FP01-0144-00 1 4 MAR 2005 DESCRI PTI ON Laser Processing Method and Laser
Processi ng Apparatus Technical Field The present invention relates to | aser
processing 5 nethods and | aser processing apparatus used for cuttigpil®144-00
objects to be processed such as sem conductor material substrates,

pi ezoel ectric material substrates, and glass substrates. Backgr?qqqmﬁm% One
of laser applications is cutting. A typical cutting process effected by

| aser is as follows: For exanple, a part to be cut in an object to be
processed such as a sem conduct or lgss substrate is irradi ated

with laser light having a mavelengrﬁﬁg%ggFggﬁﬁ%y the object, so 15 that

Tl LEng upon ezt l g progeeds, due: ogthey | Bzt | bolit o abser Abbanatugm {he

surface to rearg%ace o) rocessed a e cut,
wher eby t he og* t 19 lbflgigcessed is cut. However, this nethod also nelts

surroundi ngs 5 ?%glon 0 becone the cutting part in 20 the surface of

the object to be cut, Ther ef or Ln the case the. o
processed is a senlcoﬁau%f%?eﬁgferye ﬁ?cgﬁéﬁ%ggr (;}%ié? %gag gr t he

above- nenti one re |on ose fo n_the surface, o h
semcogﬁuctorIrcli ﬁn?ﬁeF{ P2ERA Saﬁgagpgfgﬁﬁﬁésu%ed { %d§Ut f@ can

prevent the égJeé%%OEot@%(g¥oces§é5bgu&goggssé%fééﬁgdg¥gfnﬂa€&§1al

substrates, piezoelectric material substrates, and glass
substrates.
Background Art

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

15 that melting upon heating proceeds due to the laser light
absorption from the surface to rear face of the object to
be processed at the part to be cut, whereby the cbject to
be processed 1s cut. However,'this method also melts
surroundings cf the region to becocme 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 c¢an prevent the

surface of the object to be processed from melting are



1 FPOL1-0144-00 1 4 MAR 2H'; | aser-based cutting nmethods disclosed in
Japanese Patent Application Laid-Open No. 2000-219528 and Japanese Pat ent
Application Laid-Cpen No. 2000-15467. In the cutti-ng nmethods of these
publications, the part to be cut in the 5 object to be processed §20hebtéd00
with laser light, and then the object is cooled, so as to generatF %%k9®[nal
shock in the part to be cut in the object, whereby the object is éu o

Di scl osure of the Invention Wien the thermal shock generated in the object
to be 10 processed is large in the cutting nmethods of the above-nentioned
publ i cations, Laftacessany Futdcing e Suehs @bsthosed devi dapange e datldnies to
be cut or those extending to a part not irradiated with | aser may occur.
Therefore, tHexgel icuattiony mstchdgsnclitno C&Chi2éPe 2Pr epdsiapanes¢ iRekemts When
the object to be processed is a sem conductor wafer, a glass substrate
formed with aAdmuiakTiyst Akidr-Spkay Nievi @600-354&79gl askr subst ratte ifrgy med
with an el ectrode pattern in particular, sem conductor chips, liquid
crystal displ amethdeld ceS,thorseelpitlriode: pat ¢ ernse near het damaged: due the t he 20
unnecessary fractures. Al so, average input energy is so high in these
cutting net hoddjtarat toheetiherarwd sathimgbebpdr v eth tasdihé igem condudtaor chip
and the like is large. It is an object of the present invention to provide

| aser processiuig metflkods iandcbasdr v orxesst mErappdrabushehngh s2&cgermer at e
no unnecessary fractures in the surface of an object to be processed and do
not melt the <uref geet 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,
aglasssubstrate formedwitha liguidcrystaldisplaydevice,
cr a glass substrate formed with an electrode pattern in
{ particular, semiconductor chips, liquid crystal display
devices, or electrode patterns may be damaged due to the
20 unnecessary fractures. Also, average inputenergyis sohigh
in these cutting methods that the thermal damage imparted

to the semiconductor chip and the like is large.
It is an cobject of the present invention to provide
laserprocessingmethodsandlaserprocessingapparatuswhich

25 generatenounnecessary fractures in the surface of an object

to be processed and do not melt the surface.



2 FPOL-0199-00 (1) The laser processing method in accordance with 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 formb5 a nodified region caused by nul ti photrrn1-0144~00
absorption wwthin the object along a cutting line along which the object
should be cut- If there is a certain start region in the part tio; Mpeigut 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 laser processing nethod in

accordance with thigjaspegte 0isd e RIRI.ANJ AYEAbHON, JeQhiRA Whonbe
processed is broken along the line along which the object is intended to he

cut wusing th i-fi-ed [oF st; i (o] whereb | ect
can be cut. Tence e b act ot b Be pF onceend B came et i thE

relatively S@Haa%eﬁggwg;%eétp?g%p% Gilac AL DG IEUL ML DA Aenek ALl NG

unnecessary fractures l'1ne al ong which the object is

ntended t0 bg Lilneldoh her ot faga 0l %Btast@ i 8l re 0012580 PLAGLESiAg

met hod in accordance wt 20 aspect of the present invention [ocally

generates mul :@QQE?ﬁed?P§8£§%i£g¥§EérBﬁ]ﬂdY%*ﬂﬂd%ah %%Q%r%EQQﬁsﬁgggéhhegsby

formng a no Ied region: erefore, laser I'ight 1s hardly absor

the surface of,Lhe ahieghohg be.prongssed sthenehy: ey uisiace sabuthe

object will not e, irght - converging point refers to

88,-5;2 ton whergetBgclasey cildatid 8 eeuvgifed: aTherddon &l Mh the
becut inthecobject tobe processed, theobject tche processed

‘can be broken by a relatively small force so as to be cut.

10 In the laser processingmethod in accordance with this aspect

of thepresent invention, theobject tobe processed is broken

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

using the medified region as the starting point, whereby

the object can be cut. Hencé, the cbject to be processed

i5 can be cut with a relativeiy small force, whereby the object

canbecutwithout generatingunnecessary fracturesdeviating

e T ‘ fqom‘the line &long which the object is intended to be cut

——th,

A
bl

[ in the sufféée of the object.

The laser processing method in accordance with this

20 aspectofthepreseﬁtinventionlbcallygeneratesmultiphoton
absorptionwithin the object tobe processed, thereby forming

amodified region. Therefore,laserlightishardlyabsorbed

Iby the surface of the object to be processed, whereby the

surface of the object will not melt. Here, the

25 light~converging peint refersto thepositionwherethe laser

light is converged. The line along which the object is



F201--0144-00 1 4 MAR HE, 5 intended to be cut may be a line actually drawn
on the surface or inside of the object to be cut or a virtual line. The
subj ect of (1) explained in the foregoing also holds in (2) to (6) which
will be explained later. The |aser processing method in accordancef Wkt &f-00
aspect the present invention conprises a step of irradiating an ;, ebpegt to
be processed with laser light wwth a 1ight-converging point |ocated
therewithin under a condition wth a peak power density of at least 1 x 108
(WcnR) and 10 a pulse width of 1 ps or less at the |ight-converging point,
so as to formiatmdidd ed reguomaabsed liyenat t @ phbt omawabsokpeison: fwicehi n t he
object along a line along which the object is intended to be cut in the

obj ect. The | aserirprickessi ngereithed ti tadeorcdance wi vhrthad liseasfédet of
the present invention irradiates an object to be processed with |aser |ight
with a |ight-cuwverci nd pdl ixplooad@d it hérefot byoiugdersa@hodndiindiz)w th a
peak power density of at least 1 x 108 (Wcne) and a pulse wdth of 1 ps
or less at thedight-damrengdi g poisawpldhesef bseera 20 phenonenon known as
opti cal damage caused by nultiphoton absorption occurs within the object to
be proéessed. This Toptlasdr dasagesi nducasddiet aato i shos tvii oh aniddypentt he
object to be processed, thereby formng a crack region within the object
to be processethe Treesarack megitinri e exsepl 2 ofe@5 f hier rsdbivee-inentaroned
nodi fied region, whereby the |aser processing nethod in accordance with
this aspect oblkmet to be processed with laser 1light with a

light-convergingpoint located therewithinunder acondition
with a peak power density of at least 1 x 10° (w/cm®) and
10 a pulse width of 1 us cxr less at the light-converging point,
so as to form a modified region caused by multiphoton
absorption within the obhject along a line along which the

object is intended to be cut in the okject.
The laser processing method in accordance with this
15 aspect of the present inventicn irradiates an object to be
processed with laser light with a light—converging point
located therewithin under a condition with a peak power
L density of at least 1 x 10°% (W/cm®) and 2 pulse width of 1
ps or less at the light-converging point. Therefore, a
20 rhenomenon 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



4 FPO -0144-00 present invention enables | aser processing w thout
generating nelt or unnecessary fractures deviating fromthe |I|ine along
which the object is intended to be cut in the surface of the object. An
exanple of the object to be 5 processed in this |aser processing nethod is a
nmenber including glass. Here, the peak power density refers to th&P01-0144-00
electric field intensity of pulse laser |ight at the Iight-con¥q@ghq$f
poi nt. The | aser processing nmethod in accordance with an aspect 10"t
present invention conprises a step of irradiating an object to be processed
with laser light with a [light-converging point |ocated therew thin undera
condition wthraspesk powantdenmsitgnofles | easer 1 rdoss¢Wenyianeut a
pul se width of 1 ps or less at the light-converging point, 15 so as to form
a nodi fi ed regigenciraclindi mgl a crolteacpseses sed ¢ uegisone Wi & hi ng tfhemobject
along a line along which the object 1is intended to be cut in the object.
The | aser procésskenglomeghetdich ateortdgrce \ist inthngedaspebt ofitthe Praesent
invention irradiates an object to be 20 processed with laser light with a
| i ght - conver gi agrfecet dfocatedobrecew t Anneladed ea ocdordi<t i mamtt ht@ lpeak
power density of at least 1 x 108 (WcnR) and a pulse width of 1 ps or
| ess at 5the |ighteseeneedr gimgtpds nflasEherpforesside menseode icf & heewbgect to
be processed is locally heated by 25 multi photon absorption. This heating
forms a nolteninplodessgedl 3egi otewiet, hi hetdwe loppeet demsbie yprefessed. tiihe 5
electric field intensity of pulse laser light at the
light~converging point.
The laserprocessingmethodinaccordancewithanaspect
10 the present invention comprises a step of irradiating an
object to be processed with laser 1light with a
light-convergingpecint locatedtherewithinunder acondition
with a peak power density of at least 1 x 10%® (W/ecm?) and
& pulse width of 1 ps or less at the light-converging point,
15 so as to form a modified regicn including a molten processed
region within the object aleng 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-ceonverging point
located therewithin under a condition with 2 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 meclten

processed region within the object to be processed. The



FFOL1-0144-00 1 4 MAR 205 nolten processed region is an exanple of the
above-nentioned nodified region, whereby the | aser processing nethod in
accordance with this aspect of the present invention enables |aser

processi ng w thout generating nelt or unnecessary 5 fractures devi aFPagOfieém00
the line along which the object is intended to be cut in the suffag t he
object. An exanple of the object to be processed in this |aser Lﬁ%@gg P ng
met hod is a nenber including a sem conductor nmaterial. The | aser processing
met hod in accordance with an aspect 10 of the present invention conprises a
step of irradimblngn pancelbjsect r&9ibe pr ocesseadlvwidh thasascve ghénd dhea

| i ght-converging point |ocated therewithin under a condition wth a peak
power density mdoafidgastglon, 1Q8etBbgnheandisead pHcis W iH) wdtHodsior | ess
at the light-converging point, 15 so as to forma nodified region including
a refractive iyeexrd&Nenge thegh 08 \Wieeh &5 ta el @K HhWihlea tchangeshles
refractive index within the object along a line along which the object 1is
intended to belLsdriprbbesobhgcliithbecl asakrpreagssieng npt hothe de as£0y dance
with this 20 aspect of the present invention irradi ates an object to be
processed W thriaseirdd didvidi hn@ feht clgoONVEIYi b DI v 1 cth ogted eshiect
therewithin under a condition with a peak power density of at least 1 x 108
(Ncn) and a jpukseewadth Obe Luthtn Bhel 855 aale $ hehki@hie ©ONV@NGE AgnPDE Nt .
When mul ti photon 25 absorption is generated within the object to be
processed W td¥ aneesyj Shoeb peibse cwisdtl as chastlhi se nppecksefingheepiesent 6

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 located therewithinunder acondition
with a peak power density of at least 1 x 10% (W/cm?) and

a pulse width of 1 ns cor less at the light~converging point,

j=
(9]

so as to form a modified region including a refractive index

change region which is & region with a changed refractive

index within the object along a line along which the cobject
{ is intended to be cut in the ocbject.

The laser processing method in accordance with this

20 aspect of the present invention irradiates an cbject to be

processed with laser light with a light-converging point

located therewithin under a cendition with a peak power

density of at least 1 x 10® (W/em?) and a pulse width of 1

ns or less at the light-converging point. When multiphoton

25 absorption is generated within the object tc be processed

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



FP01-0199-00 1 4 MAR 70"5 invention, the energy caused by nultiphoton
absorption is not transforned into thernmal energy, so that a permnent
structural change such as ionic val ence change, <crystallization, or
pol ari zation orientation is induced 5 within the object, whereby &P01-0144-00
refractive index change region is forned. This refractive index &£HANYE
region is an exanple of the above-nentioned nodified region, whereby the
| aser processing nethod in accordance with this aspect of the present
i nvention enabl es | aser processing wthout 10 generating nmelt or unnecessary
fractures deviiatiewt foromitte et dgneaalseng byhinght 1 hieo toh) eddsdrptiintrended t o
be cut in the surface of the object. An exanple of the object to be
processed in tiuts i esesf pros@ssitg net trodl | snargggnixer tHatclaugdiengagkass.
Modes enpl oyable in the foregoing |aser processing mnethods in accordance
with the preseniridmerdl oncacegas 4wthowas Laserid i ghtlentét edhhhgm, a | aser
| i ght source can include pulse laser light. The pul se laser light can
concentrate theyenergyi ofti@serospatilakliyzandnt erpenakkyon2@swherehydeven a
single laser light source allows the electric field intensity (peak power
densityj at thedHightheodveegt ngrhapailnt aofef aseritd gdhtiekocihaves seghoca
magni tude that nultiphoton absorption can occur. Irradiating the object to
be processed g fioamed5 |Tight redneerdivegl rptinthéogatred ibherenh texiampdan
enconpass a case where laser light emtted fromone |aser |ight source

of the above-mentioned modified region, whereby the laser

processing method in accordance with this aspect of the
present inventicn enables laser processing without

10 generating melt or unnecessary fractures deviating from the
line along which the cbject is intended to be cut in the
surface of the object. An example of the object to be
processed 1in this laser processing method is a member
including glass.

15 | Modes emplecyable in the foregoing laser processing
methods in acccrdance 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
field intensity (peak power density) at the light-converging
point of laser light tohave suchamagnitude 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 scurce



7 FPA -0144-00 is converged and then the object is irradiated with thus
converged laser light with a light-converging point located therewthin,

for exanple. This converges |aser light, thereby allowing the electric

field intensity of laser light 5 at the |ight-converging point to F@O/§-§1U{J1_OO
a magnitude that nmultiphoton absorption can occur. Irradiating the 0objec

to be processed with a |ight-converging point |ocated therew thiinigali
enconpass a case where the object to be processed is irradiated with 10
respective laser light beans emtted froma plurality of |aser |ight

sources fromdirections different fromeach other . with a |jght-converging
poi nt | ocat ed Jtshé:roé\i\ﬁ@trtﬂﬁd Fhce®h t&%r JRGF of° Ila‘sté\ﬂ‘?\ﬁi‘l %%“&}Pr ced5are

used, this allows the electrjc field intensity of laser light at the I5

i ght - conver giFvg Fifd 6 SRAavE! Bt W1& Inadristihas oPNEE I1mal PP photloir 2dtsSor pt i on
can occur- Hence, even continuous wave |aser |ight having an instantaneous
pover | ower t &R IRt IdT ptiPEe SHATBE Sl ght) iGanc Y #f %€ ProdPFFEd 1éditen. The
respective |aser light beans emtted froma plurality of 20 l|laser |ight
sources may ert'@r A Ne2bbPBERItIDRIBFHEASTEF LT tORPD Rt ¥ Aif ARdS¥ f
Aplurality of laser light sources, may include a |laser |ight source for
emittiAg | asePt FHRtL I EME e PPYSERENDH VAL £6 MRV otBsddtE § 7 b Ihed "Siir f ace
thereof, and a _|laser light source for emtting |aser light entering 25 the
obj ect to be PHICESEET FT FRINS Ty FHeeIIdreof. A plurality of [aser

| i ght sources may include a |ight source 8 .
Irradiating the object to be processed 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 1light sources fremdirectionsdifferent fromeach other

with & light-converging point located therewithin. Since

a2 plurality of laser light sources are used, this allows

the electric field intensity of 1laser 1light at the

15 light-converging point to have such a magnitude that
multiphoton aksorption can occur. Hence, even continuous

wave laser light having an instantaneous power lower than

Q 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 light sources

may include a laser light source for emitting laser light
enteringtheobjecttxDbeprocessedfromthesurfacethéreof,

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



FPOL1-0144-00 1 4 MAR 2005 section in which |aser |ight sources are arranged
in an array along a line along which the object is intended to be cut.

This can forma plurality of light-converging points along the |line al ong
which the object is intended to be cut at 5 the same tinme, thus beify aCH{‘Jél 0
to inmprove the processing speed. The nodified region is formedbyMao¥ing
the object to be processed relative to the |ight-converging point of |aser
light |ocated within the object. Here, the above-nentioned 10 rel ative
novenent fornms thenodified region within the object to be processed along a
| i ne al ong whiselttiven obhjwaditch sabatdridedt sturbes@ne snreheegunf age o2yt he

obj ect. The nethod nmay further conprise a cutting step of cutting the

obj ect to be plocressediakoagchbevhiate @Ehomypiwiitchs 15tehéedbfedie iiti.nt ended
to be cut. When the object to be processed cannot be cut in the nodified
regi on form nghdtsepan fhemcuttlivng Isittep odut sghhecobyecginFheoioutd iedgrst ep
breaks the object to be processed using the nodified region as a starting
poi nt, thus beéihrg lablee aleongutwitinen alljeecthjwicth iz 20 treglastd el yesmamiltl aftor ce.
This can cut the object to be processed w thout generating unnecessary
fractubes devhat isegne roamet, he Hisndealranghite dlo timg mbjeedtha priockesded t o be
cut in the surface of the object. Exanples of the object to be processed are
menbers 25 impleadi.ng gl ass, piezoelectric material, and sem conduct or

mat erial. Anot her exanple of the object to be processed is FPO 1-014 4-00

The modified region is formed 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
tobeprocessedalongalinealongwhichtheobject is intended
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 forl;ning step,
the cutting step cuts the object. The cutting step breaks

( the cbject to be processed using the modified region as a
starting peint, thus being able to cut the cobject 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 c¢hject is intended
to be cut in the surface of the object.

Examples cf the object to be processed are members

25 including glass, plezoelectric material, and semiconductor

material. Another example of the object to be processed is

\O



1 4 MAR 2KC5 a nenber transparent to laser light emtted. This |aser
processing nethod is al so applicable to an object to be processed havi ng a
surface formed with an electronic device or electrode pattern.

electronic device refers to a 5 seniconductor device, a display de@?@é QuEH-00
as liquid crystal, a piezoelectric device, or the like. The Ia Z R 7004
processi ng net hod i naccordancewith an aspect of the present inv At &H
conprises a step of irradiating a sem conductor material with | aser |ight
with a 10 |ight-converging point |ocated there within under a condition

with a peak powenedeasityanépateheasd laxetOBi¢gW ceR)tand. aTipus skasddth of
1 ps or less at the light-converging point, so as to forma nodified region
within the semronegssting mevhedi ab alengapplliinebakong wim cibidmet obpent is
intended 15 to be cut in the sem conductormaterial. The | aser processing

met hod i n accqrdaneessd thavamgaspaat £ afe tthenpresent dmeéntcopnicodprvises a
step of irradiating a piezoelectric material wth laser light with a

| i ght - conver giowg beatrdocapedtether edid hd reamnoeri @ donidid | pafed ¢ ht@ Ppeak
power density of 20 at least 1 x 108 (WcnR) and a pulse width of 1 ps or

|l ess & the |sghteccotverst dgvpaknta dsopasytdeviiaenau drds fliieg irdegipsta Wi t hi n
the piezoelectric material along a |ine along which the object is intended
to be cut in thepetezorderticcdeamies) abr tAdesekaet hods enabl e | aser cutting
wi t hout generating nmelt 25 or unnecessary fractures deviating fromthe line
al ong which the objBuotlaserptendedihgrzegutinactbedsucéadehafn 4 fiipeob) ect
10 FPO1-0144-00

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 oxr less at the light-converging point,
so as to form a modified regicn within the semiconductor
material along a2 line along which the object is intended
15 tobecutinthe semiconductormaterial. 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
at the light-convergingpoint, scas to formamodified region
within the piezoelectric material along a line along which
the object isintendedtobecut inthepiezoelectricmaterial.
These methods enable laser cutting without generating melt

25 orunnecessary fractures deviating from the line along which

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

10



14 t AR M to be processed for the same reason as that in the |aser

processi ng nethods in accordance with the foregoing aspects of the present
invention. In the laser processing nmethod in accordance with an 5pgspegtsfgg
the present invention, the object to be processed nmay have a surface forned
with a plurality of circuit sections, while a light-converging point

| aser light is |located in the |nS|de of the object to be proce§§eHM¥@g1ng a
gap forned between adjacent circuit sections in the plurality 10 of circuit

sections. This.gap.rell esyegugcgnfhgbg% 18::be pr agessed, al, d he posi tion

of the gap f orne t heen” ad ci rcw sections aser processi ng
met hod in accordance with aspect of re vent| on.c qnver ge

| aser |ight atpﬁoc%ﬁsglr%g me fSSV\Hcat?CO al?rca 't §§2th euPY+e %catlpoencs%are not
irradiated with t{]h | aser This can prevent the Iaser light from
entering the cfclit %lé%??'?ﬁ l%%%lmblr%li’ect the circuit sections against the

| aser light. The | aser % iesstn met hod in ngggda ce gﬁth an as e%t 20
the present inventiaor & PS&S r%?%ﬁsb?g|W§ £ng 5° SRRt Eoh t°0r
mat er i with éaser 59@% t t convetﬂln 0|n% “oca%edégt n the
semi corduct or ° MREeT % EGD%%SGEI?) natlr?éﬂt p‘%d@ 568 PediiGiF r‘ﬁey vvi thin
t he sem conduct or ggterl £ ogg I|n angg{mffgh Q? abj. Sec%5ons
i ntended to bé"tUP3{h? %ﬁ§5§ ﬁ%%%ré R F&Eé pTocessi‘ng
met hod i n accordqp iéhtjgéhég §§%gcgoiﬁf o l§§é¥1f¥%ht is 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
secticns against the laser light.
Thelaserprocessingmethodinaccordancewithanaspect
20 the present invention comprises a step of irradiating a
semiconductor material with laser light with 3
light-converging point located within the semiconductor
material, so as to forma molten processed regicnonly within
i
the semiconductormaterial alongalinealongwhichtheobject

25 1s intended to be cut in the semiconductor material. The

laser processing method in accordance with this aspect of



14VR M the present invention enables |aser processing w thout generating
unnecessary fractures in the surface of the object to be processed and
wi thout nelting the surface due to the sanme reasons asnentioned above.
mol ten processed region 5 may be caused by multiphoton absorption &Wlopﬁéﬂ -00
reasons. . (2) The laser processing nethod in accordance with an ?§@@gﬁgof
t he present invention conprises a step of irradiating an object
processed with laser light such that a |ight-converging point of |aser
light elliptically 10 polarized with an ellipticity of other than 1 is
| ocated wi thihhehgrebpett ity ard imrocessebiewhilkeet heroapssiagi ¢ighouan
ellipse indicative of the elliptical polarization of the |aser |ight
ext ends al ong @eh¢net ahgngnehech atrlyel wbf meted sn thatended ¢ of beeowticco as to
forma nodified region caused 15 by nulti photon absorption along the |ine
al ong whi ch t heo lobjpeoicesseidnteddedthoubenelt 1wy tthien stihéaobj @et to the
processed. The | aser processing nethod in accordance with this aspect of
t he present i mam rensbos s reemoiddieddbpegi.ommibymolteadiratergetilegabjpect to
be processed with |aser Iight such 20 that the mgjor axis of an ellipse
i ndi catd ve of nidwe = ldaptsiecabypobatiipabiton ebsbapeiohi ghtoehaen@s saneng t he
line along which the object is intended to be cut in the object to be
processed. The inventdr hd%ef dandrthatcenheng eldtiptd dal dycopddrard »édnl aser
light is used, the formng of a nodified 25 region is accelerated in the
maj or axis diﬁEttﬁ@pe©t ah éhbimmﬁsdeitaY¢wei@i tbepel $épt Bcakep of
polarlzatlon (i.e., the 12 f' PO1-0144-00

1rradlat1ng an object to pe 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 obiect 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 obiect is
intended to be cut, so as to form a modified region caused

15 by multiphoton abscrpticn along the line along which the
cbjectisintendedtobecutwithinthe object tobhe processed.

The laser processing methed in accordance with this

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

20 that themajor axisofanellipse indicativeof theelliptical
polarization of laser light extends alcong 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 cof a modified

25 regionisacceleratedinthemaioraxisdirectionofanellipse

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

12



1 4 MAR 20G5 direction in which the deviation in polarization is strong)
Therefore, when a nodified region is forned by irradiating the object to be
processed with laser light such that the mmjor axis direction of the

ellipse indicative of the 5 elliptical polarization extends al ongrrhe-bilne-o0
al ong which the object is intended to be cut in the object to be 9[Qﬁgssed,
the nodified region extending along the Iine along which the oﬁﬁéﬁﬁii@
intended to be cut can be forned efficiently. Therefore, the |aser
processi ng nmethod in accordance with 10 this aspect of the present invention

can inprove therephaeessh MG isheesk efe ke QB eshtia Represessed Ahgp. the
| aser processing nethod in accordance with the present invention restrains

the nodified regiraFcfi0m,nB8I NG J PR SXLEARIn kB FHEnLl nBFtieRgextE eRgi ng
along the 15 line along which the object i's intended to be cut, thus naking

it possible t@h%%bégt%t?@b?ﬁé %g%cg%,gé%%%}?dl{éb%pﬁiﬁn% al g nhRechene

al ong which the obj is inte e cut. e, e ellipticity refers

to half the Igngbh of,they;aLpefcaxicy h@ﬂq%_ the ibengtihofcsmjr gxispef the
ellipse. 20 As'the ellipticity of laser light s smaller, the formng of

nodi fied regi gmg.t%%@! ﬁ&%fgz%mdggge%{éﬁ&é ia@{)brf‘g?(’i:ﬁ@di grgz eag,lo%gwmghl ine

al ong which the object is I ntende e cut ut” suppr in the other

di recti ons. Tbﬁeedﬂzjéepﬁﬂ' CL T 1Y DL GRS @&H‘i@e@hé Boykew of pk e sthigkness,

material, and the i ke of the object to be processed. Linear polarization

is ellipticaknpohanijzatihoneWibh antehldiRld Gkt reenqne1316R41w814A- 00
the cbject is intended to be cut can be formed efficiently.
Therefore, the laser processing method in accordance with
10 this aspect of the present inventicon can improve the
processing speed of the object to be processed.

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

15 line along which the cbject 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 cf 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 reqgiconis accelerated in the direction extending
along the line along which the cobject is intendced to be cut
but suppressed in the other directicons. The ellipticitycan
be determined in view of the thickness, material, and the

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

elliptical polarization with an ellipticity of zero.

13



14 1,4 7G.5°The | aser processing nethod in accordance with an aspect of
the present invention conprises a step of irradiating an object to be
processed with laser light such that a |ight-converging point of |aser
light elliptically polarized 5 with an ellipticity of other than 1FPgl-0144-00
| ocated within the object to be processed while the major axis of an
ellipse indicative of the elliptical polarization of the |aser jl4ghtiits
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 108 (Wcn2 and a
pul se width of 1 psTore lassr proctheihpghtthcohvesgingdpocatits@rasspartf orm a
nodi fied region including a crack region along the |line along which the
object is intendéds tooreeeroutimidihiinon heorgbf eeds td dieepralt elssed 1 dtiend aser
processi ng nethod in accordance with this 15 aspect of the present
invention irrad allesedthetobpectprtare d=dprocessedsent hibasersukchghthaguch t hat
the major axis of the ellipse indicative of the elliptical polarization of
| aser |ight extiemds clrorg diheg bohet alfangsavhil chhtled ldlptect I liypdInteindketl t o be
cut in the object to be processed, thus 20 naking it possible to formthe
nodi fi &éd regi o tef bince@itiby: i caindy et otherobjheeat 1pieclsedy=dlwing:ihe Ha ne
al ong which the object is intended to be cut as in the | aser processing
nmet hod i n' aceobrj@dance owbth pirive salsevie wiedti ahedmagpecéxdé dhearpreeskeifse -
invention. 25 The | aser processing nmethod in accordance with an aspect of
t he present i nveritdadn veoopriitseslaistepadfpd Yaads at iowgoid HP04ds0 44O
extends along a line along which the cbiect is intended to
Ibe 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 regicnalong 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
i laser light extends along the line aleng 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 to be 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



an object to be processed wth |laser light such that a |ight-converging

point of laser light elliptically polarized wth an elliptitity of other

than 1 is located within the object to be processed while the nmajor axis of
an ellipse 5 indicative of the elliptical polarization-of the | aseFPDilghtd44-00
extends along the Iine along which the object is intended to be ng)ggder a
condition with a peak power density of at least 1 x 108 (VVchﬂ L ”pulse
width of 1 ps or less at the light-converging point, so as to forma

nodi fied region 10 including a nolten processed region along the |line al ong

whi ch the objept bp5ikpterdethd opbecesfedn bhin thecobjieght tsadhe fHacessed.
The | aser processing nethod in accordance with this aspect of the present

invention i _rraﬁi@{&@swzhee@@m?potim_dm@@e_iawgas_%qqi\fﬁtti&_allqwoiéﬂﬁe@uch_
that the major axis of the ellipse indicative of the elliptical polarization

of laser |ightiextands aiong-1He 44 Nl ongawhinchst he-obpechi+hsnitiended
to be cut in the object to be processed, thus neking it possible to form

the nmodified rggon: efd igd etdde ARt QW thiRenaBihbechxPEest seh Y= 8l D t he
line along which the object is intended to be cut as in the | aser

processi ng nmethodh -4 i A6 AT daaee 1Widih dshepabover st erechaspeelr pigrhe
present invention. The | aser processing nethod in accordance with an aspect

25 of the presanitehdyentdon eriin%e%l@r? epieh kheadbabingisamobi@sd to be
processed with laser light such that a 15 FPOL-0194-00 |i ght-convergi ng
poi nt of |asertdightcet | bpdbgabl yopolarégedich 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, soas to formamedified region
10 including a molten processed regicon 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 aleng 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 alcong which the
object is intended to be cuf as in the laser processing method
in accordance with the above-mentioned aspect of the present
invention.
The laser processingmethodinaccordancewithanaspect

25 of the present invention comprises a step of irradiating

an object to be processed with laser light such that a

15



with an ellipticity of other than 1 is located within the object to be
processed while the major axis of an ellipse indicative of the elliptical

pol ari zation of the laser light 5 extends along a |line along which the

object is intended to be cut under a condition with a peak power Eﬁ¥ﬂ§fﬁiﬁoo
at least 1 x 108 (WcnR) and a putse width of 1 ns or less at th

| i ght -converging point, so as to forma nodified region including.a,,

i ‘.:5;:\"-
refractive i ndex change region which is a region 10 with a chahbed“ﬂl‘”
refractive index within the object along a I|ine along which the object is
intended to be cut in the object. The_ |laser processing nethod in accordance
with this aspeE®hbfcPRecpeessrtinhvthlfoRliliphaicdtiestinalanjrscte tiged1s be
processed with |aser |light such that the major axis of the ellipse
i ndi cative of theheiniptlErllipblardzatilor dfhenl dséf [oghte@xtidios? &Néng t he
line along which the object is intended to be cut in the object to be
processed, thudl]eskihg e possdAsd tdflor mheheagodi #xed ¢ egirore lefibisE ent |y
20 and cut the object precisely along the line along which the object is
i ntended to belrdicasive atheheaddrl pirisedssP hgr ke hbeh cf rilerdarsdandehii th the
above-nentioned aspect of the present invention. Mdes enployable in the
| aser processiggtemEpodbond a 25ngcedpoanceiahtina b ikctedsi it axpedtts of the
present invention are as follows: 16 FPOL-0144-00 1 4 AR, 2N :~ Laser |ight
havi ng el | i ptiealcpblarfeat foroniitihian 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, so as to form a medified 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 cbject is intended to be cut in the
chject.

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 slong the line along which the object
( is intended to ke cut in the cbjesct to be processed, thus
making it possible to form the modified region efficiently
20 and cut the object precisely alcong 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.
Modes employable in the laser processing methods in

25 accordance with the foregoing aspects of the present

invention are as follows:
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ellipticity of zero can be used. Linearly polarized light is obtained when
the ellipticity is zero- Linearly polarized 1|ight can maxi m ze the size of
the nodified region extending 5 along the line along which the object is
intended to be cut and minimze the sizes in the other directionsiPOid144-00
ellipticity of elliptically polarized |light can be adjusted by theéﬁqﬂke of
direction of a quarter-wave plate. Wien a quarter-wave plate is1&§", t’he
ellipticity can be adjusted 10 by changing the angle of direction al one.
After the step of forming the nodified region, the object to be processed
may be irradiated wiltdsdraseght gl inghidls iphe cpdl acilaatiizen ioh Wwdgdr ahni ght is
rotated by about 90 by a half-wave plate. Al so, after the step of formng
15 the nodifi ed Iriggiion,tit log ebfectan d<hesprdocebsrel nhy Hyel axrreatlilatdéd with
| aser light while the object to be processed is rotated by about 90 about
t he thi ckness idi olecsionad ehentte ob] Bot id 0 hespracessbine Thege cdan ifzedm
another nodified region extending in a direction along the surface of the
20 obj ect to e girocessedkianidza nhersient gt hdheoctarfien nogh éih edt emegingn.
Therefore, for exanple, respective nodified regions extending along |ines
to be Gut in ¥landtYeakise digrectwhares tha dejdor medietéhdeentd e The
| aser processi ng nethod in accordance with an aspect 25 of the present
i nvention conpriccesiaisfiep afthd rsadéatiimg tian obpect diordet prrocess&dewi th
| aser light such that a 17 FPO -0144-00 141 | AlADI~ 7M | i ght-converging
poi nt of | aserellliigitti iy ptiecal ipt jpod lalry pedlarized light can be adjusted
by the angle of direction of a guarter-wave plate. When a
guarter-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 laserprocessingmethodinaccordancewithanaspeact

25 of the present invention comprisés a step of irradiating

an object to be processed with laser light such that a
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with an ellipticity of other than | is located within the object to be
processed while the major axis of an ellipse indicative of the eIIipticaI
pol ari zation of the laser light 5 extends along a |ine along which_t
object is intended-to be cut, so as to cut the object to be procegg%l al dhgO0
the 1line along which the obj ect is intended to be cut. The | aser, rpgg&m ng
nmet hod in accordance with this aspect of the present invention il e i &
the object to 10 be processed with Iaser light such that the major axis of
the ellipse indicative of the elliptical polarization of laser |ight
ext ends al ong ihehtinenakoggnuipiodnttdelebeedtighi s lilntrenided. ltyopdkaciked n t he
object to be processed. Therefore, the object to be processed can be cut
al ong the |inewatbngnisliMpichcihe @objectied $hiant éndedlboabedcuithTmetHaaser
processing nethod in accordance with this aspect of the present invention
can cut the obpegtctotbesproessestdywhielkd nget hajob) aedt absenbellgssr |ight
so as to nelt the object upon heating. Also, the | aser processing nethod in
accordance W t hntihtst aspedt £ h28@ 1afi pthecgir pseant 1 1 awvemt iodne inay. ageirel g rec
mul ti phot on absorption by irradiating the object to be processed with | aser
| i ght, 5therebyxtendsngl@endgadilfinedzlegigonh il e the <ol e6t inaaddeduto t he
object while using the nodified region as a starting point. 25 The | aser
processi ng appatatus, i $io accordance tid bhgrctaspebt ptothespdeseotgitvent i on
conprises a |aser light source 18 FPAO -0144-00 1 4 14AR | K 5 for emtting
pul se | aser |ightehavong ahpohsehwai dbfieof 1s intended to 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
isintendedtobecut intheoblject tobeprocessed. Therefore,
the object to be processed can be cut along the line zlong
15 which the object is intended to be cut. The laser processing
method inaccordancewiththis aspect of the present invention
can cut the object tobhe processed by making the object absorb
{ laser light so as to melt the cbject upon heating. Also,
the laser processing method in accordance with this aspeét
20 of the present inventionmay generatemultiphoton absorption
by irradiating the object to be processed with laser light,
thereby forming a modified region within the object, and
cut the obhject while using the modified region as a starting
point.
25 The laser processing apparatus in accordance with an

aspectof thepresent inventioncomprisesalaser light scurce
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ps or less; ellipticity adjusting neans-for making the pulse |aser |ight
emtted fromthe |aser |ight source attain elliptical polarization with an
ellipticity of other than 5 1; mmjor axis adjusting neans for nmaking a ngjor
axis of an ellipse indicative of the elliptical polarization of tRe0lpll4§é-00
| aser light adjusted by the ellipticity adjusting neans extend aL?ngPa Line
al ong which the object is intended to be cut in an object to be &ééggéd;

| i ght -convergi ng neans 10 for converging the pulse |laser |ight adjusted by

the major axis adjusting neans such that the pulse |aser light attains a

peak power dengstyewftaind epsisd X498 (Wietjaaing 4ighlssonvetgiaf Ppoint;

means for locating the |ight-converging point of the pulse |aser |ight
converged 15 bys thelbighte1aamtarditigapoust ingthdanhd Heraky et khebgulse
processed; and noving neans for relatively noving the |ight-converging

poi nt of pul seldaser 1habt calienadt he-dri nene al @@ rwhiightt hesoljecitisin
intended to be cut _ The | aser processing apparatus in accordance with this

20 aspect of tdpe pyesent ddanvention anahbles drasen iputiting wirt benkr generating
melt or unnecessary fractures deviating fromthe |ine along which the

obj ect §s intendegsi®r bex Catad Nudheng skedascerof kel 0P] £chatdr bex ps agessed
for the sane reason as that in the ?aser processi ng net hods i n accordance

with 25 the ahove-1mapsicongd: aspeet o Ofhichel p1gsenh 1 ignenti i M 8¢, cthét
irradi ates the object to be processed with laser |light 19 FP01-0199-00 1 4

MAAR 2i C5 pulse laser light adjusted by theellipticity adijustingmeans

extend along a line along which the object is intended to

be cut in an object tc be processed; light-converging means

10 for converging the pulse laser light adjusted by the majox

axis adjusting means such that the pulse laser light attains

a2 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 withthis

20 aspect of thepresent inventicnenables laser cutting without

generating melt or unnecessary fractures deviating from the

line along which the object is intended to ke 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 the above-mentioned aspects of thepresent invention. Also,

it irradiates the object to be processed with laser light
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such that the major axis of the ellipse indicative of the elliptical

pol ari zation 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 5 nodified region efficiently and cut the objBEe§l1-0144-00
precisely along the line along which the object is intended to gﬁ gygn,mﬁth
the | aser processing nethods in accordance wi.th the above-nenti &an %bects
of the present invention. Mddes enployable in the | aser processing apparatus
in 10 accordance with the present invention are as follows: It nay conprise

90 rotation adjwst itigsireans mdppt ed:id o ff ahat e llhespolagizatioa of dHe pul se
| aser |ight adjusted by the ellipticity adjusting neans by about 90. Al so,

it may conprigeliptatiNopseanszaeiofiobatingea Laghe £9feA@yNicg; khd he
obj ect to be processed by about 90 about a thickness direction of the

obj ect. These rafe Makend hen 8 ofhaxbisiott theigtbhpse todpeatibver oftHae
elliptical polarization of pulse |aser |ight extend al ong another |ine

al ong whi ch t he,jobt e pespBtended, 11 be ralt: hii ¢ hp x4 gRDs donrardidrect i on
20 along a surface of the object to be processed while extending in a

direction intersectidg atongntberfoiare1li Agqatengr MBI §Bjethey b Brd1 S
intended to be cut _ Therefore, for exanple, respective nodified regions

extending al ong dhdesd 0ibe §Ubngiwhdeh &tk ¥naeics diraetdans eansbefor med
efficiently. 25 The | aser processing apparatus in accordance with an aspect

of the presentyitwentd Qﬁ%ﬂ%i@@és@iﬂ)?sﬂétﬂnéggtiﬁoél&@@r@QnEEQli@igtﬂ‘ré)O for
emtting pulse laser light having a pulse wdth of |
above-mentioned aspects of the present invention.
Modes employable in the laser processing apparatus in
10 accordance with the present inventicn 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 rctatingmeans for rotating a table for mounting

15 the object to be preocessed by about 90° abcut a thickness
direction of the object. These can make the major axis of
the ellipse indicative of the elliptical pclarization of

[ pulse laser light extend along another line along which the
object is intended to be cut which extends in a direction

20 alecng a surface of the object tobe processed while extending
inadirection intersecting along the former line along which
the object is intended to be cut. Therefore, fdr example,
respective modified regions extending along lines to be cut
in X- and Y-axis directions can be formed efficiently.

25 The laser processing apparatus in accordance with an

aspect of thepresent inventicncomprisesalaser light source

20



ps or less and linear polarization; |linear polarization adjusting neans for
maki ng the direction of |inear polarization of the pulse |laser |ight
emtted fromthe laser 5 |light source align with a |ine along which the
object is intended to be cut in an object to be processed; |ight-converging
nmeans for converging the pul se laser light adjusted by the |inearFP01-0144-00
pol ari zati on adjusting neans such that the pul se | aser |ight atﬁqhﬂ§?§gpeak
power density of 10 at least 1 x 108 (Wcn®2) at a |ight-converging point;
means for locating the |Iight-converging point of the pulse laser [|ight
converged by the light-converging point wwthin the object to be processed;
and novi ng neahsr femitelagi pelyenbuseg lthétl hghtingoaveunhsagypdimtofofl pul se
| aser light along the 15 Iine along which the object is intended to be cut.
The | aser processonglappamatdisliimeaccoo danteawnd éh; t hisez aspeld r ofative
present invention enables |laser cutting without generating nelt or
unnecessary fradjusesngdevra@ainng fsommidieindi nenal arigeshiieh tbHe objrectr i s
intended to be cut in the 20 surface of the object to be processed for the

sanme reason asoléatlzanidhef aserpyplocasidgl ighhaeds titrdateat dancks sm:t h
t heabove-nenti oned aspects of the present invention. Also, as with the

| aser p& ocessinfglmet hodsceénadegor danteawilihet B@ongbonesnenté oftefe@spect s of
the present invention, the |l aser 25 processing apparatus in accordance with
this aspect ofirdtendpdesent baveniti onimakas idbjpessi hbe be foreaddwdiwdi fied
21 FP01-0144-00 1 4 205 region efficiently and cut the object precisely
al ong the light-converging means for converging 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% (Ww/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
chject tobeprocessed; andmovingmeans forrelativelymoving
the light-converging point of pulse laser light along the
15 line along which the object 1s intended to be cut.
The laser processing apparatus in accordance with this
aspect of the present inventionenables laser cuttingwithout
L generating melt or unnecessary fractures deviating from the
line along which the object is intended to be cut in the
20 surface ¢f the object to be processed for the same reason
as that in the laser processing methods in accordance with
the above-mentioned aspects of the present invention. Also,
as with the laser processing methods in accordance with the
above-mentioned aspects of the present inventicn, 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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i ne al ong which the object is intended to be cut (3) The | aser processing
apparatus in accordance wth an aspect of the present invention conprises a
| aser 5 light source for emtting pulse laser light having a pul se wi dth of
1 ps or less; power adjusting nmeans for adjusting the nagnitude ebPCpediddeh0
the pulse laser light emtted from the laser |ight source accordin to an

i nput of the magnitude of power of pulse laser light; |ight-cofive¥gi®

means for 10 converging the pulse laser |ight adjusted by the |inear

pol ari zati on adjusting nmeans such that the pulse laser light attains a peak

power density r@fyiah legastc ikt 1308 ndMNGVRY hat ob fedt ghteccionvier giiaggpohat ;

means for locating the [1ight-converging point” of the pulse laser Iight
converged is hy Aehe lldghtrGionyangl ne,yeans; Wiidhaly el eet cLe. be
processed; and noving reans for relatively noving the |[ight-converging
point of pulse |aser 3, ghtpal angea IR« Ali0R0 a%'a%@tb@elgbthBrﬁ§n&é‘tendEd
to be cut in the object to be processed; wherein one nodified spot is

formed wi thin,2Qfhe gfgjp%%tt b@ l@ﬁe%iﬁs@él%@dlmeaa&wc%;rmqstefa,eaopw@% to be
processed with one pulse of pulse laser light while locating the

|i ght - gonver glm%h@%ebrwet e érh‘?t@?h&cﬁul§J‘Qas%§'eﬁ1g1%%§igﬂg gppas at us
further conpri si ng correlation storlng means havi ng stored therein a

correlation bgtweencthe 25 cmig.@stéld%o%ferpgﬁﬁﬁsginB%é?né FRR! a@ﬁ‘hh‘ﬁiﬁg by the
power adjusting neans and the size of spot; size selécting 22

FPOL- ?134 0]9 Erd MO 2Kude AR ke o ENORSHNse AGHA i Aght it ddipBtbed
magm udae O

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
polarizaticn adjusting means such that the pulse laser light

attazins a peak power density of at least 1 x 10° (W/cm%) at

a light-converging point;: means for locating the
light-converging point of the pulse laser light converged

15 by the light-converging means within an object to be
processed; and moving means for zrelatively moving the
light-converging pecint of pulse laser light along a line

{. along which the cbiject is intended to be cut in the object
to be processed; wherein one modified spot is formed within

20 the object to be processed by irradiating the object to be
processed with one pulse of pulse laser light while locating

the light-converging point within the object; the laser
processing apparatus further comprising correlation storing

means having stored therein a correlation between the

25 magnitude of power of pulse laser adjusted by the power

adjustingmeans and the size of modified spot; size selecting
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power of pulse laser light, a size of the nodified spot formed at this
magni t ude of power fromthe correlation storing neans; and size display
means for displaying the size of nodified 5 spot chosen by the size

sel ecting neans. The inventor has found that the nodified spot cample-0144-00
controlled so as to becone smaller and | arger when the power of pubapmbgser
light is nade | ower and hi gher, respectively. The nodified spot1i%“ e
nodi fied part fornmed by one pul se 10 of pul se |aser |ight, whereas an
assenbly of nodified spots fornms a nodified region. Control of the nodified
spot size  af iRl Guld g -afi nihe seBheet thor Be, pranasser niamEla.t be
accuracy in cutting thecobfeé{k?oabe prgg ssedaal% g the mygﬁe algng whi ch
the object is JnLen t hg 15 f fe.the, segtion
deteriorate en eﬁhg?%oé&%ﬁbg%g%&gg@ﬁté fgoso Fa‘%g‘éasf}@gﬁfﬁtﬁg 7 %ﬁp??éd spot is
too small for _.the. obj : Vi [ i on the
ot her hand, tﬁé‘%ﬁ}%@%aﬁét gfgﬂ%%5§§f§§$ﬂgﬂﬁ%%£gr%%%i%%f?%gffg §§§E?US in
accordance wt IS .a f it j-nvent I on ol Jyhe size
of nodified sgglt& Ef%%?ﬁ%ﬁ?ﬁg m%%’gs %ﬁ%ﬁlﬁc@%&)}‘ﬁéo%% %%&lfﬁ@%ésg?al i ght .

Therefare, it é}%gcg.c%gsetrp%fbﬂheec%ditz%obfePJ&Cierﬁ;;Er%aWs%i sely along the line

. S . ?
al ong which th ject” 1s I'ntende e cut, can obtain a flat cross

section. 25 The | aseh Dt acessha0,a0PALatYS. L AGGORJANERM Lh{ hiss, paspect

of the present invention also conprises correlation

MAR 200B st or ig, Rans. Nayi 19 -5t 9L &8t NEFLI 1L 22 RAMT SR QReRetNeeBue -

of pulse laser light is made lower and higher, respectively.
The modified spot is & 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 1in cutting the object to be processed along the
line along which the object is intended toc be cut and the
15 flatness of the cross section detericrate 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
i 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 Vprecisely along the line
along which the object is intended to be cut, and can obtain

a flat cross section.

25 The laser processing apparatus inaccordance with this

aspect of the present invention alsc comprises correlation



t he magni tude of power of pulse | aser adjusted by the power adjusting neans
and the size of nodified spot. According to an inputted magnitude of power

of pulse laser light, the 5 size of nodified spot forned at this nmagnitude

of power is chosen fromthe correlation storing nmeans, and thus chAB8en0144-00C
size of nodified spot is displayed. Therefore, the size of nodified spot
formed at the nagnitude of power of pulse laser light fed into fD%m#%ﬁ?r
processi ng apparatus can be seen 10 before |aser processing. The'laser
processi ng apparatus in accordance with an. aspect of the present invention

conprises a | asesrih@heSounceridPrs@idd kRg-puhse tases1ht bt hamiduh a
pulse wwdth of 1 ps or less; a light-converging |ens for converging the

pul se 15 | aser¢hd ghigr8mdded f pomther lasee 1dght souraesuchehbatoudhe
pul se laser light attains a peak power density of at”™ least 1 x 108 (WcnR)

at a |ight-conyey@inghPaddns nimerdicalsi apert vheiadkbysthpg. n&?dbfso:fcpfndg
adjusting the size of nunerical aperture of an optical systemincluding the

|ight-Convergi@@eﬁpihﬁﬂ§tQBQQé hDeube anpbnputsedsi e 18kepuiBghcalihe
aperture; means for [ocating the |ight-converging point of thée pulse |[aser

l'ight opnverged; by dhaoliigNter GeRYEEILALS | aNs Widt Riadnjansebhect ol or bes
processed; and noving neans for relatively noving the |ight-converging

poi nt of pul sedasef ddGhtnal eB9re%aaibhne & Gng mehire) the oBhecdndsen
intended to be cut in the object to be processed; wherein one nodified spot

is formed 24 FPOds Q¥AdoQ0¢ i dbkdpomithbnsphey08] ectnd 0 e HF @Gessedelys

irradiating the object
modified spot formed at the magnitude of power of pulse laser

| light fed into the laser prccessing apparatus can be seen
1C before laser processing.

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; a light-converging lens for converging the pulse

15 laser light emitted from the laser light socurce 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 cf 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 1light 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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to be processed with one pul se of pulse laser light while |ocating the
| i ght - converging point within the object; the |aser processing apparatus
further conprising correlation 5 storing neans having stored therein a

correl ati on bet ween

the size of numerical aperture adjusted by t hEPpoweFd4-00

adjusting neans and the size of nodified spot; size selecting neakd: lfor

choosi ng,

according to an inputted magni tude of power of pul se |aser

a size of the nodified spot formed 10 at this size of nunerical apertu
fromthe correlation storing nmeans; and size display neans for displaying
the size of modifiedispobiehasen Hyy pirlveesisze Iseliaatacnig tneansh@heb jantent or

has found that the nodified spot can be

light,
re

controlled so as to becone small er

and | arger whenotihe pddcanmeet vcalh aper taurlescofo £t pbelept Leakrsysglem viniclaidi ng

the light-converging lens is nade greater and smaller,

the | aser procekssangnappes atigs ti-acnaeqaeridaneeint téi thirs taspebteot ; tites
present invention can control the size of nodified spot by adjusting the
size of 20 nunessenlprperddine ehpidhetopd ifeal heystenpinekvgi dgridbation

| i ght-converging | ens.

respectively. Thus,

The | aser processing apparatus in accordance with

this aspect oftdhengresend Hawieni ison mddehearph sesoepel gk abhometwdat i ng
means having stored therein a correlation between 25 the size of nunerical

aperture and tiiee stze oifnurslt f ¢ £UappettureActioraidb § @hampdWwyruid assize of

nuneri cal

aperture, the 25 F POLl-0144-00 1 4 MR . 2005 size of nodifi

spot forned atmé¢dns aregriHaidea of gfowerdiified spot; size selecting means

10

15

20

25

for choosing, according to an inputted magnitude of power
of pulse laser light, a size of the modified spot formed
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
numerical aperture of the optical system including the
light-converging lens 1s made greater and smaller,
respectively. Thus, the laser processing apparatus in
accordance with this aspect of the present invention can
control the size of modified spot by adjusting the size of
numerical aperture of the optical system including the
light-converging lens.

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

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

According tc an inputted size of numerical aperture, the

25
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chosen fromthe correl ation storing neans, and thus chosen size of nodified
spot is displayed. Therefore, the size of npdified spot fornmed at the size
of nunerical aperture fed 5 into the |aser processing apparatus can be seen
before laser processing. The |aser processing apparatus in accor datice Qiddr 00
an aspect of the present invention conprises a |aser |ight sourcel 4R 2003
emtting pulse laser light having a pulse width of 1 10 has or |less; and

| ens sel ecting nmeans including a plurality of |ight-converging | enses for
converging the pulse laser light emtted fromthe |aser |ight source such
that the pul seidaser rodgHtieat spbnsfarpedkatpokers densiitydef otpdveastsl x

108 (WcnR), at a |light-converging point, the lens selecting 15 neans bei ng
adapt ed to sel@cisandngratplucalttyaolonlsght trepmeang, ngnbetises chasphural ity
of optical systens including the |ight-converging | enses having respective
nuneri cal aperdiges fdnblierest Jgomicachsplhged . neBnsrdire | atat s hge iie

| i ght-converging point of the pulse |aser |ight 20 converged by a

| i ght - conver gimiglil ®nsd cJmased ohyetihet | € sisel edt hagemrans smbéhiwrarfeabj ect
to be processed; and noving neans for relatively noving the

| i ght - gonver giing:pahst 1 e r pilcse slsaser appghi t ak @it Beld e Bkoogeihiser t he
object is intended to be cut in the object to be processed; wherein 25 one
nodi fi ed spot drvdeyglrey Wit hin the object to be processed by irradiating
the object to be processed with one pulse 26 'PO-0144-00 1 4 MAR 2[ C
The laser processing apparatus in accordance with an
aspect of the present inventioncomprises a 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/em?) at a light-converging point, the lens selecting
15 means being adapted toc 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 1is
intended to be cut in the object to be processed; wherein

25 onemodified spot is formed within the cbject to be processed

by irradiating the object to be processed with one pulse
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of pulse laser light while |locating the Iight-converging point within the
obj ect; the |l 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 includingegpie-0144-00
| i ght-converging | enses and the size of nodified spot; size selecting nmeans
for choosing, according to a size of nunerical aperture of an opt} &&hr 7403
systemincluding a chosen |ight-converging lens, a size of the nodified

spot fornmed 10 at this size of numerical aperture fromthe correlation

storing meansg,ra Qlékz?agé?pl§§hﬂEéﬂ§lé°Eoﬁé§Fh§ytH%r%2@ht§k5ﬁv8§g?§?ifi?d

spot chosen by the size selecting neans ssing app us in

accor dance wi p; bie, phesentl nesidian gan comy o, Lbessigs ohompdified

spot. 15 Als the size o pot forned at t e Si nuneri cal

aperture o LEF5PRbECain N oM gl g dhec sbeRsThe A ShiseneroLng | ens

can be seen be aser proce | aser ocessi ng apparatus In

accor dance w1190, ASPect .81 e, PLESEAL.T DVENL I oampris0s, g Lasers! | oht

source 20 for em i°s8 Tade avi ng ul'sé wi }ps or

| ess; fomer agkusgln%dnyyrif r @Pluéékggaihes”%Q%hEPd néﬁ%éh r pfe pulse

| aser Tight emtted fronlthe | aser source accor |nputted

magni tude of g?%ﬁhggagg%is% Jlaeﬁﬁt dight;nadiigl rom&;ﬁg&@efﬂé@%ﬁo‘%”ssi%

converging th émtfed Fi aser |tght” source such

}zggtl_ 0&22_ 8(“)' §s£ga§\§5%ﬂifeghfs AL 81855 Bnheak BUNEH AENS IS Y U £ Aliméfical

aperture of an optical system including & <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 gize selecting means.

The laser processing apparatus in accoxdance with the

present invention c<an control the size of modified spct.

15 Alsg, thesizeoimodified spot formedat thesizeof numerical
aperture of the optical system including the <chosen
light—éonverging lens can be seen before laser processing.

{ The laser processing apparatus in accordance with an
aspect of thepresent inventioncomprisesalaser light source

20 for emitting pulse laser light having a pulse width of 1
usorless;poweradjustingmeansforadjustingthemagnitude

of power of pulse laser light emitted from the laser light

source according to an inputted magnitude of power of pulse

laser light; a light-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 cf at
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|l east 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 |ens according to an inputted size of
nunerical aperture; 5 neans for locating the Iight-converging poi nEP®f-GHed-00
pul se laser light converged by the light-converging lens within an object

to be processed; and noving neans for relatively noving the T4 MAR 7005

| i ght -convergi ng point of pulse laser light along a line along which the
object is intended to be cut in the 10 object to be processed; wherein one

nodi fied spot iszéerimediowitihbn’t he obj £git tehe Ryiogessedt bynima@diaat i ng
the object to be processed with one pulse of pulse laser |ight while

locating the |i98ft608ueri@ishd rROhOEn M 8§ he: Dby eak;siheoflagerriRiacessi ng
apparatus further conprising correlation 15 storing neans having stored

therein a corrglattQpe Q‘%té/)@%tléaieéysod(erﬁ Rgc RIS Wde pﬂ‘%}p@ﬂ@dmﬁérnggse )
| aser |ight adjusted by the power adjusting neanS and the size of nuneri cal

aperture adj usded Dyed g IR i6Al R@RRTINN 613d] YBTA fige PEANS e, size
of nodified spot; size selecting nmeans for choosing, 20 according to an

i nput t edl magnifdiges Offorpq\é%ratqfngp\a'h§eli@ﬁ’é‘fcorﬂr@ﬂﬁ @@%cﬁw BRUttedsisze of
nunerical aperture, a size the nodified spot”fornmed at thus inputted

nmagni tude and 1 $ize;1 Ak %ozﬂréilgsem Ry, FBRANS i HAK - @bﬁ%@%m? t1hes sizeniof
nodi fied spot chosen by the size selecting neans aser processing

apparatus in aceoanee v b phbSesa8RECAn PN PhesBrt £ Aventd 1oy Can
conbi ne power adjustnent 28 FPCl -0144-00 with nunerical aperture adjustnent,

thus being ablgo¥Dng the light-converging point of pulse laser light 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
by thepower adjustingmeans andthe sizecfnumerical aperture
adjusted by tﬁe 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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i ncrease the nunber of kinds of controllable dinensions of nodified spots.

Al so, 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 laser processing. The | aser processing apparatus in arfdrddrhée 00
with an aspect of the present invention conprises a |laser |ight source for
emtting pulse laser light having a pulse wwdth of 1 10 ps or | estjpover

adj usting rneans for adjusting the magnitude of power of pulse |aser |ight
emtted fromthe laser light source according to an inputted magnitude of

power of pul sevidraseriméigbil besastsekeciding tmeans imaldudbagng pbueakity of
| i ght-converging | enses for converging the pulse laser light is emtted from

the laser |ighthsQl£e suChuhhat dhecipiserl asetrol14bte alirdmsi ehpeak power
density of at least | x 108 (WCM2) at a light-converging point, the |lens

sel ecting neanspeiing; AR edatgosekset cRADAGNA PAHA 14y @fat of the
l'i ght-converging Ienses, a pIurallty of optical systens including the 20

l'i ght - conver gllrsgbéreraﬁ%%e@%wn@g a?ﬁé@@%h'sV@nné'B@dﬁt@@r‘xce apert wres pdiekkakent
fromeach other; neans for | ocating the |ight- converging point of the

pul se Isaser | iiGhteGONYAT 888 5 e 8t Inlc@htr GRNYEH Biae, 15@@%%9@?@:@%%@@ I ens
sel ecti ng neans Wi thin an obj ect to be processed; and noving neans for 25

rel atively nmoymngdde dd.ght-converging point of pulse |aser [light along a
i ne al ong which the object is intended to 29 FPO -0144-00 1 4 c F, 2L[5 i

The laser processing appalatus in accordance with an

aspect of thepresentinventiconcomprisesa laser light source

for emitting pulse laser light having a pulse width of 1

10 us or less; power adjusting means for adjusting the magnitude
of power of pulse laser light emitted from the laser light

scurce 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 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/ecm®)

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 othexr; 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 zleng a line along which the object is intended to
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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 EBWIprisifngl0
correlation storing nmeans having stored therein a correlation b t&g@@W§‘SEt
of the magni tude of power of pulse laser light adjusted by the ﬁo it

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 seJeelitndnMepaschoscENOPH NG r 2eGaEI;:NghEBeaN bW dEFied
magni t ude of power of pulse laser light and an inputted size of nunerical

aperture, a sig®ofskhenaudifict spRebrheciad LabrbhEssbARYL At dRaN{dide and
size; and size display neans 1.5 for displaying the size of nodified spot

chosen by the iz, fel€ald N NBanse £040 ther sk ngason @ dhale ofadhe |aser
processi ng apparatus in accordance with the above-nenti oned aspect of the

present inventighe LAg 1la88EsPk AGCSSE rngigafpooad&}{mdﬁrgggo%wg@wﬁ eMd h this
aspect of the present invention Can increase the nunber of kinds of:

controlg abl e @kﬁ%ﬂ&th%eoﬁas@QdEEbégs§@ﬁbsa§ﬁ9rgéﬂsSP@rEﬁE%Eadﬁﬁﬁﬂsﬂﬁﬁﬁ fied
spots before |aser processing The | aser "processi ng apparatus expl ained in

the 25 foregQidig-J1By CHPF b5 end FRAG sHRPH 8 PEAREEOE nRIepard NG i AN | mage

of nodified spot having the sizée selected by the 30 FP01-0244-00 4 MAI R 2DF5
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

10 light-converging lenses and the size of modified spot; size
selecting means for choosing, according to an inputted
magnitude of power of pulse laser light and an inputted size
of numerical aperture, a size of the modified spot formed
at thus inputted magnitude and size; and size display means

15 for displaying the size of modified spot chosen by the size
selecting means.

For the same reason as that of the laser processing
apparatus in accordance with the above-mentioned aspect of
the present invention, the laser processing apparatus in

20 accordance with this aspect of the present invention can
increase the number of kinds of contrellable 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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si ze sel ecting neans,

and i mage display'heans for dfsp[aying t he i mage

prepared by the image preparing neans. This allows the f orned nodified
spot to be grasped visually before | aser processing. 5 The Iaserégﬁgr%ﬁaln%O

apparatus in accordance with an aspect of the present invention

| aser |ight source

i'ses a
for emitting pulse laser |ight having a pul sd &t Hi'of 1

ps or less; power adjusting neans for adjusting the nagnitude of power of
pul se laser light emtted fromthe Iaser l'ight 10 source; |ight-converging

means for converging.the, pul se | aser ght enltted fromthe |aser |i

ght

source such tRatz ﬁ‘élEEFé’ég Megdi&r ‘T’mﬁﬁtmaéiet A PR &Y pesk Spbwe M igedsYEy of  at

| east | -

| i ght -converé ﬁ@l%%gﬁprépaFHQ

| o,

Wcm2) at a Ilq t-converging point; neans for Iocatlng

t he

P88 4mags OF Pght - ROMFENGed 15156y 1OHE | i ght

-converging neans within an object to be processed; and noving nmeans for
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Us or less; power adjustingmeans for adjusting the magnitude
of power cof pulse laser light emitted from the laser lignt
source; light-convergingmeans forconvergingthepulselaser
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/cn?) 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
zleng which the object is intended to be cut in the object
to be processed; wherein one modified spot is formed within
the object to be processed by irradiating the object to be
processed with one pulse of pulse laser light while locating
the light-converging point within the object; the.laser
processing apparatus further comprising correlation stering
means having stored thereln a correlation between the
magnitude of power of pulse laser light adjusted by the power

adjustingmeans andthesizeofmodifiedspot; power selecting
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means for choosing, according to an inputted size of nodified spot, a
magni t ude of power of pulse laser light adapted to formthis size fromthe
correlation storing nmeans; the power adjusting nmeans adjusting the
magni t ude of power of pulse 5 laser light emtted fromthe |aser [FPgRt-0144-00
source such that the magnitude of power chosen by the power sel ettili BBans
is attained. The | aser processing apparatus in accordance with this aspect
of the present invention conprises correlation storing 10 nmeans havi ng
stored therein the magni tude of power of pulse |laser light and the size of
modi fi ed spot meAcsof df ngove iay, daputdet bz dhrvheedsdizki @limegdt jethe
magni t ude of power of pulse laser light adapted to formthis size is chosen
fromthe correlbatii,on B2onihgdeaeangovwEe cdomel sadj ais¢r nigi 45 meiams eadiast s t he
magni t ude of power of pulse laser light emtted fromthe |aser |ight source
so as to mekefiormbelcosesi Achéropgitid uderef apowers ohasenmbyns he lpoperer
sel ecting neans. Therefore, a nodified spot having a desirable size can be
fornmed. 20 Thedbasernnpr oeessi agjappanagt tsei megecoudance puwsr ad paspect of
the present invention conprises a laser light source for emtting pul se
| aser bight haeiseg aipbktsemacdtd 6fod ths basdeskigha Isioghtcecomvér ghay | ens
for converging the pulse laser light emtted fromthe | aser |ight source
such that 25 the pabséthdsesf |pagidr attomiens ba peakeponersedengiityy ofaat | east
Il x log (WcnR) at a |light-converging point; nunerical 32 FPO -0144-00 14
MAR 295 is attained.
The laser preocessing apparatus in accordance with this
aspectof thepresent inventicncomprisescorrelationstoring
10 means having stored therein the magnitude of power of pulse
laser light and the size of medified 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 ccrrelation storing means. The power adjusting
15 means adjusts the magnitude of power of pulse laser light
emitted from the laser light scurce so as to make it become
the magnitude of power chosen by the power selecting means.
Therefore, a mecdified spot having & desirable size can be

formed.
20 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
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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aperture adjusting neans for adjusting the size of nunmerical aperture of an
optical systemincluding the |ight-converging |ens according to an inputted
size of nunerical aperture; means for locating the |ight-converging point

of the pulse 5 laser |ight converged by the light-ccnverging | ens ¥MiGhitl4 a0
obj ect to be processed; and noving neans for relatively noving the 4 Mgi1es
-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 nodified
spot is formed 10 within the object to be processed by irradiating the
object to be greacesseddwm:thiogengun sécofapulsse dpsee diizghd £ whirleer i dadcat i ng
the 1 ight- converging point within the object; the |aser processing
appar at us f ur tdyssr oo singp €0t & Blsatsitem 1rsdord ingy orans ghavceg vetraried
therei-n a correlation between )5 the size of nunerical aperture adjusted by
the nunerical laperdaderddigusic ag rRanstandsihe sf zanefried hiped tspet;; and
nuneri cal aperture selecting nmeans for choosing, according to an inputted

size of nodifirethspdlor Lbeasing ofe NUIMETY-cAInveaRAHbeiadapt ethd @ufleem t hus
inputted size; the nunerical 20 aperture adjusting neans adjusting the size

of numeyical lapert urighadicdsiviengeicheyophe Chl gisyst@mrd gl iglieg & hd thin
i ght-converging |lens such that the size of nunerical aperture chosen by the

nunerical aperdrurodjseltectilng pRanss s&d attnal Redindheecbasefopredessivieg y

apparatus in accordance with this 25 aspect of the present invention

conpri ses cor medatrn@ahatldrghng caresnsy iraypadgnstodr pdl tbdraier 1 hehsizZencf
nuneri cal aperture 33 FPOL-0144-00 and the size of nodified spot. According

to an inputted diizee along which the object is intended tc be cut in the

cbject to be processed; wherein one modified spot is formed

10 within the ocbject to be processed by irradiating the cbject

to be processed with one pulse of pulse laser light while

locating the light-converging point within the object; the

laser processing apparatus further comprising correlation

storing means having stored therein a correlation between

15 the size of numerical aperture adjusted by the numerical

aperture adjusting means and the size of modified spot; and

numerical aperture selecting means for choosing, according

to an inputted size of modified spot, the size of numerical

aperture adapted to form thus inputted size; the numerical

20 aperture adjusting means adjusting the size of numerical

apertureoftheoptical systemincludingthelight-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 aspectcfthepresent inventioncomprisescorrelationstering

means having stored therein the size of numerical aperture
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of nodified spot, the size of nunerical aperture adapted
inputted size is chosen fromthe correlation storing ne
aperture adjusting neans 5 adjusts the size of nunerical
optical system including the Iight-converging |ens such

to formthus
ans. The nuneri cal

aperture of .t
that the %qozlérbﬁﬂwoo

nunerical aperture chosen by the nunerical aperture selecting ngang:t i

attai ned. Therefore, nodified spots having a desirable
10 The | aser processing apparatus in accordance with an

si ze can be forned.
aspect of the

present invention conprises a |laser |light source for emtting pulse |aser

| i ght having @nsuEBe siizft A gfoc £ igd 8POT esPCIBIE el 8T ABP

a plurality of [|ight-converging |enses for converging the pul se | aser

15 enitted from thslifsd I9ght Sourde s wch TUmer idfd e Utes édantieght

attains a peak power density of at least 1 x 106 (WcnR) at a _
| i ght - conver gitiy fpgimthushénpens esebééei hg PRansh bei oy thaldsed e 18| ect
among a plurality of light-converging Ienses, a plurality of optical
systems incl uditiy #rtte 2@2N$ ght TEenveInsi g 4 lendesr Have ngdoESpetdi veahdner i cal
apertures different fromeach other; nmeans for |ocating the

| i ght - conver giath Ydisht nefs 3k oputwee T kst aPeghtreony éhgedrt byah system
| i ght-converging | ens chosen by the | ens selecting neans wthin an object
to be processediclafd Noviheg lisans chor ez ing| AepveEychothal & size of
| i ght -convergi ng point. of pulse |aser |[|ight along a |line along which the
obj ect is intéHRay % BAPFPR L OTAZS0 byt e MR 20a b e rEut ©isk 1elké 188j ect to
be processed; wherein one nodified

10

13

20

25

means 1s attained. Therefore, modified spets having a
desirable size can be formed.

The laser processing apparatus in accordance with an
aspect of thepresent inventiconcomprisesalaser light source
for emitting pulse laser light having a2 pulse width of 1
us or less; lens selecting means including a plurality of
light-converging lenses for converging the pulse laser light
emitted from the laser light source such that the pulse laser
light attains a peak power density of at least 1 x 10% (W/cm?)
at a light~converging point, the lens selecting means being
adapted to select amecng 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 locating the
light-converging pcint 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
relatively moving the light-converging point of pulse laser

light along a line along which the object is intended to
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spot is formed within the object to be processed by irradiating the object
to be processed wth one pulse of pulse laser |ight while |ocating the
| i ght-converging point within the 5 object; the | aser processing apparatus
further conprising correlation storingmeanshavi ngstoredtherei na ciittlelBtdidoR s
bet ween sizes of nunerical apertures of a plurality of |ight-conyeéengkng
| enses and the size of nodified spot; and nunerical aperture selecting
means for choosing, according 10 to an inputted size of nodified spot, a
size of nunerical aperture adapted to formthus inputted size; the |lens
sel ecti ng neans saltechi Nige anvigca b eabirtyeotedl i ght rebnvergimgliliersies such
that the size of nunerical aperture chosen by the nunerical aperture
sel ecti ng neangotlbs fsrattaiinéd.n BAeceobdeng thdeanr o opss ¢ € o ysirae difa tiodi fi ed
spot, the laser processing apparatus in accordance with this aspect of the
present inventdhen cdhieazes d hee e ofsqdinErtircalne gagrdadurcef addpieed atse xf or m
thus inputted size. The lens 20 sel ecting neans selects anong a plurality of
| i ght - conver gilngii25 whengsesosatchnt hate tilehsi-zenafe mayumey peaht apetrtiin e hehosen
by the nunerical aperture selecting nmeans is attained. Therefore, nodified
spots Ravi ng akdesit;ahhe 3peks paancbesihorapssrdtes| Aserhgr acegsiing ng
apparatus in accordance with an aspect of the present invention conprises a
| aser |ight saunroe 135 iP0d:O144s N6214 WMARNY 'St oredthereinacorrelation
between sizes of numerical apertures of a plurality of
light-converging lenses and the size of modified spot; and
numerical aperture selecting means for choosing, according
10 to an inputted size of modified spot, a size of numerical
aperture adapted to form thus inputted size; the lens
selecting means selecting Among a plurality of
light-converging lenses such that the size of numerical
aperture chosen by the numerical aperture selecting means
15 is attained.
According to an inputted size of modified spot, the
laser processing apparatus in accordance with this aspect
of the present invention chooses the size of numerical
aperture adapted to form thus inputted size. The lens
20 selectingmeansselectsamongapluralityoflight—converging
lenses such that the size of numerical aperture chosen by
the numerical aperture selecting means is attained.
Therefore, modified spots having a desirable spots can be
formed.

25 The laser processing apparatus in accordance with an

aspect of thepresent inventioncomprisesalaser light source
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for emtting pulse |aser light having a pulse width of 1 ps or |ess; power
adj usting neans for adjusting the nmagnitude of power of pulse |aser |ight
emtted fromthe laser light source; a light-converging |lens for convergi n%
the pulse 5 laser light enitted fromthe Iaser |ight source such thadl-Qig-10
pul se laser light attains a peak power density of at [least 1 x 1G8 &Wﬁﬁfﬂ)
at a light-converging point; nunerical aperture adjusting nmeans for
adjusting the size of nunerical aperture of an optical systemincluding the
| i ght-converging 10 | ens; neans for |ocating the |ight-converging point of
the pul se | askerr |émhtt copverbeel bysehel igighthzohverygimg densidl tdfi I an

obj ect to be processed; and noving neans for relatively noving the

| i ght - conver givngopadiarsopopaksal juasemg heghs falroag) ast ime takormgvbicte t he
object is intended to 15 be cut in the object to be processed; wherein one
nodi fied spotof pdwermed pifhenléberobj @t drd thee priaocessked bysar rladirat i ng
the object to be processed with one pul se of pulse laser light while

| ocating the |sghteceonyelrigimy porvergitdi hetdhefoobi@cterdimg [tasepyarssressi ng
apparatus further conprising 20 correlation storing neans having stored
therei b a corrd st anigltetamdert ead Setoroft hiehé asegniliigde sbfuposwesudf ghdtse

| aser |ight adjusted by the power adjusting neans and the size of nuneri cal
aperture adj ustred fhyl 4del anmeri caht aperdure adpest | pgvereatensiand dhetsi ze of
nodi fied spot; and set selecti ng means for 25 choosing, according to an

i nputted size ofaswdi fildd spocn®) atsetl igh tHe megr iudeodht powere r@inck Isi ze  of
nuneri cal aperture 36 FPO -0144-00 adapted to formthis size; the power

adj usting nmearpearndire adjusting means for adjusting the size of numerical

aperture of anoptical systemincluding the light-converging
10 lens; means for locating the light-converging point cof 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 chject is intended to
15 be cut in the object to be processed; wherein one modified
spotis formedwithintheobjecttobeprocessedbyirradiating
the object to be processed with one pulse of pulse laser
light while locating the light-converging point within the
object; the laser processing apparatus further comprising
20 correlationstoringmeanshaving storedthereinacorrelation
between a set of the magnitude of power of pulse laser light
adjustedbythepower adjustingmeans andthe size of numerical
aperture adjusted by the numerical aperture adjusting means
and the size of modified spot; and set selecting means for
25 choosing, accerding to an inputted size of modified spot,

a set of themagnitude of power and size of numerical aperture
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nunerical aperture adjusting neans adjusting the magnitude of power of

pul se laser light emtted fromthe laser light source and the size of
nunerical aperture of the optical 5 systemincluding the I i ght -converging
| ens such that the magnitude of power and size of nunerical apert#r@écoggie_%o
by the set selecting neans are attained. According to an inputted S

modi fied spot, the |aser processing apparatus in accordance with this-.
aspect 10 of the present invention chooses a conbination of the ‘maghitude
of power and size of nunerical aperture adapted to formthus inputted size
fromthe correlation storing neans. Then, it adjusts the magnitude of power
of pul se | aserdaRfRd Shd YHe Ciide OfZHuneid caY Bpertinrse 160 1§ 'GpfPeal
systemis including the |ight-converging lens so as to attain the chosen
magni t ude of POWETL Rl SP2E tof enader $ e AN J danture] uThepaf dre M2 arddivFred
spots having a desirable size can be f ormed. Al so, since the magnitude of
power and the i Peeesf CAuRBE Feal 2 eperltigle eird teshbr pedt kogetdrar 118 nunber
of kinds of controllable 20 dinensions of nodified spots can be increased.
The | aser proces¥iaty Apharra st 46 e dortfnce Wwiate En rcaddeh oo tAE3pr esent
invention conprises a laser light source for emtting pulse |laser |ight

havi ng2a pul séWiitdth igfcjudigy ohd dsgh tpovdyvead) st ileg smears ftéetadpast i ng

t he magni tude 25 of power of pulse laser light emtted fromthe |aser -light
source; |ens Feloectiusly mfarrevarclaid g 28 pHiurainani cgfl IPeEREIie) M9seo

| i ght-converging | enses for. converging the pulse |laser light emtted from
the laser |igRy 6% & tsiich edatnd Meapa srg axlerained.

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 c¢f the
magnitude of power and size of numerical aperture adapted
toformthus inputtedsize fromthe correlationstoringmeans.
Then, it adjusts the magnitude of power of pulse laser light
and the size of numerical aperture of the optical system
15 including the light-converging lenssoastoattainthe chosen
magnitude of powerandsize of numerical aperture. Therefore,
modified spots having a desirable size can be formed. Also,
sincethemagnitudeofpower andthesizeof numerical aperture
are combined together, the number of kinds of controllable

20 dimensions of modified spots can be increased.
The laser processing apparatus in accordance with an
aspect of thepresent inventioncomprisesalaser 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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light attains a peak power density of at least 1 x 10B (Ha/cnR) at a

| i ght-converging point, the lens selecting neans being 5 adapted to sel ect
anong a plurality of light-converging |l enses, a plurality of optical systens
i ncluding the |ight-converging | enses having respective nuneri cal & g%hﬂﬁgﬁo
different fromeach other; neans for |ocating the Iight-convergiﬁg)go' to
the pulse laser light converged 10 by a |ight-converging | ens cheosen.by. the
| ens selecting neans within an object to be processed; and novi ng reans for
rel atively noving the |ight-converging point of pulse laser Ilight along a

| ine al ong which the object is_intended to be cut in the object to be
processed; wher & one Hod ¥12den528 F6F F9 e hvdl Rt 4P & hesebjiééPtt o be
processed by irradiating the object to be processed with one pulse of pul se
laser |ight It $DESEMIG ] ABSPE gHtSCoRTBF §F iy ot d € WinehP Rl $ e 2S8Bj ect ;
the | aser processing apparatus further conprising correlation stori,ng nmeans
havi ng st or ed XiEreipftalosrs dLak o 20 dsdibsench adetcast tthe ItagHitdde of
power of pulse laser |ight adjusted by the power adjusting neans and sizes
of numerical adpertiges-epnachlir@biolytof tBpticd SEYSEEABYI TRAMIIPRGEhe

| i ght-converging | enses and_the size of nodified spot; and set selecting
means for chocsiaRy:edcedr @ hYCE 02BANY npuPled228tyj 26 3fl IMSHiCONe@1$pBE, a set
of the magnitude of power and _size of numerical aperture adapted to form
thus inputted 138 5F01- 6190L 002 5iPe PloRhe-Thr sEBAEMSN 5o hE $eihs; the
power adjusting neans and | ens sel ecting neans adjusting the nagnitude of
power of puIséHQﬂﬁﬂCQW%ﬂﬁg%ﬂﬁtt%%P%?%n1gﬁélmaseFeﬁpaﬁFlgﬁur@@merlcal

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 selectingmeans
within an cbject 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 cbject to be processed; wherein one modified
15 spot is formedwithintheobject 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
correlaticnstoringmeanshavingstoredthereinacorrelation
20 between a set of the magnitude of power of pulse laser light
adjusted by the power adjusting means and sizes of numerical
apertures cf 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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and selecting anong a plurality of light-converging lenses 5 so as to attain
the power and size of nunerical aperture chosen by the set sel ecting neans.
According to an inputted size of nodified spot, the |aser processin(ﬁb 4-00
apparatus in accordance with this aspect of the present i nvent i on® thibosks!
conbi nation of the 10 magni tude of power and size of nunerical apgritmie;:-
adapted to formthus inputted size fromthe correlation storing neans. |t
adj usts the nmagni tude of power of pulse laser light emtted fromthe |aser
| i ght source and selects anong a plurality of |ight-converging |enses so as
to attain the THoBEMOMS aGRILEGAE LaoNpdWRFihiiedNse Wie RANELI usdpée ur e,
respectively. Therefore, nodified spots having.a desirable size can be
formed. Al so, B¢Fre arhe rfgnistuds tdhporensapdiushengi vlee ghaunerde alf
aperture are conbined together, the nunber of kinds of controllable
di mensi ons of Podkf pPEdwsiFst b2 s 20 logh theni eg@ased tEhba $ @5 A 9pt devySieng
apparatus in accordance with this aspect of the present invention my
further conpriaed diedsicay ngnerns of @redi sl @y nd 1 hehrageiveteind Jsowes chosen
by the power selecting neans, display neans for displaying the size 25 of
numeri cal aperi@ras ciseirtdyn tiee e ¥ oatd apiere Wrie nuged wigtd Ingp o € and
di spl ay neans for displaying the 39 FP01-0144-00 1 4 M'It R nagnitude of
power and sizeclodsquney it plersefechbing Heeawet chosen by the set sel ecting
means. This makes it possible to see the power and nunerical aperture when
t he | aser According to an inputted size of modified spot, the
laser processing apparatus in accordance with this aspect
of the present invention chooses a combkination of the
10 magnitude of power and size of numerical aperture adapted
tofocrmthus inputtedsize fromthe correlationsteringmeans.
It adjusts themagnitude of power of pulse laser light emitted
from the laser light source and selects among a piurality
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 ke formed. Also, since the magnitude of power and
the size of numerical aperture are combined together, the
number of kinds of controllable dimensicns of modified spots
20 can be increased.
The laser processing apparatus in accordance with this
aspect of the present inventionmay further comprise display
means for displaying the magnitude cof 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
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processi ng apparatus operates according to an inputted size 5 of nodi
spot. The | aser processing apparatus can forma plurality of nodified spots
along a line along which the object is intended to be cut within the

to be processed. These nodified spots define anodified region. ThHe

fied

obj ect

Codi ided ©

region 10 includes at |east one of a crack region where a crack i$: Mz s
generated within the object to be processed, a nolten processed region
which is nelted within the object to be processed, and a refractive
change region where refractive index is changed within the object to
processed. is TsRkanpt obfPamdessol Jidierofadjursttiivg lmeares tiuweodd thgcl udi ng
at least one of an ND filter and a polarization filter. In another node,
the | aser |ightesobrsenimctiriest selmaipingnéaser Whasgaske hetlppseible
processi ng apparatus conprises driving current controlling neans for
control | i ng 20t ¢ heedr ithiengoewnr emd ofuntdusl puinpipeyr t @ser wvhEhesedecdrsadj ust
t he magni tude of power of pulse |aser |ight. An exanple of nodes of

numeri cal

ndex
be

aperniree 5l US Bicpg rat assoparcs Ueke @ cab rdeast t o emel ofuat @ arhzéxpander

and an iris diaphragm The | aser processing nmethod in accordance with an
aspect 225 of shenpieSesd spmventi on conprises a first step of irradiating
an object to be processed with pulse laser |ight while | ocating 40
FPO1-0144-00 4 MAR TIXC laskeirgbtocenvéngi agprpodntsofan heopuls e Juasdrn thi ght
within the object, so as to forma first nodified regi on caused by
mul ti phot on absbriedohied t3rat s el oty ectl iglcorg candf imhsitch the object is

10

15

20

25

intended to be cut within the cbject to be processed. These
modifiedspotsdefineamodifiedregion. Themodifiedregion
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
refractiveindexischangedwithintheobject tobeprocessed.

An example of modes of power adiusting means is one
including at least cne of an ND filtexr and a pclarization
filter. 1In another mode, the laser light scurce includes
a pumping laser whereas the laser processing apparatus
comprises driving current controlling means for controlling
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
cone of a beam expander and an iris diaphragm.

The laserprocessingmethodinaccordancewithanaspect
of thepresent inventioncomprisesa first stepof irradiating

anobjecttobeprocessedwithpulselaser lightwhile locating
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| ine al ong which the object is intended to be cut in the 5 object; and a
second step of irradiating the object with pulse |aser |ight while nmaking
the pulse laser light attain a power higher or lower than that in_the first
step and | ocating the |ight-converging point of the pulse |aser |{f§Ht-0144-00
within the object, so as to forma second nodified regi on caused {BADyS

mul ti phot on absorption within the object along a second |ine along which
the object is intended to be cut in the object. The |aser processing nethod
in accordance with an aspect of the present invention conprises a first
step of irradiatihghtisonnebdieet PeonbeCprbeesBiels M %ﬁswrgegmhsmtm@ht
while locating a |ight-converging point of the pulse laser light wwthin the
obj ect, so as tefobpeatfisetaaotdffetnragf brstaisddiiey Aeyiephodosed
absorption within the object along a first I|ine along which the object is

i ntended to hebgutulhiphet @0 ohjemtiandidlsecohe sbdpcsf ailpradiafinhytt he
object with pulse laser Iight while nmaking an optical systemincluding a

| i ght - conver gi hin¢éeaschorwitbobetlye ngbi éet pus senteeded | tghve agt aim @he
nunerical aperture greater or snmaller than that in the first step and

| ocati ng the |¢ghectonsed gk ngeponat sREp obf t herpdl seinasehe | dlghtciwhih t he
object, so as to form a second nodified region caused by multi photon
absorption 41 puls¢MldseRifpht WPOLe 0E44Q0 thiet i hs € He sslyj édohal ane B second
line along which the object is intended to be cut in the object. Wen
respective di reecwedsilicdhondeveasyharotledt 1aidie first step andlocating

the light-converging point ¢f the pulse laser light within
the cbiject, so as to form a second modified regicon caused
10 by multiphoton abscrption within the object along a second
line along which the object is intended to be cut in the
ocbject.
Thelaser processingmethodinaccordancewithanaspect
of thepresent inventioncomprisesa first stepof irradiating
15 anobject tobeprocessedwithpulselaser lightwhilelocating
a light—converging.point of the pulse iaser light within
the object, sc as to form a first modified region caused
by multiphoton absorption within the object along a first
line along which the object is intended toc be cut in the
20 object:; and a second step of irradiating the object with
pulse laser light while making an optical system including
a light-converging lens for converging the pulse lasex light
attain a numerical asperture 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 tc form

a second modified region caused by multiphoton abscrption
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hard to cut exist due to the crystal orientation, for exanple, 5 the |aser
processi ng methods in accordance with these aspects of the present itrvéitibn
decreases the size of nodified spot constituting a nodified region forned
in the easy-to-cut direction and increases the size of nodified spotl-0144-00
constituting another nodified region formed in the 10 hard-to-cut direction.
This can attain a flat cross section in the easy-to-cut direction and
enabl es cutting in the hard-to-cut direction as well. (4) The | aser
processing apparatus in accordance wth an aspect of the present invention
conprises a | asigghin5hiei ghiesowlced arsegind iagepl e Mageh thegbisnt ng a
pulse width of 1 ps or less; frequency adjusting nmeans for adjusting the
magni t ude of a ¥ epetdndah fo depiency of tihe gpeisetl aser light enmitted from
the |aser light source according to an inputted magnitude of frequency;
| i ght - conver gi ng nedthsf gesp@ccaneedgiagtihespuhseh laaserakiyght @nt taregd from
the laser light source such that the pulse laser |ight attains a peak power
density of at Haabtolut 40b6s{Woen) tae cayisitghlt ecomverigiony fpoiexgmmeans f or
| ocating the light-converging point of the pulse laser |ight converged by
t he |i ght - conwdregl age mpans €25 iwict ihd thaths objeestonda nye wiotebsed;a s triovi ng
nmeans for relatively noving the |ight-converging point of pulse |aser 42 1
1 61 AP FPOL- 0144+06 pightntaliongnd ibnnde af ©hge shinechs t be odbjpedi fisdiansnded to
be cut in the object to be processed; wherein one nodified spot is forned
wi thin the objosutstic el py oressbid IBd iregdinmtiggred in the easy-to-cut
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 prccessing apparatus in accordance
with an aspect of the present invention comprises a laser
15 light source for emitting pulse laser light having a pulse
widthof 1us or less; freguency adjustingmeans for adjusting
the magnitude of a repetition frequency c¢f the pulse laser
light emitted from the laser light source according to an
inputtedmagnitude of freguency:; light-converging means for
20 converging the pulse laser light emitted fromthe 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; means for locating the light-converging point of the
pulse laser light converged by the light-converging means
25 within an object tc be processed; and moving means for

relatively moving the light-converging point of pulse laser
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the object to be processed with one pul se of pulse laser 5 |ight i7] @ 290

| ocating the |ight-converging point within the object; and whereina ™ "
plurality of nodified spots are formed along the line along “hiChFEBf~0144—OO
object is intended to be cut wthin the object to be processed by
irradiating the object to be processed with a plurality of pulses of pulse
| aser 10 light while |ocating the |ight-converging point wwthin the object
and relatively noving the light-converging point along the Iine along which
the object is intended to be_cut; the Igser Erocessing apparatus further
conprising di stafBé 2éarguPating ALaRY FOFCEaFEEl 8P RE algié?Eﬁ%%e%éWﬂeen
nodi fi ed 15 spots adjacent each other according to an inputted nagnjtxde of
frequency; and”8iStance spPAFCrehAsPE R AR SHIERi HPSfe D arstapeet e
cal cul ated by the distance cal cul ati ng neans. The inventor has found that,
when the |ight SPEbivetGiTRA v bbb L Pl & FABEPNACHHS KLY AL FF&e L ¥4 at i ve
novi ng speed, 20 the distance between a nodified part (referred to as

nodi fi ed spot)tP8raBASBY 6AePBUPEECBFSHMl YéthasEr PHYAE @AdPRlF®AIFIRE  spot
formed by the next one pulse of |aser |ight can be made greater by |owering
the repetitionlipBguehtle Jacatdd pébR L180RACPRAELIbYI ChtHtast thEA R st ance
can be made shorter 25 by increasing the repetition frequency of pul se | aser
light. In theOBﬁéééhta%gr;é?E’ief—”ieéﬁﬁ Bgyrtaﬁilstwéﬁéaﬁﬂéélie@ ERPF esdedf AN qd 4 VAR
2QC5 FP01-0144-00 as the distance or pitch between adjacent nodified spots.
Therefore, the®dP8fante WettnddrEneh 48] acehto st tadi sherdeddry b cut

controll ed by carryin%}out,adjustnent f or , o ,
wlithin the object to be processed by irradiating the object

to be processed with a plurality of pulses cof pulse laser

10 light while lccating the light-converging point within the

obiject andrelativelymovingthelight~convergingpeoint along

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

laser processing apparatus further comprising distance

calculatingmeans forcalculatingadistancebetweenmodified

15 spots adjacent each octher according to an inputted magnitude

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 light has a fixed relative moving speed,

20 the distance between amodified part (referred to asmodified

spot) formed by cne pulse of pulse laser 1ight and a modified

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

greater by lowering the repetition frequency. It has been

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

25 by increasing the repetition freguency of pulse laser light.

In the present specification, this distance 1s expressed
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i ncreasing or decreasing the repetition frequency of pulse 5 laser |ight.
Changi ng the di stance according to the kind, thickness, and the |ike tof 'tihe
obj ect to be processed enables <cutting in conformty to the object to be
processed. Forming a plurality of nodified spots along a |ine al orftPQatilet 4-00
the object is intended to be cut within the object to be processed 10
defines a nodified region. The | aser processing apparatus in accordance with
this aspect of the present invention calculates the distance between
adj acent nodified spots according to the inputted nagnitudeof frequency,
and di spl ays t hus tdad clilstaed-adicst anceh b&tTheneddnecemt timdeSpettspod s .
nodi fi ed spots forned according to the magnitude of frequency fed into the
| aser processing apparatafSyrd hehdidiantecdeenweennadjcaedntcepotmdidneble seen
before | aser processing. The | aser processing apparatus in accordance with
an 20 aspect ofpdthe paepsert danventlilord ceppresegiagl aser aldightmeaur der for
emtting pulse laser light having a pulse width of 1 ps or |ess;
| i ght - conver gi nighaesasii@rcrcapeergisngat hee ptdrser i diasef rkggbhcen £ tped sker om
the |l aser light source such that the pulse laser |ight attains a peak power
density of at 2Z:deeastidhtx 1Q8aaWiem }hatdbsiaghd -seenvedgigngo paiaitkinagans
for locating the |light-converging point of the pulse laser light 44 1 4
M"IR ?Nrl . FROi&Oddds H0acanies dedehyr the o pdhdt comepgbogssearsianlelsi n an
object to be processed; noving neans for relatively noving the
| i ght - conver gi ngtpming iofcpuicaeni@ses theghb jatong e praeessed. Forming
a plurality of modified spots along a line along which the
object is intended to be cut within the object to be processed
10 defines a modified region.

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 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 inventionccmprisesa laser 1ight source
for emitting pulse laser light having a2 pulse width of 1
Hs or less; light-converging means for converging 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 pecint of the pulse laser light
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al ong which the object is intended to be cut in the object 5 to be
processed; and speed adjusting neans for adjusting the magnitude of MAR "
rel ative noving speed of the |ight-converging point of pulse Ias?é itg?54 00
caused by the noving nmeans according to an inputted magnitude of 8 ed; "
wherein one nodified spot is formed within the object to 10 be processed by
irradiating the object to be processed wwth one pulse of pulse |aser |ight
while locating the 1light-converging point within the object; and wherein a
plurality of nodified spots are formed along the line along which the

obj ect is int ERIEETEEIEYc G Wittt REVEBPEE 8208 NetPiBcaBsel Byt
irradiating the object to be processed wth_ a plurality of pulses of pulse
| aser |ight WHA &9 qERGSFFeT'ha"dy G -Bonver g hg porhtVed Y hPevite Bbfect and
relatively noving the |ight-converging point_along the |ine along which

t he object islisthéngeavesdpadcireinthef] @@éﬁep#éé@s‘si‘lhghtzoaé%ar@tﬁisn@urther
conprising distance cal cul ating neans for calculating a distance between
nodi fi ed spot ¢ ladidarBhthebleh Olot et o dor@nAg St o ave i HutiedNrughl ¢ttle of
speed; and distance display nmeans for displaying the distance cal cul ated
by the3di stanée® &&l gulaesag§dreans. spgethadirieAaner "Aassf bahd2Ehastivfen t he
|'i ght-converging point of pulse laser light has a fixed relative noving
speed, 45 FPOLh@l44mapriheddi sttdncerBedben adicaddmt ndeE?d ed °dpotshean be
made shorter _and | onger by decreasing and increasing the relative noving
speed of the ILight-eshrverging point of pulse lasser lighghcausedpertiiel y.

Therefore, the distance between , .
moving means according to an inputted magnitude of speed;

wherein one modified spot is formed within the cbhject to
10 be processed by irradiating the object to be processed with
one pulse of pulse laser light while locating the
light-converging point within the object; and wherein a
plurality of modified spcts are formed alcng the line along
which the object is intended to be cut within the object
15 to be processed by irradiating the object to be processed
withapluralityof pulsesofpulse laser light while locating
the light-converging peint within the object and relatively
movingthelight—convergingpointalQngthelinealongwhich
the object is intended to be cut; the laser processing
20 apparatus further comprising distance calculating means for
calculating a distance between medified spots adjacent each
other according to an inputted magnitude of speed; and
distancedisplaymeans fordisplayingthedistancecalculated
by the distance calculating means.
25 The inventor has found that, when the light-converging

point ¢f pulse laser light has a fixed relative moving speed,
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3 adj acent nodified spots can be controlled by increasing or decreasing the
rel ati ve nmoving speed of the Iight-converging point of pulse |aser Fibght. /0%
As a consequence, a cutting process suitable for an object to be processed
is possible by changing the distance according to the kind, thicknEB3l-4bi4-0C
and the like of the object to be processed. The relative novenent of the

| i ght -convergi ng point of pulse |aser |ight my be achieved by noving the
object to be processed while fixing the |I ight- converging point of pulse

| aser light, by noving the 1 i ght -converging point of pulse |aser |ight
whil e 15 fi xi ngthéed pbfeete tloebeepn ozeszed)t onodyf hevispptbdtdan Mkhenddser
processi ng apparatus in accordance with this aspect of the present

i nvention cal culateset heddishaacdy det weeni agpadei crnek fiedhspotls: tdcoodr di ng
to the inputted nagnitude of speed, and displays thus cal cul ated distance.
20 Therefore, wahingspsstd tef mhd flilghtsponyergimgdpacoordi ngulse tdwer
magni t ude of speed fed into the | aser processing apparatus, the distance
bet ween adj acentispot s reapelod ivedry. befbeeefaser priocedssshgncT¥hédtasam
processi ng apparatus in accordance with an 25 aspect of the present

i nventi dn conprigescant agelifieghtspsasr cen $orcoertindlilrgl pul sectesernd ight
having a pulse width of I 46 1 4 MAC. 7 r; FP01-0199-00 his or |ess;
frequency adj usieageaeans therraldjtuste mgvt hg speeght { ade lofgrd raapetd tgiomm
frequency of the pulse laser light emtted fromthe |aser |ight source
accordi ng to arrdnputeedouhegnl ¢ sile biglit equency;cdri gavuaaIRergiNg: triwens f or

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 peint ¢of pulse laser light
may be achieved by moving the object to be processed while
fixing the light-converging peint of pulse laser light, by
moving the light-converging point of pulse laser light 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 aspectofthepresentinventioncomprisesalaserlightsource

for emitting pulse laser light having a pulse width of 1
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5 converging the pulse laser light emtted fromthe laser |ight source such
that the pulse laser light attains a peak power density-of at |eagt} #\%;108
(WcnR) at a light-converging point; neans for |ocating the
| i ght - convergi ng point of the pulse laser |ight converged by the FP01-0144-00
|'i ght-converging neans 10 within an object to be processed; noving neans for
relatively noving the light-converging point of pulse laser light along a
| ine al ong which the object is intended to be cut in the object to be
processed; and speed adjusting neans for adjusting the magnitude of
relative novi ngisspeedlesst herdGuenght adpnvet gi nge pos nt cof apghse ihgsehel i ght
caused by the noving neans according to an inputted nagnitude of speed;
wher ei n one nodidared wspobfias repenedivnt firegudreobjf edtie polskel psocasgbd by
irradiating the object to be processed with one pulse of pulse |aser |ight
whi | e | ocati ng arhe t2( Erghtticoteergi ngyipoisph rwietdd o tdienphpemt i naadteder ei n
a plurality of nodified spots are forned along the Iine along which the
obj ect is intemdechittwdze ocuf wtdgumetdre; objléght-tonberpingessednby for
irradiating the object to be processed wth a plurality of pulses of pulse
| aser |ight whidoeviesocaitiongh@putlize 1a gt 1 dghvesngi g ok ot twist hé we t Regbbj ect
and relatively noving the light-converging point along the |line along which
47 mvRkR r 1,' sclird<sFRPOEh0dM4dt -10& phé seb] estrilsightt ended ntoa e aduppwehe
| aser processing apparatus further conprising distance cal cul ati ng neans
f or density of at least 1 x 10% (W/cm?) at a light-converging
peint; 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
cbject to be processed; and speed adjusting means for
adjusting the magnitude of relative moving speed of the
15 light~converging point of pulse laser light caused by the
moving means according to an inputted magnitude of speed;
wherein one modified spot is formed within the object to
be processed by irradiating the object to be processed with
ocne pulse of pulse laser 1light 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 pe processed by irradiating the object to be processed
with apluralityof pulses of pulse laser 1ight while locating
25 the light-converging point within the object and relatively

moving the light-converging point along the line alcong which
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cal cul ating a di stance between nodified spots adjacent each other according
to inputted magni tudes of frequency and 5 speed; and distance displ %g@pgﬁs
for displaying the distance calculated by the distance cal cul ating
The | aser processing apparatus in accordance with this aspect of fﬁ%l 0144-00
present invention adjusts both the magnitude of a repetition frequency of
pul se.laser light and the 10 magnitude of relative noving speed of the
| i ght-converging point, thereby being able to control the distance between
adj acent nodified spots. Conbining these adjustnents nmakes it possible to
i ncrease the numbepbobcki nds ioft egated ot b abke cudi; memsi dresscconeer e sEL rthe
di stance. Also, the | aser 15 processing apparatus in accordance with this
aspect of the appasauts ifivehtzironoabt DN ke sdisstcance] el seeng adpaseittr
nodi fied spots to be seen before | aser processing. These | aser processing
appar atus may darthest cogprdsetzsczdstwiemgonednsdhepong astaredttdeettei n t he
size of a nodified 20 spot fornmed by the | aser processing apparatus; imge
preparing neanstfier prepading ap inmpge tefd awgynurtaldetsy off fmegidriced spbt s
formed along a line along which the object is intended to be cut according
to the 5ize storedd anthE stsdirzee i opiag nemanssf andibheadisyaneed tal oudat ed by
the di stance 25 cal cul ating neans; and i mage di splay neans for displaying
t he i mage prepax bcubytédieby mage PiepancagcabandatIhg smadhows 48 4 r~t ? Rn
FP01-0299-00 a plurality of nodified spots, i.e., nodified region, to be
grasped visual |y befDrelbasemnpracessiqigpparatus in accordance with this
aspect of the present invention adjusts both the magnitude
of a repetition fregquency of pulse laser light and the
10 magnitude of relative moving speed of the light-ceonverging
point, thereby being able to control the distance between
adjacent modified spots. Combiningthese adjustments makes
it possible to increase the number of kinds of controcllable
dimensions concerning the distance. Also, the laser
15 processing apparatus in accordance with this aspect c¢f 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 amcdified
20 spot formed by the laser processing apparatus; image
preparing means for preparing an image of a plurzlity cf
modified spots formed along a line along which the object
is intended to be cut according to the size stored in the
sizestoringmeansandthedistancecalculatedbythedistance
25 calculating means; and image display means for displaying

the image prepared by the image preparingmeans. Thisallows
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The | aser ptrocessing apparatus in accordance with an aspect of the present

i nvention conprises a laser light source 5 for emtting pul se | aser Iightr
having a pulse width of 1 ps or less; frequency adjusting means for 14 M 700
adj usting the magnitude of a repetition frequency of the pulse | aedl+ilyt-00
emtted fromthe laser |ight source according to an inputted magnitude of
frequency; |ight-converging neans for 10 converging the pulse |aser |ight
emtted fromthe laser light source such that the pulse laser |ight attains
a peak power density of at least 1 x 108 (WcnR) at a |ight-converging

poi nt; neans farploeating dhembhght =goppet gj ng. o] Nnhoofribe royl se, laser

| i ght converged by the |1 ght-convergi ng neans 15 within an object to be
processed; andhaDYiragpEBanSsHeLlyr Bkabir¥el ysepvppgctbeihght - convergi ng
poi nt of pulse laser 1light along a |line along which the object is intended

to be cut in the obfgst]dbe precessRdapphesehs 0Nembidaned wspptad S
formed within the object to be processed By irradiating 20 the object to be

processed W t hyQpecpW Senhdhr HESE 1A%k i ohl hp M d £a haeatingHtheource
| i ght-converging point within the object; and wherein a plurality of

nodi fi ed spotsrarecshottedy 8h08g thecli Negrt ONgy MR CH bhesobjegin i st int ended
to be cut wthin the object to be processed by irradiating the object 25 to

be processed W;thoa pleysal ift @fer @ft iPY sRdrpsefor |4 stiid ecdocat i ng
t he |Iight-converging point mjﬁﬁin@?LEQ?Q 1 4@NAR 2V ; FPd%?%l44-OO obj ect

and rel ativel ymgg¥iRgdehe bigifeconvets gireguRathto 8koRgput b€ 1lisee Blgng whi ch
the object is intended to be cut; the
emitted from the laser light source according to an inputted
magnitude of frequency; light-converging means for
10 converging the pulse laser light emitted fromthe 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; means for locating the light-converging point of the

pulse laser light converged by the light-converging means

=
n

within an cbject to ke processed; and moving means for
relativelymoving the light-converging point of pulse laser
light along a line along which the object is intended to
ke cut in the object to be processed; wherein cne modified
spotisformedwithintheobjecttobeprocessedbyirradiating
20 the object to be processed with one pulse of pulse laser
light while locating the light-converging point within the
object; and wherein a plurality of modified spots are formed
along the line alcng which the object is intended to be cut
within the object to be processed by irradiating the chject
25 toc be processed with a plurality of pulses of pulse laser

light while locating the light-converging point within the
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| aser processing apparatus further conprising frequency calcul ating neans
for calculating, according to an inputted 5 nagnitude of distance bg wﬁgnwr
nodi fied spots adjacent each other, the magnitude of repetition frb&uéhé““
of the pulse laser light enmtted fromthe laser |ight source so aBP#b-0144-00
attain thus inputted nmagnitude of distance between the nodified spots

adj acent each other; the frequency adjusting 10 neans adjusting the

magni tude of repetition frequency of the pulse laser light emtted fromthe
| aser |ight source such that the magnitude of frequency cal cul ated by the
frequency cal cui pdmmgndeais tiiycdytraiied t Actdptdingohveani ngputitéds Ivargni t ude
of distance between 15 adjacent nodified spots, the | aser processing
apparatus in tdoedridencd onigt khtibhstlaspgtieof idenpresiedt tbnsenteon the
cal cul ates the magnitude of a repetition frequency of the pulse |aser |ight
emtted from tlhesdmsgrotéghingouppersuch fulatetrhicommagpiitiudef ofqukirstyance

i s-attai ned between the 20 adjacent nodified spots. The frequency adjusting

means adj ust =4 hes I|egin ¢ véa nef £ ¢epetlictilan ke quensyd dfig tthea pulrget Heaser
light emtted fromthe laser |ight source such that the nagnitude of

frequericy cal cndptiethdy dfheibrequensyt weat cidditiirg spans adjatéat reecth
Therefore, a desirable 25 nagnitude of distance can be attai ned between
adj acent  nodidtregr ,Spotess mao itude’ b3t repdt4 tEBOLE 089000y The dlasgrulse
processi ng apparatus in accordance with this
laser light emitted from the laser light scurce so as tc
attain thus inputted magnitude of distance between the
modified spots adjacent each other; the frequency adjusting
10 means adiusting the magnitude of repetiticn 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 source such
that this magnitude of distance is attained between the
20 adjacent modified spots. The freguency adjusting means
adiusts the magnitude of repetition frequency of the pulse
laser light emitted from the laser light source such that
the magnitude of frequency calculated by the frequency
calculating means 1is attained. Therefore, a desirable

25 magnitude of distance can be attained between adjacent

modified spots.

50



aspect of the present invention may further conprise frequency display
means for displaying the magnitude of frequency cal cul ated by the ﬁr@gypmgy
cal cul ating neans. 5 \Wen operating the | aser processing apparatus agfogflpg
to the inputted nmagnitude of distance between adjacent nodified EB S; ~00
this allows the frequency to be seen before |aser processing. The | aser
processi ng apparatus in accordance with an 10 aspect of the present _

i nvention conprises a laser light source for emtting pulse |laser |ight
having a pulse width of 1 his or less; |ight-converging nmeans for
converging tit-1 pul 5ee lagsarpioehis e eredrPEgmirhacraseante gt hsturte such
that the pulse laser light attains a peak power density of at 15 [east 1 X
108 (WcnR) at2arerghtofcohber girpspdi nENVEBAASHT gRay | SeathAY tF@IPrise

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

| i ght - conver gi Ayeaeansywithbhagnmebpéecti ot ¢lilse lencoas sk Moyl fgideeans for
relatively noving the |I|ight-converging point of pulse laser light along a
line 20 al ong Wheégherhe objectatsdihyehdedf teabeneytcadhce et obj aetangto be
processed; and speed adjusting neans for adjusting the magnitude of

rel ative novi nghepemekoft e thie ghsetanvedes g1 pEpmE readusedcbyrdheg ovi ng
nmeans; wherein one nodified spot is formed within the object to be
processed 25 byhé irgditaeichee et oig eétdir e phbotesseddgiacendmeopid sed  of
pul se laser light while locating the |ight-converging 51 4 - 0 O point

Wi thin the objeeptsanthiberbidvwa pharbre¢ayenty nbdiP¢ edeen priiors el v hred

along the line along which the object is
processing.

The laser processing apparatus in accordance with an

10 aspect of thepresent inventioncomprisesa laser light source
for emitting pulse laser light having a pulse width of 1

ps or less; light-converging means for converging thr® pulse

laser light emitted from the laser light scurce such that

the pulse laser light attains a peak power density of at

15 least 1 x 10° (W/cm®) at a light-converging point; means for
locating the light~converging point of the pulse laser light
converged by the light-converging means within an object

tc be processed; moving means for relatively moving the
light~-converging peint of pulse laser light along a line

20 along which the cbject is intended tc be cut in the object
to be processed; and speed adjusting means for adjusting

the magnitude cf relative moving speed of the
light-converging point caused by the moving means; wherein

one modified spot is formed within the okbject to be processed

25 by irradiating the object to be processed with cne pulse

cf pulse laser light while locating the light-converging
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intended to be cut within the object to be processed by irradiating the
object to be processed with a plurality of 5 pulses of pulse |aser |ight
while locating the 1light-converging point within the object and relatively
nmovi ng the |ight-converging point along the line al ong which tm6%9§ﬁ§§} i s 0
intended to be cut; the | aser processing apparatus further conpri§1 g’éﬁéé&
cal cul ating neans for 10 cal culating, according to an inputted magnitude of
di stance between nodified spots adjacent each other, the nagnitude of

rel ative noving speed of the pulse laser light so as to attain thus

i nputted magni tude of distance between the nodified spots adjacent each

ot her; the sp&dHdjpastiRg-hfeaR3ers s distieag ithe PragRilt Gded bMofdifaePve
novi ng speed of the 1ight-converging point of pulse |laser |ight caused by
the noving nEdfst S wdte tfr%:fne@hélﬁﬁgngb@délm 7 &0 128 | Wel oty Og’d@@d is
cal cul ated by the igged calculating means is attained. According to an

i nputted magniitddsatd di stlmcelbetd welehn bbeadbagent tRolef Pea@cspees, Pivhe

| aser processing apparatus in accordance with this asEect of the present

i nvention calicidagiest e thegabl 66e 'o® hreelPariogs swevivhgh spadd ofl ittheof

| i ght-convergi ng point of pulse laser Iight caused by the noving nmeans. The
speed adj usti my s aflj usid sehe Bsemgnilialé ofwhidlicat | Vecapiibeg Spéed of
the light -converging point of pulse |aser |light caused by the noving neans
such 52 1 4 ~IAQR-qRYFRAMDIP It 00iBhihathehebiaghi eode réfl atévativve
nmovi ng speed cal cul ated by

moving the light-converging point along the line along which

the obiect is intended to be cut; the laser processing

apparatus further comprising speed calculating means for

10 calculating, according to an inputted magnitude of distance

btetween 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

modifiedspots adiacent eachother; 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 relativemoving speed
calculated by the speed calculating means is attained.

According to an inputted magnitude of distance between

20 adjacent medified spots, the laser processing apparatus in

accordance with this éspect of the present inventicn

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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the frequency cal culating neans is attained. Therefore, a desirable
magni t ude of distance can be attained between adjacent nodi.fied; gpoils1 The
| aser processing apparatus in accordance with this aspect of the present
invention may further conprise speed display neans f or displayingP@he144-00
magni tude of relative noving speed calculated by the speed cal cul ating
means. When operating the | aser processing apparatus according to the 10

i nputted nagni tude of di stance between adjacent nodified spots, this allows
the rel ative noving speed to be seen before |aser processing. The | aser
processi ng apparat usid maacdandsEned wetlb tame aspecty ofet¢diecpraskented myenti on
conprises a laser light. source is for emtting pulse laser light having a
pul se wi dt h oftHe fiseqguenesscalicequenecy adiustisngtmeansdf or TlagdfeSd tag at he
magni tude of a repetition frequency of the pulse laser light emtted from
the | aser |ightesiotdligles rhaght = codaver gdngtaraas cahobecanwerigicny Hdteicenl se

| aser light emtted fromthe laser 20 |ight source such that the pul se | aser

i ght- attai nsacyqresikc npowetidenspdéys of at least | - 108 (WCM ) at a
| i ght-converging point; neans for |ocating the Iight -converging point of
the puse |aser |idghle Cosyengedt dysitrheabpghd t convies @i sugd aveans i tiMthiisn an
obj ect to be processed; noving neans for relatively 25 noving the
| i ght - conver giaxpepai ntf ofiepot seehasearvdnghin akgngurahkinecmab ohge wyeeh t he
object is intended to be cut in the 53 FP01-0144-00 object to be processed;
and speed adj usitdpigaymeaass ffor dasp lsying thheamrgnivdedef ok laeliakimoerimgvi ng
speed of the
speed calculated by the speed calculating means. When
operating the laser processing apparatus according to the
10 inputted magnitude of distance between adjacent modified
spots, thisallows therelativemoving speed tobe seen before
laser processing.
The laser processing apparatus in accordance with an
aspect of thepresent inventioncomprises a laser 1ight source
15 for emitting pulse laser light having a pulse width of 1
us or less; frequency adjusting means for adjusting the
magnitude of a repetition frequency of the pulse laser light
emitted from the laser light source; light-converging means
for converging the pulse laser light emitted from the laser
20 light source such that the pulse laser light attains a peak
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-ceonverging means
‘withinan object tobe processed; movingmeans for relatively

25 moving the light-converging peint of pulse laser light along

a line along which the cbject i1s intended to be cut in the
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| i ght-convergi ng point caused by the noving neans; wherein one nodified
spot is formed within the object to be processed 5 by irradiatihg #Helldbj ect
to be processed with one pulse of pulse |aser Iight while |ocating the
| i ght-converging point within the object; and wherein a pluralit gf1-0144-00
nodified spots are fornmed along the Iine along which the object is
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 |aser |ight
while locating the Iight-converging point within the object and relatively
nmovi ng the |i giesonvies gbig PoiarsBdnga e sPere & dng Wiichmeghe dbjrect i s
intended to be cut; the |aser processing 15 apparatus further conprising
conbi nati on ca&lcduisatiingg tfeamsa gif brudal el heiagl vacoov dnagspeedn dfnpdet ed
magni tude of distance between nodified spots adjacent each other, a
conbi nat i on ofl itohe regvietngde coborepet it $on Iy shaeneying mdwen s pulhsgeliaser
light emtted fromthe |aser light source and 20 the magni tude of relative
movi ng speed ofhetthedifightspodnyerfginng ool hhinfthgublsetaserbd pglotcesagsied by
the noving nmeans so as to attain thus inputted nagnitude of distance
bet weef t he nmbdi fiivew dSpdtis cadijhac et egdc i cottlee ipr o ctelse efdr @dlieney caddsei ng
nmeans adj usting the magni tude of 25 repetition frequency of the pul se |aser
| i ght em tt edcfir eml stehe alsager! Udhghtwhsdgr decstdhct tae thehiagrintedeion
frequency 54 1 4 MJ FPQO -0144-00 cal cul ated by the conbination cal cul ati ng
means i s attabsddt wiblelspaedondiastiany neansiad asvirag itheo hughiitagd of
relative

spots are formed alcng the line along which the object 1is

intended to be cut within the object to be processed by
10 irradiating the cbject to be processed with a plurality cf
pulses of pulse laser 1light while locating the
light-converging point within the c¢bject and relatively
moving the light-converging point along the 1ine along which
the object is intended to be cut; the laser processing
15 apparatus further comprising combination calculating means
for calculating, according to an inpuited magnitude of
distance between mecdified spots adjacent each other, a
combination of the magnitude of repetition frequency of the
pulse laser light emitted from the laser light source‘and
20 the magnitude of relative moving speed of the
light-converging point of pulse laser light caused by the
moving means so as to attain thus inputted magnitude of
distance between the modified spots adjacent each other;
the frequency adjusting means adjusting the magnitude of
25 repetition frequency of the pulse laser light emitted from

the laser light scurce such that the magnitude of frequency
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novi ng speed of the |ight-converging point of pulse laser |ight caused by

t he moving neans such that the magnitude 5 of relative noving %pP%QR 0

cal cul ated by the conbination calculating neans is attained. The g” fi0144—00
processi ng apparatus in accordance with this aspect of the presen

i nvention cal cul ates, according to an inputted nmagnitude of distance

bet ween adj acent nodified 10 spots, a conbination of the magnitude of
repetition f requency of pulse laser light and the relative noving speed of
the [light-converging point of pulse |laser |ight such that thus inputted
magni t ude of d?%%%‘h%%tggbé(t’f%? FEEPREAREEA TV Jdj iRt e b dittd 6 W5dt's- The
frequency adjusting neans and is speed adjusting neans. adjust the magnitude
of repetition 1% EGEEAGE B HETRAYRIAUIS P Irldlalp IRl Ve /G SHedd V6T t he
i ght -converging point of pulse |aser light so as to attain _-the val ues of
cal cul at ed conf bt d oTRe Thet ofldide ! 1N tdesNVEEILa PFaght Padel ot B S t1EREE can be
attai ned between 20 adjacent nodified spots. The | aser processing apparatus
in accordance Wt t FRUSHE eBENEDE V@K FONMAHYS cOHPE i &2 i i dyp & or

di splaying the magnitude of frequency and_magnitude of relative noving
speed cal cul at®l B§lERéVEoAIHADT oFPed chf AEPhYtRBakRy. Weerf 9B Gj7dri&tT ng t he
| aser processing apparatus according to the inputted nagnitude of distance
bet ween adj acefi Fied BsanS418 | AFARTRE| FPO - 0144-00 spots, this allows

t he conbi nation of frequency and relative noving speed to be seen before
| aser processing. The laseY processing apparatus in accordance with this

aspect of the present invention calculates, according to
an inputted magnitude cf 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 is attained between the
adjacent modified spots. The frequency adjusting means and
15 speed zdjusting 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
desirable magnitude of distance can be attained between
20 adjacent modified spots.

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

25 operating the laser processing apparatus according te the

inputted magnitude of distance between adjacent modified
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The | aser processing apparatus in accordance with all the foregoi ng aspects
of the present invention can forma 5 plurality of nodified spdtéMak élig a
| ine al ong which the object is intended to be cut wwthin the object to be
processed. These nodified spots define a nodified region. The nodiffiledl44-00
region includes at |east one of a crack region where a crack is generated
within the object to be processed, a nolten 20 processed region which is
melted within the object to be processed, and a refractive index change
region where refractive index is changed within the object to be processed.
The | aser processtingtappas Busys hhacoordarseion bh faldquenhg drod egdiengvaspect s
of the present invention can adjust 1is the distance between adj acent
nodi fi ed spot syotivey edyyedding @bl s=do Hofonea Iadirf ipeddeagiion .cont i nuously or
di scontinuously along a line along which the object is intended to be cut.
Form ng the nodif iethg eégsen wontdsniauskbyparakes i aeasreante with ahé obj ect
to be processed while using 20 the nodified region as conpared with the case
where it is note floymemdicontaspueus vt Yhenpt beenodidvett ragicem ifsrmormed
di scontinuously, the nodif ied region is discontinuous along the line along
whi ch tshe obj exlturssl it entlecbd of el cligt svhdreelay a tlieepalbnaf whhehl khe al ong
which the object is intended to 25 be cut keeps a strength to a certain
extent. (5) Thejasetspheeesidig betchadyithaccbedanee twid ibe paoER©ed144- 00
an aspect of the present invention conprises a step of irradiating an
object to be Prrocessedinith draser deéf ght avhed ef iddeating.a Thghbdddneer gi ng
point of laser light within the

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 15 changedwithin theobject tobe processed.
The laser processing epparatus in accordance with all
the foregoing aspects of the present invention can adjust
15 the distance between adjacent modified spots, thereby being
aple to form a modified region continuously or
disceontinuously along a line along which the object 1is
intendedtobecut. Formingthemedifiedregioncontinucusly
makes it easier to cut the object to be processed while using
20 the modified region as compared with the case where it is
not formed continucously. When themodified region is formed
discontinuously, themodified region is discontinuous along
the line along which the cbject is intended to be cut, whereby
the part of the line alcng which the cbject is intended to

25 be cut keeps a strength to a certain extent.

() The laser processing method in accordance with
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object to be processed, so as to fornma nodified region caused 5 by
mul ti photon absorption within the object along a line along which the
object is intended to be cut in the object, and changing the ﬁdsﬁﬁi@ﬁ-of
the light-converging point of laser light in the direction of incidean of
the laser light irradiating the object to be processed with respe%?o%b Yig OO0
10 object to be processed, so as to forma plurality of nodified 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
obj ect to be pfbcespedr e UEserr pFUtiessNvign hbthodorhr aeedr dakderwiath this
aspect of the present invention forns a plurality of nodified regions
al igning wth sachdbehens alrong]ehe Wi bedttiwiessefd Phthdarfes, 1 Tahs wenle
i ncrease the nunber of positions to 20 becone starting points when cutting
t he object tobe&cprbtegsedighThepatereingheoiohj edt leaoehe ighdcestkdn dd® be cut
even in the case where the object to be processed has a relatively |arge
t hi ckness and ®hgett ke bEpappkLesedi tthesdia éerhemodifigtirdencs davsagte t he
t hi ckness direction of the object to 25 be processed and directions
ort hogohal to khenthitkinessn abvsecrt o WrtHirpdie 0l e@0 g asdrine
processing nethod in accordancewith an aspect of the present invention
conprises a stepod vhriciditae agieah objledtendsbeoprocadsed Wit PI3eseEr | i ght
while locatin

gand 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 forma plurality of modified

regions aligning with each other along the direction of
incidence.

By changing the position of the light-converging pcint

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 processingmethod in accordance with

this aspect ¢f the present invention forms & plurality of

modifiedregions aligningwitheachotheralongthedirection

of incidence. This can increase the number of positions to

20 become startingpecintswhencuttingthecbhject tobeprocessed.

Therefore, the cbject to bhe 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 cbhject to

25 be processed and directions orthogonal to the thickness

direction.
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a light-converging point of laser light within the object 5 to pewpggg
so as to forma nodified region within the object along a Iiné@dW6né;which

the object is
of the 1light
of the | aser

intended to be cut in the object, and changing the
-converging point of laser light in the direction of
light irradiating the object to be 10 processed with res

the object to be processed, so as to forma plurality of nodified re

aligning with

each other along the direction of incidence. The | aser

processing nethod in accordance with an aspect of the present invent
conprises a step of TherladicatR f <5f obl BeEh 08 iba I rpedcessied A BAPR&Ser

ocating a light-converging point of laser light within the
object to be pfoddssedegradér 1ngeasadint COMPWILERSaapeiROpowek rdedsptyndf at
least 1 x 108 (WcnR) and a pulse width of 1 ps or less at the
| i ght - conver giang obpeiciit Loshe agre@e $ 98 ™ al WodiFiesd liggitomhiilehilpcehengbj ect

l'ight while |

20 to be proc

essed along a line along which the object is intended t

essed,

A cPaghoa?

pect to
gi ons

i on

0 be

cut in the objpeétighgngoonanging phenpositiasenflidie Witghtn d¢dwvebgeag poi nt

of laser ligh

t inthe direction of incidence of the laser light irra

di ating

t he object totigebepppeesseet misthasespeoirn @ nheidbgectediombe Pdcessed, so
25 as to forma plurality of nodified regions aligning with each oth
al ong the dire&ticeit éflonackdenee.abdnd wh VAR U@ 3LIRRA 16144100 eFokoOt he

same reason as that in the laser processing nethods in accordance with the
foregoi ng asp®€t W ihethpresehtti neadt i Nag |tHdeserpp?bee®si A§ ABEhods in

accor dance

10

15

20

25

light-cconverging point ¢f 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
as to form a plurality of modified regions aligning with
each other along the direction of incidence. The laser
processingmethod in acccrdance with an aspect of the present
invention comprises a step of irradiating an object to be
processedwith laser light while lccating a 1ight-cenverging
point of laser 1ight within the cbiject to be processed under
a condition with a peak power density of at least 1 x 108
(W/cm®) andapulsewidthoflusorlessatthe light-converging
point, so as to form a modified region within the object
tobepreocessedalongalinealongwhichtheobiject is intended
to be cut in the cbhject, 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, sco
as to form a plurality of modified regions aligning with

each other along the direction of incidence.
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wi th these aspects of the present invention enable laser 5 cutting w thout
generating nelt or unnecessary fractures deviating fromthe 'inﬁhﬁﬁﬂﬁ
whi ch the object is intended to be cut in the surface of the obj&tt be
processed, and can increase the number of positions to becone stadidingl44-00C
points when cutting the object to be processed. The nodified region 10 may
be caused by nultiphoton absorption or other reasons- The | aser processing
met hods in accordance with these aspects of the present invention include
the follow ng nodes: A plurality of nodified regions may be forned
successively fromthersicle Famehegafponsantlent riandd d daserl profcesiandbj ect
to be processed on which |aser light irradiating the object to be processed
is incident. TMeitdogsn froranerrgineal wiyhotheaodbteedinggionschfii ké ithea state
where no nodified region exists between the entrance face and the
| i ght - conver giprg sgoitritnofnt awer thé dht e rirarcsfaoriag neieh ¢ @ds én azgaridghcew | |
not be scattered by nodified regions which have already been forned;
wher eby each wmodhf tbe seegiser ctan die thieompred emrti fioveiny i cThenaddief ilederegi on
i ncludes at |east one of a crack region where a crack is generated within
t he obPect tocbéti2§ prabessedenaravlinen merldcessednesgiser rwhifchcityrasl t ed
within the object to be processed, and a refractive index change 59
FPO - 0144- 00 degileninwgefecmethactine ailmdex vihd cbhtihgedh i e thiie tihéeobpéct to
be processed. (6) The | aser processing nethod in accordance with
to be cut in the surface of the object to be processed, and
canincreasethenumberof positionstobecome startingpoints
when cutting the object tobe processed. Themodifiedregion
10 may be caused by multiphoton absorption c¢r other reasons.
The laser processing methods in accordance with these
aspectsofthepresentinventionincludethefollowingﬁodes:
A plurality of modified regions may be formed
successively from the side farther from an entrance face
15 of the object tobe processedonwhich laser 1ight irradiating
the object to be processed 1s incident. This can form a
plurality of modified regions while in a state where no
mocdified 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 1s melted within

the object to be processed, and a refractive index change
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an aspect of the present invention conprises a step of

5 irradiating an

object to be processed with laser light while | ocating a |ight-tént/érifing
point of laser light within the object to be processed through a |

entrance face of the

and

farther fromthe entrance face than is a half thickness

| ocating the |ight-converging point at a position closer

he .
l aser light with respect to the object to bEP%?b@EQ%e@O

10 to or

position in the

t hi ckness direction of the object to be processed, so as to forma nodified
region within the object along a |line along which the object

be cut

t he

present invention, the nodified region is formed on the

is intended to

i n t heeobjpreotherks ried reled ivas endprotessiang ek ticd imtaecortadice with

entrance face

(e.g., surfac®) lamdponcedhecdi de of the face (e. g. , rear face) opposing

the entrance face within the object

to be processed within the object to be

processed when the 28 |i dhte daweer grogepoeiing wfthasem bcghtdesckocHtled at a

position closer to and farther fromthe entrance face than is a half
t hi ckness poséiti appentt bé ttieckpessemdi r éoveonionespaptively.a Men &

fracture extending along a |ine along which the object

cut isbgeneratedzdnatbreg surdatecorta earp2x-dsoed efi canl abgedtighe Wweile
processed, the object can be cut easily. The | aser processing nethod in
accordance wldcathisg @0194ht4cRAvESgiFB0de Did4-f0Daaspectglof wihieipresent

invention can forma nodified region on the surface or rear face side

is intended to be

wi t hin the objletect dachee processed.tiThisilcanl pake ¢nteasterface Porg he

surface or

i0

15

20

25

laser light with respect to the object to be processed and
locating the light-converging point at a position closer
to or farther from the entrance face than is a half thickness
positicen in the thickness direction of the object to be
processed, so as to form a modified region within the object
along a line along which the object is intended to be cut
in the object.

In the laser processing method in accordance with the
present invention, the modified region is focrmed on the
entrance face (e.qg., surface} and on the side of the face
{e.g., rear face) cpposing theentrance facewithintheobject
to be processed within the object to be processed when the
light-convergingpoint of laserlight islocatedat aposition
cleser to and farther from the entrance face than is a half
thicknesspositioninthethicknessdirection, respectively.
When a fracture extending along a line along which the cbiject
is intended to be cut is generated on the surface or rear

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

easily. The laser processingmethod in accordance with this
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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 bp4q_b2 e
easily. As a result, the |aser processing nethod in accordance mﬁth“t%fs
aspect of the present invention enables efficient cutting. The | #884-0144-00
processi ng nethod in accordance with this 10 aspect of the present
i nvention may be configured such that the entrance face i's fornmed with at
| east one of an electronic device and an el ectrode pattern, whereas
t hel i ght- converging point of laser light irradiating the object to be
processed i salsgeattedfatha possenon cieogearont cahhéoentas anch ffizcderehaon 15 i s
the half thickness position in the thickness direction. The |aser '
processi ng netinod hien sacdt@cdance nsiztrh ftaties sdasigeeti thafh the pbhgsehttonventi on
grows a crack fromthe nodified region toward the entrance face (e.g.,
surface) and iprecesppdsi nGhiiaceafevaks nearsfiacelp fbherelhe cutrtteng the
object 20 to be processed. Wien the nodified region is forned on the
entrance face reiade falcke wdit$t ande shetiweer xtke dind kiledgr egeoninandldhe
entrance face is relatively short, so that the deviation in the growh
directison of ehdck cha bejeaadei snald=erded Thebef ote, wherelihehendrdnce face
of the object to be processed 25 is fornmed with an el ectronic device or an
el ectrode pat ter hg protésngdi sapossicite ewistilgut Aanagiawplithe téketésoni
device 61 1 4 MAR 2J5 FP01-0144--00 or the like. The electronic device
refers to a semocesducomadevadein eaadicsplaycdevi cle shith aspécguefl chystal, a
pi ezoel ectric device, or the liKke.

present inventiocn enables efficient cutting.

The laser processing method in accordance with thi§

10 aspect of the present invention may be configured such that
the entrance face is formed with at least cne 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 pecsition 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 1its
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 1is relatively short, so that the
deviaticninthegrowthdirectionof crackcanbemadesmaller.
Therefore, whentheentrance faceof 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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The | aser processing nethod in accordance w th an aspect

5 of the present

i nvention conprises a first step of irradiating an object tobeqpigﬁgﬁﬁﬁd

with pulse laser light while locating a |ight-convergi ng point

he " pul se

laser light within the object, so as to forma first nodified redifdd ¢ddded?
by nul ti photon absorption within the object along a first 10 line al ong

whi ch 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
| ocating the |ight-converging point of laser light at a position different
fromthe |ightoicbhedrigieng pbe el eoftricasier deévghe redet e o & SSMITHNSUEHOEN t he

t hi ckness direction of the object to be processed wthi

n the object, so as

to forma secolsdvimdi f iceddiegleon <@awused muahul esphbigwnidbsoryatian ext endi ng
al ong a second I|ine along which the object is intended to be cut and

t hr ee- di nensi gnaldoe lorddssinglenhied,i rest i fiked regi on

20 within the object

In a cutting process in which cross sections of an object to be processed
cross each ot her, a Timdids4eproegsonnand tandtimerccomttirfdesdi tleghenpacé not
super posed on each other at a location to becone the crossing position
bet weer? t he crdsshgecesens i25€nt itdrecbmser sps edessitrar awebhad rizdiatéordance

with this aspect of the present invention, whereby the

cutting precision at

62 FP01- 0144- GO ¢hpect bodiemy poss t4dnichrude spreaeent eahf vbi déeeitonat i ng
This enables cutting with a high precision. The |aser processing nethod in
accordance wi teh ltitghy - cagpesutg iofg tdve gy exferithel prdei d@ sean lighm waghdacond

nodi fi ed
the object, so as to form a first modified

region caused

by multiphoton absorption within the object along a first

10 line alcong 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 laser light at apositiondifferent

from the light-converging point of laser light in the first

15 step in the thickness directicn of the object to be processed

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.

[ N

Inzacuttingprecess inwhichcross sect

onsof anobhject

tobeprocessedcrosseachother, amodifiedregionandanother

modified region are not superposed on each other at a location

to become the crossing position between the cross sections

25 in the laser processingmethoed in accordance with this aspect

of the present invention, whereby the cutting precision at
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5 region closer to the entrance face of the object to be processed with
respect to the laser light than is the first nodified region. THisMkegps
the laser light irradiated at the time of form ng the second m)difigdO 00
region at the location to becone the crossing position fron1bein§T@ atréred
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 foll ow ng nodes: 15 When the object to be processed is irradiated with
| aser |ight (Hi@eFras&édidiPydht PR k28 PEaR: POwRF AT febfTaAPTPEASE - | X
101 (WcnR) and a pulse width of | ps or |less at the |ight-converging
poi nt, a nodi fliéd EagigRs reItidingg Y& tér aclt 19he§ires16aRbe formed within the
obj ect to be processed. This 20 generates a phenonenon of an optical danmage
caused by multiphofldf ABSEEPEFBREHF MY ¢ HEC Db e AC AT d5@ o5t védSsEBLS This
opti cal damage induces a thermal distortion within the object to be
processed, thereB¥Ef of mhfgPraceratk veditor wWrehifPrn hbe oy @rtd medpéied
processed. This crack region is an exanple 25 of the above-nentioned
nodi fi €d regi 6831A% el o bhethd ragijeecice of bbepibocsssed ¢ RIPRESSPAser
processing nmethod is 63 PP01-0144-00 | _a nmenber including glass. The peak
power densityvwiéhersspectthe Edredened fiishd Ftheenkss thhoff 1ggtsecfasgerd| i ght
at the |light-converging point. Wen _the object to be processed is.
irradi ated wi £689ig%er This keeps the laser light irradiated at the time

cf ferming the second modified regicn at the location to

become the crossing positicn from being scattered by the

10 first modified region, whereby the second medified 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 theokject tobeprocessedisirradiatedwithlaser
light under 2 condition with a peak power density of at least
1 x 10% (W/cm®) and a pulse width of 1 pus or less at the
light-converging point, a medified region including a crack
region can be formed within the ocbject to be processed. This
20 generates a phenomenon c¢f an optical damage caused by
multiphoton abscrption within the object to be processed.
This optical damage induces a thermal distortion within the
object tobe processed, thereby forming acrack regionwithin
the object to be processed. This crack regiocn is an example
25 of the above-mentioned modified region. An example of the

object to be processed in this laser processing method 1is
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5 light under a condition wth a peak power density of at |east 1 gﬂ;g,
(Wcn2) and a pulse width of | ps or less at. the Iight-converéﬁﬁ@“’ %nt, a
nodi fied region including a nolten processed region can be forned mgtgi

the object to be processed. Here, the inside of the object to begg de §gédoo
10 is locally heated by nultiphoton absorption. This heating fornms a nolten
processed region within the object to be processed. This nolten processed
region i s an exanple of the above-nentioned nodified region. An exanple of
the object to be processed in this |aser processing nmethod is 15 a nenber

i ncl udi ng a sénf"eBREGCHHEL i PdR s SwheRNE e Bbpere It @ bel by dedSdedtPs
irradiated with laser |ight under a condition with a peak power density of
at least 1 xtDG$elwcinic da6la porsasiitat RfoPulsasiepckedssat ghethe

| i ght-converging point, a nodified region including a 20 refractive index
change regi onilginghr ciopvgrgdgowowitth a changed refractive index can al so be
formed within the object to be processed. Wen nultiphoton absorption is
generated within tHeeobjrecebiechécpropeasedsd th 1 naetyptsifor i tpyBESer width
as such, the energy caused by nultiphoton absorption 25 is not transforned
into thermal éAGNGyunder Bhaendl beematdnt a kaakupdus aldedtdigecs ithlasstoni ¢
val ence change, 64 EP01-0144--00 crystallization, or polarization
orientation i¢ *nd@ced"/arbhiand he pbieetvidherebyl als ePFateF§e3fnlBR change
region is forned. This refractive index change region is an exanple of the
above- ment i onéd 9RSdicPNEG reagIdn i n &l e o5t re HieCs 1H5j 86t NYo? BeLpeBecessed

inthis |laser processing nethod is o _
processed region can be formed within the object te be

| processed. Here, the inside of the cbject 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. &n example of the
object to be processed in this laser processing method is

15 a member inclqding a semiconductor material.
When the ocbject tobeprocessedis irradiatedwith 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 refractiveindexchangeregionwhichisaregionwithaéhanged
refractive index can 21so be formed within the object to
be processed. When multiphoton absorption is generated
within the object to be prccessed 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 valence change,
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a menber including glass. Adjustnent of the position of the |ight-converging
point of laser light irradiating the object to be processed inthe: -«

t hi ckness direction can include a first calculating 10 step of defining a
desirable position in the thickness direction of the Iight-conve&ggq? gkn%o
of laser light irradiating the object to be processed as a dista &y -
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 | aser |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 ating <t 'ofl Kaadulcati ey daPacbizat s@eofdiralativB AdvemeRtSanount
of the object in the thickness direction required for 20 positioning the

| i ght - conver givhd- gl it eotl]e@er Whegldy prieldisitiing £neesbiee?dt gepeon
processed at the entrance face; a first noving step of relatively noving

t he obj ect inithEornafickiiesiss Hpf E8Et dHSadEErd: 139 rElé Chatad B *gBPdRd

rel ati ve novenent anount; and a second noving step of relatively noving 25
the object inath&hehpbkiessedt ieperoncaeEbedingy it t hdndaxampbe g &g

rel ati ve novenment anount after the first noving 65 FPO1-0144-00 step. This
adj ust 9 the p&¥ikgdn tef PEhBIPrgRESE0AT e B Agla PF MraFessEr Matgwd i t he

t hi ckness direction of the object @ tobeprocessed at a predeterm ned position
wi t hi n t heobj éctmemigameinNE L Ugd Y refas®ence to the entrance face, the product
5 of the relative nmovenent anmount of the object to be processed in -the

t hi ckness directi on?sPushecst &t Arfd Rded tlerr &t ithe 1ight-converging

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 positicon in the thickness
direction of the light-converging point of laser light
irradiating the object toc 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 cf
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 reguired for
20 positicning the light-converging point of laser 1light
irradiating the object to be processed at the entrance face;
2 first moving step of relatively moving the object in the
thickness direction according tc the data of second relative
movement amount; and a secondmoving stepofrelativelymoving
25 the object in the thickness direction according to the data

of first relative movement amount after the first moving
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i ndexof theobject with respect to the laser light irradiating the object
becormes the distance fromthe entrance face to the |ight-convergigg poMNt
of laser light. Therefore, when 10 the object to be processed is noved X
the relative novenent anount obtained by dividing the distance f FEMiER&I4-C0
entrance to the inside of the object by the above-nentioned refractive
i ndex, the light-converging point of |aser |light can be aligned with a
desirable position in the thickness direction 1is of the object. The |aser
processing apparatus in accordance with an aspect of the present invention
conprises a | &@&@p- I|@hﬂssédﬂ@étsf@ﬁeeﬁﬁﬁﬂﬁngﬂpeﬁséhEaééQhFrgﬁﬂVﬁégiW@ a
pulse width of I |lis or less; | ight -converging neans for converging the
pul se 20 | ase@qlﬂ‘@h@fémstetleéll@hbml’t hlee [taig@krieisghd 1 seel ben gdctha Riect he
pul se laser light attains a peak power density of at least | x |G (WCW)
at a light -cdmvespingepoeatat 4 pretenpvinhged poans ibor iidliat t vebpiaevi ng t he
| i ght - convergi ng point converged by the I ight -converging neans along a
| i ne al ong 25 Nahriedly .t hel tobjredte iesidenttendéd eotbencet fieneantbbj pceduot be
processed; storing neans for storing data of a first relative 66 7 1 4 | f
P;',ré0 c5 FRPO1hO1%9J-200 vieoverenen arowntitodf the dbj ect teddherprecesded in
the thickness direction for locating the |ight-convergingposition of pulse
| aser |ight cdmvehgeidh bykndws [digietctaomvef girmoldans ard &hadasirabkevosition
within the object to be processed, the 5 data of first relative novenent
anount bei ng g@ﬂ@ﬁﬁ@atbgobjectw1threspecttothelaserllghtlrradlatlng
the object becomes the distance from the entrance face to
the light-converging peint 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&aoftheobjectbytheabove—mentionedrefractive
index, the light-converging point of laser light can be
aligned with a desirable position in the thickness direction
15 of the object.
The laser processing apparatus in accordance with an
aspect of thepresent inventioncomprises a laser light source
for emitting pulse laser light having a pulse width of 1
ps or less; light-converging means for converging the pulse
20 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-convergingpoint; first moving
means for relatively moving the light-converging pcint
converged by the light-converging means along a line along

25 which the object 1s intended to be cut in an object tc be

processed; storingmeans for storing dataof a first relative
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defining the desirable position as a distance fromthe entrance face where
the pulse laser light emtted fromthe |aser light source entens ﬁﬂgmgpject
to be processed to the inside thereof and dividing the distancé %@“tﬁé
refractive 10 index of the object to be processed w th respect to Rl pBuids00
| aser light emtted fromthe |aser |ight source; calculating neans for

cal cul ating data of a second relative novenent anount of the obj ect to be
processed in the thickness direction required f or locating the

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

| i ght - conver gimgyvereams aabubhe  ehe canieetftacks pand esesednd: hbeithg cheass f or
relatively noving the object to be processed in the thickness direction
accordi ng to tdiereat sonfofilosk trielgatlievEl giov-enemnt e apnounpo si of @do £ py Liske
storage neans and the data of second relative novenent 20 anount cal cul at ed

by the cal cul ataswr neagist dderdaset pr odes siindh tappanat s non reeasr éanee Wt h
an aspect of the present invention conprises a laser |ight source for

emtting pul seddaserble gidsihavmgriahpu seewedthcoftd beoprarcdsessy, the
| i ght -convergi ng means for converging the pulse 25 laser light emtted from
the | aser |ighiatsoustef swcth tdiadt ivdhengpudnsnt aserudd gidirat tohited n@dpéak power
density of at 67 FPCl-0244-00 (WCM2 least 1 x 108 ) at a light-converging
poi nt; neans faxfitovatthg thkeikebhht Posnvepg rgp poi disvéntbefpomséhleaser
light emtted fromthe |aser |ight source within an object to be
processed; nearst farcadjarst whgrehehpasitison asfert Re ghul sl Gt ¢dskron itdiet
converged by the |ight-converging neans w thin
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 jight source; calculating
means for calculating data cof a second relative movement
amount of theobject tobeprocessedinthethicknessdirection
requir’ed for locating the light-converging point of the pulse
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
{ accordingtothedataof firstrelativemovement amount stored
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 thepresentinventioncomprisesa laser light source
for emitting pulse laser light having a pulse width of 1
LS or less; light-converging means for converging the pulse

25 laser light emitted from the laser light socurce such that

the pulse laser light attains a peak power density of at
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the thickness of the object to be processed; and noving neans for
relatively noving the |ight-convergi ng point of pulse |aser Iigp% gko&g a
i ne along which the object is intended to be cut in the object drpelt
processed. 10 For the same reason as that in the | aser processing FREd RE4g9-00
in accordance with the above-nentioned aspects of the present invention,
the | aser processing apparatus in accordance wth these aspects of the
present invention enable |aser processing wthout generating nelt or
unnecessary 15 fractures deviating fromthe line along which the object s
i ntended to beleadtiht he’ diivfcace »f a hesbbreenvebIbed srigesdednsater | aser
processing in which the position of the 1 ight- converging point_of pulse
| aser |ight isleegtlagedie LhohhecPhvekaéss rdiydcef dheoput fe Laisieact 18kt be
processed 20 within the object. Brief Description of the Drawings Fig. | is
a pl an vi ew of emhtbbfefron ¢ lire Jorssgesseditdapvhge Whigekn proebssichgt Bye he
| aser processing nmethod in accordance wth an enbodinent; 25 Fig. 2 is a
sectional viewbdpceheedbjveencofbes prpeessed tihompsihin gof | thakew 38 ong
the line Il1-11; 68 1 4 PMAR 2H5 FP01-0144-00 Fig. 3 is a plan view of the
obj ect $o0 be ptegessedyhafcosdragsst byr biee sisi oy efdrectrad gyt ehas | 'aserin
processing nethod in accordance with the enbodinent; Fig. 4 is a sectional
vi ew of the objeet:tisMie g o€ ddsedbiscsHowhe iy orieg.s &g/t AR@ACFLHAGEHES | i ne
I V-1V,
for relatively moving the light-converging point of pulse
laser light along a line alcng which the object is intended
to be cut in the object to be processed.
10 For the same reascn as that in the laser processing
methods in accordance with the above-mentioned aspects of
the present invention, the laser processing apparatus in
accordancewith these aspects ¢f thepresent invention enable
laser processing without generating melt or unnecessary
135 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 positicon 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. 1isaplanviewof anobject to be processed during
laser processing by the laser processingmethoed in 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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Fig. 5is a sectional view of the object to be processed shown in Fig. 3
taken along the line V-V; Fig. 6 is a plan view of the object to be ]
processed cut by the laser processing method in accordance witH 4F%R?%$
enbodi nent; Fig. 7 is a graph showi ng rel ationshi ps between the e Rtr§ 400
field intensity and the magnitude of crack in the |aser processing nethod
in accordance with the enbodinent; Fig. 8 is a sectional view of the object
to be processed 15 in a first step of the |aser processing nethod in
accordance wth the enbodinent; Fig. 9 is a sectional view of the object to
be processed in a setbdnd’ st Sllarhdliexs& pP6celsfry metMRPI dance
with the enbodinent; 20 Fig. 10 is a sectional view of the object to be
processed in & EPTr438eEpPEPCEREINES & FEEEs g et HoR T P iaRedt Hditce

with the enbodinent; Fig. 11 is a sectional view of the object to be
processed in BeERUPthNséepobfanpe VhblerthroeBsedHgenet hod in accordance 25
with the enbodinment; Fig. 12 is a view shoring a photograph of a cross
section 69 ?t. FPD1-0UN4400 Bréestpama P igwsi] thewhigicert e be mirtd9hser
processing nethod in accordance with the enbodinent; Fig. 13 is a graph
showi ng® r el at i DM psn bBi geeh Ehken | abeny| Faht liveel énbth and the

transmttance within a silicon 5 substrate in the |aser processing nethod
in accordance with Fig. 5isa sectional viewof the object tobe processed

shown in Fig. 3 taken along the line V-V;

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

i0 embodiment;

Fig. 7 is a graph showing relationships hetween 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. 9is a sectional view of the object to be processed
in a second step of the lasexr processingmethod in accordance
with the embodiment;

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

Fig. 1llis asectional viewof theobject tobe processed
in a fourth step of the laser processing method in accordance

25 with the embodiment;

Fig. 12 isaviewshoringaphotcgraphofacross section
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e e

the enbodinent; Fig. 14 is a schematic diagramof a |aser processing
apparatus usable in the | aser processing nethod in accordance wthta Hirgt

exanpl e of the enbodi nent;

| aser

processing nmethod in accordance with the first exanple of

enbodinment; Fig. 16 is a plan view of an object to be processed

explaining a pattern which can be cut by the |aser
accordance with the first exanple of 20 the enbodi nent;
schematic view for explaining the | aser

10 Fig. 15 is a flowhart for explaining the

tHP01-0144-00
for

1.5 processing nmethod in
Fig. 17 is a
processi ng nethod i n accordance

with the first éxawrpleraf oft hesedbadnmentt ewi thtabpl ahal ibgeof plrasesshinght

sources; Fig. 16 is a schematic view for expl aining another |aser
processi ng net hodtihwdadaoedance anicieh wtilté ftihes eméxaliiplea tof

t he enbodi ment

with a plurality of laser light sources; Fig_ 19 is a schematic plan view
showi ng a piezoel ectritg.deyiice awgtephi shawshate= Ted thrioyh Bp svafearwesineehei n

the second 25 exanple of the enbodi nent;

Fig. 20 is a schematic sectional

vi ew showi ng a 1@skPOL-dHdd=z001 phezbenectie crdegmtetnatemiithia stallechel d by
the wafer sheet in the second exanple of the enbodinent; Fig. 21 is a
flowchart for expbaicmbng iheheulbtcag pmeddwdk ing rechondance o tderide wseaond
exanpl e of the enbodinent; 5 Fig. 22 is a sectional view of a
light-transmttihg embodiment;

Fig. 14 is a schematic diagram of a laser processing

apparatus usable in the laser preccessingmethod in accordance

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 prccessing methed in accordance with the first example of

the embocdiment;

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. 18isaschematicviewfor explaininganother laser

processing method in accordance with the first example of

the embodiment with a plurality of laser light sources;

Fig. 19isaschematicplanviewshowingapiezoelectric

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



material irradiated with laser light by the cutting method in acco{dance
with the second exanple of the enbodinment; Fig. 23 is a plan view bf’ el
light-transmtting material irradiated with laser light by the cut%b%g 144-00
method 10 in accordance with the second exanple of the enbodi nment |8 54
is a sectional view of the light-transmtting material shown in Fig. 23
taken along the line XXIV-XXIV; Fig. 25 is a sectional view of the
light-transmtting nmaterial shown in Fig_ 23 taken along the |ine XXV-XXV,
15 Fig. 26 is a,sectional view of the light-transmttin i shomn in
Fig_ 23 taken BPSﬁQe@ﬁgtFﬂﬁé ?&&ﬁﬁﬂﬁ'ﬁﬁéﬁ“fﬁﬁ%@ﬁ?ﬁﬁﬁdJEEGQ ?éﬁbérﬁ? movi ng
speed i s nmade | ower; is a_sectional view of the Ilght transmtting
mat er i al shommantﬁﬁgSe§§npaﬁéﬁmgl@n@ffﬁ@q iEE CRPERRY when 20 t he

| i ght-convergi ng point noving eed is nade further | ower 28 is a
sectional view of a 59@26@1%%PF$ lovyda et Oﬁéﬁ@#aéPlpﬁéjﬁﬁ?%t%%%%ﬂgﬁha first
step of the cutting nethod in accordance wth the second exanple of the
enbodi ment; Fi g™ QQCP§d§”§§CWPGHth@|§®C§Pdtﬁéaﬂpéf08¢eépﬁlEmHQQF@ENtmafer
or the Like showi ng a second step of the cutting method 71 1 1,. K?A ' 0111)
FPO - 0144- 00 i n accoFd8ncéZwi§ e tHRCSevomt Bhahife 2ot 10RE ~ERBBAMEALDY Fi g.
30 is a sectional view of the piezoelectric device wafer or the Ilke how ng
athird step oFaFﬁélédt%Fﬁ@dh%EﬁQdWl?%:%%%%ﬁ&éﬁéé biji e 1 TSGRt E?énple

of the enbodi nment;
n?n 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 sheown in Fig. 23 taken along the line XXIV-XXIV;

Fig. 25 1s a sectional view of the light-transmitting
material shown in Fig. 23 taken along the line XXV-XXV;

i5 Fig. 26 is a sectional view cf 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 alcng 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 embcdiment;

25 Fig. 29is a sectional view of the piezoelectricdevice

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



5 Fig. 31 is a sectional view of the piezoelectric device wafer or the |ike
showing a fourth step of the cutting nmethod in accordance wth the ggcniid
exanpl e of the enbodinent; Fig. 32 is a sectional view of the piezoelectric
device wafer or the like showing a fifth step of the cutting nmethodp0100144-00
accordance with the second exanple of the enbodinent; Fig. 33 is a view
showi ng a phot ograph of a plane of a sanple within which a crack region is
formed upon irradiation wth linearly polarized pulse laser light; Fig. 34
is a view showi ng a photograph of a plane of 15 a sanple within which a

crack region isnforaedispen Lifpdiaéi o8com tdy &hpcall @f | yhopobmsbaasemul se
| aser light; Fig. 35 is a sectional view of the sanple shown in Fig. 33

taken al ong the |inepXXXYpXY; sdd ol weﬁ&e@%@lzo\éu@mﬁctdr@uwpl e
shown in Fig. 20 34 taken along the Iine XXXVI Fig. 37 is a plan

view of the pajirof Abigetiire %omrn@cgst&eﬂ@é&%ﬁ%fl&r@ 009t anhime APng
which the object is intended to be cut, in a crack region is forned

by the |aser ﬂﬁ%’@é@hﬁ‘ﬁn@@t\b_@ﬁ'h'Bhéché&?@C@xé!Hwﬁfb Aot hifd Sxaempent25 of
t he enbodi nent; Fig. is a plan view of the part of object to be 72 1 4 r~

P..P1L 2 0 C5 FPO - @ﬂém‘BQOJ Pragasseth X e8didgro: @l %Bgz%ehlel&%r%'c%ﬂ% ch the
object is intended to be cut, in which a crack region is fornmed by a

conparative | a&@fepr&cﬁﬁgﬂ&é@BBQQng% GoudOniskt b ¥rahshawkRggalddrdd cal |y
pol ari zed | aser

in accordance with the second example of the embodiment:
Fig. 32 is a sectional view of the piezocelectric 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

o

samplewithinwhichacrackregionisformeduponirradiation

=
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with circularxly 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 cf the sample shown in Fig.

20 34 taken along the line XXXVI-XXXVI;

Fig. 27 is a plan view of the part of object to be
processed extending along a line along which the object is
intended to be cut, in which a crack region is formed by
the laserprocessingmethod inaccordancewithathirdexample

25 cf the embodiment;

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



5 light in accordance with the third exanple of the enbodi nent, and a crack
region formed thereby; Fig. 40 is a schematic diagram of the |aser w2 7004
processing apparatus in accordance with the third exanple of the

enbodiment; 10 Fig. 41 is a perspective view of a quarter-wave plat@01-0144-0C
included in an ellipticity regulator in accordance with the third exanple

of the enbodinent; Fig. 42 is a perspective view of a half-wave plate

included in a 90" rotation regulator part in accordance with 2-15 the third
exanpl e of the enbodinment; Fig. 43 is a flowhart for explaining the | aser

processi ng et heddds seecerdaneeny thchbes tilined 2exagpliei o tHdhengebkadi sent ;
Fig. 44 is a plan view of a silicon wafer irradiated 20 with elliptically

pol ari zed | asen rticiffedb)t d he lcaser inphoGeSSENg raeikhedgiBnageordanece Wiyt h the
third exanple of the enbodinent; Fig. 45 is a plan view of a silicon wafer

irradi ated Mﬁbhckh@%%%kﬁv@omﬁﬂe&e%ﬂd%%@bihbgh%t%bdkhe | aser processing 25
nmet hod in accordance with the third exanple of the enbodinent; Fig. 46 is a

plan view of a sili P(Frn'!g\/.\/aj@ﬁsié‘v%@%&ﬁﬁui%lﬁﬁ’%j@%&ﬂy‘wasrii!ziéépmé\@-éf«‘rShOWn
in Fig. 44 is irradiatéd with elliptically polarized laser |light by the

|aser_p600355!QQgmﬁiﬁ@@cb@rd@%%@ﬁﬂﬂﬂ?@h@ﬁ?ﬂgkﬁ@xé 'Lgogﬁﬁﬂpéﬁbéﬁihbﬁt,
enbodi nent; Fig. 47 is a plan view of a silicon wafer in which the 5
silicon wafer shewy idkakidred drs Adrimadi atedewt;h |inearly
Fig. 40 is a schematic diagram of the laser processing
apparatus in accordance with the third example of the
embodiment;

10 Fig. 41 is a perspective view of a quarter-wave plate
included in an ellipticity regulatorx 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 accorcdance with

15 the third example of the embodiment;

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

; the embodiment;
Fig. 44 is a plan view of a silicon wafer irradiated

20 with elliptically polarized laser light by the laser
prccessing 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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pol ari zed |l aser light by the | aser processing nmethod in accordangngLth t he
third exanple of the enmbodinent; Fig. 48 is a schematic diagram of ‘the ffaser
processing apparatus in accordance with a fourth exanple of the 10
enbodinment; Fig. 49 is a plan view of a silicon wafer in which the&P&i441ddm 00
wafer shown in Fig. 44 is irradiated with elliptically polarized |aser

light by the | aser processing nethod in accordance with the fourth exanple
of the enbodinent; 15 Fig. 50 is a plan view of the object to be processed

in the case where a crack spot is fornmed relatively large by using the

| aser processisgl nethedfen shoeoridantce. Widtis arrddidtedxanpled lafpttimally

enbodi nent; Fig. 51 is a sectional view taken along LI-LI on the 20 line

al ong whi ch t hesloby eeéd | Sasait ehdegldlt t oy beheull asbowprbne25ikggmethdd Eing. 52

is a sectional view taken along LII-LIl orthogonal to the Iine along which
the obj ect is dddendesee twitdre e Shown dxendles H0;tHd gmbedingra ;secti onal
view taken along LIII-LIIl orthogonal to the line along which the object is

intended 74 FPO - 0299:-04t0i Y& pUtnshowm dMaF QL1 &K wRifgr DA Wwisieh s@et i onal
vi ew taken along LIV-LIV orthogonal to the Iine along which the object is
intended to he xidoshevr Bhbvg. 150651 P. MQisSbrisciapéanMirewielatrthe obj ect
to be processed
polarized laser light by the laser processing method in
accordance with the third example ¢f the emboediment;

Fig. 48 is a schematic diagram of the laser processing

apparatus 1in accordance with a fourth example of the
10 embodiment;

Fig. 4% is a plan view of a silicon wafer in which the
siliconwafershowninbFig. 44 isirradiatedwithelliptically
polarized laser light by the laser processing method in
accordance with the fourth example of the embodiment;

15 Fig. 50 is & plan view cf 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 secticnal view taken along LI-LI on the

20 line along which the cobject is intended to be cut shown in
Fig. 50:

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

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

orthogonal to the line along which the okject is intended
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shown in Fig. 50 cut along the line along which the object is intended to
be cut; Fig. 56 is a sectional view of the object to be processed {tiaken;is
along the line along which the object is intended to 10 be cut in the case

where a crack spot is fornmed relatively small by using the | aser prawEdsiongs-00

met hod in accordance wth the fifth exanple of the enbodinent; Fig. 57 is a
pl an view of the object to be processed shown in Fig. 56 cut along the line
al ong which the object 15 is intended to be cut; Fig. 58 is a sectional
view of the object to be processed showing a state where pul se |aser |ight

i's converged w thi Be the ebjweet iby rugi.ngoa |ight-converging | ens having a
predeterm ned nunerical aperture; 20 Fig. 59 is a sectional view of the

object to be processeg;q.ncjpdi 89aa SLACoSPOL vieumed due §Dobdeayltiiphot on
absorption caused by irradiation with laser Iight shown in Fig. 58, Fig. 60

is a sectional wWeWRlbrdetebigetige be) Procassed +1dd iy ddie jeasarehgeg a
| i ght-converging | ens having a nunerical aperture greater than that of the

exanmpl e shown i RFig 98 6poHR01n0F44-080i;s used; Fig. 61 is a sectional
view of the object to be processed including a crack spot formed due to the

nul ti phogon absorpti encauseds by phhadhiali ep whé ) aser Jd gt pshewaskR S
Fig. 60; Fig. 62 is a sectional view of the object to be processed
shown in Fig. 50 cut along the line along which the object
is intended to be cut;
Fig. 56 is asectiocnal viewof thecobject 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

=
[¥2]

is intended to be cut;

Fig. 58 isasectional viewof thecbhject tobe processed
showing a state where pulse laser light is converged within
the object by using a light-converging lens having a
predetermined numerical aperture;

20 Fig. 5%isasectional viewof the object tobe processed
including & crack spot formed due to the multiphoton
absorption caused by irradiation with laser light shown in
Fig. 58;

Fig. 60 isasecticnal viewcf the object tobe processed

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

aperture greater than that of the example shown in Fig. 58
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in the case where pulse laser light having a power |ower than that of the
exanpl e shown in Fig. 58 is used; Fig. 63 is a sectional view of tHe'gbjiect
to be processed 10 including a crack spot fornmed due to the nultiphoton 15
20 absorption caused by irradiation with laser |ight shown in Fig-Fre2;-0Eég-00
64 is a sectional view of the object to be processed in the case where
pul se laser |light having a power Iower than that of the exanple shown in
Fig. 60 is used; Fig. 65 is a sectional view of the object to be processed
including a crack spot formed due to the nultiphoton absorption caused by
irradiation wth haser |ight shown in Fig. 64; Fig. 66 is a sectional view
taken al ong LXVI-LXVI orthogonal to the |ine along which the object is
intended to be cut shewsliis EiGcthibndi 9ieh bfithacEghbennld Se girageadgeshow ng
the | aser processing apparatus in accordance with the fifth exanple 25 of
the enbodi nent inEngdif8 i$ arbktacksghimgrammshowuy acpaiie olmuan igxafphe 76 1
4 MR? 1 C5 FP01-0144-00 of overall controller provided in the |aser
processing appacatpsibh ageosdanca Waldi stcherf LWith exeapleigof dMemn in
enbodi nent; Fig. 69 is a view showi ng an exanple of table of a

5 Fig. 60;

Fig. 62 is asectional viewocf 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 is asectional viewof theobject tobe processed

10 including a crack spot fogmed due to the multiphcoton
absorption caused by irradiation with laser light shown in

Fig. 62;
Fig. 64 is asecticnal viewof thecbject tobe processed

in the case where pulse laser light having a power lower
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the example shown in Fig. 60 is used;
Fig. 65isasectional viewofthecblject tobeprocessed
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 secticnal view taken along LXVI-LXVI
orthogenal to the line along which the object is intended
to be cut shown in Fig. 57;
Fig. 67 1s 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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5 correlation storing. - section included in the overall controller of the
| aser processing apparatus in accordance wth the fifth exanple1qﬂ¢ﬁqqﬁ
enbodi nent; Fig. 70 is a view showi ng anot her exanple of the table ‘of the

correlation storing section included in the overall 10 controllerfFRfFltHg4-00
| aser processing apparatus in accordance wth the fifth exanple of the
enbodi nent; Fig. 71 is a view show ng still another exanple of the table of

the correlation storing section included in the overall controller of the
| aser processing apparatus in 15 accordance with the fifth exanple of the
enbodi ment; Figf dXersla schematliledipgsanied fhethasdrsprogessiaxsing
apparatus in accordance with a sixth exanple of the enbodinent; Fig..73 is
a vi ew show ngaphereouyergenceafddraser whtghtthe2 icfarsedsyphe of the

| i ght-converging lens in the case where no beam expander is disposed; Fig.
74" is a view showtihgehbe convergence of l|laser |light caused by the

| i ght-converging lens in the case where a beam expander is disposed; 25

Fig. 75 is a schematrigdie@ramofvidie saseinpracessimoe apparailus dfna
accordance with a seventh exanple of the 77 FPO1l-0144--00 enbodinment; Fig.

76 is asview shontagat hén conmergenceaft i@sennkighkdcausedchy therall
| i ght-converging lens in the case where no iris diaphragmis disposed; 5

Fig. 77 is a viewt sbdWwngpft haecDaver gence:ofin@aepakkght 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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accordance with the fifth example of the embodiment;

Fig. 72 is a schematic diagram of the laser prccessing -
apparatus in accordance with a sixth example o¢f the
embodiment;

Fig.. 73 isaviewshowing the convergence of laser light

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

Fig. 74 isaview showing the convergence of laser light
caused by the light-converging lens in the case where a beam
expandexr is disposed;

25 Fig. 75 isaischematic.diagranlof the laser processing

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

iris diaphragmis

di sposed; Fig. 78 is a block di agram showi ng an exanpl e of overall- #2713
controller provided in a nodified exanple of the laser 10 processin
apparatus in accordance with the enbodinent; Fig. 7 9 is a block d?%éh%ﬂﬁ%%”oo
anot her exanple of overall controller provided in the nodified exanple of
the | aser processing apparatus in accordance wth the enbodi nent; Fig. 80

is a block diagramof still another exanple 15 of overall controller

provided in the nodified exanple of the |aser processin
accordance wi t fMpadimerbodi nent; Fig. 81 is a plan view

g apparatus in
of an exanpl e of the

part of object to be processed extending along a |ine alogg which 20 the

obj ect is intended tBibhe’&uts aivii anh$ kP BT FALIC ITBIF LGRS ¢

processing nethod in accordance with an eighth exanple

ABEIbhiShie | aser
of the enbodi nment;

Fig. 82 is a pransedew ofhanbthlet-exanpralod lews phrtthefcaig edieno e
processed extending along the line alon 25 which the object is,intended to
be cut, in whithia ¢rarkraani oh FssPeFa®d by the | aser processing method in
accordance 7B FPOL-0144-00 with the eighth exanple of the enbodinment; Fig.
83 is a’plan view ofFisgi Il ighatvienw Exanptetbe adieeqemnceodt dbjsestl ivdthe
processed extending along the line along which the object is intended to be

cut, in which @@¢se@kes Flegi bhohs-torWeHs bys thens aertips
accordance wth the eighth exanpl e of the enbodi nent;
iris diaphragm is disposed;

e i i Sfeiod i n

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. 79 is ablockdiagramof another example of overall

controller provided in the modified example of the laser

processing apparatus in accordance with the embodiment;

Fig. 80 is a block diagram of still ancother example

15 of overall contreoller provided in the modif

ied example of

the laser processing apparatus in accordance with the

embodiment;

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

ocbject to be processed extending along a line along which

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

is formed by the laser processing method in a

an eighth example of the embodiment;

ccordance with

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

of object to be processed extending along the line along

25 which the object is intended tc be cut, in

which a crack

region is formed by the laser processing method in accordance
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Fig. 84 is a schematic diagramof a Qswitch |laser provided in a |aser
l'ight source of the |aser processing apparatus in accordance wth ghe s

ei ghth exanple of the 10 enbodinent; Fig. 85 is a block diagram show’ né
part of an exanple of overall controller of the | aser processing apparatus
in accordance with the eighth exanple of the enbodi ment; Fig. 86 i%0 & biddeie0
di agram showi ng a part of another 15 exanple of overall controller of the

| aser processing apparatus in accordance with the eighth exanple of the
enbodi nent; Fig. 87 is a block diagramshow ng a part of still another
exanpl e of overall controller of the | aser processing 20 apparatus in
accordance wi twi tihetle¢ ght helkagpérer b thethemudidmmntFig. 88 is a bl ock

di agram showi ng a part of still another exanple of overall controller of
the | aser processingi@ppar asus rilanacteor dansel Wl tdngttee eeghrh lexahplhe of the
25 enbodinent; Fig. 89 is a perspective view of an exanple of the object 79
3 4 nonr FPO1-gH#AA @01 ve be tprioe essed swetha it awvi ohp alenadke dghesliondf or ned
by wusing the | aser processing nethod in accordance with a ninth exanple of
t he enbodi nentwh iy, 189 olsjacpelspectenvdeditew i dute dbj edtidho sberask
processed formed with a crack extending fromthe crack region shown in Fig.
89; 5 regionis formedby the laser processingmethod in accordance

with the eighth example of the embodiment;

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

10 embodiment;

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

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

-
i

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

Fig. 871sablockdiagramshowingapartofstill another
example of overall contreller of the laser processing
20 apparatus 1in accordance with the eighth example o©f the

embodiment;

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

25 embodiment;

Fig. 89 is aperspectiveviewof anexample of the object
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Fig. 91 is a perspective view of another exanple of the object to be
processed within which a crack region is formed by using the |aseﬁégﬁgzm;
processing method in accordance 10 with the ninth exanple of the ' " 5%
enbodi nent; Fig. 92 is a perspective view of still another exanpl er@f-dhe -00
object to be processed within which a crack region is forned by using the

| aser processing nethod in accordance wth the ninth exanple of the

enbodi ment; Fig. 93 is a view showi ng the state where a 1ight-converging
point of laser light is positioned on the surface of the object to be
processed; Figo 9% IS ctad £ S ing WHhiecistate- aheneqd or ightraaeRvengi ng
point of laser light is positioned within 20 the object to be processed;
Fig. 95 is a filsawehant 95 exRbakBsRggtNErhaSen afEOLESSEOT iRl hod nith
accordance with the ninth exanple of the enbodinent; Fig. 96 is a
perspective Vie@wnfl A exaHPlenpfqiitetobj ect 25 to be processed within
which a crack region is forned by wusing the |aser processing nethod in
accordance with a tengh 80 L4 2 Sor §RO: 0399300 exarpke ot cthe rempedi nent;
Fig. 97 is a partly séectional view of the object to be processed shown in

Fig. 96, Fig. p88des2PEheReatiNe ¥iceWafeanaidetg exarpre efach g oobj ect
to be processed wthin which a crack region is fornmed by using the | aser

processi ng methed i nrAGeqy dance
Fig. 91 is a perspective view of another example of
the object to be processed within which a crack region is
formed by using the laser processing method in accerdance
10 with the ninth example of the embodiment;

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

i

ig. 93 is a wview showing the state where =a

-
n

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

Fig. 94 is 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
preocessing method in accordance with the ninth example of
the embodiment;

Fig. 96is aperspectiveviewof anexample of theobject

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

using the laser processing method in accordance with a tenth
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with the tenth exanple of the enbodiment; Fig. 99 is a partly sectional view
of the object to be processed shown in Fig. 98; and 10 Fig. 100 ”ﬁjgﬂmv
perspective view of still another exanple of the object to be processe
within which a crack region is formed by using the |aser processiiRyImétliédC0
in accordance wth the tenth exanple of the enbodi nent. Best Mdes for
Carrying Qut the Invention 15 In the follow ng, a preferred enbodi nent of
the present invention will be explained with reference to the draw ngs.
The | aser processing nethod and | aser processing apparatus in accordance
with this enbozharente fof mize nediddedemtegi on by nul ti photon absorption. The
mul ti photon absorption is 20 a phenonenon occurring when the intensity of
| aser light is mademeryehiigha Berstly sketdohtilphbdwroabse plhjaTtwitll  be
explained in brief. A material becones optically transparent when the
energy by of @¢phototeised oweswit han The. badid gap EG of absorption 25 of the
material. Therefore, the condition under which absorption occurs in the
material is by > EGrikyerbashena8pePspebrile view"dl dndePRl @bddnl@® opftical |y
transparent, however, absorption occurs in the material under the condition
of nhv5> Es (nthe 3bEcd,ta he provkesecvheithtiensht yghof daser ddgin iis made
very high. This phenonenon is known as nulti photon absorption. In the case
5 of pul se wavisgridd byntensid yhef lbaser pkbght sisg detteran ned a doortdaecpeak
power density (WcnR) of laser light at the

with the tenth example of the embodiment;

Fig. 99 is a partly sectional view of the object to

be processed sheown in Fig. 28; and
10 Fig. 100 is a2 perspective view of still another example

cf the cobject 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 Inthe following, apreferredembhodiment 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 abscrption will

be explained in brief.

A material becomes optically transparent when the

energyhvof aphotonis lower 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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| i ght -converging point, whereas the nultiphoton absorption occurs under the
condi:tion with a peak power density of at least 1 x 108 (WcnR) , for
exanpl e. The peak power density 10 is deternined by (energy of |aser /ghtys
at the [light-converging point per pulse)/(beam spot cross-secti onal area
of laser light x pulse width) . In the case of a continuous wave, FRel-0144-00
intensity of laser light is determned by the electric field intenS|ty
(WcnR) of laser 15 light at the light-converging point. The principle of

| aser processing in accordance with the enbodinment utilizing such

mul ti photon absorption will now be explained with reference to Figs. 1 to
6. Fig. 1 is aopltanatilewtebnapagbiéct Noweyerpr etesspdiondarngs| asern20
processing. Fig_ 2 is a sectional view of the object 1 shown in Fig. 1

t aken al ong t hemkitreikll- bhdeFighe drdit pramivhbw > dis the=obj et 41 af ther

| aser processing. Fig. 4 is a sectional view of the object 1 shown in Fig
3 taken al ong tWeehi hbe IME¢NSIEy (of Sasmlsghti dDnahade exeof htibé . obJlect |
shown in 25 Fig. 3 taken along the line V-V. Fig. 6 is a plan view of the
cut object 1. 8hencimencn FHPXhc108s 0 st whowem ehsBirgsiot. anth 2hetdesobj ect
1 has a surface 3 with a line along which the object is intended to be cut
5. The | Pne al on§ phich wheecobfleetinsenntended ltaoelye Idght $sigdetetninsd|y
extending virtual line. In the laser 5 proce53|ng in accordance with this
enbodi nent, thebpbjtbet pebk pawamdien et wi tH/traserof i el Whillte docténg a

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 1light at the
light-converging point per pulse} / (beam spot
cross-sectional area of laser light x pulse width). In 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 cf 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 1s a sectional view of the cbject 1 shown
in Fig. 1 taken along the line II-I1. 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 alcng 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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| i ght-converging point Pwithin the object 1 under a condition generating
mul ti photon absorption, so as to forma nodified region 7. The 14 ,grngq
|'i ght-converging point refers to a location 10 at which the | aser’ | i ght
is converged. By relatively noving the laser light L along the I|ﬁ€01apéﬁé 00
whi ch the object is intended to be cut 5 (i.e., along the direction of
arrow A), the light-converging point Pis noved along the |ine along which
the object is intended to 15 be cut S. This forns the nodified region 7
along the Iine along which the object is intended to be cut 5 only within
the object | as shows ishoPingsn 'i33g.0 1Sandn2t hehd eddecpr odessiangurfecthod in
accordance with this enbodi nent, the nodified region 7 is not fornmed by
heati ng the obj ectthl adientoaldreg 200 iabisorl icbgeot faserténdgdd to teeretn. The
|l aser light L is transmtted through the object 1, so as to generate
mul ti phot on alfsor ghicon ihkeedwny hwini ch hehebyb fearm iy irtendwoditici d cegi on 7.
Therefore, the laser light L is hardly absorbed at the surface 3 of the
obj ect 1, wher®ebysthe lsindady 2bénadingheiobpelt iline.|| Inotthel daseéf a
starting point exists in a part to be cut when 83 ,. , r:~,,, 2p 14 Mr'
J bi FPDl - 02440 <uitrtg ng thecobpect #&ithhehobjedtodineritd, lheakbfieom t he
starting point, whereby the object 1 can be cut with a relatively snal
force as showﬁ.imaﬁtrriﬁi&mmtewithelﬂﬁemtlﬁgbanlbewhéme\ﬂ@dunﬂmgeaerating
unnecessary fractures in the surface
light-convergingpoint Pwithinthe object 1 under a conditicn
generating multiphoton absorption, so as to form a medified
region 7. The light-converging point refers to a location
10 at which the laser light L 1s converged.
By relatively moving the laser light L along the line
along which the cbject is intended to be cut 5 {i.e., along
the girection of arrow A), the light-cenverging point P is
moved zlong the line along which the cbject is intended to
15 be cut 5. This forms the modified region 7 along the line
along which the object is intended to be cut 5 only within
the ocbject 1 as shownin Figs. 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
20 absorption of laser light L therein. The laser light L is
transmitted through the obiect 1, so as to generate
multiphoton abscrption therewithin, thereby forming the
modified region 7. Therefore, the laser light L is hardly
abscrbed at the surface 3 of the object 1, whereby the surface
25 3 of the cbject 1 will not melt.

If a starting polnt exists in a part to be cut when
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5 3 of the object 1. The following two cases seemto exist in the cutting

of the object to be processed using the nodified region as a stﬁaékpg fioe
point. The first case is where, after the nodified region is for ﬁ“&ﬁJ
artificial force is applied to the object, 10 whereby the object BF€ak§144-00
while using the nodified region as a starting point, and thus is cut. This
is cutting in the case where the object to be processed has a | arge

t hi ckness, for exanple. Applying an artificial force includes, for

exanmpl e, applying a bending stress or shearing stress to 15 the object al ong
the |'ine al ongushiick tHeocbheettl,ithd ob gaded will beceutf riom thesbbgpectgt o be
processed or inparting a tenperature difference to the object so as to
generate a thedinmal stheesby Ahet hbjecasé tsnwhereua wodhf bedeiegivalys
formed, so that the object naturally breaks in the 20 cross-sectional
direction (thisgknessodcesert idmwrofint heg. abj etienwlel, | ehasoibgethel nodi béed

region as a starting point., whereby the object is cut. This can be
achi eved by acsitngl thompdichiced triegi wm stess 4 he ftrhictknressi nftHheuebgeet i s
small, and by a plurality of nodified regions formed in the thickness 25

di rect bon when bliethki ekhess aof the object to be processed is |arge.
Breaki ng and cutting can be carried out with 84 FP0Ol1l-0144-00 favorable
control even in thiSheaafalbbdyndreakicagecaseemstocexidtr eakshw Ehtnbbgreach
the part formed with no nodified region on the surface in the part to be
cut, so that ofl gheéhsbpeat td denpdovesbhet hes mogli thediadediien canibe &soken
and cut. Such 5 a breaking and cutting nethod with favorable controllability
astartingpeoint. Thefirst case iswhere, after themodified

i regionis formed, anartificial forceisappliedtothecbject,
10 whereby the object breaks while using the modified region
as a starting point, and thus is cut. This is cutting in
thecasewheretheobjecttobeprocessedhasalargethickness,

for example. Applying an artificial force includes, for
example, applying a bending stress or shearing stress to

15 the object along the line along which the obiect 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 c¢kject naturally breaks in the

20 cross—-sectional direction (thickness direction) of the
object while using the modified region as a starting point,

whereby the object 1s cut. This can be achieved by a single
modified region when the thickness of the cbject is small,

andby apluralityocfmeodified regions formed in the thickness

25 direction when the thickness of the object to be processed

is large. Breaking and cutting can be carried out with
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is quite effective, since sem conductor wafers such as silicon waf ers have
recently been prone to decrease their thickness. The nodified regron»fotned
by mul ti photon absorption 10 in this enbodi nent includes the follow ng (1)
to (3): (1) Case where the nodified region is a crack region |nclmlng31qqeoo
or a plurality of cracks An object to be processed (e.g., glass or

pi ezoel ectric material made of LiTa03) is irradiated with 15 l‘aser Ilght
while the t light-converging point is located .ii.J. +i ... J- ~ |
therewithin under a condition with a peak power density of at least 1 x 108
(WcecnR) and a d h or t | gh r.qi nt.

Thi s magni tudejpt){%oslea segvm g{ﬂ% eqienal%lgﬁggt]}%nu%ggg !5]'9 ékﬂg)g%grsgé%qrng% on can

be f d I 20 th b to_b
meJI tiogggt o(rjlnaﬁ3 ap%Msi oﬁ 0 %aus}?engal ne(r:gcszeg 98 9%?%5%1 r1%t]j]rface
f th bj ect t h f t D

Ul t1 phot on- aifdorgt %ﬁ%ﬁ?ﬁ?iﬁrﬁ e”°”c§3?”?s°%a98r%o§3®§§don T Rl

d d 25 t |, di thin th t taoh

thercby Tormitg A UFACK m%?ﬂ&%{%fn%?e%@ﬁ?ﬁ Cﬁegﬂﬁéf TEREPERFe Y

Cflf' f FPO1-0144-00 el ect f t f

exanpl €. ) The aF SEAACRY S5 bt EFe MBI L hEP 267580548, 4O SR e The

form ng of a crsack regl Qn.ca %sed by nultlghoton a Sé)rpt
1 qu1 e eCtlve, since emiconductoc

?ers such as
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):

(1) Case where themodified region is a crack region
including one or a plurality of cracks
An o©object to be processed (e.g., glass or a

plezoelectric material made of LiTaCi) is irradiated with

15 laser light while the light-conver

u

ing point 1is 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
atthelight-convergingpoint. Thismagnitudeof pulsewidth
is a condition under which a crack region can be formed only
20 within the object to be processed while generating
multiphcton abscrption without causing unnecessary damages
tc the surface of the object. This generates a phenomenon
of optical damage caused by multiphoton absorption within
the cobject to be processed. This optical damage induces
25 thermaldistofiiohwithintheobjecttobeprocessed,thereby

forming a crack region therewithin. The upper limit of
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is described, for exanple, in "Internal Marking of dass 5 Substrate by
Sol i d-state Laser Harnonics", Proceedings of 45th Laser Materi al ,,,P
Processi ng Conference (December 1998), pp. 23-28. The inventor dete ﬁ%
rel ati onshi ps between the electric field intensity and the nagnltpde_oﬂ44—oo
crack by an 10 experinment. Conditions for the experinment are as foll ows:

(A) Qnject to be processed: Pyrex glass (having a thickness of 700 pn) (B)
Laser Light source: sem conductor |aser punping 15 Nd: YAG | aser Wavel engt h:
1064 nm Laser |ight spot cross-sectional area: 3_14 10-1 cnR 20 Gscillation

mode: Q swi tCIél@‘é't%"ic ReRal Ehgenéagguggcy 11Q92kH5tr/crw S%W di:Bnp 80. Ns
Qut put: output < 1 mJ/pulse Laser |ight quality: TEMbp Polarization

characteristi | agi Li.ght = ¢ i
e oL oo §°5 RIS, 22008 2 GO gt ocomergl ne.l ennft

The formingofacrackregioncausedbymultiphotonabsorption
is described, for example, in “Internal Marking of Glass

5 Substrate by Solid-state Laser Harmcnics”, Proceedings of

45th Laser Materials Processing Conference {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-secticnal area: 3.14 x
1078 cm?
Oscillation mode: Q-switch pulse
20 Repetition freguency: 100 kHz
Pulse width: 30 ns
Qutput: output < 1 mJ/pulse
Laser light guality: TEMgg
Polarization characteristic: linear
25 polarization

) Light-converging lens
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wavel ength: 60% (Dy Moving speed of a nnuntihg tabl e nounting the qQL@ghmto
be processed: 100 nrn/sec The laser light quality of TEMDO indicatges‘”‘t“r'l‘'f’-‘j
the |1ight convergence is so high that |ight can be con-verged up to about
the wavel ength of laser light. Fig. 7 is a graph showing the resuf?8lofl44el0
above- nenti oned experinent. The absci ssa 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) fornmed within the object to be processed by one
pul se of laser light. An asseshlytafcer acklspoesptornead slaseracki ghegi on.
The size of a crack spot refers to that of the part of dinensions of the
crack spot yietdehgnghe: ma®kmum |ength. The data indicated by black circles
in the graph -refers to a case where the light-converging glass (C) has a
magni ficati on of x100} and4av ngrespeoad @per taue t(iNg) tebl20mOuBOin@ririche ot her
hand, the data indicated by white circles in the graph refers to a case
where the |ighbtieonveogbagprgtassef€)ldtaswa/ swgni fi cati on of x50 and a
nunerical aperture (NA) of 0.55. It is seen that crack spots begin to occur
Wi thi rb the obj ect tDhdelpsoressgd: whenl 1he peakeipewend demse $ yt 125t rigaches
1011 (WCW) , and becone greater as the peak power density increases. 8-7
FPO1- 0144- 00 A gechanhsarhynahi th thehobhechat ol behprozessedcersvended upon
formation of a crack region in the |aser processing
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
z0 0.80. Onthecther hand, the data indicated by white circles
in the graph refers tc 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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in accordance with this embodinent will now be explained wth reference to
Figs. 8 to 11. As shown in Fig. 8 the 5 object to be processed 1 is
irradiated with laser 1ight L while locating the |ight-converglng.'poi'ht P
within the object 1 under a condition where multiphoton-absorption occurs,
so as to forma crack region 9 therewithin. The crack region 9 i§F8:r8¢f6nc0
i ncluding 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
reachi ng the surfacd rgrhangg™ Pace) oth tthe 4'5] obf &6t P ey RbdSeday gr ow
naturally or grow as a force is applied to the object. (2) Case where the
nmodi fi ed regi spcnsfarmekien Cpracessell region A bbf etdsed PEOr DTERSed
(e.g., a semconductor 20 material such as silicon) is irradiated with

| aser |ight whiEethedkihghtwtbhvehgbngnboihment vbthtedvtherexm ahied under

a condition with a peak power density of at least 1 x 108 (WcnR) and a
pul se width ofithpsedereese ap Fhesl|ighte donvergi aAjovpoint Figs & the
consequence, the inside of the object to be 25 processed is locally heated
by nul i phot onbabsor poilon.prihd s sdreat itsg Lk gens adeqolieh peoeesbiesht dgi on
within the object 88 14 e. FFj ;[ FPO1-0144-00 to be processed. The
nmol t en processkdledgicat ingfers lighatconeasoinaeoshtal veghon tdwcee ettt ed and

then re-solidified,
1 under a condition where muitiphoton absorption occurs,

so as to forma crack region 9 therewithin. The crack region
9 is a region including one or a pluraiity 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

}=
L

object to be processed may grow naturally or grow as a force
is applied to the object.
(2) Case where the modified region is a molten
processed region
An obiject to be processed (e.g., a semiconductor
20 materiasl such as silicon) is irradiated with laser light
whilethe light-convergingpointislocatedtherewithinunder
a condition with a peak power density of at least 1 x 10°
(W/cm?) andapulsewidthof lpsorlessatthelight-converging
point. As a conseqguence, the inside of the obiect to be
25 processed is locally heatedbymultiphectonabsorption. This

heating forms & molten processed region within the object
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aregioninanelted state, and a region in the process of re-sogudyﬁygﬂg

fromits melted state. The nolten processed 5 region nmay al so be defined‘as
a phase-changed region or a region having changed its crystal stru%turoei.4 00
The nolten processed region nmay al so be regarded as a region in ﬁﬁ?éﬁ¢ 44"

certain structure has changed into another structure in nonocrystal,
anor phous, and pol ycrystal structures. Nanely, 10 it refers to a region in
whi ch a nonocrystal structure has changed into an anorphous structure, a
region in which a nonocrystal structure has changed into a pol ycrystal
structure, and@beegiregeisaehi chng Moloe yaiogle ssecuseaien hraseehditgéd into a
structure including an anorphous structure 15 and a polycrystal structure,
for exanple. Wrast keobjledt regébepprocessedt 8 anditliesor arsmddcydegr,
structure, the nolten processed region is an anorphous silicon structure,
for exanple. aheqippedn enhelbédeseztei c21id @l depavensitiyhe $rocess10k2
(Wcne) , for exanple. The pulse width is preferably 20 1 ns to 200 ns, for
exanpl e. By arre)xgerideiiting higomnvented thass vatre f | ddetihal ten prolceered
processed region is forned within a silicon wafer. Conditions for the
experirfent is &gy ifarl Imews e l(sh) bebpedtined be privvessechanitd cmsivwaf € Ehavi ng
25 a thickness of 350 pmand an outer diameter of 4 inches) (B) Laser 89
FPQO - 0144- 00 Liggitorsqunciend semicptduct orot asterl pupicigirNd: YAG mgdé&en
Wavel engt h: 1064 nm . _

processed region may alsc be regarded as a region in which

a certain structure has changed into ancother structure in

monocrystal, amorphous, andpolycrystal structures. Namely,

16 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
has changed intoa structure including an amorphous structure

15 and a polycrystal structure, for example. When the cobject
tobeprocessedisasiliconmonocrystal structure, themolten
processed region is 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 1l ns to 200 ns, for example.

By an experiment, the inventor has verified that a

molten processed regicn is formed within a silicon wafer.

Conditions for the experiment is as follows:

(A} Object to be processed: silicon wafer (having
25 a thickness of 350 pm and an outer diameter of 4 inches)
(B) Laser
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Laser |ight spot cross-sectional area: 3.14 x 5 2 0-1 cm 10 35 Gscillation

node:
Qut put :

| i near pol arizatio3-i
0.55 Transm ttance with respect to |aser
speed of a nounting table nounting the

20 Fig. 12 is a view show ng a photograph of a cross section
silicon wafer cut by | aser processing under
A nol ten processetd regixse: 13eird chacmedow t besea splbhgdng waf er

condi ti ons.

11. The size of the nolten
above- nenti ongd:ganditsens

Qsw tch pul se
20 pJ/ pul se Laser light quality: TEMOO Pol ari zati on characteristic:

Repetition frequency: 100
(C) Light-converging 2ens
| i ght

obj ect t

t he

processed region for
25 is about 100 pmii

kHz P~ilse width: 30 ns

Magni fi cation: xSE0INAL44-00
wavel engt h: 60% (D) Movi ng
0 he processed: 100 nm sec
in a part of a
above -nmentioned

med under the
n the thickness direction.

The fornming of the nolten processed region 13 by 90 FPO1-0144-00 mnul ti photon

absorption w ||

bet ween the wavel engt h of

be expl aimgde 1ENGEh 131064 angr aph
| aser i ght

show ng rel ati onshi ps

Laser light spot cress-sectional area: 3.14 x

5 107 cm?
Oscillaticn mode: Q-switch pulse
Repetition frequency: 100 kHz
Pulse width: 30 ns
Qutput: 20 pJd/pulse
10 Laser light guality: TEMgg
Polarization characteristic: linear
polarization
(C) Light-converging lens
Magnification: x50
15 NA: 0.55
Transmittance with respect tc laser light
wavelength: 60%
(D) Moving speed of a mounting table mounting the
object to be processed: 100 mm/sec
20 Fig. 12 isaviewshowing aphotographcf a cross section
in a part of 2 silicon wafer cut by laser processing under
the above-mentioned conditions. A molten precessed region
13is formedwithinasiliconwafer1l. Thesizeof themolten
processedregion formedunder the above-mentionedconditions
25 1s about 100 um in the thickness direction.

The forming of the mclten processed region 13 by
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and the transmttance within the silicon substrate. Here, respective...

refl ecting conmponents on the surface and rear 5 face sides of the’ S|I|cbn
substrate are elimnated, whereby 10 only the transmttance therewithin is
represented. The above- ment i oned rel ationships are shown in the EBgesdifer@
the thickness t of the silicon substrate is 50 pm 100 pm 200 pm 500 pm
and 1000 pm respectively. For exanple, it is seen that |aser |ight
transmts through the silicon substrate by at | east 80% at 1064 nm which
is the wavel ength of Nd: YAG | aser, when the silicon substrate has a

t hi ckness of BHODt}gyoton dessptSiarceil hévesddplcamedvaf €iglll Shewngrapti g. 12
has a thickness of 350 pm the 15 nolten processed regi on caused by

mul ti phot on abisow ph areldtsi droyinesk heawekhetleentekr lefgtheo Silkiseanl vgfter ,

i.e., at a part separated fromthe surface by 175 pm The transmittance in

this case is 90%ife graalseri twWadtd efieheRCehe t0 lai Il isGbB twaker hdadeng a
t hi ckness of 200 pm whereby 20 the laser light is absorbed within the

silicon waferrddpestyveskeghttyingdcompsybstanbhathy tuansoetied rear
t heret hrough. This neans that the nolten processed region is not formed by

| aser %ight absespidys wifttha dine & sebBtwatera Ad e(iimi®ated, @hefasyred upon
usual heating with laser light), but by 25 nultiphoton absorption. The

formng of a dfmlpeﬂhpracras&adttraegjeortrtlyrmltthmhoi@m@;bﬁ@ﬁ@ﬁt@@ i SThe

descri bed, for exanmple, 91 ,  ,1... i ,J J FPOL-'0144-00
above-mentioned relationships are shown in the cases where
the thickness t of the silicon substrate is 50 pym, 100 um,
200 pm, 500 pm, and 1000 pm, respectively.

10 For example, it is seen that laser light transmits
through the silicon substrate by at least 80% at 1064 nm,
which is the wavelength cf Nd:YAG laser, when the silicon
substratehasathickness of 500umor less. Sincethesilicon
wafer 11 shown in Fig. 12 has a thickness of 350 um, the

15 molten processed region caused by multiphoton abscrption
is formed near the center of the silicen wafer, i.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 light is absorbed within the silicon wafer 11 only
slightly and is substantially transmitted therethrough.
This means that the mclten processed region is not formed
by laser light absorption within the silicon wafer 11 (i.e.,
not formed upon usuval heating with laser light), but by

25 multiphoton absorption. The forming of 2 molten processed

region by multiphoton absorption is described, for example,
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in "Processing Characteristic evaluation of Silicon by Picosecond Pul se
Laser”, Preprints of the National Meeting of Japan Vel ding Soc1eny,,%b 66
(April 2000), pp. 72-73. Here, a fracture is generated in the FPOL-0144-00
cross-sectional 5 direction while using the nolten processed regrgg as ' a
starting point, whereby the silicon wafer is 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 he processed may grow-naturally or
grow as 10 a force is applied to the object. The fracture naturally grows
fromthe nDItéﬁ]pr%E%%%%ﬂl?%gFBﬁrFSt?ﬁés§ﬁFféﬁ@”&ﬁ&lopeaf fackl o t Rd
silicon wafer in one of the cases where the fracture gr ows fronta reglon
once nelted ard Qo rsesiedtfed,  iFERE Bt 8

in 15 a nelted state, and where the fracture groms froma regron in the
process of reéﬁbﬁﬁﬂﬁﬁ&ﬂﬁdﬁﬂﬂ@aﬁﬁ_ﬁﬁﬂﬁedN@ta@@ AprilmP ¥ t REse” éagés t he
nol ten processed region is forned only within the cross section after
cutting as shown i nfErg, ai1dragpere d nBENEA25EECcEE SEE FEGE6NSESLEBPARd

W t hin the 20 object to be processed, unnecessary fractures deviating from
a |ine %l ong WhilGF e otjeke F&1PEt 8hEedd Be RiRCITTharW 1A dEchr at
the time of breaking and cutting, which nmakes it easier to control the
breaki ng and GGG CPL "CaseNREEPE £he ﬁﬁafFP@dW?%%¥0H3ﬁ§taWP€PraE?|ve 25
i ndex change regi on An object to be processed (e. s) is_irradi ated
92 FPOL- 0144- 36 AR%H 9 areercWGSgﬁPemrréarﬁeariﬂgﬁta%ofﬁﬁﬁ gffnﬁhsoﬁmllrceﬂr ocat ed

wafer. The fracture reaching the surface and rear face of

the object to be processed may grow naturally cor grow as
10 a force is applied to the chject. The fracture naturally
grows from the molten processed region to the surface and
rear face of the silicon wafer in one of the cases where
the fracture grows from a region once melted and then
re-solidified, where the fracture grows from a region in
15 a melted state, and where the fracture grows from a region
in the process of re-solidifying from a melted state. In
any of these cases, the moclten processed region is formed
oenly 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 fracturesdeviating 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 regicn

An object to be processed (e.g., glass) is irradiated
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therewithin under a condition with a peak power density of at least 1 X 103
(Wcen2) and a pulse width of 1 ns or less at the Iight-convergingégqhn&;
When nul ti photon absorption 5 is generated within the object to be procéssed
with a very short pulse width, the energy caused by nultiphoton Fahsopttdonl
is not transfornmed into thernmal energy, so that a permanent structural
change such as ionic val ence change, crystallization, or polarization
orientation is induced 10 within the object, whereby a refractive index
change region 15 is forned- The upper |imt of electric field intensity is
1 x 1012 (Wcnr)h, 1desr éXgnmlehiThe hpul sehw dirvd sg pigbedall ys 1bcasedr | ess,
nore preferably 1 ps or less, for exanple. The formng of a refractive
i ndex change régirew iy imulihtphos arondbsionptdiam bSpaesardvbed deharitgxafpl e, in
"Formation of Photoinduced Structure within dass by Fentosecond Laser
I rradi ation", alPr oeeedi ngs pi42ncaser ahat grp@l se Rrogessimg nGonfretense
(Novenber 1997), pp. 105-111. , Specific exanples of this enbodinment will now
be 20 expl ai ned.thd Fikst -Examphkelnfheiraser wpeacesst Nshaedhadsbrpacear dance
with a first exanple of the enbodinent will be explained. Fig. 14 is a
schemati ¢ di agsagentratkasestplcassiond cappabakbe Sy 108 sised e t2b & nethi s
met hod. The | aser processing apparatus 100 conprises a laser |ight source
101 for generahbrg | gsegel vglhdti, an@3 EROLg019%4=09=d aser hughtpsotone
controller 102 for controlling the |aser

absorpticn is not transformed into thermal energy, so that

a permanent structural change such as ionic valence change,
crystallizaticon, or polarization corientation 1s induced
10 within the cbject, whereby a refractive index change region
is formed. The upper limit of electric field intensity is
1 % 102 (W/cm?), for example. The pulse width is preferably
1 ns or less, more preferabkly 1 ps or less, for example.

The fermingof a refractive index change regionbymultiphoton

=
wn

abscrption is described, for example, in “Formation of

Photoinduced Structure within Glass by Femtosecond Laser

Irradiation”, Proceedingsof 42thlaser Materials Processing

Conference (November 1587), pp. 105-111.

-Specific examples of this embodiment will now be
20 explained.
[First Exemple]
The laser processing methed in accordance with a first
example of the embcdiment will be explained. Fig. 14 is a
schematic diagramof a laser processing apparatus 100 usable
25 inthismethod. Thelaserprocessingapparatus 100ccmprises

a laser light source 101 for generating laser light L; a
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|l ight source 101 so as to regulate the output and pul se width of |aser
light L and the like;, a dichroic mrror 103, arranged so as to change the
orientation of-the optical axis of laser 5 light L by 90, having la Fuhdti on
of reflecting the laser light L; a light-converging |lens 105 for Yﬁﬁ %Q%O
the laser light L reflected by the dichroic mrror 103; a rmuntiréﬁﬂt

107 for nmounting an object to be processed 1 irradiated wth the | aser

light L converged by the light-converging 10 | ens 105; an X-axis stage 109
for noving the nounting table 107 in the X-axis direction; a Y-axis stage
111 for nmoving the nounting table 107 in the Y-axis direction ortho%onal

to the X-axis ‘ATTCHLGRT 8O @RI dtiaye 1308 of 0 e PNhg L hé N Inbumthias§ 't abl e
107 in the Z-axis direction orthogonal to 15 X- and Y-axis directions; and a
stage control IefST15oEEFe EbhErot § iAol e fel bt dheneuBpu RESeP hf ¥ 1St ages

109, 111, 113. The Z-axis direction is a direction orthogonal to the
surface 3 of tHeldbpeckialy bamst bersd&d 12 HRISOBECHH TR 190 tave AhIeECt i on
of focal depth of laser light L incident on the object 1. Therefore, noving
the Z-axis staged1Boidatee theani senideeet OF £an Ividad eHeés of laser

l'i ght - converglng point P of laser light L within the object 1. This
movemert of  I§igHtt doMvefdi mghpEiAE P FANKE Y9 axf s“iﬁjretfcttllllﬂw qfse efe&dt ed 25
by nmoving the object 1 in the X(Y)-axis direction by the -axi s stage
109 (111). The %NS}/ -qaki ghsragevany! 19 1eysou0l iozqm@f_r@fm ejlesgy

exanpl e of ITDVlI n rrea S.

ig 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 tabkble 107 in the Y-axis direction orthegonal
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 directicns; and a stage controller 115 for
controlling the movement of these three stages 109, 111,
113.
The Z-axis directicn is a direction orthogonal to the
surface 3 of the cbject to be processed 1, thus becoming
20 the direction cf focal depth of laser light L incident on
the object 1. Therefore, moving the Z-axis stage 113 in the
Z-axis direction can locate the light-converging point P
of laser light L within the cbject 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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The | aser |ight source 101 is an Nd: YAG | aser generating pul se |aser

| ight. Known as other kinds of |aser usable as the |aser |ight soltcér101

i nclude Nd: YVO9 laser, Nd: YLF laser, 5 and titanium sapphire Ias&g E&d 00
formng a crack region or 10 nolten processed region, Nd: YAG | aser, %h éﬂ

| aser, and Nd: YLF | aser are used preferably. For formng a refractlve

i ndex change region, titaniumsapphire laser is used preferably. Though
pul se laser light is used for processing the object 1 in the first exanple,
conti nuous wave | aser gr Ea% al. so be used as long as it can generate

mul ti phot on aBEO?Btﬁéﬁm R the™present*Phventi on, Iaser li ght means to

i nclude | aser beans. The |ight-conver ens n 15 exanpl e of
| i ght - conver gi ng neahse l?ﬁﬁlgléﬁ]tssg‘t’ @‘é%ﬂsl%%m\]a Yé% Nisinc] ‘iﬁ”%ﬂ“gf or
| ocating the Ilght converging point wthin the object to be proc ssed. The

| i ght - conver gi RY* Spot #teof 19 7§er Frghe earthen beate Witmst vRed bj%tt to

be processed by relatively noving the |ight-canver ens 05 in the
Z-axis directi gﬁe'ﬁﬁéqra]s@r NHEBEESEI Y A 'g]a‘t‘%? Ng'\iﬁg Eg??heﬂqdcé{ﬁf 1% ¢ an

observaélon | ight source 117 for generating_a visible ght beam for
irradiafing th ”Gbﬁjeﬁ“%uérbéaﬁia@éé%éasﬁrrm rﬂreéorﬁ’ﬁnﬂh% Crﬁﬁ?rﬁ FRgLIPAAS 107;
and a visible |I? beam splitter 25 119 osed on the sa %§I0a| axi s
as that of the™@fERFOPECCTIFTOIL DA’ q1%ﬁé)%ﬁﬁ%&er§@ngvpé 2

dichroic 95 FPO1-0141-00 mrror 103 is. di epsed bepyeen t he b%?m litter
119 and NG:YLF laser are used preferably. For forming a refractive

index change region, titanium sapphire laser is used
preferably.

10 Though pulse laser light is used for processing the
object 1 in the first example, continuous wave laser light
may also be used as long as it can generate multiphoton
absorption. In the present invention, laser light means to
include laser beams. The light-converging lens 105 is an

15 example of light-converging means. The Z-axis stage 113 is
an example of means for lccating the light~converging peint
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
lightbeamforirradiatingtheobject tobeprocessedlmounted
on the mounting takble 107; and a visible light beam splitter

25 119 disposed on the same ¢ptical axis as that of the dichroic

mirror 103 and light-converging lens 105. The dichroic
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| i ght-converging | ens 105. The beam splitter 119 has a. function of
reflecting about a half of a visual light beam and transmtting the
remai ni ng hal f therethrough, and is 5 arranged so as to change the
orientation of the optical axis of the visual |ight beam by 90. AmRaILF0684-00
the visible Iight beam generated by the observation |light source 117 is
reflected by the beamsplitter 119, and thus reflected visible 1|ight beam

is transmtted through the dichroic mrror 103 10 andlight-convergi ng | ens

105, so as to illumnate the surface 3 of the object 1 including the |ine

al ong whi ch theiohjectiod 54 ntiepdedd odedit theandathediiikeerThe ol aser
processing apparatus 100 further conprises an image pickup device 121 and

an imaging | eng ;lg3 shRRseAngla s thes samehoptd &l sgxiecas thatnhes khe
beam splitter 119, dichroic mTror 103, and |ight-converging | ens 105. An

exanpl e of the 7. 7Ra8 %l‘fUPe@?&:‘é?n%Z&bb&aa GGR #( slras ofr Soapliad hrdguibae)
canera. The reflected |ight of the visual |ight beam having illum nated the

surface 3 incl Lé‘i'fd‘@:ﬁab%nﬁ't’%%ng;l QRG ?r%ramlr%qt mea1qb1t%%trelt%rlo@tg%nd@th 9sbe cut
5 and the like is transmtt t hrough the |7 ght-convergi ng I'ens 105;

di chroig mrrgpy g%eoagg feam ékpélhc%é %rhelégléﬁgafz%%@ehé%é%’l ways of

the imaging lens 1 whereas thus fornmed inage is captured by the inmaging

device 121, so3s:he Wikl hLABALNGHRLY 35° The h@%roﬂofz%e@ﬁéﬂﬂ@@@?ﬁ@t us
100 further conprises an ima@ing data processor 125 for inputting

i magi ng data 96 6RO %1$éﬁé@ob?mt}?%tégsé£9ﬁﬂ&$ i1ABgkNG dfvdLer 1214 san

overall controller controlling the | aser processing apparatus 100
as reflectedbythebeamsplitter 119, andthusreflectedvisible

Do
.:4_,. PG

light beam is transmitted through the dichrcic mirror 103
10 andlight—converginglens105,soastoilluminatethesurface
3 of the object 1 including the iine along which the obiect
is intended to be cut 5 and the like.
The laser processing apparatus 100 further comprises

an image pickup device 121 and an imaging lens 123 dispoéed

-
1

on the same optical axis as that_qf the beam splitter 119,
dichroic mirreor 103, and light-converging lens 105. An
exampleofthe imagepickupdevicel2lisaCCD (charge-coupled
{ device) camera. Thereflectedlight of thevisual 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 precessor 125 for inputting the imaging date



a whol e, and a nonitor 129. According to the imaging data, the inaging data

processor 125 cal culates foal point data 5 for locating the focal point ef
the visible light generated in the observation |ight source 117 onto “the’

surface 3. According to the focal point data, the stage controller_ 115
controls the novenent of the Z-axis stage 113, so that the focal E%@%TO]&‘}‘OO
Visible light is |ocated on the surface 3. 10 Hence, the imagi ng data
processor 125 functions as an autofocus unit. Also, according to the

i mgi ng data, the inmaging data processor 225 cal cul ates i mage data such as

an enlarged image of the surface 3- The inage data is sent to the overall

control | er 127Qutkib} eed éd omot varkitaws ng desies 1gfl  proovssiend, camdr e HaT sent
to the nonitor 129. P%s a consequence, an enlarged image or the like is

di spl ayed on 1heé fwnicoort tdPdlimattad lemahersicage iogneppkhrerus 1500 iamge

data from the imaging data processor 125, and the like are fed into 20 the

overal | contradl lwirolE27andAs ooordi gy t1& %.hedecdatiangst awelhe, inhgioyetatid,
controller 127 reqgulates the laser light source controller 102, observation

i ght source 1tlve amdhistqagetx ertaosdserr 115, chleuéby esofitrdl pongt tdetd aser

processing apparatus 100 as a whole. Thus, the overall controller 127 25

functi ons as afconputeer ngnikhe Wddl nefisrendcethe Higdoleldighd dénerdteed aser

processing 97 | / f r J FP0O1-0144-00 5
in the observation light source 117 onto the surface 3.
According to the focal peint 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 processcr 125 calculates image data such as
an enlarged image of the surface 3. The image data is sent
to the overall controller 127, subjected to various kinds

15 of processing, and then sent to the monitor 129. As a
conseguence, an enlarged image or the like is displayed on
the moniter 129.

Data from the stage contrcller 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 socurce 117, and stage
centroller 115, thereby controlling the laser processing
apparatus 100 as a whole. Thus, the overall controller 127

25 functions as a computer unit.

With reference to Figs. 14 and 15, the laser procéssing
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met hod in accordance with a first exanple of the enbodinent will now be -

explained. Fig. 15 is a flowhart for explaining this I

nmet hod. The object to be processed 1 is a silicon wafer.

absorption characteristic of the object 1 is determ ned
spectrophotoneter or the like which 1is not depicted. Ac

aser pr ocess/-| PI;]

First, all4ight?y

by a . _ _
cordi ng toFFH% 0144-00

results of nmeasurenent, a |laser |ight source 101 generating laser light L

having a wavelength to which the object 1 is transparen
| ow absorption is chosen (5101) . Next, the thickness of
measured. Accordi to the result of urenment o
refractive ind8g® Bg FﬁéaQQﬁ ncg wifh %3%&' of'*fi8 EﬁE%
the Z-axis direction js determ ned %Slowf Thi s i E
of the object ¥ifhnded ieasalsaﬂd?%m.aﬁ T horafoPURBact
l'i ght - converglng poi nt of | aser ght L positioned at t
object 1 in or8

positioned within the object 1. This anmount of novenent

overal | controll &f aZéli??OnTHéféﬁject 1is nmounted on t
107 of _the laser processing. apparatus 100. Then, visj bl

t or exhibits 10 a
the object 1 is
kness. and t he

{+96F STRROOBFREL 1 in

anount of rmvemant 15

oqﬁép aining
he surface 3 of the

%Sfb?s?ﬁepi\f‘?@ﬁ%‘sé’aﬁv%?bh% poiEnCRest [FasBR PrghResEe¥o be

is fed into the
he nDuntlng tabl e
e li is

generat@d from the obseFbat bhIlF GMSOLEGACE AT a SR BLS | 4F OF| rlf’rrP]ﬁbf%%tthe
object 1 (SlOSé _FThe illum nated surface 3 25 of the object_ 1 |nclud|ng t he
hl

| i ne al ong whi heebBfBERS 8Yi At ERBEBTPBNBEOREESS P&
i mage pi ckup device 98

apt Ut &8 By the

J
is not depicted. According to the results of measurement,

10

20

25

a laser light source 101 generating laser light L having
a wavelength to which the object 1 is transparent or exhibits
a low absorption is chesen (3101). WNext, 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 ¢f the object 1 in the Z-axis
directionisdetermined (S1G3). Thisisanamountofmovement
of the object 1 in the Z-axis direction with reference to
the light-converging point of laser light L positioned at
the surface 3 of the object 1 inordexr for the light-converging
point P of laser light L to be positioned within the object
1. This amount cf movement is fed intotheoverall controller
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 (S105}). The illuminated surface 3

of the object 1 including the line along which the ockject

is intended to be cut 5 is captured by the image pickup device
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FPOL- 0144-00 121- Thus obtained inmaging data is sent to the inmagi ng data
processor 125. According to the inmaging data, the imaging data processor;

125 cal cul ates such focal point data that the focal point of visible Ilght
fromthe observation light 5 source 117 is positioned at the surfagm3-0144-00
(S107) The focal point data is sent to the stage controller 115. According

to the focal point data, the stage controller 115 noves the Z-axis stage

113 in the Z-axis direction (S109) . As a consequence, the focal point of
visible light fromthe 10 observation |ight source 117 is positioned at the

surface 3. Accordi ng o, LR RG! gl aadhe; ) %mtneodﬁ%@lﬂgagﬁawta 125

cal cul ates enlarged i mage data of the”su face obj ect |nclud|ng t he

| i ne al ong whi t% SQQlQRE5ISAf§§ g%tgo¥ﬁ§ @aen{ﬁéq] ?%g?

data is sent t e nonitor eral contfro

whereby an enlarged | e??s&? { e éf?uf‘é?@ g\@&ﬁ’hf%(pfl %}gﬁ? datd ”cth%"cded to

be cut 5 and its vi<clni iI's dirsplrayed vement anount

data deter mned,at lep 5%3% h@fr@eﬁ%lef%(%%@tﬁf%rgeth 1gbebLugenbhalier 127

bef orehand, and is sent age ¢ontro cording to th

ovenents am””ts&%%lﬂ‘? Bl %9sz9£‘££8<5'§£ Hi2 §8‘£‘?£§et§‘eh§1 js stage 113

to nove the object n the directron at a ere the

| ightconver ging pol nfy P ol dager I ght Ly Lo togth%wbgi L gt 1

(S111). 25 Next, |aser generate € laser source

101, so as to iyfad %tc%otx}bfidd 981;%' ORGMEER kNG 2P B6L 32E Pcoén@éo“l“leozo

115moves the Z~axis stage 113 inthe Z-axisdirection {S109).
As a consequence, the focal point of visible light from the
10 observation light source 117 is positioned at the surface
3. According to the imagingdata, the imaging data processor
125 calculates enlarged image data of the surface 3 of the
object including the line along which the object is intended
to be cut 5. The enlarged image data is sent to the monitor
15 12% 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 5103 has been
fed into the overall controller 127 beforehand, and is sent
- 20 tothestagecontroller115. Accordingtothemovement amount
data, the stage contreller 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 (5111} .

25 Next, laser light L is generated from the laser light

source 101, soas toirradiate the line along which the object



is intended to be cut 5 in the surface 3 of the object wwth the laser |ight

L. Since the light-converging point P of laser light is positioned within

the object 1, a nolten processed region is fornmed only within the object ;1

5 Subsequently, the X-axis stage 109 and Y-axis stage 111 are noved al ong

the lint to be cut 5 so as to forma nolten processed region al ongfihe-0144-00
| ine al ong which the object is intended to be cut 5 wthin the object 1

(S113) . Then, the object 1 is bent along the |ine along which the object

is 10 intended to be cut 5 and thus is cut (5115) . This divides the

object 1 into silicon chips. Effects of the first exanple will be expl ai ned.

Here, the line akongtahiieh tdhee=obpect iirs tihrt endedcé i be ebt Spoisct with
irradiated with the pulse laser light L under a condition 15 causing

nul ti photon absotpti DAswAI | eghocat | Bantlke thkei ghhheopyergt onPopdin® Midhin
the object 1. Then, the X-axis stage 109 and Y-axis stage 111 are noved, so

as to nove the }|jgbt-gepKrer disngoRQkAbnPdahargihhe el Bealkeng Wi b iddie
object is intended to be cut S. As a consequence, a 20 nodified region

(e.g_, crackregi oprgBLE8RIPIAGESTE] § €Giolthed 06n1¢f@a@hﬁﬁe1hﬂ9e5bga@@ga”
region) is fornmed within the object 1 along the |ine along which the object

is intended to bg;psHLuSHt YWen geémisns@é%étlimaﬁ@iwaﬁ@ skagat1aipafd to
be cut in the object to be processed, the object can be cut 257by breaking

it with a relatiyelyasambhgf ereeridberefios ecut by eakd ngs the obhedd domlang
the line along which the o%ject 100 rf~h FPOL-0144-00
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 conditicn

15 causing multiphoton abscrption while locating the
light-converging point P within the cbject 1. Then, the
X-axlis stage 109 and Y-axis stage 111 are movea, 3o as to
move the light-converging point P along the line along which
the object is intended to be cut 5. As a conseguence, a
20 modifiedregion {e.g., crackregion, meltenprocessedregion,
crrefractive 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
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is intended to be out 5)Wnile using a nodified region as a starting point
can cut the object 1 with a relatively small force. This can cut the object
1 without generating unnecessary fractures deviating fromthe I'i ng{al:ang:
which 5 the object is intended to be cut 5 in the surface 3 of the pppiestsa—go
1. Also, inthe first exanple, the object 1 is irradiated wth the pul se

| aser light L at the line along which the object is intended to be cut 5
under a condition generating 10 nmultiphoton absorption in the object | while
| ocating the |ight-converging point Pwithin the object 1. Therefore, the
pul se laser lig I nsmite ht o obj ect .t ho ,
substantially bg% ngn% 1%%%@e§@£%étﬁ%{ s%r\%l}g{;%aé g&(’) Ipé"t e'o Jye\"%:%é]ﬁé%%? eabc’y t he
surface 3 will nat .incur damages 15 h . tin ue he _form of a
o {1 60t egi ont LTS s T Nk SR TRE T BBFRG.! PRENT Felaiamre e Cou
the object 1 wifhout generating unnecessary fractures. deviating fromfthe
line al ong mhic%O{%%‘obﬁﬁﬁﬁ i%ngFg de hetﬁﬁgeéﬁt HrG e ??ﬁ%?ﬁ;%Mﬁface
3 of the object. Therefore, 20 when the o ﬂectFis a ﬁenlcondUﬁtor ! fcr, for
exanpl e, a seniUSHATRIDTY i T i DE UL Out® £r6m £RE SERFcBNTUE LD “Thaf er
W t hout generating unnecessary fractures deviatin romthe |inge_ alaon

whi ch tHo obj octh% SRR Ended 6 SHaSEuES RRdC Rl i tﬁ”ﬁe%é%ﬁ%ndu%foﬁ‘eghi p-
The sane hol ds for-Zg bjects to be processed whose surface is fornmed with
el ectrode patt@HE-Cand those whose surface is formed with el ectronic 101

FPOL-0144-00 devi ces such 25 i e49¢lqoLi e, val @4 39,0l asg substastes,

with the pulse laser light L at the line along which the
chject is intended to be cut 5 under a condition generating
10 multiphoton absorption in the object 1 while locating the
light-converging point P within the object 1. Therefore,
the pulse laser light L is transmitted through the object
1 without substantially being absorbed at the surface 3 of
the object 1, whereby the surface 3 will not incur damages

such as melting due to the forming of a modified region.

‘,_-I
w

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 Sandmelt inthe surface 3o0f thecbhject. Therefore,

20 when Lthe cobject 1s 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 cbiectstobeprocessedwhosesurface is formedwithelectrode

patterns, and those whose surface is formed with electronic
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formed wth display devices such as liquid crystals. Therefore, the first
exanpl e can inprove the yield of products (e.g.;, sem conductor Thips;r

pi ezoel ectric devicé chips, and 5 display devices such as liquid crystal)
prepared by cutting the object to be processed. Also, since the | raélaldAag-00
which the object is intended to be cut 5 in the surface 3 of the object 1
does not nelt, the first exanple can decrease the wdth of the lIine al ong

10 which the object is intended to be cut 5 (the width being the interval

bet ween regi ons to becone sem conductor chips in the case of a

senmi conduct or wRfelced elcexaBphbedzodDbst ri BCs£LBSAS nke gnurkek .ok« pEodsict s
prepared froma single object to be processed 1, whereby the productivity

of products caforhdd i APERVEH SPNGe baseteki GhicH saysad forg cuktkngLs he
object 1, the first exanple enables processing nore conplicated than that

obt ai ned by di @ihRg Wil a1k arpaé e@dé‘i’ntpﬁrecfrpim}[gi(@vr@kﬁe v ieVeL pendthes! i ne
al ong which the object is intended to 20 be cut 5 has a conplicated form as

shown in Fig. 18 g hesehirshiaexesplca igld onse satidNng-i TResecefldfiegds ane
simlarly obtained in exanples which wll be explained later. Not only a

single lsaser |igght1SQuUEERibEL AlSPa8 DPiynahidrystQh )| asepatighy squEcRg may
be provided. For exanple, Fig. 25 17 is a schematic view for "explaining the

| aser processi pgemti-Redd Rot e fHrcsk seeanpl e of the enmbodi ment in which a
102 FPOL-0144'-00 plurality of laser light sources are provided. Here, the
object 1 is irradiatadsw,tdiidy egeliasey abeagmradntded cb5em: is intended
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 obiect

to be processed 1, whereby the productivity of products can

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 scurces may be provided. For example, Fig.

25 17 1s a schematic view for explaining the laser processing

method in the first example of the embodiment in which a
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respective laser |ight sources 15, 17, 19 fromdifferent directions while
the light-converging point Pis located 5 within the object 1. The,..o e
respective | aser beans fromthe |aser |ight sources 15, 17 are ‘nage ‘-
incident on the object 1 fromthe surface 3 thereof. The | aser béa&mlfPdAi-00

the laser [|ight source 19 is nade incident on the object 1 fromthe rear
face 21 thereof. Since a plurality of laser |ight 10 sources are used, this
makes it possible for the 1light-converging point to have an electric field

intensity wth such a magnitude that nultiphoton absorption occurs, even
when | aser |i ghtydas ieghidMmueys rwayghkasen rkieght rbayi ©i@i déd powerrel, ovee t han
that of pulse laser light. For the sane ? 5 reason, mnulti photon absorption

can be generabedemen Wt hodidifdd ghtric amegl Bgek efsand haigh ddherom
| i ght-converging point P is formed by the three laser |ight sources 15, 17,

19, the presealsgatMentd A de NalgHesdd cdad itheret, 0 185 drepgdasfedept ural ity
of laser light sources exist therein. 20 Fig. 18 is a schematic view for
expl ai ni ng angtihel-1;a3Ry wHNACFS NG gret-hoshddr AGeOLdARGE pWikh 1bRer E& T St
exanple of the enbodinment in which a plurality of laser |ight sources are

provi ded. Thi giexampheccompkicses three ALsay-d]aght] s sounLRmeatiansnds, 27,
29 each having a plurality of laser 25 |ight sources 23 aligning along the

l'ine al ong whighk<the; oahkj §6E_rj:§siI‘5?@ﬁ@ﬂ@m@%ecgﬁc§deﬁmg_twOBFé@t’ l'i ght
source 103 FPC&-0144-80 sections 25, 27, 29, |laser beans enmtted froml aser

light sources 23cardranged fizket Be e £ owrher M de Sike £ rbih e CaB¥er gi ng
point (e.g., light-converging point Pl)
. light source 19 is made incident on the object 1 from the

{ |
rear face 21 thereof. Since a plurality of laser light

10 sources are used, this makes it possible for the
light-converging point tc have an electric field intensity

with such a magnitude that multiphoton absorption occurs,

even when laser light is centinucus wave laser light having

a power lower than that of pulse laser light. For the same

on, maltiphoton absorption can be generatedevenwithout

=
24

'. -
wn
K
2
193]

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 isaschematicviewforexplaininganother laser
processing methed 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

23 light sources 23 aligning along the line along which the

cbject is intended to be cut 5. Among the array light source
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This exanple can forma plurality of |ight-converging points 5 P1, Pi, ..
along the Iine along which the object is intended to be cut 5, whereby the
processing speed can be inproved. Also, in this exanple, a pluraljty:of

rows of nodified regions can be fornmed at the sane time upon | aser - scannlng
on the surface 3 in a direction orthogonal to the .line al ong whiclfp0lBothe-00
object is intended to be cut 5. [Second Exanpl e] ‘A second exanple of the
enbodi ment will now be explained. This exanple is directed to a cutting

met hod and cutting apparatus for a light-transmtting material- The 15
light-transmtting material _J5 an exanple of the objects to be processed.

In this eX&”D'@ec@1@h§ZQ§|e@?rIZE(kﬂééé% ey eSubely at-ey MavkbRg1aght
t hi ckness of about 400 pn1nade of LiTa03 is used as a l'ight- transnlttlng

material . The §HEH:@9 apparatus,ddy acepr dapcesyhth the segend; 2Qigxagple is
constituted by the | aser processing apparatus 100 shown in F|g 14"and the

appar at us showns i ELg8ve19: nando20: e, apDar s SRR, i, éicﬂ%t 19, and 20

will be explain e p| |'ectric device by a ma er

sheet (film h?&te' QQijldlgn Q";ﬁq& 1§ be 1"!@5% o %oﬂ%@@ face

on the side ho dlng plezoe ectric eV|ce wafer 31 I's nma e o]

adhesi ve resinp age, or, theoA04. FPOLQ144500 hike, aadhascan celasthabty. The

waf er et 33 i's et ‘on unting ta ng hel

sanpl e hol der +35,¢ '%ﬁzts@m"ﬂhb@eﬂ/gthé wgegsgmgos;iee&} dat devifswebar 31
i ncl udes a nunber of piezoelectric deV|ce chips™3

Also, inthis example, apluralityof rows of modified regions
can be formed at the same time upon laser—-scanning on the
surface 3 in a direction crthogonal te the line along which
10 the object is intended to be cut 5.
[Second Example]

Asecondexample of the embodiment will nowbe explained.
This example 1is directed to a cutting method and cutting
apparatus for a light-transmitting material. The

~- —

15 iight-transmitting materia

’,_l

is an example of the objects
tc be processed. In this example, a piezoelectric device
wafer (substrate) having a thickness of about 400 um made
cf LiTa03 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. 12 and 20 will Dbe
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 waier 31 is made of an adhesive resin tape or the
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S will be cut and separated |ater. Each piezoelectric device chip 37 has a
circuit section 39. The circuit section 39 is formed on the surflaeé ofilthe

pi ezoel ectric device wafer 31 for each piezoelectric device chip 37,

whereas a predeterm ned gap a (about 80 pm) is forned between adj peent(104-00
circuit sections 39. Fig. 20 shows a state where mnute crack regions 9 as
nmodi fied parts are fornmed within the piezoelectric device wafer 31. Next,
with reference to Fig. 21, the nethod of cutting a light-transmtting
material in accordance with the second 15 exanple will be explained. First,

a |ight absorpties chapaclerd$tdiGofidhe, | i ght-Lrapsmiddngymiestalon

(pi ezoel ectric device wafer 31 nade of LiTa@®3 in the second exanple) to

becone a mterg%oaHtPﬁ%W§bié gﬁﬁ%@l%e%e(ﬁaoﬂrm w it o kghbiahsorqt, on
be asured by

characteristic can usi ng 20 a spectrophotoneter or the |iKke.

Once the |ight4ab td - terd sti.g | ] , ] '
ce the 119 3@"5%%9‘4@%%%9% efd Steh 8%98&%%9% déblcaeg%ﬁ!e%:g%@

source 101 genera r 11ght T 'having a wavelengih to whic

mai orial o Desfy L85! LARSABLEN, b @XRLBELS ac] B aOLR bonsy gy ehipsen

according to the result “of “deter min tion I'n the second exanple, a
1064 mnvi s chobns 05 Ea FEOEOTo0 00 5 Fhi o YAGH Se6r e A piT cr |
300 p). The | SRACdTanster of Tager TTohroL oni11ea Trom e Vs racer o
‘ is formed on the surface of the piezoelectric device wafer
31 for each pilezoelectric device chip 37, whereas a
predetermined gap « (about 80 pm) is formed between adjacent
10 circuit sections 39. Fig. 20shows a statewhereminute crack
regions 9 as modified parts are formed within the
plezoelectric device wafer 31.

Next, with reference to Fig. 21, the method of cutting

a light-transmitting material in accerdance with the second

=
L

example will be explained. First, a light absorption
characteristic of the light-transmitting material
{piezoelectric device wafer 31 made of LiTa0; in the second
example) to become a material to be cut is determined (S5201).
The light absorption characteristic can be measured by using
20 a spectrophotometer or the like. Once the light abscrption
characteristic is determined, a laser light source 101
generating laser light L having a wavelength to which the
material tobe cut is transparent or exhilbits a lowabscrption
is chosen according to the result of determination (S$203).
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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is about 20 pm Next, the thickness of the material Lobe cut ismeasured
(S205). Once the thickness of the naterial to be cut is neasur ed, &'he i’

anount of displacenent (anount of novenent) of the |ight-converging p0|nt

of laser light L fronthe surface (entrance face for laser |light Lpof-¢tws-oo
material to be cut 10 in the optical axis direction of laser |light L is
determned so as to position the |ight-converging point of laser light L
within the material to be cut according to the result of rmeasurenent

(S207). For exanple, in conformty to the thickness and refractive index of

e o RARS FH g S0P TR Rls LSl ASRIPTLATRUD! o1 Frerent)

of the 1ight- converglng of ~ |“ase
t hi ckness of the terla cut. As,shown i

di fference bet helh ?ﬁe l?EEr%?t?v%ﬁin%%? ?an%%gé? §Bh8ﬁqu§ 69 gﬁ¥3

surrounding 20 the . nateria .and the refractive X

Tt erial to besRUF CTRESLEFURE HOSTE L bHonE kTt SO ERD, TC JATRE P of
| aser light is, | oc; ted ggeger than the position of the Ilght conver gi ng
point Q of |askr £Pg ﬂverged by the 1light-converging | ens 105 from

t he surgace of the terl%g ﬁﬁﬁﬁ( gscu%&%$ ezo%le t{IC %e% ce wgfer 1).
Narmely, the relatio §ﬁFp £ 5ol P éW% R 3R Y LY TT?E n 106
-8 helent e g Pt s LB et o
light- Converglngagukgg O{héagﬁguntggg st$¥%é§héﬁkt amount of movement)
{ cfthelight-convergingpointof laserlightL fromthe surface
{entrance face for laser light L) of the material to be cut
10 in the optical axis direction of laser light L is determined
50 as to position the light-converging point of laser light
L within the material to be cut according to the result of
measurement (S207). For example, in conformity to the
thickness and refractive index of the material to be cut,
15 the amount of displacement l[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 tobecut andthe refractiveindex of thematerial
to be cut, the actual positicn of the light-converging point
P of laser light is lcoccated 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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air. The anount of displacenent (anount of novenent) of the 5 .,
| i ght-converging point of laser light L is set in view of the g
above-nentioned rel ationship (between the thickness and refractive indéx of
the material to be cut). Thereafter, the material to be cut held by the

waf er sheet 33 is mounted on the nounting table 107 placed on theFP01-0144-00
X-Y--Z-axis stage 10 (constituted by the X-axis stage 109, Y-axis stage 111,
and Z-axis stage 113 in this enbodinent) (5209). After the nounting of the
material to be cut is conpleted, light is enitted fromthe observation

| i ght source 117, so as to irradiate the material to be cut with thus
emtted |ight. e Then caccoris nii daathen reeSdlaseaf liimpgi og xatetfheckimge

pi ckup device 121, focus adjustnment is carried out by noving the Z-axis
stage 113 so asirid=pes themd herld ghic eenyet gi Agtpailndmowit lefsepbveinght L
onto the surface of the material to be cut (5211). Here, the surface

observation i mage 10fgrA0-qirezoe) 86 e teW e amrfren ightobt'ahaedsbynt bre
observation [|ight source 117 i1s captured by the inage pickup device 121,

whereas the i maging daka:isecessodid@badetes mpesuhico Mvivagenppsdt thp of
the Z-axis stage 113 according to the result of imaging such that the |ight

em tted g rom t he phsesdratd N 2P Jdight osoukserliighernsia Jocah paokRt oon the
surface of the nmaterial to be cut, and outputs thus determ ned position 107

FPOL- 0144- 00 t aHdebstragresonbrebles] slkinn ACGOr Hé fige 0 raR O Piiie S4 gAdl
fromthe i magi ng data processor 125, the stage controller 115 controls the

Z-axis stage 113 Sticd fhatinddwe: movichg pasekioh t8fhd heutd-.axrpagkageet]3 is
Iocated at a position for making
the material to be cut held by the wafer sheet 33 is mounted

o
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-axis stage 113 in this embodiment) (5209). After thé
mounting of the material tc be cut is completed, light is

emitted from the cbservation light source 117, so as to
irradiate the material to be cut with thus emitted light.

15 Then, according te the result of imaging at the image pickup
device 121, focus adjustment is carried out by moving the

Z~axls stage 113 so as toposition the light-converging point

of laser light L onto the surface of the material to be cut

(52117 . 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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5 the light emtted fromthe observation |ight source 117 form a focal
point on the material to be cut, i. e. , for positioning the focal::goint of
| aser light L onto the surface of the material to be cut. After the focus
adj ustment of light enmitted fromthe 10 observation light source FP?Pli-§144-0C0
conpleted, the |I|ight-converging point of laser light L is noved to a
| i ght-converging point corresponding to the thickness and refractive index
of the material to be cut (S213). Here, the overall controller 127 sends an
output signal to the |5 stage controller 115 so as to nove the Z-axis stage
113 in the opticaheasd sydichectiodn eaf 118seratd@idinlg by dhmevapadntigodl
di spl acenent of the |ight-converging point of laser light determned in
conformty to thent hiheknrsgiagddaekrpebeyesob niEx, afhet Beapgat eshakolbebe cut,
whereby the stage controller 20 115 having received the output signal
regul ates the mVidwht OS then-akitsher dgaxi 8 sstagdatkdhe svivenbbonedoabove,
the placenent of the light-converging point of laser light L wthin the
material to beocGuthbkszcomd efred; DY 1B0YENPoddeed ZtaxiSosiwgen b3 mbkihe
optical axis direction of laser light 25 L by the anount of displacenent of
the |ight-convehg hYgippienti t tefd Fasartie ghkekvdet enmingd sbuecoafiamisymto the
t hi ckness 108 FP01-0144-00 and refractive index of the material to be cut
(5215). Afteratiecpl aeerenin ehetriter 4t Dhl to0wvetig) Agepoi fir pbsiasenihgght L
within the material to be cut is conpleted, the material to be cut is
irradi ated w t hhkaderalli gbtink, of5 lase 1t He gktaXi ensbagee169réadet hé Yhaxi s
stage 111 are noved
. material to be cut.
After the focus adjustment of light emitted from the
10 cbservation 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 contreller 127 sends an output signal to the

pa
th

stage controller 115 so as to move the Z-axis stage 113 in

te]

the optical axis direction of laser light L by the amount
of displacement of the light-converging point of laser light
determined in conformity to the thickness and refractive
index of the material to be cut, whereby the stage controller
20 115 having received the cutput 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 inthe optical axis direction of laser light
23 Iabytheamountofcusplacementofthelight—convérgingpoini

of laser light L determined in conformity to the thickness
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2

in conformty to adesirable cutting pattern (S217) . As shown i Fignaz
{ ir,?by

the laser light L emitted fromthe |laser light source 101 is comﬁem@b
the light-converging | ens 105 such that the |ight-converging point Pis
positioned wthin 10 the piezoelectric device wafer 31 facing a FPO1-0144-00
predeterm ned gap (80 pmas nentioned above) formed between adjacent circuit
sections 39. The above-nentioned desirable cutting pattern is set such-that
the gap fornmed between the adjacent circuit sections 39 in order to

separate a plurality of piezoelectric i5 device chips 37 fromthe

pi ez0el ect1C deyT pecpaLer, 31 hse,l EAghated iy the Laserlightsh, whereas

the laser ligh L'rsirradrate e state of irradiation of [aser

light L is seen thrﬁg@%%ﬂg@ogg@i&%npgg R 94 A3 Shown i ggé%%’ofhe

| aser light L irradia he materiral tobe cut 1s ¢ by t he

light'convergifgseleffg%?%fqxﬁﬂﬂ%?ﬁ%%ﬁg%&ﬁ%ﬂjﬁhtBhBeC%g?ug% f@ﬁéig@édSQ

formed on the sSUrTace he i évi Ce Wa surface on

T e Ll gk L0 g g Lageales P fheere

light L. Convergring aser y an angl e” at CiTcuit

sections 39 ar%{fﬁéﬁ%g—rﬁ%ﬂis&‘%‘égﬁ%‘g(?% ta*?ﬁ]kﬂ%?\ﬁ—éi&-??tssﬁ &N R §¥8”1Eo$$‘§ | aser

|l i ght 109 FPOL- rome g € Circul e ons 39 and” pr ot ect

the cirouit  seetiens.A9.993 nstotheylasst dibdhl, doo Memsthe | aser,bight L

emtted fromthe Taser source i's converged suc

s ey L9, BRNL2 <R oR0s, | LAREC WA N preehssLel pugh co

[ source 101 is converged by the light-converging lens 105
such that the light-converging point P is positicned within
10 the piezoelectric device wafer 31 facing a predetermined
gap (B0 pmasmentionedabove) formed between adjacent ¢ircuit
sections 39. Theabove—ﬁentioneddesirablecuttingpattern
is set such that the gep formed between the adjacent circuit
sections 3% in order to separate a plurality cf piezoelectric
15 device chips 37 from the piezoelectric device wafer 31 is
irradiated with the laser light L, whereas the laser light
Lis irradiatedwhile the state of irradiation of laser light

I is seen through the moniteor 129.
Here, as shownin Fig. 22, the laser light Lirradiating
20 the material to be cut is converged by the light~-converging
lens 105 by an angle at which the circuit sections 39 formed
cn the surface of the piezoelectric device wafer 31 (the
surface on which the laser light L is incident} are not
irradiatedwiththelaserlightl. Convergingthelaserlight

23 L by an angle at which the circuit sections 39 are not

irradiatedwith the laser light L can prevent the laser 1ight
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| i ght - converging point P exceeds a threshold of optical . damage or optical
diel ectric breakdown, mnute crack regions 9 are formed only at qthe:.: 5o

|.i ght -converging point Pwithin 10 the piezoelectric device wafer 31 acting
as a material to be cut and its vicinity. Here, the surface and rmgar; f12qe-99
of the material to be cut (piezoelectric device wafer 31) wll not be
damaged low, with reference to Figs. 23 to 27, the formng of 15 cracks by
noving the |ight-converging point of laser light L will be explained. The
material to be cut 32 (light-transmitting material) having a substantially

rectangul ar p%ﬂ&rﬁ%@?}e?gﬂg‘fﬂé’&fé‘@m Egaﬁigns%% 'ngq %Lé{é‘ﬁ ghtg%l_i"l“:c‘isj'?t' aser

light L such at 't conver gi ng poi nt” "o ser

positioned within.the erial be cut_ 32,. whereby m nute crack regions 9
are fornmed onlsgg&a Or}}%erga%ia al-ncsoén\?cehregilnazjgep%i nltﬂv]\it in the material to be cut

32 and Vs viieln Ly e, shgnn L0 93,024 0, 25, The oA pa o Lser
rove the 11t Gamier g e, g9l Bt JASPLo LA, Ly 40; L0 gngl elant
nersacting the ORLLcal s SLlafe Wik by e UisdaseL Aot L 1o
of Creck {198 2530, LRI Ae3gar el sRebhepn for resaandlgg to the
light-converging point P exceeds a thresheld of optical
damage or optical dielectric breakdown, minute crack regions
2 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 surfage 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

i__\
w

cracks by moving the light-converging point of laser light
L will bé explained. The material to be cut 32
(light-transmitting material) having a substantially
rectangular parallelepiped form shown in Fig. 23 1is
irradiatedwith laser light L such that the light—convefging
20 point of laser light L i1s positioned within the material
to be cut 32, whereby minute crack regions 2 are formed only
at the light-converging point within the material to ke 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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material to be cut 32 al'ong the longitudinal direction D of the material to
be cut 32 when the laser light L is scanned or the material tobge,cut 32 is
moved. The scanning speed 10 of laser light L or the npving spegdfﬁﬁ‘wﬁ
material to be cut 32 may be sl owed down, so as to shorten the gapOhietween(o0
the crack regions 9, thereby increasing the nurber of thus foornmed crack
regions 9 as shown in Fig. 26. The scanning speed of I|aser light L or the
novi ng speed of material to be cut may 15 further be slowed down, so that
the crack region 9 is continuously forned in the scanning direction of
laser light Ltomndhermyi ngrdi-ceetinh ehe Bi€elidal 4.0 P&culasd2, 1ighe, the
novi ng direction of the |ight-converging point of laser light L as shown in
Fig . 27. Adjustnent of the gap between 20 the crack regions 9 (nunber of
crack regions 9 to be forned) can al so be realized by changing the

rel ationship between; {he. fenelddd p0gh{ §AUENeY @ d ASEF thiedhisdr aRdnthe
nmovi ng speed of the nmaterial to be %ut 32 (X-axis stage or Y-axis~ stage).

Al'so, "t hr oughiug, can be sPLAYSd L whem, Jhe.f BBl Lt LaR 28 £ £ PaueREy Bhsl aser

light L and the noving Spee ra e cut are 1 ncreased. 111 14

r.., ,ls FPOg Oaclir%‘l_'fgggwgacﬁittﬂ?aC(Sé‘ﬁkt}‘i&gé)?é;tzwleg%r@rceoxfr% ANg ot BRe

above-nentioned desirable cutting pattern a stress I's generated

o Py RIS Sk B8, SORLL LR ATIRLONPIG anmn pand e
9 in particul 83l 21 to be cut 32 zlong the longitudinal direction D
of the material to be cut 32 when the laser 1ight L is scanned
or the material to be cut 32 is moved. The scanning speed
10 of lase? light L or the moving speed of material to be cut
32 may be slowed down, so as to shorten the gap between the
crack regions 9, 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

further ke slowed down, so that the crack region 9 1is

o
in

continuously formed in tﬁe scanning direction of laser light

L or the moving directicn 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 tc be formed)
can alsc be realized by changing the relationship between

the repetition frequency of laser light L and the moving

speed cof the material to be cut 32 (X-axls stage or Y-axis

stage). Also, throughput canbe improvedwhenthe repetition

25 ‘ frequency of laser light L and the moving speed of material

to be cut 327 are increased.
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so as to grow the crack regions 9 forned only within the material to be cut
(the light-converging point and its wvicinity) , thereby cutting the

material to be cut at a position fornmed with the crack regions 9 (8221}

Wth reference to Figs. 28 to 32, the cutting of the .material to PEICUIl44-00
upon physical external force application wll be explained. First, the
material to be cut (piezoelectric device wafer 31) fornmed with 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 sanple

hol der 35. The CUtt'@ﬂc@DQ@kﬁtH§aBﬁ5Jﬁﬁfﬂ&{éo@ Shck o3the dVhj EBny lthhebe
explained later, a suction punp (not epi cted) connected to the suction

chuck 34, a pressycenpeedhed 3R (A egtﬁﬁﬁgegsant@fﬁ%%@ ynegdl g disi ving
means (not 20 depicted) for noving the pressure needlie 36, ‘and the Iike.

Usabl e as the pgessice, fesd ﬁedfa;;%wg s (EANS | o Ak ACLHIALON 0,93 &l BCk, i €,

hydraul i c, or othér types I gs do not depict t Ircult

sections 39. C@H@;EQﬁmQh@éP%%{ d& dewi ce.vafier A1 4% Eh@crﬁgtéf'la?%} he

cutting apparat us, e suction chuck 34 approaches the position

correspondi ng £ tuble tﬂ{eeﬁé’gt %tan'eE! »ﬁ% Eﬁ’e %Q'agkyeg]l%ézg’% SHAA QO 4,0

i sol ated as shown sucti on apparatus is actuated mhlle in

a state where g@%@@&l&fwhw& ééaé@ ré &%@dg Ccf%&ﬁ&rdt 0f AU S, agal nst

the piezoelectric device chip 37 to be so at ed, whereby the suction chuck
34 attracts 5 ﬁQ@ePi?ZOgbe%%rhﬁnﬂeVﬂ§§ §betBZoﬁpé§§P§§eﬁbrhE deyd cg af er

31) to be isolated as shown in Fig. 29. Oice the suction
(' vicinity), therebycuttingthematerialtobecutataposition

formed with the crack regions 9 (5221).

10 With referénce to Figs. 28 to 32, the cutting of the
material to be cut upecn physical external force application
will be explained. First, the material tc be cut
(piezoelectricdevicewafer 31) formedwith the crack regions

9 along the desirable cutting pattern is placed in a cutting

b
LA

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, apressureneedle
36 {pressing member), pressure needle driving means (not
20 depicted) for moving the pressure needle 36, and the like.
Usable as the pressure needle driving means is an actuator
of electrié, 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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chuck 34 attracts the piezoelectric device chip 37- (piezoelectric device
waf er 31) tobe isolated, thepressure needle 36 is noved 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 E?gl_ 00
pi ezoel ectric device wafer 31) as shown in Fig. 30. When the press ngéﬁ?é
36 is further noved after abutting against the rear face of the wafer sheet
33, the is wafer sheet 33 deforns, while the pressure needle 36 applies a
stress to the piezoelectric device wafer 31 fromthe outside, whereby a
stress is generated in the wafer part formed with the crack regions 9,

whi ch grows the® ERatkOt2EF0RS 3OWReR Fihe <Gack THY: Ui PYGr 3P B2 the
surface and rear face of 20 the piezoelectric device wafer 31, the

pi ezoel ectri c Hevida'aied o 13E 1§ Bubtate dan Rl thdr U6 1ohe Chi6¥oélectri ¢
device chip 37 to be isolated as shown in Fig. 31, whereby the

pi ezoel ectri c HeSAeed EHIOF 37 POT SBMARYCE FoRt tthe PpRé2eereELiCcidgdelste

waf er 31. The wafer sheet 33 has an 25 adhesi veness as nentioned above,

t her eby bei ng @3t 0 prelantaead, HREIrEbYal28 6dCpilercet ek ridca Hela €es chi ps
37 from113 1 4 ;~" FPOI-0144-00 flying away. Once_the piezoelectric device
chip 3% is sepdrapédzPrefrtrhe JHiverserbepri’c (Bevieel At eicIEVidsewairt i on
chuck 34 and pressure needle 36 are noved away fromthe wafer sheet 33. 5
When t he sucti%n) dudle 34 drid Ot essghevieddl 136 dPe noved, thhes el et ed

pi ezoel ectric device chip 37 is released from . , _
chuck 34 ‘attracts the piezoelectric device chip 37

(piezoelectric devicewafer 31) tobe isolated, the pressure
needle 36 1is meved to the position corresponding to the
10 piezoelectric device chip 37 to be isclated from the rear
face of wafer sheet 33 {(rear face of the surface held with
the piezoelectric device wafer 31) as shown in Fig. 230.
When the pressure needle 36 is further moved after

abutting against the rear face of the wafer sheet 33, the

bt
wn

wafer sheet 33 deforms, while the pressure needle 36 applies
astresstothepiezoelectricdevicewafer 31 fromtheoutside,
whereby a stress is generated in the wafer part formed with
the crack regions 2, 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 cui at an end part of the piezoelectric device
chip 37 to be isoclated as shown in Fig. 31, whereby the
plezoelectric device chip 37 1s 1isclated 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]piezoelectriccjevite chips 37 from
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t he 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 iq Nots g
depicted, is used for sending an 10 ion air in the direction of arg%@&;éiﬁiloo
Fig. 32, whereby the piezoelectric device chip 37 isolated and at t
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 1; place of the ion air cleaning, such that the
cut and separated piezoelectric device chips 37 and piezoel ectric device
waf er 31 are Elebh@dawsdY dust and the like are aspirated. Known as a nethod
of cutting the material to be cut due to environnmental changes is one
inparting a tenperat?e Ehamje 226 Leg WHE oY 8¢¢ gh1pd bes egPakaleff 1k crack
regions 9 only therewithin. Wen a tenperature change is inparted to the
material to betlaiazonistt rda Aeviak Wi 52 ordli.ohheasi@dcur chiugkt hé aret eri al
part formed with the crack regions 9, so that the crack regions grow,
wher eby the meRiegsabre oaslcut3® 25ecapvee awry s thienwe her secont Bxanpl e,
the light-converging | ens 114 FPOLl-0144-00 105 converges the laser light L
em tted from theen 4der sbirghtn stk endspehsshae riassily ght 2 semeag ng
point is positioned wthin the light-transmtting nmaterial (piezoelectric
devi ce wafer 3)e igwdradnyd rhezeaergyrdendevycefchasey’ Lpghtlsaaedtheem
| i ght -convergi ng point exceeds the threshold of optical danmage or optical
di el ectric br gkt e phiedr ot he? S tHEOWR nut € 63 acks Fioe tHie tharmer
| i ght-converging point within ) .

N 1s attracted to the suction chuck 34. Here, an ion air blow

7
H
!

apparatus, which 1s not depicted, is used for sending an
10 ion air ‘in the directicn 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, & suction spparatus may be provided in

ot
it

place of the ionair cleaning, such that the cut and separated
pliezoelectric 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 due to
environmental changes is one imparting a temperature change

20 to the material to e 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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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 anmount of dust emi ssion is very small, whereby thg, 14-00
possi bility of dicing damages, chipping, cracks on the material Sur #agé

and the like occurring also becones very low. Since the light-transmtting
material is cut along the crack regions 9 fornmed by the optical damages 15
or optical dielectric breakdown of the light-transmtting naterial, the
directional stability of cutting inproves, so that_ cutting dire t|on can be
control | ed ea§ﬁF§C°ﬂF§6995t%@@d@é@ﬁglﬁﬁﬁFﬂJEﬁhtB%dﬁﬁHE“§ﬁﬁ ¥k hah" that
attained in the dicing with a dlannnd cutter, whereby the number of 20

l'i ght-transni tstq‘%@%@grsluélhst}@ﬁ igat 11grh5mct9ﬁ’éferlg|lé‘ﬁtpcflr%’%é'ﬁlptotsllrtrdOﬁﬁfjer| al
can be increased. As a result of t hese, the second exanple can cut the

i ght -t ransni tithgn méthér i ak 9Bt 62888 FY1BAd Bt optt at @i 2o0RIE6 LA st r ess
is generated within the material to be 25 cut due to physical external
force appli catieon,cenefEdnibht aiherehan§es, eneao ¥ ek, §olaset 3 1§r6w t he
formed crack regions 115 FPOI-0199-00 9 to cut the light-transmttin
material (pi eZ0el’eetriéInBevrEECRALEE BN ViSSP thes| LRESEPAASATL LI ng
material can reliably be cut at the_positions of formed crack regions 9. 5
Al so, the presowrléfadeéamégsemi ePGded L idke ppt i g raekeruss il ghdorms
light-transmitting material (piezoelectric device wafer 31), so as . to grow
the formed cracie W%@P5ﬁ§fa§ktso9 it YtHe tPRIHIR AR A%I IR AatRF W4 lthin

i ezoel ectric
(p 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 the possibility of dicing damages, chipping,

cracks on the material surface, and the like occurring a2lso

becomes very low. Since the light-transmitting materizl is

cut aleong the crack regicons 2 formed by the optical damages

15 or optical dielectric breakdown of the light-transmitting

material, the directional stability of cutting improves,

s0 that cutting directicn 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. RAs a result

of these, the second example can cut the light~-transmitting
material gquite easily and appropriately.

Also, a stress is generated within the material to be

25 cut duetophysicalexternal forceapplication, environmental

changes, and the like, so as to grow the formed crack regions
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device wafer -31) , whereby the light-transmtting material 10 can further
reliablty be cut at the positions of formed crack regions 9. Wen the _
pi ezoel ectric device wafer 31 (light-transmtting material) f or méd- Wi th-a
plurality of circuit sections 39 is cut and separated into individual 15
pi ezoel ectric device chips 37, the light-converging | ens 105 con&@?@e@lﬁﬁeoo
| aser |ight L such that the Iight-converging point is positioned within the
waf er 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. \Aherp téiet | tight lighnshiebengtianer makefppézdpliecrrilectdevi ce
wafer 31) is noved or laser light L is scanned so as to nove the
| i ght - conver gidey igai mefiemr d1di r eceiohy 26h¢ ntigrgedtiangrtiig iomm mederarils of
| aser light L, e. g., a direction orthogonal thereto, the crack region 9 is
116 f 4 FPOl1- @E99:80i5b¢yrite nudust yhfcopmedt abong ft hermedique o regtpos of the
| i ght -converging point, so that the directional stability of cutting
further inprowes, which nakes it possible to control the cutting direction
nore easily. Also, in the second exanple, dust-emtting powders hardly
exi st, 3so that no | @Bsiocatihrgbckesaniragneatée 36ris preaeftdmgorieing a
dust-emtting powders fromflying away is

stress to the light-transmitting material (piezoelectric

device wafer 31), so as to grow the formed crack regions

9 to cut the light-transmitting material (piezoelectric

device wafer 31), whereby the light-transmitting material

10 can further reliably be cut at the positions of formed crack
regions 9.

When the piezoelectric  device wafer 31

(light-transmitting material) formed with a plurality of

circuit sections 39 is cut and separated intoc individual

iezcelectric device chips 37, the light-converging lens

=
n

ge|
'._l

105 converges thelaser light Lsuchthat the light-converging
peint is positicned within the wafer part facing the gap
formed between adjacent circuilt 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 is scanned so
as to move the 1light-converging peint in a direction

25 intersecting the optical axis of laser light L, e. g., a

direction orthogonal thereto, the crack region 8 is
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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 |aser light L, problens
of durability of blades, their replacenent frequency, and the |ike:iin:the
di ci ng caused by dianond cutters will not occur. Al so, since theffainlAgd180
of a nodified part (crack region 9) is realized bynon-contact processing
with the laser light L, the second exanple can cut the light-transmtting
material along a cutting pattern which cuts out the light-transmtting
material without conpletely cutting the sane. The present invention is not
20 limted to ddm iahavelyenfooned sécond wreanpbeinfordiexanpbe, of hehéi ght
-transmitting nmaterial nay be a sem conductorwafer, a glass substrate, or
the |ike w thdutgHieigegvieestiricchednttq sthehai ezeeldeateritd caevi seakat ery31
Al so, the laser light source 101 can appropriately be selected in
conformty toaoZ5 anwpid calrabsor piposvehanaci et isékes of tthessible to
light-transmitting material to be cut. Though the mnute 117 FPO -0144-00
regions 9 aredwonred aseacmdiifieed iparidt: igpomoirer adisattiyon with the [ aser
light L in the second exanple, it is not restrictive. For exanple, using an
ul trastort pul se | agseke,| ight heodreen@esgamplent dusecendt(isy basetyscan
forma 5 nodified part caused by a refractive index change (higher 10
refractive inthex)ylyvt hus daei g abiber twoclibbt heatinghtl4sansy vitag fateri a
wi t hout generating the crack

preventing the dust-emitting powders from flying away is

necessary, whereby dry processing can be realized in the
cutting step.

10 In the second example, since the forming of a modified
part (crack region 9) is realized by non-contact processing
with the laser light L, problems of durability of blades,
their replacement frequency, andthelikeinthedicing caused
by diamond cutters will not occur. Also, since the forming

of amocdifisedpart (crackregion @) is realizedbynon-contact

=5
(W3]
D]

processing with the laser light L, the second example can
cut the light-transmitting material along a cutting pattern
which cuts out the light-transmitting material without
completely cutting the same. The present invention is not
20 limited to the above-mentioned second example. For example,
thelight-transmittingmaterialmaybeasemiconductorwafer,
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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regions 9 by utilizing such a mechanical characteristic change. Though the
focus adjustnment of laser light L is carried out by noving the Z- axns st.age
113 in the laser processing apparatus 100, it may be effected by nDV|ng 't he
i ght-converging lens 105 in the optical axis direction of |aser

wi thout being restricted thereto. Though the X-axis stage 109 andFﬁogxp344 00
stage 111 are noved in conformty to a desirable cutting pattern in the

| aser processing apparatus 100, it is not restrictive, whereby the |aser
light L may be scanned in conformty to a desirable cutting pattern. 20
Though the piezoelectric device wafer 31 is cut by the pressure needle 36
after being arepachedSt erehéosneti en ehuckif34d périsupot iestdistive,
whereby the piezoelectric device wafer 31 may be cut by the pressure needle
36, and then wheh cue drdeirsdliated Ipiizoghectedadesn e bhi pl 371 smybe
attracted 25 to the suction chuck 34. Here, when the piezoelectric device
wafer 31 is cutshyitheévpresBur exmeedle 36iatt en e akID ri4 pEPE%- Ddd€= 00

pi ezoel ectric device wafer 31 is attracted to the suction chuck 34, the
surface of theigut awrdriceol{at.ed,pifezoel ectadred e ciee chi)p S | Socover ed

wi th the suction chuck 34, which can prevent dust and the |ike from
adherihg to thedstiitdcpard ofusde ipy ex osdfedtatiivedévidee chiepgd7(hifisear when
an i mage pi ckup device 121 for infrared rays is used, focus adjustnent can
be carried outelbyaotiliezi nghdex), thus being abkle 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 Lis carried
out by moving the Z-axis stage 113 in the laser processing
apparatus 100, 1t may be effected by moving the
light-converging lens 105 in the optical axis direction of
lJaser light L without being restricted thereto.

Though the X-axis stage 102 and Y-axis stage 111 are

ju
w

moved in conformity teo a desirable cutting pattern in the
laser processing apparatus 100, it 1is 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
pressure needle 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 isclatedpiezoelectricdevicechip3Tmaybeattracted

25 to the suctionchuck 34. Here, when theplezcelectricdevice

wafer 31 1is cut by the pressure needle 36 after the
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reflected light of laser-light L. In this case, it is necessary that a half
mrror be used instead of the dichroic 10 mrror 103, while dispgsjng 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. Higrle,0lidd-00
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 out focus adjustnent does not danmage the nmaterial to be cut.
Characteri sti g featar@st ofc thesjpresarnier 3venki ot wktted now diee explaibned from
the viewpoints of the second exanple. 20 The nethod of cutting a

| i ght-transm tdnungk at, et hal st aecordane e bhdans aspesd pafe Adee epresent

invention conprises a nodified part formng step of converging laser [ight
emtted from adasesr dHighB7sur&evsted Wihat thieSsuktgbh-clonyeryi nghpehnt is
positioned within the 25 light-transmtting material, so as to forma

nodi fied part cOnlgkeatedthaukicgbhd conyerigiang -pei Bhwirt Agncd hendl 52 rkdce
FPOI --0144-00 light-transmtting material and its vicinity; and a cutting

step oﬁacuttimxtﬁﬁgIﬁigggéjéﬁgﬂmdtdguhdgnéﬁﬂ¢ﬂ3xu the position of thus
formed nodified part. In the nethod of cutting a light-transmtting nateri al

5 in accordance withitdd seaspect imigd Be cpugsentidaiventicninttheeiases | ight
is converged such that the |ight-converging point of laser light is
positioned W tid Riddte focus adjustment can be carried out by utilizing
reflected light of laser light L. In this case, it 1is
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 scurce 101. Here, it

1is preferred that the cutput of laser light L emitted from

the laser light scurce 101 at the time of focus adjustment

o

3¢ set to an energy level lower than that of the cutput for

[t

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 cf converging laser

light emitted from a laser light source such that its
light-converging point is positicned 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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light-transmtting material in the nodified part formng step, whereby the
nodi fied part is formed only at the 10 |ight-converging point WABQUﬂmUhg

light-transmitting material and its vicinity. In the cutting step, 'thé- )
lirght-transmitting material is cut at the position of thus fornme®iiodilfditedd-

part, so that the anmount of dust emssion is very small, whereby the
possibility of dicing damages, 15 chipping, cracks on the material surface,
and the like occurring also becones very low. Since the Ilight-transmtting

material is cut at the position of thus forned nodified part, the
directional stiapid-dnereimicutiidgateppaoves] ise thatnicutt kAg dicteethon can be
controlled easily. 20 Also, the dicing wdth can be nade snaller than that
attained ingddhe deipgrwihh andi anat -cutdieimi twhierehyatde aunber tadé
light-transmitting materials cut out fromone Ilight-transmtting materi al

can be increased.tiAh aff eslld foafnddeseii ikl p=esent invention can cut the
25 light-transmtting nmaterial quite easily and appropriately. Also, in the

nethod of cutting anl t@hhethaasdt ELik8gnd 201 FPOL- O1dds A0t tBtehbakripl
accordance with this aspect. of the present invention, dust-emtting

powderss har dliyy eXicsinda3@ et hate e hildibrdeatd rg/ @h@a@r@ge\f@t envkar ipreventing
the dust-emtting powlers fromflying away i s necessary, whereby dry

processing %Sheanzberreajized tontbegedtdidigtshephd nighe -gehhedgohgcutting
alight-transmtting material in accordance with this aspect of the present
invention, point of laser 1light is ©positioned within the
light~transmitting material in the modified part forming
step, whereby the modified part is formed only at the
10 light~converging point within the light-transmitting
material and its vicinity. In the cutting step, the
light-transmitting material is cut at the position of thus

formed modified part, so that the amount of dust emission

is very small, whereby the possibility of dicing damages,

&2}

chipping, cracks on the material surface, and the like

3

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, 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 cut from one
light-transmitting material can be increased. As a result
of these, thé present invention can cut the
25 light-transmittingmaterial quiteeasily and appropriately.

Also, in the method of cutting & light-transmitting
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since the formng of a nodified part is realized by non-contact -processing
with laser light, problens of durability of blades, 10 their repl dcerent’
frequency, and the like in the dicing caused by dianond cutters will not
occur. Also, since the formng of a nodified part is realized by rp01-0144-00
non-contact processing wth the laser light, the nmethod of cutting a
light-transmtting material in accordance with this aspect AJ of the f
hpresent invention can_ cut the light-transmtting material along a cutting
pattern which cuts out the light-transmtting material w thout conpletely
cutting the sameriBnefslablyordfgcti ghtnt kaRsMAddng: et erhal pirestaemed 20
with a plurality of circuit sections, whereas laser light is converged such
that the |'ghﬁjﬁﬂﬂﬁﬁkﬂtnauBQL@hik%in@oﬁb&HQP§dh¥&&Pyrbif%%Jhﬂﬁ&h%&@ﬂ%”‘?tlng
material part facing the gap forned between adjacent circuit sections in

the modified H%{ﬂnifc%rt'ﬁn@gc?tte%ﬁ’vin%%é’@eﬁ oo b Y Ihg i'}P;d’iclfl@e 8d s22cpakkinW th

such a configuration, the light-transmtting mnaterial can reliably be cut

at the positien.Qfe her GaR1{ORARG A2 Lefe bW rd, R rdhy EPPLrBL4450Q bet veen
enirra lig

adj acent circuit sections. diating the light-transmtting materia
wth Ilaser 'E%%tﬂe”r%%%i%%giE%th%akhtEQE@i%Qe%?eP, it is pref erred that
b I [

the laser light be converge y an angle at which the 5 circuit sections are

not iFradiated_“ﬁthzhhﬁuiﬁé@ﬁoh%&h&utt§P@%GI£BHELEf@h£ﬁ§@fi$&QﬁEeQXaﬁn angl e
at which the circuit

in accordance with this aspect of the present invention,
sincethe formingof amodifiedpart isrealizedbynon-contact
processingwith laser 1ight, problems of durability ofhlades,
10 their replacement freqguency, 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 light, the method of cutting a
light-transmitting material in accordance with this aspect
£ +h

cf the present invention can cut the light-transmitting

o
Ca

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 light-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
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sections are not irradiated with the |aser |ight when irradiating the
light-transmtting material with the laser light in the nodified part
form ng step as such can prevent 10 the laser 1ight from entering]thgs i
circuit sections and protect the circuit sections against the |aserP0lghtld-00
Preferably, in the nodified part formng step, the light-converging point is
noved in a direction intersecting the optical axis of laser light, so as to
forma nodified -past continuously along the noving direction of the

| i ght-convergi ng point Wien the light-converging point is noved in a
direction intessestengadihecopti caktcaxissettiaser light in the nodified part
formng step as such, so as to formthe nodified part continuously al ong

t he moving 20 directigenm ok rbbeakiighteoohvengrbgaponnt titdezdiereativanal
stability of cutting further inproves, which nakes it further weasier to
control the cutiisagldighectd one mbE Meidpedr off cet hgng e ,| 1 ghts-pgranamdd i ng

material 1in accordance with an aspect of the present invention 25
conpri ses a craek: firdningest ep qof- cenvenge pged aserar @bt ceptt tietkH rome a
| aser |ight source such that its 122 ~El | IFP S f ~ ~ |ight-converging

point i3 positioned: wmédddidhe atd ghic tinaRsistedngigBt ehéalasso ayHo form a
crack only at the light-converging point within the light-transmtting
materi al and itsnvéchimd heandsarcuithng stepandlewt whdchSthbecircuit
light-transmitting material at the position of thus forned crack.
sections are not irradiated with the laser light when
irradiating the light~transmitting material with the laser
light in the modified part forming step as such can prevent
10 the laser light fromentering thecircuit 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 a2 modified

o)
o

2art continucusly along the moving directicon of the

3

light-converging point. When the light-convergingpoint is
moved 1n a direction intersecting the optical axis of laser
i 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 directicnal
stabilityofcutting further improves, whichmakes it further
easier to control the cutting direction.
The method of cutting a light-transmitting material
in accordance with an aspect of the present invention
25 comprises a crack forming step of converging laser light

emitted from a laser light source such that 1its
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In the nmethod of cutting a light-transmtting material in accordance with
this aspect of the present invention, |laser light is converged such that

the |ight-converging point 10 of laser light is positioned mﬁthim E@@gj@;
light-transmitting nmaterial, so that the energy density of IaserHHdﬁh@ﬁam—OO
the [|ight-converging point exceeds a threshold of optical damage or

optical dielectric breakdown of the light-transmtting material, whereby a
crack is forned only at the 1 7 14 i t convex t r' t t }tit within the
light-transmitting material and its vicinity. In the cutting step, the

light-transm ttigis medeid@idg Cwoial thespospbionisfed husyidframmedraeack, so
that the anmount of dust emssion is very small, whereby the possibility of

di ci ng damge%i%ﬁ%d’iﬁsmi&‘%iq{@ﬁx“é%_e@r'latlhesaaé§rﬂ@|fo%§>hrE?@ﬁac}a%lt},hﬁjd i ke
occurring al so econes very low. Since the light-transmtting material is

cut at the posifd on @t tdhsaack d Ydmed by @ PRtLali PRMRGE n o teRhical
dielectric breakdowi, the directiional stability of cutting inproves, so

that cutting difie6li0n L8N e 23 Soptol 166 8asi ki SQept RE @lkRggwi dth
can be made smaller than that attained in the dicing mntﬁ a dianond cutter,

wher ebys X4 - 0Q 523 flon - r 2 dry FROL: P 144 O0: £ hea pugher 8% 1 LighAt okr aRsai tting
materials cut out fromone light-transmtting material can be increased. As
aresult of thesedthedresent invention can cut the light-transmtting

material quite easily and appropriately. 5 Also, in the nethod of cutting a

light-transmtting 1nthemethodof cuttinga light-transmittingmaterial
in accordance with this aspect of the present invention,
laserlightisconvergedsuchthatthelight—convergingpbint

10 of laser light is positioned within the light-transmitting
material, so that the energy density of laser light at the
light-converging point exceeds a threshold of optical damage

or optical dielectric breakdown of the light-transmitting

material, whereby a crack is formed only at the

15 light-converging point within the light-transmitting
material and its vicinity. In the cutting step, the
light-transmitting material is cut at the position of thus

formed crack, so that the amount of dust emission is very

small, whereby the possibility of dicing damages, chipping,

20 cracks on the material surface, and the like occurring also
becomes very.low} Since the light-transmitting material is

cut at the position of the crack formed by an optical damage

or optical dielectric breakdown, the directional stability

of cutting improves, so that cutting direction can be

25 controlledeasily. Alsc, thedicingwidthcanbemadesmaller

thanthatattainedinthedicingwithadiamondcutter, whereby
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material in accordance with this aspect of the present invention,
dust-em tting powders hardly exist, so that no |ubricating/cleani'ng at'gr
for preventing the dust-emtting powders fromf lying away is necessar¥1
whereby dry processing 10 can be realized in the cutting step. | nfERa-Ui44-00
met hod of cutting alight -transmtting material in accordance with this
aspect of the present invention, since the formng of a crack is realized
by non-contact processing with laser light, problens of durability of
bl ades, 15 their replacenment frequency, and the |like in the dicing caused
by di anond cut t&esnwiiper wdt 1 debbr trANSHLt 5L RganattRr ¥orich§ Cof faddraek is
realized by non-contact processing with the laser |ight, the nmethod of
cutting a |ighttighansmansmagtinat@aierish cocbedancecabed- t His aaspeettof the
present 20 invention can cut the light-transmtting material along a
cutting patterpiwhi theeats ottet heotgggnt traisrantiony waeri a0twi t hoait
conpletely cutting the sane. Preferably, in the cutting step, the
| i ght -transmi t Ligdtnatrensal ttdnguta tnr igrlow hige eae iflorandlappsopragkel Cut ti ng
the light-transmtting material by growing the fornmed crack in the cutting
step asdsuch can rel Rabby 124theime HFROLF144L00gue thehtrghensmanshmating
material at the position of the formed crack. Preferably, in the cutting
step, a stressmpsegppli éd awrariEndghtith anbibt Gispg datad i @ie bpreseny a
pressing nenber, 5 so as to grow a crack, thereby cutting the
|ight-transmténygntion, dust-emitting powders hardly exist, so that no
lubricating/cleaningwater for preventing the dust-emitting
powders fromflying away is necessary, whereby dry processing
10 can be realized in the cutting step.
Inthe method of cutting a light-transmittingmaterial
in accordance with this aspect of the present inventicn,
since the forming of a crack is reaslized by non-contact
processingwith laser 1ight, problems cof durability of blades,
15 their replacement freguency, andthe likeinthedicing caused
by diamond cutters will not cccur. 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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material. When a stress is applied to the light-transmtting material in
the cutting step by using a pressing nenber as such, so as to grow &/cfack,
thereby cutting the Ilight-transmtting material, the Iight-transnitting 10
material can further reliably be cut at the position of the crackFPPhetl44-00
apparatus for cutting a light-transmtting nmaterial in accordance with an
aspect of the present invention conprises a |laser |litght source; holding
means for holding 15 the light-transmtting naterial; an optical device for
converging the laser light emtted fromthe |aser |ight source such that a
| i ght - conver gi agtpobatl idiercofaisniposing ored r iwilt BL chdeddighton odnshet ti ng
material; and cutting nmeans for cutting the light-transmtting material at
t he position 20cofred nwdicki.ed part formed only at the |ight-converging point
of laser light within the light-transmtting material and its vicinity. In
t he apparatus for cuPtefigrablighir tottensnittttinggstopt & istlrdas accepddned with
this aspect of the present 25 invention, the optical device converges | aser
| i ght such thatotthe 1ight -toavengt ngnpoiantrdak llasesihg ghiress pogimenoaed 125
FP01-0144-00 within the light-transmtting nmaterial, whereby a nodified
part i s5fornedsord syt atgrdwea ldrghtk- comvesigy ngtponptthe 1 hght-thensmitting
light-transmtting material and its vicinity. Then, the cutting neans cuts
the |ight-transatering.meieen als tategtshes Bpposetitontiof 1{ et rbdiheBdt pang
formed only at the 1light-converging point within the light-transmtting
material in the cutting step by using a pressing member as

such, so as to grow a crack, thereby cutting the

light-transmitting material, the light-transmitting
10 material can further reliably be cut at the position of the
crack.

The apparatus <for cutting a light-transmitting
material inaccordancewithanaspect of thepresent invention

comprises a laser light source; holding means for holding

[
wn

the Jlight-transmitting material; an optical device for
converging the laser lightemitted fromthe laser 1ight source
such that a light-converging point therecf is positioned
within the light-transmitting material; and cutting means
for cutting the light-transmitting matexrial 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 o¢f the present
25 invention, the optical device converges laser light such

that the light-converging point of laser light is pcsitioned
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material and its vicinity, whereby the light-transmtting naterial is
reliably cut along thus forned nodified part. As a consequence, t hé sarount:
of dust emi ssion is very small, 10 whereas the possibility of dicin

damages, chi pping, cracks on the material surface, and the like OC%%Q]I‘TCHQG‘q_OO
al so beconmes very low Also, since the light-transmtting material is cut
along the nodified part, the directional stability of cutting inproves,
whereby the cutting direction can be controlled easily _ Al so, the dicing
w dth can be nmade smaller than that attained in the dicing with a di anond
cutter, wherebyitiohe thinbephof trpghiititansniat¢ng havéeraby aumodivti Sd om one
light-transmtting material can be increased. As a result of these, the
present inventpant cadn Eermediec2Dy | §ighthe rahshi tadmee feitred it inguitid dasi |y
and appropriately. Also, in the apparatus for cutting a light-transmtting
mat eri al in actbedagbeé-wirghsthics iagpecte fat hed preseiminitwenthen, the
dust-emtting powders hardly exist, so that no |ubricating/cleaning water
for preventingctheidusteand thitry 128 powliérs reremifkynpgnanayisl necddsary,
whereby dry processing can be realized in the cutting step. 126 14

FPA - 0144- - 00 pasthecmappaf atuse f onodufi¢dtg patt ghfetmethsmnty ngt ndterial in
accordance with this aspect of the present invention, since the nodified
part is formed byhhoporost ety ppotessi vyt h tlaserlidightt rrobl e cof
durability of blades, 5 their replacenent frequency, and the like in the

di ci ng caused Mmaye gl ahoid Gt RS IR  neheseburtiae Jiphithet orivEfttioeal

material is reliably cut along thus formed modified part.
As a consequence, the amount of dust emission is very small,
10 whereas the possibility of dicing damages, chipping, cracks
on the material surface, and the like occurring also becomes
very low. Also, since the light-transmitting material is
cut along the modified part, the directional stability of

cutting improves, whereby the cutting direction can be

[
on

controlledeasily. Also, thedicingwidthcanbemade smaller
thanthatattainedinthedicingwitha diamendcutter, whereby
the number cf light-transmitting materials cut out from one
light-transmitting material can be increased. As a result
cf these, the present invention can cut the
20 light-transmittingmaterial gquiteeasily andappropriately.
Alsc, intheapparatus forcuttingalight-transmitting

material in accordance with this aspect of the present
invention, dust-emitting powders hardly exist, so that no
lubricating/cleaning water for preventing the dust-emitting

25 powders fromflying away is necessary, whereby dry processing

can be realized in the cutting step.
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t echni ques. Al'so, since the nodified part is formed by non-contact
processing with the |laser |ight as nentioned above, the apparatusffor::
cutting a light-transmtting 10 material in accordance with this aspect of -
the present invention can cut the light-transnitting naterial al §0144-00
cutting pattern which cuts out the light-transmtting nmaterial w thout
conpletely cutting the sanme. The apparatus for cutting a light-transmtting
|5 material in accordance with an aspect of the present invention conprises
a laser light source; holding nmeans for holding the light-transmtting
material ; an opticallnevheeapperatvavérgi sgtitdaser 4 ilghthtertitared futéma he

| aser |ight source such that a |light-converging point thereof is positioned
20 within the mhéghtisl ansnmiecciongametendidlh Ends caspeny nfande frores@ntt i ng
the light-transmtting material by growing a crack fornmed only at the

| i ght - conver gi hgv poi hon ofs inaset helnaght £ wd bemtt he florglet- by ansmadniggt
material and its vicinity. 25 In the apparatus for cutting a

| i ght-transm tpiogessat@riah liaseactbglaneeohilehstdfi sunsipekit pb ftthedasesent
127 FPOL-014 -00 invention, the optical device converges |aser |light such
that tHe |ighttitehveegilagepenntf mfgueaser, dndhbeils kedsi thedédingiasisea he
light-transmtting material, so that the energy density of |aser |ight at
the |i ght-convey gingngod nduekeeedsl bl antthreshot ¢ ofiropthec alordamagererl
optical dielectric breakdown of the light-transmtting material, whereby a
crack is fornmtecihoniguat. t Heldd ghticonvehgi ngdpbdiat wethi ast fermed by

; non-contact processing with the laser light as mentioned
above, the apparatus for cuttiﬁg a light-transmitting

10 materizl in accordance with this aspect of the present
invention can cut the light-transmitting material along a

cuttinQ pattern which cuts out the light-transmitting

material without completely cutting the same.

The apparatus for cutting a light-transmitting

=
(¥

material inaccordancewithanaspect of thepresent invention
comprises a laser light source; holding means for holding
the light-transmitting material; an optical device for
cdnverging laser light emitted from the laser light source
such that a light-converging point therecf is positioned
20 within the Jlight-transmitting material; and cutting means
for cutting the light-transmitting material by growing a
crack formed conly at the light-converging point c¢f laser
light within the 1light-transmitting material and its
vicinity.
25 In the apparatus for cutting a light-transmitting

material in accordance with this aspect of the present
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light-transmtting material and its vicinity. Then, the cutti ng, ~Lcuts
the light-transmtting material by grow ng 10 the crack forned on y"a the

l'i ght-converging point within the light-transmtting material and its
vicinity, whereby the light-transnitting material is-reliably ciP0aréh§ithe
crack formed by an optical damage or optical dielectric breakdown of the
light-transmtting material. As a 15 consequence, the anmount of dust -

em ssion is very small, whereas the possibility of dicing damages,

chi pping, cracks on the material surface, and the |ike occurring also
becones veryrwatiSimcehehedtightl- teansm cohngrgatetieakri $ight atomg the
crack, the directional stability of cutting inproves, 20 so that cutting

di rection canhee thatiriahted ceasirigyngAbsint offhie <hciinghwiidt hosahibesdnade
smaller than that attained in the dicing with a dianond cutter, whereby the
nunber of | iwghtritr aneni 1 §hngt nateniad 5@ otz tewtl aflr osv ontea t ltihghtntrapsm tting
material can be increased. As a result 25 of these, the present invention
can cut the ddrghtttoansmett 1 nghimatetrial iguict-eoceasihyngnibiapperpecatel y. 128
FPCl - 0141-00 Also, in the apparatus for cutting alight-transmtting

mat erisal i n acclordsneed iftdptitiad dspegd oofortthe apreiseidct it vbotEbAown
dust-emtting powders hardly exist, so that no |ubricating/cleaning water
for preventing theldust-erehesnhgt bnpoadend oflr, orhdtaling caweyk isfoewessary,
whereby dry processing can be realized in the cutting step. In the
apparatus foondytti ag a thght -1ignsndivawgginmat epicdlnti n adecbidancehai th this
aspect of the present

light- transmlttlng material and its vicinity. Then, the
cuttingmeanscutsthelight-transmittingmaterialbygrowing
10 the crack formed only at the light-converging peint within
the light-transmitting material and its vicinity, whereby
the light-transmitting material is reliably cut along the
crack formed by an coptical damage or optical dielectric

breakdown o¢f the light-transmitting material. As a

the amount of dust emissicn i1s very small,

e
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whereas the possibility of dicing damages, chipping, cracks
on the material surface, and the like occurring also becomes
very low. Sincethelight-transmittingmaterial iscutalong
the crack, the directional stebility of cutting improves,
20 so that cutting directicn 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 ocut from one
light-transmitting material can be increased. As a result
25 of these, the present invention can cut the

light-transmittingmaterial quiteeasily and appropriately.
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invention, since the crack is fornmed by -non-contact 10 processing with | aser
| ight, problens of durability of blades, their replacenent frequency, and
the like in the dicing caused by dianond cutters will not occur, :gs /ifAn the
conventional techniques. Also, since the crack is forned by non-cg?éigé 00
processing with the |aser light as nentioned above, the nethod 15 u {?%b
alight-transmtting material in accordance with this aspect of the present
invention can cut the light-transmtting naterial along a cutting pattern
which cuts out the light-transmtting nmaterial w thout conpletely cutting
the sane. 20 Preferably, the cutting nmeans has a pressing nmenber for
appl yi ng a stress totiher AngheaRRishi 43 f o chaterpa L ioMhen a e et tithg
means has a pressing nenber for applying a stress to the light-transmtting
material as suBALehlatréds accafdse Capplitdd ¢l ¢ hasPREht Ofr s BEFTR T
material by using 25 the pressing nmenber, so as to _grow a crack, whereby the
| i ght-transm tPRgNREERr | A Seadm T Ukt herPawsl g by red Ye gt it . 129 142 WA Q)
FPO1-014 -00 the position of the crack forned. Preferably, the

li ght-transm tvhglanaterparlpanone valssskosREfueRt {Botdendes Wiahl & PiUral ity
of circuit sections, whereas the optical device converges the | aser |ight
such 5 $hat thecvdght fecrviehyimgapey its 1aC ooy 1) onReEr aPY Ny PFecessing
light-transmtting material part facing the gap forned between adjacent
circuit sectioRd" WPtHRe3uehcd 1RohPegbrhEi®H, S¥HR- | ight- transnmitting

mat eri al

can reIiabI¥ . ‘ ” o
n the apparatus for cutting a light-transmitting
material in accordance with this aspect of the present
invention, since the crack 1is formed by non-contact
10 processingwith laser light, prchlems of durability of blades,
their replacement fregquency, andthelikeinthe dicing caused
by diamond cutters will not occur as in the conventional

technigues. A&lso, since the crack is formed by non-contact

processingwiththelaser light asmenticnedakove, themethod

[ou]
n

of emtting a light-transmitting material in accordance with
this aspect of the present invention can c¢ut the
light~transmitting material along a cutting pattern which
cuts out the light-transmittingmaterial without completely
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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be cut at the position of the gap forned betmeénVadjacent
sections. Preferably, the optical device converges |aser

at which the circuit sections are not irradiated  with the | aser

t he optical device converges the laser light by an angle at whlchF

10 circuit
| i ght ﬂn/' YA ?éﬁg|e
? 0144 b0
it can

circuit sections are |5 not irradiated with the |laser |ight as such, v
prevent the laser light fromentering the circuit sections and proteét t he
circuit sections against the laser light. Preferably, the apparatus further
conprises light-converging point noving neans for noving the
| i ght - conver gi mige ppésition e ditrectdach nfemsett i ng the opti cal
| ight. When the apparatus further conprises |ight-converging point noving
nmeans for noving therdigtai>lgonvereyilng hpoitntarismid tdinge oteiterr lialt érssects ng t he
optical axis of laser light as such, a crack can continuously 25 be forned
al ong t he noviwge ek sectteon iaf £ bhead mghtr £ pAvesding opoi ntypiseddiatortshe
directional stability of cutting further 130 1 4 MAR 2005 FPO1-0144-00

i nproves, wherehyréde dia egttiian lofiestitei ngneangbe tloat Yad ¢ edl i fhur tsherh

easily. [Third Exanple] A third exanple of this enbodi nent will

20

axis of | aser

be

expl ai ed. 5 d4mat highd¢ hi rghtexanpler gindy gpdiour tils excanpliendd ol tlild dhe
explained later, an object to be processed is irradiated wth |aser
such that the diglkctiomofidiinearmapelasi zakiran ffcilioneand ygpol drdazed | aser

i ght extends al ong

between adjacent circuit secticns. With

such

i ght

a

configuration, the light-transmittingmaterial canreliably

be cut at the position cf the gap formed between adjacent

10 circuilt sections.

Preferably, the optical device converges laser light

by an angle at which the circuit secticns are not irradiated

with the laser light. When the optical device converges the

laser light by an angle at which the circuit sections are

[
o

not irradiated with the laser light as such, it can prevent

the lasex light fromenteringthecircuit sections andprotect

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 1light 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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a line along which the object is intended to be cut in the 10 object to be
processed, whereby a nodified region is forned in the object to be
processed. As a consequence, in the nodified spot formed with &43thglie
pul se of shot (i.e., a single pulse of laser irradiation) , the sizEl-4litihé0
direction extending along the line along which the object is intended r is
pul se laser light. The inventor has confirmed it by an experinent.
Conditions for the experinent are as follows: (A Cbject to be processed:
Pyrex gl ass wafer (having a thickness of 700 pm and an outer dianmeter of 4
inches) 20 (B)mpasess | iwghlt c2out g€ disentcomddtican thagefarpbapidrg r Nde¥AG

| aser Wavel ength: 1064 nm Laser |ight spot cross-sectional area: 3.14 x 25
10°8 cm Gscilf@ftpor nogles 1@ sw tch pulse 131 14 FPOL-0144-00 5 10
Repetition frequency: 100 kHz Pulse width: 30 ns Qutput: output < 1

mJ/ pul se Laser |ightriiuad itysmJEMpo Pol arization characteristic: |inear

pol ari zati on

B third example of this embodiment will be explained.

5 In the third example and a fourth example which will be
explained later, an object to be processed is irradiated

with laser 1light such that the direction of linear
polarizationof linearlypclarizedlaser light extends along

a line along which the object is intended toc be cut in the

10 cbject to be processed, whereby a modified region is formed
in the cbject to be preocessed. As a conseguence, in the
modified spot feormed with a single pulse of shot (i.e., a
singlepulseof laser irradiation)}, thesize in thedirection
extending along the line along which the object is intended

+
—

o be cut can be made relatively large when the laser light

o)
n

is pulse laser light. The inventor has confirmed it by an
experiment. Conditions for the experiment are as follows:
{A) Cbject tobeprocessed: Pyrexglasswafer {(having
a thickness of 700 pm and an cuter diameter of 4 inches)
20 (B) lLaser
Light source: semiconductor Jlaser pumping
Nd:YAG laser
Wavelength: 1064 nm

Laser light spot cross-sectional area: 3.14 x

(8]

25 10°% cm

Oscillation mode: Q-switch pulse



(© Light-converging lens Magnification: x50 NA: 0.55 Transmttance with
respect to laser light wavelength: 60% (D) Moving speed of"a nDunting tabl e
mounting the object to be processed: 100 nm sec Each of"Saanes Mzd,whlch
was an object tube processed, '15 was exposed to a single pulse sh%t ‘of
pul se laser light while the light-converging.point is |ocated wrrlilrOthe-00
object to be processed, whereby a crack region caused by multi photon
absorption is formed within the object to be processed. Sanple 1 was
irradiated with linearly polarized pulse |laser 20 |ight, whereas Sanple 2
was irradiated with circularly polarized pulse laser light. Fig. 33 is a

vi ew showi ng a phot ogr aphrefeSarphg %lgquegbﬁg,lm@ekggs Fig. 34 is a view
showi ng a photograph of Sanple 2 in plan- ese planes are an entrance face
209 of pulse 25 laserlight,LkettegsplP3andCP schematically indicate |inear
pol ari zation and circular polarization, respectively. Fig. 132 1 4 MAR 2'r
FPO -0144-00 35 is a V'e“b§€BG€Btb9€bb¥ shewi i3 glgéoss section of Sanple 1
shown in Fig. 33 taken along the I'ine XXXV- . FIg. 36 is a view
schematically show ng a CL9§érS§9%b9”qg L 1920p! @), shown in Fig. 34 taken

al ong the |ine XXXVI-XXXVI crack 57spot 90 is tormed within a gl ass wafer
211 whisch is the object poyarization characteristic: linear
poclarization
(C) Light-converging lens

Magnificaticn: x50
NA: 0.55
10 Transmittance with respect to laser 1light
wavelength: 60%
(D) Moving speed of & mounting table mounting the
object to be processed: 100 mm/sec

Eachof Seamplesl, 2, whichwasanobject tobeprocessed,

to g single pulse

n

hot of pulse laser light while

J O 3
Wd3 SAPO5ER

'_J
(@]

the light-converging point is located within the object to

be processed, whereby a crack region caused by multiphoton

absorpticn 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 shcowing a photeograph 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. LettersLPandCPschematicallyindicate linear

polarizationandcircularpelarization, respectively. Fig.
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to be processed. In-the case where pulse laser light is linearly polarized
light, as shown in Fig. 35, the size of crack spot 90 forned by a gwﬁ@%@
pul se shot is relatively large in the 10 direction aligning with th S s
direction of linear polarization. This indicates that the form ngr®fl4dgl4-C0
crack spot 90 is accelerated in this direction. Wien the pulse |aser |ight

is circularly polarized Iight, by contrast, the size of the crack spot 90
formed by a single pulse shot will not becone 15 greater in any specific
direction as shown in Fig. 36. The size of the crack spot 90 in the
direction vyiel ding bhei dREdIRERa1@RAUR $8c01 8atLE rbhs Saml i@nlok a1 Sanpl e
2. The fact that a crack region exteng]ng along a line along which the

obj ect i s i nt endeg: fosbe Gyt san heedf anesd +20 £ffd chenthuw| | rhe. expl ai ned

fromthese results of experinent. Figs. and 38 are plan views 0f crack

regions each {oried gl ong, 4,14 ne, @l,p o\gérlingpate(%o%@ig@&tiéni@f%@l@ﬂeto be

cut in an object to be processed. A'nu crack spots 90, each forned

by a single pu %Gr‘]o%f%gﬁnmE%;gf.eEQr%r?Q&Bbg%é‘lhh@%{)@l\f’ﬂl&m&h hheLhj ect is

i ntended to be cut y a crac gion 9 extending along the lIine

along 133 1 4 %{%étbo':f’g o%%%QgtM@%%h%I%%g%infgegtzi‘f WHALENACELL QDR QUL 5 1S

formed. Fig. shows the crack regio upon irradiation wth

pul se laser light,such that _fhe direction of linear polarization of pulse
| aser 1ight aI?gns aﬁt% t%ee?fne along 5 which the object is intended to be

cut 5. The formng of, the case where pulse laser light is linearly
pclarized light, as shown in Fig. 35, the size of crack spot

90 formed by a single pulse shot is relatively large in the

10 directionaligningwiththedirectionof linearpolarization.

This indicates that the forming of the crack spot 90 is

accelerated in this direction. When the pulse laser light

is circularly polarized light, by contrast, the size of the

crack spot 90 formed by a single pulse shot will not become

[
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3
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greater in any specific direction as shown in Fig. 3€. The
sizecof the crackspot 90 inthedirectionyielding the maximum
length is greater in Sample 1 than in Sample 2.
The fact that a crack region extending along a line
along which the object is intended to be cut can be formed
20 efficiently will be explained from these results of
experiment. Figs. 37 and 38 are plan views of crack regions
each formed along a line along which the object is intended
to be cut in an object to be processed. A number of crack
spots 90, each formed by a single pulse shot, are formed
25 along a line along which the object i1s intended to be cut

5, whereby a crack region 2 extending along the line along
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crack spots 9 is accelerated along the direction of the line along which
the object is intended to be cut 5 whereby their size is relatiyghmgb@rge
inthis direction. Therefore, the crack region 9 extending along the llne _
al ong which the object 10 is intended to be cut 5 can be fornmed byF&05n®d4%r00
nunber of shots- On the other hand, Fig. 38 shows the crack region 9 '
formed upon irradiation with pulse |aser |ight such that the direction of

| i near polarization of pulse laser light is orthogonal to the line along
which the object is intended 15 to be cut 5. Since the size of crack spot 90
in the directiwhicaf thbeobiaetal sngnnbhchdtthe objeeat Si dsi ibenddd tide cut
5is relatively small, the nunber of shots required for form ng the crack
regi on 9 becon®3 gheaterhthapathRategiohh® €aseedobpén gir3ydidhesefworsy the
met hod of formng a crack region 20 in accordance with this enbodi nent shown
in Fig. 37 canphoem lde=e€radlghregsoonnogeztef thei entdgcdan blife netdemad shown
in Fig. 38 does. Also, since pulse laser light is irradiated while the
direction of |poearipakabhzat pboansef ] psksa ilghseslidphiviicd ti2d lankhopamal to
the line along which the object is intended to be cut 5, the form ng of the
crack spot 90 fipiprdipt 6HheecdB84id MtndRI 7t dbPleut SFPOIROLAcrOOnghet is
accelerated in the width direction of the line along which the object is
intended to becedtkSpdhenef orecathentddhelongauhspote80ioxtendse niide
width direction of the line along which the object is intended to be cut 5
too much, 5 thelohpeaiidothe qispeessedi canmndid poecd sekys pahewkhbgl omngl r

size is relatively large in this direction. Therefore, the
crack region 9 extending alongthe 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 polarizaticn of pulse laser light

is orthogeonal to the line along which the object is intended

=
%3}

tobe cut 5. Since the size of crack spot 90 in the direction
of the line along which the object is intenced toc be cut
Sisrelativelysmall, thenumberof shotsregquiredfor 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 doces.
Also, since pulse laser light is irradiated while the
direction of linear polarization of pulse laser light 1is
25 orthogonal to the Iine along which the object is intended

to be cut 5, the forming of the crack spot 90 formed at the
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the line along which the object is intended to be cut 5. By contrast, the
crack spot 90 forned at the shot does not extend nuch in directip@§%q@@er
than the direction aligning with the line along which the object is =~
intended to be cut 10 5 in the nethod in accordance with this enbodiftentd144-00
shown in Fig. 37, whereby the object to be processed can b& cut . precisely.
Though maki ng the size in a predetermined direction relatively [arge anong
the sizes of a nodified region has 15 been explained in the case of |inear

pol ari zation, the sanme holds in elliptical polarization as well. Nanely, as
shown in Fig. $%ttikeaé0emeng:-ef itthenenack 5pate90ibs acepkeratedlong the
direction of major axis b of an ellipse representing elliptical

pol ari zation ERyfch asfy ohiy@ht:, iwhesebydéher & nackuz05 spath Ok had hgihan
relatively large size along this direction can be formed. Hence, when a

crack region istformResysh: ddatcbhesmeh aheaxh §:Rfq @ alildpee tRediGatki ve of
the elliptical polarization of laser elliptically polarized with an

ellipticity of pthes diam Ll ianseW ths & Jddil ang pehiceh 25 tdee rilinect i's

intended to be cut 1n the object to be processed, effects simlar to those

in the case of {jideas: ol ard z2ad i o d30s FP U HA4 AR QGGUr,. Her&ir Hheng

ellipticity is half the length of mnor axis a/half the'length of major

axis b. As the gld iptACidNond Sursi® l&fe dhee &l 26 ofn dhRicer 3Gk pEpety 198 al ong
the direction of mpjor axis b becones greater. Linearly polarized Iight 5

is ellipticallyspalardzed | kgt cweth apoeldo Pldieiddy a@f BT Shot @&l y
polarized light 1s obtained when the ellipticity
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 amcng the sizes of a modified region has

o
n
(o)

een explained in the case ¢f linear polarization, the same
holds in elliptical polarization as well. Namely, as shown
in ¥ig. 39, the forming of the crack spot 90 is accelerated
in the direction of ﬁajor axis b of an ellipse representing
elliptical polarizationEP of laser 1ight, whereby the crack
20 spet 90 having a relatively large size along this direction
can be formed. Hence, when a crack region is formed such
that themajor axisof anellipse indicativeof theelliptical
polarization of laser elliptically polarized with an
ellipticity of other than 1 aligns with a line along which
25 the object is intended tobe cut in the cbject tobe processed,

effects similar tc those in the case of linear polarization

135



is 1, which cannot nmake the size of the crack region relatively large in a
.predeterm ned direction. Therefore, this enbodi nent does not enconpass the
case where the ellipticity 10 is 1. Though making the size in a y
predeternmined direction 1 .1 relatively large anong the sizes of “a’ rodlis | ed
region has been explained in the case of a crack region, the sane P Brsb14 47 C0
nol ten processed regions and refractive i ndex change regions as wet 1 .
Al so, though pulse laser light is explained, the sane holds in continuous
wave |laser light as well. The foregoing also hold in a fourth exanple which
will be explained later. The | aser processing apparatus in accordance with
the 20 third exadpte dfeachi ¢henfsddiipsnc iyl Esnbwd betegplanged. oFingin™0 is a
schematic diagram of this |aser processing apparatus. The |aser processing
appar at us 200 wi*iske'rexdpl ahretenmimlof mancreanssdf. | s théfekeipesciftnom t he
| aser processing apparatus 100 in accordance with the first exanple shown
25 in Fig. 14. fherlzdder,ptoeessengt dppacatuk 200 80rprdrspsheahi eddtiiptricity
regul ator 201 for adjusting the ellipticity 136 FPOL-0144-00 5 of
pol ari zati on ofof aserod isghts b lestdrted Jramhear | asencbirght posauized L0intand a
90 rotation regulator 203 for adjusting the rotation of polarization of the
| aser |ight L end etlédptiicemltyhecedtiped diipy tregut anorl 20dt hyiabotitz@® . The
ellipticity regulator 201 includes a quarter wave

Circularly polarized light is obtained when the ellipticity

is 1, whichcannotmake thesizecf thecrackregionrelatively
| large in a predetermined direction. Therefore, this
embodiment does not encompass the case where the ellipticity

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 proecessed regions and refractive index change

o
o

regionsaswell. Alsco, thoughpulselaser light isexplained,

the same holds in continuous wave laser light as well. The

foregoingalsoholdina fourthexamplewhichwillbeexplained
later.

The laser processing apparatus in accordance with the

20 third example of this embodiment will now be 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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pl ate 207 shown in Fig. 42. The quarter wave plate 207 can adj ust the
ellipticity of elliptically polarized |ight by changing the anglie; &3 o
direction B. Nanely, when light with [linear polarization LP i.s nade
incident on the quarter wave 10 plate 207, the transmtted light att@nsgia4-00
elliptical 15 20 polarization EP with a predetermned ellipticity. Theangle
of direction is an angle fornmed between the major axis of the ellipse and
the X axis. As nentioned above, a nunber other than 1 is enployed as the
ellipticity in this enbodinent. 15 The ellipticity regulator 201 can nake
the polarizati Laser . ight e ekliniicaldy Lized. }ight, (EP
havi ng a desi Egz;fb@glea??iégt ilc?ty. e ell igpti Ci tyloclags adj ust ed ?n Vi erKJ/th of the
t hi ckness and i aly af j PLOGE aﬂ%t Jdike,, When
irradiating th%ﬁde%tl O?d %Qspér)?coggtggggfg\%nt% ﬁagé‘régrl %%%t Hig@i ng Ehlgnear
pol ari zation LR, t I roli-g _.eqitited fr t ser L ght__saqur 101
is linearly poltz?rei rz}gjc}aacl%':%é?htong%JlLI é?g\éggﬁh%{ce I'i p?ig%%?yf{r%%ﬂu%at“gfﬂ%ﬁ%e

adjusts the a S chhedig]ﬁ}?rd&&%ﬁ%é’ﬁf Jhe quar teyy \%S%/gﬁbg!%ﬁ%o_? such that 25

the laser |ight passes é Guarter wave bei ng t he
:::D(r)liar i)¥42?i)8r ISZggulr LI%%ES![F%%@#?PW% r lésc%(rﬁ gp?rzli:andcl adset]asi1 | g?l?tf[ Wher eby

the ellipticity requbahoL, g0l J5 uanegessapye vhen Y %abassiate 207 can

adjust the ellipticity of elliptically polarized light by

changing the angle of direction 6. Namely, when light with

linear polarizaticon LP is made incident on the gquarter wave

10 plate 207, the transmitted light attains elliptical

polarizationEPwith apredeterminedellipticity. Theangle

of direction is an ancle formed between the major axis of

the ellipse and the X axis. &As mentioned above, a number

otherthanlisemployedastheellipticityinthisembodiment.

e o
1ie @

.
o

llipticity regulator 201 can make the polarization of
laser light L become elliptically polarized light EP having
adesirableellipticity. Theellipticityisadjustedinview
of the thickness and material of the object to be processed
1, and the like.

20 Whenirradiating theobject tobeprocessedlwith laser
light L having linear polarization LP, the laser light L
emitted from the lasexr 1ight source 101 is linearly polarized
light LP, whereby the ellipticity regulator 201 adjusts the
angle of direction 8 of the quarter wave plate 207 such that

25 the laser light L passes through the quarter wave plate while

being the linearlypolarized light LP. Also, the laser light

-3
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i ght of linear polarization LP is utilized for |rrad|at|ng t he object to

be processed with laser. The 90 rotation regulator 203 incl udes pav e
plate 205 as shown in Fig. 42- The half wave plate 205 is a mavel ngt%
"plate for making polarization orthogonal to linearly polarized ingirdert144-00

light. Nanely, when linearly polarized Iight LP1 wth an angle of direction
of 45 is 10 incident on the half wave plate 205, for exanple, transmtted
| i ght becomes linearly polarized |ight LP2 rotated by 90 w th respect to
the incident light LP1. Wen rotating the polarization of laser light L
emitted fromt he.eldd phiickhy sTROWALDY 200 by, 032Lhe P0ioLAt LaBrEsgUI at or

203 operates 15 co as to place the h wave plate 205 onto the optical axis

of laser light tlhe ¥ien @9&;{9&6&@&1@&6&16299&%M@é&@élsgfy Laseronly gbtek
emtted fromthe elllp?|C|ty regul ator 201, the 90 rotation regul ator 203

operates so as 1&%}&' 6?91$rhéé‘a H@l fla‘é@‘é%tﬂ%'nai? 1%051:9!1!&%!989&; he reptisakngath of
| aser |ight 20 at a Site where the |aser L does not pasSs

t hrough the haﬁlﬁfe V@J\ﬁ%octl ale 120 roces g Ghrg) qarglerrror 103 i s disposed such
that the laser |ight" L whose rotation of polarization is regulated by 90

or not By the 90 rot %'eo@o"’egelcéft%nzﬁ’é L$at el gent; therean 2% .anpdythat the
direction of optical axis of |aser ? is changed by90. The | aser

D 0cessi g appayialis 238026 08P esy Jisﬁg 14M RoYR. FPO-0IA00.2 Goaxis stage
213 for rotating the X-Y plane of the mounting table 107 about the

thickness diregt iR Qfedt® Phi-8E A3 making polarization orthogonal to

linearly polarized incident light. Namely, when linearly
pelarized 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 20°
with respect to the incident light LP;. When rotating the
polerization of laser light L emitted from the ellipticity

regulator 201 by 90°, the 90° rotation regulator 203 operates

i)
wn

so as to place the half wave plate 205 onto the optical axis

of laser light 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

plate 205 outside the optical path of laser light L (i.e.,

20 at 2 site where the laser light L does not pass through the
half wave plate 205).

The dichreicmirror 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 processingapparatus 200 comprises
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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. VVthkL%fggﬁ?ce
to Figs. 40 and 43, the | aser processing nethod in accordance w ehel
third exanple of this enbodinment will now be explained. Fig. 43 i@ -0144~-00
flowhart for explaining this |aser processing nethod. The object. to be
processed 10 1 is a silicon wafer. Steps S101 to S111 are the sane as those
of the first exanple shown in Fig. 15. The ellipticity regulator 201 adjusts
the ellipticity of laser light L having linear polarization LP emtted from
the | aser |ight sseuwicesd8de CaB21)r rothe ingsere i-ghplinbar oge Mpueltlihpt i ca
polarization EP with a desirable ellipticity can be obtai ned when the angle
of direction Ocebléheoquasder +vaviehidlaiesd Sichangesh idY tdiee eldjiautt ciot y
regul ator 201. First, for processing the object to be processed 1 along the
Y-axis directipapridtestRidor. axine of 288 ®RIdumsa dmdi satdgua at2® pbrtchay
elliptical polarization EP of laser light L is adjusted so as to coi ncide
with the directhompfendie binetadong oshi ¢hl, thes objiactlss tid erdeceta be cut
5 extending in the Y-axis direction of the object to be processed 1 (S123)
This ts achbevegzdy rD3ating the 8-axis stage 213. Therefore, the 25
8--axis stage 213 functions as major axis adjusting nmeans or |inear
pol ari zati on adj ustimgHeansreddd tHArMys! 4 0lakPQ3- Ol 100 Forr qareaeasgi ng t he
object 1 along the Y-axis direction, the 90 rotation regulator 203 carries
out adj ust mentmatihedin accordancewiththethird example of this embodiment

will nowbe explained. Fig. 43 is a flowchart for explaining

this laser processing method. The object tc be processed

10 1 is a silicon wafer. Steps S5101 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 1light L having

n

elliptical polarization EP with a desirable ellipticity can

o

be obtained when the angle of direction © of the guarter

wave plate is changed in the ellipticity regulator 201.
First, forprocessingtheobject tobeprocessedlaleng
the Y-axis direction, themajor axis of anellipse indicative
20 of theelliptical polarizaticonEP of laser light L is adjusted
50 as to coincide with the direction of the line along which
the object 1s intended to be cut 5 extending in the Y-axis
direction of the cobject to be processed 1 (S123). This is
achieved by rotating the 6-axis stage 213. Therefore, the
25 B~axls stage 213 functions as major axis adjusting means

or linear polarization adjusting means.
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does not rotate the polarization of laser light L (S125). Nanely, it
operates so as to place the half wave plate to 5 the outside of qum@p%ﬂcal
path of laser light L. The laser light source 101 generates | aser

whereas the |ine al ong which the object is intended to be cut 5 e&&ﬁg]nﬁlﬁd 00
in the Y-axis direction in the surface 3 of the object to be processed 1 is
irradiated with the laser 10 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 ngjor
axis indicative of the ellipse of elliptical polarization EP of |aser |ight
ext ends al ong the rikt ppstebphegdlengb] st ¢ls ltdiey oy Ecbxiis dimeaided .t o be
cut 5in the object 1. 15 Since the light-converging point P of |aser |ight
L is positiongde X hintehéoohyjeptl &t omaliBens prozessddad dgsbnent arhd chor ned
only within the object 1- The Y-axis stage 111 is noved along the |ine

al ong whi ch t hdoebjmeet ic dtd endegoliboibetdon 5f Sasas 1ogfiorin & dslten
processed region within 20 the object to be processed 1 along the line along
whi ch the objéztelg, |t eqdecthtas 3 awt t5. pThen, thhehxt AxvavestEpge €l i s
noved, so as to irradiate the neighboring Iine along which the object is
intended to beheuwubtsimd hof asler dpightal ,patid & nddean Jprgdoessed regi on 25
is formed within the object 1 along the neighboring |ine along which the
object is intended tThéeamgr 5 iighta seemaeer 1 104094n dx MR 205 r FRGR0144- 00
simlar to that nentioned above. By repeating this, a nolten processed
region is formetexashithg Herobjedoingl valichgthheobject 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
10 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
axls indicative of the ellipse of elliptical polarization
EP of laser light extends along the rightmest line along

which the ckject is intended to be cut 5 in the object 1.

-t
{n
)
.
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2
T

______ the light-converging point P ¢f laser light L is
positioned within the object 1, molten processed regions
are formed only within the object 1. The Y-axis stage 111
is moved along the line alcong which the object is intended
to be cut 5, so as to form a molten processed region within

20 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 cbject is intended to
be cut 5 with laser light L, and a molten processed region

25 is formed within the object 1 along the neighbering line

along which the object is intended tc be cut 5 in a manner
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lines to be cut 5 successively fromthe right side (S127) - Fig. 45 shows
the case where the object 1 is irradiated with 5 the | aser Iight”é_1 ?75?9
I g ht

| i near pol arization. Nanely, the 10 object | is irradiated with
such that the direction of linear polarization LP of laser |ight EXEénBsd4-00
along the |I|ine along which the object is intended to be cut 5 in the

object 1. Next, the 90 rotation regulator 203 operates so as to place the
hal f wave plate 205 (Fig. 42) onto the optical axis of laser light L. This
carries out adjustment for rotating the polarization of laser light emtted
fromthe ellipimcliay toeghdtanent2e9etye 8y .52B9)rerSuissiequent ty @ ndkt¢raser

| ight 101 generates laser light L, whereas the |ine along which the object
is intended t@rbeecsstdex¢ehuh ngsi hothed Xvakhsndihecehpacofl tdkosurflace 3
of the object 1 is irradiated with the laser light L. Fig. 46 is a plan

vi ew of the objEréslto Hecobj Bcitudecessivebdifted t2@ wightt hedéas®r2T) ght L
such that the direction of the major axis of an ellipse indicative of the
elliptical pol&aigzati ehowER od claasewhéirghthd obxeends iad ongathetkdwesth | i ne
al ong which the object is intended to be cut 5 extending in the X-axis
directipn of tthee dsct 1igh$i hceatireg |lightacgolerdizag ipoi.nt N&be Py ofthaser
light L is positioned within the object 1, nolten processed regions are
formed only widlnect he sobjectidtedhetidbstrd Mht su Lhat ERPGI&d el 10t 5

of linear polarizaticn 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) ontoc the optical
axis of laser light L. This carries out adjustment for
rotating the pelarization of laser light emitted from the

ellipticity regulator 219 by 90° (S219).

i
[#2]

Subsequently, the laserlight 101 generateslaser lignht

L, whereas the line along which the object is intended to
be cut extending in the X-axis direction of the surface 3
of the object 1 is irradiated with the laser light L. Fig.
46 1s 2 planviewof 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 theelliptical polarization

EP of laser 1light 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 1light L is positioned within the object 1, molten

processed regions are formed only within the object 1. The

141



X-axis stage 109 is noved along the |ine along which the object is intended
to be cut 5 so as, to forma nolten processed region within thezphjgm@
ext endi ng al ong the Iine along which the object is intended to be cut
Then, the Y-axis stage is noved, such that the inmmediately upper HRQ%?Q&ﬁ&ﬁ@O
whi ch the object is intended to be cut S5is irradiated with the |laser |ight
L, whereby a nolten processed region is formed within the object 1 along
the line along which the object is intended to be cut 5 in 10 a manner
simlar to that mentioned above. By repeating this, respective nolten
processed regi ¥nsxasestogeedldi ihinovhe abbjecthd bilmhg tdveg iwidion daal | i nes
to be cut successively fromthe |lower side (S131). Fig. 47 shows the case
where the objekjedtiis inradiat €d ba ¢ht bhesd aser famghs rolhaviprpcekB ek near
pol ari zati on LP. Then, the object 1 is bent along the lines to be cut 5,
wher eby the obfegiod wstlcinh (A 38)jectlhi sxdieviddeg thengbfleetlirle iadtcogsi | i con
chips. Effects of the third exanple will be explained. 20 According to the
third exanpl e,wbhehobhectbaecs isradiateds whthe pubseS| aser |ight L such
that the direction of the major axis of an ellipse indicative of the
elliptiTal polarizatTien, ERhef pudses| aserel | ght mbvexl endsctal ohgtt lidel i nes
to be cut 5 as shown in Figs. 44 and 46. As a consequence, the size 25 of
crack spots inithedteretyiwrpef limesltaidehduth Shbecbiest reliattiangley | ar ge,
wher eby crack regions extending along |ines 142 FP01-0144-00 to be cut can
be fornmed by atsned |est rfuniser: ofedsikotesi wihé the laser light L, whereby

amolten processed region is formedwithin the object 1 along

the line along which the object is intended tc be cut 5 in
10 amanner similar tothat mentioned above. By repeatingthis,

respective molten processed regions are formed within the

object 1 alcng the individual lines to be cut successively

from the lower side (S131). Fig. 47 shows the case where

the object 1 is irradiated with the laser light L having
15 linear polarization LP.

Then, the object 1 is bent along the lines to be cut
5, whereby theobject 1iscut (S133). Thisdividestheobject
1l into siliceon chips.
Effects of the third example will be explained.

20 According to the third example, the cbject 1 is irradiated

with pulse laser light L such that the direction of themajor

axis of anellipse indicative of the elliptical polarization

EP cf pulse laser light L extends along the lines to be cut

5 as shown in Figs. 44 and 46. As a consequence, the size
25 of crack spots in the direction of lines to be cut 5 becomes

relativelylarge, wherebycrackregionsextendingalcnglines
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third exanple can efficiently formcrack regions as such, thus being able
to inprove the processing speed of the object 1. Also, the crack spot
formed at the shot does not extend 5 in directions other than the dirgetion
aligning with the 10 line along which the object is intended to be cut 5,
whereby the object 1 can be cut precisely along the line al ong wikh -4lHd-00
object is intended to be cut S. These results are simlar to those of the
fourth exanple which will be explained later. [Fourth Exanple] The fourth
exanple of this enbodinment will be explained mainly in ternms of its
differences fromthe third exanple. Fig. 48 is a schematic diagramof this
| aser processitng beappar atusb3000 rdedngy tsheredristri uehts of dhrecd aséihe
processi ng apparatus 300. those identical to constituents of the |aser
processi ng appatatdis 200 i aecefddrde nwiltyh fotrhect it k dresxianmd e ssklsowh,i n Fi g.
40 will be referred to with nunerals identical thereto w thout repeating
their overl appinghexphatatd apsim2f vidhehkasercqyQaes spagd afpanatols e300 i s
not equipped with the 90 rotation regulator 203 of the third exanple. A
9-axis stage 213ada@,r ohateri hie 960t [ghanedokt a o yhbitNges abler O enabout
the thickness direction of the object to be processed 1. This nakes the

pol ari Zati on adfn |disercdigid dtlend tittech fulem i ddte @l ldlpigindintgy wiegultateor 201
relatively rotate by 90. The | aser processing nethod in accordance with the
143 14 2rlr' |l line along which the object is intended to be cut 5, whereby

the object 1 can be cut precisely alcong the line along which
theobject is intended tobe cut 5. These resultsaresimilar
to those of the fourth example which will be explained later.

10 [Fourth Example]
The fourth example ¢f this embodiment will be explained
mainly in terms of its differences from the third example.
Fig. 48 is a schematic diagram of this laser processing

apparatus 300. Ameng the constituents of the laser

e
o

processing apparatus 300, those identical to constituents
of the laser processing apparatus 200 in accordance with
the third example shown in Fig. 40 will be referred to with
numerals identical thereto without repeating their
overlapping explanations.
20 The laser processing apparatus 300 is not equippedwith
the 90° rotation regulator 203 of the thirdexample. AS8-axis
stage 213 can rotate the X-Y plane of a mounting table 107
about the thickness direction of the object to be processed
1. Thismakes thepclarization of laser light Lemitted from
25 the ellipticity-regulator 201 relatively rotate by 90°.

The laser processing method in accordance with the

143



FPO1-0144-00 fourth example of this-enbodinent will be expl ained. [ w7 onpe
Operations of step 5101 to step S123 in the | aser processing nethod 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 i $PQorid4-00
carried out, since the fourth exanple is not equipped with the 90 rotation
regul ator 203. After step S123, the operation of step S127 is carried out.
The operations carried out so far process the object 10 1 as shown in Fig.
44 in a manner_simlar to that in the third exanple. Thereafter, the stage
control | er 115°urddul a¥esprife I aknssstgeodrsgo wslio ot grplrensgy- 90.
The rotation of the 0O-axis stage 213 rotates the object 1 Dby 90 in the X-Y
pl ane. Conseq@®ialions shdMtR B1Plgto 43 er18le hd majerl and s PePceERLpEi cal
pol ari zation EP can be caused to align with a line along which the object
is intended t@etheodcin encerdescienglthethe ndh by amilch stverobje€idi s
intended to be cut 5 having already conpleted the nodified region form ng
step. 20 Thend3 idkee steprBAR79ut henolbjhectfauntd i¢xamid st egdswwehl .t héhkaser
| ight, whereby nolten processed regions are formed wthin the object to be
procesSed 1 alogeyatiimesof osWies euten’s squuecessh viedd pofr oar rhedrdught sshde.
Finally, as with step S133, the object 1 is cut, whereby the object 1 is
divided 25 ifthe giduircdn egainps.e Tise noli cdivapgefioueth &kangles refathpy
enbodinent 144 '6 4 ~f P qr r
regulatoxr 203.
After step 5123, the operation of step $S127 is carried
out. The operations carried out so far process the object
19 1 as shown in Fig. 44 in a manner similar to that in the
third example. Thereafter, the stage controller 115
regulates the 8-axis stage 213 so as to rotate it by 90°.
The rotation of the 8-axis stage 213 rotates the ohject 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 intersectingthelinealengwhichtheobiject is intended
to be cut 5 having already completed the modified region
forming step.
20 Then, like step S127, the object 1 is irradiated with
the laser 1ight, whereby mclten processed regions are formed
within the object to be processed 1 along lines to be cut
5 successively from the right side. Finally, as with step
5133, the object 1 is cut, whereby the object 1 is divided
25 into silicen chips.

The third and fourth examples of this embodiment
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FPOL- 0144-00 explained in the foregoing relate to the form ng of nodified
regi ons by multiphoton absorption. However, the present inventior hHy? ot -
the object to be processed by irradiating it with laser light while
| ocating its light-converging point 5 within the object so as to nBkRelthei4~00
maj or axis direction of an ellipse indicative of elliptical polarization
extend along a line along which the object is intended to be cut in the
obj ect without form ng nodified regions caused by mnultiphoton absorption.
This can also cut the object along 10 the |line along which the object is
i ntended to beexplailibe@fibhi cherftdnegoihki f4haExampted florma rffg b mekiahnpe of
this enbodi nent and sixth and seventh exanples thereof, which wll be
expl ai ned | at efeqidbs shyesu Df i posit i esh soofsi e e canteveld, ed Hy pegidrat | ng
the magnitude of power of pulse laser light and the size of nunerical
aperture of aniopincabn syt entidid wiijRgtatolHgbtrocergergh Ny J sl a tHhey
nodi fied spot refers to a nodified part fornmed by a single pulse shot of
pul se | aser 20it i.ghh 1Esee. 1ignewplilse dasamd {tadighteapnvebeiegpaimt
assenbly of nodified spots forns a nodified region. The necessity to
controlsthe siweshiof twdidi-peeispod ssnidd nse e adaied wixiids reispeotidno crack
spots by way of exanple. Wen a crack spot is too |large, the accuracy of
cutting 25 ambhjncelltipsbeigaical Dng oF kil bepalond yhixhi tdrei objeettend
intended to be cut decreases, and the flatness of the cross 245

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

in the object withcut forming modified regions caused by
multiphoton absorption. This can also cut the object along
10 the line alcng which the object is intended to be cut
efficiently.
(Fifth Example]
In a fifth example of this embodiment and sixth and
seventh examples thereof, which will be explained later,

””””” cf medified spots are controlled by regulating the

-3
(4]
U
[
h
(!
/]
C
[N

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 contreol the sizes of modified spots will be
explained with respect to crack spots by way of example.

When a crack spet 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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FPOL- 0144-00 section deteriorates- This will be explained with reference to
Figs. 50 to 55. Fig. 50 is a plan view of an object to be proce§§gqiL,jn
the case where crack spots are forned relatively |arge by using thé faser
processing method in 5 accordance with this enbodiment. Fig. 5 isfg0i-0144-00
sectional view taken along LI-LI on the |ine along 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-LIIlI, and LIV-LIV orthogonal to the |ine

al ong which the object is intended 10 to be cut 5 in Fig. 50, respectively.
As can be seersdgtomn dbeseidranengs, Thievdelicatéanl 3 hned xeshofefgrgcicsspot s 9
becones greater when the crack spots 90 are too |arge. Therefore, as shown
in Fig. 55, the d&tiowr.aby ob &ottihgot e dlsj ecplan alengof hen kel arfg whi ch
the object is intended to be cut 15 -5 becones lower. Also, irregularities
of cross sectimnspAFedsed He Dbj ebe dabecehersoclacdge spplodts tEhre ficatmesss of
the cross section 43 deteriorates. Wen crack spots 90 are forned
relatively smatdldtelvply 26 qgm dry lwesis)g hheudiamp 1t e d@seringmegdssi ng
apparatus in accordance with this enbodi ment, 20 by contrast, crack spots 90
can be X or med amidmiarioe anidh cén s debeadpterai ned ifg.obd visdenkengibnadivieet i ons
deviating from that of the [ine along which the object is intended to be
cut as shown itvelEme1&6: LThel efidries 1 ase shong wihid ofi he 87 ect he Jadaundssy of
cutting the object 1 along the line along 25 which the object is intended to
be cut 5 and tte bkl athessin dfiocr 88s sBte$ orfs? 43 JcannigedE nproveed tanghown i n

Fig. 57. 146 1
views taken along lines LII-LII, LIII-LIII, and LIV-LIV

{
1

orthogonal to the line along which the cbject is intended
10 to be cut 5 in Fig. 50, respectively. As can be seen from
thesedrawings, thedeviationinsizesof crackspots 9becomes
greater when the c¢rack spots 390 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

p—
(92]

5 becomes lower. Also, irregularities of cross sections 43
in the object 1 become so large that the flatness of the
crosssectiond3deteriorates. Whencrackspots 20areformed
‘ relatively small {(e.g., 20 uym or less) by using the laser
processing apparatus in accordance with this embodiment,

20 by ceontrast, crack spots 90 can be formed uniformly and can

be restrained from widening in directions cdeviating from

that ¢f the line along which the object is intended to be

cut as shown in Fig. 56. Therefore, as shown in Fig. 57,

the accuracy cf cutting the object 1 along the line along

25 which the cobject 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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4 FPO"-0144-00 Wen crack spots are too |large as such, precise cutting
along a line along.which the object is intended to be cut and1cgkpiﬂg,for
yielding a flat cross section cannot be carried out.. |f crack Spotstare
extremely small with respect to an 5 object to be processed havi ngFB0TaPges-00
t hi ckness, however, the object will be hard to cut. The fact that this

enbodi nent can control sizes of crack spots will 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 light-converging | ens has a magnification of x10
and an NA of 0.8 is Bhahlaradihapot hatreof ca lenrgekaspoth, ipradiscasetwhere t he
| i ght-converging lens has a magnification of x50 and an NA of 0.55- The

peak power densiltyg eslpnepaltngnatidro the d@nergy ief inasedeld ght bperutpul se,

i. e. , 15 the power of pulse laser light, as expl ai ned above, whereby the
sanme peak powesndensittiyigresngitheisane lasercssgetiponeannoliencdheiddaser

| i ght power is the sane while the beam spot cross-sectional area is the
same, sizes ofoatackl spatscicapotbea regH mtatk 50 sas 1l owbele anves syl keran
(greater) as the nunerical 20 aperture of a light-converging lens is greater
(smal | eb) - Al sepjeventwhiea phe-dusmet incaliraper tlureeothtthenebbsghtewamer gi ng
lens is the sanme, sizes of crack spots can be regulated so as to becone
smal l er and | ater oinhientt helll asehakdghtt power (peak power density) is nade

| ower and 25 higher, respectively. Therefore, as can be seen fromthe graph
shown in Fig. 147 The factthat thisembodiment canceontrol sizesof crack

spots will be explained. As shown in Fig. 7, when the peak
power density is the same, the size of a crack spot in the
10 case where the light-~converging lens has a magnification
of %210 and an NA of 0.8 is smaller than that of & crack spot
in the «case where the light-converging lens has a
magnificationofxb50andanNAof0.55. Thepeakpowerdensity

is propertional to the energy of laser light per pulse, i.e.,

}—
92}

the power of pulse laser light, &s explained abcve, whereby
the same peak power density means the same laser light power.
When the laser light power is the same while the beam spot
cross-sectional area is the same, sizes of crack spots can
beregulatedscas tobecome smaller (greater) as thenumerical
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) 1is made lower and

25 higher, respectively.

Therefore, as can be seen from the graph shown in Fig.
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F201-0144-00 7, sizes of crack spots can be regulated so as to becone
smal | er when the nunerical aperture of a light-converging lens is nade
greater or the laser light power is nmade |ower. On the contrary; :sizes of
crack spots can be regulated so as to becone greater when the nuhg%&?@b -50
aperture of a light-converging lens is made smaller or when the |la I ﬁﬂ%
power is made higher. The crack spot size control will further be explai ned
with reference to the drawi ngs. The exanple shown in Fig. 10 58 is a
sectional view of an object to be processed 1 within which pulse |aser |ight
L is converged_by use of a | ight- converging |ens having a predeterm ned
numerical apertuPéZeRe§foRE34% APBTFhHER évFHQUQPéPGeEDaﬁSeF@c??F%mefieId
intensity at a threshold for causing multiphoton is absorption or higher by
this laser irra@RatEsn"leEp gtheayneiraednionairaicdwiot 18N Er aERVEPBLID0
formed due to the nultiphoton absorption caused by irradiation with the

|l aser |ight L1EOR ih&a6EheFeARAN,CX ROCekafPr & KHUWACKRIF §masle lpeeh:
sectional view of an object to be processed I within 20 which gulse | aser
light L is conVBrged B9 us2rBf B129% ght -CHiversfiats IcéRsPRavPAYLATAENER i cal
aperture greater than that in the exanple shown in Fig. 58, Fig. 61 is a
sectional viewddf & dW%%%@%oEfgétﬁérW@@”du@h?onﬂﬁéfhﬁﬁgiGﬁ@ﬁ@#rea5§br%tion
caused by irradiation with the laser light L. 25 The height h of crack spot
90 depends on thehirg@nserpégpchids 41 Mane Ha2 t ke Elkdede it PeCta Y d19%he

object 1, whereas the 248 i4
power is made higher.

The crack spot size control will further be explained

with reference te the drawings. The example shown in Fig.

10 58 1s a sectional view of an object to be processed 1 within
which pulse laser light L is converged by use c¢f a
light-converging lens having a predetermined numerical
aperture. Regions 41 are those having yielded an electric

field intensity at a threshold for causing multiphoton

15 absorption or higher by this laser irradiation. Fig. 59 is
a secticnal view of a crack spot 90 formed due to the
multiphoton absorption caused by irradiaticon with the laser

light L. ©n 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
sectionalviewof acrack spot 90 formeddue tothemultiphoton
abscrption caused by irradiation with the laser light L.

25 The height h of crack speot 90 depends on the size‘of regicns

41 in the thickness direction of the object 1, whereas the
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Li LJ FPOL-0144-00 width w of crack'spot 90 depends on the size of regions 41
in a direction orthogonal to the thickness direction of the obpefprlﬁﬁ
Nanely, when these sizes of regions 41 are made snaller and greate
hei ght h and width w of crack spot 5 90 can be made smaller and gﬁéﬁﬂeﬂﬂ44-00
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
i s made great eridtsmal odr rracthepexadpl @=shown cnntkegsi 62 o6 @ Eiects dhal vi ew
of an object to be processed 1 within which pulse laser light L having a
power | ower tHanatdatetnidhe retaogres lshewnhé nhikikgress8di secohwergiedhel n the
exanpl e shown in Fig. 62, since 15 the laser |light power is made | ower, the
area of regi orjekdt i1s sKahber, thiasn tiedsofsirzegl ofsrd4dishowml iaxreFimgde58.
Fig. 63 is a sectional view of a crack spot 90 forned due to the
nmul ti phot on absoyigidoancaysed: by, i tadiatgranhwiitd wileH asef ctddgbhspbt As can
be seen when Figs. 59 and 63 are conpared 20 with each other, in the case
wher e tthe nun&d caln aperbdeesmafl leheahidghtesoayerge figedenseis. t Ae same, the
sizes of height h and width w of crack spot 90 can be regulated so as to
become smal | e great ehpnwhegst hed laserel izglat cpoper ed swimdeadowehefhi gher) .
25 The exanple shown in Fig. 64 is a sectional view of an object to be
processed 1 withitheniacte pilese [Eserlddghtl i3> power is the same, the
sizes of height handwidth w of crack spot 20 can be regulated
sc 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
L. having a power lower than that in the example shown in
Fig. 58 is converged. In the example shown in Fig. €2, since
15 the laser light power is made locwer, the arez of regions
41 is smaller than that of regions 41 shown in Fig. 58. Fig.
63 1is a secticnal view of a crack spot 90 formed due to the
multiphoton absorption caused by irradiation with the laser
iight 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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14 ; 10[5 FPOL1-0144-00 L having a power |lower than that in the exanple
shown in Fig. 60 is converged. Fig. 65 is a sectional .view of a¢gm@§?n£spot
90 formed due to the nmultiphoton absorption caused by irradiationF%{ ” t he
| aser light L. As can be seen when Figs. 5 59 and 65 are conpared Bt Seddn 00
other, the sizes of height h and width w of crack spot 90 can be regul ated
so as to becone smaller (greater) when the nunerical aperture of the

|l i ght-converging lens is made greater (smaller) while the |[|aser |ight power
is made | ower (higher). 10 Meanwhile, the regions 41 indicative of those
yielding an &b dea¥ing fa @i §ntediss § yean athair éghdihe fesramallec stioenf L8l d
intensity capable of form ng a crack spot or higher are restricted to the

| i ght - conver gi Tig p&idni s Roan@riaes -vi Eiai t§0 1gue sestimaatol i OwCAge C8assn:

Since a laser light source with 1.5 a high beamquality is utilized, this
enmbodi ment achirte 0 dokingd doavier gfé‘rﬂ:élugﬁim@éﬁml #lghorandoR & W B ge

light wup to about the wavel ength of |laser |light. As a consequence, the
beam profil e ofrndfisalawerithghte dgsar s b tdaus Sisagen BiesiadbubEdd19%her eby
the electric field intensity is 20 distributed so as to becone the highest

at the Tenter ¥ ancheéSbeegncambagreatwalthyehobhertdiars tthe disearch hedghtt he
center increases. The laser light is basically converged in the state of a
Gaussi an di st rh g ot dth theo provcads giobel hgarc diy arggad aipca so as to

| i ght-converging lens in practice as well. 25 Therefore, the regions 41 are
restricted to R4eeme sgALIESNVBF YR BT poiltRn Phanpniasicakpreruresef the

, light-converging lens is made greater (smaller) while the

laser light power is made lower (higher).

10 Meanwhile, the regions 41 indicative of those yielding
an electric field intensity at a threshold for electric field
intensity capable c¢f foxrming 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

=
wn

a high keam gquality is utilized, this embodiment achieves
a high convergence of laser light and can converge light
up to-about the wavelength of laser 1ight. As a conseguence,
the beam profile of this laser light attains a Gaussian
distribution, whereby the electric field intensity is
20 distributed sc 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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C Ggp5;; "rR~~ vJ FPO1-0144-00 As in the foregoing, this enbodi nent can
control sizes of crack spots. Sizes of crack.spots are deternined 4 W viigw
of a requirenent fora degree of precise cutting, a requirenent for a de?ree
of flatness in cross sections, and the magnitude 5 of thickness of FFhe-0144-00
object to be processed. Sizes of crack spots can be determ ned in view of
the material of an object to be processed as well. This enbodi nent can
control sizes of nodified spots, thus making it possible to carry out
precise cutting along a line along which the object is intended to 10 be
cut and yield a favoRablretheatarwssing.ckbss evbadiiogs thyan wakitng Inpdi €4 ed
spots smaller for objects to be processed having a relatively snal
t hi ckness. Al sof byatakipegs.noliteéedSpoeskgrettenreide erublesd cattigwy of
objects to be processed having a relatively |large thickness. 15 There are
cases where anodly eetguioereniprlocessert dwast prespeetiuté idion ect ¢ gasr syt and
hard to cut due to the crystal orientation of the object, for exanple. Wen
cutting such anrabfdegteetdiefsbzecot icr acksspetcs 190 sf, orme d hierma duei tude
easy-to-cut direction is made greater as shown in Figs. 56 and 57, for 20
exanpl e> Wen thethlickt¢sormbthe dbnecultunyewhi chesded objSectes b ¢rm@&Ended to
be cut orthogonal to the line along which the object is intended to be cut
5 is a hard-tospotsdizedts datervhnetie rovher hiande nheesiad of aorakkespots 90
formed in this direction is nmade greater as shown in Figs. 57 and 66. Here,
25 Fig. 66 is todeewimralsseicensofelhe dbjiscemiiodhosmt iqerFegntrs? $bkeh al ong
LXVI -LXVI. Hence, a flat cross section can

; cfmodifiedspots, thusmakingitpossibletocarryoutprecise

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 cocbjects to be prccessed
having a relatively small thickness. Alse, by making
modified spots greater, it enables cutting of objects to

be processed having a relatively large thickness.

pt
n

There are cases where an okject to be processed has
respective directiocns easy and hard 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 the directionof a 1ine along which the object

is intended to be cut orthogonal to the line along which
the object is intended tobe cut 5is a hard-to-cut direction,
on the other hand, the size of crack spots 20 formed in this
direction is made greater as shown in Figs. 57 and €6. Here,
25 Fig. 66 is a sectional view of the object 1 shewn in Fig.

57 taken along LXVI-LXVI. Hence, a flat cross section can
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151 14t:.,r,nir FPO -0144-00 be obtained in the easy-to-cut direction,
while . cutting is possible in the hard-to-cut direction as well Z}ngn Ihe
fact that sizes of nodified spots are controllable has been expl1a

the case of crack spots, 5 the sanme holds in nelting spots and ref?%t@lﬂéﬂ -00
i ndex 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 nultiplying the energy per pulse by the frequency of |aser
l'ight. The foregoing holds in sixth 10 and seventh exanples which will be
expl ai ned | at eve dite ireseinpt beesss g @ppar atiusdtl cagcehdarceuni {ihg tire
fifth exanple of this enbodinent will be explained. Fig. 67 is a schematic
di agram of thiscéasiere ptocessiingrdpparattusdi i idhead aserl processi ng
apparatus 400 will be explained 15 mainly in ternms of its differences from
t he | aser processi ngrhapyaratals 200 ithaaccardancef winbhithedf ispst: sexanpl e
showmn in Fig. 14. The | aser processing apparatus 400 conprises a power
regul ator 401 feorntad] Usblagatsheepoverpfirdasan thghtade efi ttedk Shdfg,om a

| aser |ight source 101. The power regul ator 401 conprises, for exanple, a
pluralify of Nhéreuter Bbldensi )l tifhigl sposs andraforechamiesimfiar armrigyg t he
individual ND filters to positions perpendicular to the optical axis of the
| aser |ight Lspodst o Ficheequtnpilde ohetpevaptifcalpat haskrl Aseht |cghth25 L.
An ND filter is a filter which reduces the intensity of |ight wthout
changi ng the retptéeveedpecteradrgy gter butlisen (J), or average output (W)

which is a value obtained by multiplying 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

=
n

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 socurce 10l1. The power regulator 401

comprises, for example, a plurality of ND (neutral density)
filters, and a mechanism foermoving the individual ND filters
to pesitions perpendicular to the optical axis of the laser
light L and to the outside of the optical path ¢f 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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152 1 1 ;.,;r. ;;.n;1 .rP01-0144-00 of energy. A plurality of NDfilters have
respective extinction factors different fromeach other. By using one of a
plurality of ND filters or conbining sone of them the power regul ator;401
adj usts thepower of laser light L emtted 5 fromthe |aser |ight SQFbEQ é?&LOO
Here, a plurality of ND filters may have the sane extinction fact of ; a%

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 regulator 401 may conErise a_pol arization filter dis&osed
perpendi cul ar 6 RSt cadd BxPE6LVi darfy fpol&FfzedVcaske?sPEghtVE, and
a mechanismfor rotating the polarization filter about the optical axis of
|l aser |ight 152¥tpychlgdsiasnie dadrererot SiIMGaHeCporari 2t MGANEI Pier
about the optical axis by a desirable angle in the power regulator 401

adj usts the pofera gFluradety PEMD LI igieie@r FPBRd Phd | s i §ReMsouite 101.
Here, the driving current for a punping sem conductor 20 laser in the |aser
| i ght source 1PEVeHHF e lpegi Heddbysas Jheske T Ghtl vt eesbbdt ¢8I te?d 102
which is an exanple of driving current control means, so as_to regulate the
power of |asefrfighbelane¥ tEBht crRutes |1dser HegRt SoBrEE21DYY oFH:Y ef ore,
the power of laser light L can be adjusted by 25 at | east one of the power
regul ator 401 BhdTR&SEPAY iNgHte $86r eamecont Hott et FGELQE, £RE §h2ePBich

nodi fied region can attain )
regulator 401 may change the number of ND filters to be moved

to positions perpendicular to the optical axis of laser 1ight
L, sc 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
filterdisposedperpendiculartotheopticalaxisoflinear;y
poclarized 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 axls by a desirable angle in the power
regulator 401 adjusts the power of laser light L emitﬁed
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 cf
driving current controcl means, sc as to regulate the power
of laser light L emitted from the laser light source 101.
Therefore, the power of laser light L can be adijusted by

25 at least one of the power regulator 401 and laser light source

controller 102. If the size of a modified region can attain
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153 .!'i 1 4 V' FPO 1-014 4 -00 a desirable value due to the adjustnent of
power of laser [light L by the laser |ight source controller 1q2£akoﬂe th e
power regulator 401 is unnecessary- The power adjustnent explained in t he
foregoing is effected when an operator of 5 the |aser process;ngfqgga@@g@soo
i nputs the magni tude of power into an overall controller 127, which wll be
explained later, by using a keyboard or the like. The | aser processing
apparatus 400 furt her conprises a dichroic mrror 103 di sposed such that

the laser light 10 Lwhosepower is adjustedby thepower regulator 401 is

| noi dent ther eon uersas Wa,2 hent abl on ol gt he oot cal Al ofc haser 1ight

L i s changed y ;a Iens ectlng mec ism lity
the dichr orc. MErgr '1%‘ NE sﬁac Oy Ehe AL Een Raarint T L%{e'rﬁ bE" 4%
for controlling the ns %F 8% nFchaglsn1403 TheO ensa%ele %e
nmechani sm 403 & 5%] rF?@? 15 dht éoﬁgepdpﬁﬁ PRREés 1052 P1ED: ﬂﬁ@g di a
" eSpect i ve- optyEAr KRt afetih #%%ﬁ%%%ﬁ R inE S eEnbrh Ty HOmE T0sa,
sel oct Prg. mechan L COREAGAGr POUDBES T RECT ang e D2 fﬁgn&é&h%nm?é%%ﬁ‘ag
Convergi ng | ERECAR BBAGLLRE AT G ColiCr T AGGHeds: 108 1982 585c 1o be
by using a keybcard or the like.
The laser processing apparatus 400 further comprises
a dichroic mirror 103 disposed such that the laser light
10 Lwhosepowerisadjustedbythepowerrequlator40lisincident
therecn 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 dichroicmirrer
15 102; 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¢, and a suppeort plate
407 for supporting them. The numerical apertures of
20 respective optical systems including the light-converging
lenses 105a, 105b, 105c¢c differ from each other. According
to a signal from the lens selecting mechanism ccntroller
405, the lens selecting mechanism 403 rotates the support
piate407,therebycausingeadesirablelight*converginglens

25 among the light-converging lenses 105a, 103b, 105c to be

placed conto the optical axis cf laser light L. Namely, the

154



pl aced onto the optical axis of laser light L. Nanely, the 154 Fﬂp%hp;QA-oo
.l Tens selecting mechanism 403 is of revolver type. The nunber Jf AR

| i ght-converging | enses attached to the |I|ens selecting nechanisn1§9$11§1iggoo
restricted to 3 but may be other nunbers. Wen the operator of the Iaser
processing 5 apparatus inputs a size of nunerical aperture or an

instruction for choosing one of the light-converging | enses 105a, 1055,

105c into the overall controller 127, which will be explained |ater, by
using a keyboa&d or the like, the | ens i s chosen, nanely,

[lght-ﬁonvergin%
the nunerical L1¥H5ap8rEaFenesMeRBEBASTVA0AL 28 Bh FTRECHBEHt PGSt abl e 107 of
the | aser processin? apparatus 400 is an object to be processed 1
irradiated with the FRREVMIEGhe L CHHver Yot 18L EhecbF B 3G fedrver gi ng
| enses 105a to_105c which is disposed on_ 15 the optical axis _of l|laser |ight
L. The overal | 18BAtFdIgErinpreicdaglisat f0éal§ P lorpett e8teE o RePPbVERY
regul ator 401. Fig. 67 does not depict it _ Wien the nmagnitude of power is
fed into the oR@r&EihecBATPerfer WNYT ThenePFEr t@r CEdnie 3PS e hRY pomRFing
regul ator 401, thereby 20 adjusting the power. Fig. 68 is a block diagram
showi ng°a part 2BPaaAt eXanpIRe!t Sof 3t hel % ercdl | PEBREEOR | erd PEXL UTFhe Obv etial |
controller 127, conprises a size selector 411, a correlation storing section
413, and an i nagat prephei P selPPeang19y.e Phe- Hheiahsr coPVES IiRE |oR%Hs
processi ng apparatus inputs the na%nitude of  power , ,
105a, 105b, 105c into the overall contreller 127, which will
be explained later, by using a keyboarcd or the like, the
light-converging lens 1is chosen, namely, the numerical
10 aperture is chosen.
Mounted on the mounting table 107 of the laser
processing apparatus 400 is an cbject 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 doesnotdepict 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 shewing 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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of pulse laser lLight or the size of numerical aperture of 155 FPQl -0144: 00
the optical systemincluding the light-converging lens to the size selector
411 by using a keyboard or the like. In this exanple, the input ﬁgglgg?gﬁgoo
one of the light-converging |enses 105a, 105b, 105c instead of t

nunerical aperture 5 size being directly inputted. In this case, the
respective nunerical apertures of the |ight-converging | enses 105a, 105b,
105c are registered in the overall controller 127 beforehand, and data of
the nunerical aperture of the optical system.including the chosen

| i ght - conver gith§ P&ikd cied SYBTSUt bRat Pearfythed iditts AN SiYddserasto? 411.
The correlation storing section 413 has stored the correlation between the
set of pul se ItA€esigswerlAaGATt B Dtk eedr kexboaper etredsilddcandl B he size
of nodified spot beforehand. Fig. 69 is an exanple of table showng this 15
correl ation. [thisHsamedsprbe imgsiaeay gBoaaferecH thapashiresnser kel opti cal
systens including the [|ight-converging |Ienses 105a, 105b, 105c are

regi stered i nletBescdlimm f6PLnukBPFchlstped taf &ha murke IcaluaReFBYI Power ,
magni t udes of power attained by the power regulator 401 are 20 registered.

I n the ol um SEGE Bekey &irast lof ippaittiedd shottdisf 6pftd Bie EBABEARITONS of
powers of their corresponding sets and nunerical apertures are registered.
For exanpl e, tREENHsdilf 2egrépee st fntdenwidshtheéopsresing 1epaeg 193a. (Wenp)
whil e the nunerical aperture is 0.55 has a size of 120 pm 25 The data of
this correl atil&®reant B cbtaai TR By e r i nghe oY eexper FRBAFSL %Pl &f hed in

Figs. 58 to 65 before |aser i _
| befcorehand, anddata of thenumerical 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 is an example of table showing this

15 correlation. In this example, respective numerical
apertures of the optical systems including the
light-converging lenses 105a, 105b, 105c are registeréd in
the ceolumn 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
nmodified spot formed when the power is 1.24 x 10 (W/cm?)
while the numerical aperture is 0.55 has a size of 120 pm.

25 The data of this correlation can be obtained by carrying

cut experiments explained in Figs. 58 to 65 before laser
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156 4 14 Fs '.1 1 fil ""ti FPO-0144-00 processing, for exanple. \Wen the
magni tude of power and nunerical aperture size are fed into the skzeq

sel ector 411, the latter chooses the set having their correspondifpgivalyesco
fromthe correlation 5 storing section 413, and sends data of size
corresponding to this set to the nonitor 129. As a consequence, the size

of a nodified spot fornmed at thus inputted nagnitude of power and nunerical
aperture size is displayed on the nonitor 129. |If there is no set

correspondi ng,t-9 . Lhese Ya&%QSEX%%§QGQata 10 corresponding to a set having
the closest values is sent to thé nonitor 129. The data of size

correspondi ng to theysat GNASER; PYde e Si 2L oELRRTAN ALl hSy SEAE shrem the

size selector 411 to the 1 nage preparing section 415. According to this

si ze 15 data, thelgage prapardng Seqti-0n 419,pr epares iJmge dala (oL a

nodi fied spot in I's size, and sen thus prepare data to the nonitor

129_ AS a CONSEqUENGenqahd IRGS, 0fe ddie: o 1RAVEh 8 <spobn Ik 39 dh sphgyed on

the nonitor 129. Hence, e sl ze and for I ed spot can be seen

befor e 5l aser <20.pracessing, The, sizg ofsuMEli£als aned Ube, Bayhe; pRde

vari able whi t he “magni tu power 1s fixe e table in this ase

will be as shewn hsHig: (Z0¢nEOhoRXa0P! &0 t hamadified, spot, figrdmed,when the
mﬁlle t i's 1

nunerical aperture 1s 0.55 e 25 power ixed at 1.49 x 10

(Wen2) has acsizfonh 130 He AL k¥elsyindhe: fBgaLhudeqelo PRURE MRy De
made vari abl e
and numerical aperture size is displayed on the monitor 129.
If there is no set corresponding to these values, size data
10 correspending 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 selecter 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 consequence, an image of the
medified spot is also displayed on the monitor 129. Hence,
the size and form of medified spot can be seen before laser

20 processing.

The size of numerical aperture may be made variable
while the magnitude of power is fixed. The table in this
case will ke &s 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 um.

Alternatively, the magnitude of power may be made variable
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157 14 t". FPOL--0144-00 { while the size of nunerical aperture iﬁj}iﬁ_ﬂ)g@d.
The table in this case will be as shown in Fig. 71. For exarrplu “the'
nodi fied spot formed when the power is fixed at 1-19 x 1011 (V4 ﬁ_g )01\’%—'(?0
t he nunerical aperture is fixed at 0.8 has a 5 size of 30 pm The TIasér

processing nethod in accordance with the fifth exanple of this enbodi nent

w Il now be explained with reference to Fig. 67. The object to be processed
1lis asilicon wafer. In the fifth exanple, operations of steps S101 to 10
Sill are carried.out as in the |aser, processing nethod in agcordance with

the first exahpFeSshBfnsiaer? .I“ir%e.rl‘g@}éarpesltfébresﬂsl f%lf{ﬁg'rra%‘?t of power

and nunerical aperture size are fed into the _overall controller 127 as

expl ai ned aboV®. EAER iy itld PRe? Bat 6t 1FoféP - i hput F@&,exﬁ@piﬁe Ywer of

| aser light L is adjusted by the power regulator 401. According to the data
of numerical BpEifdre FRputiedred then éns BereEtihd iwechahi snt 203 {Chooses a
| i ght - convergi ng Lens _b:%/ way of the |ens selecting mechanismcontroller

405, thereby (44Ftst i'HYy thé NFuRbFEgarsapePeaEBr e Thedd X84 ataP e 207 20 fed
into the size selector 411 of the overall controller 127 (Fig. 68) . Asa
conseqtience, thé®sPfe38nd™ormof a nelting spot formed within the object 1

upon irradiation of one pulse of laser |light L are displ a¥ed on_t he nonitor
129. Then, oper ati oh8¢of SELEFOIPEEI NI SANE AR 8CearfpRac Bot D t9% Lt the

| aser processin thod. i n accordance with the
P exgmgﬁe of thils embodiment will now be explained with

referencetoFig. 67. Theobjecttobeprocessedlisasilicon
wafer. In the fifth example, cperations 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 contrcller 127 as
explained above. According to the data of power inputted,
15 the power of laser light L is adjusted by the power regulator
401. According to the data of numerical aperture inputted,
the lens selecting mechanism 403 chooses a light-converging
lens by way of the lens selecting mechanism controller 405,
thereby adjusting the numerical aperture. These data are
20 also fed into the size selector 411 of the overall controller
127 (Fig. 68). Asaconseqguence, thesizeand formofamelting
spot formed within the object 1 upon irradiation of cne pulse
of laser light L are displayed on the monitor 129.
Then, operations of steps S113 to S115 are carried out

25 as in the laser processing method in acceordance with the

first example shown in Fig. 15. This divides the cbject 1
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first exanple shown in Fig. 15. This divides the object | 158 1 k4 ;Sdi-Sie,
jl~i,, 4 FPOL-0144-00 into silicon chips. [Sixth Exanple] A sixth ‘'exanple
of this enbodinment will now be explained mainly in terms of its g%gigp?pggéo
fromthe fifth exanple. 5 Fig. 72 is a schematic diagramof this e
processi ng apparatus 500. Anong the constituents of the |laser processing
apparatus 500, those identical to constituents of the |aser processing
apparatus 400 in accordance with the fifth exanple shown in Fig. 67 are
referred to with nunerals 10 identical thereto without repeating their

overl appi ng &RpPafati&RE. “PAPEhe | aser processing apparatus 500, a beam
expander 501 is disposed on the optical axis of laser light L between a
power regul ator 401(ahdth HXERPSEL mirror 103. The beam 15 expander 501 has
a variable magnification, and is regulated by the beam expander 501 so as
to increase the beaﬁﬁdﬁ%ﬂﬁ%ﬁmp%ﬁofg§éﬁqm%ﬁﬁlW§“Wﬁélbé&ﬁﬂé&%éﬂaéin%@l is an
exanpl e of nunerical aperture regulating nmeans. The | aser processjng
appar at us 500M@&ngyul PPRFTI 19 atsi Ayt EeFepRES chrVerdiend 1561 8/3M26%- i nst ead
of the lens selecting nmechanism 403. The operations of the | aser processing
appar afus 500F 1@ f fér ifsr om IHEEE G thiea I Ederobr oS sl hyc appaPatdsiy? t he
fifth exanple in the adjustnment of nunerical aperture based on the
nmagni t ude of ABRBEREHE apelt ur APEHW | S t ReNeyéFaents of the laser

processing apparatus 500, those identical to constituents
of the laser processing apparatus 400 in accordance with
thefifthexampleshowninFig. 67 arereferredtowithnumerals
10 identical theretc without repeating their overlapping
explanations.
In the laser processing apparatus 500, a beam expander
501 is disposed con the optical axis of laser light L between
& power regulator 401 and a dichroic mirror 103. The beam
15 expander 501 has a variable magnification, and is regulated
by the beam expander 501 so as to increase the beam diametexr
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 ¢f 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 inte 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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25 controller 127. This will be explained in the follow ng. The oye‘r' qur
controller 127 is electrically connected to the 159 FPO1l-0144-00 heant [
expander 501. Fig . 72 does not depict this. Wen the size of nupegicglsq-gg
aperture is fed into the overall controller 127, the latter carries out
control for changing the magnitude of beam expander 501. This regul ates the
magni fication of 5 beam di aneter of the laser light L incident on the

| i ght -converging | ens 105. Therefore with only one [|ight-converging |ens

105, adjustne for_increasing t n i cal rture f the system
ool oSt e B bREREAN AN e o MT Bgss?%%ct Wﬁgbe‘% 0
explained with, refeﬁence to ng t he

conver gence ofS:L F8sE “Pwaﬁfcaﬁ%efret&reedl%;e Hé“ﬁ‘?@ﬂ? OVI gLrl\éclfﬁn T105 when
Vi ow Showi g TRe - oM/ GEREE75F - PRSGHT ‘F?‘b%:ﬁO]LgBFFEEPSE?‘%“Sy‘”%%”udI ° e
seen vhon' Fi 681 73S Arei 7 e Xdpal B8~ ex‘f“ﬁfae%%% BnerneRete ion éfiiaﬁﬁ{‘ebe |
Cof orefce o "PHE nGNEPTESr aer EUFe STothe Lagtical Syl imePldi HEF L he 20
or ovi ded. [ SOVSRPIT BXANRTE} A svom i xiﬁﬁﬁégﬁﬁ?ﬁﬁ?seévﬁbﬁﬂem?o&ﬁi% now be
cxpl ained [l 9Ly, LU ohel 1305 LhoLoREES, eI PecLiL Do 2hogehs <L
numerical aperture of the optlcal system including the
light-ceonverging 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 tc
the numerical aperture of the cptical 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 1is a schematic diagram cf this

laser processing apparatus 600. Among the constituents of
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| aser processing apparatus 600. Anong the constituents of 160 1 4 r.~ ?
2nC J FP01-0141-00 the | aser processing apparatus 600, those i dérit {"alllt o

constituents of the |aser processing apparatus in accordance thk¥§6¥; iftjb
. . . . 144-00

and sixth exanples are referred to with nunerals identical thereto w thout

repeating their overlapping 5 explanations. In the |aser processing

apparatus 600, an iris diaphragm 601 is disposed on the optical axis of

| aser light L instead of the beam expander 501 between a dichroic mrror

103 and a light-converging | ens 105. Changi ng e aperture size of 10 the
iris diaphragn?%@lgééfﬁsﬁ§%Fﬁé5&@9e€ﬁﬁ¥§*ﬂﬁﬁhe?i$’ogﬁo?ﬁelﬁﬁﬁﬁﬁpégn&é?ging

| ens 105. The iris diaphra%¥1601 is an exanple of nunerical aperture

regul ati ng meanSnSTheurRse Pt PiootaE.T My S5Tar-aORPBIC T 4T tRETC Fi“es an
iris diaphragm controller 603 for changing the aperture size of th; iris 15
di aphr agm 601. % The theild fhihairdt agmt & snerBlrar 1603 1 & £ LORe MALNEHTIRF 2diF
overall contro|ller 127, The operations of the | aser géocessing apparatus 600

differ from thtSe"biCthe UhELEE Oproteleihy EhsAatds bFet he O¥§F4APEAAG si xt h
exanples in the adjustpent of nunerical 20 aperture based on the size of

nunerical aper®¥PE3F2&i¢Mto the overall controller 127. According to the
inputted size of nunerical aperture, the | aser processing apparatus 600
changes the size of Hb%??&ﬁéEBPrpﬁ§5FﬁQ9%ﬂﬁﬂﬂﬁ%&ﬁﬁ%%1?”ﬁ%éﬁé§fﬁﬂﬁéﬁpying
out adjustnent_for, decreasing the effective dianeter 25 _of th

e .
i ght - conver gi ® 1Péhgliﬁg?eQHE¥EFSr%EthF?%Eﬁﬁﬁyggﬁéser light L instead

of the beam expander 501 between a dichroic mirror 103 and
& light-converging lens 105. Changing the aperture size of

10 the iris diaphragm 601 adjusts the effective diameter of
the light*converging lens 105. The iris diaphragm 601 is
anexampleof numerical apertureregulatingmeans. Thelaser
processing apparatus 600 further comprises an iris diaphragm
contrcller 603 for changing the aperture size of the iris

15 diaphragm 601. The iris diaphragm controller 6032 1is
controlled by an overall contreoller 127.

The operations of the laser processing apparatus 600
differ from those of the laser processing apparatus of the
fifth and sixth examples in the adjustment of numerical

20 aperture based on the size of numerical aperture fed into
the overall controller 127. According to the inputted size
of numerical aperture, the laser processing apparatus 600
changes thesizeof apertureoftheirisdiaphragme0l, thereby
carrylngoutadjustment for decreasingtheeffectivediameter
25 of the light-converging lens 105. Therefore, with only one

light-converging lens 105, adjustment for decreasing the
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| i ght-converging | ens 105, adjustnent for decr easi ng the 161 1 4 MA~ .i | J
FP01-0144-00 nurerical aperture of the optical systemincluding the pasis
| i ght-converging lens 105 is possible. This will be explained with 1 0
reference to Figs. 76 and ~7. Fig. 76 is a view show ng the conveﬁ&gHGQ 6fi-0
| aser light 5 L effected by the |ight-converging | ens 105 when no iris
di aphragmis provided. On the other hand, Fig. 77 is a view show ng the
convergence of laser light L effected by the 1ight-converging |ens 105 when
the iris diaphragm 601 is provided. As can be seen when Figs. 76 and 77 are
conpared 10 witWadad® lotdegLtufe gbveheh diaislle Lestehi eGéuddpasthent is
so as to increase the nunerical aperture with reference to the nunerical
aperture of tRHddptriceavespsrnem {aes udidiy the Passiitleconv@hgisng’d Bhs205 in
the case where the iris diaphragm is not provided. Mdified exanples of the
fifth to severfplexaes e tof refisireneebddi femts Wil amsw /e expl ai ned. Fig. 78
is a block diagramof the overall controller 127 provided in a nodified
exanpl e of the | asefFigrotessiangl sipparatos the acovedanveewtt hasehilgght
enbodi ment. The overall controller 127 conprises a 20 power selector 417 and
a corrd ation Istafifiang esebtyi ahe4 13 shtTieengerweingt ilemsstlEbi wgesesri 041413 has
already stored the correlation data shown in Fig. 71- An operator of the
| aser processlifprapgar a8 s dvpias aCdeshe aflhe sheadef P nodi tEey view
showing the convergence c¢f 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
SC as to iIncrease the numerical aperture with reference to
the numerical aperture of the cptical system including the
light-converging lens 105 inthecasewherethe iris diaphragm
is not provided.
13 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
spct to the power selector 417 by a keyboard or the like.

25 Thesizeofmodifiedspot isdeterminedinviewcf thethickness

and material of the object to be modified and the like.
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spot,to the power selector 417 by a keyboard or the |like. 25 The 7uzgﬂg%w
modi fi ed spot is deternmined in view of the thickness and material “of"the
object to be nodified and the like. 262 4MR ny FPO -0144-00 According ig
this input, the power selector 417 chooses a power correspondingE?@lfﬁ 4-00
val ue of size identical to thus inputted size fromthe correlation storing
section 413, and sends it to the power reqgulator 401. Therefore, when the 5
| aser processing apparatus regulated to this magnitude of power is used for

| aser processing, a nodified spot havin a desirable size can be forned.
The data concé&dfiaif ity §° FhGH tngstof tPeVRPWeE 28 bkeck@ntd o ARESEBNRt or

129, whereby the nmagnitude of power is displayed. In this exanple, the 10
nuneri cal apemuies CSrEEgPaN@RIetpoee Vaslugapifablee idemblcal Z& abuBhe
value identical to that of thus inputted value is stored in the correlation
storing secti dm3 ecdpoher Mz theorpespoati oy St g 2echaohnyl 3.héngl osest
value is sent to the power regulator 401 and the nonitor 129. This is the
15 same in theansd fitedoekhapbegesxpeahetornd@he fldldmdiong. Whieg t79 is a
bl ock diagram of the overall controller 127 provided in another nodified
exanpl & of thédsasepPropescessi agrapparat begha hedot darties Wiadn itthide of

enbodi nent. The overall controller 127 conprises a nunerical aperture 20
sel ector 419 ®a¥ex éorvetdation lstw pgosession, 4a3nodiliefd ffr@ts "RVOREt he
modi fi ed exanple of Fig. 78 in that the nunerical aperture is chosen

i nstead of theé ﬁ@ﬁéﬁ?b%ﬁeSlé@rﬁéﬂabﬁoﬁ0§m©¢ind”yéékﬁéhc@ﬁgeﬁa§nﬂlﬁéaéy

stored the data .
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. If no
size at the value identical to that of thus inputted value

is stored in the correlaticn storing section 413, power data
corresponding to 3 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 cecntreller

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 cf Fig. 78 in that the

numerical aperture is chosen instead of the power. The
correlation storing section 413 has already stored the data

shown in Fig. 70. An operator of the laser processing

25 apparatus inputs a desirable size of a modified spot to the

numerical aperture selecter 419 by using a keyboard or the
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shown in Fig. 70_ An operator of the |laser processing 25 apparatus inputs a
desirable size of a nodified spot to the nunerical aperture selector 419 by
using a keyboard or the 163 FP0O1-0144-00 |ike. As a consequence, thel4% 1
nunerical aperture selector 419 chooses a nunerical aperture cor?gggogg AL
to a size having a value identical to that of the inputted size fromt
correlation, storing section 413, and sends data of this 5 nuneri cal
aperture to the lens selecting nmechanismcontroller 405, beam expander 501,
or iris diaphragnrcontroller 603. Therefore mhen t he Iaser processing
appar at us reg; %8 Ato this size of agerture IS 51#aser
processi ng, di f1'24 SPotERAVInY & 5%%??%5+% F?@rﬁﬁﬁeﬁﬁa he 10
data concerning this nunerical erture is also sent to itor 129,
Whereby 't he st IBOSF St ATt 8P GF LEPLCO N SIS PR § R SRRNTT, ¢ he

ower is fixed whille  nunerical erture s variable. Fi 80_.is a bl ock
8|agran10f thé §¢dPal 11 EHtS ﬁ éFP p?%%lﬂ%@P?%F%t 1#¢ ahbrRet "hodi fi ed

exanpl e of the processi.n paratus accordance th t

oxooni et . SRERT AP E it R AR M o B and a
correlation storin ction 413. It differs fromthe  exanpl es of S.

and 79%i n tharurasrﬁcaﬁ\faéreraﬁrbrenh%rr3§P8ﬁf1aepretrﬂtfrﬂf&e%rreﬂc teR o fe?

g?rrelatron szﬁé secélon g Q S stored %P epgr%Jat%on gi §§3the set
power and EQI AP_rLar e’ tThe 512 ERGn 687béPorEha
operstor of LhgsLEagk bl S5GaSing AUBRLaLusLnuts 2 dsslial eadizens @
tothissizeofnumerical apertureisusedfor laser processing,
a modified spot having a desirable size can be formed. The
10 data concerning this numerical aperture is alsc sent to the
monitor 129, whereby the size of numerical aperture is
displayed. In this example, the power is fixed while
numerical aperture is variable.
Fig. 80 is a2 block diagram of the overall controller
15 127 provided in still ancther modified example of the laser
processing apparatus in accordance with this embodiment.
The overall controller 127 comprises a set selector 421 and
a correlation storing section 413. It differs from the
examples cof 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
operatcr 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 o¢f power and numerical aperture

lo4



25 a keyboard or the like. As a consequence, the set selector 421, chqoses a
set of power and nunerical aperture 164 FP0170144-00 correspondi ng’t 6" thus
inputted size fromthe correlation storing section 913 , Data OfFéﬁﬁEﬁliﬂLoo
thus chosen set is sent to the power regulator 401. On the other ,” data
of nunerical aperture in the chosen set is sent to the lens 5 selecting
mechani sm control |l er 405, beam expander 501, or iris diaphragmcontroller
603. Therefore, when the | aser processing apparatus regulated to the power
and nunerical aperture of this set is used for |aser processing, a nodified
spot havi ng a“@&<EERNPE1852¢& OchhUBel PBHEET ?Héedéfgmlgh%dﬁ%%ﬁ Tigt@he
magni t ude of power and size of nunerical aperture is also sent to the

nmoni tor 129, WhEFEPY ERELARGNELdde PFe powWetOwitd 18 2BUST ChodBRi 2at aperture
i s displayed. These nodified exanples can control sizes of nodified spots.
Therefore, whéRNth&Csthe BPWErnbes¥iRBOEpdELli s Gtadée 25N8RaPERY, 43 obj ect
to be processed can precisely be cut along a line along which the object is
i ntended to b@fchemefhes biab el s i éﬁecf%b%%e%é@tti of T BE BBEAIFEd. Wen
the object to be cut has a |arge thickness, the size of nodified spot can
be enhanced, wREEEH}NBhECEBRBEETCAPNBECELEr PP [ gt K*ERBABFePOAn @i ght h
exanpl e of this enbodi nent controls_the distance between a npdified spot
formed by onelpdBsdisphrager cortghtlandt®3 nodineited cdsot “PBP nEYE bY2SHe next
one pulse of pulse laser light by regulating the magni tude of a r%Petition
25 frequency BfCOFEESdPasBPEFFERE BFEH t FEEFelghitiFd@CHe T ePdtyaerical

aperture of this set is used for laser processing, a modified
spot having a desirable size can be formed. The data

10 ceoncerning the magnitude of power and size of numerical
apertureisalsosenttothemonitor 129, wherebythemagnitude
of power and size of numerical aperture is displayed.

These modified examples can control sizes of modified
spcts. Therefore, when the size of 2 modified spot is made

15 smaller, the object to be processed can precisely bhe cut
along a 1ine along which the object is intended to be cut
therein, and a flat cross section can be ocbtained. When the

: object to be cut has a large thickness, the size of modified
spot can be enhanced, whereby the object can be cut.

20 [Eighth Example]

An eighth example of this embodiment controls the
distance between a modified spot formed by one puise of laser
light and a modified spot formed by the next one pulse of
pulse laser 1ight by regulating themagnitude of a repetition

25 frequency of pulse laser light and the magnitude of relative

moving speed cf the light-converging point of pulse laser
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novi ng speed of the light-converging point of pulse |aser

165 9.h. C

FPO1-0144-00 light. Nanely, it controls the distance between adj agent: 45

nodi fied spots. In the foll ow ng explanation, the distance

|3 SSJUIEd 49428
a

a pitch p. The control of pitch p will be explained in terns of a

region by way of exanple. 5 Let f (Hz) be the repetition frequency of pulse
| aser light, and v (nm sec) be the noving speed of the X-axis stage or
Y-axis stage of the object to be processed. The noving speeds of these

stages are exanples of relative noving speed of the Iight
o] 3

of pul se | aser1Eight . NgRBLEY atk AV Parts fOred By néRels

light is referred to as crack spot. Therefore, the nunber

- conver gi ngpoi nt
edf 2gupsentaser
n of crack spots

forned per unMPCiédGchsBPLE he 11 A AVPITR*Phanab) ekt thesdiatanddd to be
cut 5is as follows: n = f/v. 15 The reciprocal of the nunmber n of crack
spots formed ipepsaHined] epdith acBitebponds o copérpilteh Pt # ¥idl Pence,
the pitch p can be controlled when at |east one of the nmagnitude_of
repetition fréegwéndyest pulteemsasdr al cgREk2geangnt kg nagnPtugeasprleel ative

novi ng speed of the 1ight-converging point is regul ated.

Nanely, the pitch

p can>be control | edeSor adizlobBebotre shedlitdonwhenduhacy epefivtlisénl2 s Bquency
f (Hz) is increased or when the stage noving speed v (mmsec) is decreased.
By contrast, tREMEItaRdY CER/ BRCRHechne Mevied sbeas Kot he o igr 8588f when

the repetition

or Y-axis stage of the cbject to be processed.

The moving

speeds of these stages are examples of relative moving speed

of thelight-convergingpointofpulselaserlight. 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

20

25

of themagnitude of repetition frequency of pulse laser light
and the magnitude of relative moving sqéed of the
light-converging point is regulated. Namely, the pitch p
can be controlled so as to become smaller when the repetition
frequency £ (Hz) is increased or when the stage moving speed
v (mm/sec) is decreased. By contrast, the pitch p can be
controlled s¢ as to become greater when the repetitiocon

frequency £ (Hz) is decreased or when the stage moving speed

166



frequency f (

Hz) is decreased or when the stage noving speed 166

I L]
FPO1-0144-00 v (mm sec) is increased. Meanwhile, there are three mk§§*

rel ati onship

line al ong wh
crack region

crack spot 90 is fo

the object is
case where th

the pitch p s
conti nuously

along the lin
obj ect to be
along 25 the

10

15

20

25

between the pitch p and crack spot size in the direg&iggogﬁ
line along which the object is intended to be cut 5 as shown in E

to 83. Figs_ 81 to 83 are plan views of an object
ich the object is intended to be cut 5, which is fornmed with a
by the | aser processing in accordance with this enbodi nent.
ane pul se, of pulse laser light. 10 Formng a

/nrec; hy

plurality of &rdfR/$56t's 160 RSFGHiSRG ‘each other along the |ine al ong which
intended to be cut 5 yields a crack region 9. 6 Fig. 81 shows a
e it CHeET B i Pe a3 HER T ERE aPe A e TRECCP SKP PEBIERTG | &

f or med discontinuouské 15 al on %Qe | i ne .al on mhicg_the obj ect is i nt ended
to be cut 5 witFi RUHKE &b CEEC ¢a
ubstantially equals the sized. The crack region 9 is forned

&LGRG e CNi hBS aPBhEC wht TH- P {HESShiracPei SUT nt et i b8 cut 5
within the object tg_be 20 processed. Fi 83 shows a case where the pitch p
is smal er tﬁ&ﬁsthglsF%éxﬁ: fﬁ@scrgékt?gg?ﬁﬁe9p'§”f%&%%ﬂ Qﬁﬁ%ﬁ ROeGSFy

e a%pn whi ch t he objec# iﬁ,inteqded to.b% CHt g.mﬁthin t he
BPoLEsSERCEFReEi §1°88, Yfe 1eracR1PEGi BR8N SPRoPPEBATI htous

RS SPocEsSEd INFFGe 827 SRGWS a®

ih 082000 waigh the oplegt; Is Intended tq be oWt B3uion
by the laser processing in accordance with this embodiment.
A crack spot 90 is formed by one pulse of pulse laser light.
Forming a plurality of crack spots 90 aligning each cther
along the line along which the object is intended to be cut
5 yields a crack region 9.

Fig. B8l shows a case whexe the pitch p is greater than
the size d. The crack regicn 9 is formed discontinuocusly
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 equals the sized. Thecrack .
region 9 is formed continuously aleng the line aleng which
the chbiject is intended to be cut 5 within the cbject to be
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 toc be cut
5 within the cbiject to ke processed.

In rig. 81, the crack region 9 is not continuous along

the line along which the object is intended to be cut 5,

whereby the part of line along which the object is intended

167

igs.
to be processed al ong the

&"€wher e



whereby the part of line along which the object is intended 167

FPOL- 0144--00 to be cut 5 keeps a strength to sone extent. Theref dre!/ Wién
carrying out a step of cutting the object to be processed after | [ 0144-00
processi ng, handling of the object becones easier. |In Figs. 82 an 3, the-
crack region 9 is continuously forned 5 along the line along which the

object is intended to be cut 5, which nmakes it easy to cut the object while
using the <crack region 9 as a starting point. The pitch p is nade greater

than th i d in Fi 81 d bst anti al | s t i din Fig. 82,

whoreby 10 regl BRSHSREFEHThG il T BHOLoN GBSGRREr5n UbGH T T 5t 40FBn wi th
I I l'ight can b t ed f bei d k ts 90

Whi oh have al 1Sy B8k Tornid SABS PUSGRES THEVI BT onsd 7% F18E 5P oar ack

spots 90 can be nade snaller. Nanely, %fe i nyent or, has %ound t hat, when a

regi on gener atd Ing 152 #&F PERRESSH bégyb HH98%5F%?9%ﬁﬁ%.FSHmﬁPFﬁsﬁﬁFse

I l'i ght i d k ts 9Q which h . al b

formed,  devi atibRsSin 14 385 0 G Bk SREEE M0 Srmtedon T tHi ety EgPBR becoms
reater.. When deviations.in sjze f. .crack ots 90 .beco reater, it

gecorreg har der® O\é'!gcl‘jlpet ﬁéhﬁoas ‘%)’j“id{f%leﬁrbﬁ eaoﬁgﬁ‘é?all%ﬁé’t\?ﬁg%ﬁ%% eonbEICt is

i ntended t t, i.sely, d t flat f, .Secti

dot or i or at 65. v HAigY FEKam g B 2D Herh T na T TFGE GP 116, AER GpSLE can be

made smaller, whereby the gpject tgg%gpgprog$s§gd can be cut along the line

al ong whi ch t & %58j a9 5% i% qSterit b’ ‘preci sely, while cross

sections can be na%%efb%Eth 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 abscrption upon irradiation
withpulse laser light can be prevented frombeing superposed
oncrackspots 20 whichhavealreadybeen focrmed. 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 upeon irradiation with pulse laser
light is superposed on crack spots 90 which have already

been formed, deviations in sizes of crack spots 90 formed

in this region become greater. When deviations in sizes of

crack spots 90 become greater, it becomes harder to cut the

20 okbject along alline 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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168 / hu, ~~-J3J1, ~~ "', F,. | EG FPOL-0199-00 As explained in the
f or egoi ng, the ei ghth exanple of this enbodi nent can control
regul ating the magnitude of repetition frequency of pulse |aser ﬁéyy: 3 00
magni tude of relati've noving speed of the Iight-converging 5 point 8 fde

| aser light. This enables |aser processing in conformty to the object to

be processed by changing the pitch p in view of the thickness and nateri al

of the object and the like. Though the fact that the pitch p can be
controlled is 10 explained.in the case of crack sgém%% t he sane holgs |n

nmel ting spots and ﬁ@fﬁé@ﬂ?%@eﬁnant%% A& Kpotss. t

probl enms even when nelting spots and refractive i ndex chan

super posed on tt%@mﬂdéﬁ‘%véaéﬁ F&RdY Behe Pb?%cp he §%8

of the light-converging point 15 of pul se | aser ght ma
case where t h&agbjeds od Bépﬁﬁdﬁé§§eéfﬁ@“ﬁﬂ9éd°ﬁh@¥%5?
point of pulse laser light is fixed, a case where the |Ii

in dirfection®Gppositt BY

the‘ﬁift'(fh,p by

‘él?‘thterféaﬁ@lér &

e spots._ar e

LS EB&enent

be realized by a
$9 g 96nér gi ng
ht - conver gi ng

poi nt of pul s@3HYH9 Qﬁtriﬁ%a%V%d“‘WﬂrP% spekel objided Liighti ko8 e49¢88e where
t he object and the 20 Ilght convergi ng point of pulse laser I|i

ght are noved

PBm 28%h biHbr- aﬁaSaee%ﬂséeW%elt B& OC6BFeBE and

the |ight-converging point of pulse Iaser are npved in the sane
direction with?Ren Ol’-’é‘éﬁé’c’f?\i@%ﬁ@é&§t HPf}?eePé'ﬁtceﬁrsﬁﬁl BAG 19 155 wWth

reference to Fig. .14, the | aser groceSS|n
pitch p in view of t

and the like.

e thlckngss and material of the object

Though the fact that the pitch p can be controlled is

10 explained in the case of crack spots, the same holds inmelting

15

20

25

spots and refractive index change spots. However, there are
nc problems even when melting spots and refractive index
change spots are superposed on those which have already been
formed. Therelativemovement of thelight-convergingpoint
of pulse laser light may be realized by a case where the
object to be processed is meved while the light-converging
point of pulse laser light is fixed, a case where the
light-converging point of pulse laser light is moved while
the object is fixed, a case where the object and the
light-converging point of pulse laser light are moved in
directions opposite from each other, and a case where the
object and the light-converging point of pulse laser light
are moved in the same direction with their respective speeds
different from each other.

With reference to Fig. 14, the laser processing

apparatus in accordance with the eighth example of this
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apparatus in accordance with the eighth exanple of this 169 | r FP01l-0144-00
enbodi nrent will be explained mainly in terns of its differences fromthe .

| aser processing apparatus 100 in accordance with the first exanpl«e: shown
-in Fig. 14. The laser light source 101 is a Qswitch laser. Fig. 84 is
schematic 5 diagramof the Qswitch | aser provided in a | aser Iigrﬁp%"&@éq'oo
101. The Q@ switch |aser conprises mrrors 51, 53 which are disposed with a
predeterm ned gap t herebetween, a |aser nmedium 55 di sposed between the
mrrors 51 and 53, a punping source 57 for applying a punping input to the
| aser medium 10 55, and a Q- switch 59 di sposed between the | aser nedi um 55
and the nirr ol R TN tatdiilal Pof e 3iaesr ReaPln 55 i §°TNE: Y, 1f6r
exanmple. A punping input is applied fromthe punping source 57 to the |aser
medi um 55 in golsft eeivkRey el 02 [BSs liged BsHiRROMg 15°Par wade APEhlby
utilizing the @swtch 59, whereby the population inversion of the |aser

medi um 55 is rsisEFaCe 8l pk ddetieri hedaval aehovhdrebi gerd -t hEN®Lg®eEch 59
is utilized for placing the resonator into a state with a low |oss, so as
to oscillate tHadceanirat et eAer §yseotrhstaifianedidl yShAd Y&s8raELE 1pul se

| aser light L. Asignal S (e. g. , a change in a repetition frequency of an
ultrasonic pdise)r I et Gserl 14 yhe sSEEY 1665t FoR|lerserndigbhersrse t he
Qswitch 59 so as to make it attain a high state. Therefore the signal. S
from t he | aset Q% -ghfheoQr sei tomtiegarecoTprisgs mirrors 51, 53 which are

disposed with a predetermined gap therebetween, a laser
medium 55 disposed between the mirrers 51 and 53, a pumping
source 57 for applying a pumping input to the laser medium
10 55, and a Q-switch 59 disposed between the laser medium 55
and the mirror 51. The material of the laser medium 55 is
Nd:YAG, for example.
A pumping input is applied from the pumping source 57

to the laser medium 55 in a state where the loss in a resonator

j—t
in

is made high by utilizing the Q-switch 59, whereby the
population inversion of the laser medium 55 is raised to
a predetermined wvalue. Thereafter, the Q-switch 59 is
utilized for placing the resonator into a state with a low
loss, so as toc oscillate the accumulated energy
20 instantaneously and generate pulse laser light L. A signal
S (e.g., a change in a repetition frequency of an ultrasonic
pulse) from a laser light source controller 102 controls
the Q-switch5%soastomakeitattainahighstate. Therefore,
‘the signal $ from the laser light source controller 102 can
25 regulate the repetition freguency of pulse laser light L

emitted from the laser light source 101. The laser light

170



25 regul ate the repetition frequency of pulse laser light L emtted from
the laser light source 101. The laser light 170 FPOL-0144-00 sopgg@gi%&
controller 102 is an exanple of frequency adjusting nmeans. The rep dtj
frequency is regul ated when an operator of the |aser processing a At a
inputs the magnitude of repetition frequency to an overall controller 5
127, which wll be explained |later, by using a keyboard or the |ike. The
foregoing are details of the laser light source 101. During the |aser
processing, the object to be processed 1 is nmoved in the X- or Y-axis
direction, so 88YEESfORM &R 4P modif &P T €510 4 gl BFRRRN QY AT WRHAY t he
object is intended to be cut. Therefore, when formng a nodified region in
the X-axis diF88FFon, HFe TR bIOT efaERVE RYverfenteoflitre when an

| i ght-converging point of |aser _|ight can be adjusted bg regul ati ng the
novi ng speed oPPERBLKE afifs Sige2%6y. RARSE S Tr APRYL At wddiRFPEE ST &di%n in
the Y-axis direction, on the other hand, the speed of relative novenent of
the |ight-condehihydpciintresetidgden Frgavenayr e sadpustadl PPy eydisst i ng

t he noving speed_of the Y-axis stage 111. The adjustment of the respective
novi ng $peeds bf 7t hschtEdds P2oerBl2oRER o} § BRIL byO)t WS 19GagerdF oF 1% 115.
The stage controller 115 is an exanple of speed adjusting_neans- The speed
i s regul ated whBR & -opEhatsregringsere pebeessicig-NapparatddNtMtiEs he
magni t ude of speed to the overall ~controller 127, which wll be expl ained

| at er, by using a- 25 keyboard or the like. The speed of relative novenent of
t he

{

é—OO

During the laser processing, the object to be processed

1l is moved in the X- or Y-axis direction, so as to form a

10 modifiedregionalongalinealongwhichtheobjectisintended
to be cut. Therefore, when forming a modified region in the

X-axis direction, the speed of relative movement of the
light-converging peint c¢f 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 adijusting means. The

speed is regulated when the operator of laser processing
apparatus inputs the magnitude of speed to the overall
controller 127, which will be explained later, by using a

25 keyboard or the like. The speed of relative movement of the

light-converging point of pulse laser light can be adjusted
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| i ght-convergi ng point of pulse laser Iight can be adjusted 171 FPOL-0144-00
when, while the light-converging point P is made novable, its nbvi'fig:&peed
is regulated. The overall controller 127 of the | aser processing apparatus
in accordance with the eighth exanple further adds 5 other functimaisl4Q4then
overall controller 127 of the | aser processing apparatus in accordance with
the first exanple. Fig. 85 is a block diagramshow ng a part of an exanple
of the overall controller 127 of the | aser processing apparatus in
accordance with the eighth exanple. The overall 10 controller 127 conprises

a distance Cah&ﬂ@ﬁﬁidﬂll%?%%koﬂi%%%wco%v%&é§nétBBEHB secd el ddy280¢, an

i mage preparing section 5. To the distance cal cul ating section 141, the

magni tude of f@@gﬁéJLgfé%%§%¥e?iyfé§uf%géf | aser light and respective

magni t udes of noving spe e stages 109, 111 are inputted. 15 These

| nput s are ef fect ed . L oner algy: Qf) 1Asen PIOCEsS) NG APRAIALUS y8i Ng a

keyboard or the |ike. tance cal culating section 1 cul ates the

oy aaor Ul SRR A AR PR SN L LU Eh Ml e AP FBBIIGONed

expressions (n e 20 distance calcul ati ng section 141

sends this distance f%%tcacfio%% g@etﬂ‘e"”é&@falllz%oxé%o%1%‘}”Z§ﬁuc?f°cﬁ-nreet1'3%e‘§i-Stance

between nodified spots fornmed at the inputted magnitudes o quency and

TTage prepar g oY SO TERCAEUTRG 270 AU BT 18 Dbl on Ta TaL A T eady |

stored thereipgy $i28s:Qf ;MLLL &6k SPOIR HUSRE NpERLSoE a8fTexample of
the overzll controller 127 of the laser processing apparatus
in accordance with the eighth example. The overall

10 ‘controller 127 comprises a distance calculating section 141,
& silze storing section 143, and an image preparing section
145, To thedistance calculating section 141, the magnitude
of repetition frequency of pulse laser light and respective
magnitudes ofmoving speedsof thestages 109, 111 are inputted.

15 These inputs are effected by the operator of laser processing
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 = £/v, and p = 1/n). The

20 distance calculating secticn 141 sends this distance data
to the monitor 129. As a consequence, the distance between
modified spots formedat the inputtedmagnitudes of freguency
and speed 1is displayed on the monitor 129.

The distance data is also sent to the image preparing

25 section 145. The sizestcringsection l43 hasalreadystored

therein sizes cf modified spots formed in this laser
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172 Fpol - 0144-00 processing apparatus. According to the distance data and
the size data stored in the size storing section 143, the inmge preparing
section 145 prepares inmage data of a nodified region f ormed by tiheq ' : ;i

di stance and si ze, and sends thus prepared 5 inage data to the nnnitd?[i29.
As a consequence, an image of the nodified region is also display%ﬁp¥ﬁp 4fe 00
noni tor 129. Hence, the distance between adjacent nodified spots and the f

orm of nodified region can be seen bef ore | aser processing Though the
di stance cal cul ating section 141 cal culates 10 the distance between
nodi fied spots by utilizing the expressions (n=f /v, and p =1/n) , the
fol | owi ng pr odERFLSS iy ST Pal %-akBACOFFAEE, L@ tabl @ Havi #]) 438G Stéred t he
rel ationship between the magnitude of repetition frequency, the noving
speeds of stades 10i%e Beta ai@reHeidi shantezdet e sSSediIn e Bpdthe
beforehand is prepared, and the distance calculating section 141 is caused
to store data igfaashpsepableg . sediem 1 he pregairesdenade depetdt porwdi figguency
and the magni tudes of noving speeds of stages 109, 111 are fed into the
di stance cal cig@@tdmoreed bunhip4di stdece and el zreads! vrnds tomstdrer2ged
above-mentioned table the distance between nodified spots in the nodified
spots forned unmthre degacondilne oronitehesd® . mAgnit celesedeercet i ggict udes
of stage noving speeds may be nmade variable while the magnitude of
repetition f raqaercydd flgkedoiorsi O lidredesnt papg on héenmgni t odd 251
repetition frequency may be nade variable while the nagni tudes of stage
movi ng speeds AErge, the distance between adjacent modified spots and the
form of modified region can be seen before laser processing.
Though thedistance calculatingsectionldl 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
relaticnship between themagnitude of repetition frequency,
themoving speeds of stages 109, 111, andthedistance 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 fregquency and themagnitudes
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 under the condition of these
magnitude.
Here, the magnitudes of stage moving speeds may be made
variablewhile themagnitude of repetition frequency is fixed.

25 On the contrary, the magnitude of repetition freguency may

be made variable while the magnitudes of stage moving speeds
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FPOL- 0144-00 are fixed. Also, in these cases, the above-nentioned 1005
expressions and table are used in the distance cal cul ating sect i én 141" or
carrying out processing for causing the nonitor 129 to display the distance
bet ween nodified spots 5 and an inmage of the nodified region. As FRCih&44-00
foregoi ng, the overall controller 127 shown in Fig. 85 inputs the nagnitude
of repetition frequency and the stage novi ng speeds, thereby cal cul ating

the di stance between adjacent nodified spots. Alternatively, a 10 desirable
di stance between adj acent nodified spots may be inputted, and the nagnitude
of repetition freqierey. andlsmggnitudeéssel cisge, nblienglspeets: maiyorize
controlled. This procedure will be explained in the followwng. Fig. 86 is a
bl ock di agr ameshom 3 cn Ppand obbanod heruselb iexanpl @i ofatbe aaleraldting
controller 127 provided in the eighth exanple- The overall controller 127
conprises a fraguengy 1cpl tof athngy 566t bon pddcelbengperat arawfirdgpsere
processi ng apparatus inputs the magni tude of distance between adjacent

nodi fi ed spot sndri ddie 1boeguencyp Ta) allaatiisg aseet botwédh hyd 20i 88i NP>
keyboard or the |ike. The magnitude of distance is determned in view of

the thixkness syl aratierd@d «of e nalyietied txedieorpr ocessed and the |ike. Upon
this input, the frequency calculating section 147 cal cul ates a frequency

for attaining thispamgnidide oafeqdiisibantes ascofLdi INgoha rbhé eabodge-grmnii oned

25 expressions and tables. In this exanple, the stage noving speeds are
fixed. The frequengy galicithatd ngeseedh dtudd bl fé4pttERion frequency and

the stage moving speeds, thereby calculating the distance
between adjacent modified spoté. Alternatively, a

10 desirable distance between adjacent modified spots may be
inputted, and the magnitude of repetition freguency and
magnitudes cf stage moving speeds may be controlled. This
procedure will be explained in the following.

Fig. 8¢ is a block diagram showing a part of ancther

(-]
(1]

example of the overall controller 127 provided in the eighth
example. The overall controller 127 comprises a freguency
calculating section 147. The operator cf laser processing
apparatus inputs the magnitude of distance between adjacent
modified spots to the freguency calculating section 147 by
20 using a keyboard cr the like. The magnitude of distance is
determined inviewof 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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A nn, C 6j44-00 sends thus:¢cal cul ated data to the |aser | i ght source

controll er

102. When the object to be processed is subjected to |aser
processing by the | aser processing apparatus regulated to this hﬁ%%%ﬁ%

frequency, the distance 5 between adjacent nodified spots can attdl

desirabl e
t he nonitor

magni tude. Data of this nmagnitude of frequency is also sent
129, whereby this nmagnitude of frequency is

e of
44-00

to

di spl ayed. Fig. 87

is a block diagram showi ng apart of still another 10 exanple the overal

controller

127 provided in the eighth exanple. The overall controller
conpri ses a spemdis cahesl atd Iy sectd ofe149.td nthe ndrserr sihjhhlar sborchat

127

ment i oned above, the nagnitude of distance between adjacent nodified spots
is fed into therspeedeazal ¢l atWingn sbetobgrcts: d#8.pddoors gl 5s smpyectehe speed

cal cul ating section 149

magni t ude

tables. In this exanple, the repetition frequency is fixed. The speed
cal cul ati ng seciguiretk4d tsendbithu= 20 todkeculfat Edegad¢mcy o the stiagence

controller

115. When the object to be processed is subjected to |aser

cal cul ates a stage noving speed for attaining this
of th slaser accarsdisngid oby hehabdwesarenprooess expr eppeaasusand

processi ng by detevdeaserd] cocessidgfappasavus regul atedin oat Hies imaghet ude of
stage noving speed, the distance between adjacent nodified spots can

attain a desi magre tnedgni t Ddéea Eattd iefmd g ist unbg pift ideg @S of istalges sericng
speed is also sent to the nonitor 129, whereby this nmagnitude of stage

nmovi ng speed it dhsphayedor 129, whereby this magnitude of frequency is

10

15

20

25

displayed.

Fig. 87 isablockdiagramshowingapartofstill another
example the overall controller 127 provided in the eighth
example. The overall contreller 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
1492. Upon this input, the speed calculating section 148
calculates a stage moving speed for attaining this magnitude
of distance according to the above-mentioned expressions
and tables. 1In this example, the repetition freguency is
fixed. The speed calculating section 149 sends thus
calculated data to the stage contrcller 115. When the object
to be processed is subjected to laser processing by the laser
processing apparatus regulated to this magnitude cf étage
moving speed, the distance between adjacent modified spots
can attain a desirable magnitude. Data of this magnitude

of stagemoving speed is also sent to themonitor 129, whereby

this magnitude of stage moving speed is displayed.
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175 10 FP01-0199-00 Fig. 88 is a block diagram showing a part of still
anot her exanple of the overall controller 127 provided in the ejghth 795
exanpl e. The overall controller 127 conprises a conbination calculatin
section 151. It differs fromthe cases of Figs. 5 86 and 87 in thdt?Botthe4-00
repetition frequency and stage noving speed are calculated. In a manner
simlar to that nentioned above, the distance between adjacent nodified
spots is fed into the conbination calculating section 151. According to
t he above-nenti oned expressions and tables, the conbination 10 cal cul ating
section 151 cal cul affeg .8 & epetiloicanl faerpesoywiand restaget ibvieng tspaed f or
attaining this magnitude of distance. The conbi nation cal cul ating section
151 sends thusxagglleubéttés: dataal o ddne sildger dditmodtieted 18. thheligbéhl | ght
15 source controller 102 adjusts the laser light source 101 so as to attain
t he cal cul at eéxmagriic.ud@hefoveepatii ddronr o I Yerdéncyompkhics et agembdnierdobher 115
adj usts the stages 109, 111 so as to attain the cal cul ated nmagni tude of
stage novi ng csdeed.at\Wmensédiel objlédt. t otbel pfacessed iise sabpectedite .| aser
20 processing by thus regul ated | aser processing apparatus, the distance
bet weerd adj acérit anodi T ied:Ispobsthare@at t At hoa fegiaabl endegradadevibgt a of
t hus cal cul ated nmagni tude of repetition frequency and magni tude of stage
novi ng speed saredadse cedntulizaethhe Iord ennd2% imhereby thatsmealtcohated 25
val ues are displayed. The | aser processing nethod in accordance with the
above, the distance 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 to the stage contreller 115. The laser light
15 scurce controller 102 adjusts the laser light source 101
S0 as to attain the calculated magnitude of repetition
frequency. The stagecontroller 115 adjusts the stages 109,
111 so as to attain the calculated magnitude of stage moving
speed. When the object to be processed is.subjected to laser
20 processing by thus regulated laser processing apparatus,
the distance between adjacent modified spots can attain a
desirable magnitude. Data of thus calculated magnitude of
repetition 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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176 1 4 FPOL-0144-00 eighth exanple of this enbodinment will now be § M e
expl ained. The object to be processed 1 is a silicon wafer. In,thé ei‘ghth
exanpl e, operations fromsteps S101 to 5111 are carried out in a manner
simlar to that of the |aser processing nmethod 5 in accordance wi t P he’l44-00

first exanple shown in Fig. 15. After step Sill, the distance between
adj acent nelting spots in the nelting spots fornmed by one pul se of pul se
| aser, i.e., the magnitude of pitch p, is determned. The pitch pis

determned in view of the thickness and material of 10 the object 1 and the
li ke. The magnéisleh ofxpirptd pfishiscembhedionete widkl dldv donteatdaimer27 shown
in Fig. 88. Then, in a manner simlar to that of the |aser processing
met hod i n accdfldanédewittty bhe fdoestsegxhiplaes showp Wwafpirg. Inshedpertdti ons of
step 5113 to 5115 are carried out. This 15 divides the object 1 into
si licon chi ps.exsnekpl aiprethtiionshérborsgpnd,l flheo di ght Brexanpl eedant
control the distance between adjacent nelting spots by regulating the
magni t ude of rapet imcinorerf séqueéncytoftipl o thaseaserghtqcansti tegudtatdchg t he
magni t udes of noving speeds 20 of X-axis stage 109 and Y-axis stage 111.
Changi nfg t he 251 negrdtdaiecefwiistdneef imsviewufle hav cknesisy anid -nat eri al
of the object 1 and the like enables processing in conformty to the ained
purpose. [N nth Exarpieir Atapriih lexaingldé séfe nicki e enbodedgatechargds nche
position
spots in themelting spots formed by one pulse of pulse laser,
i.e., the magnitude of pitch p, is determined. The pitch
p is determined in view of the thickness and material of
10 the object 1 and the like. The magnitude of pitch p is fed
into the overall controller 127 shown in Fig. B88.
Then, inamannersimilartothat of the laser processing
method in accordance with the first example shown in Fig.
15, operaticns of step 5113 to 5115 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 repetiticn frequency of pulse
laser light, and requlating 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 object 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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of the |ight-converging point of lLaser light irradiating 177 FP01-0199-00
the object to be processed in the direction of incidence to the objédt 5
thereby forming a plurality of nodified regions aligning in the direction
of incidence. Forming a plurality of nodified regions will be 5 ekBPhrhkdi-00
in ternms of a crack region by way of exanple. Fig. 89 is a perspective view
of an object to be processed 1 formed wth two crack regions 9 within the
object 1 by using the |aser processing nethod in accordance with the ninth
exampl e of this enbodinent. 10 Arethod of formng two crack regions 9 will
be expl ained EthebpbgéctFiosbe phecebgedtin ileidiodiated of t npidewcd aser
light L, while the light-converging point of pulse laser light L is |ocated
within the objeotthk sleprcti t sheeary facein2k phdrad ki npeédcalidghigdr¢g e al ong
which the object is intended 15 to be cut 5. This fornms a crack region 9
(9A) along thealipgeingl bngtwhi chrébeiobjeftinsidetended to be cut 5 within
the object 1 near the rear face 21. Subsequently, the object | is
irradiated with the Putsend aserplumghtily ohfii hediHd ed | gt icoaveridilngogoi nt
of pulse laser light L is located 20 within the object 1 near its surface 3
and is boved atepiaitbe in nermat afgawhizctk theiobjectayofi akemgéd.t oFbe. cut 5
This forns a crack region 9 (9B) along the line along which the object is
i ntended t o beBglts 5 pwirtsiperc ttilve ob¢ectt dn mége cttthe beurf@aces 8ed 25 diresr] as
shown in Fig. 90, cracks 91 naturally grow fromthe crack regions 9A 9B
Speci fically, #hehcracksr®8dk regions 9 within the object 1 by using the
laser processing method in accordance with the ninth example
cf this embcdiment.
10 Amethodof forming twocrackregions 9will beexplained
inbrief. First, theobjectl is irradiatedwith pulse laser
light L, while the light-converging point of pulse laser
light L is located within the object 1 near its rear face
21l andismovedalonga line alongwhich the object is intended
132 to be cut 5. This forms a crack region & (9A) along the line
glong which the cbject is intended to be cut 5 within the
object 1 near the rear face 21. Subsequently, the object
1 is irradiated with the pulse laser light L, while the
light~converging point of puise laser light L is located
20 within the object 1 near its surface 3 and is moved along
the line along which the object is intended to be cut 5.
This forms a crack region 9 (9B) along the line alceng 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 52, 9B. Specifically, the cracks 91
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178 1 4 r: FP01-0144-00 naturally grow fromthe crack regi on 9A towﬁ[d the
rear face 21, fromthe crack region 9A (9B) toward the crack regio
(9A), and fromthe crack region 9B toward the surface 3. This can form
cracks 9 elongated in the thickness 5 direction of the object in tR&0suPiadell
of object 1 extending along the line 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 1is intended to be cut 5 by
artificially applying a relatively 10 small force thereto or naturally
wi t hout appl yi ngtaweh 1 gfow deomAshenctdek renegai 979 £ otvhedni g reatafipte f or ns
a plurality of crack regions 9, thereby increasing the nunber of |ocations
t o becone starilngfpemntiewheackutddghgntire @yjectwbrdAsha tbacknsegqience,
the ninth exanple nmakes it possible to cut the object 1 even in the cases
where the objees Lchas andelfabivehy clracgerthieknesstot/hedobhectuisase made
of a material in which cracks 91 are hard to grow after form ng the crack
regions 9, and.so Trird hca?0r¥khen utdingsi sldhfbtedl tinbyciavor 6t akke £ €gi ons
9 alone, three or nore crack regions 9 are forned. For exanple, as shown
in Fig. 591, a ernaektrieg ontde tbitot medrhetywefmdder 6 deke negkvandmand
crack region 9B. Cutting can also be achieved in a direction orthogonal to
the thickness diibeet the Rinofalidng ohjiebttHe avileatgiasintended ke Bereeti on of
i ncidence of laser light as shown in Fig. 92

5, i.e., the surface to become a cross section. Hence, the

cbhject 1 can be cut along the line along which the object
is intended tobe cut Sbhy artificially applying a relatively

10 small force thereto or naturally without applying such a
force.

As inthe foregoing, theninthexample formsaplurality
of crack regions 9, thereby increasing the number of locations
to become starting points when cutting the object 1. As a

15 consequence, the ninth example makes it pecssible to cut the
object 1 even in the cases where the object 1 has a relatively
large thickness, the object 1 is made of @ materxial in which
cracks 91 are hard to grow after forming the crack regions
9, and so forth.

20 Whencutting isdifficult by two crack regions 9 alone,
three or more crack regions 2 are formed. For example, as
shown in Fig. 21, a crack region 9C is formed between the
crack region 2A and crack region 2B. Cutting can also be
achievedinadirectioncrthogonal tothe thicknessdirection

25 of the object 1 as long as it is the directicn of incidence

of laser light as shown in Fig. 9%2.
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179 14'. FPOL-0144-00 Preferably, in the ninth exanple of this enbodinment,

a plurality of crack regions 9 are successively formed from the side™:! /%
farther fromthe entrance face (e.g., surface 3) of the object to be
processed on which the pulse laser light 5 L is incident. For exanmbk)l-i0n44-00
Fig. 89, the crack region 9A is fornmed first, and then the crack region 9B

is formed. |If the crack regions 9 are fornmed successively fromthe side
closer to the entrance face, the pulse laser L irradiated at the tinme of
formng the crack region 9 to be forned later 10 will be scattered by the
crack region 9 formecdreddraely Asn ghéonsequencepldeyf alli onerdeeienn, Si zes

of the crack part (crack spot) forned by one shot of pulse laser light L

constituting thepanaekitedhp:%dioregd ohat @ardHeneeeskheel grackndegiron 9
formed | ater cannot be fornmed uniformy. 15 Formng the crack regions 9

successively from theesirde thant febm themhbeaentranee face doas fefe generate
t he above--nentioned scattering, whereby the crack region 9 forned | ater

can be formeddmicherdhyectHaweyerprddes ssdlen ohidorAdNguaspl LEadi 1y qak crack
20 regions 9 in the ninth exanple of this enbodinent is not restricted to

that mentioned1abevancikeyitnayrbe £QaRBde, suecess] wedy dHeomAe: Siedeoel oser
to the entrance face of the object to be processed, or forned randomy. In

the random foron Ag, réohec@xaipd €, iahdFiBen9dne tdie Qs aekibagden HEdrmelior med
25 first, then the crack region 9B, and finally the crack region 9A is
formed by revernsi ngetdea st regtioon ofadanebdepees fcdasBiely 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 ¢ formed earlier. As
a consequence, deviations occur in sizes of the crack part
(crack spot) formed by one shot c¢f pulse laser light L
constituting the crack regicon 9 formed later. Hence, the
crack region 2 formed later cannot be formed uniformly.
i5 Formingthecrack regions 9successively fromthe side farther
from the entrance face does not generate the above-mentioned
scattering, whereby the crack region 9 formed later can be
formed uniformly.
However, the order of forming a plurality of crack
20 regions 9 in the ninth example of this embodiment is not
restricted to that mentioned above. They may be formed
successively from the side closer to the entrance face of
the object tobeprocessed, or formed randemly. Intherandom
forming, for example in Fig. 91, the crack region 9C is fermed

25 first, then the crack region 9B, and finally the crack region

SA is formed by reversing the direction of incidence of laser
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180 FPOL-0194-00 light. Though the form ng of a plurality of nodified
regions is explained in the case of crack regions, the sane holds in

nmol ten processed regions and refractive index change 5 regions. Though:the:
expl anation relates to pulse laser light, the same holds for contin ﬁug““
wave |l aser light. The | aser processing apparatus in accordance mﬁtﬁpﬁ gl144-00
ninth exanple of this enbodi nent has a configuration simlar to that of the

| aser processing 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 to be processed 1 is adjusted by
the Z-axis stadédlt3. This can adjust the |ight-converging point P so as to

| ocate it at a position closer to or farther 15 fromthe entrance face
(surface 3) than is ahduaph the deresao pbsi ploral Aty FRCEKABSST ¥ ¥@et i on of
the object to be processed 1, and at a substantially half thickness

position. HerelsagfbséneRt bh the poxt tdfogreick irghtioosnvengi sgme poidds P in
the thickness direction of the obj ect to be processed 20 caused by the

Z-axi s stage wihl moad terplraiored afa i awfarse tiee fRapt 108 Hme94chanmce he
ninth exanple of this enbodinment, the position of |ight-converging point of

| aser | Pght inreghenthi ckimessh dheeettlemadfl onhee lojectcpolbe lesegebs@t i s

adj usted so as to be located at a desirable position within 25 the object

with referenceths sheeshefideeipencpanéaupueeyavef laperobielt: Fig. 93 shows

the state where the 181 .
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 fto be processed 1 is adjusted by

the 2-axis stage 113. This can adjust the light-converging

point P so as to locate it at a position closer to cr 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 positicn.

Here, adjustment of the position of light-converging

point Pinthethicknessdirectionocf theobject tobeprocessed

20 caused by the Z-axis stage will be explained with reference
to Figs. 93 and 24. 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. 83 shows the state where the
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1(R FPO1-0144-00 I|ight-conver gi‘n'g] point P of laser light L is positioned at
the surface 3 of the object.1. Wien the Z-axis stage is noved byjztoward
the light-converging | ens 105, the |ight-converging point P noves fromthe
surface 3 to the 5 inside of the object 1 as shown in Fig. 94. The Bhouht! 4000
nmoverment of |ight-converging point Pwthin 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 - conver gi hggbot npnPerpitthecdintknesslaseectign af ishees bbj @wtd Btcan be
controlled. Nanely, a desirable position of the |ight-converging point Pin
t he thickness dheentrifare dfoft hiee objject 1. | $itdef ined -asithet distameeedNz)
fromthe 15 surface 3 to the inside of the object 1. The object 1 is noved
in the thicknesg dizrectowanrdy the anouwpitt-afornovenent I[e)sobfl@bned tine
dividing the distance (Nz) by the above-nentioned refractive index (N .
Thi s can | ocatkithe-cbhgbtgtoaves ghnge poov s Pfatm tttee dest fadd €8 pasittieon. 20
As explained in the first exanple, the stage.controller 115 controls the
novenend of thengid«ist sttegebhE:tatcaedsngwn tion fracal 9doi nThéeadmpurstuctt t hat
the focal point of visible light is |ocated at the surface 3. The | aser
processi ng appavatest lofsladhustedvsughng hadithe? v ottt ircarmeeraijegtpdi nt 25
P of laser light L is positioned at the surface 3 at the position of Z-axis
stage 113 wheresthhe (fwicale poisttiof reifsielite vE82ndex of the object 1 with
respect to the laser light L}. Hence, when the Z-axis stage
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 directiocn of the
object 1 can be controlled. Namely, a desirable position
of the light-convexrging point P in the thickness direction
of the obiject 1 is defined &s the distance (Nz) Ifrom the
15 surface 3 to the inside of the object 1. The object 1 is
moved in the thickness direction by the amcunt of movement
{z) obtained by dividing the distance (Nz) by the
above-mentioned refractive index (N}). This can locate the
light-converging peint P at the desirable position.
20 As explainedinthe first example, the stage controller
115 controls the movement of the Z-axis stage 113 according
to focal point data, such that the focal pcint 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

positicn of Z-axis stage 113 where the focal point of visible
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1 ~ V.. FPOL-0141-00 light is |located at the surface 3. Data of the
anount of novenent (z) explained in Figs. 93 and 94 is fed into andi gt 6red
in the overall controller 127. Wth reference to Fig. 95, the |aser
processi ng net ho i n accordance w e nin exanple o IS odi-nen
thod 5 d th th th le of this IEBadilAénf?
will now be explained. Fig. 95 is a flowhart for explaining this |aser
processi ng nethod. The object to be processed 1 is a silicon wafer. Step
5101 is the sane as step S101 of the first exanple 10 shown in Fig. 15.
Subsequently, the thickness of the object 1 is nmeasured. According to the
result of neasb¥@nents dfocattidclkresbcandriheer éf r dttia @ fi ndex aoouolsj eét 1,
the amount of movenment (z) of object 1 in the Z-axis direction is
det ermi ned (5X08yeneThiiz)i exrieiasduitn 6figroveseard odd oy detd iR td endt he
Z-axis direction with reference to the |I|ight-converging point of |aser
light L positioneteatin hee swdmde 3aoftmbjlect 127.n order for the
l'i ght-converging point P of laser light L to be |ocated within the object
1. Nanely, the posititdnrefeléght tcofver gisngtpeilatseR prnoddwes 1hg oletibed 20
direction of object 1 is determ ned. The position of |ight-converging point
P is détern ndd erceirdanot witeh thhircknesexanmgleaterihak ofbabireett ¥idad t he
like. In this enbodinment, data of a first novenment anpunt for positioning
t he |i ght - convergbagdiaine.nedigt S Lea [1aeehart Hiow ¢hel 260 Dby bt s1 and
data of a second novenent amount for positioning the |ight-converging point
P near the surfamsr Pudadsisincheet8®d. 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 ocbject
1 is measured. According to the result of measurement of
thickness and the refractive index of object 1, the amount
of movement (z) of c¢bject 1 in the Z-axis direction 1is
determined (S5103). This is the amount of movement of object
15 1 in the Z-axis direction with reference o the
light-converging point of laser light L positioned at the
surface 3 of cbject 1 in order for the light-converging point
Pof laser light L tobe located within the object 1. Namely,
the position of light-converging point F in the thickness
20 direction of object 1 1is detexrmined. The position of
light-converging point P is determined in view of the
thickness and material of object 1 and the like. 1In this
embodiment, data of a first movement amount for positicning
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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1 h kY t~"'n2 FPOL-0144-00 object 1 are used. A first nolten process&%avrﬂ;
region to be formed is forned by using the data of first movenent ahotnt .
A second nolten processed region to be formed is forned by wusing thf qﬁﬁa
of second novenent anount. Data of these 5 novenent anounts are féeddnto ‘the?
overall controller 127. Steps 5105 and 5107 are the same as steps SI OS 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 @Pieeti ore(SMEHd.. ATHLESHoBPLEBASPEThecs ve@l rpbi et Of DE sibl e

| ight of the observation |ight source 117 at the surface 3. At this point

of Z-axis stagéoimgd itSrléOfm@glpr@iSﬁﬂgPﬂéﬁ daftlese! |THg@t PpyANEnL a7PUWsEsi ti oned
at the surface 3 _ Here, according to imging 15 data, the inmaging data
processor 125 &atewrd ewlégnapgedesisgdgecdacn of tehdosmeace bProm] dot 1
including the line along which the object is intended to be cut S. The
enlarged inmagesdngathe sazm ¢b sheondnintvendR9 dyoway. ofDatve dfvdhaglsie
controller 127, whereby an enlarged image in the vicinity 20 of the line

al ong whi ch t heoodpert dmouniterded fiegl Betouthesoveral sptayed bret HE /noni t or
129. The data of first novenent anount determ ned by step S103 has al ready
been inputted to theStary &LOScom E3l07epre t27 sane dssstens 19 Ardstlédge
control l er 115, According to 25 this data of novenent anount, the stage
control | er 115imdvesiirhe oujracte shiownt hie F2caxi§ - di Fee thiosd 1byo st ¥ tehe

Z-axis 184
calculated by step 5107 is sent to the stage controller 115.

{ According to the feocal peoint data, the stage controller 115
i0 moves the Z-axis stage 113 in the Z-axis direction (5109).
This positicns the focal point of visible light of the
observation light source 117 at the surface 3. At thispeint
of Z~axis stage 113, the focal point P of pulse laser light
Lispositioned at the surface 3. Here, according to imaging
15 data, the imaging data processor 125 calculates enlarged
image data of the surface of object 1 including the line
aleng which the object is intended to be cut 5. The enlarged
| image data is sent to the monitor 129 by way of the coverall
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
5103 has already been inputted tc the overall controller
127, and is sent to the stage controller 115. Accoerding 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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FPCi -0144-00 5 10 | C; stage 113 to a position where the |ight-converging
point P of laser light L is located within the object 1 (S111). This
inside position is near the rear face of the object 1. Next, as in:stem-5113
of the first exanple showmn in Fig. 15 a nolten processed region is forned
within the object 1 so as to extend along the line al ong which tH&03bPédé-00
is intended to be cut 5 (S113). The nolten processed region is fornmed near
the rear face within the object 1. Then, according to the data of second
novenent anmount as in step S111, the object | is noved in the Z-axis
direction by the Z-axis stage 113 to a position where the |ight-converging
poi nt P of |aseradd ght3 ltd s |mraEttedwviere the ldgtectcoh SELli%)y point
Subsequently, as in step S113, a nolten processed region is forned within
the object 1 (BLlf7)alser thgatsteps iLbeanpbtentpiocesserdyegi dn {iSS 1o med
near the surface 3 wthin the object 1. Finally, the object 1 is bent along
the Iine al ond'ivii dms itche ralyiecton s d Menderhd adeer dideeb,ofandiet bivseks cut
(S119) . 20 This divides the object 1 into silicon chips. Effects of the
ninth exanple Iof this enbodinment will be explained . The ninth exanple
forms a plurality of nodified regions aligning in the direction of
i nci derice, thereby Nexar,easi g thepnsaber cof thechi t onse taonflec aiewst ant i ng
poi nts 25 when cutting the object 1. In the case where the size of

Fig. 15, amclten processed regicon is formedwithin the object

1 so as to extend along the line along which the cbject is
intended to be cut 5 (S113). The molten processed region
is formed near the rear face within the object 1.

10 Then, according to the data of second movement amount
as in step S111, the object 1 ismoved in the Z-axis direction
by the Z-axis stage 113‘ to a positicn where the
light-converging point P of laser light L is lccated within

the object 1 {5115). Subseguently, as in step S113, amcliten

1=
in

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.

Finally, the object 1 is bent along the line alongwhich
the object is intended to be cut 5, and thus is cut (S11i9).
20 This divides the object 1 into silicon chips.

Effects of the ninth example of this embodiment will
beexplained. Theninthexample formsapluralityofmodified
regicns 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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object 1 in the direction of incidence of laser light is 185t 4
FPO1-0144-00 relatively large or where the object 1 is made of a.(L:l eriral
in which cracks are hard to grow froma nodified region, for ex

object 1 is hard to cut when only one nodified region exists al on@PQJtTeﬂll4l4rTé)0
al ong which the object is intended 5 to 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] A tenth exanple of this enbodiment controls the
position of a nodified region in the thickness direction of an object 10
to be processeck byt iad ustiamget be WhHeglet thenieiging psintdebil asertdright in
the thickness direction of the object. This positional control wll be
expl ai ned i n tir nmehiodh @raerlacka rediat by wayowff reranplred iHiigd 9@ diona
perspective view of an object to be processed 1 in which a crack region 15
9 is formed wiidu Bxkhplebjtéctobjbyt asi Npathead asewhphogelsgbng maEtied in
accordance with the tenth exanple of this enbodinent. The |ight-converging
poi nt of pul serddgiserekisss bacayathan i 8l ohendkjheadie db{baeough riteadedr f ace
(entrance face) 3 of the object with respect to the pulse laser |ight L.
The 20 9 i ght - converg@hn@.polntsuch adjarsd edosoiag 4 @lhealdest efl midifaed
substantially half thickness position in the thickness direction of the
obj ect 1. Wienddierabjsectint thbe @noeessed: dan saisiftigdeat edhaididyddre lli ne

al ong which the object is intended to be cut 5 under these conditions, a
crack region 9 is famedh2%=alrgrigela | i ne al ong which the object is intended
to be cut

Atenthexampleocfthisembodiment controlstheposition

| of amodified region in the thickness direction of an object

10 to be processed by adjusting the light-converging point of
laser light in the thickness direction of the object.

| This positicnal contxol will be explained in terms of

a crack regiocn by way of example. Fig. 96 is a perspective

view of an object to be processed 1 in which a crack region

15 9 is formed within the cbject 1 by using the laser processing

method inaccordancewiththetenthexampleof thisembodiment.

The light-converging point of pulse laser L is located within

the object 1 threough the surface [(entrance face} 3 of the

object with respect to the pulse laser light L. The

20 light~converging point is adjusted so as to be located at

a substantially half thickness position in the thickness

direction of the object 1. When the object to be processed

lisirradiatedwiththelinealongwhichtheobject isintended

to be cut 5 under these conditions, acrack region 9 is formed

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

S5atahalfthicknesspositioncfthecobjectlanditsvicinity.
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5 at a half thickness position of the object 1 and its vicinity 186

FPO -0199-00 Fig. 97 is a partly sectional view of the object 1 shown in
Fig. 96. After the crack region 9 is formed, cracks 91 are naturaldy;grown
toward the surface 3 and rear face 21. When the crack region.9 i?'éggaigqgéo
the half thickness position 5 and its vicinity in the thickness df FEET I 0
the object 1, the distance between the naturally growing crack 91 and the
surface 3 (rear face 21) can be nade relatively long, for exanple, in the
case where the object 1 has a relatively large thickness. Therefore, apart
to be cut extending along 10 the line along which the object is intended to
be cut 5 in 15 the &Bffect’ ismuPArAlNsSaF KitGTengt het @fat e Pbdieh texEbmth
Therefore, when carrying out the step of cutting the object 1 after
terninating tR& Fager 9pr ocdelsss he-hshardiGkngeohenodj e tfoBesomesae4si ¢t . Fig.
98 is a perspective view of an object to be processed 1 including a crack
regi on 9 formeédebpatisitadlyher Pasefow prdcdssisng LAsEhddRith adofdahcélwith t he
tenth exanple of this enbodinment as with Fig. 96. The crack region 9 shown
in Fig. 98 is"Wenies wheak theichghts Eonpedgitide lpoihth bkpassecsotie’er
light L is adjusted so as to be |ocated at a position closer to the surface
(entrafce facénc3itBaMirgnathaln theckhnbslene posiiticntion Ofe thRi eRness
direction of the object 1. The <crack region 9 is formed on the surface 3
side within the tBpj@tstancEihetoren $he parrkyldEBces ondls iXaw o 1t e obj ect
25 1 shown in Fig. 98. Since the crack region 9 is formed on

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, apart tobe cut extending along

10 the line alcong which the object is intended to be cut 3 in
the object 1 maintains a strength to a certain extent.
Therefore, when carrying out the step of cutting the obiject
lafter terminating the laser processing, handling the object
becomes easier.

15 Fig. 98 isaperspectiveviewof anobject tobeprocessed
1 including a crack region 9 formed by using the laser
processing method in accordance with the tenth example of

( this embodiment as with Fig. 96. The crack region 9 shown
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
clcsertothesurface (entrance face) 3thanisahalfthickness
position in the thickness directicn of the cobject 1. The
crack region 9 is formed on the surface 3 side within the
object 1. Fig. 99 is a partly sectional view of the object

25 1 shown in Fig. 98. Since the crack region 9 is formed on

the surface 3 side, naturzlly growing cracks 91 reach the
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the surface 3 side,

sur
whi

in

obj

naturally grow ng cracks 91 reach the 187 FPO1-0199--00

face 3 or its vicinity. Hence, fractures extending along the, line-akong

ch the object is intended to be cut 5 are |likely to occur i n}He” surf ace
3, whereby the object 1 can be cut easily. 5 In the case where t#EI$uPt4tel0
3 of the object 1 is formed wth electronic devices and el ectrode patterns
particular, formng the crack region 9 near the surface 3 can prevent

the el ectronic devices and the |ike from bei ng damaged when cutting the

ect 1. Nanely,

growi ng cracks 91 fromthe 10 crack region 9 toward the

surface 3 and swafadadeoitefviidiaitobj efentec utrs cithie eobgecandingai endg may

be
gro

bec
Wi t

3,
sho

smal | er.

achi eved by the

natural growh of cracks 91 alone or by artificially

wi ng cracksh®line addingi ehith thee obdtegrtal s gmowtridesf torleke @15 aWen t he
di stance between the crack region 9 and the surface 15 3 is relatively |ong,
t he devi ati on JIrkehe tgr owiceg dinr et ionrfafe G asksrbihy orha hbjsotf dceaB si de
ones greater. As a consequence, the cracks 91 may reach regions forned
h electroe devieesiland the |i ke, thereby danaging the electronic
devices and the like. Wien the crack region 9 20 is formed near the surface
t he Wi st ance bet ieenh¢ lve sendokre tegison a@ntiof thesolbface 13is §ormweat i vel y

rt, whereby the

deviation in grow ng direction of cracks 91 can be nade

Thereftdr el ecuttnngdeanche sefifelctad odetgroute demigpagtihelar,

el ectronic devices and the Iike. Wien the crack region 9 25 is forned at a
| ocati on too cdlaoseino tthe cwcfkaceg3pnt Beneaackhe ragiferce) 3i sahopmedeat t he

surface 3_ As a consequence, the
the electronic devices and the like from being damaged when

{

cutting the cbject 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 21.

When the distance between the crack region 9 and the surface

15 3 is relatively long, the deviation in the growing direction

of cracks 91 on the surface 3 side becomes greater. As a

consequence, the cracks 91 may reach regions formed with

electronic devices and the 1like, thereby damaging the

electronic devices and the like. When the crack region 9

20 is formed near the surface 3, the distance between the crack

region 9 and the surface 3 is relatively short, whereby the

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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188 FP01-0144-00 random form of the crack region 9 itself appears at the
surface 3, which causes chipping, thereby deteriorating the accpgagy;gin
breaki ng and cutting. The crack region 9 can also be formed while th g

| i ght -convergi ng point of pulse laser light L is adjusted so as tgpﬁ%“ 144-00
| ocated at a position farther fromthe surface 3 than is a half thickness
position in the thickness direction of the object 1. In this case, the
crack region 9 is forned 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 Faraed deymush hge e ckaserionpP dé6sdil Mt ifodt ith catediaRthce
with the tenth exanple of this enbodinment. The crack region gin the X-axis
directi on sho#n v ch geuaechipponged Niteabi Get ¢F ihtatory Ehgi drF poigit 15 of
pul se laser light L is adjusted so as to be located at a position farther
fromthe surfate pemekangeafdceytBintan is a half thickness position in the
t hi ckness direction of the object 1_ The crack region 9 in the Y-axis
direction is fornmediwhenrehé Ireghitoncchvesyi agdspoire bprpeatisehlidsert?D | ght
L is adjusted so as to be located at a position closer 25 to the surface 3
than is>the halighhicknessgpogindont iaf thd set Recknessgbirects crd ofstigt

object 1. The crack region 9 in the X-axis direction and the crack region 9
in the Y-axis s@id®edd o dprossedaeh el timredadithenst vpal tlye sWei®dche
object 1 is a sem conductor wafer, for exanple, a plurality of crack

r eg| ons 9 are 3 6PARALS A h@d.rfaﬁl’p_“eq:ka]SS position in the thicknessdirection

of the object 1. In this case, the crack region 9 is formed
on the rear face 21 side within the cbject 1.

10 As with Fig. 96, Fig. 100 is a perspective view of the
obiect 1 including crack regions formed by using the laser
processing method in accordance with the tenth example of
this embodiment. The crack region @ 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
a2 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 sc as tc be located at a position closer
to the surface 3 than is the half thickness position in the
thickness direction of the cbject 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 When theobjectlisasemiconductorwafer, forexample,

a plurality of crack regions 9 are formed in parallel in



189 FPOI -0199-00 each of the X- and Y-axis directions. This forns theerack
regions 9 like a lattice in the sem conductor wafer, whereas t e latter is
di vided into individual chips while using the Ilattice-like crack i 0 )
starting points. Wien the 5 crack region 9 in the X-axis directionfgﬁ%—§ﬁ%ﬁ;oo
crack region 9 in the Y-axis direction are |ocated at the same position in
the thickness direction of the object 1, there occurs a |location where the
crack region 9 in the X-axis direction and the crack region 9 in the Y-axis
direction intersect 10 each other at right angles. At the l|ocation where the
crack regionse¥h letbect- SdthYoeKér atrefghetnanglléds tREYSakRe SH5Er posed
on each other, which makes it _difficult for the cross section in the X-axis
direction and ¥®@l@pddsl 565 bit 1 RS tiHeT e HETE CHNEEHGN B B E nt W SEAXS each
other at right 15 angles with a high accuracy. This inhibits the object 1
from being cuthpriedited] ysA1tieq rdisee L BhIL Hhed itfe Wpadiet POANB Nehe
crack region 9 in the X-axis direction and the position of the crack region
9 in the Y-axikat@i¢ectioh @dderregbmmeath DENErint ROENEHI cKHES W% ecti on
20 of the object 1 as shown in Fig. 100, the crack region 9 in the X-axis
directivon and $TRCkr®RI Fedi oh the K-endsY hxe et 1¢h ract £BA eanchergtidvent ed
from bei ng superposed on each other. This enables precise cutting of the
object 1. In thecidekYregionrorsatipe akaxdiosadiedeeti bhe atRIne Heo S U5 By ack
region 9 in the Y-axis direction, the crack region 9 to be forned |later is
preferably forked ke osercirthd Sirdlace? @b the object 1, there occurs

a location where the crack region 9 in the X~axis direction
and the crack regicn 9 in the Y-axis direction intersect

10 each other at right angles. At the location where the crack
regicns 9 intersect each other at right angles, they are
superposed on each other, which makes it difficult for the
cross section in the X-axis direction and the cross section
in the Y-axis direction to intersect each other at right

15 angles with a high accuracy. This inhibits the object 1 from
being cut precisely at the intersection.

When the positicn of the crack region 9 in the X-axis
direction and the position of the crack region ¢ 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 directicn and the crack regicn 2 in the Y-axis
directicn can be prevented from being superpcsed cn each
other. This enables precise cutting of the object 1.

In the crack region 2 in the X-axis direction and the

25 crack region 9 in the Y-axis directicn, the crack region

Stobe formed laterispreferably formedcloser tothe surface



FP01-0144-00 (entrance face) 3 than is the crack region 9 forned earlier.

If the crack region 9 to be formed later is formed closer to the ¥earface
21 than is the crack region 9 forned earlier, the pulse laser light L
irradi ated when formng the crack 5 region 9 to be forned later i Eddatiéfed
by the crack region 9 fornmed earlier at the |ocation where the cross
section in the X-axis direction and the cross section in the Y-axis
direction intersect each other at right angles. This forns deviations
between the size of a part fornmed at a position 10 to becone the

above- nent i onel®Tititarseéerag § o6& dA HIRICTRek BTonf fopard PelAed - at

anot her position in the crack region 9 to be fornmed later. Therefore, the
crack region §%& ¢ise crigknms@aigneP €anhet fpemedrhaeunid drained WaeAethe
crack region 9 to be forned later is formed 15 closer to the surface 3 than
is the crack regiba eanfaed 2lebhbndrs thy worith aegioscat ceneagasil iele pul se

| aser light L does not occur at a position to becone the above-nentioned

i ntersecting Itdeariudse Wasesbyiohé &r ackadegted When berfbrgede C4BEK can be
formed uniformy. 20 As explained in the foregoing, the tenth exanple of

t hi s erfbodi nemegddirudt o tisef popedi bntof s ghetteonveryi hhe porak réfiraser
light in the thickness direction of an object to be processed, thereby

bei ng abl e to TdmmEd t99e Igesi tatork heofl eratodin v heedilen dapashéechleéRness
direction of the object. 25 Changing the Eosition of Iight-converging point
in view of thé thecknesss aHd Rt alndof Re her @bj 6 tierbenpilvt dsseds191.

FPO1-0144-00 .
direction intersect each other at right angles. This forms

; deviations between the size of a part formed at a positicn
10 to become the above-mentioned intersecting location and the
size of a part formed at another position in the crack regicn
9 to be formed later. Therefore, the crack region 9 to be

fermed later cannot be formed uniformly.
When the crack region 9 to be formed later is formed
i5 closer to the surface 3 than is the crack region ¢ formed
earlier, by contrast, scattering of the pulse laser light
L does not occur at a position to become the above-menticned
intersecting location, wherebythe crack region 9 tobe formed

later can be formed uniformly.

20 As explained in the foregeing, 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 theobject.

25 Changing the position of light-converging point in view of

the thickness and material of the object to be processed
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and the |ike enables | aser processing in conformty to the object. Though
the fact that the position of a nodified region can be control ked:is)*
explained in the case of a crack region, 5 the sane holds in nol L8R _p144a-00
processed regions and refractive index change regions. Though the
explanation relates to pulse laser light, the sane holds for continuous

wave |aser |ight. The | aser processing apparatus in accordance with the 10
tenth exanple of this enbodi nent has a configuration simlar to the |aser
processi ng apparatus 100 in accordance with the first exanple shown in Fig.
14. In the terﬂ”ﬁjaé%&n'illé? e’i‘%%l?@ ad L5 PEGE SEFINEd] BT HHE Posit biC of

| i ght-converging point P in the thickness direction of object 1. This can

15 adj ust the 994t converging point P so as to locate it at a position
closer to or farther_ fromthe entrance face (surface 3) than is a_half

t hi ckness position iThae the dardsshatrietd Peritopriteadtyeciiad 6£9aPNa
substantially half thickness position, for exanple. These adj ustnent

operati ons anFahBefdceente20SaA*RIel 1§ GAR-Tt¥hiasgi Hg2poiaftk £9La8er |i ght
within the object can also be achieved by noving the Iight-caonverging |ens
105 in Xt he Z- &% diMCebPiLER. 18i Hebt FhePEOa?eshII Mier 81Ct KELEBFEe¥el noves
in the thickness direction thereof and where the l|ight-converging | ens 105
noves in the tHIXKNEIS T HFE@On N OMNE bbre8iPLePATERR pREGERP tO

i nvention, the anount of_ pnovenent of the object | in the thickness
direction of PSP Fesefr+ight FPOR 63A%-yplds for continuous wave laser
light.

The laser processing apparatus in accordance with the

10 tenth example of this embodiment has a configuration similar
to the laser processing apparatus 100 in accordance with

the first example shown in Fig. 14. 1In the tenth example,

the Z-axis stage 113 adjusts the position of light-converging

point P in the thickness direction of object 1. This can

15 adjust the light-ccnverging point P so as to locate it at
apesitionclosertcor farther fromtheentrance face (surface

3) thanisahalfthicknesspositioninthethicknessdirection

of thechbject 1 cr at a substantiallyhalf thicknesspositicn,

for example. These adjustment operaticns and the placement

20 of thelight~-convergingpeint of laser lightwithinthe object
can alsc be achieved by moving the light-converging lens

10% in the Z-axis direction. 8Since there are cases where

the cbject 1 moves in the thickness direction thereof and

where the light-converging lens 105 moves in the thickness

25 directionof theobject 1l inthepresent invention, the amount

of movement of the object 1 in the thickness direction of
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the object 1 is defined as a first relative novenent anount or a second

rel ati ve novenent anount. The adjustnent of |ight-converging poinQ§B?Qq;the
t hi ckness direction of the object to be processed caused 5 by the Z-axis
stage is the same as that in the ninth exanple explained with ref8fénté?dol0
Figs. 93 and Fig. 94. The imagi ng data processor 125 cal cul ates focal point
data for locating the focal point of visible |light generated by the
observation |ight source 117 on the surface 3 according 10 to the inaging
data in the tenth exanple as well. According to this focal point data, the
stage control I@re obgecsnt rid slefihedndy enditr S6f I € het Zvaxioyegeageanddt so as
to locate the focal point of visible |light at the surface 3. The |aser
processi ng appar & weckrid mdjalsitved meusmafatemehve tl5 | i ght - conver gi ng point P
of laser light L is |located at the surface 3 at the position of Z-axis

st age 113 where t he Thecaldjysoimentofof/i Sighe-ddghrdisnd qeztred BAtin hehsur f ace
3. Hence, the focal point data is an exanple of second rel ative novenent
anmount of the tdhjedotesk idinare itdm ckness dibriectti dv beepeofe28edequised for

| ocating the |ight-converging point P at the surface (entrance face) 3. The
i magi n@ dat a pnotessbradls st asfunctszor af Walttuhathiegirthd seeopbe

rel ati ve novenent anount. Data of the novenent anmount (z) explained with
reference 25etplRiigsd 98 tdnd <G4 rendeed d ftigsand steodedign Phe overal
controller 127. Nanely, the overall controller 127 has a 193 FP01-0149-00
function of storingTdst amafinhelatel provespovemntaanolates focal point

data for locating the focal point of visible light generated
by the cbservation light source 117 onthe surface 3 according
10 to the imaging data in the tenth example as well. According
to this focal point data, the stage controller 115 controls
the movement of the Z-axis stage 113, so as to locate the
focal point of visible light at the surface 3. The laser
precessing apparatus 1 1s adjusted such that the
15 light-converging point P of laser light L is located at the
surface 3 at the position cf Z-axis stage 113 where the focal
point of visible light is located at the surface 3. Hence,
the focal point data is anexample cf second relative movement
amount of the object 1 in the thickness direction thereof
20 required for leccating the light-converging point P at the
surface {entrance face) 3. The imaging data processor 125
has a functicn of calculating the second relative movement
amount.
Dataof themovement amount (z) explainedwithreference

25 to Figs. 93 and 94 is fed into and stored in the overall

contreoller 127. Namely, the overall controller 127 has a
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of the object to be processed 1 in the thickness direction of tgg 0hj.ect 1.
The overall controller 127, stage controller 115, and Z-axis stage ‘113"

adj ust the position of 5 |ight-converging point of pulse |laser |ight
converged by the light-converging lens within the range of .t hi ckigds -0fL44-00
the object 1. The laser processing nethod in accordance with the tenth
exanple will be explained with reference to the |aser 10 processing
apparatus in accordance with the first exanple shown in Fig. 19 and the
flowchart for the |laser processing nethod in accordance with the first

exanpl e shown fiumd&ign dif5.stHre rapjcatia taf heheprrecessed hovemansi kmoantwaf er .
Step S101 is the sane as step 5101 of the first exanple 15 shown in Fig.

15. Subsequentdfy thascbhest epo DI rafcddrad ilr sh tlexamlekrsdwdiireckign 15,

t he thickness of object | is neasured. According to the result of

measur ement ofofithiekpgsstand The ovieefanacidnrerdnaexi21 het ageunhteblievenment
(z) inthe Z-axis direction of object 1 is determned (S103). This is the

20 anmount of mavgnerindof zekj€Ee kiyayd ha 15 axcs uditr eethieon poistiit 1 ohef efence to
the light-converging point of laser light L positioned at the surface 3 of
obj ect 51 requilriechtf-@onwResjitiPpdigid hee Ijughie qereer Qiing tpeontvekgell baser
light L within the object 1. Nanely, the position of 25 |ight-converging
poi nt P in thehehickhRessodiveegtihgnlefisobjecin thel sadekes fimedknEs affount of
novenent (z)' in the Z-axis. 194 14 FPOL-0144-00 direction is one exanpl e of
data of rel atitve mpjemntl .of
The laserprocessingmethodinaccordancewiththetenth
example will be explained with reference to the laser
i0 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 prccessed 1 is a silicon wafer.
Step S101 is the same as step 5101 of the first example
15 shown in Fig. 15. Subsequently,as:histep5103<xfthéfirst
example showninFig. 15, thethicknessof object lismeasured.
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 (S5103). This is the
20 amount of movement ¢f 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
positiconing the light-converging peint P of laser light L
within the object 1. Namely, the position of

25 light-convergingpolint Pinthe thicknessdirectionof object

1 itz determined. The amount of movement {z) in the Z-axis.
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the object 1in thethickness direction thereof. Theposition of .

| i ght-converging point Pis determined in view of the thlckneséﬂand S

mat er.ial of the object 1, effects of processing 5 (e. g. , easiness

handl e and cut the object), and the like. This data of novenent éﬁ@@n@lﬂﬁ 00
fed into the overall controller 127. Steps S105 and 5107 are simlar to
steps S105 and S107 of the first exanple shown in Fig. 15. The focal point
data 10 cal cul ated by step 5107 is data of a second novenent anmount in the
Z-axis direction of object 1. This focal point data is sent to the stage
control ler 188 readdordiisgone ehiegpflecalf pgeitat cdatralatheesmayemeont pél | er
115 noves the Z-axis stage 113 in the Z-axis direction (S109) . 15 This
posi tions the thecdh; pui htindfhedilsibired s dhteof ivhéheglesér vathepokightnsour ce
117 at the surface 3. At this position of Z-axis stage 113, the

| i ght - conver giodg lpgihtt-coRvefrgpuigs ecliase® liisgkieterind npdsihi sned af the
surface 3. According to imging data, the imging data processor 125 20
cal cul ates enltrigechasraged datarok ltdetsardaice ol , alfjffect slof pmokedsnggt he

| ine al ong which the object is intended to be cut 5. This enlarged i nmage
data i $ sent tie.tghe ewaitess tkPBabylweanadfcuttheheweriadt )coabd olHed 127,

wher eby an enlarged image near the |ine along which the object is intended
to 25 be cut Thiissdalispf apedmentidmunini ¢ 6rdi2t.o et avefalheonekaflilee
novenent anount determ ned by step 195 FP01-0144--00 S103 has al ready been
inputted to tAe7overall controller 127, and is sent to the stage controller
115.. According to

Steps 5105 and 8107 are similar to steps S105 and S107

of the first example shown in Fig. 15. The focal point data

10 calculated by step 5107 is data of a second movement amount
in the Z-axis direction of object 1.

This focal point data is sent to the stage controller

115. Accordingtothisfocalpointdata, thestagecontroller

ll15moves the Z-axis stage 113 inthe Z-axisdirection (5108).

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 positicned at the surface 3.

According to imaging data, the imaging data processor 125

20 calculates enlarged image data of the surface of cbject 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 con the monitor 127.

Data of therelative movement amount determinedby step
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this data of novenent amount, the stage controller 115 causes the Z-axis
stage 113 to nove the object 1 in the Z-axis 5 direction at a posjition; where
the light-converging point P of laser light is |located within the qhj %ﬁtMlOO
(S111). Steps S113 and S115 are sinmilar to steps S113 and S115 S HOWH i -
Fig. 15. The foregoing divides the object 1 into silicon chips. 10 Effects
of the tenth exanple of this enbodinent will be explained. The tenth ,
exanple irradiates the object to be processed 1 with pulse laser light L
whil e adjusting the position of |ight-converging point P in the thickness
direction of obj®tthas akleraby Form hgPat hedi ¢ dda egiore L L5 oriireldan
control the position of a nodified region in the thickness direction of
obj ect 1. Therled br éndchangiig ttchéhepasip e orrofrd kfodilfited Regpoiiit tehe
thi ckness direction of object 1 according to the material and thickness of
object 1, effidcisdataprionessnagt aamditthethelkd agrabdiesr chi ¥ Agoiagusee
conformty to the object 1. Industrial Applicability The | aser processing
met hod and appdratirsaxhs atcagelahte twi tlevehédhgr ebdercti dvdmt itde da@xédt an
object to be processed without generating nmelt or fractures deviating from
lines 25 to bdiciactoipra surd ques ofiahevlodf @cthe Thierlef-ora vatging elodntand
productivity of products (e.g., sem conductor chips, 196 FPOL-0144-00
pi ezoel ectri c Rdedfi cle hii plsigratndt 3li sptayedlewi dest siivh axjedt gui Blddyst al)
prepared by cutting objects to be processed can be inproved.
Steps 5113 and 5115 are similar to steps S113 and S115

shown in Fig. 15. The foregoing divides the object 1 intc

silicen chips.

10 Effects of the tenth example of this embodiment will
be explained. The tenth example irradiates the object to
be processed 1 with pulse laser light L while adjusting the
positicon of light-converging point P in the thickness
direction of object 1, thereby forming a modified region.

15 This can control the position of a modified region in the
thickness direction of object 1. Therefore, changing the
position of a modified region in the thickness direction

{ of object 1 according to thematerial and thickness of object
1, effects of processing, and the like enables cutting in
20 conformity tc the object 1.
Industrial Applicability
The laser processingmethodand apparatus inaccordance
with the present inventicn can cut an obiject 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 preductivity of preducts {e.g., semiconductor chips,
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197 1ti VIP. IN, FPO1-0144-00 Anended d ains under PCT Art.34 1. (Anended) A
met hod of formng a line along which an object is intended to be ‘cuf;: the
met hod conprising a step of irradiating the object to be processed with
laser 5 light with a |ight-converging point |ocated therewithin, r$81a81§8-0¢
forma nodified region caused by nultiphoton absorption within the object,
and forma line along which the object is intended to be cut, constituted
by the nodified region, in a region separated froma surface of the object
10 on a laser light entrance face side toward inside by a predeterm ned

di stance. 2. (Anended) .A .nethod of formng a.line along which _t ject is
intended to b&flceu O,e%t Te et hoedVlc%errpCFklus?Sng aand s(flle%p%_fyi g?\él Fat | ﬁléglgnggbj ect

to be processed wi.th laser.15 light with a |ight-caonvergin gi.nt | ocated
Lherew thin bl nCESRAPLT ot TIT A oGk pHIBPPdgHer: oo ot Broreastds o
108 (WcnR) at_the light-converging point and a pulse wwdth of 1 ps or

| ess, so as t&apo&ﬁidgﬁﬁ&w'qed region including a crack region within the
object, and forma line along which 20 the object is intended to be cut,
constituted by the nodified region, in a region separated froma surface of
the object on a laser light entrance face side toward inside by a
predeterm ned di stance. 3. (Anmended) A nethod of forming a |line along which
25 the object is intended to be cut, the nmethod conprising a step of
irradiating an object to be processed with | aser



198 1 1!, P sk 20C FP01-0144-00 1ight with a |ight-converging point |ocated
therewi thin wunder a condition with a peak power density of atsleasfiil X
108 (WcnR) at the light-converging point and a pul se width o} 1lis or

| ess, so as to forma nodified region including 5 a nolton processed region
within the object, and forma line along which the object is intended to be
cut, constituted by the modified region, in a region separated fifr®fdaCl44-00
surface of the object on a laser |light entrance face side toward inside by
a predeterm ned distance. 10 4. (Anended) A nethod of formng a line al ong
which the object is intended to be cut, the nmethod conprising a step of
irradiating an object to be processed with laser light with a

| i ght - conver giAeepiadtClaiaa athdeare BSH tHith 3dunder a condition with a peak
power density of at least 1 15 x 108 (WcnR) at the |ight-converging point
and a pul se width df- (Pmesded)| esk mafdiah cifofporima addinfe adonggwivhch
including a refractive index change region which is a region with a

changed r ef r acat @ jawex swilbiendeke tobpectutanghe onathodli penpai shgawai ch t he
object is intended to be cut, constituted 20 by the nodified region, in a
regi on separ ateted cdmigrediriéag ohetdlel obf der benpaolaserd wghh baseance
face side toward inside by a predeterm ned distance. 5. (Arended) A nethod
of formdng a |ikEhalwidd whi-éehtreengpreéngi sointehdedted beereiwibleéording to
one of claims 25 1 to 4, wherein the laser light emtted fromthe | aser

| i ght so as to form a mcdified region caused by multiphoton

absorption within the object, and form a line along which

the object is intended to be cut, constituted by themodified

region, in a reglon separated from a surface of the object

10 on a laser light entrance face side toward inside by a
predetermined distance.

2. {(Amended) A method of forming a line along which

the object is intended to be cut, the method comprising a

step of irradiating an object to be processed with laser

15 light with a light-converging point located therewithin

under a condition with a peak power density of at least 1

xlOB(W/cmﬂ at the light-converging peint and a pulse width

of 1 ps or less, so as to form a modified region including

a crack regicn within the object, and forma line along which

20 the object is intended to be cut, constituted by themodified

region, in a region separated from a surface of the object

on a laser light entrance face side toward inside by a
predetermined distance.

3. (Amended) A method of forming a line along which

25 the object is intended to be cut, the method comprising a

step of irradiating an object to be processed with laser
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source includes pulse laser light. 199 1 4 i"t~ IrGi FP01l-0144-00 6.
(Amended) A nethod of forming a line along which the object is intended to
bercut ‘according to one of clains 1 to 5 wherein the irradiatin . obj ect
to be processed wth laser light with a |ight-converging poinﬂ#”&@jmﬁd 5
therewithin is carried out by irradiating the object with |aser |ight
emtted fromone |aser |ight source while converging the |aser | Fghtl-aidi4-00
| ocating a |ight-converging point within the object. 7. (Anrended) A nethod
of formng a line along which 10 the object is intended to be cut according
to one of claimse 1 to 5, wherein the irradiating an object to be processed
with laser light wwth a |ight-converging point located therewithin is
carried out bylighadiwathng Lhghaebreatewiyihg pophur abchyedf thasewilohght beans
emtted fromrespective 15 laser light sources fromdifferent directions
whil e | ocatingndespeciaoneitightwictnwepgaigopwentdent ity nof et lofy=ctl. B.
(Amended) A nethod of forming a line along which the object is intended to
be cut accor dingofowa@i’m & tha0l wter-atontdwyiplapalintyared al psese Wiightth beans
emtted fromrespective laser |light sources enter the object fromthe
surface thereohf O.ud Arended) #o et hedfotmf & rmbdigf ted imeri@rmwigaidihg t he

object is intended to be cut according to claim7, 25 wherein the plurality
of lasef |ightasouteesptocksdedad@sarwithin the cbject, and form a line
along which the object is intended to be cut, constituted
by the modified region, in a region separated from a surface
of the object on a laser light entrance face side toward
inside by a predetermined distance.

10 4. (Amended) A method of forming a line along which
the object is intended to be cut, the method cowmprising a
step of irradiating an object to be processed with laser
light with a light-converging point located therewithin
under a condition with a peak power density of at least 1

15 x 10% (W/cm®) at the light-converging point and a pulse width
of I ns or less, so as to form a modified region including
a rerfractive index change region which is a region with a
changed refractive index within the object, and form a line
along which the object is intended to be cut, constituted

20 by the modified region, in a region separated from a surface
of the object on a laser light entrance face side toward
inside by a predetermined distance.

5. (Bmended) A method of forming a 1ine along which
the object is intended to be cut according to one of claims

25 1 to 4, wherein the laser light emitted from the laser light

source includes pulse laser light.
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|l ight source for emtting a | aser |light beamentering the 2001 4 MAR 2IT"
FPO1- 0144-00 object fromthe surface thereof, and a |laser |ight source for
emtting a |laser |ight beamentering the object from the rear fas@R{ereof.
10. (Amended) A nethod of formng a line along which 5 the object is
intended to be cut according to one of clainms 7 to 9, wherein the plurality
of laser light sources include a |ight source section having | asepoliiFghta4a-0¢
sources arranged in an array along the Iine along which the object is
intended to be cut. 10 11. (Anmended) A nethod of forming a |ine along which
the object is intended to be- cut according to one of clainms | to 10,

wherein the nodified region is fornmed by relatively noving the object with

respect to the |ightecanwengisiy pohmethold baskirnimht 1 Deatdd iy Wikt he
object. 15 12. (Amended) A cutting nethod conprising a cutting step of

cutting the obigetormaty ishenténgealtangevhithddiadionj eetons dMtardad to be
cut fornmed by the nethod of forming a line along which the object is

intended to beictt Bcaredidih the oneadfatlaymn lodiedl.t2®eldrochArrrded) A
met hod of forming aline along which the object is intended to be cut

according to ometRf labarmdightt avikh avherghi-ddrevobjaey bochudescal-ass. 14.
(Amrended) A nethod of forming al ine along which the object is intended to

be cut gccordi tgetowobRinfigl@mmedut b dZradher g e cebjerat witel udes a
pi ezoel ectric
laser light emitted from one laser light source while
converging the laser light and locating a light-converging
point within the object.
7. (Amended) A method of forming a line along which
10 the object is intended to be cut according to one of claims
1 to 5, wherein the irradiating an object to be processed
with laser light with a light-converging point located
therewithin is carried out by irradiating the object with
a plurality of laser light beams emitted from respective
15 laser 1light sources from different directions while
locating respective light-converging points within the
‘objéct.
8. (Amended) A method of forming a line along which
the object is intended to be cut according to claim 7,
20 wherein the plurality of laser light beams emitted from
respective laser light sources enter the object from the
surface therecof.
9. (Amended) A method of forming a line along which
the object is intended to be cut according to claim 7,

25 wherein the plurality of laser light sources include a lLaser

light source for emitting a laser light beam entering the
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material. 201 1 4 MAP 'a( FPO1-0144-00 5 15. (Anmended) A nethod of formng a
l'ine along which the object is intended to be cut according to one of
clains 1 to 12, wherein the object includes a sem conductor matlerital ii'16.
(Anended) A nmethod of formng a line along which- the object is intended to
be cut according to one of clains 1 to 15, wherein the object is a materi al
transparent to laser light irradiated. 17. (Amended) A nethod of FPEinrDAG 4&-00
i ne al ong which 10 the object is intended to be cut according to one of
claimts 1 to 16, wherein the surface of the object is formed with an
el ectronic device or electrode pattern. 18. (Anended) A nethod of formng a
line along which the object is intended to be cut, the nethod conprising
15 a step of isbpakittimgn £lzsesucdadectoerraterdal aMlitdsdraderghlt ghtirwict h a
|'i ght-converging point |located therewithin under a condition with a peak
power density Dfr admitedisig la dadkd8 (iWhndeaat ehlierlinghtheonkeergitngrpai nt and
a pulse width of 1 ps or less, so as to forma nodified region within the
20 sem conductitie ne¢®r | Bhce aidtefeosfn a | i ne al ong which the object is
intended to be cut, constituted by the nodified region, in a region
separated from a surfGcdélAnbnthd) seéamethddctibEfomaipgial ina sl dras et ilchght
entrance face side toward inside by a predeterm ned di stance.
5 the object is intended to be cut according to one of claims

7 to 9, wherein the plurality of laser light sources include

a light source section having laser light sources arranged

in an array along the line along which the object is intended

to be cut.
10 11. (Amended) Amethod of forming a line along which

the object is intended to be cut according to one of clains

1 to 10, wherein the modified region is formed by relatively

moving the object with respect to the light-converging point

of laser light located within the object.
15 12. {Amended) A cutting method comprising a cutting

step of cutting the cocbject along the line along which the

object is intended to be cut formed by the method of forming

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

to one of claims 1 to 11.
20 13, (Amended) Amethod ¢f forming a line along which

the object is intended to be cut according to one of claims

1 to 12, wherein the object includes glass.

14. (Amended) A method of forming a 1ine along which
the obiect is intended to be cut according to one of claims

25 1 to 12, wherein the object includes a piezoelectric

material.
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25 19. (Anended) A nethod of formng a line along which the object is
intended to be cut, the nmethod conprising a 202 1 4 VAR M S FP0O1-0144-00

step of irradiating a piezoelectric material with laser |ight wii#HA%0%

| i ght-converging point |located therewithin under a condition with a peak
power density of at least 1 x 109 (WcnR) at the |ight-converging point and

a pulse width 5 of 1 }is or less, so as to forma nodified regi on FEQIMOL 40e00
pi ezoel ectric material, and forma line along which the object is intended

to be cut, constituted by the nodified region, in a region separated froma
surface of the piezoelectric material on a laser light entrance face side

10 toward inside by a predeterm ned distance. 15 20. (Anmended) A nethod of

forming a |ine al onglghi(@meridel)obj Bade thed Of eaded nigoa he neus L asgandidlg to
one of clainms 1 to 19, wherein the object has a surface forned with a
plurality of cktheubhjsectisonsreadddwhensi authecdd giing arvengi df qiai s of

|l aser light is located within the object so as to face a gap forned between
adj acent circuit tsecltpnsihamenia ttige pborfakitt yiroflicidcuat sesEdidanstad .

(Anmended) A nmethod of formng a line along which 20 the object is intended
to be cut accomdisgit®.claim 20, wherein laser light is converged by an
angl e keeping the laser light fromirradiating the plurality of circuit
sections. 16. {Amended) Amethod of forming a 1line along which
the object is intended to be cut according to one of claims
1 to 15, wherein the object is a material transparent to
laser light irradiated.
17, {(Amended) - Amethod of forming a line along which
10 the object is intended to be cut according to one of claims
1 to 16, wherein the surface of the object is formed with
an electronic device or electrode pattern.
18. {Amended) A method of forming a line along
which the object is intended to be cut, the method comprising
15 a step of irradiating a semiconductor material with laser
light with a light~converging point located therewithin
under a condition with a peak power density of at least 1
XIOSfW/cmﬂ at the light-converging point and a pulse width
of 1 us or less, so as to form a modified region within the
20 semiconductor material, and form a line along which the
object is intended to be cut, constituted by the modified
region, 1in a region separated from a surface of the
semiconductor material on a laser light entrance face side
toward inside by a predetermined distance.

25 19. {Amended) Amethod of forming a 1ine along which

the object is intended to be cut, the method comprising a
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22. (Anended) A nethod of - forming a line along 25 which the object is
intended to be cut, the nmethod conprising a step of irradiating a
sem conductor material with |laser 203 FP0O1-0144-00 light with a1 4 MAR 108
| i ght-converging point |ocated therewithin, so as to forma nolton
processed only within the .sem conductor, and forma |ine along which the
object is intended to be cut, constituted by the nodified regi onfP0h-61a4-00
region separated froma surface of the sem conductor material on a | aser
| ight entrance face side toward inside by a predeterm ned distance. 23.
(Anmended) A nmethod of formng a line along which the object is intended to
be cut, the nmethod conprising a 10 step of irradiating an object to be
processed withstasesflightdehtipgi gapliiyzpelactzéd matbranl ek tpt tasky of
other than 1 such that a light-converging point of the laser light is
| ocated wi thinlidiet obj€elct aal bggttbenmapoinaxpsint aocaebdi pserendihahi ve of
the elliptical polarization of laser 15 light, so as to forma nodified
regi on caused ixydemild iqohetion orabdahpti paaw bbivar tdenobj eelf, aandebetmia | i ne
al ong which the object is intended to be cut, constituted by the nodified
region, in a regodnwends attedhtrlonta storfeneyiofg pbenebjrech pudscawlhiasar | i ght
entrance face side toward inside by a 20 predeterm ned di stance. 24.
(Anmended) Anetdibd b borivsy &d kretal ongn whinolifibe wohyieot wishimt éhded to
be cut, the nethod conprising a step of irradiating an object to be
processed W tlplasssiedtight mitepiatal hydpddbani zetdimet Alangelvhiphi ¢thiey of
ot her

object is intended to be cut, constituted by the modified

region, in a region separated from a surface of the
pilezoelectric material on a laser light entrance face side
10 toward inside by a predetermined distance.
20. {Amended) A method of forming a line along which
the object is intended to be cut according to one of claims
1 to 19, wherein the cbject has a surface formed with a
plurality of circuit sections; and
15 wherein the light-converging point of laser light is
located within the object so as to face a gap formed between
adjacent circult sections among the plurality of circuit
sections.
21. (Amended) A method of forming a line along which
20 the object is intended to be cut according to claim 20,
wherein laser light is converged by an angle keseping the
laser light from irradiating the plurality of circuit
sections.
22. (Amended) A method of ferming a line along
25 which the object is intended to be cut, the method comprising

a step of irradiating a semiconductor material with laser
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25 than 1 such that a light--converging point of the laser light 1is |ocated
within the object while noving the |aser |ight 204 FPOL-0144-Q0 al ong the
maj or axis of an ellipse indicative of the elliptical polarization of |aser
light under a condition wth a peak power density of at |east L x:108..
(WcnR) at the 1light-converging point and - a pulse width of 1 s or I'ess, 5
so as to forma nodified region including a crack region wthin the object,
and forma line along which the object is intended to be cut, coR8Pltlfigd-00
by the nodified region, in a region separated froma surface of the object
on a laser |light entrance face side toward inside by a predeterm ned 10
di stance. 25. (Anmended) Anethod of formng a line along which the object is
intended to be cut, the method conprising a step of irradiating an object
to be processedighitt wiltdser 1ikhghtosheirgtingabbynpolarkzed wheheantélihipticity
of other 15 than 1 such that a light-converging point of the laser light 1is
| ocat ed wi t hi s hetsobjtect fahial ea nowd nigpt hep dassrsdd ghinl val enghtime toljeor axi s
of an ellipse indicative of the elliptical polarization of |aser |ight
under a condi tsem camdurta peaaddwem deddinkey agbnat wheabdt thexobf8ctWisnR) at
the 20 light-converging point and a pulse wdth of 1 ps or less, so as to
form a nodi fi eichtreeglash tionicd udithg ca risdlittore ot bgesseduodn tiddch riekyg. cobj eat , and
forma line along which the object 1is intended to be cut, constituted by
the noddfied regromnioniseparagedniseparatsed famm af stiné asemdfonHecdbjrect on
a laser 25 light entrance face side toward inside by a predeterm ned
material on a laser light entrance face side toward inside

by a predetermined distance.
23. {Amended) Amethod of forming a line along which
the object is intended to be cut, the method comprising a
10 step of 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 the object along the major axis of an

tion of laser

[M]

ellipse indicative of the elliptical pelariz
15 light, so as to form a modified region caused by multiphoton
absorption within the object, and form a line along which
i the object is intended to be cut, constituted by the modified
region, in a region separated from a surface of the object
on a laser light entrance face side toward inside by a
20 predetermined distance.
24 . (Amended) A method of forming a line along which
the object is intended to be cut, the method comprising a
step of irradiating an object to be processed with laser
light elliptically polarized with an ellipticity of other
25 than 1 sﬁch that a light-converging point of the laser light

is located within the object while moving the laser light
204



di stance. 205 FP01-0144-00 26. (Amended) Amethod of formng a |ine al ong
which the object is intended to be cut, the nethod conprising a step of
irradiating an object to be processed with laser |ight eIIiptiﬁq!%%,mg;
polarized with an ellipticity of other 5 than 1 such that a Light=-conhvérging
point of the laser light 1is located within the object while noving the
| aser light along the major axis of an ellipse indicative of theFPC1-0144-00
elliptical polarization of |aser light under a condition wth a peak power
density of at least 1 x 108 (WcnR) at the 10 |ight-converging point and a
pul se width of 1 ns or less, so as to forma nodified region including a
refractive index change region which is a region wwth a changed refractive
i ndex within thécobj ette, raatbf oaria lafheaml endipbech.ntdieatdbjeect £i $£hient ended
to be cut, constituted by the nodified 15 region, in a region separated from
a surface of theloppécsl pmlarlaseiohightlasdr dnicghd arelesi decbowadrtdoinnsi de
by a predeterm ned distance. 27. (Anended) A nethod of formng a line along
whi ch the objetthis peatepdedrtdehei tytofaatotdisig 1t @ bde (8 cof piats th20 23 to
26, wherein the elliptical polarization is linear polarization with an
ellipticity oflighb-rc@Bvefdhegdes)ntAretdied pafl skowiilhy af 11 nes alrodgswhi ch
the object is intended to be cut according to one of clains 23 to 2-1,
wher ei n5t he el bbpéscid yfafm & Inguti Tiadd podardrz dtnadndng & adjipest edghipn
changing the angle of direction of a quarter-wave plate.

within the cobject, and form a line along which the object

is intended to be cut, constituted by the modified region,
in a region separated from a surface of the cbject on a laser
light entrance face side toward inside by a predetermined
10 distance.
25. (Amended) A method of forming a line along which
the object is intended to be cut, the method comprising a
step of irradiating an object to be processed with laser
light elliptically polarized with an ellipticify of other
15 than 1 such that a light-converging point of the laser light
is located within the object while moving ths laser light
along the major axis of an ellipse indicative of the
elliptical polarization of laser light under a condition
with a peak power density of at least 1 x 10® (W/cm®) at the
20 light-converging point and a pulse width of 1 us or less,
so as to form a modified region including a molton processed
within the object, and form a line alcng which the object
is intended to be cut, constituted by the modified region,
in a region separated from a surface of the object on a laser
25 light entrance face side toward inside by a predetermined

distance.
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206 1 4 MAR 20f' E FPOL-0144-00 29. (Anended) Anethod of formng a line along
which the object is intended to be cut according to one of ClaLnB” ,23:t0
28, conprising a step of irradiating the object with |aser |ight Wiile
rotating the polarization of |aser Iight 5 by about 90 by a hal f-wave pl ate
after the step of formng the nodified region. 30. (Anended) A nethod of
formng a line along which the object is intended to be cut accor@dhgbida4-00
one of <clains 23 to 28, conprising a step of irradiating the object 10 with
| aser light while rotating the polarization of laser |ight by about 90
about a thickness direction of the object by a half-wave plate after the
step of formng the nodified region. 31. (Anended) A cutting nethod
conprising a step of26 15Anendddat i dgmahhobjeetfotmibhg Ppionesslachgwhhchaser
i ght such that a |ight-converging point of laser light elliptically
pol ari zed wi t htten oddjaqit il tiyptehdettheo bdanit, itchd oeasthed! complriis ithkyeaobj ect
whil e noving the laser light along the major axis of an ellipse indicative
of the elliptisadp 20 piotrard izettiiran aof dgisert ltoghte, psocasstd ach aasedi fi ed
region, and forma line along which the object is intended to be cut,
constituted bylidter rddiifdtedaldgi pnlaici zadr eftbhnan seplaietied tfy oM atkarf ace of
the object on a laser light entrance face side toward inside by a
pr edet ed m ned that ansgech 2hagna ldghtti-ngrivee gibjeept iat angthbd ddenelabbhng whi ch
the object 1is intended to be cut.

is located within the object while moving the laser light

along the major axis of an ellipse indicative of the
elliptical polarization of laser light under a condition
with a peak power density of at least 1 x 10% (w/cm®) at the
10 light-converging point and a pulse width of 1 ns or less,
so as to form a modified region including a refractive index
change region which is a region with a changed refractive
index within the object, and form a line along which the
object is intended te be cut, constituted by tha modified
15 region, in a region separated from a surface of the object
on a laser light entrance face side toward inside by a
predetermined distance.
27. {Amended) Amethod of forming a line along which
the object is intended to be cut according to one of claims
20 23 to 26, wherein the elliptical polarization is linear
polarization with an ellipticity of zero.
28. (Amended) Amethodof forming a line along which
the object is intended to be cut according to one of claims
23 to 27, wherein the ellipticityofelliptical polarization
25 is adjusted by changing the angle of direction of a

quarter-wave plate.
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207 1 4' R'Hlls, FPO1l-0144-00 32. (Anended) An apparatus for formng a
line along which the object is intended to be cut, the apparatus s
conprising: a laser light source for emtting pul se laser |ight 1% 'f&ullhng a

pul se wdth of I is or |less; noving neans for noving the pul se |aser |ight
with respect to an object to be processed; ellipticity adjusting neans for
maki ng the pulse laser |ight emtted fromthe |aser |ight sourcerRbtiabn44-o0

elliptical 10 polarization with an ellipticity of other than 1; major axis
adj usting neans for making the major axis of an ellipse indicative of the
elliptical polarization of pulse |aser light adjusted by the ellipticity
adjusting neans extend in a predetermned direction with respect to 15 the
movi ng means; |ight -z®nvaemngnagdreans nkehodasy €ogniggtd1eipel Seod@aaichl | ght
adjusted by the mgjor axis adjusting neans such that the pulse |aser |ight

attai ns a peaktpewssj«enikt inoéndéd dedst cdt XaddTF(IWLAB)omd of claims
| i ght - converging point thereof; 20 focusing neans for |ocating the

| i ght - conver gi ng tpaQisnt cohppilksyl @sated bghtreaavetged e g ect with
| i ght-converging neans within the object; and control neans for controlling

the nmoving neangsetheigHt ghtieorves ging tRaps.laandathenf OEUSIS¥Y MBgAR%, SO as
to 25 forma nodified region along the noving direction of the noving neans
wi thin she objegtaband 9b6riny & hkne-ahoagphtemfter the step of forming

the modified region.

30. (Amended) A method of forming a line along
which the object is intended to be cut according to one of
claims 23 to 28, comprising a step of irradiating the object

10 with laser light while rotating the polarization of laser
light by about 90° about a thickness direction of the object
by a half~wave plate after the step of forming the modified
region.

31. {Amended) A cutting method comprising a step of

15 irradiating an object to be processed with laser light such
that a light-converging point of laser light elliptically
polarized with an ellipticity of other than 1 is located
within the object while moving the laser light along the
major axis of an ellipse indicative of the elliptical

20 polarization of laser light, so as to formamodified region,
and form a line along which the cbject is intended to be
cut, constituted by the modified region, in a region
separated from a surface of the object on a laser light
entrance face side toward inside by apredetermined distance,

25 and cutting the object along the line along which the object

is intended to be cut.
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208 1, rr 1 4 MAR FPOL-0144-00 5 10 15 20 the object is intended to be
cut, constituted by the nodified region, in a region separated froma
surface of the object on a laser light entrance face side toward # /4% d& by
a predeterm ned distance. 33. (Amended) An apparatus for formng a line
al ong which the object is intended to be cut according to claim 32,
conprising 90 rotation adjusting neans adapted to rotate the pol BFP2zabildi-00
of pulse laser light adjusted by the ellipticity adjusting nmeans by about
90. 34. (Anmended) An apparatus for formng a line along which the object is
intended to be cut according to claim 32, conprising rotating neans for
rotating a table for nounting the object by about 90 about a thickness
direction of the obZct{Am8bdefiAnendedppAnaappaiat de rirdingf arlminegadohigne
along which the object is intended to be cut, the -apparatus conprising: a
| aser |ight souiriehf bheenbieictg ipul setémdst toght ddvi ngha ppbaeawsiidt h of 1
us or less and linear polarization; noving neans for relatively noving the
pul se | aser comprising:
a laser light source for emitting pulse laser light
) having a pulse width of 1 us or less;
moving means for moving the pulse laser light with
respect to an object to be processed;
ellipticityadjusting means for making the pulse laser
light emitted from the laser light source attain elliptical
10 polarization with an ellipticity of other than 1;
major axis adjusting means for making the major axis
of an ellipse indicative of the elliptical polarization of
pulse laser light adjusted by the ellipticity adjusting
means extend in a predetermined direction with respect to

15 the moving means;

light~converging means 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 107 (W/cm®) at a light-converging point thereof;

20 focusing means for locating the light—-converging
point of pulse laser light converged by the light-converging
means within the object; and

control means for controlling the moving means, the
light-converging means, and the focusing means, so as to

25 form a modified region along the moving direction of the

moving means within the object, and form a line along which
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light with respect to an object to be processed; |inear polarization
adj usting neans for making the direction of |linear polarization of the
pul se laser light emtted fromthe laser light source align w tih @280
predetermned direction with respect to the noving neans; |ight-converging
means for converging the pulse | aser 209 FP01-0144-00 5 |ight adjusted by
the linear polarization adjusting nmeans such that the pul se | aserP0ight 44-00
attains a peak power density of at least 1 x 108 (WcnR) at a
| i ght-converging point thereof; focusing neans for |ocating the
|'i ght-converging point of the pulse |aser |ight converged by the
| i ght-converging point wwthin the object; and control neans for controlling
t he novi ng neants obhectligbhtendeerg bg cmtansenandt & bed bogctise rgpdieERs] so as
to 10 forma nodified region along the noving direction of the noving neans
wi thin the objegiiomndnf ar feai bh neepd citgedMiirol at berdbiecsdf ithd nerded to be
cut, constituted by the nodified region, in a region separated froma
surface of thermh etiseonlaghasentlriaght entrandeld acevstdeihonaedbiynsd de by
a 15 predeterm ned distance. 36. (Not Amended) A | aser processing apparatus
conprising: admsktdanghiedsalirsatmricer. emtting pul se laser light having a
pulse width of I is or less; 20 power adjusting neans for adjusting the
magni t uslle of power 36f. t heammridel) asem |aghdraemd t éd-f rfonnihe laseinki ght
along which the object is intended to be cut according to
claim 32, comprising 90° rotation adjusting means adapted
to rotate the polarization of pulse laser light adjusted
by the ellipticity adjusting means by about 90°.
10 34. (Amended) An apparatus for forming a line along
which the object is intended to be cut according to claim
32, comprising rotating means for rotating a table for
mounting the object by about 90° about a thickness direction
of the object.
15 35. (Amended) An apparatus for forming a line along
which the object is intended to be cut, the apparatus
i comprising:
a laser light source for emitting pulse laser light
having a pulse width of 1 us or less and linear polarization;
20 moving means for relatively moving the pulse laser
light with respect to an object to be processed;
linear polarization adjusting means for making the
direction of linear polarization of the pulse laser light
enmitted from the laser light source align with a

25 predetermined directicn with respect to the moving means;

light-converging means for converging the pulse laser
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source according to an input of the magnitude of power of pulse |aser
light; |ight-convergi ng neans for converging the pulse laser 25 |ight

adj usted by the linear polarization adjusting nmeans

such that theipUlisg:

| aser light attains a peak power density 210 1 4 ,,1 ~C5 FPOL-0144-00 of at

least 1 x 108

(WcnR) at a light-converging point thereof; means for

| ocating the |ight-converging point of the pulse |aser |ight converged by

the light-converging neans 5 within an object to be processed; aR@0apWildgl-00

means for relatively noving the |ight-converging point of pulse |aser

along a line

further conpri sing:

i ght

al ong which the object is intended to be cut in the object;

wherein one nodified spot is formed within the object 10 by irradiating the
object with one pulse of pulse laser light while locating the
| i ght - conver gi higglpoiatd] we tdd oyt ke dbreet; pd berl aseropratipsst gy appanat us

correlation storing nmeans having stored therein a 15

correl ati on betweenhialiet magnitasdéaetrpoert et tpuhsea lpesdk padpusieds byyt he
power adjusting neans and the size of nodified spot; size selecting neans
for choosing, @tcatdlagstolan lIMpust/et’aghi tudd gbft pomere afimpyl seihaser
20 of the nodified spot forned at the nmagnitude of power from
the correl ati athestering neans; and

l'ight, a size

5

10

15

20

25

focusing means for locating the light-converging
point of the pulse laser 1light converged by the
light-converging point within the object; and

control means for contrelling the moving means, the
light-converging means, and the focusing means, so as to
form a modified region along the moving direction of the
moving means within the object, and form a line along which
the object is intended to be cut, constituted by the modified
raglion, in a region separated from a surface of the object
on a laser light entrance face side toward inside by a

predetermined distance.

36. {Not Amended) A laser processing apparatus comprising:

a laser light source for emitting pulse laser light
having a pulse wiath of 1 ps or less;

power adjusting means for adjusting the magnitude of
power of the pulse laser light emitted from the laser light
source according to an input of the magnitude of power of
pulse laser light;

light-convergingmeans for converging the pulse laser
light adjusted by the linear polarization adjusting means

such that the pulse laser light attains a peak power density
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size display neans for displaying the size of nodified spot chosen by the
size selecting neans. 37. . (Not Amended) A | aser processing apparatus 25
conprising: a laser light source for emtting pulse |aser |ight 211 14 MAF
2 0 05 FPO1-0144-00 having a pulse width of 1 .is or less; a M 7009

| i ght-converging I ens for converging the pulse |aser Ilght enltted fron1the
| aser |ight source such that the pulse laser light attains a peaeqiover44-90
density of at 5 least 1 x 106 (WcnR) at a |ight-convergi ng point thereof;
nunerical aperture adjusting neans for adjusting the size of nunerical
aperture of an optical systemincluding the |ight-converging |ens according
to an inputted size of nunerical aperture; 10 neans for |ocating the

|'i ght - conver gioifg apoilrtasaf 1t he 105ul 9% dudsent! iaghti eonvesirged-diyad Neoint

i ght-converging lens wthin an object to be processed; and novi ng neans
for relativel yhawebig t he | i ght-converging point of pulse |aser |ight
along a line 15 along which the object is intended to be cut in the object;

wherein one nodifiedespstfds loenrragvhbi i gie-ohjestgidy doiradbat tng t he
object with one pulse of pulse laser light while locating the
| i ght - conver gbng spol Atewi I ik ¥ verged by the light-converging means
5 within an object to be processed; and
moving means for relatively moving the
light-converging point of pulse laser light alceng a line
along which the obiect is intended to be cut in the object;
wherein one modified spot is formed within the object
10 by irradiating the object 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
15 correlation between the magnitude of power of pulse laser
adjusted by the power adjusting means and the size of
modified spot;
size selecting means for choosing, according to an
inputted magnitude of power of pulse laser light, a size
20 of the modified spot formed at the magnitude of power from
the correlation storing means; and
sizedisplaymeans for displaying the size of modified
spot chosen by the size selecting means.
37. . (Not Amended) A laser processing apparatus
25 comprising:

a laser light source for emitting pulse laser light
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obj ect; 20 the | aser processing apparatus further conprising: correlation
storing neans having stored therein a correlation between the size of
nunmerical aperture adjusted by the power adjusting neans and {hesigg of

nodi fied spot; size selecting nmeans for choosing, according to the 25

i nputted magni tude of power of pulse laser light, a size of the nodified

spot forned at the size of nunerical aperture 212 1 4 MAR 2J05 FP@t010044+40000
fromthe correlation storing neans; and size display nmeans for displaying

the size of nodified spot chosen by the size selecting neans. 38. . (Not
Amended) A | aser processing apparatus 5 conprising: a laser |ight source

for emtting pulse laser light having a pulse width of 1 p.s or |less; and

| ens sel ectinghAaeang knghudengiathl vrality ©f 1&sght-converging |enses for
converging the pulse laser 10 light emitted fromthe |laser |ight source

such that the pul se haseghki-gbhvaktangs 1anpeato Poveivaensidyrhk dulleast 1 X
10B (WcnR) at a light-converging point thereof, the I ens selecting neans

bei ng adapted t@ssel ecgharmmo: tedl i ithe 18keki ghiheosmer@ naidienses; a
plurality of optical systenms 15 including the |ight-converging | enses having

respective nupBei galsapeissresight fefenind romeaehidiedenans Joht
| ocating the light-converging point of the pulse laser |Iight converged by a
| i ght -cgnver gi ngakens x 10® (W/cm®) at a light-converging point thereof;
numerical aperture adjusting means for adjusting the
size of numerical aperture of an optical system including
the light-converging lens according to an inputted size of
numerical aperture;

10 means for locating the light-converging point of the
pulse laser light cenverged by the light-converging lens
within an object to be processed; and

moving means for relatively moving the
light-converging point of pulse laser lightf along a line

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

wherein one modified spot is formed within the object
{ by irradiating the object with one pulse of pulse laser iight
while locating the light-converging point within the

object;

20 the laser processing apparatus further comprising:

correlation storing means having stored therein a
correlation between the size of numerical aperture adjusted
by the power adjusting means and the size of modified spot;

size selecting means for choosing, according to the

25 inputted magnitude of power of pulse laser light, a size

of the modified spot formed at the size of numerical aperture
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chosen by the | ens seléﬁling means within an object to be 20 processed; and
nmovi ng nmeans for relatively noving the |ight-converging point of pulse
| aser light along a line along which the object is intended to be cut in
t he obj ect; wherein one nodified spot is formed within the objdctMi28by
irradiating the object with one pulse of pulse laser light while l[ocating
the light-converging point within the 213 1 1 4 MAR 200; FPO1l-01226060144-00
object; the laser processing apparatus further conprising: correlation
storing neans having stored therein a correl ati on between sizes of nunerical
apertures of a 5 plurality of optical systens including the '
| i ght-converging | enses and the size of nodified spot; size selecting neans
for choosing, fcmoridisegedoral sizen ofonimermeats apeidure of an optical
systemincluding the chosen |Iight-converging lens, a size of the nodified
spot 10 fornmed at the =i désplapunerishbr apeptlave nfy oite shee abnodlidt.iean
storing neans; and size displayneans for displaying the size of nodified
spot chosen byspdie digsesaebecthdags mansel8Sing (iednfAnended) A | aser
processi ng apparatus 15 conprising: a laser light source for emtting pul se
| aser |ight having 38 .pul $¢owi dinbndkd]l p$ dradeessprocessing apparatus
5 comprising:
a laser light source for emitting pulse laser light
having a pulse width of 1 ps or less:; and
lens selecting means including a plurality of
light-converging lenses for converging the pulse laser
10 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/cn?) at a light-converging point thereof, the lens
selecting means being adapted to select among a plurality
of light-converging lenses, a plurality of optical systems
15 including the light-converging lenses having respective
nunerical 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
20 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;
wherein one modified spot is formed within the object

25 by irradiating the object with one pulse of pulse laser light

while locating the light-converging point within the
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power adjusting neans for adjusting the nmagnitude of power of pulse |aser
light emtted fromthe laser light 20 source according to an inp %H@@zm;
magni t ude of power of pulse laser light; a |ight-converging |ens' for™ =™
converging the pulse laser light emtted fromthe |aser |ight source such
that the pulse laser light attains a peak power density of at 25 least 1 x
108 (WcnR) at a light-converging point thereof; nunerical apertppel-0144-00¢
adj usting neans for adjusting the 214 FP01-0144-00 size of nuneri cal
aperture of an optical systemincluding the |ight-converging |ens according
to an inputted size of nunerical aperture; neans for |ocating the

| i ght-converging point of the 5 pulse |aser |ight converged by the

| i ght-convergisgiéens 10 15 20 within an object to be processed; and noving
means for relatively noving the |[|ight-converging point of pulse |aser |ight

along a line al ong sy gl slhe paljceelsiing iapbardedst eubenewt chbAptkheigli.ect ;
wherein one nodified spot is formed within the object by irradiating the

obj ect with one pul s&wfeuiss | asefitd dbanWidein@catbhgdt BRerein a
| i ght-converging point within the object; the |aser processing apparatus
further conpri&digela€sd ebatweBnStsaridyy dEansnbavealy sipirediddiergk naa
5 plurality of optical systems including the
light-converging lenses and the size of modified spot;

size selecting means for choosing, according to a size
of numerical aperture of an optical system including the
chosen light-converging lens, a size of the modified spot

10 formed at the size of numerical aperture £from the
correlation storing means; and

size displaymeans for displaying the size of modified
spot chosen by the size selecting means.

39. .{Not Amended) A laser procsssing apparatus

15 'comprising:
a laser light source for emitting pulse laser light
! having a pulse width of 1 ps or less:;

power adjusting means for adjusting the magnitude of

power of pulse laser light emitted from the laser light
20 source according to an inputted magnitude of power of pulse
laser light;

a light-converging lens for converging the pulse
laser light emitted from the laser light source such that
the pulse laser light attains a peak power density of at

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

numerical aperture adjusting means for adjusting the
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correlation between a set of the magnitude of power of pulse |aser |ight

adj usted by the power adjusting neans and the size of nunerical aperture
adjusted by the nunmerical aperture adjusting neans and the size fﬁﬁﬁpﬁ%ged
spot; size selecting neans for choosing, according to the inputted g
magni t ude of power of pulse laser light and the inputted size of nunerical
aperture, a size of the nodified spot fornmed at the inputted nagRPOLdeland-00
size; and size display neans for displaying the size of nodified 25 spot
chosen by the size selecting neans. 40. . (Not Anended) A | aser processing
apparatus 215 14MA 2Rh FP01-0144-00 conprising: a laser light source for
emtting pulse laser light having a pulse width of | ps or |ess; power

adj usti ng neansiforo Adjunsining It heeragiiet vdeawfopth ey sekbmpithseubaser | i ght
emtted fromthe laser light source according to an inputted magnitude of

power of pul sethé asieyhd-Hc@tve dgingy Sehechtfgrdeansd Aal Letbhungr &d Rliwaabirt y of
| i ght-converging | enses for converging the pulse laser 10 light emtted

fromthe | asernhh@hicspussersuwed; that the pul se |aser light attains a peak
power density of at least 2 x 100 (WcnR) at a light-converging point, the

| ens sel ecting neansaied T@ratlaphedntoriselldeh tar@ngezgphdrgbiiy of the
| i ght-converging lenses; a plurality of optical systens 15 including the
| i ght - cepnver gi gl $ € nNsese hai g1 respestida® 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 be cut in the object;
10 wherein one modified spot is formed within the object
by irradiating the object with one pulse of pulse laser light
while locating the light-converging point within the
object;
the laser processing apparatus further comprising:
15 correlation storing means having stored therein a
correlation between a set of the magnitude of power of pulse
laser light adjusted by the power adjusting means and the
size of numerical aperture adjusted by the numerical
aperture adjusting means and the size of modified spot;
20 size selecting means for choosing, according to the
inputted magnitude of power of pulse laser light and the
inputted size of numerical aperture, a size of the modified
spot formed at the inputted magnitude and size; and
size displaymeans for displaying the size of modified

25 spot chosen by the size selecting means.

40. . (Not Amended) A laser processing apparatus
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nunmerical apertures different fromeach other; neans for |ocating the

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

| i ght-converging I ens chosen by the | ens selecting nmeans within an object
to be 20 processed; and noving neans for relatively noving the 14 MR ™

| i ght-converging point of pulse laser Iight along a Iine along which the
object is intended to be cut in the object; wherein one nodified spet-H$a4-00
formed within the object 25 by irradiating the object with one pulse of
pul se laser light while |locating the Iight-converging point within the 216
FPO -0144-00 object; the |aser processing apparatus further conpri sing:
correlation storing neans having stored therein a correlation between a set
of the nagnltw%%ég Pwer of pulse 5 laser light adjusted by the power

adj usting neans and si zes of nuneri cal apertures of a plurality of optical

systems i ncl udi ngthqagbgh&lgaeveéakee FEPSES Sl §61§E29a9£r m}gh@ ed

spot; size sel ecting neans ch 005|ng accor 10T npuft ed

magni tude of power, pf, Iwggy dght ,an % I%1S§mze of nunerical aperture
of an opti cal systen1| o u Ing t e chosen t-converging | ens, a si ze of

the roditied spol e/ed O?a%gégnggmﬁy%:aggﬁagzfn%ae}%]a ﬁl@u | gygreans

for displaying the 15 spot chosen |ze se ecting

means. 41. . (Dol ABNdat)s A 1 2888 PLACESShIG APPAH M UShe laser lighnt

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
10 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, the lens selecting
means being adapted to select among a plurality of
light-converging lenses, a plurality of optical systams
15 including the 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 the light-converging lens
chosen by the lens selecting means within an object to be
20 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;
wherein one modified spot is formed within the object
25 by irradiating the object with one pulse of pulse laser light

while locating the light-converging point within the
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according to one-of clains 36 to 40, conprising: imge preparing neans for
preparing an imge of nodified spot having the size selected by the size
selecting 20 neans; and i mage di splay nmeans for displaying the inage
prepared by the inage preparing neans. 42. . (Not Anended) A | aser/: M5
processi ng apparatus conprising: 25 a laser |light source for enlttlng pul se
| aser light having a pulse width of 1 us or less; 217 14 ma, NI

FPOL- 0144- QQ power adjusting neans for adjusting the nmagnitude of FPpbdwed 4@f-00
pul se laser light emtted fromthe |aser |light source; |ight-converging
means for converging the pulse laser 5 light emtted fromthe | aser |ight
source such that the pulse laser |ight attains a peak power density of at
least 1 x 10% (WcnR) at a |light-converging point thereof; nmeans for

| ocating the léghtetponvergi ng point of the pulse laser |ight converged by
the light-converging neans 10 within an object to be processed; and noving

means for relativel yrioiawgnt iperodesglingc appergitng fornheef cpupsesiager-|i ght
along a line along which the object is intended to be cut in the object;

wher ei n one nodi fi etccapotl dtsi drorsmesr Wig hi@athehobjegt stdbebytheradhati ng t he
object with one pulse of pulse laser light while locating the
| i ght - conver gi atgr pol a0t iow blitweklhes set of the magnitude of power of pulse
5 laser light adjusted by the power adjusting means and sizes
of numerical apertures of a plurality of cptical systems
including the light-converging lenses and the size of
modified spot:
size selecting means for choosing, according to the
10 inputted magnitude of power of pulse laser light and the
size of numerical aperture of an optical system including
the chosen light-converging lens, a size of the modified
spot formed at the magnitude and size; and
sizedisplaymeans for displaving the sizeofmodifiead
15 spot chosen by the size selecting means.
41. . (Not Amended) A laser processing apparatus
according to one of claims 36 to 40, comprising:
image preparing means for preparing an image of
nmodified spot having the size selected by the size selecting
20 means; and
image display means for displaying the image prepared

by the image preparing means.

42. . (Not Amended) A laser processing apparatus
comprising:
25 a laser light source for emitting pulse laser light

having a pulse width of 1 ps or less;
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object; the | aser processing apparatus further conprising: correlation
storing neans having stored therein a 20 correlation between the magnitude
of "power of pulse laser |ight adjusted by the power adjusting neahé?gﬁ&m%he
size of nodified spot; and power selecting neans for choosing, according to
an inputted size of nodified spot, a nmagnitude of power of pulse 25 |aser
| i ght adapted to formthe size fromthe correlation storing neangp02t81il44+00
FPOL1-0144-00 5 the power adjusting neans adjusting the nagnitude of power
of pulse laser light emtted fromthe laser light source such that the
magni t ude of power chosen by the power selecting neans is attained. 43.
. (Not Anmended) A |aser processing apparatus conprising: a |aser |ight
source for emtting pohse ddset drigghtanbafie ngdy ysdisey vhdtam@iiduds of | ess;
a light-converging lens for converging the pulse 10 laser light emtted from
the | aser |ighptoseurcé puthet hatert héghul srikasdr ficbght-hat Laises 4 ipgak power
density of at least 1 x 108 (WcnR) at a light-convergi ng point thereof;
nunmeri cal apertunecadj usting means for adjusting the size of numerical
aperture of an optical .systemincluding 15 the |ight-converging |ens;
light-convergingmeans for converging the pulse laser

5 light emitted from the laser Llight 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 thereof;

means for locating the light-converging point of the
pulse laser light converged by the light-converging means

10 within an object to be processed; and

moving means for relatively moving the
light~converging point of pulse laser .light along a line
along which the cbject is intended to be cut in the object;
wherein one modified spot is formed within the object

15 by irradiating the object 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
20 correlation between the magnitude of power of pulse laser
light adjusted by the power adjusting means and the size

of modified spot; and
power selecting means for choosing, according to an
inputted size of modified spot, amagnitude of power of pulse
25 laser light adapted to form the size from the correlation

storing means;
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means for locating the |light-converging point of the pulse |aser |ight
converged by the light-converging lens wthin an object to be processed;
and nmoving nmeans for relatively noving the 20 Iight-converging p0|nt of
pul se laser light along a line along which the object is i nt ended ‘t'o"be ‘ cut
in the object; wherein one nodified spot is forned within the object by
irradiating the object with one pulse of pulse laser light while |ocating
the light-converging point within the 25 object; the |aser proceS&ihgdlad-00
apparatus further conmprising: 219 1 4 MAR ?? ff, 5 FPOL-0144-00 correl ation
storing neans having stored therein a correlation between the size of
nuneri cal aperture adjusted by the nunerical aperture adjusting neans and
the size of nodified spot; and 5 nunerical aperture selecting neans for
choosi ng, accordi ngheopaneirmpodidedi sy 2@ aofs addubtedgspot matoine tsideeo fof
nunerical aperture adapted to formthe inputted size; the nunerical aperture
adj usti ng neansovad] ust ipglddelasizel ofhinueeirtcad fpent tiie bisséhelbphical
systemincluding 10 the light-converging |l ens such that the size of
nuneri cal aperdaum:«bosentibyt tthe nageitodk @pevtwrecsekenthnghreassari s
attained. 44. (Not Amended) A | aser processing apparatus conprising: 15 a
| aser |ight sasicectfiorg emadrid nigg pitseireaser |i ght
5 43, .{Not Amended) A laser processing apparatus
comprising:
a 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
10 laser light emitted from the laser light source such that
the pulss laser light attains a psak power density of at
least 1 x 10° (W/cm?) at a light-converging point thereof;
numerical aperture adjusting means for adjusting the
size of numerical aperture of an optical system including
15 the light-converging 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
20 light-converging point of pulse laser light along a line
along which the object is intended to be cut in the object;
wherein one modified spot is formed within the object
by irradiating the object with one pulse of pulse laser Light
while locating the light-converging point within the
25 object;

the laser processing apparatus further comprising:
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having a pulse wwdth of 1 us or less; lens selecting neans including a
plurality of |ight-converging | enses for converging the pul se laser |ight
emtted fromthe laser |ight source such that the pul se 20 Iaser;LJ%Pt
attains a peak power density of at least 1 x 108 (WcnR) at d & MAR TG .

| i ght-converging point thereof, the lens selecting neans being adapted to
select anong a plurality of light-converging |lenses, a pluralityred1optisgalgg
systens including the |ight-converging | enses having respéctive 25

nunmerical apertures different fromeach other; neans for |locating the

| i ght-convergi ng point of the 220 FP0O1-0144-00 5 10 15 20 25 pul se | aser

| i ght converged by the light-converging |lens chosen by the | ens selecting

means within an obj eGdr e 416 orPTNCASIRA matk NN Ny "BeRSed OFnE gL ahi wel y
noving the [|ight-converging point of pulse laser Iight along a Iine along

whi ch the obj egirisldttandedwbenbenLylzbmnh H@mebhégtl:apfmlﬁiéﬂaeﬁﬁsﬁe@ fied
spot is forned within the object by irradiating the object wth one pul se

8}; _ gglt se | aserpy it nuMdirieal1068kirAArkhgd) 1Pt ngORYER 91 10 ROINL 1 Wt Bien the
J | modified spot; and

b numerical aperture selecting means for choosing,
according to an inputted size of modified spot, the size

of numerical aperture adapted to form the inputted size;

the numerical aperture adjusting means adjusting the

size of numerical aperture of the optical system including

10 the light-converging lens such that the size of numerical

aperture chosen by the numerical aperture selecting means

is attained.

44 . . (Not Amended) A laser processing apparatus
comprising:
15 a laser light source for emitting pulse laser light

having a pulse width of 1 us or less;
lens selecting means including a plurality of
light~converging lenses for converging the pulse laser
light emitted from the laser light source such that the pulse
20 laser light attains a peak pow=sr density of at least 1 x
109 (W/em®) at a light-converging point thereof, the lens
selecting means being adapted to select among a plurality
of light-converging lenses, a plurality of optical systems
including the light-converging lenses having respective
25 numerical apertures different from each other;

means for locating the light-converging point of the
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the | aser processing apparatus further conprising: correlation storing

nmeans having stored therein a correlation between sizes of nunerical
apertures of the plurality of light-converging | enses and the size:0f;

nodi fied spot; and numerical aperture selecting neans for choosing,

according to an inputted size of nodified spot, a size of nunerical

aperture adapted to formthe inputted size; the lens selecting nmeEns1-0144-00
sel ecting anong the plurality of |ight-converging | enses such that the size
of nunerical aperture chosen by the nunerical aperture selecting neans is
attai ned. 45. (Not Anended) A |aser processing apparatus conprising:

a laser light source for emtting pulse |aser |ight having a pulse w dth of

1 ps or |ess; R2ls&EPQlsH144-dHr powele radidust/i abentaghitFebnadryshiyntahbe
magni tude of power of pulse laser light emtted fromthe |aser |ight

source; a |i ghtegoswerngt nthe enssf oeleonves giagnd he tiulseub obdser kbgbe
emtted fromthe |aser |ight source such that the pulse laser light attains

a peak power denstdéysed; adndleast 1 x |Ca (WcenR) at a |ight-converging
poi nt thereof; nunerical aperture adjusting neans for adjusting the
moving mneans for relatively moving the
5 light-converging point of pulse laser light along a line
along which the object is intended to be cut in the object;
wherein one modified spot is formed within the object
by irradiating the object with onepulse of pulse laser light
while locating the 1light-converging point within the
10 object:;
the laser processing apparatus further comprising:
correlation storing means having stored therein a
correlation between sizes of numerical apertures of the
plurality of light-converging lenses and the size of
15 modified spot; and
numerical aperture selecting means for choosing,
according to an inputted size of modified spot, a size of
numerical aperture adapted to form the inputted size;
the lens selecting means selecting among the
20 plurality of light-converging lenses such that the size of
numerical aperture chosen by the numerical aperture

selecting means is attained.

45, . (Not ZAmended) A laser processing apparatus
comprising:
25 a laser light source for emitting pulse laser light

having a pulse width of 1 us or less;
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size of nunerical aperture of an optical systemincluding 10 the

| i ght-converging | ens; neans for locating the |ight-converging point of the
pul se laser light converged by the light-converging lens wthin an object

to be processed; and noving neans for relatively noving the 15

| i ght-convergi ng point of pulse laser light along a Iine along mhldh“”%e
object is intended to be cut in the object; wherein one nodified §gpotL-09.44-00
formed within the object by irradiating the obj ect with one pul se of pulse

| aser light while locating the light-converging point wwthin the 20

object; the | aser processing apparatus further conprising: correlation
storing neans having stored therein a correlation between a set of the

magni t ude of power ofoypstt seljusadery heght Bl wstied thingt tite POWRT1 A &SI NG
means and the 25 size of nunerical aperture adjusted by the nunerical

aperture adj uspourgr nBaANSudsd Lheesi reght smdttéedrspat rhanda2232 RRQH0144- 00
5 set selecting neans for choosing, according to an inputted size of
nodi fi ed spot,seus€et; of the magni tude of power and size of nunerical
aperture adapted to formthe inputted size; the power adjusting neans and

nunerical aperture =d]ughtAgoffeangiagj UshisnFdrhe-dragstdide ohe PRNErsOf
pulse laser light emtted fromthe |aser |light source and the size of
nunerical aperlager ofigtre pttieal f3yst el Debedi Ngyith&ource such that
the pulse laser light attains a peak power density of at
least 1 x 10° (W/cm®) at a light-converging point thereof;
numerical aperture adjusting means for adjusting the
size of numerical aperture of an optical system including
10 the light-converging 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
15 light-converging point of pulse lasef light along a line
along which the object is intended to be cuft in the object;
i wherein one modified spot is formed within the object
by irradiating the object with one pulse of pulse laser light
while locating the light-converging point within the
20 object;
the laser processing apparatus further comprising:
correlation storing means having stored therein a
correlation between a set of the magnitude of power of pulse
laser light adjusted by the power adjusting means and the

2b size of numerical aperture adjusted by the numerical

aperture adjusting means and the size of modified spot; and
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| i ght-converging | ens such that the magnitude of power and 10 size of

nuneri cal aperture chosen by the set selecting neans are attained. 46. (Not
Anended) A | aser processing apparatus conprising: a laser |ight source for
emtting pulse laser light 15 having a pulse width of 1 ps or {ess; {power
adj usting neans for adjusting the nmagnitude of power of pulse |aser |ight
emtted fromthe laser |ight source; |ens selecting neans including a
plurality of 20 light-converging | enses for converging the puIseFﬁg%é@l44“00
light emtted fromthe laser |light source such that the pulse I|aser |ight
attains a peak power density of at least 1 x 108 (WcnR) at a

| i ght-converging point thereof, the |l ens selecting neans being adapted to
sel ect anong the plurality 25 of light-converging |enses, a plurality of
optical systems ind%UdiFRtIHe 19 GRADMDT TP T EHbe S HRE M espedli ve 223
14 ""AR7I'f"], FPOL-0144-00 nunerical apertures different fromeach other;
means for | ocatHaf i#é Fith i BRIELPAGSPOF nt2 gek v ThaI BeInhkBee| ¢ §ht
converged by the light-converging | ens _chosen by the | ens selecting neans
within an obj W&o P&l H 3% SHedSBET 147d ABFTHY T RedAsPEBR Fel BerRefyenovi ng
the |Ilight-converging point of pulse laser light along a line along which
the object is 4?Hé§ﬁﬁ§l§hﬂ%é cut in the object;

5 the power adjusting means and numerical aperture
adjusting means adjusting the magnitude of power of pulse
laser light emitted from the laser light source and the size
of numerical aperture of the optical system including the
light-converging lens such that the magnitude of power and

10 size of numerical aperture chosen by the set selectingmeans
are attained.

456. . (Not Amended! A laser processing apparatus
comprising:
a laser light source for emitting pulse laser light

15 having a pulse width of 1 us or less:

power adjusting means for adjusting the magnitude of

{ power of pulse laser light emitted from the laser light
source;

lens selecting means 1including a plurality of

20 light-converging lenses for converging the pulse laser

light 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 thereof, the lens

selecting means being adapted to select among the plurality

25 of light-converging lenses, a plurality of optical systems

including the light-converging lenses having respective
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wherein one nodified spot is formed wwthin the object 10 by irradiating the
object with one pulse of pulse laser |ight while locating the

| i'ght -converging point within the object; the |aser processing apparéfud’
further conprising: correlation storing nmeans having store; therein 15
correlation between a set of the magnitude of power of pulse |aser |ight

adj usted by the power adjusting neans and sizes of nunerical aperporesiafi—go
the plurality of light-converging |enses and the size of nodified spot; and
set selecting neans for choosing, according to an 20 inputted size of

nodi fied spot, a set of the magnitude of power and size of nunerical

aperture adapted to formthe inputted size fromthe correlation storing

means; the powRimeadicdst ke rRaRs and rbess rseheat kAGhMansr;adj usting the
nagnltude of power of pulse laser light 25 emtted fromthe |aser | i ght

source and sel ecti naeaﬁangom%cpiw th¥ Ofght 9dneoRyEi @ Tp'&ﬂt?%%eﬁhéo as to
attain the 224 14 NI ,R 2 FPOL- 0144- 00 power and size © nmeri cal

aperture chosen 1y tlla%e%etllg%@l @%vagg@&a}a e - hgt(&\béoxﬁﬁ@wﬁg@ﬁ & fehaser

proceSS|ng apparatus according to claim4 conprising display neans for 5
di splayi ng t hemgnl bydenef ) pewes- chasely Ay atrhe wReweh afebg§bi-RgLAEBRS. 48.

(Not Amended) A | aser processing apparatus
5 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;
wherein one modified spot is formed within the object
10 by irradiating the object with one pulse of pulse laser light
while locating the light-converging point within the
object;
the laser processing apparatus further comprising:
15 correlation between a set of the magnitude of power of pulse
laser light adjusted by the power adjusting means and sizes
of numerical apertures of the plurality of light-converging
lenses and the size of modified spot; and
set selecting means for choosing, according te an
20 inputted size of modified spot, a set of the magnitude of
power and size of numerical aperture adapted to form the
inputted size from the correlation storing means;
the power adjusting means and lens selecting means
adjusting the magnitude of power of pulse laser light

25 emitted from the laser light source and selecting among the

plurality of light-converging lenses so as to attain the
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according to claim43 or 44, conprising display neans for displaying the
size of nunerical aperture chosen by the 10 nunerical aperture selecting
means. 49. . (Not Amended) A | aser processing apparatus according to claim
45 or 46, conprising display neans for displaying the magnitude of 4 K>
and the size of nunmerical aperture in the set chosen by the set selecting
means. 15 50. . (Not Anended) A | aser processing apparatus 20 accRR@ir@laa-00
one of clainms 36 to 49, wherein a plurality of the nodified spots forned
along a line along which the object is intended to be cut within the object
define a nodified region; the nodified region including at | east one of a
crack region where a crack is generated within the object, a nolton
processed whi govex neld edli wét bEnnulherabpéctipeandra dhefseactdwetlididextchange
region where refractive index is changed within the object. 25 51.
(Arended) A | asflrequiogessiarg method conprising: 225 If ~14 11, "IN, J
FPO1-0144-00 a first step of irradiating an object to be processed wth
pul se laser |ight whaiil.e | o¢at i Bgeadedghta conyer giptgce3aiinly ofiphdeapukse

| aser light within the object, so as to forma first nodified region caused
by mul ti phot omdzcahisergpt ten aiidhhn 4Z2he obppcisahgngiisgliast mebne aFopg whi ch
the object is intended to be cut in the object; and
5 displaying the magnitude of power chosen by the power
selecting means.

483. . (Not BAmended) A laser processing apparatus
according to claim 43 or 44, comprising display mesans for
displaying the size of numerical aperture chosen by the

10 numerical aperture selecting means.

49, . {Not Amended) A laser processing apparatus
according to claim 45 or 46, comprising display means for
displaying the magnitude of power and the size of numerical
aperture in the set chosen by the set selecfing means.

15 50. . (Not Amended) A laser processing apparatus
according to cone of claims 36 to 49, wherein a plurality
of the modified spots formed along a line along which the
cbject is intended to be cut within the object define a
modified region;

20 the modified region including at least one of a crack
regionwhere a crack is generatedwithin the object, a molton
processed which is melted within the object, and a
refractive index change region where refractive index is
changed within the object.

25 51. (Amended) A laser processing method

comprising:
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a second step of irradiating the object wth pulse laser light while making
the pulse laser light attain a power higher or lower than that in the first
step and |ocating 10 the light-converging point of the pulse |aser |ight
within the object, so as to forma second nodified region caused npy@

mul ti phot on absorption within the object along a second Iine along mh ch

the object is intended to be cut in the object. 15 52. (Anmended)pppehhad_go
of formng a line along which the object is intended to be cut, the nethod
conprising: a first step of irradiating an object to be processed with

pul se laser light while locating a |ight-converging point of the pulse

| aser light within the object, so as to 20 forma first nodified region

caused by nul ti phot gn . e l'ine
al ong which the obﬁeg?p$§E$%¥£g52%$€%@lé@§n€Qk%g%%???ﬂ?i%%g%é?%%g§ Frst

modi fied regi ity Bd sk€9LQBSEPFHAL @Hﬂiéoi‘béa{%k'ﬁ%a&el1@51:1@&\9@&&%(;0” a
| aser |ight entrance face side toward 25 insid y a predeterm ned

di stance; and g :$8c8rdr§t &R, 0fe irdad! %‘gﬁ& henohi@ed Midpulssea226,1 4
MA',.,, 20C5 FP01-0144-00 Taser light while using an optical systemwth a

numerical  apeidf eadi fi?é@”tmécﬁ)ﬂééﬂatr&juﬁf‘ eRLiseal E¥5tr§u”1tg§111b'gbﬁg a

l'i ght - converginq Iens for converging the pulse laser |ight | ocating the
l'ight cpnver g'a@%o@ﬂitrl%no&llﬁﬂﬁnRiﬂ@%blj%%%raﬁoxllg%hfl%Eml%é heoeb §&tchsSO as

to forma second nodified region caused by nultiphoton absorption at a
| ocation the object is intended to be cut in the object; and
a second step of irradiating the object with pulse
laser light whilemaking the pulse laser 1ight attain a power
higher or lower than that in the first step and locating
10 the light-converging point of the pulse laser light within
the object, so as to form a second modified region caused
by multiphoton absorption within the object along a second
line along which the object is intended to be cut in the
object.
15 52. {Amended} A method of forming a line along which
the object is intended to be cut, the method comprising:
i a first step of irradiating an object to be processed
with pulse laser light while locating a light-converging
point of the pulse laser light within the object, so as to
20 form a first modified region caused by multiphoton
absorption within the object, and form a first line along
which the object is intended to be cut, constituted by the
first modified region, in a region separated from a surface
of the object on a laser light entrance face side toward

25 inside by a predetermined distance; and

a second step of irradiating the object with pulse
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different fromthe first nodified region within the object, and forma
second |line along which the object is intended to be cut, constituted by

t he second nodified region, in 10 a region separated froma surface of the
object on a laser light entrance face side toward inside by a pﬁéd@%@%%ined
di stance. 227 1 4 ,'k4 20 5 FPOL--0144-00 53. (Not Anmended) A | aser
processing nethod conprising: a laser light source for emtting pebsechaseryg
|l ight having a pulse width of 1 has or |ess; frequency adjusting neans for
adjusting the magnitude 5 of a repetition frequency of the pul se |aser
light emtted fromsaid |laser |ight source according to an inputted
magni t ude of frequency; |ight-converging nmeans for converging the pul se
laser light emytied fyamsaind L1asey 44 A isQur sgssughyihaty gandridQipul se

| aser light attains a peak power density of at least 1 x 108 (WcnR) at a
l'i ght -conver gi pge PO R diFe8QInt FRBRSHA okQabbRaches |4 aht 166MMAE AGNY
point of the pulse laser |ight converged by said |ight-convergi ng néans

wi thin an obj egt; it :hecpkeses$Qd] eRN& o F - JHN i EERS flQls el B4 Yehy cmovi ng
the |Ilight-converging point of pulse laser light along a |line along which
the object is Ligended it RAeCULghh-88he PRI RE bo IMiehel Mhongi1Rdl hked spot
is formed within said object to be processed by irradiating said object

with ong pul seyigr ofitisechasesiddghtsgvid @d aeatd Rg skkenki gBh1¢9a%er gi ng
region caused by multiphoton absorption at a location
different from the first modified region within the object,
and ferm a second line along which the object is intended
to be cut, constituted by the second modified region, in
10 a region separated from a surface of the object on a laser
light entrance face side toward inside by a predetermined

distance.
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point wthin said object; and wherein a plurality of said nodified spots are
formed along said line along which the object is intended to be cut within
said object by irradiating said object with a 25 plurality of pu'?§§M§JWD5
pul se laser light while locating the 1ight-converging point wthi '%ﬁﬁﬁ
object and relatively 228 FP0O1-0144-00 noving the |ight-converging point
along said line along which the object is intended to be cut; sardohasarsq—gop
processi ng apparatus further conprising: distance cal culating nmeans for
calculating a distance 5 between said nodified spots adjacent each ot her
according to said inputted magni tude of frequency; and di stance display

nmeans for displaying the distance calculated by said distance cal cul ating

neans. 54. (Nog3AnanstedndhdSSEn PLeeesSsiriecBBl AgdnetBocomPhbsiiRangd | aser -
|l ight source for emtting pulse laser light having a pulse width of 1 is or

| ess; |ight-convergiangaeans i@t sen¥eegiag dre PULSHUlasen asldrght @i tt ed
fromsaid |aser light .source such that said 15 pulse laser light attains a

peak power densdtindfa dulLasiiddh X A0e (WNenR)esd; a |ight-convergi ng point
thereof; neans for locating the |ight-converging point of the pulse |aser

l'ight converged by saidddriahit 2890¥€185RENRANST AW URILA ngNt1pbhagh it dke
processed; 20 noving neans for relatively noving the
5 of a repetition frequency of the pulse laser light emitted
from said laser light source according to an inputted
magnitude of frequency;
light-converging means for convérging the pulse laser
light emitted from said laser light source such that said
10 pulse laser light attains a peak power density of at least
1 x 10° (W/cm®) at a light-converging point thereof;
means for locating the light-converging point of the
pulse laser liqht‘converged.by said light-converging means
within an object to be processed; and
15 moving means for relatively moving the
light~-converging point of pulse laser light alcng a line
along which the object is intended to be cut in said object;
wherein one modified spot is formed within said object
to be processed by irradiating said object with one pulse
20 of pulse laser light while locating the light-converging
point within said object; and
wherein a plurality of said modified spots are formed
along said line along which the object is intended to be
cut within said object by irradiating said object with a
25 plurality of pulses of pulse laser light while locating the

light-converging point within said object and relatively
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| i ght-converging point of pulse laser light along a Iine along which the
object is intended to be cut in said object; and speed adjusting neans for
adj usting the nagnitude of 25 rel ative noving speed of “the |ight- Gonmerg .Nng
poi nt of pulse laser |ight caused by said noving neans accordi ng to an 229
FP01-0144-00 i nputted nmagni tude of speed; wherein one nodified spot is
formed within said object by irradiating said object with one pul se of
pul se laser [light while locating the Iight-converging point wtHpaDIsa 44500
object; and wherein a plurality of said nodified spots are forned al ong
said line along which the object is intended to be cut within said object
by irradiating said object wwth a plurality of pulses of pulse |aser |ight
while locating the 10 |ight-converging point within said object and
relatively noMmwnihd hehd i ghirtcarstergiqighpavdintal Dnghsad£id i Nienaal HNghg whi ch
the object is intended to be cut; said | aser processing apparatus further
conprising: dist@nceeacat iing imeansiddreccalecuhat;i ng a di stance 15

bet ween said nodi fied spots adjacent each other according to said inputted

magni t ude of speed; sand Ukstanse-ck sPpimy apans tier fdi-spbayidigp £ hei gy st ance
cal cul ated by said distance cal cul ati ng nmeans. 55. (Not Anmended) A |aser

ProcesF!nﬁtnethod 20 seenplel SaNgul &t 118¢ ek ahsghir seUEGRaf Ofigamd it ngepul se
e ég between said modified spots adjacent esach other according
to said inputted magnitude of frequency; and
distance display means for displaying the distance
calculated by said distance calculating means.
54, (Not Amended) A laser processing method
10 comprising:
a laser light source for emitting pulse laser light
having a pulse width of 1 us or less;

light~converging means for converging the pulse laser

light emitted from said laser light source such that g

1 aid

15 pulse laser light attains a peak power density of at least
1 x 10® (W/cm®) at a light-converging point thereof;

means for locating the light-converging point of the
pulse laser light converged by said light-converging means
within an object to be processed;

20 mnoving means for relatively moving the
light-converging point of pulse laser light along a line
along which the object is intended to be cut in said object;
and

speed adjusting means for adjusting the magnitude of

25 relativemoving speed of the light-converging point of pulse

laser light caused by said moving means according to an
229



having a pulse wwdth of 1 ps or |less; frequency adjusting neans for
adj usting the nmagnitude of a repetition frequency of the pul se g%ﬁgqmﬁight

emtted 25 fromsaid |aser light source according to an inputt% hragni t ude

of frequency; 230 1 4 FPO1-0144-00 5 light-convergi ng neans for convergi ng
the pulse laser |light emtted fromsaid |aser |ight source such that said
pul se laser light attains a peak power density of at least 1 x 1P80(WcaR)-0o
-at a light-converging point thereof; nmeans for |ocating the |ight-converging
point of the pulse laser |ight converged by said |ight-converging neans

wi thin an object to be processed; noving neans for relatively noving the

| i ght-converging point of pulse |laser light along a line 10 al ong which the

obj ect is intenged:tod beagnl tiude S&f dspbgget; and speed adjusting neans for
adjusting the magnitude of relative noving speed of the |ight-converging

poi nt of pul se |asemdrigit oaaused fiyEapdt MRVEcgndanshaacliH ppiketan 15
i nputted magni tude of speed; 20 wherein one nodified spot is forned within

sai d obj ect _% ber PR DLERsE s D idyadi atd it $aied polljsech fwplilseneapulkse  of
pul se laser light while | ocating the light-converging point within said
obj ect; and light while locating the light-converging point within said
5 object; and
wherein a plurality of said modified spots are formed
along said line alcong which the object is intended to be
cut within said object by irradiating said object with a
plurality of pulses of pulse laser light while locating the
10 light-converging point within said object and relatively
moving the light-converging point along said line along
which the object is intended to be cut;
said laser processing apparatus further comprising:
distance calculating means for calculating a distance
15 between said modified spots adjacent each other according
to said inputted magnitude of speed; and
distance display means for displaying the distance
calculated by said distance calculating means.
55. (Not Amended) A laser processing method
20 comprising:
a laser light source for emitting pulse laser light
having a pulse width of 1 ps or less;
frequencyadjustingmeansforadjustingthenmgnitude
of a repetition frequency of the pulse laser light emitted
25 from said laser light source according to an inputted

magnitude of frequency;
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wherein a plurality of said nodified spots are forned along said |line along
which the object is intended to be cut within said object by irradiating
said object with a plurality of pulses of pulse |aser light while |ocating
the light-converging point within said object and relatively 25 paying:the
|'i ght-converging point along said line along which the object is intended
to be cut; 231 FP01--0144-00 said | aser processing apparatus further
conprising: distance calculating neans for calculating a di stanceebetoveen-og
said nodi fied spots adjacent each other according to said inputted
magni t udes of frequency and speed; and 5 distance display nmeans for
di spl aying the distance calculated by said distance cal cul ati ng neans. 56.
(Not Anmended) A | aser processing apparatus according to one of clainms 53 to
55, conprising: siza isthor-Hcagwrans gheyimg fetraredrdigrej thé belsiezeasbr 10
said nodi fied spot fornmed by said | aser processing apparatus; inmage
preparing nmeans i epriefaid Mfgoansh bagkaodr a igitursahiricy efichatHarpdhided
spots formed along said line along which the object is intended to be cut
according to Xuide lsisze storedatte 5od dh peak SEHWEE RPpNEANS odndtt headist ance
cal cul ated by said distance cal cul ating neans; and inmage display neans for
di spl ayi ng the ixmag¥ prgpar pdabya shight ragever €hed | pygineatrtse r &It ; ( Not
Anended) A | aser processing apparatus 20 conpri sing:

H means for locating the light-converging point of the

pulse laser light converged by said light-converging means
within an object to be processed:;
moving means for relatively meving the
light-converging point of pulse laser light along a line
10 along which the object is intended to be cut in said obiect;
and
spead adjusting means for adjusting the magnitude of
relative moving speedof the light-converging point of pulse

laser light caused by said moving means according

ot

15 inputted magnitude of speed;

wherein onemodified spot is formedwithin saidobject
! to be processed by irradiating said object with one pulse
of pulse laser light while locating the light-converging

point within said object; and
20 wherein a plurality of said modified spots are formed
along said line along which the object is intended to be
cut within said object by irradiating said object with a
plurality of pulses of pulse laser light while locating the
light-converging point within said object and relatively
25 moving the light-converging point along said line along

which the cbject is intended to be cut;
231



a laser light source for emtting pul se laser light having a pulse w dth of

1 ps or less; frequency adjusting neans for adjusting the magnitude of a

repetition frequency of the pulse laser light emtted 25 fron]jqégﬁjﬁﬁer
ser

| i ght source; |ight-converging neans for converging the pul se | 2321 4

~l ..11. L~tJ FPO1-0144-00 light emtted fromsaid | aser |ight source such

that said pulse laser light attains a peak power density of at |east-ok 24-00
108 (WcnR) at a light-converging point thereof; nmeans for locating the

| i ght-converging point of the 5 pulse laser Iight converged by said

| i ght-converging nmeans w thin an object to be processed; and novi ng nmeans

for relatively nmoving the |ight-converging point of pulse |aser |ight along

a line along which 4hesabjsect pkéciaQE?Hﬁ%ﬁa@:?ﬁ;§¥ﬁuﬂt‘&e§ahgm99ji%§ﬁg:10 ,
wherein one nodified spot is formed within said object by irradiati'ng said

object with one pul sg Of ;oW 881L838E i nhininsvBb k@ ieeatitngotdh@istance .
| i ght-converging point wthin said object; and wherein a plurality of said

nodi fi ed spot syafgedRrdmidi nboiialiQRyssakd AdNecah ong Whicehdrhg -eBj-eGtd S
intended to be cut within said object by iTtradiating said object wth a

plurality of p@&5§§i@fiﬂﬁﬁ@@eaaﬁgénlfﬂ@ésW@f|§réf@@ﬁéﬁghﬁ$m%peed: %%d

l'i ght -converging point within said object and relatively noving ti
l'i ght - cgnver gi ng poidys @l ang Siadh i iAo r 20 sphiagh nihenebigsl dnte

intended to be cut;
calculated by said distance calculating means.
56. (Not Amended) A laser processing apparatus
according to one of claims 53 to 55, comprising:
size storing means having stored therein the size of
10 said modified spot formed by said laser processing
apparatus;
image preparing means for preparing an image of a
plurality of said modified spots formed along said line
along which the obiject is intended to be cut according to
15 the size stored in said size storing means and the distance
calculated by said distance calculating means; and
image display means for displaying the image prepared
by said image preparing means.
57. (Not Amended) A laser processing apparatus
20 comprising:
a laser light source for emitting pulse laser light
having a pulse width of 1 us or less;
frequencyédjustingmeansforadjustingthemaqnitude
of a repetition frequency of the pulse laser light emitted

25 from said laser light scurce;

light-converging means for converging the pulse laser
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said | aser processing apparatus further conprising: frequency cal culating
nmeans for cal culating, according to an inputted magnitude of dlﬁ%an ce,
between said nodified spots adjacent each other, the magnitude 25 L3
repetition frequency of the pulse laser light emtted from said |aser |ight
source so as to attain thus inputted 233 FPO -0144-00 nagni tude of distance
bet ween sai d nodified spots adjacent each other; said frequency BEfjlus?144-00
means adjusting the magnitude of repetition frequency of the pul se | aser
light 5 emtted fromsaid |laser |ight source such that the magnitude of
frequency cal cul ated by said frequency cal culating neans is attained. 58.
(Not Amended) A | aser processing apparatus according to claim57,
conpri si ng frequgncerditspldayropassidiDaser digpl apiurget bechagnat usdeidf
frequency cal cul ated by said frequency cal cul ating neans. 59. (Not Anended)
A | aser processilmp dpparal ught conpriss rgpeakl aseer dgldi tsooifcetfbeasti tti ng
pul se laser light 15 haV|ng a pulse width of 1 ps or less; 20
| i ght - conver gilng: e&ng W om® bomWeaglnghtheommés@uha$mnnﬂ|¢ﬁﬁr&ﬂﬁited from
said | aser light source such that said pulse laser light attains a peak
power density of at megastfof 108 {dVtdeR) ight acdbnygaty Comverigitng fpbhat
thereof; nmeans for locating the |ight-converging point of the

5 pulse laser light converged by said light-converging means

s

within‘an object to be processed; and
moving means for relatively noving the
light-converging point of pulse laser light alcng a line
along which the object is intended to be cut in said object;
10 whereinonemodified spot is formed within said object
by irradiating said object with one pulse of pulse laser
light while locating the light-converging point within said
chject; and
wherein a plurality of sald modified spots are formed
15 along said line along which the object ié intended to be
cut within said object by irradiating said object with a
plurality of pulses of pulse laser light while locating the
light~converging point within said object and relatively
moving the light-converging point along said line' along
20 which the object is intended to be cut;
said laser processing apparatus further comprising:
frequency <calculating means for calculating,
according to an inputted magnitude of distance between said
modified spots adjacent each other, the magnitude of
25 repetition frequency of the pulse laser light emitted from

sald laser light source so as to attain thus inputted
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pul se laser light converged by said Iight-converging neans w thin an object
to be processed; noving neans for relatively noving the 1|ight- converglng
poi nt of pulse laser light along a |ine 25 al ong which the object fisgfs (K3
intended to be cut in said object; and 234 FPOL-0144-00 speed adjusting
means for adjusting the magnitude of relative noving speed of the
| i ght --convergi ng point caused by said noving neans; wherein one nodified
spot is formed within said object 5 by irradiating said object Wihloehedd-00
pul se of pulse laser light while locating the |ight-converging point within
said object; and wherein a plurality of said nodified spots are forned ;
al ong said line along which the object is intended to be 10 cut within said
object by irradiating said object with a plurality of pulses of pulse |aser
i ght while | ccatniguddet dightrcerhergiarg spadnhodd fhed ssaith alijjectnand
relatively noving the |ight-converging point along said line along which
the object is éemtlensiedet,0 be cut; 15 said |aser processing apparatus further
conprising speed cal culating neans for cal culating, according to an
i nputted magni t ude ofaidi stfrspidretweend Fas di mpdi fieé #ds spatisusaidhqcenheeach
ot her, the magnitude of relative noving speed of the pulse |aser light so
as to attain tiausnitpde bedr20e traghoh uthee @l et s toan cRebet Weenl asaird 1 igHEf | ed
spots adj acent each other;

5 emitted from said laser light source such that the magnitude

of frequency calculated by said frequency calculating means
is attained.
58. (Not BAmended) A laser processing apparatus
according to claim 57, comprising fregquency display means
10 fordisplaying themagnitude of frequency calculated by said

frequency calculating means.

59, (Not Amended) A laser processing apparatus
comprising:
a laser light source for emitting mulse laser light
15 having a pulse width of 1 us or less;

light-converging means for converging the pulse laser
light emitted from said laser light source such that said
pulse laser light attains a peak power density of at least
1 x 10° (W/cn®) at a light-converging point thereof;

20 means for locating the light-converging point of the
pulse laser light converged by said light-converging means
within an object to be processed;

moving means for relatively moving the
light-converging point of pulse laser light along a line

25 along which the obiect is intended to be cut in said cbject;

and
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sai d speed adjusting neans adjusting the magnitude of relative noving speed
of the light-converging point of pulse |laser |ight caused by said nmoving
nmeans such that the 25 magnitude of relative noving speed calculaﬁédﬁﬁy&éaid
speed calculating neans is attained. 235 FPOL-0144-00 60. (Not Amended) A

| aser processing apparatus according to claimb59, conprising speed display
means for displaying the nagnitude of relative noving speed calwpdptedsly g
sai d speed cal culating neans. 5 61. (Not Amended) A | aser processing
apparatus conprising: a laser light source for emtting pulse |aser |ight
having a pulse width of 1 s or |less; frequency adjusting neans for adjusting
the magnitude 10 of a repetition frequency of the pulse laser light emtted

fromsaid |aser | ig%_e%aua@fasuxg@&mraq{gv%&i Q&%H@E‘[‘ﬁqft‘?{e RIBUE YA Ehe
pul se laser light emitted Tromsaid |aser |ight soufce such that said

pul se | aser Iir@htat@tvteafna@iﬁgg@?éﬂgope\eefhgqmsdﬁa/-@&n@érdﬁﬁfboi_ilé &aﬁgéﬁ

(WcnR2) at a |ight-converging point thereof; nmeans for |ocating t

l'i ght - conver gig sRQINtRfi nigh e apel;se | aser |ight converged by said
| i ght-converging means w thin an object to be processed; noving neans for

27 ne al ong i ch L RE oBj Lt M oFHrandad Fo be e e e ot and

5 by irradiating said object with one pulse of pulse laser

light while locating the light-converging point within said
object; and

wherein a plurality of said modified spots are formed

along sald line along which the object is intended to be

10 cut within said object by irradiating said object wifh a

plurality of pulses of pulse laser light while locating the

light-converging point within said object and relatively

moving the light-converging point along said line along

which the obiject is intended to be cut;

15 sald laser processing apparatus further comprising

speed calculating means for calculating, according to an

i inputted magnitude of distance between saidzmmdified.spots

adjacent each other, the magnitude of relative moving speed

of the pulse laser light so as to attain thus inputted

20 magnitude of distance between said medified spots adjacent
each other;

said speed adjusting means adjusting the magnitude

of relative moving speed of the light-converging point of

pulse laser light caused by sald moving means such that the

25 magnitude of relative moving speed calculated by said speed

calculating means is attained.
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speed adj usting neans for adjusting the magnitude of relative noving speed
of the Light-converging point caused 25 by said noving neans; wherein one
modi fied spot is forned within said object 236 1y2uu5 FP01-0144TQ®$b9Wﬁ
irradiating said object with one pulse of pulse laser [|ight while |ocating
the light-converging point within said object; and wherein a plurality of
said nodified spots are forned 5 along said |line along which thephj-ect4isoo
intended to be cut within said object by irradiating said object with a
plurality of pulses of pulse laser Iight while |locating the

| i ght-converging point within said object and relatively noving. the

| i ght -converging point along said line along 10 which the object is
intended to be cut; ¢9ai diN@SenmRhACSSI AY 1aRRaF abuscbyEtAgr LWHFASINY
conbi nati on cal cul ati ng nmeans for cal culating, according to an inputted
magni t ude of diglarGagoebweeni s, Mg ed nfpeleadl ageny wackhs other, a
conbi nati on of the magnitude 15 of repetition frequency of the pul se |aser
light emtteddifspamsaigd lager rag@htt Rur Ger andk 16 ymgnidudgy ofsgelative
novi ng speed of the |ight-converging point of pulse |laser |ight caused by
sai d novi ng NMeaNsuSGtas by attial Rpkhds calkputi-edagainsude of di stance

bet ween said nodified spots 20 adjacent each other; said frequency

adj ustimg neans adj gsti ngidhe amsrgridiude afagepebirbiensi hgaugisyr ffus he
pul se laser |ight
comprising:
a laser light source for emitting pulse laser light
having a pulse width of 1 us or less;
frequency adjusting means for adjusting the magnitude
10 of a repetition frequency of the pulse laser light emitted
from said laser light source;
light—-converging means for converging the pulse laser
light emitted from said laser light source such that said

= Tl
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15 1 x 10® (W/cm®) at a light-converging point thereof;
means for locating the light-converging point of the
pulse laser light converged by said light-converging means
within an object to be processed;
moving means for relatively moving the
20 light-converging point of pulse laser light along a line
along which the object is intended to be cut in said object;
and
speed adjusting means for adjusting the magnitude of
relative moving speed of the light-converging point caused
25 by said moving means;

wherein onemodified spot is formedwithin said object
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enmtted fromsaid | aser Iight source such that the nagnitude of frequency

cal cul ated by said conbination calculating 25 neans is attalnedT 5@ Ld gpeed
adj usting neans adjusting the magni tude 237 14 FP01-0144-00 5 10 e

rel ati ve noving speed of the light-converging point of pulse |aser |ight
caused by said noving neans such that the magnitude of relative noving

speed cal cul ated by said conbination calculating neans is attainedg168144-09
(Not Amended) A |aser processing apparatus according to claim61l,

conprising display neans for displaying the nagnitude of frequency and

magni tude of relative noving speed cal cul ated by said conbination

cal cul ating neans. 63. (Not Anended) A |aser processing apparatus according

to one of claigh pird®iHnyhed el by ddnAaldd YondhpSald grﬁé%fl's%dzée%s

formed along said Iine along which “the object is’inten to be cut within

sai d obj ect deiigﬁt ﬁl’.’f‘édlrﬁégglr&gﬁh‘é”l1@@@'—&5&%@%@11%@?@1&@%{&@% rs%a'qon

i ncludes at | east one a crack region where a crack is generated wth
said object, g,hpLten,pjocessed region which is nelted within said object
and a refractive index change region where

wherein a plurality of said modified spots are formed
5 along said line along which the object is intended to be
cut within said object by irradiating said object with a
plurality of pulses of pulse laser light while locating the
light-converging point within said object and relatively
moving the light-converging point along said line along
10 which the object is intended to be cut;
sald laser processing apparatus further comprising
combination calculating means for calculating, according
to an inputted magnitude of distance between said modified
spots adiacent each other, a combination ¢of the magnitu
15 of repetition fregquency of the pulse laser light emitted
from said laser light source and the magnitude of relative
moving speed of the light-converging point of pulse laser
light caused by said moving means so as to attain thus
inputted magnitude of distance between said modified spots
20 adjacent each other;
sald frequency adjusting means adjusting the
magnitude of repetition frequency of the pulse laser light
emitted from said laser light source such that the magnitude
of frequency calculated by said combination calculating

25 means 1s attained;

sald speed adjusting means adjusting the magnitude
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refractive index is changed within said object. 238 1 4 F P01-0144-00 64.
(Amended) A nmethod of formng a line along which the object is intended to
be cut, the nethod conprising: a step of irradiating an object t Lbﬁﬁwﬂ“
processed with 5 laser light while locating a |ight-converging point ‘of’
| aser light within the object, so as to forma nodified region caused by

mul ti phot on absorption within the object, and form a |ine along muocinthe-op
object is intended to be cut, constituted by the nodified region, in a
regi on separated 10 froma surface of the object on a laser light entrance
face side toward inside by a predeterm ned di stance, and changing the

position of the |ight-converging point of laser light in a direction of

i nci dence of tdwe deaser vid bt ihgr agéadiag ﬁi@l@@h@cbo%b@gﬁﬁép?@intoof he
object, so as 15 to forma plurality of the lines to be cut aligning with

each ot her al g dd@ adiekeridon fusisachdencel nb%incArEagdeBudh FBLROEH Of
formng a line along which the object is intended to be cut, the nethod

conprising: ansheit@fe i 61 adicabichgeampnieCtsgLdecprecessed Wy hs204! aser
light while locating a |light-converging point of laser light within the

obj ect, so as dgnfifdniddd fhaddieq ekany ik Ritttha ek ect, and forma line
al ong which the object is intended to be cut, constituted by the nodified

region,s in a regiompsepanat eduddad SHr faceof phheehjieet gpparhagser 25
| ight entrance face side toward inside by a predeterm ned distance, and
according to claim 61, comprising display means for
displaying the magnitude of frequency and magnitude of
relative moving speed calculated by said combination
calculating means.
10 63. (Not Amended) A laser processing apparatus
according to one of claims 53 to 62, wherein a plurality
of said modified spots formed along said line along which
the object is intended to be cut within said cbject define
a modified region: and
15 wherein said modified region includes at least one
of a crack region where a crack is generated within said
object, a molten processed region which is melted within
said object, and a refractive index change region where

refractive index is changed within said object.

20
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239 1 FPQOL-0144-00 changing the position of the |ight-converging ?ZhnthQf
laser light in a direction of incidence of the laser |ight irradiati'ngthe
object with respect to the object, so as to forma plurality of the |ines
to be cut aligning with 5 each other along the direction of incidence. 66.
(Anmended) A nmethod of formng a line along which the object is intended to
be cut, the nmethod conprising: a step of irradiating an object tﬁp@f" 144-00
processed with laser light while | ocating a |ight-converging point o ?aser
10 light within the object under a condition with a peak power density of

at least 1 x 109 (WcnR) at the |light-converging point and a pul se width of
1 ps or less, so as to forma nodified region wwthin the object, and forma
| ine al ong which the object is intended to be cut, constituted by the 15
nodified region, in a region separated froma surface of the object on a

| aser 1ight entranc%4fag§m%%g§%20@@& thgﬁhﬁ@fog¥d§%€%ﬁ?ﬁ&gqugggwgiéhance,

and changi ng the positi I't ght'- converging 0 i'ght in a

Cerott 1ot ne2 AEee0ls o NGchAReh LLOBL A0 | ChachathRg LAgoebLegh ™ 1"

respect to th soas to forma plura nes e-cut

o Taning wih each oLbep ofang e At gt onyok. sidences 61 prepded) 4

nmet hod of formng aliné along IS e e cut

raggfggissﬂgr 10 QR 1 ELALMRI1221 04 T 1 MAR AL FI A8 Bt P1.0BY T ed
light within the object, so as tc form a modified region
caused by multiphoton absorptionwithin the cbject, and form
a line along which the object is intended to be cut,
constituted by the modified region, in a region separated
10 from a surface of the object on a laser light entrance face
side toward inside by a predetermined distance, and
changing the position of the light-converging point
of laser light in a direction of incidence of the laser light

irradiating the ¢b £ to the cbiject

spec , 30 as

15 to form a plurality of the lines to be cut aligning with
each other along the direction of incidence.

65. (Amended) A method of forming a line along which

the object is intended to be cuf, the method comprising:

a step of irradiating an object to be processed with

20 laserliqhtwhilelocatingaalight—converqingpointoflaser

light within the object, so as to form a modified regicn

within the object, and form a line along which the obiect

is intended to be cut, constituted by the modified region,

in a region separated from a surface of the object on a laser

25 light entrance face side toward inside by a predetermined

distance, and
239



formed successively fromthe side farther froman entrance 240 1 4

MIITITE_, ,; 2(i(,"J FPO1-0144-00 face of the object on which |aser {idghk 5
irradiating the object is incident. 68. (Amended) A nethod of formng a

line al ong which the object is intended to be cut according to one of

claims 5 64 to 67, wherein the nodified region includes at | east one of a
crack region where a crack is generated within the object, a noltpni-0144-g0
processed which is nelted within the object, and a refractive index change
region where refractive index 1is changed within the object. 10 69.

(Anmended) A nmethod of formng a line along which the object is intended to
be cut, the nmethod conprising a step of irradiating an object to be

processed with |aserchdigghly theopg; fidasey thi-oht gaRteance hace ghithe
object while locating the I'i g t-converging point "at a position other than

15 a half thi ckneggeROSidHtOMNQf dt PECcOPLRGE 1801 88nt8 JOEALA 2 JBdifiigd region
within the object, and forma line along which the object is Interided to be

cut, constitutgd by dtheng oA Tt dtedien, rk8packegbornsepprated Lhomsa
surface of the object on the | aser |ight enFrance face side toward 20

inside by a priedetgmiined diaatiancers e (Arended) nA pethadighifgrpiirg a line
al ong which the object is intended to be cut according to Claim 69,

wherei ngthe entgancaacelichd e diwWddt it lgasinomefe. an el ectronic

device and an el ectrode pattern; and 25 wherein the |ight-convergi ng point
of laser |ight 66. (Amended) A method of forming a line along which
the object 1s intended to be cut, the method comprising:
a step of irradiating an object to be processed with
laser light while locating a l1ight-converging point of laser
10 light within the object under a condition with a peak power
density of at least 1 x 10% (W/cm®) at the light-converging
point and a pulse width of 1 us or less, so as to form a
modified region within the object, and form a line along

+
ntended toc be cut

5
RS

T + by
i’IOnSt‘t" ~ b«v =

which the obiect is ituted by the

15 modified region, in a region separated from a surface of
the object on a laser light entrance face side toward inside
by a predetermined distance, and

changing the position of the light-converging point
of laser light in a direction of incidence of the laser light

20 irradiating the object with respect to the object, so as
to form a plurality of the lines to be cut aligning with
each other along the direction of incidence.

67. (Amended) A method of forming a line along which
the obiect is intended to be cut according to one of claims

25 64 to 66, wherein the plurality of modified regions are

formed successively from the side farther from an entrance
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irradiating the object is |located at a position closer to 241 | FPOL-0144-00
the entrance face than is the half thickness position in the thickness.
direction. 71. (Amended) A method of forming a line along which 1#HékaBject
is intended to be cut, the nethod conprising: 5 a first step of irradiating
an object to be processed with laser light while | ocating a |ight-converging
point of the laser light within the object, so as to forma firsgtporodi hisedq
regi on caused by mul ti photon absorption within the object, and forma first
line al ong which the object is 10 intended to be cut, constituted by the

first nodified region, 1in a region separated froma surface of the object
on a |laser light entrance face side toward inside by a predeterm ned

di stance; and.rzxcSeponthsStap ot idd agdiadd Nthsaf terghheifrigtasiey, tdd the
object with |aser light while locating the |I|ight-converging point of |aser

light at a posigij<dt i fifrgriepntdf rom the Iight-convergi ng point of |aser
light 1in the first step in the thickness direction of the object wthin

the object, so as teggforananaeapnd ndicdkd e¢ reshong 20 idid beragt whiem t he
first nodified region, caused by nultiphoton absorption and

t hr ee- di mensi anal byjeE0ss NGt dried thbe @@ hkedrugaiyoroWidibE heiehj ect,
and forma second Plne al ong which the object is intended to be cut,

constitaited by4 he seCcom AOH theddBK i regian 8E00da8 Sepanatednktrom a
surface of the object on a laser |ight
of a crack region where a crack 1s generated within the
object, amolton processed which ismelted within the object,
and a refractive index change region where refractive index
is changed within the object.
10 69. (Amended) A method of forming a line along which
the object is intended to be cut, the method comprising a

step of irradiating an object to be processed with laser

light through a laser light entrance face of the object while

3

locating the light-converging point at apeosition of

r

15 a half thickness position of the object, so as to form a
modified region within the object, and form a line along
which the object is intended to be cut, constituted by the
modified region, in a region separated from a surface of
the object on the laser light entrance face side toward

20 inside by a predetermined distance.

70. (Amended) A method of forming a line along which
the obiject is intended to be cut according to claim 69,
wherein the entrance face is formed with at least one of
an electronic device and an electrode pattern; and

25 wherein the light-converging point of laser light

irradiating the object is located at a position closer to
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entrance face side toward inside by a predefernined 242 1 4 MAR cv
FP01-0144-00 distance. 72. (Amended) A nethod of formng a line al ong which
the object is intended to be cut according to claim71, wherein fiHel“seicond
nodified region is forned closer to the 5 laser light entrance face than is
the first nodified region. 73. (Amended) A nethod of formng a |line along
which the object is intended to be cut according to one of clainppp64Q4-ng
72, wherein the object is irradiated with [aser light wunder a condition
with a peak power density of at least 1 10 x 108 (WcnR) at the
| i ght-converging point thereof and a pulse width of 1 has or less, so as to
formthe nodified region including a crack region within the object. 74.
(Anended) A nethod.of {0 e & @ whiigh f j-€ i:s:l.ntended to
be cut according t% o%e dglc 5?ns 1§g%9 to%@%] &ﬁ%&%ﬁ%gkhéggéﬁégg ﬁg
irradiated wt Ly ondition with a peak power density of
at least 1 X ?%%a?ﬁé%n%§§%1&%$5?3?% t-convergi ng point thereof and a pul se
width of 1 us or |ess, fo i fied. ion__inc ' nol t on
SPr %%m@ﬁd%)?é é&%d@g)fﬁﬁg&ﬁ% 99?efﬂdr{§§gﬂgc

processed within the object. Anende od o orm i ne

al ong which t obj ESp t a rdi 0 f..clainms 69
to 7%, wher ei n&'?%eg%ﬁﬁa%tfsl slq%tﬁ}g%%at%d%\% t%lhTh 'ag:gl(r% anleg%toEi E(ral%gﬁﬁglglggdi tion
with a Beak power d%@%ﬁ%&togtgﬁé#ﬁ%%%aéia%ih88a£¥ﬁﬁqgﬂzéglﬁp%rocessed

| i ght-convergi ng point thereo
with laser light while locating a light-converging point

of the laser light within the object, so as to form a first
modified region caused by multiphoton absorption within the
object, and form a first line along which the object is

10 intended to be cut, constituted by the first modified region,
in a region separated from a surface of the object on a laser
light entrance face side toward inside by a predetermined
distance; and

a second step of irradiating, aft

v Fa £1
= QL LIfalicw iy, L L

~ —— o
LS Ll OoOuw DL

D

15 the object with laser 1light while locating the
light-converging point of laser light at a position
different from the light-converging point of laser light
in the first step in the thickness direction of the object
within the object, so as to form a second modified region,

20 different from the first modified regiocon, caused by
multiphoton absorption and three-dimensionally crossing
the first modified region within the object, and form a
second line along which the object is intended to be cut,
constituted by the second modified region, in a region

25 separated from a surface of the object on a laser light

entrance face side toward inside by a predetermined
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25 pulse width of 1 ns or less, so as to formthe nodified region including
a refractive index change region which is a region 243 11 4 v FROL-0144- 00
with a changed refractive index. 76. (Amended) A nethod of forrrin*"*%ﬁ i0fne

al ong which the object is intended to be cut according to one of clainms 69
to 75, wherein adjustnment of the position of the 5 |ight-converging point of
| aser light irradiating the object in the thickness direction indgidesiaa—-qgo
first calculating step of defining a desirable position in the thickness
direction of the light-converging point of laser light irradiating the
object as a distance 10 fromthe entrance face to the inside thereof and
dividing the distance by the refractive index of the object with respect
to the |aser ldgdHsddd adiating the object, so as to calculate data of a
first relative novenent anmount of the object in the thickness direction; 15

a second cal cul atingost epnehdeal cllditg dat acehidg $a6opdnehat iNe-Rovenent
anount of the object in the thickness direction réquired for positioning

the 1ight-conviy gipdqroind OfrdRRRI dd e duv adidbiagnine, oplegt-al the
entrance face; 20 afirst noving step of relatively noving the object in

the thickness gid et @Ra5605/kh b diG e (datianof sSESOh J18Jald ¥8 ARy Eenent
anount; and a second noving step of relatively noving the object 1n the
thi ckness directdan) agReHNGh AR the-datsh 08 tHd 8t rst modified region.
73. (Amended) A method of forming a line along which
the object is intended to be cut according tc one of claims
69 to 72, wherein the object is irradiated with laser light
under a condition with a peak power density of at least 1
10 x 10° (W/cm®) at the light-converging point thereof and a
pulse width of 1 us or less, so as to form the modified region
including a crack region within the object.
74. (Amended) A method of forming a line along which
the object is intended to be cut according to one of claims
15 69 to 72, wherein the object is irradiated with laser light
under a condition with a peak power density of at least 1
x 10" (W/cn?) at the light-converging point thereof and a
pulse width of 1 us or less, so as to form the modified region
including a molton processed within the object.
20 75. {Amended) A method of forming a line along which
the object is intended to be cut according to one of claims
69 to 72, wherein the object is irradiated with laser light
under a condition with a peak power density of at least 1
x 10% (W/cm®) at the light-converging point thereof and a

25 pulse width of 1 ns or less, so as to form the modified region

including a refractive index change reqgion which is a region
243



25 rel ative novenent anount after the first noving step. 77. (Amended) An
apparatus for formng a line along 244 FP01-0144-00 5 which the object is
intended to be cut, the apparatus conprising: a |laser |ight source for
enmitting pulse laser light having a pulse width of 1 ps or |esst{ #z; s

LSULY
| i ght -convergi ng means for converging the pulse laser |light emtted from
the laser light source such that the pulse |l|aser |ight attains a peak power
density of at least 1 x 108 (WcnR) at a |ight-converging point rhereofias-o0
first noving neans for relatively noving the 10 |ight-convergi ng point of
pul se laser light converged by the |ight-converging neans with respect to
an object to be processed; storing neans for storing data of a first
rel ative novenment anount of the object in the thickness direction 15 for

| ocating the hiight aCone@ING JFesictHion ahdewl.se | aser 1ight converged by the
| i ght-convergi ng neans atadesirable position within the object, the data of

first relative novesentaaspysd) keirehHebl aknesrdyngef iInimg ahbegdesicabl e
position as a distance fromthe entrance face where the pul se 20 |aser |ight

emitted from the bBsert!ight eouccereBLstt Becoehiiast td vide d Rshdrst her eof
and dividing the distance by the refractive index of the object with

respect to thegoputse sl asghctdght ststra@dnfr oprt e d asesilight SOULEER;

cal cul ating neans for calculating data of a second

5 light-converging point of laser light irradiating the
object in the thickness direction includes:

a first calculating step of defining a desirable
position in the thickness direction of the light-converging
point of laser light irradiating the object as a distance

10 - from the entrance face to the inside thereof and dividing
the distance by the refractive index of the object with
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 directiocn;

15 a second calculating step of calculating data of a
second relative movement amount of the object in the
thickness direction required for ©positioning the
light—~converging point of laser light irradiating the
object at the entrance face;

20 a first moving step of relatively moving the object
in the thickness direction according to the data of second
relative movement amount; and

a second moving step of relatively moving the object
in the thickness direction according to the data of first

25 relative movement amount after the first moving step.

77. (Amended) An apparatus for forming a line along
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25 rel ative novenent anmount of the object in the thickness direction
required for locating the Iight-converging point 245 FPOL-0144-00 of _the
pul se laser |ight converged by the |ight-converging neans at theMéhitance
face; second noving neans for relatively noving the object in the thickness
direction according to the data of first 5 relative novenent anount stored
by the storing neans and the data of second relative novenent and@Ml-0144-00
calculated by the calculating nmeans; and control nmeans for controlling the
first and second noving nmeans according to data stored in the storing nmeans
10 and data cal cul ated by the cal cul ating neans, so as to forma nodified
region within the object upon irradiation with pulse laser [ight, and form
a line along whiich titee obpeett s iinitended ttw beecutut, camst idggachhyst he
nodified region, in a region separated froma surface of the object on a

| aser 15 |i ghtcogipiriarieer:f ace side toward inside by a predeterni ned

di stance. 78. (Anended) An apparatus for formng a line along which the

obj ect is intended tolheeeulighhesappss &lods end @MPhigS plse 20aset asiegnt i ght
source for emtting pulse laser light having a pulse width of 1 ps or |ess;
| i ght - conver gihag imeamns piudls econviehgiong it he pul seslsaser [ight emtted from
the laser light source such that the pulse |l|aser |ight attains a peak power
densi tys of at | east 1igkt-2bn88gi\Wyarenafoa cdnivghiriconyes gllgepod sir

thereof: 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 thereof;
first moving means for relatively moving the
10 light-converging point of pulse laser light converged by
the light-converging means with respect to an object to be

processed;

storing means for storing data of a first relative
movement amount of the object in the thicknass direction
15 for locating the light—converging position of pulse laser
light converged by the light-converging means at a desirable
position within the object, the data of first relative
movement amount being obtained by defining the desirable
position as a distance from the entrance face where the pulse
20 laser light emitted from the laser light source enters the
object to the inside thereof and dividing the distance by
the refractive index of the ocbject with respect to the pulse

laser light emitted from the laser light source;
calculating means for calculating data of a second

25 relative movement amount of the object in the thickness

direction required for locating the light-converging point
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focusing nmeans for locating the |Iight-converging 246 FPOL-0144-00 point of
the pulse laser light emtted fromthe |aser light source within an object
to be processed; |ight-converging position adjusting neans for dj; ustiing

the position of light-converging point of pulse 5 laser |ight do verged by
the light-converging neans within the thickness of the object; noving neans
for relatively noving the [|ight-converging point of pulse |aser fpghtowmizhgg
respect to the object; and 10 control means for controlling the

| i ght-converging neans, the focusing neans, the |ight-converging position

adj usting neans, and the noving neans, so as to forma nodified region
within the object upon irradiation wwth pulse laser light, and forma line

al ong whi ch ther objeepti1 48 18sdtiangedcbavbegsdtsy ¢oRSt i fHEedohyethengodi fied
region, in a region separated froma surface of the object on a pul Se

| aser |ight emidansces i aag: sdde-drowarghddsi de by a predeterm ned di stance.
79. (New) A nethod of cutting an object to be processed, 20 the nethod

conprising a step ofsdddgrafndtiing mda 0] Rat rb@at@@eﬂ??%ﬁ?@ e Bb?_ect _
| i ght-converging point |located therewithin, so as to forma nodified region

caused by nulii phet oh i2RSQIR! HOR WL BhNaERSrQbhECEs dHEIRIDA G4t riRgt the
object. 25 80 . (New) A nethod of cutting an object to be processed
accordifng to claidmiffh mhenein theumdifiadtd egi ehe sctheiBdneans and

the data cf second relative movement amount calculated by

the calculating means; and

control means for contrelling the first and second
moving means according to data stored in the storing means

10 and data calculated by the calculating means, so as to form
a modified region within the object upon irradiation with
pulse laser light, and form a line along which the object
ig intended to be cut, constituted by the modified region,
in a region separared from a surface of the ocbject on a laser

15 light entrance face side toward inside by a predetermined
distance.

78. (Amended} An apparatus for forming a line along
which the object is intended to be cut, the apparatus
comprising:

20 a laser light source for emitting pulse laser light
having a pulse width of 1 us or less;

light-convergingmeans for converging the pulse laser
light emitted from the laser light source such that the pulse
laser light attains a peak power density of at least 1 x
25 10% (W/cm®) at a light-converging point thereof;

focusing means for locating the light-converging
246



247 1 FP01-0144-00 in a region separated froma surface of the object on a
laser |light entrance face side toward inside by a predeterm ned distance.
81. (New) Anmethodof cutting an object to be processed, 5 the nmethédik Il
conprising a step of irradiating an object to be processed with |aser [|ight
with a light-converging point |ocated therewthin under a condition with a
peak power density of at least 1 x 108 (WcnR) at the light- conpeeg+Qg44-00
point and a pulse width of I ps or less, so as to forma 10 nodified region
including a crack region within the object, thereby cutting the object. 82.
(New) A nethod of cutting an object to be processed according to claim 81,
wherein the nodified region is formed in a region separated froma surface

of the object phimt lcasenelbulightasent I agise shdce o8 deckoves d aiskrsi deghy a
predeterm ned distance. 83. (New) Anethodof cutting an object to be

processed, theonetdodi cotprisisigiecstep o groadisaid,ng an object to be
processed with laser light with a |ight-converging point 20 | ocated

therewi thin under a Cigjtditdsrverdimg peskitpieower adipnst iy ofméénseagbrl x 10&
(WcnR) at the light-converging point and a pulse width of 1 ps or less, so

as to forma a@fidtbtyreg ensindondbigl iyl dayrpioes s W bifi pullBe
obj ect, thereby cutting the object. 25 84. (New) A nethod of cutting an

obj ect 50 be prosessddhtaceavdrggdiwy chai m &3 -wherer fiddedmd fiedinegi on
is fornmed
the thickness of the object;
moving means for relatively moving the
light-converging point of pulse laser light with respect
to the object; and
10 control means for controlling the liqht—converging
means, the focusing means, the light-converging position
adjusting means, and the moving means, so as to form a
modified region within the object upon irradiation with
pulse laser light, and form a line alonag which the obhiact
15 is intended to be cut, constituted by the modified region,
in a region separated from a surface of the object on a pulse
f laser 1light entrance face side ftoward 1inside by a
predetermined distance.
79. (New) Amethod of cutting an cbject to be processed,
20 the method comprising a step of irradiating an object to
be processed with a light-converging point located
therewithin, so as to form a modified region caused by
multiphoton absorption within the object, thereby cutting
the object.
25 80. (New) Amethod of cutfing an object to be processed

according to claim 79, wherein themodified region is formed
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248 1 4 1°i'""; LU "J FPO1-0144-00 in a region separated froma surface of
the object on a laser |ight entrance face side toward inside by a

predeterm ned distance. 85. (New) A nethod of cutting an object tjo; Be: Ii5
processed, 5 the nethod conprising a step of irradiating an object to be

processed with laser light with a |ight-convergi ng point

| ocat ed

therewithin under a condition with a peak power density of at |eashi1iox 4080
(WcnR) at the light-converging point and a pulse width of 1 ns or less, so
as to forma 10 nodified region including a refractive index change region

which is a region wwth a changed refractive index within

t he object,

thereby cutting the object 86. (New) Anethod of cutting an object to be

processed accpf di Aggion WA Bnd vhenel sut hecoed thedyrgitobni $ 1hewred 15
in a region separated froma surface of the object on a |laser |ight entrance

face side towar gyhnsdrde-d-a fyedet aentsRdrd disd 8 &y 87preNewk rNTeidiod of
cutting a sem conductor material, the nmethod conprising a step of
irradiating a gegsmeomsluctor 20 material with laser light with a

| i ght-converging point |ocated therewithin under a condition with a peak

power

density of a1l easty)ln xmetB8d (N A} iny anhsh] é@htoaonpebaicRGe0i Nt

and a pulse width of 1 is or less, so as to forma nodified region within

the sengconductigs netiesd abombp hes BRY a 25:<putdfi N¢ rblbe asemigC andeshei: tMaler i al .
(New) Anmethod of cutting a sem conductor materia

88.

10

15

20

25

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®) at the light-converging
point and a pulse width of 1 ps or less, so as to form a
modified region including a crack region within the object,
thereby cutting the object.

82. {New) Amethod of cutting an object to be processed
according to claim 81, wherein themodified region is formed
in a region separated from a surface of the ohject on a laser
light entrance face side toward inside by a predetermined
distance.

83. (New) Amethod oflcutting an object to be processead,
the method comprising a step of irradiating an object to
be processed with laser light with a light-converging point
located therewithin under a condition with a peak power
density of at least 1 x 10® (W/cm®) at the light-converging
point and a pulse width of 1 us or less, so as to form a
modified region including a molton processed within the
object, thereby cutting the object.

84. (New) Amethod of cutting an cbiect to be processed

according to claim 83, wherein themodified region is formed
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249 FPO01-0144-00 according to claim87, wherein the nodified region is
formed in a region separated froma surface of  the sem conductor materi al
on a laser light entrance face side toward inside by a predeterni et 5

di stance. 5 89. (New) Anethodof cutting a piezoelectric material, the

met hod conprising a step of irradiating a sem conductor material wth | aser
light with a |ight-converging point |ocated therewithin under aFreodnbdDtiidan00
with a peak power density of at least 1 x 108 (WcnR) at the

i ght-converging 10 point and a pulse width of 1 is or less, so as to forma
nodi fied region within the piezoelectric material, thereby cutting the

pi ezoelectric material. 90. (New) A nethod of cutting a piezoelectric

materi al accomdi hgglon dedanat®d Mhenea suthecend thedyjegtobnis 1aerwred 15 in
a region separated froma surface of the piezoelectric material on a |aser

| i ght entranckeidlacersitndowarcd sasiedeowhydai iy ettetsr ai pedddicstraneed 91.
(New) Anethod of cutting a sem conductor material, the nmethod conprising a
step of irradiiattage@. sem conductor 20 nmaterial with laser light with a

| i ght-converging point |located therewithin, so as to forma nolton processed

only wthin the s&m ¢usdyud aethaterf alittihgrebybtadt todhd beocsemeenduct or
material. 92. (New) A nethod of cutting a sem conductor material 25

accordbng to chaineHod whenert s iy arodidd ed riegiadn aics nhoamedbjietta trregi on
separated froma surface of the sem conductor 250
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®) at the light-converging
point and a pulse width of 1 ns or less, so as to form a
10 modified region including a refractive index change region
which is a region with a changed refractive index within
the object, thereby cutting the object.
B6. (New) Amethed of cutting an object to be processed
according to claim 85, wherein themodified ragion is formed
15 in a reglon separated from a surface of the object on a laser
light entrance face side toward inside by a predetermined
distance.
87. (New) Amethod of cutting a semiconductor material,
the method comprising a step of irradiating a semiconductor
20 material 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, so as to form a
nodified region within the semiconductor material, thereby

25 cutting the semiconductor material.

88. (New) Amethod of cutting a semiconductor material
249



1ti Iff "J ")rte" F?01-0144-00 nmaterial on a |laser light entrance face side
toward inside by a predeterm ned distance. 93. (New) A nethod of cutting an
object to be processed, the nmethod conprising a step of irradiatifg tan i
object to 5 be processed with laser light elliptically polarized with an
ellipticity of other than 1 such that a |ight-converging point of the |aser
light is located within the object along the nmjor axis of an eltpEPsen144-00
indicative of the elliptical polarization of laser light, so as to forma
nodi fied region 10 caused by nulti photon absorption within the object,
thereby cutting the object. 94. (New) Amethod of cutting an object to be
processed according to claim93, wherein the nodified region is formed in

a regi on separat@shdiimta S1HiR8e, aihdrden ehkefidid <4 Fagesn 1% Fbohta
entrance face side toward inside by a predeterm ned distance. 95. (New)

Anet hod of cutii ng rapiek eebat-atbe presessatradde fmehBodeeonPRESERGra Step
of irradiating an object to be processed with laser light elliptically

pol arized wi t h20:@iuEeldd ptigsdy 1fqrat Ret rkhae fasediddabuward inside
i ght-converging point of the laser light is located within the object

while noving ype; Ipseietdiinad oM tdecdpj or axis of an ellipse indicative
of the elliptical polarization of [aser Iight wunder a condition with a peak

power dgnsity of atgdeaséwil adRexhd@@HMeri)g atoitdid ighiriconyeeging, poi nt
and a pulse wdth of 1 has or less, so as to forma nodified region
including 251 the method comprising a step of irradiating a semiconductor
material with laser light with a light-converging point
located therewithin under a condition with a peak power
density of at least 1 x 10® (W/cm?) at the light-converging
10 point and a pulse width of 1 ps or less, so as to form a
modified region within the piezoelectric material, thereby
cutting the piezoelectric material.
90. (New) Amethod of cutting apiezoelectricmaterial
according to claim 8%, wherein themodified region is formad
16 in a region separated from a surface of the piezoelectric
material on a laser light entrance face side toward inside
by a predetermined distance.
91, (New) Amethod of cutting a semiconductor material,
the method comprising a step of irradiating a semiconductor
20 material with laser light with a light-converging point
located therewithin, so as to form a molton processed only
within the semiconductor materiail, thereby cutting the
semiconductor material.
92. (New) Amethod of cutting a semiconductormaterial

25 according to ¢laim 91, wherein the modified region is formed

in a region separated from a surface of the semiconductor
250



FPOL- 0144-00 a crack region within the object, thereby cutting the object
96. (New) Anethod of cutting an object to be processed according to claim
95, wherein the nodified region is formed 5 in a region separated ifirgrira
surface of the object on a laser light entrance face side toward inside by a
predeterm ned distance. 97. (New) Anethodof cutting an object to be
processed, the nethod conprising a step of irradiating an obj ectFR®L-0104He 00
processed with laser light elliptically polarized with an ellipticity of
other than | such that a |ight-converging point of the laser light is

| ocated within the object while noving the |laser light along the major axis
of an ellipse indicative of the elliptical polarization of laser | ght 15
under a condi tiaremidlhoa pebksq@ovarghdenaitgnot fdced edsle towXrdi08néWienk) at
the light-converging point and a pulse width of 1 is or less, so as to form
a nodified redgor imcddadisgnimedel tsmmpreocessed within the object, thereby
cutting the obj ect. 20 98. (New) A nethod of cutting an object to be
processed accordi 83 .t (NelprmoOTh o @i int e aroth fdadtoég paoteskedped in
a region separated froma surface of the object on a laser |ight entrance
face side toware imesitdel kyoreirsddet er mtred ofdiistraddetidg Q8. obhewr Aonet hod
of cutting an object to be processed, the nethod conprising a step of

irradi adi ng arbeobjreckestsed R52h laser light elliptically polarized with

an ellipticity of other than 1 such that a light-converging

point of the laser light is located within the object along

the major axis of an ellipse indicative of the elliptical

polarization of laser light, so as to form a modified region

10 caused by multiphoton absorption within the object, thereby
cutting the object.

94, (New) Amethod of cutting an object to be processed

according to claim 93, wherein the modified region is formed

in a region separated from a surface of the ohiec

i+

on

a laser
15 light entrance face side toward inside by a predetermined
distance.

{ 95. (New) Amethod of cutting an object to be processed,
the method comprising a step of irradiating an cbject to
be processed with laser light elliptically polarized with

20 an ellipticity of other than 1 such that a light-converging
point of the laser light is located within the object while
moving the laser light along the major axis of an ellipse
indicative of the elliptical polarization of laser light
under a condition with a peak power density of at least 1

25 x 10% (W/cm?) at the light~converging point and a pulse width

of 1 us or less, so as to form a modified region including
251



FP01-0144-00 be processed with laser light-elliptically polarized with an
ellipticity of other than 1 such that a |ight-converging point of the |aser
light is located within the object while noving the |aser |ight along;the
maj or axis of an ellipse 5 indicative of the elliptical polarization of
| aser Iight wunder a condition with a peak power density of at least 1 X
108 (WcnR) at the light-converging point and a pulse width of 1FP8Le0144-00
|l ess, so as to forma nodified region including a refractive index change
region which is a region with a 10 changed refractive index within the
obj ect, thereby cutting the object. 100. (New) A nethod of cutting an
object to be processed according to claim99, wherein the nodified region
is forned in aareghoR sepdcal edifliitm ahsucbgeetof dHwer«bj ecitdin@ntael aser
| ight entrance face side toward inside by a predeterm ned distance. 101.
(New) A nethodowwiecuitti ng an object to be processed, the nethod conprising
a step of irradiating an object to be processed with |aser |ight
elliptically 20 pol &34 zédewi tAmanhetld ptuctiygaeh obhhect thare prosvebskhat a
| i ght-converging point of the laser light is |ocated within the object
whi | e novi ng taecdaseng ltioght 2 ah @18g wher @bg aheaxe$i £ Did aagebhips€ormdidcat i ve
of the elliptical polarization of |aser light, so as to forma nodified
regi on, 5t her ebyn autéghgn s2pades cebfech.a $02fa¢blevi) tAermeitwatt ofi clbkierg an
object to be 253 14

light entrance face side toward inside by a predetermined

distance.
97. (New) Amethodof cutting an object to be processed,
the method comprising a step of irradiating an object to
10 be processed with laser light elliptically polarized with
an ellipticity ¢f other than 1 such that a light-converging
point of the laser light is located within the object while
moving the laser light along the major axis of an ellipse

indicative of the elliptical polarization of laser light

(e

15 under a condition with a peak power density of at least 1
x 10% (W/ecm®) at the light-converging point and a pulse width
of 1 ps or less, so as to form a modifiéd region including
a molton processed within the object, thereby cutting the
object.

20 88. {New) Amethod of cutting an obiect to be processed
according to claim 97, wherein themodified region is formed
in a region separated from a surface of the object on a laser
light entrance face side toward inside by a predetermined
distance.

25 99. (New) Amethod of cutting an object to be processed,

the method comprising a step of irradiating an object to
- 252



FP01-0144-00 processed according to claim10l1, wherein the nodified region
is formed in a region separated froma surface of the object on a | aser

| ight entrance face side toward inside by a predeterm ned distance. 5 103.
(New) A nethod of cutting an.object to be processed, the nethod tonprising
a step of irradiating an object to be processed with laser light with a

| i ght-converging point |ocated therewithin, so as to form a nodified region
wi thin the object, and cutting the object 10 while using the nodi 9 kg 1244-00
region as a start point. 104. (New) A nethod of cutting an object to be
processed, the nmethod conprising a step of irradiating an object to be
processed with laser light with a |ight--converging point |ocated
therewithin; so as to form 15 a nodified region within the object, and
cutting the obfRALOMFSEAULERG hapract LR ¢ #@gcwaalléuppéééléfedtwétbbj ect
while wusing the nodified region as a start point. 254 105. A nethod of
cutting a waf el FilRéPEBFetY, Oémﬁrsichan } BR&H 5@%@ thehbpreeveralineg
processed with laser Iight with a |ight-converging point |ocated

Pher ow Lhi n. 9 L P FEF AR AROULFRECLT 61 eh s SH 1 ALk oD RTotGhLe

absor ption W|th|n the wafer like object to forma region which 5 functions
as starting pdidfiag @ec&tatsieﬁgléﬂhlthélﬁﬁﬁe\?heIm%bo%ﬁxécst ofapBnglaiPFfAe al ong
which the wafer-1ike object is intended to be cut, constituted by the

modi fi e¥ regi ofNAIGH-WT &fi s Edaraedarl BRLATddEA08 of LREeBbié8Rton a

| aser light entrance face side toward inside by a predeterm ned distance,
to cause crackiE@erdicRgdilt i@ndiiédt Poﬁeal‘?r%‘é‘%?ﬁgd?‘h%‘-téﬁrﬁffa@é ofafhel

waf er-1ike obj ect fromthe startin oints to occur. 10 106. A nethod of

Cut ting a waf et p, g@/ézgl] b&t E}B%ﬂﬁgg]tﬁé:onverglng point and a pulse width

of 1 ns or less, so as to form a modified region including
a refractive index change region which is a region with a

10 changed refractive index within the object, thereby cutting
the object.

10C0. (New) A method of cutting an object o be
processed according toclaim 99, wherein the modified region
is formed in a region separated from a surface of the object

15 on a laser light entrance face side toward inside by a
predetermined distance.

101. (New) A method of cutting an object to be
processed, the method comprising a step of irradiating an
object to be processed with laser light elliptically

20 polarized with an ellipticity of other than 1 such that a
light-converging point of the laser light is located within
the object while moving the laser light along the major axis
of an ellipse indicative of the elliptical polarization of
laser light, so as to formamodified region, thereby cutting

25 the object.

102. (New) A method of cutting an object to be
253



irradiating a wafer-like object to be processed with |aser light with-a

| i ght-converging point |ocated therewithin under a condition with 1a Q_ga,lgw
power density of at least 1 x 108 (WcnR) at the |ight-converging [ljoi"‘r‘lt""“énd
.a pulse wwdth of 1 p.s or less, so as to forma nodified region including a
crack region within the 15 object, to forma region which functions as
starting points for cutting of the wafer- like object, along a | iFRCBR+ODg4-00
which the wafer-1like object is intended to be cut, constituted by the
nodified region, in a region separated froma surface of the object on a

| aser light entrance face side toward inside by a predeterm ned distance, to
cause crack extending in a direction crossing the surface of the wafer-1ike
obj ect 20 framtddessddricagrpongt sot @ladaurl.01l,0%hex atat hode ohodutibAg a

waf er-1i ke object, conprising a step of: irradiating an object to be
processed withrégiset is ghirmed Hraa lreghibncerpergitrg fabnt al saareds of
therewithin under a condition with a peak power density of at least 1 x 108
(WcnR) at thethd ghtiecanyvengl age paiingh tamt: sapad Saos difle 2owafrdligsiae | ess,
so as to forma nodified region including a nolton processed region wthin
t he object, tof ot meedeg mnivdd chi Saerotd ons as starting points for cutting
of 255 14WR 15 the wafer- |ike object, along a |line along which the

waf er-1 ke object isdntended) tad neetload, o€onsttittintcedaby obechodid | d
region, in a region separated froma surface of the object on a laser |ight
entrance face pidae:dowhr dHensied@obycanprédéhgrai stesh odi Strandeattiagcanse
crack extending in a direction crossing the surface of the 5 wafer-1ike
object fromthebsdartitng pbent prbogessedr. wid8. AamiihodlDfhicutwiny aa

waf er-1ike object, conprising a step of, irradiating an object to be
processed withligsercdnggigmg poant iighttednhegengtponrntsé eeattedform
therewithin under a condition with a peak power density of at least 1 x 108
(WcnR) at thea moghittiednyey phg igdilm thadk ¢t senwi deht 109 dthelohjeot | ess,
so as to forma nodified region including a refractive index change region
whi ch 18 a regiohlauhing cHah el Figfehciedion miexa vt th Rhertobj ect, to form

a
104. (New) A method of cutting an object to be

processed, the method comprising a step of irradiating an
object to Dbe processed with laser light with a
light-converging point located therewithin, so as to form
15 a modified region within the cbhject, and cutting the object
by causing a fracture to reach a surface of the object while

{ using the modified region as a start point.
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regi on which functions as starting points for cutting of the wafer- I|ike
object, along a line along which the wafer-1like object is intended to be
cut, constituted by the nodified region, in a region separated frdm a:. /s
surface of the object on a laser light 15 entrance face side toward inside
by a predeterm ned distance, to cause crack extending in a direction
crossing the surface of the wafer-like object fromthe starting points to
occur. 109. A nethod according to one of cI ainms 105 to 108, wherein the

I l'igh ' | ud I I l'i ght.
20°110. A mot hot alor o n PR e R RO st PR er n the
[ di ati bj ect b th I

5o Connr o . DA ABEAeTE RS bt B viara v
everhe oy BB S S 000 o G LB les SRR o o ¢ e
.Obj ecjt .25 1 mLﬁn &?(Ab%ﬁ'ﬁt?nmgm O\Q&qpfllkglo@ t?l]%mrl% I‘]eglo’n 1%f1e| n the

irradiating af e’ processe l'aser

1 ght -5_(:onver 901% s%m’ﬁggybﬁ’lfalf ?gutttlgg P t\br% At 15 Sl g 1%% Y alohiadi ating

the object w aser °li g Tt ™ Deans em onIresp%ctlve

| Tght - conver 8/?‘#3‘*%%?%( oL bhioE  Huerdel 8504 CQHWIIIIeﬂtb_I?%%@%Fé?%%&I?E' claim
111, wherei ny t mn%eﬁ%.r'afeﬁ tfﬁlfem ﬁﬁce o% tlllé %ﬂ&ct%ﬁlaﬂ?seﬁl rlrng]&HraH:é) fﬂcg ?@Eem | ve

Iaser | i ght sour Ees 6 er-Ilke rom-the surtace er eof .

113. A net hoﬂ)&&? g{sase %Pteﬁlat%hmnl:&ﬁl zIIIIEQ rtg'c?ltlstert‘?a&l éfg %’léf}ﬁ%’ n z{]?ﬂr%c%gﬁ I ght

sources inclu ht source

entering t hecro@ﬁhgﬁlte s{urf%g c;fhﬁ'e Seft Bk ofﬁ]g t éaﬂﬂ‘tlﬁ% kj@ﬁ?srto o'cgtt}t source for

emtting a |aser Tight 0 beam enteri obj ect omthe rear face

theregf. 114. A mei(fg)d a&%?étﬁ’dd“&&l&lrfﬁfhew%r—ﬁk@' eétjc%n'gﬁ’l 3, wherein the
ud C

plurality of laser |ight sources inc I ght “sour tion having | aser

light sources arrapgffink™ ¥AEINRYoREANS bdorddefiRd AvRNasthitpht bl a
wafer-like object is

light-converging point located therewithin under a condition with a peak power
density of at least 1 x 108 (W/cm2) at the light-converging point and a pulse width
of 1 us or less, so as to form a modified region including a crack region within the
15 object, to form a region which functions as starting points for cutting of the wafer-
like object, along a line along which the wafer-like object is intended to be cut,
constituted by the modified region, in a region separated from a surface of the object
on a laser light entrance face side toward inside by a predetermined distance, to
cause crack extending in a direction crossing the surface of the wafer-like object
20 from the starting points to occur.
107. A method of cutting a wafer-like object, comprising a step of:
irradiating an object to be processed with laser light with a
light-converging point located therewithin under a condition with a peak power
density of at least 1 x 108 (W/cm2) at the light-converging point and a pulse width
25 of 1 ps or less, so as to form a modified region including a molton processed region

within the object, to form a region which functions as starting points for cutting of
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intended to be cut. 15 115. A nethod according to one of clains 105 to 114,
wherein the nodified regionis fornmed by relatively noving the Oﬁj/ferﬁ&e ,n'—th
respect to the |ight-converging point of laser |ight |ocated w thi'n e
object. 116. A nethod according to one of clains 105 to 115, wherein the
obj ect conprises glass. 20 117. A nethod according to one of clains 105 to
115, wherein the object includes a piezoelectric material. 118. A nethod
according to one of clainms 105 to 115, wherein the object includes a

sem conductor, material. 119. A nethod according t ne of cJains 105 to 118,
wherein the B15%a{er- 18 opiect ajangaa ling g?‘?%?i‘%‘ﬁﬁﬁ%?”afgb‘?‘ﬂ“a@gwcﬁ s dpendediiggi at ed.

120. A neth di. .Cl ai 105 ta 119, wh in the 257 f

of 'the ob] ecbe P Papiibted Py FHemOUrEL fedi o AgoRes S LEORbREMRE Chr n. 121,

A et hod di t . [ 1-16, . in.th li catjon. of

e o o' B Befl et A2 LSRR b B Wil P

crossing the,surface of the gbject .framthg region which is the starting

point of t hedBBeE: Pnfiush Gotk EREMYRP Bt * AisHEh Mbstrkcths) SRBEATCRE ho

bj is i t to. b t 122. A et hod of tti fer-1ik bj ect

e S sert SaAE 8P R ET e BB G T adi ati ng a vaf er 11 ke obj ect
d f ' d ' ith .| ight with

Taht -conver ging piiat Tt el ful SR iRRE Rl o BRE R il n" 10 2 peak

power density of aﬁraldﬁi?iﬁé Janx o%) e%t(%é’cﬂ@) I%EGSE&F pn tgi\ggh pgi nt and

i.ght, - -
a pulse width of 1'is or”less, SO asS to fRBPR A" o ?tgi é%f;%redg%n I'ncl udi ng a
K X Y ; ¢ Py . X X
ctarti ng por HplicoBBatlatodtl KEbeed Wbert Ol @R Dot W AbIR S |
which th e ; O t . _ : h
rm:jicfi eder \leﬁﬁ{r?ft&:ﬁg‘aﬁfpdég%%@@gm ggﬁ}erl%r}ﬁt'gggﬁe%g%g&%? Eﬁ%ykjﬁge g%(jit%cte on a

laserygl i ght gPf haBFfes, 36%s ¥ fftm! LUBETicl PE4GE ifYudtndh RHRLEVLIHAER change

region which is a region with a changed refractive index within the object, to form a

region which functions as starting points for cutting of the wafer- like object, along
a line along which the wafer-like object is intended to be cut, constituted by the
modified region, in a region separated from a surface of the object on a laser light

15 entrance face side toward inside by a predetermined distance, to cause crack
extending in a direction crossing the surface of the wafer-like object from the
starting points to occur.

109. A method according to one of claims 105 to 108, wherein the laser
light emitted from the laser light source includes pulse laser light.

20 110. A method according to one of claims 105 to 109, wherein the
irradiating an object to be processed with laser light with a light-converging point
located therewithin is carried out by irradiating the object with laser light emitted
from one laser light source while converging the laser light and locating a
light-converging point within the object.

25 111. A method according to one of claims 105 to 109, wherein the

irradiating an object to be processed with laser light with a light-converging point
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di stance, to cause crack extending in a direction crossing the surface of
the wafer-like object fromthe starting points to occur. 123. A nethod of
cutting a wafer-1like object nmade of piezoelectric nmateri al conprising: o
irradiating a wafer-1ike object made of piezoelectric material to pé M1
processed with 20 laser light with a |light-converging point |ocated
therewithin under a condition with a peak power density of at least | x 108
(WcnR) at the light-converging point and a pulse width of 1 s or less, so

R N R e T R T
Lk 9512 0 W0 i P R SRR, S o Bl el BRT
surace of it BRUSE e 03B ABheBRLOSPEBR BERuRLS, oronC ) oL
cr o511 Sur 2. ol U LS8 o, LA U6 SR DAORRI T2 °°
oDLeCk, T AYRYSLAE S AU A PR oL BB
ohL o0 50, obd ABeEpARg C1 o o2 e ad scent o et ¢ sect one arons
iher e | aser L1 Gl SASARNGI RSSO S RE O B AP o
a1k ol s, ¢1REGRPRANE W ol | oo SRIBEL) Mg oL

| ocated t her gyid: idh RPsihck ST LR QERRORA chfhg'h 1 Igh | S

ei ther one of "a region which is obtalne_ y“changing fromsSingle crystal 15
strughure t o, ARPLRARMESHS bhjdet (iR threhS@EOMMBE Ch s obtained by changing

from

114. A method according to one of claims 111 to 113, wherein the
plurality of laser light sources include a light source section having laser light
sources arranged in an array along the line along which the wafer-like object is
intended to be cut.

15 115. A method according to one of claims 105 to 114, wherein the
modified region is formed by relatively moving the object with respect to the
light-converging point of laser light located within the object.

116. A method according to one of claims 105 to 115, wherein the
object comprises  glass.

20 117. A method according to one of claims 105 to 115, wherein the object
includes a piezoelectric material.

118. A method according to one of claims 105 to 115, wherein the object
includes a semiconductor material.

119. A method according to one of claims 105 to 118, wherein the object

25 is a material transparent to laser light irradiated.

120. A method according to one of claims 105 to 119, wherein the
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single crystal structure to polycrystalline structure, and a region
including a region which is obtained by changing fromsingle crystal

g g y gl ng g y
structure to anorphous structure and polycrystalline structures,t wu.ehy:
functions as starting points for cutting the wafer-object, along a [iné
al ong which the wafer-like object is intended to be cut 20 within the
obj ect, to cause crack extending in a direction crossing the surface of the
waf er-1ike object fromthe starting points to occur. 127. A nethod of
cutting a wafer-1i obj ect,. conprising: irradiating the object to be
processed wit aF%l%’Lé?‘eP At 1S fprpedavith %‘%th@@ Vificr ClsitAte PR ed
therewithin, so as .to forma, nodif.ied regi cau 5 by mul tiphoton
absorption within e RaPehod ia%@f%ﬁﬁé%fm?gﬁpaelmﬁ ]:\'?g’e‘éiﬁgﬁmv\tﬁie @PPltaHeR i ons as
starting points for cutting of the fer- like abject,. along a,.direction 259
Lr 1fi~ti q"“’ntI & IPLlgtermingdo oreq %&ee\fl\\%fecaln‘i?é‘s%su?rﬁ &xtepding, i the diraslion ne
nodi fied region, to cause ack extending in a.direction.crossj t he
surface of tq{gss\i,%@?_sﬁf%cg %ﬁf‘%Bﬁe?tﬁ?ﬁl%Wel%g’sopa‘Yatﬂ‘&ﬁ& 8isﬁft§1gc%°15tc{}ﬂp? 128. A
met hod according to aim 127, erein,said. ified region i 5 fornmed at
a posPtion V\%llttg% ﬁoscugglﬁé)?éetcgﬁlo?g hélefllﬂnﬁéggag%et éecbﬁj“g‘ietmeéfnst%b? §¥er 1ight
entrance face sid owar d i nsi de redet erm distance.. 129. A net hod
of cutting a waf efl_2?iKnﬂeﬁljﬁo@gfdggﬁgﬁ%%g@ﬁlﬁ(ﬁ%ﬁgfinhageao V\%efnel?qr}diu&tgr obj ect
to be proces vt h | r light with a |ight-converging point |ocated
therewithin Iﬁ% glr{\ﬂc:ffg’1 orﬁg“l%ti on with a peak power 10 density of at least 1 x

108 (Wcen2) ol if0f LR&‘P%Zlﬁ&'HﬁEJo%ﬁQ Bpéemicnﬁﬂqct%r El'ﬁte%%li@&w ﬁécsse]d »ﬁi?hor I ess,
so as to forma rmodifie regl nlnc?udlngacrac regi on PRA T he obj ect,
to f Lo . _ c . P . hi
For ot tingreh TERCuH A b ARARE BRAPIORRE e N e AP ol Dph 02, 7 ©
|i aht i | e . _ K
extonding | A PPNCH Gl oL AcBEL BOs N O 48R RSBt B BOMT MEA 0y

fromthe st ?&léensgidﬂpj)ﬁf fs bOleQC §hs tokdfn a%d@ﬁMgﬁﬁqgﬂg&iﬁg alePuckhddion 129.

wherein said nodified region 1s
within the object, to form a region which functions as starting points for cutting of

the wafer- like object, along a line along which the wafer-like object is intended to
be cut, constituted by the modified region, in a region separated from a surface of
15 the object on a laser light entrance face side toward inside by a predetermined
distance, to cause crack extending in a direction crossing the surface of the
wafer-like object from the starting points to occur.  123. A method of cutting a
wafer-like object made of piezoelectric material comprising:
irradiating a wafer-like object made of piezoelectric material to be processed with
20 laser light with a light-converging point located therewithin under a condition with
a peak power density of at least 1 x 108 (W/cm?2) at the light-converging point and a
pulse width of 1 pus or less, so as to form a modified region including a crack region
within the object, to form a region which functions as starting points for cutting of
the wafer- like object, along a line along which the wafer-like object is intended to
25 be cut, constituted by the modified region, in a region separated from a surface of

the object on a laser light entrance face side toward inside by a predetermined
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formed at a position which is separated froma surface of the object, on a

| aser |ight entrance face side toward inside by a predeternined distance.
131. A nethod of cutting a wafer-like object conprising: 20 irradiating a
wafer-1ike object to be processed with laser light wwth a |ight-converging
point |ocated therewithin under a condition with a peak power density of at
least 1 x 108 (WcnR) at the light-converging point and a pulse width of 1
s or less, so as to forma nodified region including a crack region within
the object,  .to forma region including a.mlten processed regio ich
functions astIANGE 4Pt FHEF Eﬁcﬁt %xq% n%d‘?ﬁ Fgegion; fEsHRg dpe Sflffﬁge SEjt &t, al ong
a direction glong a . i ght .entr.ance surface of the object and along a
| i ne al ong ?fg H{('f"l%ﬂjg%ﬁ%o&l hllegm%ﬁg ROIH&(%I\%DC‘?“HT. intended to be cut within
the object, to ca (o i:ng. i hrection sSsin he.surface of

US4 f&aiﬁléthﬁﬁégcs% (!3{“ to &e%f%'latu%g 1h8% ?530, wsrtf:égnt oﬁo,éefcﬁ

the wafer-Ilike object trom rtrng points to” occur. od

arers ke o N r AR e S SR
ot i on”uni % L GHE haald) TR SRbREAAE, 2 o B lacer Tight s
entragce face si d%ﬁe{?{@ﬁ]g%]}i%@!cgﬁv&%ipgﬂn?gﬂta?érrlri‘gﬂteg.lgda?etdavl?l ntﬂﬁ?’ﬁed‘[&‘ met hod

of cutting a wafer- t co Ing: Trradiating a wafer- e obj ect

to be proces i i 1 : Lght: r I ted
therewithin %ﬁ%éwf%&cdo%ﬁofﬂa%&g\% twkélﬁe%g%gcaeﬁd %lgév}ﬁet; &e@eélﬁss%(i}%otpggpﬁ ?ﬁetgg)? 1 x 108
(WenR) at thguldsebliongonverging point and a pulse width 10 of 1 ps or I|ess,

so as to forma nodified region including a refractive index change region

which i s a region st h AnfRRRORLoRlY AUiIMELINURKCM Llidth % ORivBIgha Wt hi n

the object, to forma region Including crack region i ch functions as

starting poigyf s fde ke%FintgitHalaeér Hhe frdmf ifhdiatihd@e PRIreSly of Ol PsRtighd €Cti on
along a laser light entrance surface of the objéect and along a line al ong

whi chgt he obj ect 16l Nt enfREhoiGRAttIGta FRfelMiki Bbjebemad SCiemitdhdasidpe crack
extending in a direction crossing the surface of the wafer-like object from

the startingmpehal sohprifiggur . 134 A nethod according to claim133, wherein
said nodified region 1s

irradiating the object to be processed with laser light with a
light-converging point located therewithin, so as to form a molten processed region
which is either one of a region which is obtained by changing from single crystal

15 structure to amorphous structure, a region which 1s obtained by changing from
single crystal structure to polycrystalline structure, and a region including a region
which is obtained by changing from single crystal structure to amorphous structure
and polycrystalline structures, which functions as starting points for cutting the
wafer-object, along a line along which the wafer-like object is intended to be cut

20 within the object, to cause crack extending in a direction crossing the surface of the
wafer-like object from the starting points to occur.

127. A method of cutting a wafer-like object, comprising:

irradiating the object to be processed with laser light with a
light-converging point located therewithin, so as to form a modified region caused

25 by multiphoton absorption within the wafer like object to form a region which

functions as starting points for cutting of the wafer- like object, along a direction
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formed at a position which is separated froma surface of the object on a

| aser light entrance face side toward inside by a predeterm ned distance.
20 135. A nethod of cutting a wafer-1ike object nmade of sem con £iQ

material conprising: irradiating a wafer-like object nade of senlcoﬁdu 1 or
material to be processed with laser light with a |ight-converging point

| ocated therewithin under a condition wwth a peak power density of at |east
1 x 108 (VVch) at the light-converging point and a 25 pulse width of 1 .ts
or |ess,

the oby ect, 1ons 6H;‘ﬁ%gﬁnﬁgEbF‘Hﬁ{‘%g}qﬁ%ﬁ%glﬁg%Pﬁg%lB bﬁ%mﬁ%hres{?ﬁ%hzgwg“aéh'zgl
o ar 9, DO, L b et Rt B o e Sol B e ARy LT

cause crack %Hil%ndl{}& i & direction crossing the surface of the waf er-I i ke
obj ect fromt gPy ﬂj’ B'gl nts to occur. 5 136. A nethod according to

| ai wh i f,i ed n. whi ch i
gegi';l;nag gg f Ei o(ranr :I suzr%]ii ;cemsgjofilﬁgco(gg I ?QB’WH I agfge rei“} %ﬁfogd:% alﬁglém lisslge IS|Sde
137 A
\t/vg:‘l\g (-gl : EZI 0 ma e ot n%mé;iz}g%f‘eg’aﬁe%n&om tsgrff‘%ﬁ ﬂg Begto?{lga atf%)rl 11@!} adi ati ng
a wafer-1i ke ?ﬁhgecfaf:%ﬁgto%arg'n%ﬁ% aeg%éﬁcﬁerﬁﬁﬁeec{cﬁl a{lio be processed with

| aser |ight it convergln erewi t hin under a

condition with a %aflg\ rﬁé’tﬁ&ﬁ opﬁﬂﬁfé%ﬁ(w‘ﬁ%{?ﬁ(el %?fetct &@%@&(chﬂ) at the

l'i ght - convergi ng poin hof s or so as to forma

modi fied region | W?Jah‘%hﬁ‘% awﬁfe?‘iﬂke éc?r{ | Onéﬂc@ss%@%ﬂ?hfs%f ’thPaniﬂr{J‘ a

regi on including crac i on mhlch unc starting p0|n s for

cutting of tf@ée%gférglﬁg ﬂ%?ntoll%ﬁgﬁ thb ! nah ler & Coh@iioft Wit a%dak ¢l ght

entrance sur ject wthin the ] ect, to cause crac ext endi ng

Is'?a?tlloﬁlgr Sg;‘ %@Eltfﬁpﬁgg%grl?mﬁmsw IAeS apﬂchetlf%ﬁt—WV%fg‘nllé B&nPRieLbulbe Rk he
of 1 ps or less, so as to form a modified region including a crack region within the
object, to form a region including crack region which functions as starting points for
cutting of the wafer- like object, along a direction along a laser light entrance
surface of the object within the object, to cause crack extending in a direction

15 crossing the surface of the wafer-like object from the starting points to occur.

130. A method according to claim 129. wherein said modified region is
formed at a position which is separated from a surface of the object on a laser light
entrance face side toward inside by a predetermined distance.

131. A method of cutting a wafer-like object comprising:

20 irradiating a wafer-like 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 108 (W/cm2) at the light-converging point and a pulse width
of 1 us or less, so as to form a modified region including a crack region within the
object, to form a region including a molten processed region which functions as

25 starting points for cutting of the wafer- like object, along a direction along a laser

light entrance surface of the object and along a line along which the object is
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138. A nethod according to claim 137, wherein said nodified regionis 20
formed at a position which is separated froma surface of the object on a

| aser Iight entrance face side toward inside by a predeterm ned df§q&@§@3
139. A nethod of cutting a wafer-Ilike object made of semiconductor =~ "~
material, conprising: irradiating the object to be processed with | aser

light wwth a 25 light-converging point |located therewithin, so as to forma
nol ten processed region which is either one of a region which is obtained
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to claim 139. V‘herﬁii%r.‘Asr?lletﬂo@thgtHgga =L T S"bfﬁ%g"s&éﬁﬁ‘?&? .at a position which

is separated froma surface o object on a it entrance face

side toward j.psi b re]_gget .ne i.S 147 t rding to
cl aim 126, "é@?ﬁﬁg;ﬁe%ag% | catql!rbger(f?ofJJ gde re g%cgr ﬁn%ﬁheﬁlag%r @%qtt g\gtﬁﬁegobj ect
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fromthe regqi which i's the starting point of the cutting to 15 cut the

obj ect al ongqdfify b BSled N0 168 WIknid) Gt BRIIRSE-coivet S PSBHaRPa PIsE Width 263

10 of 1 ps or less, 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 within the
object, to form a region including crack region which functions as starting points for
cutting of the wafer- like object, along a direction along a laser light entrance
surface of the object and along a line along which the object is intended to be cut

15 within the object, to cause crack extending in a direction crossing the surface of the
wafer-like object from the starting points to occur.

134 A method according to claim 133, wherein said modified region is
formed at a position which is separated from a surface of the object on a laser light
entrance face side toward inside by a predetermined distance.

20 135. A method of cutting a wafer-like object made of semiconductor
material comprising:
irradiating a wafer-like object made of semiconductor material 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 108 (W/cm?2) at the light-converging point and a

25 pulse width of 1 ps or less, so as to form a modified region including a crack region

within the object, to form a region including crack region which functions as
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starting points for cutting of the wafer- like object, along a direction along a laser
light entrance surface of the object within the object, to cause crack extending in a
direction crossing the surface of the wafer-like object from the starting points to
occur.

136. A method according to claim 135, wherein said modified region is
formed at a position which is separated from a surface of the object on a laser light
entrance face side toward inside by a predetermined distance.

137. A method of cutting a wafer-like object made of piezoelectric
material comprising:
irradiating a wafer-like object made of piezoelectric material 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 108 (W/cm2) at the light-converging point and a
pulse width of 1 ps or less, so as to form a modified region including a crack region
within the object, to form a region including crack region which functions as
starting points for cutting of the wafer- like object, along a direction along a laser
light entrance surface of the object within the object, to cause crack extending in a
direction crossing the surface of the wafer-like object from the starting points to
oceur.

138. A method according to claim 137, wherein said modified region is
formed at a position which is separated from a surface of the object on a laser light
entrance face side toward inside by a predetermined distance.

139. A method of cutting a wafer-like object made of semiconductor
material, comprising:

irradiating the object to be processed with laser light with a
light-converging point located therewithin, so as to form a molten processed region

which is either one of a region which is obtained by changing from single crystal
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structure to amorphous structure, a region which is obtained by changing from
single crystal structure to polycrystalline structure, and a region including a region
which is obtained by changing from single crystal structure to amorphous structure
and polycrystalline structures, which functions as starting points for cutting the
wafer-object, along a laser light entrance surface of the object and along a line
along which the wafer-like object is intended {o be cut, constituted by the molien
processed region within the object, to cause crack extending in a direction crossing
the surface of the wafer-like object from the starting points to occur.

140. A method according to claim 139. wherein said modified region is
formed at a position which is separated from a surface of the object on a laser light
entrance face side toward inside by a predetermined distance.

141. A method according to claim 126, wherein the application of a
predetermined force to the object causes crack extending in the direction crossing
the surface of the object from the region which is the starting point of the cutting to

cut the object along the line along which the object is indented to be cut.
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