forma nodified 15 ar+ continuously along the

moving direction of the p.._~ light-converging point. Wen the
| i ght-converging point is noved in a direction intersecting the optical
axis of laser light in the nodified part form ng step as such, so as to

formthe nodified part contl nuously al ong the noving 20 direction of the
| i ght - conver gi A PSR 2 e (florlé@g@ﬁala msrchi deck pagit cupeni dg rBghieheen
i nproves, which makes it further easier to control the cutting direction.
The nethod of euttth Mdiea Yagn -tignsn t innghemserpatl ekamadeor dande weth an
aspect of the present invention 25 conprises a crack form ng step of
conver gi ng | ase&edtimghtt iem -t t Edrfexmmal ¢ aserirg ght uboue seosughilidmtlases 122
| i ght-converging point is positioned within the Ilight-transmtting
material, so agitdtf ranmecri@clg.onlferato $heohd ghfstobasegi ngapoifntmwat hi n
the light-transmtting material and its vicinity; and a cutting step of
cutting35 the hioghtf-itedapsmitt teangedaber & ate Aitathevepasiddorheimgehusigherned
crack. In the nethod of cutting a light-transmtting materi al

refractive 1index), thus being able to cut the

light-transmitting material without generating the crack
regions 9 by utilizing such a mechanical characteristic
change.

10 Though the focus adjustment of laser light L is carried
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.

s
w

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
pressureneedle 36 after being attracted to the suction chuck
34, it is not restrictive, whereby the piezoelectric device
wafer 31 may be cut by the pressure needle 36, and then the
cut and isclatedpiezoelectricdevicechip37maybeattracted
25 to the suction chuck 34. Here, whenthepiezoelectricdevice

wafer 31 is cut by the pressure needle 36 after the
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in accordance with this aspect of the present invention, |l|aser light is
converged such that the light-converging point 10 of laser light is
positioned within the light-transmtting material, so that the energy
density of laser light at the |I|ight-converging point exceeds a threshold of
optical damage or optical dielectric breakdown of the light-transmtting
material, whereby a crack is fornmed only at the 15 |ight-converging point
within the light-transmtting material and its vicinity. In the cutting
step, the light-transmtting material is cut at the position of thus
formed crack, so that the amount of dust emission is very small, whereby
the possibilit { {i&{‘g dapmges, ch P'3’19’1529t95:§f£%§d0’§oté]qee '%:tc‘%ﬁ'oﬂ'
surface, and t e e occurrlng al sO = beconmes ver t
light-transmttin te sut, t he 05|t| 0 he Lragl k formed by
an opti cal danﬁbé%’§% o%blca R %78 bt edkdo l?%%& direct |5ﬁ§ﬁlc

tabilit 1t t hat d t

control | od eadd{ioqs gﬁ&% eS8 BT Par o i b '%vh&%&néﬁﬁv%@”ﬂﬂ {5 Phat
tt d t he di d t 123 th f
 ont et anem A G RRa & QPE R B IS (e o BRbE peafl At i TRE ey o
can be |ncreas:$ As a.res [t  of these Hﬁ Ig entilnventlon can cut t he
i ght - t ansni ¢ rﬁfﬁnﬁiﬁ? %ﬁﬁ%%? S5 it hﬁfoprlately 5 Also, in the

met hod of cutting a ht-transmttin mat eri al ccordance wi.th this
R R et T A S R Pk 1242 L L

that no | ubr Iicsatulsrc]e%{,C|f%%r1]Jlsn%d]us%men%r Cgre\égnéégglegeogtu% tlrllZlgg

reflected light of laser light L. In this case, it is

o

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

w

Ibe 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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powders fromf |lying away is necessary, whereby dry processing 10 can be
realized in the cutting step. In the nethod of cutting a light-transmtting
material in accordance with this aspect of the present invention, since
the formng of a crack is realized by non-contact processing with |aser
light, problens of durability of blades, 15 their replacenent frequency, and
the like in the dicing caused by dianond cutters will not occur. Also,
since the formng of a crack is realized by non-contact processing with the
j laser light, the method of cutting a light-transmtting material in
accordance wth this aspect of the present 20 invention can cut the
light-transmitghg-tateemattahongtee cidl bng pad tvén nakiye haeditscout inde
light-transmitting nmaterial w thout conpletely cutting the sane.
Preferably, istébeocutditig sf ephet Deghitghttaheansnthyi ngtratiani alt isheut by
growing the formed 25 crack. Cutting the light-transmtting material by
growi ng the gosmedosrackehist hergetit npgisieg psrguch can reliably 124 cut
the light-transmtting nmaterial at the position of the fornmed crack.
Preferably, in the cythengSi@Pora St 855al 1S ARPIHRG sili® thifQ material
light-transmtting material by using a pressing nenber, 5 so as to grow a
crack,s therebyn citddNgatbe i ghtthianssbhbet ngr b erpadseNemdestI@ss 1S
applied to the light-transmtting material in the cutting step by using a
pressing nmenbaie a%se3UCHghs0i A& I duehagiat ther ebyn eutdhnard hey
light-transmtting material, the light-transmtting

point of laser light 1is positioned within the

light-transmitting material in the modified part forming
step, whereby the modified part 1is formed only at the
10 light-converging point within the 1light-transmitting
material and its wvicinity. 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,

chipping, cracks on the material surface, and the like

o
wn

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, sothat cuttingdirectioncanbecontrolledeasily.
20 Also, thedicingwidth 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
of these, thé present invention can cut the
25 light—transmittingmaterialquiteeasilyandappropriately.

Also, in the method of cutting a light-transmitting
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10 material can further reliably be cut at the position of the crack. The
apparatus for cutting a light-transmtting material in accordance with an
aspect of the present invention. conprises a |laser |ight source; holding
means for holding 15 the light-transmtting material; an optical device for
converging the laser light emtted fromthe |aser |ight source such that a
| i ght -convergi ng point thereof is positioned wthin the light-transmtting
material; and cutting neans for cutting the light-transmtting nmaterial at
the position 20 of a nodified part forned only at the |ight-convergi ng point
of | aser Iight within the light-transmtting material and its vicinity. In

the apparatusphorsauting cLbobisteansuhtthae Jmierd ale!ppacgoedance with

this aspect of the pr esent nvention e optic device c nverges | aser

|ight such t haty e b gty c0nYanging oPBLphe oL 1%915&1[[% AL T s positi gped 125

within the light-transm tting mat e orned

only 2t the | hghtscapye, 'ca%am'n@tm&hgerp&%e g LEanspiiLhog, rperal

and ItS vicinit NS “cuts t ransm

ot o o e T, ham i

l'i ght - conver ging "poi

vicinity, wherehy,th ht t r.an tt|n mat rlal is reliably cut along
t hus f%rned nogng%d%e Zed i% igl thsé ug% " the anobunt of dust

emssion is very Sn?“themethodofcuttlnga ght—transmittingmaterial

in accordance with this aspect of the present invention,
sincethe formingof amodifiedpartisrealizedbynon-contact
processingwith laser 1ight, problems of durabilityof blades,
10 their replacement frequency, andthelikeinthedicing caused
by diamond cutters wiil not occur. Also, since the forming
of a modified part is realized by non-contact processing
with the laser 1light, the method of cutting a

light-transmitting material in accordance with this aspect

f the pre invention can cut the light-transmitting

O

[
o

material along a cutting pattern which cuts out the

light-transmitting material without completely cutting the

( , same.

Preferably, the light-transmittingmaterial is formed

20 with a plurality of circuit sections, whereas laser light
is converged such that the 1light-converging point 1is
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

25 part. With such a configuration, the light-transmitting

material can reliably be cut at the position of the gap formed

121



10 whereas the possibility of dicing damages, chipping, cracks on the
material surface, and the |like occurring al so beconmes very |ow. Also, since
the light-transmtting nmaterial is cut along the nodified part, the
directional stability of cutting inproves, whereby the cutting direction
can be 15 controlled easily. Also, the dicing width can bernade snaller

than that attained in the dicing with a dianond cutter, whereby the nunber
of light-transmitting materials cut out fromone light-transmtting
material can be increased. As a result of these, the present invention can
cut the 20 light-transmtting material quite easily and appropriately.

Al so, in the dppewetusadprcent té¢hgcaiti ghtttomnsnitting material in
accordance with this aspect of the present invention, dust-emtting powders
hardly exist, so thatherirkabiecahpnglel eant ngravaset t{imog mprevéatiwigh he
dust-em tting 25 powders fromf |lying away i s necessary, whereby dry
processi ng cdradmEr Leghizedt haridue fdwld pagt $bepind2Gdm ihe sgppafieatresi f or
cutting a light-transmtting material in accordance with this aspect of the
present inventhamn,thsd Neeetrheighdi beedopastgés formednhyengn-wiontiacthe
processingwith laser light, problensof durability of blades, 5 their

repl acenment f reequency,seotd drite ddkedtn iriraeidicetngieauses 1 hye dilargind
cutters will not occur as in the conventional techniques. A so, since the
modi fi ed part denvergieth bye Debeeohi@ict r aeessy g v Whithethaserrduight as
menti oned above, the apparatus for cutting a light-transmtting 10 materi al
i n accordance s@dthi drfs saaspectt of rtheiptesentith the laser light when

irradiating the light-transmitting material with the laser

A,

light in the modified part forming step as such can prevent

10 the laser light fromenteringthecircuit sections andprotect
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

[}
w

art continuously along the moving direction of the

el

light-converging point. When thelight-convergingpoint 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 1light source such that 1its
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invention can cut the light-transmtting material along a cutting pattern
which cuts out the light-transmtting material wthout conpletely cutting
the sane. The apparatus for cutting a light-transmtting 15 material in
accordance with an aspect of the presentinvention conprises a |laser |ight
source; holding nmeans for holding the light-transmtting material; an
optical device for converging laser light emtted fromthe |aser |ight-
source such that a |light-converging point thereof is positioned 20 within
the light-transmitting material; and cutting neans for cutting the
light-transmtting material by growmng a crack forned only at the

l'i ght - converglmgh@elc@tm@frgllaq?er pbight W §hi npddwe: ddr@ht - t paRsARt ti fige
material and its wvicinity 5 1h the apparatus for cutting a

l'i ght-transm ttigRe -+ Fahekiak ing ﬁggefﬂamceswat§1 thhesraspeats &f ohhe #f esent
127 invention, the optical device converges l|laser light such that the

l'i ght-convergiRg p9LRALk @bnkz%%%ﬁnlg' 9BE kSRR L A1 YhEDE Paf BR: tting
light-transmtting material, so that the energy densfty of laser light at

the |ight-conygkgi-ng1pQi Bt c t sho p
opti cal dlelectrlch%rleglngovlw?é §§g§ngt?lg%?et?a%gﬁgg??nétﬁgt% ria ggvﬁ%reby a

crack ks fornmede QRly tattrtatf‘]%mll(}gl SCHMENgiNg "me V}%}éﬂﬁ&heof thus

light-transmtting terial an V|C|n|ty
cuttlngneanscgg§ﬁgglbg@gktransnlttlngnaterlalbygromnng 10 the crack forned
only at the light-converging point within the light-transmtting material

and its vicinity, Wigr8RYmethod of cuttinga light-transmittingmaterial
in accordance with this aspect of the present invention,

laser light is converged such that the light-converging pbint

10 of laser light is positioned within the light-transmitting
material, so that the energy density of laser light at the
light-converging point exceeds a threshold of optical damage

or optical dielectric breakdown of the light-transmitting

material, whereby a <crack 1s formed only at the

W
1=

light-converging point within the light-transmitting

[
Ul

material and its wvicinity. 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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the light-transmtting material is reliably cut along the crack fornmed by
an optical danmage or optical dielectric breakdown of the light-transmtting
material. As a 15 consequence, the amount of dust em ssion is very snall,
whereas the possibility of dicing damages, chipping, cracks on the nmaterial
surface, and the |like occurring al so becones verylow Since the
light-transmtting material is cut along the crack, the directional
stability of cutting inproves, 20 so that cutting direction can be
controlled easily. Also, the dicing width can be made snall er than that
attained in the dicing with a dianond cutter, whereby the nunber of
|i ght - t ransmi t%1H§ Ueedr Palls Bt tdan Sidhidwemak pghe L Erans ittt f Ae™ flter i a
can be increased. As a result 25 of these, the present invention can cut the
|i ght -t ransmi tX3 HY et Clgiit 8aésgilpy and Rpprogiaaned y. As1pgesult :
EP01-0199-00 Also, in theapparatusforcuttingalight -transmtting nmateri al
in accordance & t h Wifis¢,aspéde of PrREePEesenbvenhyent i opd@n dustuten ftihieng
powders hardly exist, so that no |ubricating/cleaning water for preventing
t he dust-eni t thirg) 5 Poweriss Fimenmd T 91 hgl away e &2 ek 858 apD narariathe ldr-y
processing can be realized in the cutting step. In the apparatus for
cutting a |ight-tradsiot ipgthaenethaf ¢h Gectordancd Whtr teirsradgpéay of the
present invention, since the crack is forned by non-contact 10 processing
with |aser |i@g®texgragbl Bnsaotcdudabiei wytbf Uligdessprechebf &gl auEmemtt
frequency, and the like in the dicing caused

invention, dust-emitting powders hardly exist, so that no

lubricating/cleaning water for preventingthe dust-emitting
powders from flying away is necessary, whereby dry processing
10 can be realized in the cutting step.
Inthemethod of cutting a light-transmittingmaterial
in accordance with this aspect of the present invention,
since the forming of a crack is realized by non-contact

processingwithlaserlight,problemsofdﬁrabilityofblades,

—
(8]

theirreplacement frequency, andthe likeinthedicing caused
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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by di anond cutters will not occur as in the conventional techniques. Al so,
since the crack is fornmed by non-contact processing with the |laser |ight as
nmenti oned above, the method 15 n f cutting a light-transmtting material in
accordance with this aspect of the present invention can cut the
light-transmtting material along a cutting pattern which cuts out the
light-transmtting material w thout conpletely cutting the sane. 20 _
Preferably, the cutting neans has a pressing nenber for applying a stress
to the light-transmtting material. Wen the cutting nmeans has a pressing
menber for applying a stress to the light-transmtting material as such, a
stress can be appltted ltightthe rainghtitttiagsmat & hgl net edhiealpoby tusinngf 2514 he
pressing nenber, so as to grow a crack, whereby the Ilight-transmtting
materi al can fufdhmescdretaably be cut at 129 the position of the crack
formed. Preferably, the light-transmtting material is one whose surface is
formed with a plural iy drapTgUiitn a6t t@NsingWieNLas kheeept isadpsiendce
converges the laser light such 5 that the Iig%t-converging point iIs
posi tioned w t idthbe i dJHtGHrdrnsaissditdd Mg 881 £1 bgluPatd a adiskd ideerganr,
formed between adjacent circuit sections. Wth such a configuration, the
| i ght-transm ttddgsnes grbila €ack leihableypy ber €itg ahethieypost £ 0smdfc e gap
formed between adjacent 10 circuit sections. Preferably, the optical device
_convg_r gesdl asemdtigital by merangt ecab 1w o1 1det sitheul 1gsect + Hitsmad € et
irradi ate

material in the cutting step by using a pressing member as

such, so as to grow a crack, thereby cutting the

A 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 inaccordancewithanaspect of the present invention

comprises a laser light source; holding means for holding

o
(¥

the light-~transmitting material; an optical device for
convergingthe laser lightemittedfromthe laser 1ight source
such that a light-converging point thereof is positioned
[ within the light-transmitting material; and cuttinglmeans
for cutting the light~transmitting material at the position
20 of amodified 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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with the laser light. Wen the optical device converges the |I|aser |ight by
an angle at which the circuit sections are 15 not irradiated with the | aser
light as such, it can prevent the laser light fronmentering the circuit
sections and protect the circuit sections against the laser |ight.
Preferably, the apparatus further conprises 1|ight-converging point noving
means for noving the 20 light-converging point in a direction intersecting
the optical axis of laser light. Wen the apparatus further conprises
| i ght-convergi ng point noving nmeans for noving the |ight-converging point
in a direction intersecting the optical axis of |laser light as such, a
crack can cont iwiudiis! y h251 bght ot nedsal ohgny hes tranvialg gheeebiyon meld itthed
| i ght-converging point, so that the directional stability of cutting
further 130 i mpnaves Mherebyrilne i reed ilonyHf-itd g reapdietcontthahl ed
further easily. [Third Exanple] A third exanple of this enbodinment will be
expl ai ned. 5 lunmd heghbif daexaipt engndta fieurddy examala nstivch whkh, bee
expl ained | ater, an object to be processed is irradiated wth |aser |ight
such that the diyreGtipPmedhs cnear thpol aghzatiensmittingand ye pd Britzedel aser
| ight extends along a line along which the object is intended to be cut in
the 10 @bj ect t>dhe irpceFSedhahefRbE iedodifried faaien ichifyorped thae the
object to be processed. As a consequence, in the nodified spot forned with
a single pul seadfgrghelorer®in@ pYing e Jpurse oftHaser gid-adizatsh)k ingt he
size in the direction

material and its vicinity, whereby the light-transmitting

material is reliably cut along thus formed modified part.

—

As a consegquence, 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. Also, since the light-transmitting material is
cut along the modified part, the directional stability of

cutting improves, whereby the cutting direction can be

[
(n

controlledeasily. Also, thedicingwidthcankemade smaller
thanthatattainedinthedicingwithadiamondcutter, 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-transmittingmaterial quiteeasilyand apprbpriately.

Also, intheapparatus forcuttingalight-transmitting

material in accordance with this aspect of the present

invention, dust-emitting powders hardly exist, so that no
lubricating/cleaningwater for preventing the dust-emitting

25 powders from flying away is necessary, whereby dryprocessing

can be realized in the cutting step.
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extending along the |ine along which the object is intended 15 to be can be
made rel atively large when the laser light 1is pulse |aser light. The
inventor has confirmed it by an experinment. Conditions for the experinment
are as follows: (A) bject to be processed: Pyrex glass wafer (having a

t hi ckness of 700 pm and an outer dianeter of 4 inches) 20 (B) Laser Light
source: sem conductor |aser punping Nd: YAG | aser Wavel ength: 1064 nm Laser
| i ght spot cross-sectional area: 3.14 x 25 10-8 cm Gscillation node:
Qswitch pulse 131 Repetition frequency: 100 kHz Pulse width: 30 ns

Qut put: output < 1 mJ/pulse Laser light quality: TEMIO 5 Pol ari zati on
characteristic: |ineaf" pbRappratiesns( CorLiqgHitigenver gidlgt +epensmitting
Magni fication: x50 NA: 0.55 10 Transmttance with respect to | aser |ight
wavel engt h: 60% ¢ DpriBVi ng Speed dsfince oLt | higl s abbperbuntfi nda heresbjtect to
be processed: 100 nm sec Each of Sanmples 1, 2, which was an object tobe
processed, invention, since the modified part is formed by non-contact

processingwith laser light, problems of durability of blades,

5 theirreplacement frequency, andthelike inthedicingcaused

by diamond cutters will not occur as in the conventional

techniques. Also, since the modified part is formed by

non-contact processing with the laser light as mentioned

above, the apparatus for cutting a light-transmitting

10 material in accordance with this aspect of the present

invention can cut the light-transmitting material along a

cuttiné pattern which cuts out the light-transmitting
material without completely cutting the same.

The apparatus for cutting a light-transmitting

[
n

material inaccordancewlithanaspect of thepresent 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

N
¢

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 1light-transmitting material and 1its
vicinity.
25 In the apparatus for cutting a light-transmitting

material in accordance with this aspect ©of the present
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15 was exposed to a single pulse shot of pulse |aser light while the
| i ght-converging point is |located within the object to be processed,
whereby a crack region caused by nulti photon absorption is forned within
the object to be processed. Sanple 1 was irradiated with linearly polarized
pul se laser 20 light, whereas Sanple 2 was irradiated with circularly
pol ari zed pulse laser light. Fig. 33 is a view show ng a phot ograph of
Sample 1 in plan, whereas Fig. 34 is a view showi ng a photograph of Sanpl e
2 in plan. These planes are an entrance face 209 of pulse 25 | aserlight.
Letters LP and CPschemati cal |l yi ndicatelinear polarization and circular
pol ari zati on, respedtiorsl| ycheFiogptick3d2 BFlice aonivewgschemaeircalibit showh ng a
cross section of Sanple 1 shown in Fig. 33 taken along the Iine XXXV- XXXV.
Fig. 36 is a vihew scadnmthitcaldnwestyawiongo antrodska sectliightafs Saapt gondd shown
in Fig. 34 taken along the line XXXVI-XXXVI. A crack 5 spot 90 is forned
w thin a gl asswiafhdm 2hd hgleh-1isait el objegtnattaxilzd ,psocessedhel ant¢hey case
where pulse laser light is linearly polarized Ilight, as showmn in Fig. 35,
the size of craeksipgtof 9@ skar neghby tatisé Adhedtpabaeecshohgiroirel akevedy | arge
in the 10 direction aligning wth the direction oflinearpolarization. This
i ndi cat s t hat attterdsiod dg £ fp ttihe 1Icd atkg s potorQ das d et e ad Bde b Rddw S
direction. Wien the pulse laser light 1is circularly polarized light, by
contrast, the sifzchoflithe-teaackispohgMticaringd wiye gelst agiracpul seosheod wil |
not become IS greater in any specific direction as showm in Fig. 36. The
only at the light-converging point within the

light~transmitting material and its vicinity. Then, the

Pt

cuttingmeans cutsthelight~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 1light-transmitting material. As a2

-
(@)

N 193

consequence, the amount of dust emission 1is very small,
whereas the possibility of dicing damages, chipping, cracks
on the material surface, and the like occurring alsc>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-transmittingmaterial quiteeasilyand appropriately.
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size of the crack spot 90 in the direction yielding the maxi mum length is
greater in Sanple 1 than in Sanple 2. The fact t'hat a crack regi on extending
along a line along which the object is intended to be cut can be forned 20
efficiently will be explained fromthese results of experinent. Figs. 37 and
38 are plan views of crack regions each forned along a |ine al ongt®ihichl44e00
object is intended to be cut in an object to be processed. A nunber of
crack spots 90, each forned by a single pulse shot, are fornmed 25 along a

| ine al ong which the object is intended to be cut 5, whereby a crack region
9 extending along the line along 133 which the object is intended to be cut
5is fornmed. Fig. 3 shoinsthkeppsack uselyooudt {04 eEd ot dansaditatingn wi t h
pul se laser light such that the direction of |linear polarization of pulse

| aser |ight alnagresriw hitheckbnéaakengishwhitchs thepobt ect ithel pirended to be
cut 5. The formng of <crack spots 9 is accelerated along the direction of
the line al onghwdtclhon hela-eeii tts rigiended st Baba1§utx bst Whes ednat hei r

size is relatively large in this direction. Therefore, the <crack region 9
ext endi ng al ongig:hiedd ey ad xah Wy Gt Ehe cobp eeterkOi h§ thotrndedntia thagcut 5
can be fornmed by a smaller nunber of shots. On the other hand, Fig. 38
shows tshe craglowdRd Phrof MR WP sindead satiyony vé £ &b Pk §§ lreels ihigght
such that the direction of |inear polarization of pulse laser light is

ort hogonal to dde dd neAl ok WH adhd heswabjeftsdep i ntended 15 to be cut S
Since the size of crack spot 90 in the direction of the line along which

the object is intended d1» bgpgaitatus for cutting a light-transmitting
material in accordance with this aspect of the present

invention, since the <crack 1s formed by non-contact

10 processingwith laser 1light, problems of durabilityof blades,
their replacement frequency, andthelike inthe dicing caused

by diamond cutters will not occur as in the conventional

techniques. Also, since the crack is formed by non-contact

processingwiththelaser light asmentionedabove, themethod

b
n

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 ocut the light-transmitting material without completely

Plaia

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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5is relatively small, the nunmber-of shots required for formng the crack
regi on 9 beconmes greater than that in the case of Fig.. 37. Therefore, the
met hod of forming a crack region 20 in accordance with this enbodi nent shown
in Fig. 37 can form the crack region nore efficiently than the nmethod 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 form ng of- the
crack spot 90 formed at the 134 shot is accelerated in the width direction
of the line along which the object is intended to be cut S. Therefore, when
t he crack spoth@0pexticids iod tthe wirdch doreeti.on of the line along which
the object is intended to be cut 5 too nuch, 5 the object to be processed
cannot precisely bePestfeakbdg, the Ligktateagsmbitchnyheaobieel is onéended
to be cut S. By contrast, the crack spot 90 forned at the shot does not
extend nmuch i phdiskesd fase ok riidthni the sl 6 e£1ionodldigiuia satt hohbe |ine
al ong which the object is intended to be cut 10 5 in the nmethod in
accordance w Winetrkiz$ eRboghteaE]1 ShoWce i dorftdrge¥/ thahereby thgnhebgeeh to be
processed can be cut precisely. Though nmaking the size in a predeterm ned
directbon rekatitvehy Lagge-aspngrghagspaestofisapovdtibeddregteimbhase 15
been explained in the case of linear polarization, the sanme holds in
el liptical pohaghzatiransastwehl. ridanelis)l asashowacihg khe & Fbemé@rm ng
of the crack spot 90 is accel erated

between adjacent circuit sections. With such a

configuration, thelight-transmittingmaterial canreliably
be cut at the position of the gap formed between adjacent
10 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

B}
i

not irradiated with the laser light as such, it can prevent

theiaserlightfromenteringthecircuitsectionsandprotect
the circuit sections against the laser light.

Preferably, the apparatus further comprises

light~converging point moving means for moving the

20 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

optical axis of laser l'ight as such, a crack can continuously

25 be formed along themoving direction of the light-converging

point, so that the directional stability of cutting further
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in the direction of major axis b of an ellipse representing elliptical
pol ari zation EP of |aser |ight, whereby the crack 20 spot 90 having a
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 f
ellipticity of other than 1 aligns with a line along which 25 the object is
intended to be cut in the object to be processed, effects simlar to those
in the case of linear polarization 135 occur. Here, the ellipticity is half
the length of mnor axis a/half the length of major axis b. As the
ellipticity imspsomtkemhdrebisine aifrddiel @r ackewsymin@0aalengotheodigadcti on
of major axis b becomes greater. Linearly polarized light 5is elliptically
pol arized |ightrwhéh easeblipticity of zero. Circularly polarized light is
obtai ned when the ellipticity 1is 1, which cannot nmake the size of the crack
region relatively |Brgedipzampredeterm ned direction. Therefore, this |
enbodi ment does not enconpass the case where the ellipticity 10 is 1.
Though making the sizeiiny axphpdet ef iniededbbachbnn wiel aki ¥gbyalssge anmong
the sizes of a nodified region has been explained in the case of a crack
regi os the saechel dgirbnemBiiar precessed;fegi ofsnpnd wiefsacki ve nadex
change 15 regionsaswell.. Al so, thoughpul sel aserlightisexplained, the sane
hol ds in contdfwpysn¥@Veataser ashi @hteas wel be ghecetoL800ENgrabgoathdd in a
fourth exanple which will be explained |ater.

with 1laser 1light such that the direction of 1linear

polarizationof linearlypolarized laser light extends along
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. BAs a consequence, in the
modified spot formed with a single pulée of shot (i.e., a
single pulse of laser irradiation), thesize inthedirection

extending along the line along which the object is intended

=~ N
Co oe C

[an]
on

ut 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:Pyrexglasswéfer(having

a thickness of 700 pym 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

I

25 1078 cm

Oscillation mode: Q-switch pulse
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The | aser processing apparatus in accordance with the 20 third exanple of
this enbodinent wll now be explained. Fig. 40 is a schematic di agram of
this | aser processing apparatus. The |aser processing apparatus 200 will be
explained mainly in ternms 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 regulator 201 for
adjusting the ellipticity 136 of polarization of laser light L emtted from-
a laser light source 101, and a 90 rotation regul ator 203 for adjusting
the rotation of polarization of the laser light L emtted fromthe
ellipticity regulator 201 1t 9Q.. el hptigity regul ator 201
i ncludes a quarter wave BF%Fgggggnsgéﬁgugﬂgﬁfgibglkﬁ%he guarter wave plate
207 can adjust the ellipticity |l Lptically polarized Iight by changing
t he angle of direction O.Eﬁgﬁélvgé5ﬁénbﬁi8§t with linear polarization LP is
made i ncident on the quarte ve 1 |late. 207, the transmtted |ight
attains elliptical poIarbEgPP N QRﬁFh<a1pWéé%V£?ﬁined ellipticity. The
angle of direction is an. angle,forped between_the major axis of the

ALSTRh: FoRal dBgeetya H

el lipse and the X axis. a er other than 1 is

enpl oyed as the elliptici in.this enbodinent. i5 The .ellipticity regulator
201 caﬁ nmake the polariza%g%ﬁrbfak?ager Iigﬁpﬁ?Q&ﬁﬁﬁﬁ¥%ﬂ1iptich¥§ar

pol ari zed |i ght g@.h% Ln% a desirable ellipticity. The ellipticity is
adjusted in VPS% 6f *tHE™t hi ckness and material of the object to be

processed 1, and tQS)llkfight—converging lens

Magnification: x50

P

NA: 0.55
10 Transmittance with respect to laser 1light
wavelength: 60%
(D) Moving speed of a mounting table mounting the
object to be processed: 100 mm/sec

Eachof Samples1, 2, whichwasanobject tobeprocessed,
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single pu 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. LettersLPandCPschematicallyihdicatelinear

polarizationandcircularpolarization, respectively. Fig.
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20 When irradiating the object to be processed 1 with laser light L having
| i near polarization LP, the laser light L emtted fromthe |aser |ight
source 101 is linearly polarized |ight LP, whereby the ellipticity

regul ator 201 adjusts the angle of direction 9 of the quarter wave pl ate
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 137
source 101 emits linearly polarized |aser light L, whereby the ellipticity
regul ator 201 is unnecessary when only laser |I|ight of |inear polarization
LP is utilized for irradiating the object to be processed with laser. 5 The
90 rotation reégulatoyi@e3ddhmmaltdes: ld hahbwiages cploatses 20561 as oshdsmple Fi g.
42. The half wave plate 205 is a wavelength plate for making polarization
ort hogonal tol s$howariry fpgl.aBBzegkémaildert thieghi ne N&tIAXXXMenFligneds |y t, .
pol ari zed light LP1 with an angle of direction of 45 is 10 incident on the
hal f wave pl aie 20biedosclexanpl €ally astsminied drcgi seecaoesofi beasley

pol arized light LP2 rotated by 90 wth respect to the incident |ight LP1.
When rot ati ngltdtmwpoharigatidotelodn basear thghtink XxxX¥I-edXvbm Rherack
ellipticity regulator 201 by 90, the 90 rotation regul ator 203 operates 15
so as bo "l acepphethakff swaved piahen2051entovd e opt ivialchaxg sheobbiaser |i ght
L. When not rotating the polarization of laser light L emtted fromthe
ellipticity regubatpro2@isetthe 90 ff rotation regulator 203 operates so as
to place the half wave plate 205 outside the optical path of laser light L
(i.e., In the case where pulse laser light 1s linearly

polarized light, as shown in Fig. 35, the size of crack spot

o

90 formed by a single pulse shot is relatively large in the
10 directionaligningwiththedirectionoflinearpolarization.
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

ter in any specific direction as shown in Fig. 36. The

[
o
[\

=

gre
sizeof thecrackspot 90 inthedirectionyielding themaximum
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 aiong 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

>, whereby a crack region 9 extending along the line along
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20 at a site where the laser |lirght L does not pass through the half wave
plate 205). The dichroic mrror 103 is disposed such that the laser light L
whose rotation of polarization is regulated by 90 or not by the 90 rotation
regul ator 203 is incident thereon 25 and that the direction of optical axis
of laser light L is changed by90. The | aser processing apparatus 200
conprises 138 a 9-axis stage 213 for rotating the X-Y plane of the nounting
tabl e 107 about the thickness direction of the object to be processed 1.

The stage controller 115 regulates not only the novenent of stages 109,

111, 113, but also the novenent 5 of stage 213. Wth reference to Figs. 40
and 43, the | aserigir édesobngctnéshodtiendadcordanceuini d i & Heonrsid.d Exanpl e of

this enbodinment wll now be explained. Fig. 43 is a flowhart for
expl ai ning thixd |sders precessiaky meetilved. Toemebj epbnt arbedpedcessedtio 1 is
a silicon wafer. Steps S101 to Sill are the sanme as those of the first

exanpl e shown ipwlisieg. 145erThiel @it i picti t yhaegulhet odi 204t adpustits fiheear
ellipticity of laser light L having linear polarization LP emtted from
the | aser |ighpodeuricatioh ¢512M)se 1d3herllasgrt bigbhslwidvihg llimeeklopyi cal
pol arization EP with a desirable ellipticity can be obtai ned when the angle
of direction Owdfichhehguabtiert wavénpkatedi sochanged 5.n trhe ébkmphigcofy
regul ator 201. First, for processing the object to beprocessed 1 along the
Y-axis directi aractihepons @ iaxdscolendnt el lalpse tndidiatdore on20f afhd héne
elliptical polarization EP of laser light L is adjusted

along which the object is intended to be cut 5, whereby their

size is relatively large in this direction. Therefore, the

T

crack region 9 extending along the line along which the object
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

[
n

tobecut 5. Since the size of crack spot 90 in the direction
of the line along which the object is intended to be cut
S5isrelativelysmall, thenumberof shotsrequired for forming
{ 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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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 0-axis stage 213.

Therefore, the 25 9-axis stage 213 functions as major axis adjusting nmeans

or- linear polarization adjusting nmeans. 139 For processing the object 1

along the Y-axis direction, the 90 rotation regulator 203 carries out

adj ust ment which does not rotate the polarization of |aser light L (S125).

Nanely, it operates so as to place the half wave plate to 5 the outside of

“the optical path of laser light L. The |aser |ight source 101 generates

- laser light L, shherieascthéelkenedalondgenwhidhhtdiereatijiect of schienfléndetlldrg be

- cut 5 extending in the Y-axis direction in the surface 3 of the object to

‘- be processed 1 whithritk atiekani tils theehaeer taObéiqgitt 5L. Fhgrefdrés whepl an

view of the object 1. The object 1 is irradiated with the laser light L

such that the mahercraxit sponddCabitesddf ihheheldiigpsed ofeetioptdicahe line

pol ari zation EP of |aser |light extends along the rightnost |ine al ong

whi ch the obj ecklosginheaethéoobeectit iS5 imtéh@e®bt&che locutdl5 S heanidig

| i ght-converging point P of laser light L is positioned within the object

1, noltedh processedobegtonso laeepfoc@BdeONtInMbE hbAethecDhjleetcds hwgY-axi s

stage 111 is noved along the |line along which the object is intended to be

cut 5, so as tothermaenmléen processed siepgeon W thite2ded heo by esit tio be

processed 1 along the Iine along which the object is intended to be cut S
By contrast, the crack spot 90 formed at the shot does not

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

(€)1

been

s
U}

#plzained 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 major axis b of an ellipse representing

AT
/ N
i

" elliptical polarization EP of laser 1light, 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 than 1 aligns with a line along which

25 the object is intended to be cut in the object to be‘proqessed,

effects similar to those in the case of linear polarization
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Then, the X-axis stage 109 is noved, so as to irradiate the neighboring
line al ong which the object 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 line along which the object is intended to be cut 5 in a manner
140 simlar to that nentioned above. By repeating this, anolten processed
region is formed wthin the object 1 along the lines to be cut 5
successively fromthe right side (5127) Fig. 45 shows the case where the
object 1 is irradiated with 5 the laser light L having |linear polarization.
Nanely, the object 1 is irradiated with laser light such that the direction
of linear pol apiczatd .onHeRPegf thaselllpghtiext epdsa af ofige t hength nef aliglg whi ch
the object is intended to be cut 5in the } object 1. 10 Next, the 90
rotation regul atars 208 a0Fet RbESeriX ST hejBkrageid e hakfrmave plntie 295
(Fig. 92) onto the optical axis of laser light L. This carries out

adj ustment for i s ehatieg, tthe Bekard Zahieodr 8tk Isgzer 9b Qi eoht tad drq@nt he
ellipticity regulator 219 by 90 (S219). 15 SubSequently, the laser light 101
generates |asebfl hghbr hxi¥henRasddie gl &2l ong; MBkLehy ther oBf 264 1iight
intended to be cut extending in the X-axis direction of the surface 3 of
the object 1 i §s'éiﬁgﬁ@:fi@QlY‘%/_tﬂblta!}%zhe%??ﬁgh'cg\rﬁ.tt]'f-an 191 pth& 1S, 8rpleal Vi ew
of the object 1. The object 1 is irradiated 20 with the 'l aser “light L such
that the directhoryafa iRepABLLE 28X i%10f 18N8t 4 1 DSE WiHRGI CRE IME it ithey

el liptical polarization

is 1, whichcannot make the size of thecrackregionrelatively
large in a predetermined direction. Therefore, this
embodiment does not encompass the case where theellipticity

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

w

regionsaswell. Also, thoughpulselaserlight isexplained,

[}

the same holds in continuous wave laser light as well. The

foregoingalsoholdina fourthexamplewhichwillbeexplained

e
- o

later.
The laser processing apparatus in accordance with the
20 third example of this embodiment will nowbe explained. Fig.
40 is a schematicdiagramof this laser processing apparatus.
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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EP of laser light L extends along the |lowest |line 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 positioned within
the object 1, nolten processed regions are formed only within the object 1.
The 141 X-axis stage 109 is noved along the line along which the object is
intended to be cut 5, so as to fornma nolten processed region within the

object 1 extending along the Iine along which the object
cut S. 5 Then, the Y-axis stage is noved, such that the
i ne along which the object is intended to be cut 5is

is intended to he
i mredi at el y upper
rradi ated with the

| aser light L, whereby a nolten processed region is formed within the
obj ect 1 al ongof tthd di i @lcong fwha sér thiegrobjleenit sednfesndedl deebel gt 5 i n
10 a manner simlar to that nmentioned above. By repeating this, respective

mol t en processeshiregillts, ane &0y 0red odtion theeyulehjerc 0B

aborgy et ing

individual lines to be cut successively fromthe |lower side (S131). Fig. 47
shows the case:where:atien oy eell akiizzdidradifated WekbBrt heghasererighd L
having 15 linear polarization LP. Then, the object 1 is bent along the
lines to be cutrom,tihesEbYpt hei 0b] esdullatsr c201 (IS133out THES. di vi des the
object ( 1 into silicon chips. Effects of the third exanple wll be

expl ai red. 20 Accorgiqglteptheithi régeXxandt e,01t hecobiiesta ubstbknadiat ed
with pulse laser light L such that the direction of the mgjor axis of an

el l'i pse indi catiaree of0 BAoRh! iptEical 4pal arhzafidhter wave

plate 207 can

10

l,__\
w

20

25

adjust the ellipticity of elliptically polarized light by
¢hanging the angle of direction 6. Namely, when light with
linear polarization LP is made incident on the guarter wave
plate 207, the transmitted 1light attains elliptical
polarization EPwith a predeterminedellipticity. The angle
of direction is an angle formed between the major axis of
the ellipse and the X axis. As mentioned above, a number
otherthanlisemployedastheellipticityinthisembodiment.
The ellipticity regulator 201 can make the polarization of
laser 1light L become elliptically polarized light EP having
adesirableellipticity. Theellipticityisadjustedinview
of the thickness and material of the object to be processed
1, and the like.

Whenirradiating theobject tobeprocessedlwith laser
light L having linear polarization LP, the laser light L
emitted from the laser 1light 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

the laser light L pasées through the quarter wave plate while

being the linearlypolarizedlight LP. Also, thelaser light



- 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 'relatively |arge, whereby crack

regi ons extendi ngalonglines 142 to be cut can be forned by a smaller nunber
of shots. The third exanple can efficiently formcrack regions as such,
thus being able to i nprove the processing speed of the object 1. Also, the
crack spot forned at the shot does not extend 5 in directions other than the
direction aligning with the 1line along which the object is intended to be
cut 5, whereby the object 1 can be cut precisely along the Iine along which
the object is isntendedOtloehet sUlideadhess residdds 1asersighar., tbetboge of
the fourth exanple which will be explained later. 10 [Fourth Exanple] The
fourth exanpl e tofe &bl spembody mejuWddr belexphahaedss aBy hgnidhlelpseof its
differences fromthe third exanple. Fig. 48 is a schematic diagramof this

| aser processing ghapparBiikss 8801 ATRRG ithersonstituents ofr iheabaseindd
processi ng apparatus 300, those identical to constituents of the |aser

processi ng appanat b%j2QQ it aECHdRRces thitH hadhird exanpl e shown in Fig.
40 will be referred to with ( nunerals identical thereto w thout repeating

their gverlapping explagari epsatr28nTheglhagesr PFOEESH NHAPRAMAL USSP 1S
not equi pped with the 90 rotation regulator 203 of the third exanple. A

6-axis stage 2i3teanosokadtendhe ¥4 Y¥h ane of rgenpanting,d ahla 1065 about
the thickness direction of the object to be processed

a wavelength plate for making polarization orthogonal to
linearly polarized incident light. Namely, when linearly
polarized light LP; with an angle of direction of 45° is
10 incident on the half wave plate 205, for example, 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

regulator 201 by 90°, the 90° rotation regulator 203 operates

(W}

oW

sC as to place the half wave plate 205 onto the optical axis
of laser 1ight L. Whennot rotatingthepolarizationof laser
light L emitted from the ellipticity regulator 201, the 90°

rotation regulator 203 operates so as to place the half wave

PN
/ S

plate 205 outside the optical path of laser light L (i.e.,
20 - at a site where the laser light L does not pass through the
half wave plate 205).

The dichroicmirror 103 is disposed such that the laser
light L whose rotation of polarization is regulated 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

changedby 90°. The laser processingapparatus200comprises
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1. This makes the polarization of laser light L emtted from25 the
ellipticity regulator 201 relatively rotate by 90. The | aser processing

met hod in accordance with the 143 fourth exanple of this enbodinent will be
expl ai ned. Operations of step S101 to step S123 in the | aser processing

met hod in accordance with the third exanple shown in Fig. 43 are carried
out in the fourth exanple as well. The 5 operation of subsequent step S125
is not carried out, since the fourth exanple is not equipped with the 90
rotation regulator 203. After step 5123, the operation of step S127 is
carried out. The operations carried out so far process the object 10 1 as
shown in Fig. #48-knia smwayep13ifod abtbkoihbathd R-Yhel d4i4d bd heampleting
Thereafter, the stage controller 115 regulates the e-axis stage 213 so as
to rotate it hypG liThepgttatihen tefi cikhe s8- axirecstiage o218heobpiestthe obj ect
1 by 90 in the X-Y plane. Consequently, as shown in Fig. 49, 15 the nmgjor
axis of elliptiecpkopekaetizati oneER £ancbateaused 1ﬁ33r€EhQ§té\étﬂbtaoﬂii§le al ong
which the object is intended to be cut intersecting the |ine along which
the object istihat pBdeflent obe tGiesS1baYi O alinsadyueonpieted hbeendei fi ed
region formng step. 20 Then, |ike step 5127, the object 1 is irradiated
with the | aserf Idtghfe 2tmereby nolten processed regions are forned within
the object to be processed 1 along lines to be cut 5 successively fromthe
right side. Finallyjpias widrsi@ProFhidd. 1hanebi ectnk IssCupronbesehy the
object 1 is divided

method inaccordancewiththethirdexample of thisembodiment

will now be explained. Fig. 43 is a flowchart for explaining

this laser processing method. The object to be processed

10 1l is a silicon wafer. Steps S101 to S111 are the same as
those of the first example shown in Fig. 15.

The ellipticity regulator 201 adjusts theellipticity

of laser light L having linear polarization LP emitted from

the laser light source 101 (S121). The laser light L having

-
w

elli

3

fLical polarization EP with a desirable ellipticity can
be obtained when the angle of direction 6 of the quarter

wave plate is changed in the ellipticity regulator 201.
First, for processingtheobject tobeprocessedlalong
the Y-axis direction, themajor axis of anellipse indicative
20 of theelliptical polarizationEP 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 (5123). This is
achieved by rotating the 8-axis stage 213. Therefore, the
25 @-axis stage 213 functions as major axis adjusting means

or linear polarization adjusting means.
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25 into silicon chips.
explained in the foregoing relate to the'formng of nodified

mul ti photon absorption. However, the present invention may cut the obj
to be processed by irradiating it with laser light while locating its

| i ght-converging point 5 within the object so as to nmake the nmajor axis

direction of an ellipse indicative of elliptical polarization extend

The third and fourth exanples of this enbodi nent
regi ons by

144

ect

al ong

a line along which the object is intended to be cut in the object wthout
form ng nodified regions caused by i multiphoton absorption. This can
cut the object along 10 the line along which the object is intended to be

ffici I F I ft.h I h 19} d
“and EEIeﬁth[e'foa Eéc%rﬁéefé%ﬂeﬁ%bi#wf %II@ Siptarhon Fage o0

cut
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sizes Vi
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system i ncl udi
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al so

pti cal
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The podi f fers t
Mrreacy T et agree ap?ari%%pa@% Ersefdafiog sed (¢

one pul se laser_irradiation), whereas an_assenbly of nodified spots forns a
modi fi ed regi oN2™FHe « ridc OFSITEF oo SCoAPT bP Ph%c%lz@% L @S &d 3dFot8

explalned with respect to crack spots by way aof exanple

be

10

-
wn

20

25

the outside of the optical path of laser light L.

The laser light source 101 generates laser light L,
whereas the line along which the object is intended to be
cut 5 extending in the Y-axis direction in the surface 3
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 alocng
which the object is intended to be cut 5 in the object 1.
Since the light-converging point P of laser light L 1is
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

140
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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 145 section deteriorates. This will be
explained with reference to Figs. 50 to 55. Fig. 50 is a plan view of an
object to be processed 1 in the case where crack spots are forned
relatively large by using the | aser processing nethod in 5 accordance with
this enbodinment. Fig. 51 is a sectional view takenalonglLl-LI on the line
al ong which the object is intended to be cut 5in Fig. 50. Figs. 52, 53,
and 54 are sectional views taken along lines LII-LII, LITI-LIII, and

LI V-LIV orthogonal

t L al whi ch t bj ect is.i.ntend 10 to b
LIY-LIY o noggnal g, Lhe, LR 8L OB, MLED Uy gBLsel syt RS, 1o b
devi at i i i f Kk ts .9 b ‘ t wh h K ts 90
doui ot on | S1328 2L TLERK SPOLE 3. DESOTES, G epLEL i 11, hack ghor s 9

object 1 aloyg the line alogg whi ch the_ object is intended to ut 15 5
8s§ éi?

be

becones | ower 1 TRAPS0Cile &gl ar PEFEESHEVEL YsEr S-S SFHetﬁélgg?ect 1
becone so Iarge th the fl atness of the cross sectjon 43 deterjorates.
Whien crack spbt§-9t° "ol ie e FelAeirFetye Grlack é. 38 1520 PRte Yés8) by
usi ng %he | aser rocesshgg:ap aratus_in accordance with this enbodi nent, 20
by confrast, ER&ck®&pbts daf@Ben got et B 3 32 @RI cal2™6é Yr e§fRai ned
fromw dening in directions deviating from that of the |ine along_mhich t he
obj ect is inteRdEATC HErragtahed ¥AGRA 557 1H Heh BaUCH&Rs g1 R8CERBRN i n
Fig. 57, the accuracy of_ cutting the object 1 along the |ine along

of lineatf polarization LP of laser light extends along the

line along which the object is intended to be cut 5 in the

object 1.

10 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).

[
(@2}

Subsequently, the laser 1ight 101 generates laser light
L, whereas the line along which the object is intended to

be cut extending in the X-axis direction of the surface 3

TN,

of the object 1 is irradiated with the laser light L. Fig.
46 is a planview of the object 1. The object 1l is irradiated
20 with the laser light L such that the direction of the major
axis of anellipse indicative of the elliptical polarization
EP of laser light L extends along the lowest line 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 positioned within the object 1, molten

processed regions are formed only within the object 1. The
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25 which the object is intended to be cut 5 and the flatness of cross
sections 43 can be inproved as shown in Fig. 57. 146 When crack spots are
too |l arge as such, precise cutting along a |line along.which the object is
intended to be cut and cutting for yielding a flat cross section cannot be
carried out. If crack spots are extrenely small with respect to an 5 object
to be processed having a large thickness, however, the object wll be hard
to cut. The fact that thi's enbodi ment can control sizes of crack spots wll
be explained. As shown in Fig. 7, when the peak power density is the sane,
the size of a crack spot in the 10 case where the |ight-converging | ens has
a magnification of x10 and an NA of 0.8 is smaller than that of a crack
spot in the casexuheseagdell? ghs-noneeraygl ogg | Ems hase aal eragnitficdattihen of
x50 and an NA of 0.55. The peak power density is proportional to the energy
of laser |ightolpeecpilsintdnded tollke ¢ineSpamess ab fudnse Modsen g1t g@ldsseals
expl ai ned above, whereby the sane peak power density neans the sane |aser
l'i ght power. Mhehot heitlaisertid gitjqeanar eiks ehdengageonhi tge t hiendedidngpot e
cross-sectional area is the sanme, sizes of crack spots can be regulated so
as tobecone snethieh (g estt gt asst her dwa@d i €&l be 20p@perture of a

| i ght-converging lens is greater (snmaller). Al so, even when the nuneri cal

aperturee of the |igherconygeging:tenssicsqgkhe samdvesl, zesuaf enaek t3pots can
be regul ated so as to beconme smaller and l'arger when the [laser Iight power
(peak power denghddy)at Sl yraged 0iemanrd ondd wiiighethel 85pE6t i V€l phtended

to be cut 5 is irradiated with the laser light L, whereby

amolten processed region is formedwithin the object 1 along

P

the line along which the object is intended to be cut 5 in
10 amanner similar to that mentioned above. By repeatingthis,
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 Qhere
the object 1 is irradiated with the laser light L having
15 linear polarization LP.
| Then, the object 1 is bent along thé lines to be cut

5, whereby theobject 1 iscut (S133). Thisdividestheobject

/ﬂ’\

1l 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
axié<3far1ellipse 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 direcfion'of lines to be cut 5 becomes

relativelylarge, wherebycrackregionsextendingalonglines
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Therefore, as can be seen fromthe graph shown in Fig. 147 7, sizes of
crack spots can be regul ated so as to becone snaller when the nunerical
aperture of a light-converging lens is made greater or the | aser |ight
power is nade lower. On the contrary, sizes of crack spots can be regul ated

so 5 as to becone greater when the nunerical aperture of a |ight-converging
lens is made smaller orwhen the laser light power is nade higher. The crack
spot size control will further be explained wth reference to the draw ngs.

The exanple shown in Fig. 10 58 is a sectional view of an object to be
processed 1 within which pulse laser light L is converged by use of a

l'i ght - conver givg ]ie?%th%\éhngeanEﬁggtr?*’rH ngth NWEHLGRLr apesisre. Regions 41
are those having yielded an electric ield intensity at a threshold for

causing nul tiphoton Lo ahsordtd %rffqrcﬂé'ngrlgf BY¥mt Bisckaseyi bk £ adi %tdc‘?}n Fig.

59 is a sectional view'of a crack spot orned die to the multiphoton

absor pt i on causeds By b AN A Lok LhE LASEL. 1 igboka AchbeplNer hand,

t he exanpl e shown I n Fig. i's a sectio Vi ew 0 n object to "be
processed 1 wifhin,2Q V“Ehgthé’J:?% 58 ol @hgtttﬂés%%f%vgsgg daef a

l'i ght - convergi ng en having a numerical aperture greater an t In the
exanpl ¢ shown | i C N I t 90

f ormed due to t S%ogt:ocgc eﬁ%sﬂo}?apr?lto}?leec%ius&g!lbyﬂ ?a\rlyr (]jlllatchﬁctvﬁ tstﬁ]%

laser light L. %ﬁe zﬁgngew}gmhg&hcg oBaek £2qk: qu%eoee% an the el f

regions 41 in the thickness rect on ect Wher eas
the object 1 can be cut precisely along the line along which

theobject is intended tobe cut 5. These results are similar
to those of the fourth example whichwill be explained later.
10 - [Fourth Example]
The fourthexample of this embodimentwill 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

1
w

process

LQ

ing 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 The laser processing apparatus 300 isnot equippedwith

the 90° rotation regulator 203 of thethirdexample. AB-axis

stage 213 can rotate the X-Y plane of a mounting table 107

about the thiekness direction of the object to be processed

1. Thismakes thepolarization 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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148 width w of crack spot 90 depends on the size of regions 91 in a
direction orthogonal to the thickness direction of the object 1. Nanely,
when these sizes of regions 41 are nade snmaller and greater, the height h
and width w of crack spot 5 90 can be nade snaller and greater,
respectively. As can be seen when Figs. 59 and 61 are conpared with each
other, in the case where the laser light power is the sanme, the sizes of
hei ght h and width w of crack spot 90 can be regulated so as to becone
smal ler (greater) when the numerical aperture 10 of a |ight-converging |ens
is made greater (smaller). _The exanple shown in Fig. 62 is a sectional view
of an object t¥bethrEeesedg 106G tHIIs waMbRIpUEEE Hdler PRgrR*Plaikgding a
power |ower than that in the exanple shown in_ Fig. 58 is converged. In the
exanpl e shown iPFIa:1®82s ofi ater 1Bl ¢héo asep Jlidghin gdked apSrnRtRCd SHASY, t he
area of regions 41 is snmaller than that of regions 41 shown in Fig. 58.
Fig. 63 is a seethohan dmpuiarcermidk spet to0 rfoenetpdaeshown hien Fig.
mul ti phot on absorption caused by irradiation with the laser light L. As can
be seen when Fi{k.259 aadrés8daceitconpatled Zouwkihhesavhlet lver ,wéll t h&hease
where the nunerical aperture of the light-converging lens is the sane, the
si zes 0of> hei ghtopéyr amdmicdt huls efiuenackt epdil 2201 sarmoheareg@datet, siras to
beconme smaller (greater) when the |aser |ight power is made |ower (higher).
25 The exanpl e EHoWwPy st Figramgdl ¢ sia sect¢onibred enwiof tham Db) evttatd ove
processed 1 within which pul se laser |ight 149

regulator 203.

After step S123, the operation of step S127 is carried

out. The operations carried out so far process the object

10 1l as shown in Fig. 44 in a manner similar to that in the

third example. Thereaftef, 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

becut intersectingthelinealongwhichtheobjectis intended

( to be cut 5 having already completed the modified region
forming step.

20 Then, like step S127, the object 1 is irradiated with
thelaserlight,wherebynbltenprocessedregionsareformed
within the object to be processed 1 along lines to be cut
5 successively from the right side. Finally, as with step
§133, 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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L having a power |ower than that in the exanple shown in _ Fig. 60 is
converged. Fig. 65 is a sectional view of a crack spot 90 formed due to the
mul ti phot on absorption caused by irradiation with the laser light L. As can
be seen when Figs. 5 59 and 65 are conpared with each other, the sizes of
height h and width w of crack spot 90 can be regulated so as to becone
smal |l er (greater) when the nunerical aperture of the |I|ight-converging |ens
is made greater (snaller) while the t, . laser Light power is made | ower
(higher). 10 Meanwhile, the regions 41 indicative of those yielding an
electric field intensity at a threshold for electric field intensity
capable of formng a crack spot or higher are restricted to the

| i ght - conver gi ngx¥pdiantnel and Hea §ovegphhgyeldde to theefboniogi aigmodasonad
Since a laser light source with 1.5 a high beamquality is utilized, this
enbodi ment achi eegsona hiygmuddanyerogenc e beloripdsen .| | jbveaad, cahecpmeeege
light up to about the wavel ength of laser light. As a consequence, the
beam profil e of invientliasenayight tatt abnsca tCabssparnce shesd biybut-redianheyeby
the electric field intensity is 20 distributed so as to becone the highest
at the center ofit vih beaardrdrgraiditbd Lyckoweys tas] 1die: b etadwcei fg poihhe
center increases. The laser light is basically converged in the state of a
Gaussi ansdi stri butihdn ithet bejpracess aef tbeinage choaveaged byia direction

| i ght-converging lens in practice as well:. 25 Therefore, the regions 41 are
restricted to thbe€ ahightiponverddicagipel af & laek idsl potiamitat ithlextend

along a line along which the object is intended 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 1is intended to be cut
efficiently.
[Fifth Example]
In a fifth example of this embodiment and sixth and
seventh examples thereocf, which will be explained later,

spots are controlled by regulating the

O

sizes cf medifie

ja-
(61}

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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‘As in the foregoing, this enbodi ment can control sizes of crack spots.

‘Si zes of crack spots are determned in view of a requirenent fora degree of
precise cutting, a requirenment for a degree of flatness in cross sections,
-and the nmagnitude 5 of thickness of the object to be processed. Sizes of
crack spots can be deternmined in view of the material of an object to be
processed as well. This enbodi nent can control sizes of nodified spots,

t hus maeking itpossible to carry out precise s._ cutting along a |ine along
whi ch the object is intended to 10 be cut and yield a favorable flatness in
cross sections by making nodified spots snmaller for objects to be processed
havi ng a rel atsevet yorstat bribirekeess. T s@i 1 by a@kh Ngins@6i ket Spatrse
greater, it enables cutting of objects to be processed having a relatively
| arge thi cknesss diysThemnetar scasesgWhey e AR ehiect ikq be Pk ogepsed dwas
respective directions easy and hard to cut due to the crystal orientation
of the object bd ofrexamde. 1 Wentaut thRg fHeRe anaely efot st heeSiamiy crack
spots 90 forned in the easy-to-cut direction is nade greater as shown in
Figs. 56 and %41 dt0rveA0, ey ey Wie d hendirTedd) iy &fe s ddenadd g iwhi ch
the object 1is intended to be cut orthogonal to the |ine al'ong which the

obj ect i s i nt ended-d ey b thilSeRbbaldet ©; CUti fi §€Gld HBec£9BnENE L er
hand, the size of crack spots 90 formed in this ~ direction is nade greater

as shown in Figscerod1 AELO61 18] €ne 29nE9onB6 His 1A 19€605 0Rali virRW Rfed he
object 1 shown in Fig. “~57 taken along LXVI-LXVI. Hence; a flat cross

section can X3lpe cut 5 in Fig. 50. Figs. 52, 53, and 54 are sectional

views taken along lines LII-LII, LIII-LIII, and LIV-LIV

.

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, thedeviationinsizesof crackspots 9becomes
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

1=
(6]

5 becomes lower. Alsc, irreqularities of cross sections 43
in the object 1 become so large that the flatness of the
crosssectiond43deteriorates. Whencrackspots 90are formed
( relatively small (e.g., 20 uym 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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be obtained in the easy-to-cut directi-on, while cutting is possible in the
hard-to-cut direction as well. Though the fact that sizes of nodified spots
are controllable has been explained in the case of crack spots, 5 the sane
holds in nelting spots and refractive index change spots. For exanple, the
power of pulse laser light can be expressed by energy per pulse (J), or
average output (W which is a value obtained by multiplying the energy per
pul se by the frequency of laser |light. The foregoing holds in sixth 10 and
seventh exanples which will be explained |ater. The |aser processing
apparatus in accordance with the fifth exanple of this enbodinent will be
expl ained. Fig. 67 Wdea scheihapotsdizgtamlargaas saserpprotessiunging
apparatus 400. The | aser processing apparatus 400 will be explained |5
mainly in ternmelohg tsldinkef elengeshfclonbbechdser ijpr dcessideyl tappar atus 100
in accordance with the first exanple shown in Fig. 14. The | aser processing
appar atus 400 eonpritsesh@fpoweeldiegul Al ot c40%sfserctddinustrimg: bbeaponed of
|l aser light L emtted 20 froma |aser |ight source 101. The power regul ator
401 conpri ses, ohar. ex&mptack appltyr akétyxof eNEL ¢ nedstinalyidanse $ygct fud ters,
and a nechanismfor noving the individual ND filters to positions
per pendbcul ar bbjkthe aptbeapraxéssed Haeih@serl addeghhilkkared st ohbheveut si de
of the optical path of laser light 25 L. An ND filter is a filter which
reduces the intaesiobyeaft wliilghbewhtlautcchamrgi ng the rel ative spectral
distribution 152 of energy. A plurality of ND filters have respective

The fact that this embodiment cancontrol sizesof crack

spots will be explained. As shown in Fig. 7, when the peak
power density 1s the same, the size of a crack spot in the
10 case where the light-converging lens has a magnification
of x10 and an NA of 0.8 is smaller than that of a crack spot
in the case where the 1light-converging lens has a
magnificationof x50andanNAof 0.55. Thepeakpowerdensity

is proportional to the energy of laser light per pulse, i.e.,

[
wun

the power of pulse laser light, as explained above, whereby
the same peak power density means the same laser light power.
When the laser light power is the same while the beam spot
t cross-sectional area is the same, sizes of crack spots can
beregulatedsoastobecome smaller (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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extinction factors -different fromeach other. By using one of a plurality
of ND filters or conbining sone of them the power regulator 401 adjusts
the power of laser light L emitted 5 fromthe laser |ight source 101. Here,
a plurality of ND filters may have the same extinction factor, and the
power regulator 401 may change the nunber of ND filters to be noved to
positions perpendicular to the optical axis of laser light L, so as to
adj ust the power of laser light L emtted from 10 the laser |ight source
101. The power regul ator 401 may conprise a polarization filter disposed
perpendicular to the optical axis of linearly polarized |laser light L, and
a nechani sm fof- rota®$ ngl t RE2ChHoPRPT Tatd o0 | Fe@il aRAItSQ MRS ot i k&AM s of
laser light 15 L by a desirable angle. Rotating the polarization filter
about the opti¥adlbst svign & e sivmgBlice adnge riti rehe f powelrgh gt @@ 031401
adjusts the power of laser light L emitted fromthe laser |ight source 101.
Here, the driviews dr hede Joeateponping lsead condoctpowed d mede igwarhe | aser
| i ght source 101 can be regulated by a |aser |ight source controller 102
which is an exampite gfontdrd i ng lags erdt ceantkr sboreansn 30 asgtbatedHoat e t he
power of laser light L emtted fromthe |laser |ight source 101. Therefore,
t he pover of |asetrol igitonle caredeemdjpnshed Hey @PSnatidaeasépencuné blie apower
regul ator 401 and | aser |ight source controller 102. If the size of a
modi fi ed regi ohi gar ated ngind3easdesinedblsnalalereo dwdenot hdé aadjrusitarent  of
power of laser light L by the |aser light source controller 102 al one, the
power 1is made higher.

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 1light L is 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 abscrption or higher by this laser irradiation. Fig. 59 is
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
sectional viewof acrack spot 90 formed due to themultiphoton
absorption caused by irradiation 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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‘power regulator 401 is unnecessary. The power adjustnent explained in the
foregoing is effected when an operator of 5 the |aser processing apparatus

i nputs the magni tude of power _i-nto an overall controller 127, which will be
expl ained later, by using a keyboard or the |ike. The | aser processing
apparatus 400 further conprises a dichroic mrror 103 di sposed such that
the laser light 10 Lwhose poweri sadj ustedbyt hepowerregul at or401i si nci dent

t hereon whereas the orientation of the optical axis of laser light L is
changed by 90; a |ens selecting nechanism 403 including a plurality of

|'i ght-converging | enses for converging the laser light L reflected by the
dichroic mrror 15 103; and a | ens sel ecting nmechani smcontroller 405 for
control l'ing tHédtny Q&I eERFhFRRIC HEhidaReATS, OThENEefsz 8 P e t9Gi® edhani sm
403 conprises  |ight-converging | enses 105a, 105b, 105c, and a support plate
407 for suppoﬁPiﬁgi%#ﬁﬁﬁ1CVh@rﬁ%ﬁ@ﬁm@élth@W%Gﬁé§k@ﬁ520dié§9éé@ﬂ%épéb?ical
systens including the Iight-converging |enses 105a, 105b, 105c differ from
each other. AGEBAEditng- tlbame by gndlerf ridrascheilzensofetrest vmy Hectranmsae
controller 405, the |ens selecting nechanism 403 rotates the support

pl at €407, t hepdBy ledusndgze atesy r dlilee hieilghtt- s o mgidty WemE @S clmsngtt he

| i ght-conversing | enses 105x, 105b, 105c to be placed onto the optical axis
of lasér |ighPOLcaNahel padehemalbdr|and gedate i ng egodemni em 403 Aiss ceh

revol ver type. The nunber of |ight-converging | enses attached to the |I|ens
sel ecting nechanbsan4@3en sFymi . ridstmniccttddare Gonparedyith each other,

in the case where the laser light power is the same, the

sizes of height handwidth wof crack spot 90 can be regulated

AT

So as tobecome smaller (greater) when the numerical aperture
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. 1In 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
P 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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be ot her nunbers. Wen the operator of the |aser processing 5 apparatus
inputs a size of nunerical aperture or an instruction for choosing one of
the light-converging | enses 105a, 105b, 105c into the overall controller
127, which will Dbe explained |ater, by using a keyboard or the |ike, the

| i ght-converging lens is chosen, nanely, the nunerical 10 aperture is
chosen. Mounted on the nounting table 107 of the | aser processing apparatus
400 is an object to be processed 1 irradiated with the laser light L
converged by one of the [|ight-converging | enses 105a to 105c which is

di sposed on 15 the optical axis of laser light L. The overall controller
127 is electrically connected to the power requlator 401. Fi.g. 67 does not
depict it. Wien L e mdifitidel dfehova” ' Fed N ithe thempksr ghewn 10
controller 127, the latter controls the power regul ator 401, thereby 20
adj usting the pdviet- 6Fi i ©8vies &bl oEkIdi Gyt am SKERLRG3a Pea't o8 ghaekanpl e
of the overall controller 127. The overall controller 127 conprises a size
sel ector 411, a ot Slafpemedt @venP dét YAt iphgtoanabanrphhge qrussar Prg
section 415. The operator of 25 the |aser processing apparatus inputs the
magni t ude of povierradifatpifirselthgére laghr laghtthe. sPsecai bauaaaT ¢lagn &pept ure
of 155 the optical systemincluding the light-converging lens to the size
sel ector %11 by Aking a5keybheampasred Wé thi kechlathahi $hexampee,off heiphput
may choose one of the |ight-converging |enses 105a, 105b, 105c instead of
the nunerical apgerang evidth w of crack spot 90 can be regulated so as to

become smaller (greater) when the numerical aperture of the

light-converging lens is made greater (smaller) while the

i

laser light power is made lower (higher).

10 Meanwhile, the regions 41 indicative of those yielding
anelectricfieldintensity at a threshold for electric field
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 sourcewith

—
n

a high beam quality is utilized, this embodiment achieves
a high convergence of laser light and can converge light
up to-about the wavelength of laser light. As a consequence,
( the bheam profile of this laser light attains a Gaussian
distribution, whereby the electric field intensity is

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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5 size being directly inputted. In this case, the respective nunerical
apertures of the |light-converging | enses 105a, 105b, 105c are registered in
the overall controller 127 beforehand, and data of the numerical aperture
of the optical systemincluding the chosen |ight-converging lens is 7.0
automatically fed into the size selector 411. The correlation storing
section 413 has stored the <correlation between the set of pulse | aser power
magni tude . -and nunerical aperture size and the size of nodified spot
beforehand. Fig. 69 is an exanple of table showing this 15 correlation. In
this exanple, respective nuneri cal apertures of the optical syst ens

i ncluding the |Iight-conver in | enses 0 are L stered in
the colum for nume céPT§E% rdo et 8?%951?8P 65“%Fon£ﬁggﬁFt§&es of
power attaineéyp E& ower regul ator. 401 are 20 rgglstered In.the colum
for size, siz d ??Eﬁl sp%t%es PEr P by POGTHT FAUGESTE T eFohe e 88F t hei r
correspondi ng sets and nunerj cal apertures are registered. For exanpl e, the
modi fi ed spot Fof FEAURAERSPRe" PoheF ST §SPIRF SCHTATUE W BART TSI TETERE
nunerical aperture is 0.55 has a size of 120 pm 25 The data of this

correl ation cdfbé BHENed bl Iy A T BLR S@?Eé?i‘ﬁerﬁ’"sd ERBIMESTEF IO Fi gs.
58 to 65 before | aser 156, processing, for exanple. Wen the magnitude of
power and numéti E&R CAPESSUPE SPe OP] fedcs ,ﬁr@qeﬁesesq -zeS38FPECRDICTAEK the

| atter chooses the set having their corresponding val ues fromthe
correl ation 5RUrd A sRe1ITT AL ehnd ‘éb‘?\‘ﬂ§fd5f’§ Tt & Ll Odr F R SPURGItNng

to be processed as well. This embodiment can control sizes
ofmodifiedspots, thusmakingitpossibletocarryout precise
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.

There are cases where an object to be prbcessed has

n

[

respective directions easy andhard to cut due to the crystal
orientation of the object, for example. When cutting such
anobject, thesizeof crack spots 90 formed in the easy-to-cut
direction is made greater as shown in Figs.‘56 and 57, for
20 example. When thedirectionof a line alongwhich the object
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, a flat cross section can
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to this set to the nonitor 129. As a consequence, the size of a nodified
spot forned at thus inputted nmagnitude of power and nunerical aperture size
is displayed on the nonitor 129. |If there is no set corresponding to these
val ues, size data 10 corresponding to a set having the closest values is
sent to the nonitor 129. The data of size corresponding to the set chosen
by the size selector 411 is sent fromthe size selector 411 to the inage
preparing section 415. According to this size 15 data, the inage preparing
section 415 prepares image data of a nodified spot in this size, and sends
thus prepared data to the nonitor 129. As a consequence, an inmage of the
modi fi ed spot lie cdiltso netics phayled s e -orti toret29onkHewkbele ¢t isigze sand
formof nodified spot can be seen before | aser 20 processing. The size of
nuneri cal aperdarsiigy e thedeamd-Htabicat whidesttiloe rgnidldde of power is
fixed. The table in this case wll be as shown in Fig. 70. For exanple, the
nodi fied spot fornmaEthosen the facer thak apertsuret imodibbeahspetthar25 power
is fixed at 1.49 x 1011 (Wcne) has a size of. 150 pm Alternatively, the
magni t ude of pEWRTrdIH%lle Radehyan sy leinkhl7 inhine dae 6F zer ik BRI, cal
aperture is fixed. The table in this case will be as shown in Fig. 71. For
exanpl 6, the tmdisbnedhspot ifroneedinhespdthe spaveerisctixed dexd ch8nel0l1l
(WcnmR) while the nunerical aperture is fixed at 0.8 has a 5 size of 30 pm
The | aser procgssidg Fetrhedahplaccehepmwe wotthptibeefiftdr 1ight can be

expressed by energy per pulse (J), or average output (W)
which is a value obtained bymultiplying the energy per pulse
by the frequency of laser l1ight. The foregoingholdsinsixth
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

-
(83}

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
regulator 401 for adjusting the power of laser light Lemitted
20 from a laser light source 101. The power regulator 401

comprises, for example, a plurality of ND (neutral density)
filters, and amechanism formoving the individual ND filters
to positions perpendiculéf 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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exanpl e of this enbodinent will now be explained with reference to Fig. 67.
TFhe object to be processed 1 is a silicon wafer. In the fifth exanple,
operations of steps S101 to 10 SlII| are carried out as in the |aser
processing nethod in accordance with the first exanple shown in Fig. 15.
After step 5111, the nmagnitude of power and nunerical 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
regul ator 401. According to the data of nunerical aperture inputted, the

| ens sel ecti ng mechani sm 403 chooses a |light-converging |ens by way of the
| ens sel ecting chani smcontrol |l er. 405, _therepy adjusting the nunerical
aperture. Thes&datiSaPE- 20 PalR ¥t T ¥t 85t HE sggjet% e%?& FEPRSCUWNE
overall controller, 127 (Fig. 68) , Asa consequence, the size and formof a
melting spot fGreEF widhiACtRE Sobh BERX 2" ipdi® BREAIAUT O ofYoheI PUICSE  of

| aser light L are displayed on the nonitor 129. Then, operations of steps
5113 to S115 ard @aPriedlshy oDaIDhd iilE eriseol 42&M gtk $$MegC fret MJt ithe
accordance with the first exanple shown in Fig. 15- This divides the object
1 158 into si AT ERPpsator 400 Bxahpltep v ke h legampl ot Ligriig ted
enbodi ment wi |l now be explained mainly in terns of its differences from
the fifth exanfltem 5hE daser ildohtschemat é 0di agianes ofa thiwr dliser qfr ddessi ng
appar atus 500. Anong the constituents of the |aser processing apparatus
500, those idedtlilddrs #agoRsvetentsame extinction factor, and the power

regulator 401 may change the number of ND filters to be moved

to positions perpendicular to the optical axis of laser light

L, 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
filterdisposedperpendicular totheoptical axis of linearly
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

i

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 lasef light source 101.
Therefore, the power of laser light L can be adjusted by
25 at least one of the power regulator 401 and laser light source

controller 102. If the size of amodified region can attain
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of the | aser processing apparatus 400 in accordance with

the fifth exanple

shown in Fig. 67 are referred to with nunerals 10 identical thereto w thout.
repeating their overlapping explanations. In the |aser processing apparatus

500, a beam expander 501 is disposed on the optical axis
between a power regulator 401 and a dichroic mrror 103.

of laser light L
The beam 15

expander 501 has a variable magnification, and is regulated by the beam

expander 501 so as to increase the beam di aneter of |aser

light L. The beam

expander 501 is an exanple of numerical aperture regul ating neans. The

| aser processing apparatus 500 is equipped with a single

| i ght-convergi ng

20 lens 105 i asteadreblehealeasdsel ecting ansphatmieamh 403 powEhre odpéaatéions of
the | aser processing apparatus 500 differ fromthose of the |aser
processi ng appagatus lof tthieelafefthi @xtamulue dencbheradj ast nEhta lahenumeei cal
aperture based on the nmagnitude of numerical aperture fed into the overal
25 control | erpt22r Thigslwicbl belekplaimecessathe fold poiweg. adThetoyet al |

controller 127 is electrically connected to the 159 now

~_ beam expander

501. Fig. 72 depdatnoeddeépicie tfirsgdMhen itheffetzedofhdawngr ogalraapersire is
fed into the overall controller 127, the latter carries out control for
changi hig t he nhgnidssteprotebsamyexpanderusiputbithd ggyhatagetd®pover
magni fi cati on of 5 beam di aneter of the laser light L incident on the

| i ght - conver gingoleensvdOsl 1 thareboter M7 hioidtywone bd éghta convergeng | ens

105, adjustnment for increasing the
by using a keyboard or the like.

The laser processing apparatus 400 further comprises

10

15

20

25

a dichroic mirror 103 disposed such that the laser light
Lwhosepowerisadjustedbythepowerregulator 40l isincident
thereon whereas the orientation of the optical éxis of laser
light L is changed by 90°; a lens selecting mechanism 403
including a plurality of light-converging lenses for
converging the laser light L reflected by the dichroicmirror
103; and a lens selecting mechanism controller 405 for
controlling the lens selecting mechanism 403.

The lens selecting mechanism 403 comprises
light-converging lenses 105a, 105b, 105¢c, and a support plate
407 for supporting them. The numerical apertures of
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
piate407,therebycausimgadesirablelight—converginglens

among the light-converging lenses 105a, 105b, 105c to be

placed onto the optical axis of laser light L. Namely, the
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nunmerical aperture of the optical systemincluding the |ight-converging

l ens 105 is possible. This will be 10 explained with reference to Figs. 73
and 74. Fig. 73 is a view showi ng the convergence of laser light L effected
by the |ight-converging | ens 105 when the beam expander 501 is not

provided. On the other hand, Fig. 74 is a view show ng the convergence of

| aser light L effected 15 by the |ight-converging | ens 105 when the beam
expander 501 is provided. As can be seen when Figs. 73 and 74 are conpared
wi th each other, the sixth exanple can achi eve adjustnent so as to increase
the nunerical aperture with reference to the nunerical_aperture of the

optical systemi : =ebn g' g°te n - case ere
tical t BT 8dPRgeEheN20 N F HRPL8BNILP g ROt ehVAbBET ntYhR wh
t he beam expander 501 is not provided. [Seventh Exanple] A seventh exanple
of this embodi ment wilThaeWBEer @kplidhier Wiaiginnleesas oftaaheditpfidt®ences
fromthe fifth 25 and sixth exanples. Fig. 75 is a schematic di agram of
this |aser proce]s%lilﬁgeedmﬁ{lét%@eﬁm.ﬂmﬁbﬁgﬁmﬂ@@n'é@fﬁtnéﬂtgdd‘uo 3160t trey
| aser processing apparatus 600, those identical to constituents of the
| aser processi ngﬁ%l[@ﬁ@rea’trm@mlbﬁr%\ccdﬂv%tnéée epetr tdeofitfiich Land rsp xede exkdrpl es
are referred to with nunerals identical thereto w thout repeating their
overl appihg 5 expranatidnsnputst he |abee podcessidygical aperture or an
appar at us600, ani ri sdi aphragm 601 is di sposed on the optical axis of |aser
light L instead 1ft¥het beamoexpandeinsthaetvidenlagiichroverpaii ngoverlss and
105a, 105b, 105c into the overall controller 127, whichwill
be explained later, by using a keyboard or the like, the
light-converging 1lens is chosen, namely, the numerical
10 aperture is chosen.
Mounted on the mounting table 107 of the laser
processing apparatus 400 is an 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 the laser processing apparatus inputs the magnitude of power

of pulse laser light or the size of numerical aperture of
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a |ight-converging.lens.105. Changing the aperture size of 10 the iris

di aphragm 601 adjusts the effective dianmeter of the |Iight-converging |ens
105. The iris diaphragm 601 is an exanple of nunerical aperture regulating
means. Thel aser processing apparatus 600 further conprises an iris

di aphragm- controller 603 for changing the aperture size of the iriss 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 fifth and sixth
exanples in the adjustnment of nunerical 20 aperture based on the size of
nunmerical aperture fed into the overall controller 127. According to the

inputted sizerh&fopmsi (‘s%Jst%‘?@ritnlérl%gdi%@eth@sﬂgHEOE§§§EBﬁiﬁ@pﬁéﬁ§ 4 600
changes the size of aperture of the iris diaphragm 601, .theréby carrying

out adj ust mentnd of; ALG8a%ING 4he Bgf @5\’1&%%‘% U APIE G 22 ehet DEke. 1n

| i ght-converging | ens 105. Therefor onl'y one |i ght-converging | ens

105, adj ustnemﬂeﬁgﬂsgé,e%ie @@maggﬁo%%%%ggffgmeﬂ% -ecéé%%lggﬁmica'

systemincluding t I ght-conver gl ens 1 poss will be

expl ai ned wi t 1f§é§r1ﬁsfa§h:1%5§,gﬁgf5f7c6iﬂggeéé-?Eggliaeéﬁﬁﬁgérf‘cé’i% Quing the

convergence 0 aser ect I convergi'ng lens 105

o net , | ; - o d Eia 7 :
en np 1r11s sﬁ@%@rl%g;”&i?e%gg'rﬂﬁﬂzgthtt . eﬁpgécl{]lg% Ay tﬁ!a?rlegsrﬁedtiv% vi ew

showi ng t he convergence © y t'he -convergi ng

| ens 105 whenihed ¢l s 2P0 200 DTS L RERIAEThe A5: 5N B Seesthen Fi gs.

105b, 105c are registered in the overall controller 127

beforehand, anddata of the numerical aperture of the optical

system including the chosen light-converging lens is
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 1s 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 afe 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/cmz)
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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10 with each other, the seventh exanple can achieve adjustnent so as to

i ncrease the nunerical aperture with reference to the nunerical aperture of
the optical systemincluding the |I|ight-converging lens 105 in the case
where the iris diaphragm is not provided. 15 Mdified exanples of the fifth
to seventh exanples of this enbodinment wll now be explained.-Fig. 78 is a
bl ock diagramof the overall controller 127 provided in a nodified exanple
of the laser processing apparatus in accordance with this enbodi ment. The
overall controller 127 conprises a 20 power selector 417 and a correlation
storing sectiALdinglhe£ordel@iion storing section 413 has already stored
t he correlatlon data shown in Filg. 71. An operator of the |laser processing

apparatus inputs ayges; m@}n%g%a%%d%fo@papgkf nechursPotcd PabBe: pRURY L3el ect or
417 by a keyboard or the Ik

Thesi zeof modigfiedspot |, gdef, ?%'E{%ﬂ'{é‘ﬁ'e%xi heyhi gf%@efétt%"ﬂdc%seéé aheof the

object to be nodified and t Q) Accérding to i's 1 nput, the power

sel ector 417 £honsesng « POVETCSUIEADAING.00he, Upl . o.9las cidgnt ] cal

to thus inputted siz ronlt e correlation storing section 413, an sends

It tosthe power, 1‘?%“5%%@ #0341 3Theref Qéft?ds"@?@at% 2 1Ay r§ %%%‘n@g

appar at us regula to thi's magni tude o power iIs used for

processing, aJmpdikied: igp&hQaMbﬂgtoé P@?' rall g ébﬁ?eﬁé‘@n@@ f&w%qzeThe dat a

concerning this magnit power 1s so sent fo the nonitor 129, whereby

the magni t udg ¢of mB%‘ﬁ@ e'dsséiw% AR o1 '%htu*%I §?1§1§€£‘P& Sad@ R DRl

aperture is fixed wh is variable
arminumerlcal aperture size is dlsplayedcn1the1non1tor129.

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 cohsequence, an image of the

modified spot is also displayed on the monitor 129. Hence,

{ k

the size and form of modified spot can be seen before laser
20 processing.

The size of numericalnaperture 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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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 nonitor 129.
This is the 15 sane in the nodified exanples explained in the foll ow ng.
Fig. 79 is a block diagramof the overall controller 127 provided in

anot her nodified exanple of the |aser processing apparatus in accordance
with this enbodinment. The overall controller 127 conprises a nuneri cal
aperture 20 selector 419 and a correlation storing section 413. It differs
fromthe nodified exanple of Fig. 78 in that the nunerical aperture is
chosen inst eddi6f £RE powerof THETCEbF2 bl MEBHULSE orS rfd %66t | BRc 4180 has

al ready stored the data shown in Fig. 70. An operator of the |aser
processi ng 25Napphf aFafe pgdt beaz desh¢wablia Siige 6} a HirgdEkpEHLSpothe o t he
nunerical aperture selector 419 by using a keyboard or the 163 like. As a
consequence, MPAéfagAesPell f apesd mhersdhecrores19s Ghoskes &- hbrerlikal
aperture corresponding to a size having a value identical to that of the

i nputted siz&"feBm e 1 e dheenamiesn cadt apengusect § ofi 4B 2 taRd 8skadsa dat a of
this 5 nunerical aperture to the |ens select ingnmechaniamcontroller 405,
beam expandef15010f0oB0i uins di aphragm control |l er 603. Therefore, when the

| aser processing apparatus regulated to this size of nunerical aperture is
used for |aser proéeediengr preaerdiifricatke siped 1 havicegdandesiitaie i zehcan be
formed. The 10 data concerning this nunerical aperture is also sent to the
moni t or 129, expspéby athet ki yecoboddmenitcail lapenour dei sxplained with

referencetoFig. 67. Theobjecttobeprocessedlisasilicon

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 thé overall controller

127 (Fig. 68). Asaconsequence, thesizeandformofamelting

spot formed within the object 1 upon irradiation of one pulse
of laser light L are displayed on the monitor 129.

Then, operations of steps 5113 to S115 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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di spl ayed-"Th this exanpl e, the power is fixed while nunerical aperture is
variable. Fig. 80 is a block diagramof the overall controller 15 127
provided in still another nodified exanple of the |aser processing
apparatus irn accordance with this enbodinent. The overall controller 127
conprises a set selector 421 and a correlation storing section 413. It
differs fromthe exanples of Figs. 78 and 79 in that both power and
nunmerical 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 of the | aser processing
apparatus inp i rabl ize of a nodified spot to the set selector
421 by using ;gla K%@ o%?% %?lﬁﬁe | i ke. As a consequence, the set selector
421 chooses a set of P rical aperture 164 corresponding to thus
i nputted size fron1t%€J§§} él) storing section 413. Data of pomer in

t hus chosen set is _sent _to the.po re ulator 401. ot h hand dat a
of nuneri cal apertuf%s?ﬁt?ﬁéadﬁd§éﬁ?£8%5%§‘ e %ér“%% e§x Q&ﬁlng

mechani sm control |.er .40 bean1ex 501, or _iris ragm con troller
603. Theref or &° Jv{?n]e\ﬁlt”‘rl SFRSeP L thP *?f’geréﬁfp%rf&toﬂ‘stpﬁgﬁfg’i}éf%ad“ ffe power
and nurneri cal ,a re of thijs set is used for |aser processing, g nodified
spot having a fdesi | &% sfz&C SﬁaBéCfgﬁﬁﬂdamTﬁg datg ﬁ@%ﬂﬁuﬂﬁQﬁQnydPﬁe
magni t ude of pomer and S|§§ of nunerica erture is also sent to the

noni tor 129, 5%8gni t BFE"%of T8 o%sntd”é‘iei“etsof Chunkrfcalasserture

is displa ed
pray processing apparatus 500, those identical to constituents

of the laser processing apparatus 400 in accordance with

P

thefifthexampleshowninFig. 67 arereferredtowithnumerals
10 identical thereto without repeating their overlapping
explanations.
In the laser processing apparatus 500, a beam expander
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, add 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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prs
ST

These nodified &Xafipl es can control sizes of nodified spots. Therefore,
when the size of a nodified spot is nade 15 snaller, 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. Wen
the object to be cut has a | arge thickness, the size of nodified spot can
be enhanced, whereby the object can be cut. 20 [Ei ghth Exanple] An eighth
exanpl e of this enbodi ment controls the distance between a nodified spot
formed by one pulse of laser |ight and a nodified spot fornmed by the next
one pulse of pulse laser light by regulating the magnitude of a repetition

25 frequency kfgagrﬁ;é@o nR3eE ol L OhE; 2Ny 1 1 TRODL LGS 9 cheLal loSey TR N0

speed of the NVEr gi Nng poin pu ase tht. mely, it
cont oL, L 413 8PS el g soent; PRl flad spots: o I Sotign ng,
(1) be t he rpet [E7 OfcF PEGUEHC Df S parSs TPassi™ <} ¢ Uhind ARA " i S8c) be.
brocessed. THE HEATHG SERRBhe BT { NOE SERISE Brot BEaNHIE 1S TATatve
10 part for My OnaTERGE of:paiite HASer | PRI S NG aear (¢ ad r ack

spot. Therefare, the nunber n_gf crack spots forned per engt h of the
[

nit |
line al ong whitG 1T 09 ePﬁte%@%dIxﬁﬁﬁ¥%{ﬁr%fi¥lég P Bwdne

light-converging lens 105, adjustment for increasing the
numerical aperture of the optical system including the
light-converging lens 105 is possible. This will be
10 explained with reference to Figs. 73 and 74.
Fig. 73 is a view showing the convergence of laser light
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 can be seenwhen 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-converging lens 105 in the case where the beam expander
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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focal of the nunber n of crack spots forned per
onds to the pitch p: p = 1/n. Hence, the pitch p can be
n at |east one of the magnitude of repetition frequency
ght 20 and the magnitude of relative noving seed of the
ng point is regulated. Nanely, the pitch p can be contr

so as to becone snaller when the repetition frequency f (Hz) is incre

or when the st

age noving speed v (nmmsec) is decreased. By contrast,

uni t
of
olled

ased
t he

pitch p can be 25 controlled so as to becone greater when the repetition
frequency f (Hz) is decreased or when the stage noving speed 166 v (nmm sec)

is increased.
pitch p and cr

ile, th th . rel ationshj pbet t
KO SpbtS & BEST 4R THES aPPEBETOR° 0P oL HEIOHR oy Wk Gt 1 e

object is intended to be cut_5 as shown in 5 Fi%% 81 to 83. Figs. 81

are plan views
object is int
| aser processi
formed by one

6P St toEREStOf FBEDE SR ELSRES HIDAGPERE LN AFGRECHATR
end?F to_be cut 5, which is formed with a crack region
Hg it e Eot HAARE ST TP EhoEF ABART L eA Lo akkh BPBET 9bs

pul se of pulse laser light. 10 Form ng a plurality of_ cr

spots 90 al i gnitR§ &aER lot Hetr el orfg et | AeP&d bieE WiHNEH &t hevek] epping
intended to be cut 5 yields a crack region 9. Fig. 81 shows a case wh

t he pitéh pis

di sconti nuousl

10

" 15

20

25

S§Pe&ét1PR&n the size d. The crack region 9 is forned
y

Inthelaserprocessingapparatus 600, anirisdiaphragm
601 is disposed on the optical axis of laser light L instead
of the beam expander 501 between a dichroic mirror 103 and
a light-converging lens 105. Changing the aperture size of
the iris diaphragm 601 adjusts the effective diameter of
the light—converging lens 105. The iris diaphragm 601 is
anexampleofnumerical apertureregulatingmeans. Thelaser
processing apparatus 600 further comprises an iris diaphragm
controller 603 for changing the aperture size of the iris
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 adjusgment of numerical
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
changesthe sizeof apertureoftheirisdiaphragme01l, thereby
carryingout adjustment for decreasingtheeffectivediameter
of the light-converging lens 105. Therefore, with only one

light-converging lens 105, adjustment for decreasing the
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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
substantially equals the size d. The crack region 9 is fornmed 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 pitch pis smaller
than the size d. The crack region 9 is fornmed continuously along the line
al ong 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

| ine al ong which the object is intended to be cut 5, whereby the part of
line al ong mhich the object is intended 167 to be cut 5 keeps a strength to

some extent. THEGheLe, AN, GArLYI RGOULA SHED. o, GHULL 08, Jhe, OPhect 1O

be processed a aser processing, handling o e objec econes easi er.

In Figs. 82 and B3. el %‘@ "eghon 9 s coptinuqusl v fapred 5 of ong the

| ine al ong wh the obj e "% Tht2n whi Ch-nmekes i easy to
cut the object. %l%e%5|n e crack regkO%IQ a% a st rtlng poi nt. The

pitch pis nma é greater t F SISISE & a substantlally
ton

2bsor pti on upon | rr AdPaCT R URCY aﬁéglrgsaegré’gﬁ? 5%%%‘&“?%@%@&5”? rom

belng, guper po edgrgctﬁdargeirsfﬁ&gzer‘%'g%%@z%ésga%%%srrs Shar et R

e entr e Cound Thatshen o Fes o aene A0 45, PSR,
showing the convergence of laser light L effected by the
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 isdeterminedinviewof thethickness

and material of the object to be modified and the like.
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light is superposed on crack spots 90 which have already been forned,
deviations in sizes of crack spots 90 forned in this region becone greater.
When deviations in sizes of crack spots 90 becone greater, it becones
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. In
Figs. 81 and 82, deviations in sizes of crack spots can be nade snaller,
whereby the object to be processed can be cut along the |ine along which
the object 25 is intended to be cut precisely, while cross sections can be
made flat. 168 As explained in the foregoing, the eighth exanple of this
enbodi nent can. con r ol thslpitch p egul at i

by I n he. magni t ude of
repetition freguency bftbil'se TAEEE itéﬁt pBVern%g%??E%}é %ﬁ r%oﬁsle\?eanovi ng
speed of the |ight-converging 5 point of pulse |aser, light. This enables
| aser pr ocesﬁon‘ger icr?rc,r@ﬁp%r“rﬁqfw EQ'B ?ﬂ% ek 6166 b?%’gﬁégﬁﬂ%tgﬁﬁngi ng
the pitch p.n view of thf t hi ckness and material. of the obj g& and the
like. Though ¥HPTHRA SeREtIIHR 1% CRTpSLEARIBR Tty PEGTEST 1b° eRPPai ned i n
t he case of crack spots, ghe sane holdi in meltin spots and refrﬁctive
i ndex change S T HORe VEF, POHEFe T SFE aﬁBrpﬁg%}e%@“@ﬁ?ﬁ”ﬁheﬁ”ﬁ%1F'ﬁg spot s
and refractive index change spots are superposed on those whjich have
al ready been T ¥TrBd OCFS 1HE SPPFE 2ibver8AY L oF cEnkO | tiyht i § poi nt 15

of pulse laser light may bﬁ realized by a case where the object to be
processed i s AfVEd IRhPPBIt HRT |1 3L EFRFSgitmg, @ modified spot having

a desirable size can be formed. The data concerning this
magnitude of power is also sent to the monitor 129, whereby

the magnitude of power is displayed. In this example, the

10 numerical aperture is fixed while power is variable. 1If 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
correlatioﬁ storing section 413 has already stored the data

shown in Fig. 70. An operator of the laser processing

25 apparatus inputs a desirable size of a modified spot to the

numerical aperture selector 419 by using a keybdard or the
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poi nt of pulse laser light is fixed, a case where the |ight-converging
point of pulse laser light is noved while the object is fixed, a case where
t he object and the 20 |ight-converging point of pulse |aser |ight are noved
in directions opposite fromeach other, and a case where the object and
the Iight-converging point of pulse |aser light are noved in the sane
direction with their respective speeds different fromeach other. 25 Wth
reference to rig. 14, the |aser processing apparatus in accordance with the
ei ghth exanple of this 169 enbodinent will be explained mainly in ternms of
its differenigﬁgfron1the | aser processing apparatus 100 in _accordance with

the first exa -shdM? FANERGUSNAS, Tihe NwseFlce] gRETEBURCE RIS B
Qswitch laser, Fig. 84 is a schematic 5 diagramof the Qswitch |aser
provi ded in achasers| @g'mm%rowacleapi@iurtfh@oqgwcertdwga§@ra SoHsr N8BS irrors
51, 53 which are disposed with a predeterm ned gap therebetween, a |aser
medi um 55 di spo¥édUsethiedt tded i ridrat 5Af able 58Pt frhphee Soeinceh 7 for
applying a punping input to the |aser nedium 10 55, and a Qswitch 59
di sposed bet weehrehétigserstiggdingmsss tiand 4he mnd ogersls ddes naf etlid$ of the
|l aser nmedium 55 is Nd: YAG for exanple. A punping input is applied fromthe
punpi ng sour ceUBZrifeltdreytayert orebe drn55 4 e ct istgneciviiersn chet Fodkein a
resonator 15 is nade high by utilizing the Qswtch 59, whereby the
popul ati on i n¢ePsi bR2Bf exhenfase? O hediumB5 s apdiregd tontaopledeb@? ni ned
val ue. Thereafter, the Qswitch 59 is
Therefore, when the laser processing apparatus regulated
tothissizeofnumerical apertureisusedfor laser processing,
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 1is
displayed. In this example, the power is fixed while
numerical aperture is variable.
Fig. 80 is 2 block diagram of the overall controller
15 127 provided in still another modified example of the laser
processing apparatus 1in accordance with this embodiment.
The overall controller 127 comprises a set selector 421 and
( a correlation storing section 413. It diffexrs 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 of the laser processing apparatus inputs adesirable
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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ut i T Zea=fFer-pracrifg the resonator into a state with a low loss, so as to
oscillate the accunmul ated energy 20 instantaneously and generate pul se |aser
light L. Asignal S (e.g., a change in a repetition frequency of an
ultrasonic pulse) froma laser |ight source controller 102 controls the
Qswitch 59 so as tonmake it attain a high state. Therefore, the signal S
fromthe laser |light source controller 102 can 25 regulate the repetition
frequency of pulse laser light L emtted fromthe laser |ight source 101.
The laser light 170 source controller 102 is an exanple of frequency

adj usting nmeans. The repetition frequency is regul ated when an operator of
the | aser proc L f £ tJ fr.equency
to an overal %%%%%‘% ?9 ?fs@‘ 155, MR o wﬁ %Z‘é’ie‘xépt‘ﬁfonn@ { arar r‘%l"arfﬁsnn
keyboard or . for |n etal S of ser |ight ource

101. During the proce55|ng, 1S aned in

t he X- Y- L t f I i

al ong. whi ch ?ﬁ%e%ﬂ'é“t%ei”%»fe&%ie @tboer aﬂe Tﬂarﬂfe%'rit Gt &
dified th d ti I t of

the 1ight - convbrbri B c&ﬁ%&?ﬂuk&&?m%ﬁe The ﬁdmss[ei&a '9“%”3@%%?.%9"

the nmowi ng speed. of the X- Xi S, sta e 10 When, 15 form @ged regi on

in the Y-axis dft8ctiohn, Y %Wﬁ?m 4t e Eﬁé@de a?%?ﬁt fovement

of the 1light-conve oi nt ser an e adj usted b re ul ating
the noving speet’ df ?ﬂ&gﬁﬁo%{g( Csongi 6991 563?( ere ore, SLEGRY 1d2Y

processing apparatus regulated to the power and numerical
aperture of this set is used for laser processing, amodified
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 2 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
I 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 puise of laser
light and a modified spot formed by the next one pulse of
pulse laser light by regulating the magnitude of a repetition:

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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adj ustment 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 adj usting neans. The speed is regul ated when the operator of |aser
processing apparatus inputs the magnitude of speed to the overall
controller 127, which will be explained |later, by using a 25 keyboard or the

| i ke. The speed of relative novenent of the |ight-converging point of pulse
| aser |ight can be adjusted 171 when, while the light-converging point Pis
made novable, its noving speed is regulated. The overall controller 127 of

the | aser processing _apparatus in accordance with the eighth exanple
further adds 159%EherNFifhkti dits COHTERE SoERafl SEBREE PG EIcaR P GFA IS | aser
processi ng apparatus in accordance with the first exanple. Fig. 85 is a
bl ock di agr afi@Bblii fg PPt SR Hif rakprénefexplnahicral FhechtTdANa® 127 of
the | aser processing apparatus in accordance with the eighth exanple. The
overal | 10 cohd ratswred 2P benprisedh ® -di Shanecentupbiariinghsecribh 41, a
size storing section 143, and an i nage preparing section 195. To the
di stance cal canat@hgedecti bArng19f thecnaghi Xe@kon diy repetdd i oretpleguency of
pul se laser light and respective magnitudes of noving speeds of the stages
109, 141 are inputtlket f15HThdse thepuepent eienfom@mbriay thepopee dtasreof | aser
processi ng apparatus using a keyboard or the like. The distance cal cul ating
section 141 chl @t atéesd vhenm/diest) ape & hepnoe b g ratamskeaf adjica¥eak i spotagy ey
utilizing the above-nentioned expressions (n = f/v, and p = 1/n). The

or Y-axls stage of the object to be processed. The moving

speeds of these stages are examples of relative moving speed

P

of the light-convergingpoint of pulselaserlight. 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

P
o N

of themagnitude of repetition frequency of pulse laser light
20 and the magnitude of relative moving s#eed of the
light-converging point is regulated. ©Namely, the pitch p
can be controlled so as to become smaller when the repetition
frequenéy*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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20 di stance cal cul ating section 141 sends this distance data to the nonitor
129. As a consequence, the distance between nodified spots forned at the

i nputted nagni tudesof frequency and speed is displayed on the nonitor 129.
The distance data is also sent to the inage preparing 25 section 145. The
size storing section 143 has already stored therein sizes of nodified spots
formed in this laser 172 processing apparatus. According to the distance
data and the size data stored in the size storing section 143, the image
preparing section 195 prepares imge data of a nodified region fornmedby the
di stance and size, and sends thus prepared 5 inage data to the nonitor 129.
As a consequenge, 95 of the ngdified region is also displayed on the
noni tor 129. ﬁm@ tff &lsfgﬁégaﬁg Wween adj acent nodified spots and the

formof nodified regjon can be seen before |aser ocessin Though t he
di stance calculatingqgéevﬁbﬁeiﬁ e&ﬁﬁ?ﬁ?ﬁgégewfdsﬁ%g %ﬁ%?%ﬁg%h Pﬁg@%e”

nodi fi ed spots B% utl Z|ng t he gpre53|ons (n E 1/n t he
fol | owi ng prockdGrB yPaf88 bEe2F5kEROTFSELE, 15 Faﬁlglh§9F @nr8§| 1%% ed the
rel ati onship beimeen the gni tude of repetition frequency, the noving
speeds of stag® oRggwhygh t ‘?ldDbtjr?eCtdllsst APCENSEEWE 8NP e 5 o d % d epBt &7

bef orehand is prepared, and the, distance calculating section 141 is caused
to stord data bt9%hi 3Lt Then-the radh PudePbFn rebRis 9l PRIREhCy and
t he magni tudes of noving speeds of stages 109, 111 are fed into the,

di st ance calcﬁ?a??nﬁrgéﬁﬁﬁﬁﬂ ih@ngtﬁﬁeléﬂ?@raﬂéﬁaswbaﬁhfFBﬁ1PPéGQB is

above- nenti oned table t he di stance between nodified spots
intended to be cut 5, which is formed with a crack region

by the laser processing in accordance with this empbodiment.
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
S5 yields a crack region 9.
Fig. 81 shows a case where the pitch p is greater than
fhe size d. The crack region 9 is formed discontinuously
15 along the line along which the cbject is intended to be cut
5 within the object to be processed. Fig. 82 shows a case

where the pitch p substantially eguals the size d. Thecrack .

AT
L x

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 continuously
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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in the nodified spots forned under the condition of these nagnitude. Here,
t he magni tudes of stage noving speeds nay be made variable while the

magni tude of repetition frequency is fixed. 25 On the contrary, the

magni tude of repetition frequency may be made variable while the magnitudes--
of stage noving speeds 173 are fixed. Also, in these cases, the
above-nentioned expressions and table are used in the distance cal culating
section 141 for carrying out processing for causing the nonitor 129 to

di spl ay the distance between nodified spots 5 and an inmage of the nodified

region. As in ttchSeIfote?qJéEgas the: o @}lx k COGRL Qy 't%‘bt127Tl§é‘Pé1%ré n,fLg. 85

i nputs the magnitude t|t|on equency and -~ t he st'age novi'ng speeds,
t hereby cal cul atji i st e if
Alternatlvelyf%h égg?ﬁé%ng%%s?gn%e %ﬁga %%ﬁt(%%% ?98 ggﬁ% S may

e Lputted. and i he IpgRLLUde .of, rienel Agoaf rh%qggeu-pccyt 20d, g@gegggges of

stage novi ng spee contro proce e explarned in

he foll f
the fol | ow ng.; Fi.g 58%zgn§é0§°%e142$émv, delt £ RO R e R The

exanpl e of the overall con 1er ed Tnthe'e

overal |l contrqll 7 r qugenc cal cul ating.s ct| n 147 The
operatgr of I%&e%gpiéceg%? qiﬁm“%aratﬁggﬁnp%?%e e 15%??88@ %f'syance

bet ween adj acent i Qts tQ e fre enc al.cul atin section 147 by
20 using a ke%hoaP&C% Iﬁk S%THe Ehgnﬁt% e ogjﬁf:tghégeigSlagt gnlned in

vi ew of the tg&%%ne eg%%% qpterlagtargJy%(ggf%¥

The pitch p is made greater than the size d in Fig.

( 81, and substantially equals the size d in Fig. 82, whereby
10 regions generating multiphoton absorption upon irradiation
withpulse laser light can be prevented frombeing superposed
oncrackspots 90whichhave alreadybeen formed. Asaresult,

deviations in sizes of crack spots 90 can be made smaller.

Namely, the inventor has found that, when a region generating

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

S
{ |

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. In 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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to be processed and the 1ike. Upon this input, the frequency calcul ating
section 147 calculates a frequency for attaining this magnitude of distance
according to the above-nentioned 25 expressions and tables. In this exanple,
the stage noving speeds are fixed. The frequency cal cul ati ng section 147
174 sends thus calculated data to the laser |ight source controller 102.
When t he object tobe processedis subjected to |aser processing by the | aser
processi ng apparatus regulated to this nagnitude of frequency, the distance
5 between adj acent nodified spots can attain a desirable nagnitude. Data of
this magnitude of frequency is also sent to the nonitor 129, whereby this

magni tude of frequengy d.814H5ph anednr8re84:h§, ac bl eokydiragyam shoyg ng
apart of still another 0 exanple the overall controller 127 provided in

the eighth eX@HPEeemﬂbgiﬂgﬁfa&énCQQ%{P$iqamg%aﬁﬁﬂﬁgEﬁi%ﬁ?g§9@ the

cal culating section 149. In a manner simlar to ned above, the

g ude o s} ategbelvern ot prpt el Lo honis d SoLg nlg, e speed

cal cul ating section 1 pon this 1np Ing section

149 cal cul ' - L g '8 . '
e T O U A LY e

di stance according to the above-nmentioned eXpressions _ _
T30 Somtts hus 50" ol Al Ca Gacy Fo2Phe ot b ot FereLIs ovhen The
O eCt g b 8 SSEARLS, UDLEGt 50, L0 B0RL ALAEESTLA P LI by
pitch p in view of the thickness and material of the object
and the like.
Though the fact that the pitch p can be controlled is
10 explained inthe caseof crackspots, the sameholds inmelting
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. Therelativemovement of the light~convergingpoint
15 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
R the object 1is fixed, a case where the object and the
20 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.

25 With reference to Fig. 14, the laser processing

apparatus in accordance with the eighth example of this
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novi ng speed, the distance between adjacent nodified spots can attain a
desirabl e nmagni tude. Data of this nmagnitude 25 of stage noving speed is al so
sent to the nonitor 129, whereby this magnitude of stage noving speed is
di spl ayed. 175 Fig. 88 is a block diagram showi ng apart of st ill another
exanpl e of the overall controller 127 provided in the eighth exanple. The
overall controller 127 conprises a conbination calculating section 151. It
differs fromthe cases of Figs. 5 86 and 87 in that both repetition
frequency and stage noving speed are calculated. In a manner simlar to
that nmentioned above, the distance between adjacent nodified spots is fed
into the conbi nation, cal cul ating section 151. According to  the ,
above- ment i oned AT s Yard t BB P Y HE COnBRAAEY ont L0 LAl @t i A S
section 151 calculates a repetition frequency and a stage novi ng_speed for
attaining this radhIiRIE f6P§t§H€e;aﬁﬁ§(ﬁﬁﬁﬁ?ﬁﬁ%%ﬁl%EP%EFEPFnéOBeéﬂﬁon
151 sends thus calculated data to the stage_control|er 115. The |aser |ight
15 source contr & dpraibsttda hersasspmpilgehoseuitEigol o A5etlds@lt ai n
the cal cul ated magni tude of repetition frequency. The stage controller 115
adj usts the staddghtogouree1l®higse Qosatittahnl asrr calfédl-a8 &d snagsinenge Lot
stage noving speed. Wen the object to be processed is.subjected to |aser
20 processi ng byitaran eguihe @usvhset 1 ppecassitigesbpapataser 1ipbt giosirasce
between adj acent nodified spots can attain a desirable magnitude. Data of
t hus cal cul at ed 1¥dgni ThigeQofwiFepeltddogofmpédgendyl arel sregni Pddeh bth strgge
novi ng speed

disposed with a predetermined gap therebetween, a laser

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 lasermedium 55 in a state wherethe loss in a resonator

|—
o

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
loss, SO as té oscillate the accumulated enexrgy

20 instantaneocusly ahd 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
theQ-switch59soastomakeit attainahighstate. 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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are al so sent-t

ori-tor 129, whereby thus calculated 25 values are
di splayed. The | aser processing nethod in accordance with the 176 eighth
exanple of this enbodiment will now be explained. The object to be
processed 1 is a silicon wafer. In the eighth exanple, operations from
steps ' S101 to S111 are carried out in a manner simlar to that of the |aser
processing nmethod 5 in accordance with the first exanple shown in Fig. 15.
Afterstep S111, the distance between adjacent nelting spots in the nelting
spots formed by one pul se of pulse laser, i.e., the magnitude of pitch p,
is determined. The pitch r° pis determned in view of the thickness and
material of 10 the object %_and the like. The na%nitude of pitch pis fed
into the over a YU EohtTHR I 1857 19Kohh 3 SRirg P 1880 THer U it Ya 2RAHREL S i | ar
to that of the | aser processing . nmethod in accordance with the first exanple
shown in Fig. M35 opef AFi oriPOFiGkAp S123ULBCH1E5 AW 9%ed'be® . @Fhis 15
divides the object 1 into silicon chips. As explained in the foregoing, the
ei ght h exanpl €R&R tonPEoltthel @FSE ame@dsswden adjaicadits nelpihy $p6ts by
regul ating the magnitude of repetition frequency of pulse laser |ight, and
regul ati ng th&@agpgHitdries sEPRBVE AGnsheewscOy ¢fo Xnaxier tagent@9lard Y- axi s
stage 111. Changing the magnitude of distance in view of the thickness and
materi & of ﬂﬁé,obﬁécﬂlwiégdbﬁh%XWlkéﬂ%ﬁmﬂﬁﬁﬁﬂvp&0té§éhggaihexhﬂﬁnﬁ'ﬂrty to
t he ai med purpose.

thelike. Theforegoingaredetailsof the laser light source

101.

During the laser processing, the ocbject to be processed

£ 1 is moved in the X- or Y-axis direction, so as to form a
10 modifiedregionalongalinealongwhichtheobject is intended
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 1s regulated when the operator of laser processing
apparatus inputs the magnitude of speed to the overall
controller 127, which will be explained latexr, 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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[ Ninth Exanpl e] 25“A*nirth exanple of this enbodi nent changes the position
of the lIight-converging point of laser light irradiating 177 the object to
be processed in the direction of incidence to the object, thereby formng a
plurality of nodified regions aligning in the direction of incidence.
Formng a plurality of nodified regions will- be 5 explained in terns of a
crack region by way of exanple. Fig. 89 is a perspective view of an object
to be processed 1 fornmed with two crack regions 9 within the object 1 by
using the |aser processing nethod in accordance with the ninth exanple of
this enbodi ment. 10 Amethod of form ng two crack regions 9 will be explained

0 Drief. Firstindfe glhectnl hsohtradhated; whtbopul 5¢ Jasec bighbik, while

the |ight-converging point of pu se | aser ht L 1s ocated within the

object 1 near s rgay; J an mved along a line along which the
object is intended 1531 cutl q?%ﬁg orms a crack region 9 (9A) al ong

the line along “h'cﬁg%h% Qb%ﬁtco%t&%ﬁ%%qquHOoget%gtlgs@&tgr%cggglngbjeCt

1 near the rear face bsequently, the obj ect isirradiate h th

pul se 1 aser I Sfadua L b LI g 5 sonver égg?wes&gmgl Pl s asardl i ght

Lis |located 2 Int near |ts S is noved along

the Iine al ongowe@fmgt%%% | ond IAAG. LRn0e 5L By oo TY & fonas 3 crack

region (9B) along the I'ine"a nten to be cut 5
wi thin the Obl%% C%QET% aEBgrggﬁgafﬁéaCCOIdance with the first example.

Fig. 85 is a block diagram showing a part of an example of

the overall controller 127 of the laser processing apparatus

-

in accordance with the eighth example. The overall

10 ‘controller 127 comprises a distance calculating section 141,
a size storing section 143, and an image preparing section
145. Tothedistance calculating section 141, the magnitude
of repetition freguency of pulse laser light and respective
magnitudes of moving speedsofthestages 109, 111 are inputted.

15 Theseinputsareeffectajbytheopératoroflaserprocessing
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
modified spots formedat the inputtedmagnitudes of frequency
and speed is displayed on the monitor 129.

The distance data is also sent to the image preparing

25 section145. Thesizestoriﬁgsection143hasalréadystored

therein sizes of modified spots formed in this laser
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25 Then, as shown in Fig. 90, cracks 91 naturally grow fromthe crack
regions 9A, 9B. Specifically, the cracks 91 118 naturally grow fromthe
crack region 9A toward the rear face 21, fromthe crack regi on 9A (9B)
toward the crack region 9B (9A), and fromthe crack region 9B toward the
surface 3. This can formcracks 9 elongated in the thickness 5 direction of
the object in the surface of object 1 extending along the |ine along which
the object is intended to be cut 5, i.e., the surface to becone a cross
section. Hence, the object 1 can be cut along the line along which the

object is inten to he c by artificialLly applying,a relatively 1

snial I folr ceI t her %terg%coerssnlé]t lréglplgﬁa\)/é\,iutshohélcgéﬁj§/¥%QP§U%}IPF gdl%to%'rbcee. Idkgcalyﬁnghe
foregoi ng, the ninth exanple forns lurality of crack reqgions .9, thereb
 ncreasing the nuMSesi6F PBEAL FBRESCt b beaDnb &t ATtT Ty PAITHS Shd deuttifng.
the object 1. As.a 15 conseguence, the njnth exanple nmakes it possihle to
cut the  object TGEBOTIETNE & AEES \Nhert PRECABFECIMeDhaata Tiof ACAVERs

| arge thickness, the object is made of a material in which cracks 91 are
a4t g ow at i BF ST Sy SR ALK 30 S0 B 2and e AT hRUS 6 RERS
cutting i% difficult bé two_crack regions 9 alone, three or nore crack
regions 9°are for#Eds BaF2ekAnpte UL L ¥hdwt -i nBi §. CYOISCW R Gek AedMGASC
is forned between the crack region 9A and crack regi on 9B, Cutting

50 bo. _achi et Hia T A DA O PHolReISCt o t oS TFf CRhE3E T 025 of

the object 1 as |long as_jt j.s the direction i nci dence_,
J |Hen%e, the distance between aggacent modified spots and the

form of modified region can be seen before laser processing.

T
; |

Though thedistance calculating section l41l calculates
10 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, andthe distance between
15 modified spots beforehand is prepared, and the distance
calculating section 141 is caused to store data 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
20 above-mentioned table the distance between modified spots
in the modified spots formed unde:_c the condition of these
magnitude.
Here, themagnitudes of stage moving speeds may be made
variablewhile themagnitude of repetition frequency is fixed.
25 On the contrary, the magnitude of repetition frequency may

be made variable while the magnitudes of stage moving speeds
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of laser light as shown in Fig. 92. 179 Preferably, in the ninth exanple of
this enbodinent, .a plurality of crack regions 9 are successively forned

from the side farther fromthe entrance face (e.g., surface 3) of
object to be processed on which the pulse laser light 5 L is incident. For

exanple; in Fig. 89, the crack region 9A is formed first,

and t hen

t he

t he

crack region 9B is fornmed. If the crack regions 9 are formed successively
er L irradiated at
10 w Il be

fromthe side closer to the entrance face, the pul se | as
the tine of formng the crack region 9 to be forned | ater
scattered by the crack region 9 forned earlier. As a con

devi ati ons occur in sizes .of t crack (crack spot
of pul se | aser ||agnn§ [ Egnst|]{hlﬁ(?’nglPh%%ﬁsfckc?aaFOn%%

does not generate the above- nentloned scatterln% wher eby

9 formed later carffHe Tt o hedt i F@P‘W%/“QHS\%V&L

sequence

one shot

rned b
o TRt T oG P oe.
the crack region 9 forned |ate not be fo ned n for ng the
crack regi onsglg SUTHESEIVELY dflirc%ﬁiaﬁ SsPHB 13 P:SWFH%%&?EW&QW&E%

the crac

k region
Cteﬁéléﬂdefrobfcaf‘b?lrﬁ% %}f

plurality of crack 20 rﬁglons in_the nlnth exanple of this enbodlnent is

not restricted &AL

Mt FBnetSEbhaY e erﬁﬂéﬁtﬁéveo@eft&ﬁﬁ@dmo%é&@gs%waj

e crack

fromthe ﬁfde cIoser to the entrance face of the object to be processed, or

formed ra

dond y. N afe oAt fioveiRAT § bR e?%ﬁﬁﬂ’% in Fig. 91, th

region 9C is forned 25 first, then the crack regi on 98, and flnall¥
crack region 9A is fofifedlbyPs EPERIHGIhED a.%%%%h ntinedildand @

in Fig. 85 inputs the magnitude of repetition freqguency and

e

t he
othqdser

the 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 fregquency and

magnitudes of stage moving speeds may be ¢

ontrolled.

procedure will be explained in the following.

This

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

=
o

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

ﬂm 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 like. 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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180 light. Though the formng of a plurality of nodified regions is
explained in the case of crack regions, the sanme holds in nolten processed
regions and refractive index change 5 regi ons. Though the expl anation
relates to pulse laser light, the sane holds for continuous wave | aser
light. The | aser processing apparatus in accordance with the ninth exanple
of this enbodi nent has a configuration simlar to that of the |aser
processi ng apparatus 100 in accordance 10 with the first exanple shown in
Fig. 14. In the ninth exanple, the position of |ight-converging point P in
the thickness direction of the object tg be processed 1 is adjusted by the
Z-axis stage 11356PFiSs THRS adjiiy Qﬁ?qigﬁF@CSﬁVeF@?ngasﬁﬁlﬂl 505q8Tt8

|l ocate it at a position_closer to or farther 15 fromthe entrance face
(surface 3) thanCP8taRarE tf ck 1B LRRSPIRGH §HPEHRY AafisSeesS SHPP8EERBN of
the object to be processed 1, and at a substantially half thickness
position. Here, &@ usi¥feht PEPCEIFS 15@si Y oRNBf Uassit - BBRGRFYi MY 2PBRAELPPN

t he thickness direction of the object tobe processed 20 caused by the
Z-axis stage wi | Fepalekpraitfedt i 6hMesnétefee o FreRuemy anth®4d1phappe
ninth exanple of this enbodinment, the position of |ight-converging point of
| aser |ighRt in ©REVERNCIATESCIY eBPPALBY ERELED|CEY ale B p@ogé%éabig

adj usted so as to be |ocated at a desirable position within 25 the object
with reference t&2gnRétadef-acBatemy &héé Mage)tuds of Her esbj ety 1Figgls®seshows

the state where the 181
to the monitor 129, whereby this magnitude of frequency is

displayed.

Py

Fig. 87 isablockdiagramshowingapartofstill 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

{4 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 stage moving speed is also sent to themonitor 129, whereby

this magnitude of stage moving speed is displayed.
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| i ght-converging point P of laser light L is positioned at the surface 3 of
the object 1. Wien the Z-axis stage is noved by z toward the

| i ght-converging |l ens 105, the |I|ight-converging point P noves fromthe
surface 3 to the 5 inside of the object 1 as shown in Fig. 99. The anount of
novenent of |ight-converging point Pwithin the object 1 is Nz (where Nis
the refractive index of the object 1 wwth respect to the laser light L)
Hence, when the Z-axis stage is noved in view of the refractive index of
the object 1 10 with respect to the laser light L, the position of

| i ght-converging point P.,in _the thickness direction of the object 1 can be
control led. Nanely, a désPrdBle %EQPF (%a%arft%o‘f’%@%?P@Sﬁ\Féﬁ'ﬁJihjgl BBPREEP i n
the thickness direction of the object 1 is defined_as the distance (Nz
fromthe 15 surfaB828PLe PhéNeneyek? bt CoRe ferjledt 117 Prryisigcedr the sidhbled
in the thickness direction by the amount of novenment (z) obtained by .

di vi di ng the di st &HEBPLRZ) B%epﬁéraéémmh%éaw@méﬁe@ea FamBkNEN} OThi s
can locate the |ight-converging point P at the. desirable position. 20 As
expl ai ned in the FRtstlakdnplecctinn 4bdge Eomtifdigns frongheonesos & hegs-
movenent of the Z-axis stage 113 according to focal point data, such that
the focal point of6\and Bl7eln|thgtit PPsh|mRa et Han fhewentacand stHge Pagérg
processing apparatusl is adjusted such that the |ight-converging point 25 P
of laser |ight L $BepBsi%s 6Aequattere shit PaBenBestsimhd ampbsgittiadnment zoasds
stage 113 where the focal point of visible 182 light is |ocated at the

surface 3. Data ofPPKe:r akbariisgfance between adjacent modified spots is fed

into the combination calculating section 151. According to

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

calculateddata tothestage controller 115. Thelaser light

15 source controller 102 adjusts the laser light source 101

so as to attain the calculated magnitude of repetition

frequency. The stagecontroller 115 adjusts the stages 109,

e,

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 frequency 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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novenent (z) explained in Figs. 93 and 94 is fed into and stored in the
overall controller 127. Wth reference to Fig. 95, the |aser processing

method 5 in accordance with the ninth exanple of this enbodinent will now
be explained. Fig. 95 is a flowhart for explaining this |aser processing
met hod. The object to be processed | is a silicon wafer. Step S101 is the

sane as step S101 of the first exanple 10 shown in Fig. 15. Subsequently,
the thickness of the object 1 is measured. According to the result of
measurenent of thickness and the refractive index of object 1, the anmount
of novenment (z) of object 1 in the Z-axis direction is determ ned (S103).
This is the anounteiefhtrmwernenilofodOijiact ehfbolimeritherid-1axios: ther @6dp1amn naldt. h
reference to the |ight-converging point of |aser light L positioned at the
surface 3 of objeghelobficet derbd pirotBeskights eviera@mga por nt 1P BE diaseh
light L to be located within the object 1. Namely, the position of

| i ght - conver gi ng Raisrp1R | Bpkhettbhekness s2@di sect ian sofi 108t ecda Arisd out
determi ned. The position of Iight-converging point P is determned in view
of the thickness ignd fahgeiratbiRf19bjwstnktapd the 1dder JrivddisSing method
enbodi ment, data of a first novement anpunt for positioning the

l'i ght-convergi ng pei RlcRMeaicd ha dieanhd ace W thiamhike sZewebiiectrily and data
of a second novenent anmount for positioning the Iight-converging point P

near the surface 3 “ﬁth%ﬁﬂ&ﬁ%té@%l@@l&ﬁk&éi@f&n&@%@tw@éﬂééﬁaé@%ﬁ%@lting
processed region to be forned is formed by using the data of first novenent

amount . spots in themelting spots formed by one pulse of pulse laser,

i.e., the magnitude of pitch p, is determined. The pitch

Y

p 1s determined in view of the thickness and material of
10 the object 1 and the 1like. The magnitude of pitch p is fed
into the overall controller 127 shown in Fig. 88.
Then, inamannersimilartothatof thelaserprocessing
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
i 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
of the ocbject 1 and the like enables processing in conformity
to the aimed purpose.
[Ninth Example]
25 Aninthexample of this embodiment changes the position

of the light-converging point of laser light irradiating
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A second nolten processed region to be fornmed is forned by using the data
of second novenent anmount. Data of these 5 novenent anounts are fed into the
overall controller 127. Steps S105 and S107 are the same as steps S105 and
S107 in the first exanple shown in Fig. 15. The focal point data

cal cul ated by step S107 is sent to the stage controller 115. According to
the focal point data, the stage controller 115 10 noves the Z-axis stage 113
in the Z-axis direction (5109) . This positions the focal point of visible
light of the observation Iight 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.thHerahjeorardirey pfrodasgiond nlhdata retchie onmadi Agcdatace
processor 125 cal cul ates enlarged imge data of the surface of object 1

i ncl udi ng the |i e thtobdevhi ahdrtudyobpating s plntrended dOmbeicutdTegibas
enlarged ( inmage data is sent to the nonitor 129 by way of the overal
controller 127, wierghngan renhay gedddtmgs idT tihe iviedicri.ty 20 of the line

al ong which the object is intended to be cut 5 is displayed on the nonitor

129. The data of first moavwemgnta apourt ldel,erdd neddbyistiepeSHh3d hasl al peady
been inputted to the overall controller 127, and is sent to the stage

control les 115. Aceardink@ 10 t25mshb s dat ackfrpenenty 8B Mx arfidlee St 99 .
controller 115 noves the object 1 in the 2-axis direction by using the

Z-axis 184 stag@dlils a pedspost O iehes e dnheh]d ghto0en pelodierG R0l FormBdof

| aser light L is located within the object 1 (5111). This inside position

i's near the rearwiacet@b thac@bieglions 9 within the object 1 by using the
laser processing method in accordance with the ninth example
of this embodiment.

10 Amethod of forming twocrackregions 9will beexplained
inbrief. First, theobject 1l is irradiatedwithpulse 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 ismovedalonga line alongwhich the object is intended

15 tobe cut 5. This forms a crack region 9 (94) 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

W 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 cobject 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 94, 9B. Specifically, the cracks 91
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1. 5 Next, as in step S113 of the first exanple shown in Fig. 15, a nolten
processed region is formed within the object 1 so as to extend along the
| ine along which the object is intended to be cut 5 (5113). The nolten
processed region is formed.near the rear face within the object 1. 10 Then,
according to the data of second novenent amount as in step S111, the object
1 is noved 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) . Subsequently, as in step S113, a nolten 15 processed
region is formed within the object 1 (5117). In this step, the nolten
processed regi oR2E8TROL ek Iredr OMhehe syEfcicee 1w tH hovhedodjeeeat. faqal |y,
the object 1 is bent along the line along which the object is intended to
be cut 5, and tRbs fsomuth¢ 3Pk r2PIT SAdi(WBdesowhedobhectrdck ntagisin i con
chips. Effects of the ninth exanple of this enbodinent will beexpl ai ned.
The ninth exanpPB f8khs angl firami tlye of raodi fégdon r 2gi omeard i gme nguiiedde
direction of incidence, thereby increasing the nunber of |ocations to
becone starting3poi Ahg s2xashehormt tiragkishe® ob] engatled | ant Hehec asiel abheres t he
size of object 1 in the direction of incidence of laser light is 185
rel ativeby | argéipeciheneft hbealljpott ini shermde fafceaomadledal 1 &t avid oy
cracks are hard to grow froma nodified region, for exanple, the object 1
is hard to cut ahengorig lome abdnfiwddich ediconbgricst $salromgnhddie tloi he @altong
whi ch the object is intended

5, i.e., the surface to become a cross section. Hence, the

object 1 can be cut along the line along which the object

P

is intended to be cut Sby artificially applying a relatively

10 small force thereto or naturally without applying such a
force. |

Asinthe foregoing, theninthexample formsaplurality

of crack regions 9, therebyincreasing the number of locations

to beéome 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

Vaain
/ M

9, and so forth.

20 Whencuttingisdifficult 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
achievedinadirectionorthogonal 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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5to be cut 5. In such a case, formng a plurality of nodified regions as
in this enbodi nent can easily cut the object 1. (Tenth Exanple] Atenth
exanpl e of this enbodi ment controls theposition of a nodified region in the
t hi ckness direction of an object 10 to be processed by adjusting the
| i ght-converging point of laser light in the thickness direction of the
object. This positional control will be explained in ternms of a crack
region by way of exanple. 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 | aser processing nethod in accordance with the tenth exanpl e of
this enbodi ment. The |ight-converging point of pulse laser L is |ocated
within the object 1 thPagghkreRdysuinakee (entthaggempieeyi Fivfs eRbodapEBEt
Wi th respect to the gulse | aser light L. The 20 |ight-converging point is
adj usted so as tocbplhvedied & cr&asdubsoannsal leyehabtcehbtkaey st posid fsami n
the thickness direction of the object 1. Wen the object to be processed 1
is irradiated wthheheibdenéaatbrg Whbohthhecobjacte imdate@nded stofleeecdt 5
under these conditions, a crack region 9 is formed 25 along a |line al ong
whi ch the object o théeriuferttt ¢oblee qutoces sdd anhah fch hihckpesse plosidr dngbt
the obj ect 1 and its vicinity. 186 Fig. 97 is a partly sectional view of
t he object51 showh iisnikcgde86. AfFbereddrepte ackn rieigi.or8 B itdhef armed, regaocks
91 are naturally grown toward the surface 3 and rear face 21. Wen the
crack region 9 isSPoiretbated fe et f ahbi thapsshgagiaickone§iando tis Yoecmadt y
in the thickness direction of the object

If the crack regions 9 are formed successively from the side

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.

o
w
1y

orming thecrackregions 9 successively fromthe side farther
fromthe entrance face does not generate the above-mentioned
scattering, whereby the crack region 9 formed later can be
é 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
the object tobe processed, or formed randomly. Inthe random
forming, for example in Fig. 91, the crack region 9C is formed
25 first, then the crack region 9B, and finally the crack region

9A is formed by reversing the direction of incidence of laser
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1, the distance between the naturally growing crack 91 and the surface 3

,..A\
£ s

(rear face 21) can be nade relatively long, for exanple, in the case where
the object 1 has a relatively |largethickness. Therefore, apart tobe cut
extending along 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 termnating the | aser
processi ng, handling the object becones easier. 15 Fig. 98 is a perspective
vi ew of an object tobe processed 1 including a crack region 9 fornmed by
using the laser processing nethod in accordance with the tenth exanpl e of
this enbodi nenti@s8twith Fig. 96. The crack region 9 shown in Fig. 98'is
formed when the Iight-converging point of pulse 20 laser light L is adjusted
so as to be | ocated BHtowglpddia fommickoséret pl heslii f et (redtifardefegie)ns
3t hani sahal ft hi ckness position in the thickness direction of the object 1.
The crack regiorefplisified ned Ore tdesswff ace ck siede owist, hkhet hieme dbojlett 1.
Fig. 99 is a partly sectional view of the object 25 1 shown in Fig. 98.
Si nce the cracknrmegloan9pirsckssred rayl dise ssut fracfr Z tsiwke, inbt:uraidryggr owi ng
cracks 91 reach the 187 surface 3 or its vicinity. Hence, fractures
extending al ongegtidres | i Mhcalgnghelkixel athiae iohjeciatess topebded atserhei gut, 5 are
likely to occur in the surface 3, whereby the object 1 can be cut easily. 5
In the case whete tsdme shiwidsef3rotohhénobpecvatei 3asornktighwi th el ectronic
devices and el ectrode patterns in particular,
The laser processing apparatus in accordance with the

ninth example of this embodiment has a configurationsimilar

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 liéht—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 object to be

processed 1, and at a substantially half thickness position.

Here, adjustment of the position of light-converging

point Pinthethicknessdirectionoftheobjecttobeprocessed
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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formng the crack region 9 near the surface 3 can prevent the electronic
devices and the |Iike from bei ng danmaged when cutting the object 1. Nanely,
growi ng cracks 91 fromthe 10 crack region 9 toward the surface 3 and rear
face 21 of the object 1 cuts the object 1. Cutting nay be achi eved by the
natural growth of cracks 91 alone or by artificially growing cracks 91 in
addition to the natural gromh of crack 91. Wen 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 becones greater. As a
consequence, the cracks 91 may reach regions fornmed with electronic devices
and the |ike, tREMEHFVERIGEHY PRéNtePeet rAier devhtes BhdaHid Jored. @ hen
the crack region 9 20 is fornmed near the surface 3, the distance between the
crack region $h&nduthacew paddezobseckllat | VBRY Witof taximéitapy tshaoved
deviation in growing direction of cracks 91 can be nmade snaller. Therefore,
cutting can bebdf f ett edonicttWoutt Ranagiagtrrenvereéngonilendevi £€% anéhéhe

l'i ke. When the crack region 9 25 is forned at a | ocation too close to the
surface 3, thelédgadtkconefimenin® iindr fedhoatest Heoguthgceugians 3 tontkeguence,
the 188 randomformof the crack region 9 itself appears at the surface 3,
whi ch c&uses chingpidegoft hbredy]det et iay athowy timeFageuPhcy Then aposaki 9§ and
cutting. The crack region 9 can also be forned while the 5 |ight-converging
poi nt of pul semPasaenti gift 1Lighs sdinystrad nsspaasitt & beé thévatbd abjachosition
farther fromthe surface 3 than is a half thickness position in the

t hi ckness direéti 8Ba (where N is the refractive index of the object 1 with

respect to the laser light L). Hence, when the Z-axis stage

i

is moved in view of the refractive index of the object 1

10 with respect to the laser 1light L, 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 1is
moved in the thickness direction by the amount of movement
(z) obtained Dby 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 1 is adjusted such that the light-converging point

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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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 | aser processing nethod in accordance with the tenth exanpl e of
enbodi nent. The crack region 9inthe X-axis direction shown in Fig. .
light L is adjusted

So as to be located at a position farther fromthe surface (entrance face)
3 than is a half thickness position in the thickness direction of
object 1. The crack region 9 in the Y-axis direction is fornmed when the

| i ght - conver gi ng gy nits afofalese Jrasee 20 drght 3L iz adjdsted s@rstt grbe

formed when the light-converging point 15 of pul se | aser

| ocated at a position closer to the surface 3 than is the half thickness

this
100 is

t he

position in thewotdlaliness diiasti-en oh £1gs0bsCind ofhe qiack ie0kal 9 10

each ot her thr%QdyéHyyﬂ(yﬁgIé@eggaﬂNggh%ggafgge¥§7; i's a sem conduct or

the X-axis direction and the Crack region in the Y-axi

waf er, for exanple, a plurality of cra

C
in 189 each of the %’it%npeféﬁéﬁéeqior?E }%ft Qil%sfeqrﬁ%é%%#gg

91like alattice in the sem conduct or er, ereas

S

[ nto indjvidual;,coLos,ahhLE WSINGNLIE nALLLGEI LT kP LB Atk

starting points.

crack region %dd‘bé@%ﬁ\ia ey di Ejfggi%ziéraﬁfh%@ﬂggt ioTe

the thickness direction of the o t t

crack region in“the X-axis

&%

SHDNG 3%1

rection an

Sy

ere occurs a [ocatio

regions 9 are formed in parall el

Gk nk gi ons
Fs d?vided

93

tion

ere

crack region 93 e X4 i [BEhBN The object to be processed 1 is

a silicon wafer.

Step S101 is the same as step 5101 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 (5103). This is the amount of movement of object

15 1 in the Z-axis direction with reference

to t

he

light-converging point of laser light L positioned at the

surfaceiBofobject]_inorder‘forthelight—convergingpoint

AT

P of laser light Ltobe locatedwithin the object 1.

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

thickness and material of object 1 and the like.

view of the

In 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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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 nakes 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. Wen 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 fromeach other in the thickness direction 20 of the object 1 as
shown in Fig. Xifgeathel eracksedgi oA 9irin nmhkt o6 axicsadigwttiegn candothe crack
region 9 in the Y-axis direction can be prevented from bei ng super posed on
each other. ThHermmabkeopretbyeusubyitig cbté hef obhpettmduenant brounack
region 9 in the X-axis direction and the 25 crack region 9 in the Y-axis
direction, the ZcracondegbdtenPitacdeséoregh datter best pred¢@riablfy riretined
closer to the surface 190 (entrance face) 3 than is the crack region 9
formed earlier.usiifg the a=ack afegiauor tnapsndrar e Urat.er Desaf efmedestoser
to the rear face 21 than is the crack region 9 forned earlier, the pulse

| aser |isght L infovadlicaitedmohen sf ergl fgdt het eraok draredilor o tiro1be rf 02 ed

| ater is scattered by the crack region 9 forned earlier at the |ocation
where the cross sectisagpsi$lthend 8x03 «dig ebtiseimeand S LE08S /RLELON in
the Y-axis direction intersect each other at right angles. This forns

devi ati ons bet ieephthii 15tz exampaepahdwih armedgatl B pakt f60al point data

calculated by step S107 is sent to the stage controller 115.

N

According to the focal point data, the stage controller 115

10 moves the Z~axls stage 113 in the Z-axis direction (S109).

This positions the focal point of visible 1light of the

observation light source 117 at the surface 3. At thispoint

of Z~axis stage 113, the focal point P of pulse laser light

L is positioned at the surface 3. Here, acéording 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 amount, the stage controller 115 moves

the object 1 in the Z-axis direction by using the Z-axis
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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 forned |ater.
Therefore, the crack region 9 to be formed |ater cannot be forned
uniformy. Wien the crack region 9 to be forned later is formed 15 closer
to the surface 3 than is the crack region 9 formed wearlier, by contrast,
scattering of the pulse laser light L does not occur at a position to
beconme t he above-nentioned intersecting |ocation, whereby the crack region
9 to be forned. later can be formed uniformy. 20 As explained in the
foregoing, the tenth exanple of this enbodi nent adjusts the position of

| i ght-convergin i | as i i e i KB%?S i ] . an
object to be p?%%@gsg%foi%éfegés%%?ﬁg g@?%gt%ﬁgoﬁ% 0 %éﬂi{ﬁéﬁﬁauﬁ?lngf a
nodi fied regionyin: tihe thi directl of .t he_object, .25 angi t he
posi tion of |i3%ﬁ9%&%V§FgH§ Gﬁ%ﬁhf‘%§%§ﬁg%donEF§8 Ph?ci%%%%tgﬁd n&ggfial of
the object to [ 0CessS Q 191 agd th |l ike enabl§s aser ﬁ[@ﬁ;Sﬁyngtin
conformty to the Olbj ect. pl‘f’l%htgln ¥he f%%?rt%}?ﬁ ]f%erp it & odified
region can be gcontrolled is explained in the case of a crack region, 5 the
same holds in nblten processed regions and refractive i ndex change regions.

Though the expl anati relates to. . pul | aser, light, the sa q§lds.for

cont i nuogqus wave | ase Vﬂe)‘iti’gﬁ'ts. l‘fhétlegsgﬁ%par 8§eg§?nglﬁfﬂ)a‘?ﬁ%ﬂf§f chdj_orlaance

with the 10 tenth exanpl e of U2 LROLLIENS, BES AL 95T ALHa S T, ! ar
1 so as to extend along the line along which the object is

intended to be cut 5 (S113). The molten processed region

ey

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 ismoved 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). Subseqguently, as in step S113, a molten

15 processed region is formed within the object 1 (S117). In
this step, the molten processed region is formed near the
surface 3 within the object 1.

g: Finally, the object 1 isbent along the line alongwhich
the object is intended to be cut 5, and thus is cut (S119).

20 This divides the object 1 into silicon chips.

Effects of the ninth example of this embodiment will
beexplained. Theninthexample formsapluralityofmodified
regions aligning in the direction of incidence, thereby
increasing the number of locations to become starting points

25 when cutting the object 1. In the case where the size of

object 1 in the direction of incidence of laser light is
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to the |l aser processing apparatus 100 in accordance with

‘the first exanplé

shown in Fig. 19. In the tenth exanple, the Z-axis stage 113 adjusts the

position of

|l i ght-converging point Pin the thickness direction of object

1. This can 15 adjust the |ight-converging point P so as to locate it at a
position closer to or farther fromthe entrance face (surface 3) than

hal f thickness position in the thickness direction

substantially half thickness position, for exanple. These adjustnent

is a
of the object 1 or at a

operations and the placenent 20 of the |ight-converging point of laser |ight
within the object can also be achieved by noving the light-converging |ens
105 in the Z-axi iLeat i hee, r r f@ﬁp e, noves
in the thickness éﬂ%ec€9%295ﬁ§fg§fhgﬁg gﬂﬁéﬁ° t e§I¥QﬁF&¥%%3er§?ﬁ§ﬁﬁens 105
rgxgﬁt:gnthfh;qgﬁﬁﬂh%% %géngﬂgrn o?£%kgﬁgb ec%&f |n %iQQ§lon
direction of P e%% ]5 qgﬁ ng %W%L{S reI%F

m eobTec 1 ardt n
anmpunt or a secon e§ % move anoun h
| i ght - conver gi 0|nt P.in hlckne d|r n of t
processed causer% nbe}”t%ts‘%EL ax s%stégneegfo %%a %heof%e 3Icw\tenﬁjleﬁ{th
exanple expl ained wi th.referen to _Fi 93.and F T dat a
processor 125 c§1gulé{eé fdgal p%l%fﬁs ataofm%n?ocgggﬁa% e ?g@EEP%EF%t of

visible |ight generated b t.he ob ervatl lLi_ ght source 1

urf ace

3 .according 10 6 he Pﬁab H&“ﬁ%ﬁf Odﬁﬂ%@ éﬁPheaié I%UES 3 Abcgrding

to this focal point q%enth Ee stﬁg? controller 115 controls

s
/ s
i

10

15

20

25

Xamp
Atenthexampleof thisembodiment controlstheposition

of amodified region in the thickness direction of an object
to be processed by adjusting the light-convexging 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

9 is formed within the object 1 by using the laser processing

method in accordancewith the tenthexample of this embodiment.

Thelight—convergingpointéfpulselaserlgislocatedwithin
the object 1 through the surface (entrance face) 3 of the
object with respect to the pulse laser light L. The
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
lisirradiatedwiththelinealongwhichtheobject isintended

to be cut 5 undex these conditions, a crack region 9 is formed

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

Sat ahalfthicknesspositionof theobjectlanditsvicinity.
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t he novenent 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

adj usted such that the 15 light-converging point P of laser light L is

| ocated 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, the focal
/ point data is an exanple of second relative novenent anount of the object 1
~in the thickness direction thereof 20 required for |ocating 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
~ampunt. Data of t henovénént Afdnt PEFEY 8 Flebid hiéperntle o) acs Fis§erro3
~and 94 is fed into _and stored in the overall controller 127. Nanely, the
“overal | control I'éy Figz R&s aAf198 fhmctiasrk ereodosr Pngs deadned. i@ ksl 8ti ve

- novenent anobunt of the object to be processed 1 in the thickness direction
of the obj ect l2re TR&Vgedrlyl Preognt tovped tny susifage doatdoréar farksZland

- Z-axis stage 113 adjust the position of 5 |ight-converging point of pulse

| aser |ight conVéragethegracheddight? todeengtng dresa W thinknhespasgeion

t hi ckness of the object 1. The | aser processing nmethod in accordance with
the tenth exanpgng Jitlsl vbeimiplyainethai thiclehesentir ¢at tdre dfagdre obfect
processi ng apparatus in accordance with the first exanple shown in Fig. 14
and the flowchardt: tbe dhetbaserbprweessihmgnatmetrhddyi araetng daneek ilt Andhe
first exanple shown in Fig

the surface 3 (rear face 21) can be made relatively long,
for example, in the case where the object 1 has a relatively
large thickness. Therefore, a part tobe cut extending along

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
1l after terminating the laser processing, handlingthe object
becomes easier.

15 ‘ Fig. 98 isaperspectiveviewofanobject tobeprocessed
1 including a crack region 9 formed by using the laser
processing method in accordance with thé tenth example of

{” this embodiment as with Fig. 96. The crack region 9 shown

inFig. 98 is formed when the light-converging point of pulse
20 laser light L is adjusted so as to be located at a position
closertothésurface(entranceface)3thanisahalfthickness
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. 92 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 91 reach the
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15. The object to be processed 1 is a silicon wafer. Step S$tot-is the same
as step S101 of the first exanple 15 shown in Fig. 15. Subsequently, as in
- step S103 of the first exanple shown in Fig. 15, the thickness of object 1
i smeasured. According to the result of neasurenent of thickness and the
refractive index, the anount of novenment (z) in the 2-axis direction of
object 1 is deternlned (5103). This is the 20 anmount of novenent of object 1
inthe Z-axis direction with reference to the |ight-converging point of
~laser light L positioned at the surface 3 of object 1 required for
positioning the |ight-converging point P of laser light L wthin the object
1. Nanely, the pogifhicen3 @frlafsbngml@pnva{@é@ Bok Rty L B chhe ndiingkiessy
direction of object 1 is determ ned. The anobunt of novenent (z) in the

Z-axis 194 diregki 0inkSa Doey x*AERI @h@fo@?é@t of s Rekahiua @@m@tt ofard he
object 1 in the thickness ditection thereof. The position

- light-convergingipaijt +B bscgetiel %@eguwa\é'eew %éf@g tth%'ecm%étamdcan
material of the object 1, effects of processing 5 @, easi ness to handl e

and cut the objget),randsthe Iike. This data of nnvenent anount is fed into
the overall controller 127 Steps 5105 and S107 are simlar to steps S105

and 51075 of the T17SE,XANws e 200 Ik Eldrala s Jenbple A0} Uls Aot 10

cal cul ated by step 8107 I's data of a second novenent in the Z-axis

direction of objeet, che Tics if062); ol %dggget&§d§§%tttte?n§sqqﬁ S4P0E.cONL T ol ler

115. Accordingtothis focal pointdata, the stage control .
forming the crack region 9 near the surface 3 can prevent

the electronic devices and the like from being damaged when
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 regioris formed with

e,
"

electronic devices and the like, thereby damaging the
electronic devices and the like. When the crack region 8
20 is formed near the surface 3, the distance between the crack
region 9 and the surface 3 is relatively short, whereby the
deviationingrowingdirectionofcracks 91l canbemadesmaller.
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 conseguence, the
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115 noves the Z-axis stage 113 in the Z-axis direction (5109) . 15 This
positions the focal point of visible |ight of the observation |Iight source
117 at the surface 3. At this position of Z-axis stage 113, the

|'i ght-converging point P of pulse laser light L is positioned at the
surface 3. According to imaging data, the imaging data processor 125 20
cal cul ates enl arged i mage data of the surface of object 1 including the
line along which the object is intended to be cut 5. This enlarged inmage
data is sent to the nonitor 129 by way of the overall controller 127,
whereby an enlarged image near the Iine along which the object is intended

to 25 be cut 5 is djsplayed_on the nitor 127. a of the relativ
rovenant amunt GSPEET O 5] Coed 2 GRBCeS03 akS ot SRRSeERGH | HORPYEACE o
‘the overall controller 127, and is sent to the stage controller 115..

According to thiPs W 68UREY &TEmP ddbuhber BRE IStEde 0Lt PGl 1hs 2 EE8 T Balises
the Z-axis stage 113 to nove the object 1 in the Z-axis 5 direction at a
‘position where th8 Pr§RtiEGNGEFAgLHGEPBERt P of laser light is |ocated
‘Wthin the object 1 (5111). Steps 5113 and 5115 are simlar to steps 5113
and S115 shown in Fig. TBS. cIe€ X oretjdithg2dicAindeal $hebsebjfecimes iwtble stPecon
chips. 10 Effects of the tenth exanple of this enbodinment will be,

expl ai ned? The. t éhERteRaRHESIEPPaBP aREsOf Hev big ektseio 1 ightplodEs3dduatafit h
‘pulse laser light L while adjusting the position of |ight-converging point
P in the thickne88 28i%@di§ dwcafesbpect ROSIhEpRbiAFIIH g CA MDA ﬂlégace

regron. 3thanisahalfthickness positionin the thicknessdirection
of the object 1. In this case, the crack region 9 is formed
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 1l is a semiconductor wafer, for example,

a plurality of crack regions 9 are formed in parallel in
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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 material and
t hi ckness of object 1, effects of processing, and the |ike enables cutting
in 20 conformty to the object 1. Industrial Applicability The |aser
processi ng nethod and apparatus in accordance wth the present invention
can cut an object to be processed without generating melt or fractures
~deviating fromlines 25 to be cut on a surface of the object. Therefore, the
'yield and productivity of products (e.g., sem conductor chips, 196

pi ezoel ectric ded@e ghiRs, x-angddispkay devbeesossch 188 s FbaHisde BE Ystaalk
prepared by cutting objects to be processed can be inproved. 197 CLAIMS 1.

A nethod of cuttidig & obj 8ed o P&J’P{éé'ﬂ?ﬂth@ §nﬁ%o@1fdu'crtroqd@w§§fé99 ey ect
to be cut with laser light wwth a [ight-converging point |ocat

 therew thin al O%é’illa't'ﬁ%rv‘@émvtl@%cpgh%%t153.1_{791'1 Qgecqlx lt_pqil Qﬁlﬁgtwﬁiﬂ%ft@)r gna

~nodi fied region functioning as a startlng poi nt or ng 0 bj ect,

thin the objecgt f | a t
Wi t i ] ecly tl"éé%hﬁ%e & ng tclﬁée %gl A ong t[a% $8ler] 'tgs@

entrance face of t ject, an e |1 ne,

laser gpesm n%ﬂ?é}!‘?@gﬁt e{? Es @ﬂe SEQEsocﬁlréész%%'ﬁ'd”Qhé” QJIQQG#l%Dbe

processed with |l aser Ilptlca |y polarize th "an |pt|C| y of

other than 1 such;thaf ayl %qﬁ 9i,0g, hoint. qf, sglcdu% SeInd r%cat.ve of

- located within said o ]EC € mjor axis o an eI i pse

the elliptical HQ'J acrHezactHl%I}n%ssl %%%IGJElQJH of the object 1, there occurs

a location where the crack region 9 in the X-axis direction

e
b

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 precise‘ly at the intersection.
When the position of the crack region 9 in the X-axis
{ _ direction and theposition of thecrack 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 formedlaterispreferably formedcloser tothe surface



extends along a plurality of first lines along which the object is intended
to be cut extending to a first direction so as to formfirst nodified

regi ons caused by nulti-photon absorption along the first Iines along which
the object is intended to be cut within said object, respectively;
irradiating an object to be processed with laser light elliptically
polarized with an ellipticity of other than 1 such that a |ight-converging
point of the laser light is located within said object while the nmgjor axis
of an ellipse indicative of the elliptical polarization of |aser |ight
extends along a plurality of second |lines along which the object is intended
to be cut extendiignld fac2gCoNnthH ﬁ%c{:htgrbr%;c(?ﬁg%?goﬂ@fgkﬁ\é% dingeti on so

as to formsecond nodified regi ons cause I - phot on absorption al ong

the second Ii rﬂel.sv‘tgrié;;&éam! %ﬁiﬁﬁn@jﬁcﬁaei .‘?foirme‘angggegoi Qefgﬂ'hed Vglto%ie{}hzai d

obj ect, respecti g the object to be processed al on

first and secand, Lihes, Alang whicehf he o1abLecty b8 e RS 06eRsertd s it ended

. 2lsqr
to be cut with usi ng %%e glrs secon regi ons as

points for Cu't\{ﬂé%ﬂ%ljzl@eo l%s%lr"” allfgjthtét?! L?%é:%?id@%te%' \dl-llx_?g %g;gingr‘%ees&iar&g( met hod

according to c MMGFEIH]H I'rst o I'ed " Tegi 6ns ~ have been

formed by causing muliti-phot.aon rption with.in the ject to be .processed
al ong EBthe fiﬁé (¥ﬁ§s£3ﬁ§%§%ﬁﬂggi??Eérdﬁiggﬁtggrﬁgqﬁ¥g&%%EEGCF§QQ%9§nded to
be cut respectd vel he _.second dified regions are formed by causing

nul ti - photon & sfgorl)étel%neavﬁ]tjherl el E@q%b}%%?tjt%q b"@jef)‘? 0TS s osr?g&tlﬁé] second
| ines al ong which, the object.to be processed is_intended to be cut .
respectively&qughf.ﬁAF g%é%l%ﬁ%%%%@f%ﬁyﬁéfhgaoiﬁﬁ%?$gﬁ blg g?%éygﬁ}s

[rradiating. anohlectod 9nbe Bcacessel WAL Lasel ki gl ield T Dbl 68l doty

pol ari zed with an € icity of 0 n1'ss at” "a | i ghl-convergi ng

point of said d&ﬁ%ﬂd&?{‘%ﬁ@eéegf%%ds‘é’%feihiﬁ?iacgfairdc Gl wh1 L S dd1e ) of

axis of an ellipse in the e polari zatron aser |ight

ext endg) al ong 5i BEEB@IQ e ?Eoofviter— nltii%%oahlq@grg\@!f?gé %Q%cqu & a%)é tihre]et ended

to be cut extending to a Irs lrection so as to Irst nolten

Propessed | SAS, Skapgarber et i pRCLRLENRANEY, AHRROBLEE dil anded

processed with kasge kbghtqellipti catdypadasi zed Wilhi@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 th_e above-mentioned
intersecting location, wherebythecrackregion9tobe 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 amodifiedregioninthe thicknessdirectionof the object.

25 Changing the position of light-converging point in view of

the thickness and material of the object to be processed



ellipticity of other than | such that a |ight-converging point of the |aser
light is |ocated wwthin said object while the major axis of an ellipse

i ndi cative of the elliptical polarization of laser light extends along a
plurality of second lines along which the object is intended to be cut
extending to a second direction crossing the first direction so as to form
second nol ten processed regions along the second |lines along which the
object is intended to be cut within said object, respectively; and dividing
the object to be processed along the first and second |ines al ong which the
object to be processed is intended to be cut with using the first and second
mol t en processedanteghensi las sstaild Nd p@iMpgotessenytimgdntoamd tpl ybadidy of
chips. 5. A laser processing nethod according to one of clains 2 to 4,
wherein said el lopteeal. polarization is linear polarization with an
ellipticity of zero. 6. A laser processing nethod conprising steps of;
irradiating an object tRobghRMCEssed: Mbt i baseribi @ta Woldd faed region

| i ght -converging point of the laser light |located therewithin to formfirst

nodi fied regi onscyhtdd Bohheoebiact s &k e i fpeessRd-akonrg 4 ichskkl Foesoml ong
whi ch the object to be processed is intended to be cut extending a first

directionsand irfadi 8ih80hd 1@s obf esd1 4 on BerJyacessed Wbl anbasefrddghte W th
a |ight-converging point of the laser light |ocated therewithin to form

second regi ons Wi bR ERBngebireEt oh@ beTRbagrSeRd akgongn secondrdiness Wi ch
the object to be processed is intended to bé cut extending a second

direction crossimngltbe 4481 i@iteCthansamé HAIRRIr b he- G @fioutsOwheePIOEessed
with using the first and second nodified regions as starting points for

cutting into a plugatity of chips along the first and second |ines al ong
which the object to be processed is intended to be cut; wherein the first

and second nodi fied reghons saiepsepakated ipsmac s ontaerskdatde wsuhfaee of
the object to be processed. 199 7. A | aser processing nethod conprising

steps of10 i rraditwéhhy examgflesr oshape ehpeatimbat b Ps eeessetrbicied omilar
flexible sheet with a laser light with a |ight-converging point of the
| aser |ight |ocatedcthbereset hpnotestonm kppstatodi f0edin accordance with
the first example shown in Fig. 14. 1In the tenth example,
the Z-axis stage 113 adjusts theposition of light-converging
point P in the thickness direction of object 1. This can
15 adijust the light-converging point P so as to locate it at
apositionclosertoor farther fromtheentrance face (surface
3) thanisahalfthicknesspositioninthethicknessdirection
of theobject 1lor at a substantially half thicknessposition,
for example. These adjustment operations and the placement
20 of thelight-convergingpoint of laserlightwithintheobject
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 direction of theobject 1inthe present invention, the amount

of movement of the object 1 in the thickness direction of
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regions within the object to be processed along first Iines along which the
object to be processed is intended to be cut extending a first direction
and irradiating an object to be processed with a laser light with a

| i ght-converging point of the laser light |ocated therewithin to form second
regions within the object to be processed al ong second |ines which the
object to be processed is intended to be cut extending a second direction
crossing the first direction; applying stress to the object to be processed
through the flexible sheet to divide the object to be processed with using
the first and second nodified regions as starting points for cutting into a
plurality of chipBeaPngctnk ifsi AsfinAd 32 CoAdTFEnEs] Al BIgMAHEBRANE RNGH] lect
to be processed is intended to be cut; wherein the first and second
nmodi fi ed regi onsCdré sepangt &g lRitdieamPrVemenindmask - surface of the object
to be processed. 8. The | aser processing nethod according to. claim6 or 7,
wherein the first and $keoad]ussiehited I elgi dhis care emglitngn peiocessdd ridy ons.
9. The |l aser processing nmethod according to claim6 or 7, wherein the first
and second nodi thédknegisons race ivef padctiheeobndex thahgepregioimd dOisA

| aser processing nmethod conprising steps of; irradiating a wafer shape

obj ect toSbe probgstied ZorxuE chagepl sirtdld spmef a eltdettr bnithe dévibesxamsle
formed on a front surface of the wafer shape object with a laser light with
passi ng througherpgbdnsdbetinbenethacpler abi Fygef PRearfietigon?4. devi ces and
with a light-converging point of the laser light |ocated therewithin to
form nol ten processed Fegiloreyatg dapespioorsspadéd ¢abmlatdnderalighint
incident surface of the wafer shape object by a predeterm ned distance al ong
first lines al oAgtaHich loketdbjcethe fodse peoeesedi $Ebintlended eres bt et
extending a first direction and irradiating the wafer shape object with a

| aser |ight withopads elgsehvatghn Aéghndnsobeiaeen orhighe 8PEER ORI aC eed ves
with a Iight-conver ing point of the laser light located therewithin to form
second mb¥ten pree dmegdnendaht 1@ pbsitsun sparedcfavneihe 1AERT i Hht

i ncident surface of the wafer shape object by the predeterm ned distance

al ong second |inkQ MhitHh 97 BBfBEIIYF 'béhepF%€%§é&i‘q@%lﬁreﬁagd:‘%’btIiﬂal%ut

ext endi ng 2 second dhiechion stosstng Lhe, (Lol diection, pplyiog siyees
focal point of visible light at the surface 3. The laser
processing apparatus 1 1is 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,
{" the focal point data is an example of second relative movement
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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surface of the wafer shape object to divide the object to be processed with
using the first and second nolten processed regions as starting points for
cutting into a plurality of the electronic 200 devices along the first and
second lines along which the object to be processed is intended to be cut;
11. A laser processing nethod conprising irradiating a wafer shape object to
be processed with a pulsed laser light wwth a |ight-converging point of the
| aser light located therewithin to forma plurality of nodified spots each
of which length in a direction along a line along which the wafer shape
object is intended . to be _cut in a cross ecéional ELane substantiallx

per pendi cul ar t 6UF ERPEK s S TR rEE: P62t hde SR 8L VEoMBReBFBE SR | s
maxi mrum , along the |ine al ong which the object tq be processeg,to forma
modi fi ed region® uhé?i@ﬁ?%@t d<° LS PIPCESFSHoitnt " 1161 CheCkRG Sy L REChEBRal ity
of the nodified spots. 12. The | aser processing nethaod according to_claim
11, wherein theogﬁﬂﬁﬁbl%ﬁ%é-pr%@%§§§aaﬂéCQﬁﬁﬂgﬂéﬁd%Wuﬁﬁ?%%§oagéﬁblﬁﬁich
the object to be_processed is intended to_be cut with using the nodified
region as the s%égingaﬁéin?‘ﬁéﬂscuﬁﬁﬁﬂﬁ. 133 TREIPaker tPRocBesi hgOhet Abd
according to claim211l or 12, wherein the nodified region is a nolten
processed regi ohl9BE CPRECIE4BA PPEBEsSTNGUASENSaSaECHE AN RgCPBVBFERFh 21 or
12, wherein the nodified region is a crack region. 15. The | aser processing
met hod accor di ngP€ol t9RF PFQAAVeFIiRg et aiit tife tABATITERI Afe§PdR kngsg of
refractive index change region. 16. The | aser processing nmethod according to
claim1l or 12,thBePBIRCENE -object to be processed is a seniconductor

mat erial substrate. 17. The | aser processing net hod accordin%'to claim1l or

12, wherein the obj ect!8d3B56T RABESSIP TR0 ASSCOURSTFEME. T MBI TRt D aser

priocessi ng nmet hod according to claim11l or 12, wherein the object to be
processed is a %?%98i?edf e Nat ErFPaP 18G6st e, Tererence 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. Subseguently, as in step S103 of the first
example showninFig. 15, thethicknessof 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 1s 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 for
positioning the light-converging point P of laser light L
within the object 1. Namely, the position of
25 light-convergingpoint Pinthe thicknessdirection of object

1 is determined. The amount of movement (z) in the Z-axis
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19. The | aser processing nethod according to claim215, wherein the nodified
region is a 201 nolten processed region of which crystal structure is
changed from nonocrystal to anorphous, of which crystal structure is
changed from noncrystal into polycrystal or of which crystal structure is
changed from noncrystal into polycrystal. 20. A |laser processing nethod
conprising steps of: irradiating a wafer shape object to be processed with a
| aser light with a |ight-converging point of the laser light |ocated
therewithin to formfirst nodified regions within the object to be

processed al ong 44 {8t {iness aéx?é‘gempﬁge the olyecls to e proGessed s of
intended to be cut extending a first direction; and irradiating the wafer
shape obj ect to fig p%gg%ﬁgg]a%@?g%lﬂégg il (WL, Ao dd IR EQNErai g

poi nt of the |aser rewi thirn totormsecond regi‘ons W

the object to be- progess second |1 nes ich the object to
processed is i ntoefngi;aldgckf% %en€4u€§%&t eonld?dcnglJ as e%éfo}hedr r%l]i]}eedctlir!oﬁ lcerwososé)‘ralcghet he

first direction;,_,dividi t he ject, t e processed with usi.ng the first
and second nodi fi& %ne%%]%ﬁggér}saocbésrtlaarlt?g&% o@?ﬁ%cfir' %#??hthsgoifr#ooca%pﬁl&rgal ity
of chips along the first _and _second |jnes_al o ich. the object to  be
processed is int hded ?856 éﬁt%Offpd+ﬁéaP%é@ﬂgﬁﬁgcég%?%b)h@Pﬁogﬁgé%gﬁaing
to claim20, wherein,the ified.region is_a  nmolt processed region. 22.
The | aser proceggrﬁﬁdﬁg?ﬁ§9?¥§9§ji?é%?%t&?%%%5&EO§ﬂEP¥Fﬁa§;§9ﬂﬁﬁﬁﬁiﬁf
region is a crac 7region. 23, The laser processing nethod according to
claim 20, wherein the nodified region is a refractive index change region.
24. The | aser processi C ibng_t o .cl.aim 20, wherei.n.the ject to
be processed is a ser%%ér%%??gra%ﬁégggpa TS absty é_:‘[ref%o t.e%gllr&a?s%?doﬂﬁ
processi ng nmet hag Ok dj £ I ! .ei n,the I to r sed
{ odf g?}%_ fg%ggﬁxgan]%laé g?ug\gn 1"}4‘%% kT A %%Ea&i %gfltﬁg ogalcc:alsm

is-a glass substr aser processing nethod accor

20, “heﬁﬁjn thecfgﬂéﬁiaﬁé%i%% QEQﬁQ§ﬁ?ﬂiESd§ta of a second movement amount

nd
e
d

in the Z-axis direction of object 1.
This focal point data is sent to the stage controller
115. Accordingtothis focalpointdata, thestagecontroller
115moves theZ-axis stage 113 in the 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 therelative movement amount determined by step
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pi ezoel ectric material substrate. 27. The | aser processing nmethod accordi ng
to claim24, wherein the nodified region is a 202 nolten processed region
of which crystal structure is changed from nonocrystal to anorphous, of

whi ch crystal structure is changed from noncrystal into polycrystal or of

whi ch crystal structure is changed from noncrystal into polycrystal. 28. A
| aser processing nethod conprising steps of: irradiating a wafer shape
object to be processed with a laser light with a |ight-converging point of
the laser light located therewithin to formnodified region extending along

2 1ine along uhi eh gshe biact. 0 hedhr aseszedd 3 %%“%%%m%lb%o%%o?@grof

whi ch one and e ot t he ‘ext rection reach t

d fthbtt th t Lt
gb?gitoto bg gr£§%§$e§“§|%né%¥%§%Pun%eg%dﬁégﬁﬁ’gﬁo HE%O%}g ‘ U 2 %h E%ssed

is intended to b cut modi fi e |on as .a art oint for
cutting. 29. The ageq\% 8(?(5% %@eﬂb?WSHn&cﬂ? 69‘?50&%9‘% ig\ﬂgggf’ﬁsthe
nodi fied regions f or.med .obj e o_be processed s cu | o the_lines
al ong which the BEJegt g 3 bétﬁﬁ%fgékch?sm Yt BR ﬁegbiﬁcbe c&p ﬁﬂ?h usthy the
nmodi fi ed éeglon as th statlng g0|nt for uttln% g | aser Eroce55|ng
met hod actor di ng°t6°€i épﬁ1?§ 9§ 1 tHREr &PR &N lﬁ@éd¢P@d@5ﬁl § B°1hol ten
processed region ., The | pr.ocessin neth accordi to_cl 8 or
29, wherein the ﬁnaifﬂéaefeg' |§S o&F&%F W@& t% °¥ﬁ%cla§er%ﬁgg essi ng
met hod according to claim28 or ein the dified re

refractive indeg changgk?Baf%Hh3§§d ¥£§gl%ﬁiﬁlﬂﬁgné§§?ﬁ&eﬁﬁgﬁgEBéﬁEgﬁﬁ%%g to
claim28 or 29, ereln t ocessed,i;.s a sem.con tor
material substrat w§4ln gg? 6%8c28§| 8lH€t UL AER ot A PSS (1 aFﬂ?%B or
29,{ wherein the g % processed is a glass substrate. 35. . The

| aser processing et iod ac&B?dlng to claim28 or 29, wherein the object to

be 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
€f" of object 1 according to thematerial and thickness of object
1, effects of processing, and the like enables cutting‘in

20 conformity to the object 1.

Industrial Applicability

The laser processingmethodand apparatus inaccordance
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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processed is a piezoelectric material substrate. 36. The | aser processing
nmet hod according to claim33, wherein the nodified region is a 203 region
of which crystal structure is changed from nonocrystal to anorphous, a
region of which crystal structure is changed from noncrystal into

pol ycrystal or a nolten processed region of which crystal structure is
changed from noncrystal into polycrystal. 37. A laser processing nethod
conprising steps of: irradiating a wafer shape object to be processed with a
pul sed | aser light with a |ight-converging point of the laser light |ocated
therewi thin to fdremaelsanald tyeofcerndiiped spdt disphel dkvikeshsuehgeh in a
t hi ckness direction of the object to be processed is maximumw thin the

obj ect to be prddessieticrystelmpreapai¢ddd ceytdngfahstdonitngoapracsisarti ng
point for cutting wth the plurality of the nodified spots. 38. The | aser
processi ng net hadradeoridipipitel.cl ai m 37, wherein the object to be processed
is cut along the Iines along which the object to be processed is intended
to be cut with using the nodified region as the stating point for cutting,
39. The | aser processing nethod according to claim37 or 38, wherein the
nodified region is a nolten processed region. 40. The | aser processing

nmet hod according to claim37 or 38, wherein the nodified region is a crack
region. 41. The | aser processing nethod according to claim37 or 38, wherein
the nodified region is a refractive index change region. 42. The | aser
processi ng nmet hod according to claim37 or 38, wherein the object to be
processed is a sem conductor material substrate. 43. The | aser processing
met hod according to claim37 or 38, wherein the object to be processed is a
gl ass substrate. 44. . The | aser processing nmethod according to claim 37 or
38{ wherein the object to be processed is a piezoelectric materi al
substrate, 45. The | aser processing nethod according to claim41l, wherein
the nodified region is a



‘nol ten processed region of which crystal structure is changed from

nonocrystal to anorphous, 204 of which crystal structure is changed from

noncrystal into polycrystal or of which crystal structure is changed from

noncrystal into polycrystal. 46. A | aser processing nmethod conprising a step

of : irradiating a wafer shape object to be processed with a laser light with

| aser light with a light-converging point |located therewi thin under a

condition with a peak power density of at least I x 108 (Wcm at the

l'i ght - conveM@g% point and a pulse width of I s or less and aperture

numer al 0 0.8 to forma nodified region functioning as a starting

point for cutting within the obj ect to be processed along a line along

whi ch t he glbj ct tﬁodc?fecu Erg)cas ct 47. T{ne | aser processing nethod according

to claim4 T B O R e e SO BB P8 essed is cut along the |ines

al ong whi cha sthe Obbrzahatmg)ﬂbe)bmcmxebesed w1$h lastehgledvitlo abehtutnwergihg usinhg t he

nodi fied r t 0 r esmg
619%%11 BiRor *‘r‘hﬁ 915%? %7% Vél]v FheCo %&t 9. mt§§g go bb ARE" tPRGES en

met hod according to clarm erein regicn is a
processed reglibed regon fqllfpélorlalgéﬂls aﬁﬁ@é@gﬁpm@fmuﬁm Oét:lwbmhctlgwtlnn @h%ﬂbﬂﬁcth or

47, wher ei r\Vlttllﬁﬁlt '}‘&%B% QQy rn?(gl'ﬂ@éa 123%10?1 onC4 ??FSKI‘ [1%199 Qﬂran{ég fac-ghﬁ th@%ﬁ_}%ctpﬁgfess' ng

rrethod according to claim46 or , Whereint fied region’s a
refractive quﬁfd&thél?él‘?@feal?%é’g‘ih@ﬁlne’;?l The | aser proce55| ng nethod according to
claim46 or 47, wherein the object to be processed is a sem conductor

mat eri al substrate. 52. The | aser processing nethod according to claim46 or
47, wherein the object to be processed is a glass substrate. 53. The | aser
processi ng ZIEMMrpmmmlgmqh«bd)cozﬂpaslﬁgéﬁtepof 47, wherein the object to be

processed is a pi.e lectrl te r| al bsi rocessi ng
met hod according’ %cpagllné qg’iec{r\%n grloﬁesfeh dool ??sefr 1@3“ Fu pcally p(’Eme’%r egh 8h of
whi ch cr ystadliptisity efcdthar ¢hand suﬂaﬁgtajllm-mnvmmgmpmsoféﬂaldtlaseahghtpﬁhh)cm@d withiegi on

of which cg %&%%%Lt s%l’é‘t‘ffetﬂ-%j& ak R of RROGGRY il QR RRT RSN pbiliArBPbMELY R OF 2

nol ten processe
extends along a plurality of first lines along which the object is intended to be cut extending to a

first direction so as to form first modified regions caused by multi-photon absorption along the
first lines along which the object is intended to be cut within said object, respectively;

irradiating an object to be processed with laser light elliptically polarized with an
ellipticity of other than 1 such that a light-converging point of the 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 plurality of second lines along which the object is intended to be cut extending
to a second direction crossing the first direction so as to form second modified regions caused
by multi-photon absorption along the second lines along which the object is intended to be cut
within said object, respectively; and

dividing the object to be processed along the first and second lines along which the
object to be processed is intended to be cut with using the first and second modified regions as

starting points for cutting into a plurality of chips.

3. The laser processing method according to claim 2, wherein after the first modified regions
have been formed by causing multi-photon absorption with in the object to be processed along
 the first lines along which the object to be processed is intended to be cut respectively, the
second modified regions are formed by causing multi-photon absorption with in the object to be
processed along the second lines along which the object to be processed is intended to be cut

respectively,
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whi ch crystal structure is changed from noncrystal into polycrystal. 205 55.
A | aser processing nethod conprising a step of: irradiating a wafer shape
object to be processed with a laser light with a pulsed laser light with a
| i ght-converging point |ocated therewithin under a condition with a pul se
width of 1 s or less to forma plurality of nodified spots along a |ine
al ong which the object to be processed is intended to be cut within the
object to be processed to forma m)dified region functioning as a starting

poi nt for cutl ural i nodi fi ed spots, wherein in a
cross-sectio ‘?%ﬁeéproc%sg‘f’%ﬂﬂhﬁﬁ Fomp|5 l’lﬁgﬁ%ﬂ?{ll ar to a thickness direction of
the object to be iprdaegsadobjdi s¢ dnpesedat wik fastthbgha djlmtenily pobaizéd edhspot s

I's equal or LGS t%’gﬁ&%lﬂ' thdrC LR t}@ Lg&‘-cr Ociegﬁd;gg%nﬁ B?Eald Bse? élg%tr i??otc%t%‘wﬁhﬁng

the line al ong | ect I nten cut
The | aser pr @ab@mcnghlhatbmm@ﬂ onxdsoriadn n@pfteon@aavmfslsﬁ elhm@aleqot&rltza’i@n rblasef Light

Spots are molLens al%#@&%ﬁt? of ARL fincBfdng BRiARLbh§%s MRAIANo bScd RBdif Y0 2

processed reg% aser processing nethod according to clajmb5,
wherein t he Histifere sepstosonp Brst mltsngueceyed | Fraiers dpnaihelispbnes alopgwhisk the

nodi fied reghgi isSntende@id R Wighih BEEX %&h %ﬁ&tﬂ‘v&ﬁl on. 58. The Iaser

processing nmethod according to cl d
is cut along the 1Fr?‘§?%t§1gaar“o?lt@ec\7\ﬁ‘? gﬁ PF9gEss ]"'Eéﬁasfr %6 ﬁlplggaglgs@ r’iZ§ %ﬁgzg

g 8 bi fUt Wi élhptu:&'y g oﬂhblethamdjchltﬁ:cﬂ arlgfgu -@AVAging b@msdfahd Tager Pightris 1d‘cﬁxed G/ithibi ng.
. aser pr r at i

2 a starti g puIng R PERReEE R e S B Sl g opaS !
processed, cexwas siomga plarahmuftsecm:gd ttagngdaphelt dbjprct mumdemg) tehnat @mlﬂmg to
be processed;, a st BRE" fhr%agf; c%galg%ﬁﬁqef Rkt &Fqca&{ 0P o8 tao%rﬁlese'caﬁie;mgén ,\é)\da;

pul sed w dt h' & or converging t

| aser |ight wigiohs alonghie @%]Oe‘thnetS@lom whmhdh@@ta@@ls\m@@dﬁdﬁ@ bmw@m e @ba@t
mounting st agy etcgvez?p M a m)dl fied spot at a position of the converging

poi nt of the pulsed |aser light with irradiation of one pul se of the pul sed

laser light and adivigingrl 1*&‘?“ kabe Prgcasser! gt ithenfust 39409\9?%5 ligecypREeYVFM g epoi nt
of the pul seghjtasebe prlo8ldted is intended to be cut with using the first and second molten processed

regions as starting points for cutting into a plurality of chips.

5. A laser processing method according to one of claims 2 to 4, wherein said elliptical

polarization is linear polarization with an ellipticity of zero.

6. A laser processing method comprising steps of;

irradiating an object to be processed with a laser light with a light-converging point of
the laser light located therewithin to form first modified regions within the object to be
processed along first lines along which the object to be processed is intended to be cut
extending a first direction and irradiating the object to be processed with a laser light with a
light-converging point of the laser light located therewithin to form second regions within the
object to be processed along second lines which the object to be processed is intended to be cut
extending a second direction crossing the first direction;

dividing the object to be processed with using the first and second modified regions as
starting points for cutting into a plurality of chips along the first and second lines along which
the object to be processed is intended to be cut;

wherein the first and second modified regions are separated from a front and back

surface of the object to be processed.
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along a line along which the object to be processed is intended to be cut
linearly under a condition that the convergi ng point of the pul sed | aser
light is positioned within the object to be processed with keeping
repetition frequency of the pulsed |aser |ight and noving speed of the
convergi ng point of the pulsed laser light to be substantially constant, in
order to forma 206 nodified region with a plurality of the nodified spots
formed along the line along which the object to be processed is intended to
be cut such that a distance between the adjacent nodified spots is
substantially constant. 60. The | aser processing apparatus according to
clai m 59, wher eifhlageherogesring Bethed casanmisingbtepseaf. | east one of novements of the

mounting stage angrtRgnLORURY mapgoﬁjs‘aa% beﬁamceeseha&@cr ok ﬁ%§l§'sﬁ'&t Rh Beder |
conpri sing ?te ps of . irradiating a wafer sh {ect 0 be processed with a

| aser |ight lgitpHthe light g?ftve@awmrg ohge ;5%%@%}'6 OC‘t‘tFﬁs hergwshing tp derm frglcrmedatied
t her ewi t hi nrépgonk GfithinMRAbidce@ be @ﬂic&@edeﬂl&@glrs'f- hhésrwmg &lhﬂ'lﬁghé/\zﬂijééhtotbe 9ro@éys&10t to
be processed 1s ortion of the Ii whi ch

oen o e pds i Do sttt £ iss Qi Hen o SrREaBE i, i % b Heccsied oo

within the dliajneligfnt with acngiht conRetgiag ipbinngf thbeasablighe tochited bereprithines Seth sdafig
along the line al to be roc intended toQ.be cut
o th using AR L e pREbEEL it Fie Borrin roe tlet i Prasedire

| aser pr ocestﬁendgiw@thutcbx‘anahmg dscaond directionicrs6idg thohfiest diratiehe obj ect to be

processed 15 CU pRhsRel bR\ 00p00CR BAEIORL Skl pbe PEARESRE] T o

intended to be cu reglo ting p0|nt for
~cutting. 630bjFtdo Iba@exceq@rd)wéls g$ing)thedirfiedd ammir dpdifed tegminapsteling p01612 for

wher ei n t he ;ppdi fhegl fu%'t;%‘f élﬁpsaalon@hé ﬁl%t B{dos%é’&lﬁqglei Elgh%Dthcﬁ% t lPARer

processing nmethod ac ordln to claim 61l wherei n the nodi d regi on
is a crackPK@@ﬁ%Hsmggdﬂmh ¢ Pdser proceSS|ng nethod accordi ng to claim61l or

62, wherein the mpditinade FRILANsdeSnPmodiEd ?é%fohé’@re sepg@a&e&haqﬂ@ﬁfr&ﬁ%@%c@fi

The | aser processing nethod according to claim®61 or 62, wherein the object
to be surface of the object to be processed.

8. The laser processing method according to claim 6 or 7, wherein the first and second

modified regions are molten processed regions.

9. The laser processing method according to claim 6 or 7, wherein the first and second

modified regions are refractive index change regions.

10.  Alaser processing method comprising steps of;

irradiating a wafer shape object to be processed on which a plurality of electronic
devices are formed on a front surface of the wafer shape object with a laser light with passing
through regions between the plurality of the electronic devices and with a light-converging point
of the laser light located therewithin to form molten processed regions at a position spaced from
a laser light incident surface of the wafer shape object by a predetermined distance along first
lines along which the object to be processed is intended to be cut extending a first direction and
irradiating the wafer shape object with a laser light with passing through regions between the
electronic devices with a light-converging point of the laser light located therewithin to form
second molten processed regions at a position spaced from the laser light incident surface of the
wafer shape object by the predetermined distance along second lines which the object to be
processed is intended to be cut extending a second direction crossing the first direction;

applying stress to the object to be processed through a flexible sheet attached to a back
surface of the wafer shape object to divide the object to be processed with using the first and

second molten processed regions as starting points for cutting into a plurality of the electronic
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processed is a semiconductor material substrate. 67. The |aser processing
nmet hod according to claim6l or 62, wherein the object to be processed is a
gl ass substrate. 68. . The | aser processing nmethod according to claim®61l or
62, wherein the object to be 207 processed is a piezoelectric materi al
~substrate. 69. The | aser processing nethod according to claim®66, wherein
the nodified region is a nolten processed region of which crystal structure
i s changed from nonocrystal to anorphous, of which crystal structure is

- changed from noncrystal into polycrystal or of which crystal structure is
changed from noncrystal into polycrystal. 70. A nethod of cutting a

sem conduct akvib@atatmp atle Fithaad sbe] lireoalpfig Shitlgths bBpa t@be protdsadiiginteAdtdao be
senlconductortnartlal substrate with a pulsed laser light with a

| i ght-convergirng point of the pulsed |laser light |ocated therewi thin under a
condition with a peak power density of at least I x 108 (Wcm ") at the

l'i ght-converging point and a pulse width of 1 s or less to forma nolten
~processed region in which a sem conductor material is nolten once and

t hereafter tlHe Addseramocessyigarethvdsomprsingol i dified again, within the object to

be processed al ongr,diihp ra\ewé’dsroﬁxg AR o IBe %ls&&f whtR abﬁxls‘éﬁ%s%ﬁﬁ 'with a

~thereafter cutting the sem cond uctor materla substrate along the_ |line al ong

which the dighi-eonnagiag Byt therlpssr light losatpdihereywiship # fore a gluraditpd eqdifiedyppots

appl yi ng anyeadt §fiviticH 18hgt B L8rebont dMéhg a%maﬁﬂg dufeh e \Hﬁ&res!hhﬁ' ob?eUb@ ﬁﬂt@flded
wherein the 1r;ﬂglten processed rg)?l on is fornmed near a surface

semi conduct dP be it 1813 c4pss SERYSRH! Plage sybptantigily neperBichiarde dribickrgsy re{:‘i“ﬁ’i %ﬂm

~wherein an eopet bibe peRdse®isAfiaxafuel, elohg Qﬁemaarohgﬁzvhicﬁ thd 6vjéeeh mprb&b@seawcsface
of the sem ¢ nductodr'H tel ubstrate. 72. The fmsthod acgl tg | ai m
70 or 71, wherLRAmYNEal eIt E?CE‘P‘“P%F&@ ﬁ%rﬁ‘ég BP0k o 8RR fgthe ‘r‘ré S hear
stress. 73. nidifigdepdtod according to claim 70 or 71, wherein the artificial
~force generates a thermal stress

12.  The laser processing method according to claim 11, wherein the object to be processed is
cut along the lines along which the object to be processed is intended to be cut with using the

modified region as the stating point for cutting.

13.  The laser processing method according to claim 11 or 12, wherein the modified region is a

molten processed region.

14. The laser processing method according to claim 11 or 12, wherein the modified region is a

crack region.

15. The laser processing method according to claim 11 or 12, wherein the modified region is a

refractive index change region.

16. The laser processing method according to claim 11 or 12, wherein the object to be

processed is a semiconductor material substrate.

17. The laser processing method according to claim 11 or 12, wherein the object to be

processed is a glass substrate.

18. The laser processing method according to claim 11 or 12, wherein the object to be

processed is a piezoelectric material substrate.

19. The laser processing method according to claim 15, wherein the modified region is a
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74. The nethod according to any one of claims 70 73 mhereln .in the step of
formng the nolten processed region conprises a step of plcklng up an i nage
of a plane including the line along which the sem conductor materi al
substrate is intended to be cut. 75. A nethod of cutting a sem conduct or
material substrate, conprising steps of: irradiating a sem conductor marti al
substrate with a pulsed laser light wwth a |ight-converging point of the
pul sed | aser light |located therewithin under a condition with a peak 208
power density of at least | x 108 (WcnR) at the |ight-converging point and
a pul se wi dt mottén progﬁsed@égwre@fsy}aﬂdcrymism@tdrm cBEHPYE FrEin HEondErly £1h1 taaﬁloxtph@s

Sem conduct of! ety SBAUFS: Endede KB B Babtofa voRar Ao RorbEn

processed r egirgture i3 chinigehirem sentrggaiduic pdycrpadieri al is nolten once and
thereafter the nolten region has been solidified again, within the object
to he processed along a line along which the object to he processed;
thereafter cdfti rylagcherosesangonthod camprivmeestepsdl substrate al ong the line al ong

which the sem Con%gfaﬂﬁ% @R&%‘féraéhaﬁy b)%}e'étatt@ HeS pfo@és@éad%ht Q P?esch"éht byith a 76

applying any artificial Torce sem conductor materia ubstr at e,

The net hod adiElreanysEimbpantaf e Taser ligheloeated thasewithn forfpray st meshified re@onsrdthins o
bendi ng stresg ob?:"ot 8 f&@@foc&%é’cﬂﬁ&}g it 1indd or¥BIHRACh QG5 QK B RGrdLsstd Rlifferdd to

wherein the rt| @f ggéf generates a thermal stress 78, The nethod
according to 8H§G6W 155 2 WBLAUGENOPSanE7 - wherein in the step of forming the
mol t en processed reg;dmnngzonaanawSSmpestoejactOfo pé qkbdagsedlpwmn d mmgelight aitplaane

including th ine alon ich th uct erlal ubst r at

| ended o Dentivered P st Debpeal o R P e TR e Baused
by cutting aobeditebnpidcdsgd atvag @dfcloﬂd lines ulha:hrtl&tc&]dcstofbe praeess&d/is anterdad to Hercom a
front surface g&hﬁq§eg%ﬁlle&%ggng£ ng gmggmm%ybstrate to a back surface of
t he senlconduc& Susstra ?g "2 thi ckness direction of the

sem conduct or rrat edwaimgsthebsm«mmd?el mockpedredh bymgtherbitst a1 sprond epdddd regginons of
whi ch crystalg, &b ks Pcdrtﬁgqg@%%‘?ﬁaﬁtg H?JHQ&{g%ﬁé filst {m(a SBLBAG Ry QSUﬁon(%?\Lm ' C h

crystal structurg s c ange I°nto polycrysta

cryst al strué@uﬁ@wﬂgb@ﬁ@ﬁ@@ﬂ¢$¥%ﬁﬂ%ﬁﬁb¢?§iaI into

21. The laser processing method according to claim 20, wherein the modified region is a

molten processed region.

22. The laser processing method according to claim 20, wherein the modified region is a crack

region.

23, The laser processing method according to claim 20, wherein the modified region is a

refractive index change region.

24. The laser processing method according to claim 20, wherein the object to be processed is a

semiconductor material substrate.

25. The laser processing method according to claim 20, wherein the object to be processed is a

glass substrate.

26. The laser processing method according to claim 20, wherein the object to be processed is a

piezoelectric material substrate.

27. The laser processing method according to claim 24, wherein the modified region is a
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pol ycrystal, and a position of the nolten processed region, and positions of
the nolten processed regions in the thickness direction are different anong
themin the cutting plane so that the nolten processed regi ons are not
over | apped anong them . 80. A method of cutting a sem conductor nmaterial
substrate, conprising steps of irradiating a sem conductor martial substrate
with a pulsed laser light with a 1ight-converging point of the pul sed | aser
light | ocated therewithin under a condition with a peak power density of at
|l east | x 10" (WcnR) at the light-converging point and a pul se wdth of 1s
or |less andnmmmipguﬁhﬁrqgmy@hgﬁﬂgnpmﬂ@ﬁmmmdm&hﬁgﬁeﬁ%mﬂmﬂma@ﬂﬂtaamamh@k

substrate 1ok Aokl 383 LhAS A HEAd LA 1P HSETLSENUS! QRkeni 2

substrate i S inten ormd s essed regron-in which
a senlconductmmnﬂambmgaiﬁmsnmmhveﬂ1andyammﬂ1hereafter the 209 nolten
regi on has been solidified again, within the object to be processed al ong a
line along which the object to be processed; wherein wthout applying any
artificial £8rchlase prasessmemethod dompesingstepesti al substrate, the sem conduct or

material substrat grigstigdta %a@?gsﬂap@ dbi e@ﬁ' t@lﬂengrombéah wifhe s SREEr C9 Ugtiora
material substrate is intended he net hod_ according to any

one of cl ai MEMEOTVHRST RAFF Ofithe 1?%%11%1}t é%a’afl t}fezﬁwﬁthto fpra mpdifiedyreziop sEleadingg
region conpraloﬁgs lide Sl'bﬁgQwBIEh BHe Q] eBiGto BP pRdeskdiBig ﬁlt@lﬁecatomea:ﬂeaﬂdrwwwhwe ke |ine
al ong mhlchh g condu% ar terial substrate |% h %o be CHt' 210
the other en s in the extending direction reach to outer edges ot the o }ect to be processed,
within the object, and
cutting the object to be processed along the line along which the object to be processed

is intended to be cut with using the modified region as a starting point for cutting.
29.  The laser processing method according to claim 28, wherein the modified regions are
formed object to be processed is cut along the lines along which the object to be processed is

intended to be cut with using the modified region as the stating point for cutting.

30. The laser processing method according to claim 28 or 29, wherein the modified region is a

molten processed region.

31. The laser processing method according to claim 28 or 29, wherein the modified region is a

crack region.

32. The laser processing method according to claim 28 or 29, wherein the modified region is a

refractive index change region.

33, The laser processing method according to claim 28 or 29, wherein the object to be

processed is a semiconductor material substrate.

34, The laser processing method according to claim 28 or 29, wherein the object to be

processed is a glass substrate.

35. . The laser processing method according to claim 28 or 29, wherein the object to be

processed is a piezoelectric material substrate.

36. The laser processing method according to claim 33, wherein the modified region is a
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region of which crystal structure is changed from monocrystal to amorphous, a region of which
crystal structure is changed from moncrystal into polycrystal or a molten processed region of

which crystal structure is changed from moncrystal into polycrystal.

37. Alaser processing method comprising steps of:

irradiating a wafer shape object to be processed with a pulsed laser light with a
light-converging point of the laser light located therewithin to form a plurality of modified spots
each of which length in a thickness direction of the object to be processed is maximum within
the object to be processed to form a modified region functioning as a starting point for cutting
with the plurality of the modified spots.

38. The laser processing method according to claim 37, wherein the object to be processed is
cut along the lines along which the object to be processed is intended to be cut with using the

modified region as the stating point for cutting.

39. The laser processing method according to claim 37 or 38, wherein the modified region is a

molten processed region.

40. The laser processing method according to claim 37 or 38, wherein the modified region is a

crack region.

41. The laser processing method according to claim 37 or 38, wherein the modified region is a

refractive index change region.

42. The laser processing method according to claim 37 or 38, wherein the object to be

processed is a semiconductor material substrate.

43. The laser processing method according to claim 37 or 38, wherein the object to be

processed is a glass substrate.

44, . The laser processing method according to claim 37 or 38, wherein the object to be

processed is a piezoelectric material substrate.

45, The laser processing method according to claim 41, wherein the modified region is a

molten processed region of which crystal structure is changed from monocrystal to amorphous,
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of which crystal structure is changed from moncrystal into polycrystal or of which crystal

structure is changed from moncrystal into polycrystal.

46. A laser processing method comprising a step of:

irradiating a wafer shape object to be processed with a laser light 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®) at the light-converging point and a pulse width of 1 ps or less and
aperture numeral of 0.55 to 0.8 to form a modified region functioning as a starting point for

cutting within the object to be processed along a line along which the object to be processed.

47. The laser processing method according to claim 46, wherein the object to be processed is
cut along the lines along which the object to be processed is intended to be cut with using the

modified region as the stating point for cutting.

48. The laser processing method according to claim 46 or 47, wherein the modified region is a

molten processed region.

49, The laser processing method according to claim 46 or 47, wherein the modified region is a

crack region.

50. The laser processing method according to claim 46 or 47, wherein the modified region is a

refractive index change region.

51. The laser processing method according to claim 46 or 47, wherein the object to be

processed is a semiconductor material substrate.

52. The laser processing method according to claim 46 or 47, wherein the object to be

processed is a glass substrate.

53. The laser processing method according to claim 46 or 47, wherein the object to be

processed is a piezoelectric material substrate.

54. The laser processing method according to claim 51, wherein the modified region is a
region of which crystal structure is changed from monocrystal to amorphous, a region of which
crystal structure is changed from moncrystal into polycrystal or a molten processed region of

which crystal structure is changed from moncrystal into polycrystal.
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55.  Alaser processing method comprising a step of?

irradiating a wafer shape object to be processed with a laser light with a pulsed laser
light with a light-converging point located therewithin under a condition with a pulse width of 1
us or less to form a plurality of modified spots along a line along which the object to be
processed is intended to be cut within the object to be processed to form a modified region
functioning as a starting point for cutting with the plurality of the modified spots,
wherein in a cross-section plane substantially perpendicular to a thickness direction  of the
object to be processed, distances between the adjacent modified spots is equal or less than a
length of the modified spot in a direction along the line along which the object to be processed

is intended to be cut.

56. The laser processing method according to claim 55, wherein the modified spots are  molten

processed spots and the modified region is a molten processed region.

57. The laser processing method according to claim 55, wherein the modified spots are

refractive index change spots and the modified region is a refractive index change region.

58. The laser processing method according to claim 55, wherein the object to be processed is cut
along the lines along which the object to be processed is intended to be cut with using the

modified region as the stating point for cutting.

59. A laser processing apparatus for forming a modified region functioning as a starting point
for cutting within a wafer shape object to be processed, comprising:

a mounting stage adapted for mounting the object to be processed,

a laser light source for emitting a pulse laser of which pulsed width is less 1 ps;

a converging lens for converging the pulsed laser light within the object to be
processed which is mounted on the mounting stage to form a modified spot at a position of the
converging point of the pulsed laser light with irradiation of one pulse of the pulsed laser light
and

a controller having a function of moving a converging point of the pulsed laser light
along a line along which the object to be processed is intended to be cut linearly under a
condition that the converging point of the pulsed laser light is positioned within the object to be
processed with keeping repetition frequency of the pulsed laser light and moving speed of the

converging point of the pulsed laser light to be substantially constant, in order to form a
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modified region with a plurality of the modified spots formed along the line along which the
object to be processed is intended to be cut such that a distance between the adjacent modified

spots is substantially constant.

60. The laser processing apparatus according to claim 59, wherein the controller controls at

least one of movements of the mounting stage and the converging lens.

61. Alaser processing method comprising steps of:

irradiating a wafer shape object to be processed with a laser light with a
light-converging point of the laser light located therewithin to form modified region along a line
along which the object to be processed is intended to be cut with an edge portion of the line
which does not reach to an outer peripheral edge of the object to be processed within the object
to cut; and

cutting the object to be processed along along the line along which the object to be

processed is intended to be cut with using the modified region as a starting point for cutting.
62. The laser processing method according to claim 61, wherein the object to be processed is
cut along the lines along which the object to be processed is intended to be cut with using the

modified region as the stating point for cutting.

63. The laser processing method according to claim 61 or 62, wherein the modified region is a

molten processed region.

64. The laser processing method according to claim 61 or 62, wherein the modified region is a

crack region.

65. The laser processing method according to claim 61 or 62, wherein the modified region is a

refractive index change region.

66. The laser processing method according to claim 61 or 62, wherein the object to be

processed is a semiconductor material substrate.

67. The laser processing method according to claim 61 or 62, wherein the object to be

processed is a glass substrate.

68. . The laser processing method according to claim 61 or 62, wherein the object to be
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processed is a piezoelectric material substrate.

69. The laser processing method according to claim 66, wherein the modified region is a
molten processed region of which crystal structure is changed from monocrystal to amorphous,
of which crystal structure is changed from moncrystal into polycrystal or of which crystal
structure is changed from moncrystal into polycrystal.

70. A method of cutting a semiconductor material substrate, comprising steps of:

irradiating a semiconductor martial substrate with a pulsed laser light with a
light-converging point of the pulsed laser light located therewithin under a condition with a peak
power density of at least 1 x 10° (W/cn’) at the light-converging point and a pulse width of 1 ps
or less to form a molten processed region in which a semiconductor material is molten once and
thereafter the molten region has been solidified again, within the object to be processed along
a line along which the object to be processed,;

thereafter cutting the semiconductor material substrate along the line along which the
semiconductor material substrate is intended to be cut by applying any artificial force to the
semiconductor material substrate,

wherein the molten processed region is formed near a surface of the semiconductor

material substrate.

71. The method according to claim 70. wherein an electric device or an electrode patter is

formed on the surface of the semiconductor material substrate.

72. The method according to claim 70 or 71, wherein the artificial force generates a bending

stress or shear stress.

73. The method according to claim 70 or 71, wherein the artificial force generates a thermal

stress

74. The method according to any one of claims 70-73, wherein .in the step of forming the
molten processed region comprises a step of picking up an image of a plane including the line

along which the semiconductor material substrate is intended to be cut.
75. A method of cutting a semiconductor material substrate, comprising steps of:

irradiating a semiconductor martial substrate with a pulsed laser light with a

light-converging point of the pulsed laser light located therewithin under a condition with a peak
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power density of at least 1 x 10° (W/em®) at the light-converging point and a pulse width of 1 ps
or less and moving the converging point and the semiconductor material substrate relatively
along a line along which the semiconductor material substrate is intended to be cut, to form a
molten processed region in which a semiconductor material is molten once and thereafter the
molten region has been solidified again, within the object to be processed along a line along
which the object to be processed;

thereafter cutting the semiconductor material substrate along the line along which the
semiconductor material substrate is intended to be cut by applying any artificial force to the

semiconductor material substrate,

76. The method according to claim 75, wherein the artificial force generates a bending stress

or shear stress.
77. The method according to claim 75, wherein the artificial force generates a thermal stress

78. The method according to any one of claims 75-77, wherein .in the step of forming the
molten processed region comprises a step of picking up an image of a plane including the line

along which the semiconductor material substrate is intended to be cut.

79. A semiconductor chip in which a cutting plane caused by cutting a semiconductor material
substrate is formed by a crack from a front surface of the semiconductor material substrate to a
back surface of the semiconductor substrate, a part inside in a thickness direction of the
semiconductor material substrate is formed by a molten processed region of which crystal
structure is changed from monocrystal to amorphous, of which crystal structure is changed from
moncrystal into polycrystal or of which crystal structure is changed from moncrystal into
polycrystal, and a position of the molten processed region, and positions of the molten
processed regions in the thickness direction are different among them in the cutting plane so that

the molten processed regions are not overlapped among them. .

80. A method of cutting a semiconductor material substrate, comprising steps of:

irradiating a semiconductor martial substrate with a pulsed laser light with a
light-converging point of the pulsed laser light located therewithin 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 ps
or less and moving the converging point and the semiconductor material substrate relatively
along a line along which the semiconductor material substrate is intended to be cut, to form a

molten processed region in which a semiconductor material is molten once and thereafter the
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molten region has been solidified again, within the object to be processed along a line along
which the object to be processed;

wherein without applying any artificial force to the semiconductor material substrate,
the semiconductor material substrate is cut along the line along which the semiconductor

material substrate is intended to be cut.
81. The method according to any one of claims 80, wherein .in the step of forming the molten

processed region comprises a step of picking up an image of a plane including the line along

which the semiconductor material substrate is intended to be cut.
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