27 SEPT 2006 - 1 Title of the Invention Wrkpiece Dividing Met hod7sSepT 2006
Uiljzing Laser Beam Field of the Invention 5 This invention relates to a
wor kpi ece dividing nethod utilizing a | aser beam which is suitable for
dividing a thin plate nenber, nanely a wafer, including, although not
limted to, any one of a sapphire substrate, a silicon carbide substrate, a
lithiumtantal ate substrate, 10 a glass suhstrate, a quartz substrate, and
a silicon substrate, in particular. Description of the Prior Art In the
production ofyp sem gopgsct Qragevipge, as is 15 well known, many

sem conductor—crrcuits are formmed-—on the surface of a wafer, including a
substrate such as aWOgﬁﬁéﬁpﬁeDgwbﬁﬂﬂat@et@0§|Dt@énzgagbﬂa@eguﬁgﬁmate a
lithium tantalate substrate, a glass substrate, a quartz substrate, or a
silicon substrate, and then the wafer is divided to 20 form i ndi vi dual

sem conduct orFtetcdupf sth&/afnvestmenrhods utilizing a | aser beam have been
proposed f.or divi di .th r d|V|d|n net.hod dij scl sed in US
Pat ent No? 5,826,7 g}gaﬁﬁg§§%§03a§?}§@?gc&§e ] Fkglgce acer % its 25
vicinity, of mewsb@rutabizihe balesebebsmapdwhbehwatesuatebiel dbrvel y noved
along a divi5|on i ne this.action,, the nmat rlal t he one syrface side
of the wafer $%Y %hn?eﬁ gﬂb? Bi8hg TREPEFvi SPBR Vlﬂew?geForﬁPS §HeBFe on

the one surfageribughenyafl eimifbantoa bapdbag aprrﬁngapm@@ea@gbse@at@ t he
wafer to break the wafer along the groove. U, S. Patent 6,211,488 and
Japanese Pateﬁt51%b%?Pc§?FEtha§Hb EAtRo. 22861h3 M 63NEadR L SalsSEage,

di vi di ng et hé)d?ﬂ\é‘é§hsﬁ19§9£h§€5 50&H§k99 8ub88ehtBEaghANEOs 18 cbAL er medi at e

portlon in the thickness direction of
substrate, in particular.

( .

Description of the Pricr 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 onn 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 divisicn line to form a groove on
the one surface cof the wafer. Then, a bending moment is
30 applied to the wafer to break the wafer along the groove.
U.S. 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 27 SEPT 2006 ¢rfr 2006
along'a division line, thereby generating an affected or deteriorateg zone
in the internediate portion in the thickness direction of the wafer al ong
the division Iine, 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- nentioned 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) scattgnsngver dard sadherenel0 wrtretihgeora sufpce off fide ampfar,
thereby staining the resulting sem conductor circuits; and that it is

difficult todfEREICHETHIERTS Ithd e s ETHGGRdS @A iiEhtd e smal |,

thus requiringhackekatl velredralde oF e Qfafddie 2 18Ny HHeN diiviesi Jresuldd ,ng
necessarily in a relatively | ow 15 percent a%g of the area usable for the
formation of BRE THER EOERAYATSr &1 retidRalTRO @V itd Fametaisds td fAded in

the U S. Ratent. §o2ll, 488 r2nd nlapanese Rl AppRl.ication Laid-Open No.

2001- 277163 have the follow™ng problens: According to 20 experinments
conduct ed by the inVEm obsvisiinhangreeendisapbpsedatn one debev¢eorati on of the

material at the,..ptermedicat & partd qn, I the, thCkpess dér{eegﬂoﬂe%the
waf er general 'y reéqlires ‘thHat a laser bedmhdvi ng “a power ensi'ty not |ess
t han a predet éhm@itnedepoadre densinta/l tel 2bvadi rectidd aine mimiafar .sikdwe of

deterioration_ of twhg rrat(eroi_al leecqusetoithesg Qr, et § on of Vvoj dsCl and cracks.
The cracks camSeXfend i oarti s i ract %61 FofiuY Sih i hrf G nal
force i s Appl beadd ahehensafsery fddere’ ithe wadfmrdente dfedyy tdtan inafrey td to be

broken sufficiently .30 precisel | ong the divisiop line,, with the result
Chat - many {1 SCEHES e GO tHo o Cigd ™8y 1 ik Vel diEEICulE

to make the width of the resulting groove sufficiently
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.§. Patent

6,211,488 and Japanese Patent Application Laid-Open No.
2001-277163 have the following problems: According to

20 experiments conducted by the inventors of the present
application, detericration of the material at the
intermediate portion in the thickness direction of the
wafer generally reqguires that a laser beam having a power
density not less than a predetermined power density be

25 directed at the wafer. The detericration 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

30 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



~+-arge tracks way be caused. Sunnariﬂawaﬁéwinvention 35 A princi pal, b S6ok
of the present invention is to 27 SEPT 2006 3 provide a novel ané I nproved

wor kpi ece dividing method wutilizing a |aser beam which can divide a

wor kpi ece sufficiently precisely along a sufficiently narrow division
line. 5 W, the inventors, conducted in-depth studies and experinents and,
to our surprise, found the followwing facts: A laser beamis applied from
one surface side of a workpiece, which 4s3perneable to the | aser beam and
is focused onto the other surface or its vicinity of the 10 workpi ece. By

so doi ng, theppavedéak hHovel henworkpireeed wankpeedst afvaBahgdmenadr egi on
ranging fromthe_other surface to a predeterm ned, depth. Mreover, the

det eri or at i onVEhh? BoAPr fse2SELLELEMr i ANEGN ARt FAYLERdE MESSEPRECEI cati on of

the material, swf}—:b@yént;sgopsaécgfsewealénaaéegbaﬁca@ﬁ@&gi RgkY¥-owwi th
occurrence of debris being substantially avoided or sufficiently

suppressed, aRHViBEAD 6&Bfrrence of voids or cracks being substantially

avoided g sufficigatl ¥rsURRRRSSRMhs HRRGGIdRE AboR BN QNEd s RidCi pal
obj ect can be attained. 20 According to the present i1nvention, for solving

the above- des¥PebeEepEbnangal tbeckii sakochakl eAgendt here fiod lopriogi ded a
wor kpi ece d'Vtg&PQ:”%ihBQE f”@é%ﬁ'?% QﬁgiYéﬁgffbmlgﬁgrsgfﬁgkérgfbgpgfsgrface
e to the

side of a workpl éce pernea ser beam further conpri sing
focusi ng the vaskpibeam appkheds braometbhéeone stef desesi deaof, whme vwer kpi ece

Fegi on T angi nECTRERTC RECBt RBF- SUPFACE SF 2Ehe ot kB 408 T4 Ja it SBEL er m ned
dept h. 10 workpiece. By so doing, the material for the workpiece
can be deteriorated in a region ranging from the other
surface to a predetermined depth. Moreover, the
deterioration can comprise, substantially, melting and
resolidification 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
a predetermined depth.

30 It is preferred for the deterioration of the
workpiece to be substantially melting and resolidification.
It is preferred that the laser beam be focused on a
position +20 to -20 pum from the other suxface of the
workpiece when measured inwardly in the thickness

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



30 It is preferred for the deterioration of the workpiece to be SEPT 2006
substantially nelting and resolidification. It is preferred that e | aser
beam be focused on a position +20 to -20 mfromthe other surface of the
wor kpi ece when neasured inwardly in the thickness 35 direction. Preferably,
the | aser beamis a pulse laser 27 SEPT 2006 4 beam having a wavel engt h of
150 to 1,500 nm and a peak power density at the focused spot, i.e. focal
point, of the pulse |laser beamis 5.0x1684te 2.0x1011 WcnR2. It is
preferred that the workpiece is deteriorated at many 5 positions spaced by a
pr edet er m ned beiast dace nal engraave lmmedet erfimlitdd tah Vi, 508N rni ,negndared deheek
predeterm ned _ di stance .i.s pr.eferah not. | arger .t han ti-nmes .a ,spot

di anet er at ti?@wfegc%lseéltflécﬁ’otatoft%t eé%clﬂsseed |S§Sogcr, beam f::;f;'nceal v%%{b ’ecoef can be
deteriorated athapmisROSiddeanpespaced PWxLQ%atpr gdekepr medndi. stapces al ong a
predet erm ned di vi si on quﬁ, t hen the focused %POL of th | aser beam can be
di spl aced i nwEEGSPIES Fathi Wi S8 KRG itoh B SHO T ik i e AP ™M¥and t he

wor kpi ece gan g idaterd e agai ) ped SRIVMIRRS tdiMtSaiRacEhby 2
predet erm ned di stance along 15 the predeterm ned division |jne, whereby the
depth of the RFCCELEFHIES rHgoh Tantife i idieddel PTRASYHEHEIRE ni ned  dept h

i's preferably JiQ 3 R0%0f tde taial AdY ckiRas: Afhard e MOH&PI £C§,oThe
wor kpi ece may be a wafer i'ncluding any one of a sapphire substrate, a
silicon car bi d&angisty a&te, tipn fodused Ratamfaltdie Bulsst razer Pepmss The

TS 2 schomt 1 ¢ CEHI RIS e show e Tre e 20 mee AP g 21 &Y beam
to a workpdece ipredetymrafiergedistbodigrentorsf & hprqitssamingyentvonior G 2
is a schenati%j§%§t%%¥% eﬁéw%ggﬁg%émgpggléglthe laser beam can be
{ displaced inwardly in the thickness direction 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 1C 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

guartz 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 |aser be
1. 30 FIG 3 is a schematic sectional view showi ng the node of Fléﬁgﬁpgghgi
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. 27 SEPT 2006 -
5 FIG 5 is a schematic view prepared by sketching a photom crograph of
the break edge of a workpiece in Exanpréfﬁf‘FlG. 6 is a schematic view
prepared by sketching a 5 photom crograph of the break edge of a workpi ece
in Exanple 2. FIG "7#9s a Schemdiariéw prdp HreP B s It cHistetang @

phot om cr ogr apRoémi bechrepk edgenef haeuRr kpheceri B weRmpakaki ¥@ Exanple 2.
10 Detail ed Description of the Preferred Enbodi ments Preferred enbodi nents
of the morkpi%é%mﬂfﬁiaing met hod according to the present invention will
now be described i mrgreat 6l detRidentit 1ehEENGE I ddie téf’ ARAAY 10
drawings. FIG 1 schematically shows the node of applying a |aser beam4 to
a wor kpi ece 2rhotpeidropdenh Thethel buseraeddewoifkpi ¥o&kpliesea inaf er
conposed of aE§HQ%§éa e 6 inthe formof a thin plate and many surface

| ayers 8 20 (two themare partially illustrated in FIG 1) . The
substrate 6 is forn#dG.f Or iexanpahenfatom gapphipmpasidd don skostrddiiddey d it hi um
tantal ate, gl . il Lean rfa lLayer re.each

rect angul ar iﬁﬁéﬁgﬁgggéﬁéagérést§%k85£§% %ﬁgeséﬁfgcé%f%$§F Fhé?%ubstrate 6
in rows Comparative Example 2.

10

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
& 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 layeré 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. It 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 quartz, 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 | att41&@pT 2006
pattern are defined between the surface |layers 8. In the dividing nethod of
the present invention, the |laser beam4 is applied fromthe one surface side
of the workpiece 2, nanely, fromabove in FIG 1. It is 30 inportant for
the | aser beam 4 to be capable of perneating the substrate 6 to be divided.
If the substrate 6 is forned of sapphireg silicon carbide, |ithium

tantal ate, glass, or quartz, the |aser beam 4 is advantageously a pul se

l'aser beam hauqig gy elengtin® féﬁgetpaéeé%é}ﬁnhé@m@ PaLETEYERGEh T he
| aser beam 4 is preferably a YVO | se 27 SEPT 2006 6 |aser beamor a YAG

pul se | aser BdarkHHA dgna Wekd & enge £0064 Gm2 Wt Pamdfiarlerid azged G 2,
a partial enlared o ey, Alongrd th FIGyd ol SddtPartant ifiyi e vi di ng

met hod of the present invention that’t aser eam4 applied t he one
surface side mgfthdie aforkpt deeePent alrvenid eabilaoptheal asystleaaindt shown)

is focused o t ( e an 2)
of the mgrk%@%ezao ﬂ% 2&5/% ?ﬁ?t%uf%%gf%%cﬁgs\e spo% q%g %?lg%%szl asergbeam
4 is preferabdwyitaicia empmahesmh@n Lot whace) 114sofod:1bleedoolkptbee 2, or

wi thin X whigh ranges +20_and 20 espe0| +10 and
-10 pm froni %h] %ﬁasurrgce 15h%he%w%ea. %F?nh%rg#ég tﬁ% %hl%ﬁness
direction. | rtttehamﬂ]tpxséct@tkdoenbbshma@imﬂﬂe 'Itmae pisa i b f2:t3 ) sﬂbmfla hef

substrate 6, ich the surface 15_| aye osed, is directed
upwar ds, and vin DR 4l?sp5?)f)‘?¥%tai¥r§ g helSuBsEfate 6. |f

desired, 10hoveveEfacd hJ.ea ase ﬁhléfﬁ@i?k%ﬂe@é Zheoﬁuxaﬁﬁmﬁexﬁ wRDcMhighget he
surface |l ayers 8 are di sposed, may be directed downwards (nanely, the one

surface 10 amPEfRETOUIER 229 SUP f e agpemiably ibrieveen) +10 hendastp Weam 4
may be appligehd raqe aboyer t ber sHEsSt 1 2t §ndn RPPstRed! BSEErBEAM A the

thickness direction. In the illustrated embodiment, the
one surface 10 of the substrate &, on which the surface

15 layers 8 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 €, and the laser beam 4
may be focused on the one surface 10 or its wvicinity.

The descriptions of the Examples and Comparative

Examples to be ocffered 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-Cpen 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 descri ptd7GBET 3§06
t he Exanpl es and Conparative Exanples to be offered |ater show the
execution of the 25 dividing nmethod of the present invention and those
disclosed in the aforenentioned U S. Patent 6,211,488 and Japanese Patent
Application Laid-Open No. 2001-277163. When the |aser beam 4 applied from
the one surface side of the workpiece 2 Iﬁ focused on an internedi ate
portion in 30 the thi ckness direction of the morkplece 2 according to the

net hods of th a ent docunent a i ndi cated . b hed. doubl e-dott ed
lines in FIG. E% cfigh 95083 ghﬁn PRE §8F?p|e%§cﬁ a?fgg ®peak power
density at th?ré@étléﬁﬂlnéﬂoifalﬁeof vbhesl aser ckeans4are adtupBng than a 35

pr edet er mi ned val ue, R power density at the 27 SEPT 2006 - 7
f ocused spot i%n%¥aFﬁ€ wa&@a bé ﬁ1ﬁ°é%€é§8§ ?h@eaﬁréagtépﬁPﬁ§§'@QPGe16VO|ds

and cracks argcabriplb¥ergpBanaued whdhitndé hes yor kpksges 2; geapchbeqf ogused
spot 16 of the |aser beam 4. Wien the | aser beam4 is focused on 5 the

ot her surflacetld 8FheheSWEERFRedd 2iofnpt Yovkeifrey 2 &Ecoitdi NgCidifthe met hod

of the presenécbayamhgoeo 2se hBdheat 8¢ QﬁesﬁEbgehknﬁﬁvatEbﬁ- ks on the
other hand, the follow ng phenonenon has been found to take pl ace: The

material for tndiaerrei bresglid AdpeedipnFaGredionn Whieckhtier &ages fhem t he
Cmer oo foraf18h shBPRHARKALAEE Dok pBenPEBRLELD RERABRNG W Ie! he Peak

power density at cuse spot l"'aser ‘beam4"being sonmewhat
| ower than thetabbdsé ﬁoed@herwnmégleabué lUmel¢dehetBOWE@hODLh@thh

applicathgp of _the I s %an14 the Ited % tg% 15 1s .soli |ed again.

In FIGS. anaaﬁges erlora |8§r Wgﬁgﬁﬁﬁcﬁg a

resolidificatp@edESesmmned aepked mﬂth ma@ypéemSpoM@rsuehsﬁE@tengta@d

reso'Idlflcatlogﬁsegespggnx%lo%n%h %%%& %ga%h% %%lng somewhat lower
than the above predetermined 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
regicn 18 subject to melting and resclidification is shown
marked with many dots. In 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 material 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 wecrkpiece 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, epran06
suppressed, and the occurrence of voids and cracks can be substantlaF$y
avoi ded or sufficiently suppressed. In the deterioration region 18 with a
predetermned width and a limted depth, the material can be nelted and
resolidified. The reason why the behavior 25 of the material changes
according to the position of the focused gpot 16 of the |aser beam4 is not
necessarily clear, but we presume as follows: In the internediate portion

in the th'Ckn@§§hdbr§%hbgnd%581Q% W%%%pkﬁ%% %heapf@@ﬁﬁéfﬁﬂﬂe@gpkﬁkﬁe on
atoms is relatively great, so that 30 the atomns, whi have been excited by

absor bi ng t hedeaseétry. b&hm Atexceddi At Il?élrﬁlted@ﬁlér mamvé@ povemedénigia ywi are
burst to prodygg %8%@%19& Cragksoven, t@ﬁeoiggérsﬂé%ﬁcﬁ ﬁérmgétggetﬂgrkplece

2 or its vicinity, contrast, the 'constraining force on the atons
absor bi ng thelhagenObe@ﬁl¢h35wp§kmabaﬁlQeﬁwdl@werh@saUMﬁam dlssrssicng t he

| aser beam 4 E 20 8.yt o] ns I t han_t
predeterrnn‘gnedg'éoaerﬁrg deﬁg?%y,tﬁ%egggggsggotﬁgt %%%gtgg%ﬂtgcgasggthe mel ting
of the mater daktributedeputivdeed dyem hdamwd riprireat &S dasheludintgeri or of the
wor kpi ece 2 and arr.ives at th f ocused pot 16. Thus, t over of the
ser beam 4 FOCHOL NEaRS: RS PEATO M &P QIR RE SRR b B dE

focusing of the beamienta sthe buecwiaee Rhntike; WaWetiEade Z.mttuttldzs of

di stributed mhlle fanning toward the interior of the workpiece 2. Hence,

nel ting of thé ﬁaW@Fﬁ&Peﬁﬁbé%edgeTGevnWﬁ?HF?gfPénFPﬁeméﬁﬁéﬂaéuPF8€§e?§

Scatter ofgthenpmlted kel denhdhusidresumrd tachetsw birckaat ki ted
suppressed. The peak power density at the focused spot 16 of the pulse

l,aser beam 4 F@&GFE@ontco HHE RURSURAT fide o1 4 U ke n ot IIRREEESSH its
Vicinity depengs %atkh%da@xerdélsfw a0 e MRIRIELCR A& 1@engr alHe pdifsd S

preferred that the pea
laser beam 4 focused ontc the other surface 14 of the
workpiece 2 or its vicinity 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 tec FIG. 3 aleng 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 vicinity. In
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 resclidification, is generated in the
25 workpiece 2 at many positions spaced by a 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 spct 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
continucusly along the division line 12. The

35 detericration region 18 is locally decreased in strength



power density is on the order of 5.0x108 to 2.0x1011 Wcn2. Wth refgi@g6s
to FIG 3 along wwth FIG 1, in the preferred enbodi nent of the present
invention, 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
the division line 12, whereby the deteriogation region 18, which has
substantially undergone nelting and resolidification, is generated in the

25 wor kpi ece E QQﬁI&hQHStﬁQaSQH hy.-8 gggterﬂﬁ d stance al ong
t he division |ne1%%9 %he relative angneﬁ rggeed of 't he' moriplece 2 and

the | aser bea@@ﬂersor@?é©@rébgyogeﬂBS&éthhatatﬁé ptedemer Anhedvailst ance i s

not nore thagﬁgs{%HP§a%f?F?g§£éHh8E§§§f89Bn5h€hE°§H§§9eSE%% 16 3@ QBethe

| aser beam 4 erérior at oh region 18
with a predet@rvisedndépud D2frend thenotﬁer syefhpte 14 Esageder at eboon t he
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are urged upward or downward_ to a a_bendi ng nonent to the workpiece 2

about the d|%?5|cﬁPq|?%§%23fé?r?%¥§g%r%€eﬁﬁ?ewo¥%@l%5?k%reEEezd%EEh Be

broken sufgf i benﬂha aéeekiekxt%angergh%ndw %0 rlofe%abl?y albRfuteage of
breakage of the workpiece 2, the dept he deterioration region 18

is pr ef er abl y>@8bowf Ebet60t§@%$bﬁcﬁﬁésﬁoﬂaﬁttﬁh@kﬁé§§STO@t1@@@ di2viogi on 1 ne
2 of the WorKpi §68kZiece 2.

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 applicaticon 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 wvicinity, whereby a deterioration

( region 18-1 of a depth D1 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 1s generated on the top of the deterioration

300 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 1s generated on the top of the deteriocration



To generate the deterioration region 18 of the required depth D, thegd@ss
beam 4 can be applied a 15 plurality of tinmes, if desired, with the p05|t|on
of the focused spot 16 of the |aser beam 4 being dlsplaced FIG 4 shows
this node of | aser beam application to displaced positions which is carried
out in the followng manner: Initially, the |aser beam4 is noved rightward
relative to 20 the workpiece 2, with the ?gcgsed spot 16 of the |laser beam
4 being |ocated on the other surface 14 of the workpiece 2 or its vicinity,
wher eby a detpé%96@11@32 region 18-1 of a depth D is generated al ong the
division line 12. Then, the laser beam4 is noved leftward 25 relative to

t he wor kpi ece 2, mANﬁXtheth@cﬂgémpdﬁ@tanQ épmpelte tlizse Exaowhes 96 nge

somewhat dis ﬁgggn{n gﬁyléh @hllugga&g% 1f,e“OIG. 4) in the thickness

di rection of ece ere fation region 18-2 of a
depth D2 is generated on the top of the deterioration 30 region 18-1.

Furt her, heuéaser befn14 is nmoved rightward relative to the workpiece 2,
with the %EP%% t~16 of the |laser beam 4 bei ng sonewhat displ aced

inwardly (i.e. upwardhpphirkl Gubdtratet he thhiacldiess tdirr eqt i2onimthddhe
wor kpi ece 2, mhereby a deterioration region 18-3 of a 35 depth D3 is
generat ed on thel% opmof 2RAeadEféFKBRAEI BR 290 SHPTW2B08Sed0aSr @gi on 18- 2.

Next, the Exappt 1@@5 Comaé@émy@a@@rmi@& e th®ie PIESESM rdfwv@nihon wil |
be descrlbed 5 1. A sapphire substrate with a diameter of 2 inches

(5.08 cn) and %G%hl%kﬁ%séroﬁ 106°pnPRAY Hasd2EBlAcInWEERPI eBe. sPEfac€or dance

with thelﬂpdesi&éu§fr@ﬁédwbﬂkpﬁégﬁ 2ak@13, arbAsgboheamwageappkied,from
one surface 10 side of the workpiece, nanefy from above, to generate a
deterioration region along a predetermlned division line.

!

* The application ¢of the laser beam was performed under the
fcllowing conditions, with the focused spot, i.e. focal
point, 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: 235 ns
Peak power density of focused spot: 2.0x10 W/cm?
( Pulse repetition frequency: 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) cf the break edge of the wcrkpiece.

As understood from FIG. 5, a detericration region 18 of a

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



deterioration region along a predetermned division line. The appli-Gapr3hos
of the | aser beam was perforned under the follow ng 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 YV04 pul se

| aser Wavel ength: 1064 nm 20 Spot di ameter of focused spot: 1 pm Pul se

wi dth: 25 ns Peak power density of focuseg spot: 2.0x1011 WcnR2 Pul se
repetition frequency: 100 kHz Speed of relative novenent of |aser beam

(movenent 25l aif wid QdAg MEKDI eeRh o 48Qemb3aeard Haefont A wor kpi ece
was gripped manual ly, and a bending noment was applied thereto about the

di vi si on | i neubsd astdald lvh e nes kph e6@l &8 oig QUeCkfi vi si on | i ne. Breakage 30
was performed sufficiently precisely along the division |ine, and no narked
fracture or the like was present at the break edge. FIG 5 is a sketch of a
phot omi cr ogr &xfamp(headgrti f i cati on x200) of the break edge of the workpiece.

ss under oo 11 om FLGL) 2ec? EL LaLeLbonccadlen 19 clng daggplDyotpl0 to

20 gm was generated on the ot sur e of "the
wor kpi ece. Suctareldetler isor@Etponthayi afit evaseagubstenerat | of frlee bdsewi ds or
cracks. Exampl e 2: The | aser, .beam was. appli€ed in.the,sane. manher as in
Exanple 1, e éeeeﬁ[f rteriéa[tlé‘?ete Oe%l?: V‘ﬁ%%gpn%%c?é)o%lqrf%nﬁ%ese?lvjb%h%r 145 ve to
t he wor kpi ecehal qngs ttheordiod stlom fomesed tdpoipasi tilon Ddséhebdacusesd spot of
the | aser beamwas djsplaced upward by 10 pmand, in this state, the |aser
10 beam was rFEGRIASEEH tPWaF L LY acl il Ffly, L ThovEeP £St3thes)the laser

10 beam was reciprocated twice (accordingly, moved 4 times)
relative to the workpiece.

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

15 was performed sufficiently precisely along the division
line, and no marked fracture or the like was present at
the break edge. FIG. & 1s a sketch of a photomicregraph
(magnification x200) of the break edge of the workpiece.
As understood from FIG. 6, a deterioration region 18 cof a

20 depth of 40 to 50 pm 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 cf 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



relative to the workpiece. Then, the workpiece was gripped nmanual |y 7§#F¥f&m
bendi.ng nonent was applied thereto about the division line to brea% e

wor kpi ece al ong the division line. Breakage 15 was perforned 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 photom crograph

(magni fication x200) of the break edge of jbhe workpiece. As understood from
FIG 6, a deterioration region 18 of a 20 depth of 40 to 50 m was generat ed

on the other spr{ggerosdedobpbhectorkpl eager elnaydet enboratiancbegi on vas
substantially free of voids or cracks. Conparative Exanple 1. 25 For

pur poses of cbn@@&@%oﬁ/cmﬁe | aser beam was applied in the sane nmanner as in
Exanpl e 1, except t t f (o] f I | pcat ed at an
i ntermedi ate portio?ﬂ%ﬁ’t%getﬁﬁ%%ﬁggggaﬁﬁgc€%g§p§?§tagkeagaﬁggggg%'The

wor kpi ece wasbehdenyedoméntr wappkppatedntBeretot heolasethebdamisbon thee
gener ati on of i ti .eglLo . rati l e 2:
The Iaser%beaﬁgwggég%pfﬁgdkg%kpgggéaﬁéﬁﬁénﬁg% gggﬁgloggﬁggﬁﬁar% ?%%g§§anple
1, except thafatibedpeakbpoperfdensit pu27iSERPTt200precit2iyotilbhe tbeused
spot of the | aser beam was increased %% ﬁ.leOll VchQt.Thﬁn, t he workpi ece
was gripped nBhUAFHYY andca 2BEnBPRY FoRERETREs2BEpF FEG T ENEr et §24H6ut t he

di vision linecracke heeakprbeewor kpi ebe Blkeng khHgedi visGon7lines Breadmge
failed to be performed sufficiently precisely along the division |line, and
nany fracture@faﬁdPF%F9@#9§P9rﬁ§Pgémaéﬂaék§a¥éP€ ﬁaggénPfaﬁhﬁhérBﬁéak edge.

FIG 7 ism skegehorotha phekerkeeQdraphuidesstdbeatton x260)70fat he break
deterioration region generated in the intermediate portion
in the thickness direction of the workpiece contained many
voids 20 and cracks 22. The cracks were found to extend

in various directions.



10 edge of the workpiece. As understood fromFIG 7, a deteriorati Leghfn
generated in the internediate portion in the thickness direction o Ehe

wor kpi ece contai ned many voids 20 and cracks 22. The cracks were found to
extend in various directions. 27 SEPT 2006 13 Wat we claimis: 1. A

wor kpi ece di vidi ng method conprising applying a |aser beam from one surface
side of a workpiece perneable 5 to the.lsser beam further conprising
focusing the | aser beam applied from said one surface side of the workpiece

onto other swiage of1dike Mmor kpiece or a vicinity thereof to deteriorate a
region rangi Nng fromsai d other surface of 10 the workpiece to a

predeterm ned depth. 2. The workpi ece dividing nmethod according to claim1,

wherein the deteriofajép Qécéheiwalfﬁ'%eﬁ@tﬁéd é%ﬁ%%@ih?' LypMekhing and

resolidification. 15 3. e wor kpi ece dividing net according to claim1,

wherei n the |l&s&Er Rean irdd@pedwitacposids of R0ekpDoce e yoemisks d

ot her surfaceg pf e warkpiece when neasured inwardly in a thickness
direction$ 20 4. The wor g%ecé di vi di ng met hod according to claim1,
wherein the | aser bBantheracpupsésingefobeammpavhaglasenabebrmngrhlogdls0 to

1,500 nm 25 The wmorkpi e i vidin d accor di to aim4 wherein
a peak power ens i%teayl\,&;tégé fﬁo‘gﬁgééc\éé s‘lb:bc?e g& [‘%(‘ae %ouﬁ(s%l?%%e?n%%a%}ilesr 5. 0x108
to 2.0x1011 \Mhomiaces.ofThehawvordpketecsi v da mgi avet hiogl deeosdf ngot o ¢l ai m 4,

30 wherein the workpiece is deteriorated at_ nman sitions_ spaced by a
predet ermi ne ed}esrt tea|aonrge%1%pela%ra%3rl?ﬁ nrtexaom glafc? ather surPace oP

10 the workpiece tec 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®.

6. 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



division line. 7. The workpi ece dividing nethod according to claim6 35
wher.ein sai d predetermned distance is not |arger than 3 27 SEPT 2086SERL;2006
times a spot dianmeter at the focused spot of the pulse [|aser beam 8. The
wor kpi ece di viding method according to claim4, 5 further conpri sing:
deteriorating the workpi ece at many positions spaced by a predeterm ned
di stance along a predeterm ned division kkne; then displacing a focused
spot of the |aser beam 10 inwardly in a thickness direction of the
wor kpi ece; and mget £r4058th0gntPer Wor KPheCceoa9aLa abotBPY PRSI bip8s spaced
by a predeterm ned distance along said predeterm ned division |ine, thereby
i ncreasi ng a ¥RPth BEamihe deteriorated region. 15 9. The workpi ece divi di ng
met hod according to claim6, wherein said predeterm ned depth is 10 to 50%
of a total thickness of the workpiece. 20 10. The workpi ece dividi ng net hod
according to &! ai m The whekpilecehdiwddipidevethoda agabediingeitedicdgiany,one of
a sapphire s e i Licqn carbide substrate, a lithium tantal ate
substrate? ag %%@g%u %@?g%%Fﬁghd a quartz substrate.

deteriorating the workpiece at many positions

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

the deteriorated region.

15
9. The werkpiece 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 guart:z

substrate.



