Title of the Invention Wrkpiece Dividing Method Uilizing Laser Beam Field
of the Invention 5 This invention relates to a wor kpi ece dividing method
utilizing a |aser beam which is suitable for dividing a thin plate
menber, namely a wafer, including, although not [imted to, any one of a
sapphire substrate, a silicon carbide substrate, a lithiumtantalate
substrate, 10 a glass substrate, a quartzlsubstrate, and a silicon

substrate, in pa tic Ia%. Description of the Prior Art In the production of
a seniconduct3ﬁ—éﬁvﬁieﬁ_éslﬂ§92£3£mblI known, many semi conductor circuits
are formed on the swfigcedd mval{gl; ddslddig g sybstrate sich as a
sapphire substrate, a s]i@fi con car bi deg substrate, a%%fill'ua.n% Z%etaoﬁate
substrate, a glass substrate, a quartz substrate, or a silicon substrate,
and then the waked bg dh¥i dedet® 120 formindividual sem conductor circuits.
Various nethods Ulilizing a raser beam have been proposed for dividing the
waf er. Inthe dividifigSmefven tdicse | wded dn 19 & mmed@.difﬁa&&ﬁ% 772, a

| aser beam i spbegHd8ed L ong.sur ts icinit a_ wafer, an
the | aser beaﬁ1and.thggaéfgggage&gggFagéegrywﬁggéd}glSﬁétggél F?Fon_llne.
By this actioﬁ}Vl@hégnatéhialpéatehmembersunhmeéysadeaﬁérth&nwahaﬁng$

|t ed Lvision.Li,ne to_forma qroove on. .the one surface of
The waf or Then ook b o O gh e BhR S SRBERAF S CBSbPEsR. « he

waf er al ong t@aesSytboon. CaUb$.dEPauan:r61:%11a488tih1ﬁd1m]&laaldlt_%;%ac!%atﬁﬁsttﬁaéce’

licati Lai n -277163_each di scl ose a I viding metho
Qﬁ?ch co#g?isgsg%%ggs?ﬁgsggggéérabggﬁfgﬁt8ug§ﬁr?ﬁ?erﬁﬁﬂiétélﬁéFPPon inthe
t hi ckness di rgglb$onaoé, ain particular.

Description of the Prior Art

In the production of a semiconductor device, as is
15 well known, many semiconductor circuits are formed on the
surface of a wafer, including a substrate such as a
sapphire substrate, a silicon carbide substrate, a lithium
tantalate substrate, a glass substrate, a quartz substrate,
or a silicon substrate, and then the wafer is divided to
20 form individual semiconductor circuits. Various methods
utilizing a laser beam have been proposed for dividing the
wafer.
In the dividing method disclosed in U.S. Patent No.
5,826,772, a laser beam is focused on one surface, or its
25 vicinity, of a wafer, and the laser beam and the wafer are
relatively moved along a division line. By this action,
the material on the one surface side of the wafer is
melted away along the division line to form a groove on
the one surface of the wafer. Then, a bending moment is

30 applied to the wafer to break the wafer along the groove.

U.S5. Patent 6,211,488 and Japanese Patent
Application Laid-Open No. 2001-277163 each disclose a
dividing method which comprises focusing a laser beam onto

an intermediate portion in the thickness direction of a

35 wafer, relatively moving the laser beam and the wafer




35 wafer, relatively noving the | aser beam and the wafer along a division
i ne, thereby generating an affected or deteriorated zone in the

i ntermedi ate portion in the thickness direction of the wafer along the
division line, and then applying an external force to the wafer to break 5
the wafer along the deteriorated zone. The dividing nethod disclosed in the
above- mentioned U.S. Patent No. 5,826, 772 poses the problens that the
material nelted away on the one surface side of the wafer %so-called
debris) scat t&F@nverdEnHs hahet 88210 BREBLY h8CBRE2EUREaRR Bf LERESHaPEr,

thereby stai nidiget{®rat&§ULbhBgigenheondbetReachteupbstigndifhaheit is
difficult to nake the width of the resulting groove sufficiently small
thus requiringhbckreasi Jer§crapgechi ahh Briehedlangi 8R8ndiVheioResiiNel ng

necessarily inn@ ¢gbatiysl ¥ hQwadS-ReLeRR1 29608 thetRbeaakeabte hokakhe
formati on of the sem conductor circuits. The dividing nethods disclosed in

the U S. Patente $abdn aBgngnthgapganesecpratedt Z2@apPLi cati on Lai d- Open No.

2001- 277163 have thenLolh puiig PR 0 18caidind o @120 BeRr ment s
conducted by the inventors of the present application, deterioration of
the materi al mgnthenedntednebdetentplerti bnBRA, Vhd PABERNEDS HIEPBEEMSN of the

waf er gener al eL I Vi 0 ngiky Ret |ess
than a predet%g%#ng%éhﬁagépgé%gﬁ%éﬁgg gggg}gchgg g?gt eE&5§§r§ The
deteriorationtiné whtemnfeoirakllbdadsbrost hechbteausi onesf andi ddhandscr acks.

The crac can._exiend_ i rhi-trary-diyecti ) . - 8X nal
force isﬁgppl$%Egtéﬁ?h%n§agggkgfﬁe¥g kéga&hgggdeggg§F8yhgﬁgﬁ&é grkﬁgt to be
broken sufficrestlyiB§ pemtétssbycabeongitrbeidbevi shdnthiaheitwithdifiéicadal t

that many fracturgs PRY 9¢SvL 8t the BLEak.edgeq@bobe! dhik¥eYent1y
small, thus requiring a relatively large width of the
division line, resulting necessarily in a relatively low
15 percentage of the area usable for the formation of the
semiconductor circuits.
The dividing methods disclosed in the U.S. Patent
6,211,488 and Japanese Patent BApplication Laid-Open No.
2001-277163 have the following problems: According to
20 experiments conducted by the inventors of the present
application, deterioration of the material at the
intermediate portion in the thickness direction of the
wafer generally requires that a laser beam having a power
density not less than a predetermined power density be
25 directed at the wafer. The deterioration of the material
leads to the formation of voids and cracks. The cracks
can extend in arbitrary directions. Thus, when an
external force is applied to the wafer, there is a
tendency for the wafer not to be broken sufficiently
3¢ precisely along the division line, with the result that
many fractures may occur at the break edge or relatively

large cracks may be caused.

Summary of the Invention

35 A principal object of the present invention is to




tion 35 A principal object
may be caused. Summary of the Inven _ :
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bvi di thod utilizing a | aser beam [ vi de _
SL¥}?LPgnPFy precisely along a sufficiently narrow Q|V|f;ogngln$6 guye,
the inventors, conducted in-depth studies and experinen 5 and, to our
surprise, found the following facts: A lasgr-beamis apF e O i s
surface side of a wor kpi ece, which is perneable to the | ase
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' I Vi di et hod .conpr.i sing applying a 1aser |
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predet er m nedcdepbk. deteriorated in 1 region ranging from the other

surface to a pPredetermined depth. Moreover, the
deterioration can comprise, substantially, melting and
resclidification of the material, without removal of the

15 material, accordingly, with occurrence of debris being
substantially avoided or sufficiently Suppressed, and with
occurrence of voids or cracks being substantially avoided
or sufficiently Suppressed. Hence, the above-mentioned
principal object can be attained.

20 According to the present invention, for solving the
above-described Principal technical challenge, there is
provided a workpiece dividing method comprising applying a
laser beam from one surface side of a workpiece permeable
to the laser beam,

25 further comprising focusing the laser beam applied
from the one surface side of the workpiece onto the other
surface of the workpiece or its vicinity to deteriorate a
region ranging from the other surface of the workpiece to
a8 predetermined depth.

30 It is preferred for the deterioration of the
workpiece to be substantialily melting and resclidification.
It is preferred that the laser beam be focused on a

position +20 teo -20 um from the other surface of the
workpiece when measured inwardly in the thickness

35 direction. Preferably, the laser beam is a pulse laser




[ referred for the deterioration of the workpiece to be
ggbgtahfiglly nmelting and resolidification. It is preferred that th? Lﬁser
beam be focused on a position +20 to -20 mfromthe other surface ? bF
wor kpi ece when neasured inwardly in the thickness 35 direction. Pre eggo Y,
the laser beamis a pulse | aser beam having a wavel ength of 150 to 1, f
nm and a peak power density at the focused spot, i.e. focal p0|nta ?h t
the pul se | aser beamis 5.0x108 to 2.0xl 011 Wcrn2. It is preferre a

t he workpi ece P§amehevingasedastlemnyh5oposbhi Qasl§9@gegmpyagdp5_egg%§r m ned
di stance al on redeterined _division line, and the predeternm ne
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FIG 21is a s%}.esp taiccedseicr;[v}aopc?ll.y V:il.neV\tl:he Og\}nlincg}énelsns adnirection of the
workpiece, and the workpiece can be deteriorated again at
many positions spaced by a predetermined distance along
15 the predetermined division line, whereby the depth of the
deteriorated region can be increased. The predetermined
depth is preferably 10 to 50% of the total thickness of
the workpiece. The workpiece may be a wafer including any
one of a sapphire substrate, a silicon carbide substrate,
20  a lithium tantalate substrate, a glass substrate, and a

quartz substrate,

Brief Description of the Drawings

FIG. 1 is a schematic sectional view showing the
25 mode of applying a laser beam to a workpiece in a
preferred embodiment of the present invention.

FIG. 2 is a schematic sectional view showing, in an
enlarged manner, the vicinity of the focused spot of the
laser beam in FIG. 1.

30 FIG. 3 is a schematic sectional view showing the
mode of FIG. 1 by a section along a division line.

FIG. 4 is a schematic sectional view, similar to

FIG. 3, showing the mode of generating deterioration

regions superposed in the thickness direction of the
35 workpiece.




enl arged manner, the vicinity of the focused spot of the Iaser beamin
FIG 1. 30 FIG 3 is a schematic sectional view show ng the nmode of FIG 1
by a section along a division line. FIG 4 is a schematic sectional view,
simlar to FIG 3, show ng the node of generating deterioration regions
superposed in the thickness direction of the 35 workpiece. FIG 5is a
schematic view prepared by sketching a ph6t0n1crpgraph of the break edge
of a workpiece in Exanple 1. FIG 6 is a schematic view prepared by
sketching a 5 phot dni%r oyrigph @ChWMQMQ?gﬁ@ammm;]%ﬁ)ﬁ%?%ﬁagPl e
2. FIG 7 is ' W r chi.ng a .
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FIG 1 schemaPhehpmjcshomsphhefntiie bireappkyigrgod al asekdiead 4nto a

wor kpi ece 2 t Lvbded. The illustrated workpiece 2 is a wafer conposed
of apsubstrat ng@plﬁ% tbﬁe formof a thin plate and many surface | ayers 8 20
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Detailed Description of the Preferred Embodiments

Preferred embodiments of the workpiece dividing
method according to the present invention will now be
described in greater detail by reference to the

15 accompanying drawings.

FIG. 1 schematically shows the mode of applying a
laser beam 4 to a workpiece 2 to be divided. The
illustrated workpiece 2 is a wafer composed of a substrate
6 in the form of a thin plate and many surface layers 8

20 (two of them are partially illustrated in FIG. 1). The
substrate 6 is formed, for example, from sapphire, silicon
carbide, lithium tantalate, glass, quartz, or silicon.

The surface layers 8 are each rectangular in shape, and
are stacked on one surface 10 of the substrate 6 in rows

25 and columns. Streets (i.e. division lines) 12 arranged in
a lattice pattern are defined between the surface layers 8.

In the dividing method of the present invention,
the laser beam 4 is applied from the one surface side of
the workpiece 2, namely, from above in FIG. 1. Tt is

30 important for the laser beam 4 to be capable of permeating
the substrate 6 to be divided. If the substrate 6 is
formed of sapphire, silicon carbide, lithium tantalate,
glass, or gquartz, the laser beam 4 is advantageously a

pulse laser beam having a wavelength of 150 to 1,500 nm.

35 In particular, the laser beam 4 is preferably a YVO4 pulse




25 and colums. Streets (i.e. division lines) 12 arranged in a lattice
pattern are defined between the surface |ayers 8. ~I'n the dividing method
of the present invention, the |aser beam4 is applied fromthe one surface
side of the workpiece 2, nanmely, fromabove in FIG 1. It is 30 inportant
for the laser beam4 to be capable of permeating the substrate 6 to be
divided. If the substrate 6 is fornmed of Elsa'pphi [)e, si4| | condcarial de, I
lithiumtantal ate, | ass, or_quartz, the |aser beam 4 is advantageously a
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thickness direction. In the illustrated embodiment, the
one surface 10 of the substrate 6, on which the surface
15 layers B are disposed, is directed upwards, and the laser
beam 4 is applied from above the substrate 6. If desired,
however, the one surface 10 of the substrate 6, on which
the surface layers 8 are disposed, may be directed
downwards (namely, the one surface 10 and the other
20 surface 14 may be inverted), the laser beam 4 may be
applied from above the substrate 6, and the laser beam 4
may be focused on the one surface 10 or its vicinity.
The descriptions of the Examples and Comparative
Examples to be offered later show the execution of the
25 dividing method of the present invention and those
disclosed in the aforementioned U.S. Patent 6,211,488 and
Japanese Patent Application Laid-Open No. 2001-277163.
When the laser beam 4 applied from the one surface side of
the workpiece 2 is focused on an intermediate portion in
30 the thickness direction of the workpiece 2 according to
the methods of these patent documents, as indicated by
dashed double-dotted lines in FIG. 1, no change occurs in
the workpiece 2, if a peak power density at the focused

spot 16 of the laser beam 4 is not more than a

35 predetermined value. If the peak power density at the




may be focused on the one surface 10 or its vicinity. The descriptions of

' fered | ater show the
nd Conparative Exanples to be of . .
tggcﬁﬁﬁgﬁlg? ?he 2gpdividing nmet hod of the present |nve3t|gn ZggséthSent
Sisclosed in the aforenentioned U S. Patent 6,211, 488 an Zpa se ratent
Application Laid-Open No. 2001-277163. Vhenfthe Lgsg; gﬁarkterggdiate
e side of the workpiece 2 +s7focus ( .
Lgftfgﬁ ?ﬁrggcghe t hi ckness direction of the workpiece 2 according to the

met hods of the ﬁcbﬁ?gnﬁpaéc&ﬁenfsthas1h§ékcgbgg_@yexgggpsdgg%ggLebgaéﬁed

) . ' t he wor kpi ece
lines in FIG Bred@t£RANYE4OGSYLS 1D id enabroptéyt han a 35
density at the focused spot %g %f YRLtSPa8Bf pEafka esensbrnop yot n2s
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than the above pbredetermined value. Upon completion of
the application of the laser beam 4, the melted material
15  is solidified again. In FIGS. 1 and 2, a deterioration
region 18 subject to melting and resolidification is shown
marked with many dots. 1In such melting and
resolidification, the removal and scatter of the material
from the workpiece 2 can be substantially avoided or
20 sufficiently Suppressed, and the occurrence of voids and
cracks can be substantially avoided or sufficiently
Suppressed. In the deterioration region 18 with a
predetermined width and a limited depth, the material can
be melted and resolidified. The reason why the behavior
25 of the matérial changes according to the position of the
focused spot 16 of the laser beam 4 is not necessarily
clear, but we presume as follows: In the intermediate
portion in the thickness direction of the workpiece 2, a
constraining force on atoms is relatively great, so that
30 the atoms, which have been excited by absorbing the laser
beam 4 exceeding the predetermined power density, are
burst to produce voids or cracks. On the other surface 14

of the workpiece 2 or its vicinity, by contrast, the

constraining force on the atoms absorbing the laser beam 4

35 is relatively low. Thus, when absorbing the laser beam 4




fromthe workpi ece 2 can be substantially avoided or 20 sufficiently
Suppressed, and the occurrence of voids and cracks can be substantially
avoi ded or sufficiently suppressed In the deterioration region 18 with a
predetermned width and a limted depth, the material can be nelted and
resolidifjed The reason why the behavior 25 of the material changes
according to the position of the focused &pot 16 of the | aser beam4 is

not necessarily clear, but welgresune as follows: In the internediate
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preferred thalatbe peak 4 focused onto the other surface 14 of the

workpiece 2 or its wvicinity depends on the material for

15 the workpiece 2. Generally, it is preferred that the peak
power density is on the order of 5.0x10°% to 2.0x10" W/cm?.

With reference to FIG. 3 along with FIG. 1, in the

preferred embodiment of the present invention, the laser
beam 4 applied from the one surface side of the workpiece

20 2 is focused on the other surface 14 or its wvicinity. 1In
this condition, the workpiece 2 and the laser beam 4 are
relatively moved along the division line 12, whereby the
deterioration region 18, which has substantially undergone
melting and resolidification, is generated in the

25 workpiece 2 at many positiohs spaced by & predetermined
distance along the division line 12. The relative
movement speed of the workpiece 2 and the laser beam 4 is
preferably set such that the predetermined distance is not
more than 3 times the spot diameter of the focused spot 16

30 of the laser beam 4. As shown in FIG. 3, therefore, the
deterioration region 18 with a predetermined depth D from
the other surface 14 is generated on the other surface
side of the workpiece 2 at some intervals or substantially

continuously along the division line 12. The

35 deterioration region 18 is locally decreased in strength




power density is on the order of 5. OxI® to 2.XxIO 1 WcnR. Wth reference
to FIG 3 along with FIG 1, in the preferred embodi nent of the present

i nvention, the laser beam 4 applied fromthe one surface side of the

wor kpi ece 20 2 is focused on the other surface 14 or its vicinity. In this
condition, the workpiece 2 and the | aser beam4 are relatively noved al ong
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To generate the deterioration region 18 of the

required depth D, the laser beam 4 can be applied a

15 plurality of times, if desired, with the position of the
focused spot 16 of the laser beam 4 being displaced. FIG.
4 shows this mode of laser beam application to displaced
positions which is carried out in the following manner:
Initially, the laser beam 4 is moved rightward relative to

20 the workpiece 2, with the focused spot 16 of the laser
beam 4 being located on the other surface 14 of the
workpiece 2 or its vicinity, whereby a deterioration
region 18-1 of a depth Dl is generated along the division
line 12. Then, the laser beam 4 is moved leftward

25 relative to the workpiece 2, with the focused spot 16 of
the laser beam 4 being somewhat displaced inwardly (i.e.
upwardly in FIG. 4) in the thickness direction of the
workpiece 2, whereby a deterioration region 18-2 of a
depth D2 is generated on the top of the deterioration

30 region 18-1. Further, the laser beam 4 is moved rightward
relative to the workpiece 2, with the focused spot 16 of
the laser beam 4 being somewhat displaced inwardly (i.e.
upwardly in FIG. 4) in the thickness direction of the

workpiece 2, whereby a deterioration region 18-3 of a

35 depth D3 is generated on the top of the deterioration




To generate the deterioration region 18 of the required depth D, the |aser
beam 4 can be applied a 15 plurality of times, if desired, with the
position of the focused spot 16 of the | aser beam 4 being di splaced. FIG
4 shows this node of |aser beam application to displaced positions which
is carried out in the following manner: Initially, the |laser beam4 is
noved rightward relative to 20 the morkblége 2, with the focused spot 16 of
the laser beam 4 bei ng | ocated on the other surface 14 of the wor kpi ece 2
or its vicim?%ﬁl%ﬁm}%%§ a deterioration region 18-1 of a depth D is

generated al ong thengkv| st EkBfplds IhancOﬁﬁgrhe§@é Bgambtels ooy Rd
leftward 25 relative to the workplece 2, h"the focused spot 16 of the

| aser beam 4 Ry FJ s orRN#RE L e s"pSJrJaJeekéie |qiﬁ)\%@3éﬂl§/e%1 upwardly in FIG 4)
in the thickness direction of the workpiece 2, mhereby a deterioration
region 18 2 of a depth D2 is generated on the top of the deterioration 30
regi on 18°1. HX#¥He& lihe | aser beam4 is moved rightward relative to the

workpi ece 2, with thesiggused 30k 18001 thea! Asghebeanyg beingssgmenhal

di spl aced |nmardly (i.e.” upwardly iIn ness direction of
the workpi ece. D8 vmre)rajydad@’nmkmml@f\ I(E@Ijﬁm vﬂﬁs&méd aa85a dept h 03 is
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one surface deterioration region along a predetermined division line.
The application of the laser beam was performed under the
following conditions, with the focused spot, i.e. focal
peoint, of the laser beam being located on the other

15 surface, i.e. lower surface, of the workpiece:

Laser
YVO4 pulse laser
Wavelength: 1064 nm
20 Spot diameter of focused spot: 1 um
Pulse width: 25 ns
Peak power density of focused spot: 2.0x10" w/cm?
Pulse repetition freguency: 100 kHz
Speed of relative movement of laser beam (movement

25 relative to the workpiece): 100 mm/second

Then, the workpiece was gripped manually, and a
bending moment was applied thereto about the division line
to break the workpiece along the division line. Breakage

30 was performed sufficiently precisely along the division
line, and no marked fracture or the like was present at
the break edge. FIG. 5 is a sketch of a photomicrograph

(magnification x200) of the break edge of the workpiece.
As understood from FIG. 5, a deterioration region 18 of a

35 depth of 10 to 20 um was generated on the other surface




10 side of the workpiece, nanely, from above, to generate a deterioration
region along a predetermned division line. The application of the |aser
beam was performed under the followng conditions, with the focused spot,
i.e. focal point, of the | aser beam being | ocated on the other 15 surface,
I.e. lower surface, of the workpiece: Laser YV pul se | aser wavel ength:
1064 rim 20 Spot di aneter of focused spbt?ll‘i rn Pulse width: 25 ns Peak
power density .of fao ed spot:. 2.0x101' WcnR Pulse repetition frequency:
100 kHz Speecfléie % %l%/ewcﬁgkv%%%%‘?' 0P U & dSEERIOFRAFRENT LDy M3kt i ve to
t he wor kpi ecejukistE(( imiiIsechinsk Thenvoide yorkni@ee was gripped manual ly,
and a bendi ng nonent was applied thereto about the division line to break
t he workpi.ece along the division |ine. Breakage 30 was perfornmed
sufficiently Bxaegilsel?: al ong the division line, and no marked fracture or
the |ike was present. at. the greak edge. FIG 5 is a sketch of a .

phot omi cr8graph  ( i 1728T | BRaR2UBS BPP{hed biBakledgeMef MERBERORRpiBCE.

As under st o0& HampDe1G caprletrelt W Bld Pned@Yinty e & Ihdeptdof 10 to
the other surface --. 11 side of the workpiece.
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1, except that after each novenent of the |aser beamrelative to the
wor kpi ece al GHFRLFEeR Winsiagifl kel 0 Hheangbsiit drhisf stetdocusedapot of the

| aser beagn watam was reciprocated twice (accordingly, moved 4 times)
relative to the workpiece.

Then, the workpiece was gripped manually, and a
bending moment was applied theretc about the division line
to break the workpiece along the division line. Breakage

15 was performed sufficiently precisely along the division
line, and no marked fracture or the like was present at
the break edge. FIG. 6 is a sketch of a photomicrograph
(magnification x200) of the break edge of the workpiece.
As understood from FIG. 6, a deteriocration region 1B of a

20 depth of 40 to 50 um was generated on the other surface
side of the workpiece. Such a deterioration region was

substantially free of voids or cracks.

Comparative Example 1:

25 For purposes of comparison, the laser beam was
applied in the same manner as in Example 1, except that
the focused spot of the laser beam was located at an
intermediate portion in the thickness direction of the
workpiece. The workpiece was observed after application

30 of the laser beam, but the generation of a deterioration

region was not noted.

Comparative Example 2:

The laser beam was applied in the same manner as in

35 Comparative Example 1, except that the peak power density




di spl aced upward by 10 mand, in this state, the |aser 10 beam was

reci procated tw ce (accordingly, noved 4 tines) relative to the workpiece.
Then, the workpi ece was gri pped nanually, and a bending nonent was applied
thereto about the division ine to break the workpi ece along the division
| i ne. Breakage 15 was performed sufficient]ly precisely along the division
line, and no marked fracture or the |ike s present at the break edge.
FIG 6 is a sketch of a photom crograph magni ficati on, x200) of the break
edge of the wor ktg}eectfeqcu%é)u?ﬁﬁ st oﬂg?rjoéﬁ?ﬁ?g’e%‘} YA Yt RTFB7 3T ohPr egi on
18 of a 20 deptdxiaf'4@/&e° 50 pm was generated on the other surface side of

t he workpi ece. Such_,a deterioration region was sybstantially free of voids
or cracks. Cbnpara??Q%nExgﬁﬁlgofkpigcFoPaBu95628§HOWaEBﬁ%§VFsaﬁg fhe | aser
?eam wgs appie;r&dihrimlrﬁdhﬁemﬁn@aﬁa‘iW{i@@ ﬁkgel&(wpéieq&t m@g@ivwﬁén 1hee
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regi on was not. noLed.JgggParative Exam%%g 2: The | aser beamwas a glied in
the sanme nmanferVds-Gh COPAras Y et ?&ﬁ%ﬁ1?”%x%%$ﬁt%Y%&yt%%rg ak power
density - 12 cxfcldheadacysessspotaof thdentaseredeam was .l nereased i ch
2.5x1011 Wcne. Then, the workpiece mas.gripped manual |y, and a bending

:\./

moment was appi iePRHIE G eBeRRh t MBagh Vi s¢arlon ne20®) 1Qf Hrleakb¥erk

wor kpi ecgoal anghyd her dind si®nkpidee . Breakage dsaidrd tronbermer for ned
suff|C|entchPreC|ser along the , , , )
eteriordtion region generated in the intermediate portion
in the thickness direction of the workpiece contained many
volds 20 and cracks 22. The cracks were found to extend

in various directions.




division line, and many fractures and relatively large cracks were present
at the break edge. FIG 7 is a sketch of a photom crograph (magnification
x200) of the break 10 edge of the workpiece. As understood fromFIG 7, a
deterioration region generated in the internediate portion in the

t hi ckness direction of the workpiece cogtg%ngd many voids 20 and cracks
22. The cracks were found to extend in various directions. - 13 Wat we

claimis: 1. r.kpi ece, dividing method conprising applying a |aser beam
from one surfwwa—%%kpi ece perneable 5 to the |aser beam

further conprising focusing the | aser beamapplied fromsaid one surface
side of the rkpi ege ongo.other. Sﬁtface EB t.he morkELece or_a.vicinity
thereof to deterioraf®8 &PrEGFofi* VARG EFBARTsGPEPSEREPIsAPPA¥ENEF 210 t he
wor kpi ece to lagmmedeten nfned cept SurPacdhei d@rdpi £ giyi dtagpaehdas]
accordi ng to1glq%n1 , mh%$ein the deterioration of the workpiece is

subst anti gl |y “he rﬁ #gasa% TM™idification. 15 3. The wor kpi ece dividing
met hod accordi ng tofetaherlcomphesehy Ebeukasgr theambserf Bedsedppniad
position {20 to -20. fron1satd ot her su f@ge of the workpi ece when

measured i nwardt Y33 £1%hi TS df + 92t T ot VAT FRHRC S0P Rp? e@BNET vi di ng

met hod accor dungfdae cdithd, workel €td dhes | eseinbeamthsraoputse | aser beam
havi ng a maéflen th of 150 to, 1,500 rim 25 5. The workpi ece_di vi ding
met hod accor AFT TP A A fegmrﬁ?%gjd’%eﬁko%o%@d deheE ySarface oetised

spot of Lbe the workpiece to a predetermined depth.

2. The workpiece dividing method according to claim 1,
wherein the deterioration of the workpiece is
substantially melting and resolidification.

15
3. The workpiece dividing method according to claim 1,
wherein the laser beam is focused on a position +20 to -20
um from said other surface of the workpiece when measured
inwardly in a thickness direction.

20
4, The workpiece dividing method according to claim 1,
wherein the laser beam is a pulse laser beam having a
wavelength of 150 to 1,500 nm.

25 5. The workpiece dividing method according to claim 4,
wherein a peak power density at a focused spot of the

pulse laser beam is 5.0x10% to 2.0x10'* W/cm®.

0. The workpiece dividing method according to claim 4,
30 wherein the workpiece is deteriorated at many positions

spaced by a predetermined distance along a predetermined

division line.

7. The workpiece dividing method according to claim 6,

35 wherein said predetermined distance is not larger than 3




pul se | aser beamis 5.0x10 to 2.0x1011 WcnR. 6. The workpi ece dividing

met hod according to claim4, 30 wherein the workpiece is deteriorated at
many positions spaced by a predeterm ned di stance al ong a predetermn ned
division line. 7. The workpi ece dividing nethod according to claim®6, 35
wherein said predeterm ned distance is Dohlgrger than 3 - 14 tines a spot
di aneter at the focused spot of the pulse ~"|laser beam 8. The workpi ece

di vi di ng net hod accordl rther ris deteriorating
the wor kpi ech: %aanf%oong %Jr?}ﬁ%teﬁpaa%eﬁl% %C$§%%Ie?£$ %dgr?ﬁ ﬁ%% along a
predeterm ned agHwitsdzom. | i ne; then di splacing a focused spot of the | aser
beam 10 inwardly in a thickness direction of the workpiece; and
deteriorating the workpiece again at many positions spaced by a

predet er m nec di st anke aboRrgieaeddipiadayenstned dtvbsdongl ipbecluber eby

i ncr easi ngre th of the deteriorated region. 15 9. The workpi ece

di vi di ng Het REor iR 19 %%4i m 5, wherein said predeterm ned depth is
10 to 50% of a tot a&ietéhwkaesﬁgothéheompkebecet R@ni{0poEhe ivaskpi ece

di vi di ng net hod acﬁobrdl ng%)o claiml, wherein the workpiece js a, wafer

i ncl udi ng any*RAE DS FRT T RrBTR rdt 85aRCR #1000 2 bRIRtEHBiRte, a
lithium tantglwate Subsikai e, a glass substrate, and a quartz substrate.

then displacing a focused spot of the laser beam
10 inwardly in a thickness direction of the workpiece; and
deteriorating the workpiece again at many positions
spaced by a predetermined distance along said
predetermined division line, thereby increasing a depth of

the deteriorated region.

15
9. The workpiece dividing method according to claim 6,
wherein said predetermined depth is 10 to 50% of a total
thickness of the workpiece.

20 10. The workpiece dividing method according to claim 1,

wherein the workpiece is a wafer including any one of a
sapphire substrate, a silicon carbide substrate, a lithium

tantalate substrate, a glass substrate, and a quartz

substrate.




