20 OCT 2006 1 LASER BEAM PROCESSI NG METHOD AND LASER BEAM PROCESSI NG
MACHI NE Field of the Invention 5 The present invention relates to a | aser
beam processing method conprising holding a plate-Iike workpheoer2tmvi ng
dividing lines formed on the front surfacg in a lattice pattern on a chuck
tabl e and applying a | aser beam capable of passing through the plate-Ilike
wor kpi ece to the plate-like 10 workpi ece held on the chuck table al ong the
di vidi ng | i neSASER BeAM RROEESSIIOIGAaMETHODY AND AACEE BRNMIEROCHSISENG at e- |1 ke
wor kpi ece aIOﬂg %gﬁﬁdividing lines, and to a | aser beam processing nmachi ne.
15 Descriptio & e Prior Art In the production process of a sem conduct or
device, a plurality of areas are sectioned by streets (dividing |ines)
formed in a lattice pattern on the front surface of a substantially

di sk-1i ke senféenduetothgaflawemidoa circuit 20 such as IC or LSl is forned

in each of.the secti,Qne I . ..Jh m conduct or. wafer i s ¢ut along the
di vi di ng I?nes to ggedg5§8§§%iﬁpgegﬁgggiﬁg&gg?ﬁoFﬁes §P5§§,%Fﬁgreby

manuf act ur i ng piradiswisdhal m& eRb 6 arutuet ifirthhps diAY Sptliaaad-1idevieekpatee
having a galliumnitride-based conPound 25 sem conductor layer or the like
| ani nat ed on PRFINGOHtVidiRg ddeest TarBeppR tee Supstraielace absp latt18kong
dividing Ilin e _diyvi LN i ndi 'q”ﬁ! nt i cal i S
Iight-enitting%§%% es?ﬂ|§32§95305§21%%5¥%e |%éggéjﬁiﬁé§¥iﬁgﬁfhg%gagggd in
el ectric equi pifed ssB8fg Chtrtoung: the pdbaee ldém wornkipcé o¢ toafler poatepliical
device wafer along the dividing |ines is ﬁsnerally carried oyt bﬁéa cutting

machi ne caf | edOrEPESCe Dprds CBut PRGN FRCHENES IR dife I 1VAE Y drDRSI di ng

a wor Epi ece sucheasy @ R&ECUMHLL 2pREeln A PRhisGAkL JEUREpHakeL] iRe
\ J workpiece along the dividing lines, and to a laser beam

processing machine.

15 Description of the Prior Art

In the production process of az semiconductor device,
a plurality of areas are sectioned by streets {(dividing
lines) formed in a lattice pattern on the front surface cf
a substantially disk-like semiconductor wafer and a circuit

20 such as IC or LSI is formed in each of the sectioned areas.
The semiconductor wafer is cut along the dividing lines to
be divided into the circuit~formed areas, thereby

i manufacturing individual semiconductor chips. BAn optical
device wafer having a gallium nitride-based compound

25 semiconductor layver cr the like laminated on the front
surface of a sapphire substrate is also cut along dividing
lines to be divided into individual optical devices such as
light~emitting dicdes, laser diodes or the like, which are
widely used in electric equipment.

30 Cutting the above semiconductor wafer or optical
device wafer along the dividing lines is generally carried
cut by a cutting machine called “dicer”. This cutting
machine has a chuck table for holding a workpiece such as

a semiconductor wafer or optical device wafer, a cutting



20 OCT 2006 2 neans for cutting the workpiece held on the chuck table, and

a noving neans for noving the chuck table and the cutting neans relative to
each other. The cutting neans conprises a rotary spindle thatioe1208t €ed at
a high speed and a cutting 5 bl ade nounted, to the spindle. The cutting bl ade
conprises a disk-like base and an annul ar edge that is nounted to the side
wal | outer periphery of the base and fornmed as thick as about 20 pm by

fixi ng di anonaheabraagbvecyraims trayivogkeiedeadnel @rorothabohmcB ttakdle t hedbase

by electroformng. .10 Further, since a pphire_substrate, silicon carbide
substrate or I3 F[%iv&r’fllgt HEECatte Ts FIOSTH % z%ﬁa§ i gﬁ‘% h?ndh?r GnESEE1BGt ti ng

with the abovenGHd irRd lidde toScARh 8EWBYS BaSYout NP rda® <L bbhiphd shlsade
has a thi ckness of about 20 pm the dividing Iines for sectioning each

devi ce nmust haveclBri stidihlothalous B¢ ahedThbreehbek sneed Radcasetdfing

devi ce neasuri;ng, abo 300. for gxanpl.e,. the.area ratio_ _of the
dividing | nesbliag‘11 énrog%té{t%t%gggg%éer gaﬁgfq]rl@' pﬁ%%%ﬁ%ﬁﬁ%%lﬁe%nﬁ?ﬁ%é}sgg nmeans
of dividing agplatellike waskparaean 2hsicdr asiga $BALCOAAUCEDT edVafEhea

| aser beam processing nethod in which a |aser_ beam E

capabl e of passi_régd
through the pll&tedide AWSHiREdeReisst d7¢ theq foea®c &5a5pii to

the plate-Ilike warkpj.e i th.jts conver.qing point aon the .inside.of the
area to be di \ﬁsd&}]oolodst (r\;‘gow\%unng)é)r tf; &ene 'F{%i%ém%éi 3ib\ﬁa(f'ﬁlﬁfge et nod rl}‘aaIYilﬁlg dse of
a | aser beam id dnetthvide sboutl ad qub i ke Wy ki 2CerpYe o nd g d@ser beam
having an_ i nfrared range, which can gggs,through the plate-Ilike gor kpi ece,
with its %anergingﬁﬁﬁi.ercnsﬂﬁéeiﬁs? ??6%1%#&?t%ﬁ?ﬁ¥(ﬁl%%RSQﬂ9%¥-qukg
wor kpi ece SO afyd0- Lo | dWOuUSt i dRr R0 B deT S F B8 day el iy heodsi de
of the plate-like workpiece along dividing |lines and applying external
force along therdisdsli ggtitingswihbsésabongt hubhasnddemdeedaceet duaays

easy. Since the cutting blade has a thickness of about 20

um, the dividing lines for sectioning each device must have

15 a width of about 50 um. Therefore, in the case of a device

measuring about 300 pum x 300 um for example, the area ratio
cf the dividing lines is large, thereby reducing
productivity.
Meanwhile, as means cof dividing a plate-like workpiece
20 such as a semiconductor wafer, a laser beam processing method
in which a laser beam capable of passing through the
plate~like workpiece 1s used and the laser beam is applied
to the plate-like workpiece with its converging peint on the
inside of the area to be divided 1s now undertaken. This
25 dividing method making use of a laser beam is to divide a
plate-like workpiece by applying a laser beam having an
infrared range, which can pass through the plate-like
workpiece, with its converging point on the inside from one
side of the plate-like workpiece so as to continuously form
30 a deteriorated layer in the inside of the plate-like
workpiece along dividing lines and applying external force
along the dividing lines whese strength has been reduced due
to the formation of the deteriorated layer, as disclosed by

JP-A 2002-192367, for example.
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to the formation of the deteriorated |ayer, as disclosed by JP-R
2002- 192367, for exanple. 20 OCT 2006 3 There is also proposed a | aser beam
processing nethod in which a deteriorated layer is slightly gg@,@f&qoﬁto t he
surface on the side opposite to the side, to which the |aser eam i s
applied, of a plate-like workpiece in ordér to divide 5 the pl ate-1i ke

wor kpi ece snoothly when the plate-1ike workpiece having the deteriorated

| ayer formed therei nhatengs &ivd firntpddetes 18s60 headipHded sahengethsd
dividing lines by applyi n% external force as described above. Wen the

pl ate-1i ke workpEdEh ¢ HGT UGG /- at®n hiscldeshit nowerssed Her éhes a

pr obl em t hat erl r n ifornly .e: e
surface on thggt&gifglgcte é%ﬁ%@% 1?%%%%%8%? e?gt%{aemk%iqgﬁ’t Elé W}gé%?%%%a%gfég

appl ied, of tranptatepdliied workpipdeee-Thke werkphere tinecpliat ezd tkeide

wor kpi ece (W  has redeterm ned thickness (t s shown in 15 Fig. 8(a),
the deteriorate§ ngfgre"( At)kecé{‘i’? WS oﬁn}ﬂcﬁ}:h]é& tt%(? p%tﬁ‘del,kgec 0 whi ch
the |aser beamyB)id® ﬁ@@ihﬁc&he abtbPeoPhak8-1d )& WarkRLHeGS AMn BY 8BP! Vi NG

a laser beam (LB) " to it with its focusing point” (P) on a predeterm néd
i nsi de positidavidimg Renesgseswhertee digiglest el bhnketmordipiietind Wirge@ hgs a

thi ckness (tl)_that. is smaller. than the predetermned_thickness (t) as
shown in Fig. a@@@%l%\@i}%‘{nqlh it aed T etrgrma%schvref‘ac_e on the side
opposite to the sidghiee WhieCh1 sithe 1liasefrReadNaddeB)i § AP &byt art he

f ocusi ng zoi nt (Pl1) becones large due to the relationship with the
refracti ve025 tiiddseasts + hewpassr Peairs (EB) Riedd ethehpisidie HespripBpted

oopl) o0 17 o™ YIS SATEIELOLL 55 LN LSRSESTRAL ol e 82
exposed to themudisee ton tiHe sidie tappogidie the e dedho ivhiaph ltike,| aser
beamis applied 30 MHATUi%e Woringedds® Mere INedh Tt b2t the
workpiece (W} has a predetermined thickness (t) as shown in
15 Fig. 8(a), the deteriorated layer (A) can be uniformly
exposed to the side, to which the laser beam (LB} is applied,
of the plate-like workpiece (W) by applying a laser beam (LB)
to it with its focusing point (P) con a predetermined inside
position. In the case where the plate-like workpiece (W)
20 has a thickness (tl) that is smaller than the predetermined
thickness (t) as shown in Fig. 8(b), however, the distance
from the surface on the side opposite to the side to which
the laser beam (LB) is applied, to the focusing point (P1)
becomes large due to the relationship with the refractive
25 index of the laser beam (LB) when the laser beam {LB) is
applied from the same height as in the case shown in Fig.
8(a). As a result, the detericrated layer (&) formed by the
laser beam (LB} 1s not exposed to the surface on the side
opposite to the side to which the laser beam is applied.
30 Meanwhile, in the case where the thickness (t2) of the
plate-like workpiece (W) is larger than the predetermined
thickness (t) as shown in Fig. 8(c), the distance from the

surface on the side opposite to the side tc which the laser

beamr (LB) is applied, to the focusing point (PZ) becomes small
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pl ate-1i ke workpiece (W is larger than the predeterm ned thickness (t) as
shown in Fig. 8(c), the distance fromthe surface on the side opposite to
the side to which the |aser beam (LB) is applied, to the focugiged 206§ Nt
(P2) becomes small 20 OCT 2006 4 due to the relationship with the
refractive index of the | aser beam (LB) when a | aser beam (LB) is applied
fromthe sane height as in the case shown in Fig. 8(a). As a result, the
deteriorat ed dagero CAr faraeibhyhipeiltaseie bedmatkBye ndeerfiosedlgseat to
the surface on the ii%ﬂe %gﬁosi e to the side to which th% | aser beamis
appl i ed. Ther S‘F“e,(_ e the ® d&E FaledlPayef PBEPRIPRed™PR CHE PASFde of
a plate-like nagpkpi ggei A WnoY-2pP! A anl a3gr, beam t oud he rRlafie- | ke .
wor kpi ece (W which is formed in such a shape that the center 10 portion is
t hi ck and t he deftieckogss egr ddwad yiMedommed Mivnndre ltaggar dbaams Gileris
peri phery,  based on the c er_.portion as Ee st andard hei ght .as shqown in
BTG, P(d) 50 ne RERER ST Rt Faber o R e R oTr RO AERAR) Sy o Gike SCBR er
does not reacho Wihe cpurthace (derdefesnl fiacagglitdie, f irgereroen,t kBesi die
opposite 15 to the side to which the |aser beamis apci)l i ed, the distance
bet ween the s@eftgdd oriadivgt layicradé fATRRE IRghire)innidnhekiadelaggpedikee to
the side to whj . I r IS, : I and et.er| ] ,l.ayer (A
becones | ar geﬂotgg(\ﬁé%?fet ﬁzﬁoﬁ%ﬂplglﬁgﬁeér ;';lda and %eéaﬁrgetf!: tﬁ{eé gjrejiaate%dolrla %d
| ayer (A) cannmatrdpd ec20 (Worwiedclati saf desed eich pasht4 eghapButmat yciod ceheéer
Invention_It is an object of the present .invention t rovide a_laser beam
processi ng® rretpr?g&lg&‘r?d£§ et 3 ]E')r)\‘%r ST gﬁsgﬁﬁgﬁgﬂﬁcm%ﬁh&ﬁé‘eéapabl e
of formng a dejgripriated harebeat phedesi F8deROSH 1408 Qfn @ PlRIA-ldrkes
wor kpi ece even when the plate-like vvorl'<p| ece is not uniformin thickness.
To 'att ai n t he Qisowé aobjpect heagbtr as repave: theFpgestnd) , ithentsiteriorased is
provided a la%%&mggagbp%%cgsgéggtgggig%gy from the center does not reach

the surface (undersurface in the figure) on the side oppesite

15 to the side to which the laser beam is applied, the distance

between the surface (lower surface in the figure) on the side

oppcsite to the side to which the laser beam is applied and

the deteriorated layer {A}) becomes larger toward the outer

periphery, and hence, the deteriorated layer (A} cannot be

20 formed at a desired position.

Summary of the Invention

{ It is an object of the present invention to provide
a laser beam processing method and a laser beam processing
25 machine, which are capable of forming a detericrated layer
at & desired position of a plate-like workpiece even when

the plate-like workpiece is not uniform in thickness.
To attain the above object, according to the present
invention, there is provided a laser beam processing method
30 comprising holding a plate-like workpiece having dividing
lines formed in a lattice pattern on the front surface on
a chuck table and applying a laser beam capable of passing
through the plate-like workpiece to the plate-like workpiece

held on the chuck table along the dividing lines to form a



30 conprising holding a plate-1like workpiece having dividing lines fornmed in
a lattice pattern on the front surface on a chuck table and applying a

| aser beam capabl e of passing through the plate-Iike workpi ecgderbdve

pl ate-1i ke workpiece held on the chuck taple along the dividing lines to
forma 20 OCT 2006 5 deteriorated layer in the inside of the plate-Ilike

wor kpi ece along the dividing |ines, wherein: a height position detection
step of detectdetgrtilveratgoslayerom thealheiddmioiothehel shafldde wnrkhéesede to
which the 5 | ser §%y1l§f%991i d, of t@fépLaLe-like wor kpi ece held on the
chuck table a@oﬁgqa |vidiﬂg 1%he; Hid 81 §5beean1application step of

applying a | aser beamheighthgosarkpreee talcenont e g Widideg ddtne gvitihlee
controlling the position of the focusing point of the |aser beam 10

cor r espondi ng RE tHEHES & ikl TT tHe thei ghEfaes <t &9 figReto HBIigHt th6siti on
detection step., Accerdi t resent, | ion, P pravi ded
a | aser begm %ragc%és%ie%gp %HSCEPEEEF gr‘ ggp{'}f/% %PA{;‘E% gi;le]?é diérg{rglc%a%ag’l%é dofo 2

passi ng t hrougthea glatke-Hakkies wdrdeps ecediwl ding Heirpd atard | ke wor kpi ece havi ng
dividing lines forned_in a_ lattice pattern on the front surface along the

dividing lines to PolfPal A PERar€d H&FeP PR ThébPisidd BflatRy pPafe-1ike
wor kpi ece al ong, the QerkQ'i'ége' L08Ry EREPAI$1 &g & GG hable ket hekdi ng

the plate-Ilike workpiece; O a | aser beam application nmeans for applying a
| aser beam t dheheoqd idtiest] ikle Wior ki @ceine|pbiort tde dhrickes@blizgam

PPl i cat | Oh meaHE TRIATIS B GRENEOtherof 1 £ (RE RBrPRGnTar praher 255
focusi ng poi Nth4IQfit ¥k GOHH Qle @S0 adtegontrol ling the position of the
focusing point of the laser beam applied by the | aser beam application
means: According to the present inventicn, there is also
provided a laser beam processing machine for applying a laser
beam capable of passing through a plate-like workpiece to

15 the plate-like workpiece having dividing lines formed in a
lattice pattern on the front surface along the dividing lines
to form a deteriorated layer in the inside of the plate-like
workpiece along the dividing lines, comprising:

a chuck table for holding the plate-like workpiece;

20 a laser beam application means for applying a laser
beam to the plate-like workpiece held on the chuck table;

a processing-feed means for moving the chuck table and
{ the laser beam application means relative to each other in
the horizontal plane;

25 a focusing point position control means for
controlling the position of the focusing point of the laser
beam applied by the laser beam application means;

a height positicn detection means for detecting the
position of a height of the surface on the side to which the

30 laser beam is applied, of the plate-like workpiece held on
the chuck table along the dividing lines;

a storage means for storing the position of the height
information detected by the height position detection means;

and



a height position detection neans for detecting the position of a height of
the surface on the side to which the 30 |aser beamis applied, of the
pl.ate-1i ke workpi ece held on the chuck table along the dividi figottomg, a
storage neans for storing the position of the height information detected
by the height position detection neans; and 20 OCT 2006 6 a control neans
for controlling the focusing point position control neans based on the
information stored ian cdriersst orerges nbansconitie Ahiowe dont fatusieansoabtiai ns a
correction value , 5 based on the difference between fhe positign of. the
height at theXTHm CPOTT T ki?%%e‘%o%f? tth Jd?%‘iﬂ‘éap’ﬁé?lbrﬁtoa"te‘i t'fe
current positige ofzdhegsuidace. and the refraction coefficient of the

pl ate-1i ke workpi ece, and controls the focusing point position control
means based the cor e iadiPvelContiel MERAAbIVE HEs ghtCPose Tt iorn deakes i on

means detegts pasi.ti o i gh r termped_s i nt.s of
t he p|ate5|iQégﬁ%?Qﬁfé%%fQ§ﬁ§£¥%§k%%%%F%%eﬁe§§§ §8$%?%§na§¥%§%%&%%fﬂ§§
function f (x)a®ftree dtdriay lgow tfircamainiie tpesbbs@nidh 6f €leehdigjightat
detected by the height position detection neans, and obtains a correction
val ue based on-EheCuhERMatPoORt+aRcPf ohh e (XYrAAESt Aledr BRe atefHRCEDRRT i ci ent

of the plat e'éé%@f%@iéﬂ%%? El?ef;ﬁ%éf%lﬁ&ﬁ&éf%&?ié‘&P%m A Ld 0 prcont r ol

means based on the correction va esent 1 nvention, since the
position of a Hetghinggfoime mwrifEce avntte Isndentobmbedhthdedmasertieam i s
appl i ed, %f thelplate-like wor kpi ece held on the chuck table along a

di vi di ng ne Y84t ected and a | aser beamis applied along the dividing

line while the positiion Hfovdach geusphgi POAdAR Of i dih@chasesebeankishe
controlled according to the position .

‘ positions of heights of predetermined several points of the
plate-like workpiece, and the control means obtains an
undulation function £({x) of a dividing line from the position

1% of each height detected by the height position detection
means, and obtains a correction value based on the undulation
function f(x) and the refraction coefficient of the
plate-like workpiece to control the focusing point position
control means based on the correcticn value.

20 In the present invention, since the positionof a height
of the surface on the side to which the laser beam is applied,
of the plate-like workpiece held on the chuck table alcng
a dividing line is detected and a laser beam is applied along
the dividing line while the position of the focusing point

25 of the laser beam is controlled according to the position
cf the above height, a deteriorated layer can be formed at
a desired position of the plate-like workpiece, even when

the plate~like workpiece is not uniform in thickness.

30 Brief Description of the Drawings

Fig. 1 1s a perspective view of a laser beam processing
machine constituted according to the present invention;
Fig. 2 1s a block diagram schematically showing the

constitution of the laser beam application means in the laser



of the above height, a deteriorated |ayer can be forned at a desired
position of the plate-like workpiece, even when the plate-like workpiece is
not uniformin thickness. 30 Brief Description of the Draw ngsyfhéra2desi S a
perspective view of a | aser beam processin machi ne constituted according
to the present invention; Fig. 2 is a block diagramschematically show ng
the constitution of the |aser beam application neans in the |aser 20 OCT
2006 7 beam prexessiage sEchg eashome smokh gin1Fidigl; 3 is a perspective
view of a senicondu%%gé.gfter as a workpi ece to _be ggocess d by the | aser
beam processing net 1Phe PreRATEI R EntS 'Rt 8 %90121‘%%§t FHE) are
diagrams for explakidirihilhe tBebghtrPasidd@byehect h8Br b ighddtes daser
beam processing nethod of the present invention; Figs. 5(a) and 5(b) are
diagrans for exptzedi®§ the presentbéaverpbbiicati on step in the | aser beam

processing. 10 net hod. of t present .invention; Fig. IS di .agr.am.f.or
expl ai ni ng 5t he | ase?ﬁd Eé'mg]gap)plef%(gt% 8?'? satréep Cl?lnagﬁ%[%i aéoerr eb%alrﬁlﬁxrglonc%st&eng
met hod of the hetgsenodinviert idefte JHig% s¥epa)n amd 7a6b) 1B&&n b RGFIwi raf

anot her enbodi ment 15 for controlling the position of the focusing point of
a laser beamPatip@ PhskRepRBAFPRECEBYPAELIARE hod of the present invention;

d Figs. 8(a) to 8(g ' | 4 1\ ' '
and Figs. 8(a) to B(gl)sare, dl pgramss for £xplal gy deterdaraled danare

formed by the | aser beam processing e prior art.
Descripti on of léber Predwrapdl EnbbdeoneatspThe thseiabeanbpamcesscagsireyhod

and | aser .beam processi machi ne _according to the present invention wll
25 be desdi belae&ﬁoge?gi Egﬁep‘éﬁﬁﬁﬂﬁeﬁnw{lﬁlgﬁf erence to the

Fig. 6 is a diagram for explaining the laser beam
applicaticn step in the laser beam processing method of the
present invention;

Figs. 7(a) and 7(b) are diagrams of another embodiment

15 for controlling the position of the focusing point of a laser
beam in the laser beam processing method of the present
invention; and

Figs. 8(a) to 8(d) are diagrams for explaining
deteriorated layers formed by the laser beam processing

20 method of the prior art.

Detailed Description of the Preferred Embodiments

{ The laser beam processing method and laser beam
processing machine according to the present invention will
25 Dbe described in detail hereinunder with reference to the
accompanying drawings.

Fig. 1 is a perspective view of a laser beam processing
machine constituted according to the present invention. The
laser beam processing machine 1 shown in Fig. 1 comprises

30 astationarybase 2, achuck table mechanism 3 that is disposed
on the stationary base 2 in such a manner that it can move
in a processing-feed direction indicated by an arrow X and
holds a workpiece, a laser beam application unit support

mecnanism 4 disposed on the stationary base 2 in such a manner



acconpanying drawings. Fig. 1 is a perspective view of a | aser beam
processing mnachine constituted according to the present invention. The

| aser beam processing machine 1 shown in Fig. 1 conprises 30 aggicatdo@nary
base 2, a chuck table nmechanism 3 that is _disposed on the stationary base 2
in such a manner that it can nove in a p@ocessing-feed direction indicated
by an arrow X and holds a workpiece, a | aser beam application unit support

nmechani sm 4 dirspesed On trterStiat hANafide Pase- Podd Sl 13 JFRARERN 2@ 00y 2006
8 that it can nove in an indexing-feed direction indicated by an arrow Y
per pendi cul ar atoatrHevwdiree¥PenRdifglest ed Hye tHeedriagw irdigides baséhebeam

pendi cul ar SFo=FReUd¥rBETPORC At oat bl By iHere i X i
moChant sm 4 | A-S0Rh A BN AGY Shar 2T ok (v | A 1 GCRRTI $5h ekt TRBS ¢ on

control direQtiser bedincaped iy tdpranndw duppoee tabevkatigek 4t dbl evaRchani sm
3 conprises a pair of iguj de rails 31 and 31 di sposed on the stationary base
2 and arrang8@rpstalial o CEAcROTENER BFBRYSLRE RBFP FebEUH Hivd £aREFC10 by

the arrow X a&;fitst; 3 ii@iﬂ%a@e@‘bﬁ%rﬂia&ﬁgﬁ?%.on the guide rails 31 and 31

in such a manner that 1t can nove I'n the Irection indicated by the arrow
X, a second slidi ngThleogkov83chinshossdl @mecharnfisms 8 sbmdihgeblaogai32oifn such

a manner that it. can.,nove.in direction indjcated by the.arrow Y, 15 a
support tabl egﬁ%ﬁﬁ&gﬁsegloﬁnéﬂi scgcsmesc{]p&i ﬁbeb%%?ﬁlé%ar%faas_ec | PRgri cal
nenber 34, andra GhyeKphabl ee B& A8a¥RIKRILCE] oMk Hicgi FBSSon ThidS cakldek
tabl e 36 has an adsorption chuck 361 nmade of a gorous material and is so

constitutBd adn shersipvaXdi s Kristes sefi oo ilnstiop 2l enosed anviphk gldce on
{1 20,2080 PN EUCK SN SO SRS IR 18 ) iy ol chuek
cylli ndrical nenherct34n Theliakawsl biyr theshrdbngi pl ®cdedhdas,idimg tSock
33 cdispcsed on the first sliding block 32 in such a manner
that it can move in the direction indicated by the arrow Y,
15 a suppoert table 35 supported on the second sliding block 33
by a ¢ylindrical member 34, and a chuck table 36 as workpiece
holding means. This chuck table 36 has an adsorption chuck
361 made of a porous material and is so comnstituted as to
hold a disk-l1ike semiconductor wafer as a workpiece on the
20 adsorption chuck 361 by a suction means that is not shown.
The chuck table 36 is rotated by a pulse motor (not shown)
installed in the cylindrical member 34.
i The above first sliding block 32 has, on its
undersurface, a pair of to-be-guided grooves 321 and 321 to
25 Dbe fitted to the above pair of guide rails 31 and 31 and has,
on its top surface, a pair of guide rails 322 and 322 formed
parallel to each other along the direction indicated by the
arrow Y. The first slidingblock 32 constituted as described
above is constituted to be movable in the direction indicated
30 by the arrow X along the pair of guide rails 31 and 31 by
fitting the to-be-guided grooves 321 and 321 onto the pair
of guide rails 31 and 31, respectively. The chuck table
mechanism 3 in the illustrated embodiment has a

processing-feed means 37 for moving the first sliding block



undersurface, a pair of to-be-guided grooves 321 and 321 to 25 be fitted to
t he above pair of guide rails 31 and 31 and has, on its top surface, a pair
of guide rails 322 and 322 forned parallel to each other alogg 006
direction indicated by the arrow Y. The first sliding block constituted
as described above is constituted to be fovable in the direction indicated
30 by the arrow X along the pair of guide rails 31 and 31 by fitting the

t 0- be- gui ded gpogYssy3Rde Uk B2k Qntidet hgipai 81 Hi{q i de kakl 8i3dcangn 31,
respectively. The chuck table nmechanism3 in the illustrated enbodi nent has
a processi ng- feddcatgds 037 ther agddivng -t hBhej pEpcessEnaniBrecre20SCET 2006 9

32 al ong the pai oLquidg hal Le 3L agd 33:1 9,106 0l gctlen, Ladi cabed by
g ee mea conprises a nale

the arrow X e- processi ng- ns 3 sCrew rod 371

arranged betweenrt b€ gbode rpals Bf gud dal raadid $r3baand 131 ahdrenopasntl el
thereto, and 5 a drive source such as a_pulse notor 372 for rotary-driving
the mal e stre® FBHVS7ACUTHR Thftle aTreb o8 BTUCY S 7ot §0taRE-ER4VINg

rotatably supeag! gdiontarg,beati 89.1b! oate 343 d 128, ¢od hesabgye st attonary

base 2 and is, at the other en transm ssi on- coup to the output shaft
of the above punksendd notatalBY? dyprospebdnteduackeatag bloaiot37shdéwredThe

Fomal o sor e BFodkS( ABPhan- HHARLHIANG oy GRY RS SR RaE GP Ve

center portiorrQhsthie shiidrsicsididdgcbtRelourat Hheref @Ee@hé))ékﬂﬁevgﬁgsbhe
mal e screw rod 371 in a normal 15 direction or reverse direction by the

pul se notb? 3MRLorhe7Zf ims:a srafichgasivsek 3nats foved abon: t héhgumdéerail s
31 d 31in_th i ng-f i i i ndi X, Th
o 31 410 P agees 10 R drSELl L O0LGRUA A1 ov Xy e

above second sl ni 2 Suf
t o-‘be- gui ded gmoevesrddk and 33 Idrk bevdt tdredvt)o grite) dued inffgu dend ai | s

322 and 322 on the top , . o
undersurface of the center portion of the first sliding block
32. Therefore, by driving the male screw rod 371 in a normal
15 directicn or reverse direction by the pulse motor 372, the
firs: sliding block 32 is moved along the guide rails 31 and
31 in the processing-feed direction indicated by the arrow
).
The above second sliding block 33 has, on its
20 undersurface, a pair cf to-be-guided grooves 331 and 331 to
be fitted to the pair of guide rails 322 and 322 on the top
surface of the above first sliding block 32, and is
l constituted to be movable in the direction indicated by the
arrow Y by fitting the to-ke-guided grooves 331 and 331 to
25 the pair of guide rails 322 and 322, respectively. The chuck
table mechanism 3 in the illustrated embodiment has a first
indexing-feed means 38 for moving the second sliding block
32 in the direction indicated by the arrow Y along the pair
of guide rails 322 and 322 c¢cn the first sliding block 32.
30 The first indexing-feed means 38 comprises a male screw rod
381 arranged between the above pair of guide rails 322 and
322 and in parallel thereto, and a drive source such as a
pulse motor 382 for rotary-driving the male screw rod 381.

The rale screw rod 381 is, at its one end, rotatably supported

A o A AT i 5 A 1 [P



surface of the above first sliding block 32, and is constituted to be
novable in the direction indicated by the arrow Y by fitting the

t 0- be- gui ded grooves 331 and 331 to 25 the pair of guide rail s;3Fer @igl 322,
respectively. The chuck table nechanism.3,in the illustrated enbodi ment has
a first indexing-feed neans 38 for noving the second sliding block 33 in
the direction indicated by the arrow Y along the pair of guide rails 322
and 322 on thenforasbesiridignglddoA383B2ix80 cthehtitrgt sumdexenyf fribedalbeans 38

conprises a e screw,rod 81.arranged. between. the_above pair of guide
rails 322 ang¥l§§ ﬁﬁ&dﬁﬁginSFFeﬁztﬁggeﬁﬁf g dtgedPFsgrSSBBCe such as a
pul se notor 382ahafiketahycdublendtd Hhdrelepser sWaFedh B88he abBeeBhEsSCrew
rod 381 is, at its one end, rotatably supported 20 OCT 2006 10 onto a

beari ng bl ockm883rf BREdbinat heeedp redifasetoitt he abdvehowhrst Theimahg bl ock
32 and is,. at _t.he ofher,gn ragnsm.ssion-.coupl ed the. out put -shaft of
Py b, o SRl AR et FReEn SRR <SR

t he above puI§8 y d Speed red le 5

screw rod 38lihsas¢eewed satrewablbreadadtt Bheugh- bebe ebeimgd friom ahkemal e
screw bl ock (not. shown) projecting fromthe undersurface of the center
portion of th&ndessHdiaredrig sl 66k 83. PPRELEPoPE, thY ERCPPAg SLRELRE e

screw rod 381yjjp.;.asR0r Nl o di £ i =t WGt Yy +h e syl not or
10 382, the sgégﬁg sPidinge%+o§ié3g&Ygﬁﬁ35§§£a gﬂgaﬁﬁésggfgérbraglg §§2 and
322 in the indexbngadi déceconohndr cadeslr by dihesctararowyYthEhpuabevectaser

beam applj cati uni t support chanism 4 s.a pair of quide rails 41 and
41 arrang@ﬁ fggpaFéPIEPCBBdeE&E%&PﬁekEBHktag $fa Pgﬁgrﬁlgﬁgegﬁeaﬁﬁﬁﬂethe
i ndexi ng direetiiqr 3ndigal edobynthe anuawi¥@2RdractDYAD &1 SURROL:y, base 42
di sposed on the guide rails 41 and 41 in such a manner that it can nove in

the directionargdi-cdt-ed by the arrow Y. This novabl e support base 42

conprises a anabIeThe above laser beam applicaticn unit support

‘ mechanism 4 has a pair of guide rails 41 and 41 arranged
15 parallel to each other on the stationary base 2 along the
indexing direction indicated by the arrow Y and a movable
support base 42 disposed on the guide rails 41 and 41 in such

a manner that it can move in the directien indicated by the
arrow Y. This movable support base 42 comprises a movable

20 support portion 421 movably disposed on the guide rails 41
and 41 and a mounting portion 422 attached to the movable
suppoert portion 421. The mounting portion 422 is provided,

{ at its side face, with a pair of parallel guide rails 423
and 423 extending in the direction indicated by the arrow

25 Z. The laser beam application unit support mechanism 4 in
the illustrated embodiment comprises a second indexing-feed
means 43 for moving the movable support base 42 along the
pair of guide rails 41 and 41 in the indexing-feed direction
indicated by the arrow Y. This second indexing-feed means

30 43 comprises a male screw rod 431 arranged between the above
pair of guide rails 41 and 41 and in parallel thereto, and

a drive source such as a pulse motor 432 for rotary-driving

the male screw rod 431. The male screw rod 431 is, at its

one end, rotatakbly supported onto a bearing block (not shown)



20 support portion 421 novably di sposed on the guide rails 41 and 41 and a
nmounti ng portion 422 attached to the novable support portion 421. The
nounting portion 422 is provided, at its side face, with a pq@&xﬂﬂuﬁgralle
guide rails 423 and 423 extending in the girection i ndi cated by the arrow
25 Z. The | aser beam application unit supb rt mechanism4 in the
illustrated enbodi nent conprises a second indexing-feed neans 43 for noving

the nmovabl e supped Paseet2rakvengtihe onpaly’ bakegtl dadr aisl, Sa4l+pRdofein the
i ndexi ng-feed direction indicated by the arrow Y. This second indexing-feed

means 30 43 c&@ghi SESNENARSECBCEONPAGE 431the rageer veiakew RBeaBBOES pair
of guide rail ﬁnﬂjsfagx%t%% ghd bg gaégle!eﬁlrc%%\%& Q@0 o 4T g our egsuch
or 43 -drrving e

as a pulse no for rotar nal € screw rod . 'Thé ral e
screw rod 43lnaS.e alcriets rodné3gents $ofabed|inisuppahreddennt ahachgarhbgebl ock
(not shomn% 20 OCT 2006 11 fixed on the above stationary base 2 and is, at
the other “endCdiSthdf &siBRadBupFEEWtDIeRe GiR T R WHFAf FXO0 SiéR¥bdYe™ pul se

motor 432 by & rsPeedeteduEsEeldEnLSdiPle SPRMR: oA NSE tmlrﬁox%&ﬁfavsﬁggoé%l s
screwed into a threaded through-hole 5 formed in a female screw bl ock (not

shown) proj ectrawy faro2 Lt e natdersiiria deé o fmavd lee tuprpqar thagre df2 -t he
novabl e suppor, ortion.421. constityting.the novabl e support base 42.
Theref ore. by TISAANG Sné mtl'e St HOdoast G938 mothe oL it iRy
reverse directdion diidihe rpues ri¥et an réd2i ohheylohsomapse mipporgzNaseed? is
noved along the guide rails 41 and 41 in the indexing-feed direction

y

i ndi cat ed1By mevarkowuPPOrthdastseh? Beamoansl ildafidormiduisle gadhe 41
e R G R i 2
pai'r of to-be-yuided grooves 511 and 511 to be slidably fitted onto the
pair of guide rails %%gl%ggr4%%am application unit 5 in the illustrated
embodiment comprises a unit heolder 51 and a laser beam
15 application means 52 secured to the unit holder 51. The unit
holder 51 has a pair ¢f to-be-guided grooves 511 and 511 to
pe slidably fitted onto the pair of guide rails 423 and 423
on the above mounting portion 422, and is supported in such
a manner that it can mcve in the direction indicated by the
20 arrow Z by fitting the to-be-guided grocoves 511 and 511 to
the above guide rails 423 and 423, respectively.
The illustrated laser beam application meaﬁs 52
i comprises a cylindrical casing 521 secured to the above unit
holder 51 and extending substantially horizontally. In the
25 casing 521, there are installed a laser beanm oscillation
means 522 and a laser beam modulation means 523 as shown in
Fig. 2. A YAG laser oscillator or a YV04 laser oscilliator
may be used as the laser beam g¢scillation means 522. The
laser beam mcdulation means 523 comprises a repetition
30 freguency setting means 523a, a laser beam pulse width
setting means 523b and a laser beam wavelength setting means
523c. The repetition frequency setting means 523a, laser

beam pulse width setting means 523b and laser beam wavelength

setting means 523c¢c constituting the laser beam modulation



on the above nounting portion 422, and is supported in such a manner that
it can nove in the direction indicated by the 20 arrow Z by fitting the
t o- be- gui ded grooves 511 and 511 to the above guide rails 42 ,
respectively. The illustrated | aser beam applicati on neans 52 conprises a
cylindrical casing 521 secured to the above unit holder 51 and extending
substantially horizontally. In the 25 casing 521, there are installed a

| aser beam osgihhat 598 nABaANS PrLGANhR dAS8ly %%% 1oyl a&hqzﬂﬁﬂ_%agﬁiﬁz?» as

shown in Fig. 2. A YAG laser oscillator or a | aser oscillator my be

used as the | asetthbeamtogod taeired oreansie322 1etheeslcasert lvasmerfoddleatti on
means 523 conprises a _repetition, 30 freguen ettin ans 5233, a.laser
beam pul se wi Gt 2= EFFFn_*ﬁéEH%tgigﬁjhﬁglﬁ_?§§gr 3%&%?&§$§F§h§§% @E%?ﬁng
nmeans 523?- TR b@p@flélﬂypéH@ﬂﬂﬁﬂ@érsgbt&anﬂﬁéﬁﬁeéaﬁﬁﬁjkﬁ%ﬁﬁ.o&eﬁﬂépU|Se
w dth setting neans 523b and | aser beam wavel ength setting nmeans 523c

constitutihg BReVEasésiBgamiAndul ation 20 OCT 2006 12 neans 523 may be
known devi ces to peﬁphSFQE REdinaly 1 §KikLy %@o&h%b%{%&%gg ?%%%?fgégm

detail ed descriptions of their structures are om i is text. A

condenser 524 oshiidlatriey. heant 822 ywredkrowihpetoséenseatinat éd cught heeend of
the 5 above casing 521. A | aser, beamoscil]ated fromthe above | aser beam

oscillation néé‘ﬁ§r5§’?a%§‘@ﬁé%lattﬁé’rb8}?§é’r?secf23‘3241_f1hFBGQF1aFﬁE begBer beam
modul ation megg 3231 il BRs | BSEr tﬁg%fé@ﬂv&'cﬁ{ 'f?@qﬁ%ﬁ@? 2% iddReans
3a converts the Taser

repetition frequency setting neans 10 5 beaminto a
pul se | ask? beadehavhmgrta phedbieembwth defet bt pohsé riependgant heviiager

beam pul se widtn setting ans 5 SQisetg t he pul se_w EP of %pe ulse
aser beam t 0 SR EhF CAGEEP P REd SPAER . - aHd  FREUPAGYr Dehm= ey EeyPH 186t t ng
medns 523c setgddie seavehengilnef sbhe sdbspuhseplBS€wieaMdo the pulse
predeternlnedjzgkggbeam to a predetermined width, and the laser beam
wavelength setting means 523c sets the wavelength of the

15 pulse laser beam to a predetermined value.

An alignment means 6 for detecting the processing area
to be processed by the above laser beam application means
52 is mounted on the front end of the casing 521 constituting
the zbove laser beam application means 52. This alignment

20 means 6 in the illustrated embodiment comprises an infrared
illumination means for illuminating infrared radiation to
the workpiece, an optical system for capturing the infrared
radiation illuminated by the infrared illumination means and
an image pick-up device (infrared CCD}) for outputting an

25 electric signal corresponding to the infrared radiation
captured by the optical system, in addition to an ordinary
image pick-up device (CCD) for taking an image with visible
radiation, and transmits an imade signal to a control means
which will be described later.

30 The laser beam processing machine in the embodiment
comprises a height position detection means 7 for detecting
the position of a height of the surface (top surface of the
plate-like workpiece held on the chuck table 36) on the side
to which the laser beam is applied, of the plate-like



An alignnent neans 6 for detecting the processing area to be processed by

t he above | aser beam application neans 52 is nounted on the front end of
the casing 521 constituting the above |aser beam application JgRaAS208&. Thi s
alignment 20 neans 6 in the illustrated e?godi ment conprises an infrared
illumnation nmeans for illumnating infrared radiation to the workpiece, an
optical systemfor capturing the infrared radiation illum nated by the

infrared il umotaddiergreanshantdrigi ddmygel i &k-the dbviveechhdk raad ¢eD) for
outputting an 25 electric signal corresponding to the infrared radiation
captured by thréicptiecdhs BIemiqn diddhion Meas of dishaAPriethG® gittsk- up
device (CCD for dakidg-an | i WM Y LAt ; it hts an
i mge signal tcg)rnacteg?ne{l?o n%gﬁggl%?gﬂgvﬂﬁbhggeﬁgg%%baceigﬂ]lg({%rl.&%gé%g | aser
beam processi g machhne embotemenbpdiagerite comppsiesies faathet ghtggrosienisom

det ection ans 7 .for det.ectin the position .of a height .of the surface
(top S:Jrfa e & t%rapﬁoﬁlézls;elzgs%r l@ﬁFde I ah‘éln&%&natﬁt?lt%‘?&&l?nt £6198336)-%on t he
side to whichrdedmses heamd sva ivd1 e thesdtatat lide 20 OCT 2006 13

wor kpi ece as the workpiece held on the above chuck table 36. This height
position detection fégndapeirsbgpinepnlomather ebhbehsdar B iddmstirageidng t he

|aser beam appl ety on smeans » 82 LI L1 § SIHROGIEN Y, be. cogposed af an

air gap sensor or ultrasoni ¢ sensor, ransm etéctl on 'Si gnal to

the control memis neviicly Whkl uhetdestaébest l=aterg thleephagesr hpamagpliilgat i on
unit 5 in the illustrated enbodinment has a focusing point position control
neans 53 lfPor 4ovieRg £Ré imitheargertsenal vdgce hed gal thef 2a5GPYel r ailiike10 423

and 423 i n thedi regtiondadicated ad he AL ok Sodiie Abare dhegd

means, the focusing point position cont nprises a nmale screw
r od (not showmezary dyecbmipet sweena tihel paserod gud denoai $lsowt?3 ackrk@3] and a

drive source between the pair of quide rails 423 and 423, and a drive source
such as a pulse motor 532 for rotary-driving the male screw

15 rod. By driving the male screw rod (not shown) in a normal
direction or reverse direction by the pulse motor 532, the
unit holder 51 and the laser beam application means 52 are
moved along the guide rails 423 and 423 in the focusing point
position control direction indicated by the arrow Z.

20 Therefore, the focusing point position control means 53 has
the function of controlling the position of the focusing
point of a laser beam applied by the laser beam application

f means 52.
The laser beam processing machine in the illustrated

25 embodiment has a control means 10. The control means 10 is
composed of a microccmputer, and comprises a central
processing unit (CPU) 101 which processes operations
according to a control program, a read-only memory {(ROM) 102
for storing the control program, a random access memoxry (RAM)

30 103 which stores the results of operations and enables
information to be read therefrom and written thereto, an
input interface 104 and an output interface 105. The random
access memory (RAM) 103 functions as a storage means for

storing informatiocn on the position of a height of the surface



such as a pul se notor 532 for rotary-driving the nmale screw 15 rod. By
driving the male screw rod (not shown) in a normal direction or reverse
direction by the pulse notor 532, the wunit holder 51 and the jagarzobeam
application neans 52 are noved along the,guide rails 423 and 423 in the
focusing point position control direction indicated by the arrow Z. 20
Therefore, the focusing point position control neans 53 has the function of
controlling the poe tside dab tid chodhe Agsepobrtarofi sa alpadardiearh apel | ed by

the | aser beam_ appli.cation .neans 52. The | aser. beam processing machine in
the i 1T ustr at BO2 25 letSotPHbHE chasIaLEREROrY HHnelhys Fha3B6nEPBL ShEhns 10
i's conposed gfta MiGHOGRERPU &, BBRH-EOTBLI 8€§na16CRLPAl thRr 9CE§ANBAL UNI T

(CPU) 101 which processes operations according to a control program a
read-onl y nenpegrSROMnd Ote gl ditopicnd tihe deherbioprivgpasn’ arcahipitaccess

renory (RAW 30 193 which SLores e esuld s of gperal gns ang engpl es

information to be'rea erefromand wi tten 0, put” interface

104 and an outdgems tiitherdaacecdBbroThel §RATOMrAcLepS tMESDINe GBAM: $A3se
functions as a storage means for storing information on the position of a

hei ght of the™(cffaéeZ2P\EaTe 2906 T 242orPEhee 1@ §3dhi RRL $hadteser3Beam i s
Vied of t . Lo . i
et ect i on meane Yy = Bef B LAt AR AT e O g R e e e

hei ght positidmtdetection nmeans 7 are input 5 to the input interface 104 of

the control neans 10 thus .constituted. Control nal s _are qutput_.to the

above pul $8 notor 2379eSHhEBeRBt bF %Hﬁﬁeﬁﬂﬁ¥ﬂ§¥é§? 1435 thi | 18s S PEAT532
and | aser beam,apRIdGald R URANS 32 rﬁﬂd?f@stsfl%go%t Rl iidteif-ace whler 1@ A

description is subsequently given of the |aser beam processing nethod for
processing a dove cordarcitane dif ersigsy the above-described laser beam
rrocessing machine.
Fig. 3 is a perspective view 0of a semiconductor wafer
15 to be processed by the laser beam procesgsing method of the
present invention. In the semiconductor wafer 20 shown in
Fig. 3, a plurality of areas are sectiocned by a plurality
of streets {dividing lines) 211 formed in & lattice pattern
on the front surface 2la of a semiconductor substrate 21 such
20 as a silicon wafer, and a circuit 212 such as IC or LSI is
formed in each of the sectioned areas.
A protective tape is affixed to the front surface 2la
{ of the semiconductor wafer 20 constituted as described above,
the semiconductor wafer 20 1is carried to the top of the
25 adsorption chuck 361 of the chuck table 36 constituting the
chuck table mechanism 3 of the laser'beaﬁtprocessingﬂmachine
1 shown in Fig. 1 in such a manner that its rear surface 20b
faces up, and its protective tape side is suction-held on
the adsorption chuck 361. The chuck table 36 suction-hoclding
3C the semiconductor wafer 20 is moved along the guide rails
31 and 31 by the operation of the processing-feed means 37
to be positioned right below the alignment means 6 mounted
to the laser beam application unit 5.

After the chuck table 36 is positionead right below the



S N _—

the wor kpi ece by using the above descrlbed Iaser bean1 processi ng nmachi ne.
Fig. 3 is a perspective view of a sem conductor wafer 15 to be processed by
the | aser beam processing nethod of the present invention. |134§ 2006

sem conductor wafer 20 shown in Fig. 3, a plurality of areas are sectioned
by a plurality of streets (dividing Iiné§3 211 fornmed in a lattice pattern
on the front surface 2la of a sem conductor substrate 21 such 20 as a

silicon wafery; apgnan€i hethk 812aﬁugm1§ﬁmé§t%ol:§l b8 dé@é&?ﬁ?n?ntﬁé(:h of the
sectioned areas. A proteciive fape is affixed to the front surface 2la of

t he sem conduprocmmieg a@m&@ﬁsthemmmdﬂmH bedeabd¥e,s cehelied out
sem conduct or f.er

IS rried to th p_of the 25 adsorption, chuck 361
of the chuck ? abt'e %ﬁﬁ%ﬁﬁ @F?HE ﬁgﬂﬁghﬁ EO?Eﬁ?g §ﬁ§nlgg8F t%e | aser
beam processi fge MAGRIMEentlnsBAWNE AR cdnkRoSUedhres MBS Bat idsgd ear
surface 20b faces up, and its protective tape side is suction-held on the
adsor pti or? chﬂékcgégmqrﬁl@h@@kp@ﬁbﬁénwmlm%ﬁoh@lafalhgi dovigéng line

sem conduct or ol £1.-20 5, ERged.al B0AGLRESO S oid 5, ST andkSlledhe

operation of processi ng- means osi

al i gnnment neadsréc ﬁﬁunted*htmhéheoh&sﬁsebeaquapmlthatﬂaaemnbéaﬁ After the
chuck table 36 is positioned right below the 20_OCT 2006 15 alignnment neans
6, an allgnneﬁPp%bFRtFGF HE%ECPlﬁ@rtﬁ8p15988e§s#ﬁ§eér€§aﬁfa@ﬁégsgﬁﬁconductor

wafer 20 is cam@gnauam@yzwe %hu'eg'%ﬁ?”beﬁf%%%uﬁga@ﬂet Q@l%%%h%' o¥eans 10.

That is, the alignmént nmeans 6 and the control means 10 carry out image 5
processi Ay suchsas patnherpp hitzhiog nposidlign. asSdimniildirdy .| the aRidnfentred on
t he sem conduc deternlned directio e con?enser

50% of Tt ho T gE gl fhef b B AU I D00 s o0 A0 LRr gl one
thé dividingsbirng Zildind hereby Peekeentng gtieaaiivgivenin pérpendicular

to the above predetermined direction and formed on ithe
semiconductor wafer 20. Although the front surface 2la on
15 which the dividing line 211 of the semicconductor wafer 20
is formed, faces down, the image of the dividing lines 211
can be taken from the rear surface 21b because the alignment
means 6 comprises infrared illumination means, optical
system for capturing infrared radiation and image pick-up
20 means composed of an image pick-up device {infrared CCD) for
outputting an electric signal corresponding to the infrared
radiation, as described above.
{ After the street 211 formed on the semiconductor wafer
20 held on the chuck table 36 is detected and the alignment
25 of the laser beam application positicon is carried out as
described above, the chuck table 36 is moved to bring one
end {left end in the figure) of a predetermined dividing line
211 to a position right below the height position detection
means 7 as shown in Fig. 4(a). Then, the position of a height
30 of the surface (top surface of the plate-like workpiece held
on the chuck table) on the side to which the laser beam is
applied is detected by the height position detection means
7 in the course of movement of the chuck table 36 in a direction

indicated by an arrow X1 until the height position detecticn



10 | aser beam application position. Simlarly, the alignnment of the |aser
beam application position is also carried out for dividing lines 211
extending in a direction perpendicular to the above predeter nygRre @bg ection
and formed on the sem conductor wafer 20,_Although the front surface 2la on
15 which the dividing Iine 211 of the senffonductor wafer 20 is fornmed,
faces down, the inage of the dividing lines 211 can be taken fromthe rear
surface 21b berause 7t BeaahkegnoBet otpEANSn® OGN S8l i raeediphlemi odti on
means, optical systemfor capturing infrared radiation and inmage pick-up 20
means conposedi§f PafdsRedEpieck Uy idevit & ifentaidr & &5 FHLcBHIsHAE ng an
electric sl gnglar hespend)agn Lo e | 0fk3! eng! Al ald (bt %, desgrdibed
above. After the street 211 fornmed on the sem conductor wafer 0 he on

t he chuck t ablsen36to $heetecteul ardnished al iTrenem tr@bmefanshel tasenibam

licati i tion i i ed out d i ped ab t he .chuck table 36
P hoved 15 briy oAt BT e e 8 et it SYTRRCE 3 R SLANEl
di viding lineymdkh t:0, 1RQs idhn | Ghtagdiel i theheitdt masiddamidriect i on

means 7 as shown in Fi% 4 (a) . Then, the position of a height 30 of the
surface (top sunfigdaoiinhelplateaon ke wsrikpitepeshtldn daicedicl whgékneabl e)

on the side tq ich t | aser. beam..s _a ied. is _detected by the_height
position det ec‘cﬁnon%r I&r%gfle sé‘}%h?l?eoSclotulroéleg‘gjfe?rg%/%rﬁénﬁangf%taﬁlg %l}l%g'ﬁvtlagl e 36
in a directiompodindicrabgdthy @mek riupld 380t bhdthember ght 1 posidred reect i on
20 OCT 2006 16 neans 7 reaches the other end (right end in the figure) of
the predet8rniided s iidRP 135738 Mot he Fehi U DFINHSH DPhs shown

in Fig. 4(b), @é’éjeétfi% Sl )i_on signal is sent to the control nmeans 10. The
control nmeans 10 calculates 5 the X and Z coordi nate val ues of the surface
on'the side to whi dhetteafitaser theamhiuskappbiled3 &l bngnehed pre detiergrithed

dividing Iine 211, from fhe hei gt positlop detseti on sl anel ot erminea

dividing line 211, whose X and Z coordinate values have been

15 detected, on the surface on the side to which the laser beam
is applied, of the semiconductor wafer 20, to a position right
below the condenser 524 of the laser beam application means
52 as shown in Fig. 5{a). The chuck table 36 is then moved
in & direction indicated by an arrow X2 at a predetermined

20 processing-feed rate until the condenser 524 reaches one end
(left end in the figure) of the predetermined dividing line
211 of the semiconductor wafer 20 as shown in Fig. 5(b) while

( ' a laser beam is applied from the condenser 524 (laser beanm
application step). During this, the control means 10

25 controls the pulse motor 532 of the focusing point position
control means 53 based on the X and Z coordinate values of
the surface on the side to which the laser beam is applied,
which have been stored in the random access memory (RAM) 103
in the above height position detection step, to adjust the

30 position of the height, that is, the position in the Z-axis
direction, of the condenser 524. In other words, the control
means 10 first obtains a correction value for the X and 2
cocrdinate values of the surface on the side to which the

laser beam is applied, of the semiconductor wafer 20 from



sent fromthe height position detection neans 7 and the noving position of
the chuck table 36, and tenporarily stores them 10 in the random access
menory (RAM 103 (height position detection step). Thereaft eripdde0mbuck
table 36 is noved to bring the other endlgright end in the figure) of the
predetermned dividing line 211, whose X and Z coordi nate val ues have been
15 detected, on the surface on the side to which the | aser beam is applied,
of the sem condhectfarl mafiarg 2udtoienposition right bel ow the condenser 524
of the laser beam application nmeans 52 as shown in Fi g. 5(a). .The chuck
table 36 i s t hefPRBFERL PN V1S EctiSdRTdRdc Yeedhy ST dw R us) &
predet erm ned 2@ .-pracessnngokeed Jiakg until the condenser 524 reaches one
end (left end in the figure) of the predetermined dividing line 211 of the
sem conduct or wahere2® abeshbandandFiglus {D)hshpbeitaohaséra Benimlits adppl i ed

fromthe condenser 524 (| aser bheam |ication step)., Durin hi t he
contr ol medns 10785 CERET BT SATE 1 CEORAITSE GrE HESFORLY Y TR
position contrelf feans 23 )Rased Qrtdie: ¥aand & enershaat eovlfugheafghtt he
surface on the side to which the |aser beamis applied, which have been

stored in the r&tdémeactEseniemsi (IRANY) argB then nefe aiovd gl P&sitti on
detection step, :to | L1l t I , «Lh ISyt

position in t he ™ -5@?5E§%§?g§t$%%??gél%ﬁg{%%ﬁhgﬁggﬁl%%%.lbné%?ﬁé?:mggﬁé, t he
control means Xahiplst, dhtzd nisy aleorgeact icoh sddliwerfior the X and Z
coordi nat e _val ues of  the surface on the side to which the | aser beam.

applied, &f the sgmp&%?ﬁj%c?}@ TREERCDPT rGhh P ‘GCPRitg ey thife FHHTSM :g
oot 110l ent WhBrEIh The S TARGer A vaTUe 12 {he hea TTor S herantTat ™5 the
st andard posi t¢ondgioer exadpfeomt hiee sfahtiawtng heghabssn :
position in Z-axis direction = position of set height +
correction value
15 wherein the position c¢f set height is a position in the
Z-axis direction at the standard position.

The control means 10 controls the pulse motor 532 of
the focusing peoint position control means 53 based on the
thus obtained position in the Z-axis direction to position

20 the condenser 524 at the position in the Z-axis direction.
As a result, the deteriorated layer 210 formed in the
inside of the semiconductor wafer 20 is uniformly exposed
[ to the surface on the side (undersurface of the plate-like
workpiece held on the chuck table 36) opposite tc the side
25 to which the laser beam is applied. In the illustrated
embodiment, the deteriorated layer can be thus formed at a
desired position in the thickness direction of the
semiconductor wafer 20.
The following processing conditions are set for the
30 above laser beam application step.
Laser: YVO4 pulse laser
Wavelength: 1,064 nm
Pulse energy: 1.0 ud
Repetition frequency: 100 kHz



of the wafer) ; the current value is the position of a height at the
current position; and the refraction coefficient 1is the flexure coefficient
of a workpiece in the air (for exanple, 0.25 in the case of sjja€Pihs 10
After the correction value is obtained, tgg control rmeans 10 obtains the
position in the Z-axis direction of the ndenser 524 fromthe foll ow ng
equation: position in Z-axis direction = position of set height +

correction val ue Palskeweidnhth@spasition of set height is a position in the
Z-axis direction at the standard position. The control neans 10 controls the
pul se notor 532 ofoctenPoERSINGLpBERELPOSI Hon control means 53 based on

the thus obtai negcR@shblar H@n‘é@%%zngképggﬂﬁﬁt b8ANLO BOSI L1 OHE RO} BF2
condenser 524 at the position in the Z-axis difection. As a result, the
deteriorated | ayePr2testongedeien trhéce:i adddandfketche seni conduct or wafer 20

[ iform t h f the sid d f f th
ol at o- 11 k6 ™ vor kpi ocl MG o SE CERREROF AR 28630 OPpGeibb: (6 RIFAITY 25 1o

which the | asegrbgateisoappbiedaybpst heos) | vsthakbed 2e0bodiaentsita81y
deteriorated | ayer can be thus forned at a desired position in the

t hi ckness dir eé®rmadoPyt Heangent conelute@ks ied epo DOt Hhalqrfiem ¥y qriotessi ng
Concl 1 0mS o SqEt Tk, 19RO A5y DB A TR Pl ol
frequency: 100sktizn20n Qdlg 2006 ThE Puksetwbdt bf 2hendefocistagedpotyers
draneter: h, om, Feak DOYET.98"S16Y O JOSHSIIS POLILL s S ol BF MY Al
the focusing point of a laser beam in the order ¢f 210a, 210b
and 210c stepwise.
In the above embodiment, the height position detection
ster and the laser beam application step are carried out for

15 each dividing line. The height position detection step,
however, may be carried out for all the dividing lines and
information on all the dividing lines may be stored in the
random access memory (RAEM) 103 prior tc the laser beam
application step.

20 After the deteriorated layer is formed alcng all the
streets 211 of the semiconductor wafer 20 as described above,
the chuck table 36 holding the semiconductor wafer 20 is
returned to the position where it first suction-held the
semiconductor wafer 20 to cancel its suction-holding of the

25 semiconducter wafer 20. The semiconducter wafer 20 is then
carried tc the dividing step by a conveying means that is
not shown.

Another embodiment of the present invention in which
the focusing point of a laser beam is controlled will be

30 described below.

In this embodiment, as shown in Fig. 7{a) and Fig. 7 (b},
the present invention is applied to a circular plate-like

workpiece (W) which is thick at the center and gradually

thinner toward its periphery. That is, in this embodiment,



Processing-feed rate: 100 mm sec. 5 Wien the sem conductor wafer 20 is
thick, a plurality of deteriorated |ayers 210a, 210b and 210c are desirably
formed by changing the focusing point P stepwise to carry outsdberadgve

| aser beam application step several tines,qoas shown in Fig. 6. The

formati on of the deteriorated |ayers 10 Zﬁ%a, 210b and 210c is preferably
carried out by shifting the focusing point of a |aser beamin the order of
210a, 210b abde 2iOxi si@pwicsehel phtheo Alxewe reribpdinentof tthe beaghtlphsiti on

detection ste nd the | aser beam application step are carried out for 15
cach di vi di ngeP RBT e FReThor SR St (S G GBI F O Sep LA RBrame fayche
carried out fggpakl ad he, di-wirdi-ae clei 1'98§i€lﬂgn A NGROEPREE Yk Q&e%ia%@elﬂké!' di ng

lines may be stored in the randomaccess nmenory (RAM 103 prior to the
| aser beam apprkraeienbstag. hed dAbrneithehehtetketiaolat ed ol afpdriins afor med

along all the streets 211 of .the.sem.conductor_.wafer .20 as described above,
t he chuck angaggaﬁﬁpai #dnf:%éogeﬁ%g]n%%%?%rom pfﬁli%slorﬁ’sepﬁr ﬁgagﬁgst he
posi tion whergrfidrnddd seveuelli poines d e elseth e Yadiction wafele 28cteigancel

its suction-holding of the 25 sem conductor wafer 20. The sem conduct or
wafer 20 is tReANTCAEr RPed2B6 Tt Mead ViSdiGegtsdg ey a conveying neans that is

not shown. Anot her odj . of e.pr 1 pventd i i e

f ocusi ng point of agﬁgsgégggg%ﬁi égZo%ﬂ%?%g%lvﬁ}}‘frbbfe%%fo%ggglg??ggggb%]:ow. In
t hi s enbodi nenhe asnsbownf itthdripd.ate-(lakeandrkibgecé (W) in Rie pri@eseahd
invention is applied to a circular plate-like r kpi W_ which is thick

at the cerft er Fafd §rRduatts pocsﬁ'itﬁrPé} (P@)V\%F dtk}ﬁ §ng€l|f‘|}%p§gsvge TR SP‘s’faFﬁ this
tegfe)og: ment . 28:01e2008: dRathe Pasitingy ofilelaNthOl i 98 CHRLCRRLBRS Of
‘ which is & horizontal direction, in Fig. 7 (b) passing through

the center, the position {(c) of the height of the top surface
at the right end c¢f the dividing line in the first direction,

15 the position (d) of the height of the top surface at the upper
end of a dividing line in a second direction, which is a
vertical direction, in Fig. 7(b) passing through the center,
and the position (e) of the height of the top surface at the
lower end of the dividing line in the second direction are

20 detected. When the radius of the plate-like workpiece (W)
is represented by (r), the dividing line in the first
direction passing through the center is represented by the

! X-axis coordinate, the dividing line in the second direction

passing through the center is represented by the Y-axis

25 coordinate, and the dividing lines in the first direction
are all represented by local coordinates {r8) with the X-axis
coordinate as the standard, the undulation function f(x} of
the dividing line in the first direction is represented by
the following equations (1) and (2).

30
f(x) of first and fourth quadrants =
[{c+ 2(d —c)B/':r}- la+(d - a)sin 9}]' X

r -cosé

+{a+(d - a)sin 0)-——--—- (1)



wor kpi ece (W are detected with the front surface of the chuck table as the
reference position in a state of the plate-like workpiece being held on the
chuck table, to obtain an 5 undul ation function f(x) based on jf@cPaseti ons
of heights of these several points, wher @y the position of the focusing
point of a |laser beamis controlled. The % sition (a) of the height of the
top surface at the center of the plate-like workpiece (W in Fig. 7 (a) and
10 Fig. 7(b), fthe peskkiend(bhdotntihe Beghtnel the top surface at the left
end of a dividing line in the first direction, which is a horizontal
direction, in[@i-g2(d- 60/ phsfi nld thnsingh} Xhe ceG]% . 2’3 positiogn (c) of

t he height of "the top surfacg,galt the right *e d* ﬁ%ﬂ viding I'Ehe in the
first direction, 15 the position (d) of the height of the top surface at the
upper end of a dividengthe niiviniingadordidi tieetiiost Wirektisnapaysingeal
direction, in FI% 7 éb% assi ng through the center and the gOSItIOH (e)

of the helghttBF £Aé th ¥ele SaFePH§SeP5ﬁ€fb% OFf ~Pffd SFYP g2 Fene in
the second di pget a%larl%gml%t et ede %%BnﬁhalE@gtHénofaaEQQn@ E‘B?oﬁ!ﬂﬂe

wor kpiece (W is represénted by (r), the dividing line in the first
direction passhagcehteaghs ttrep reerrdTe d byr tpeetent et dyondigate arng the

coordi nat e, e d|V|g|n I|n%¢{n t he second direction assing thr ﬁh t he

center is rep edé&nfed By Y ] ﬁgPear%ﬁEJFHSR& CHSG P¥Ynes in
the first difgeltlonccdiedll JseRLesenien e RCakicookdiahes & %) et Eet he

X-axis coordinate as the standard, the undulation function f(Xx)
di vi di ng IlneStﬁnﬁﬁédﬁltbﬁ @@d@%@ttﬁﬂ|Eﬂ&Q§®Késéﬁﬁéd05ythQi@éﬂmﬂﬂn@wﬂhge

?g;l %,t '7??51(% at (1%“%11)%2 )s ec%?:}d gciﬁ)r{e(gt(lf 'nr %) %%e%{éfnft[é_cﬂ lf)"’)‘gd rt%rg %ggsl%&% d 2006
20

equations and (4)

fix) of first and fourth gquadrants =
[{d+2(6-ad)p/x}—f{a+(d-a)sin B}} X

r *cos f3

+{a+(@-a)sin p}------- (3)

15
f(x) of second and third quadrants =

[{e + 2(b —e)ﬁ/fr}— {a+(d—a)sin B x

recosf}

+{a+(b-a)sin B} ----—-- (4)

After the undulation functions f(x} of the dividing

lines in the first direction and the dividing lines in the

{ 20 second direction are obtained from the above equations (1),
{2y, (3) and (4}, a correction value 1s cobtained from the

following equation.

correction value = (standard value - f(x)) x refraction
coefficient
25 The contrcl means 10 obtains the positicn in the Z-axis

direction of the condenser 524 from the following equation.

position in Z-axis direction = position of set height +
correction value

The control means 10 controls the pulse motor 532 of

30 the focusing point position control means 53 based on the

thus obtained pesition in the Z-axis direction to position



f(x) of second and third quadrants =
[{b+2{d-b}B/)r}-{a+(d-a)sinB}}X+{a+{d-a}sing}------- (2) r cosO When the
dividing line in the first direction passing through the centefob?2006
represented by the Y-axis coordinate, 5 ihe dividing line in the second
di rection passing through the center is represented by the X-axis
coordinate, and the diving lines in the second direction are all

represented byhel O68bdesoor dhnatLs HHOpoditth ohhenXtBXi 2- 008 dinadet Bsn t he
standard, the undulation function f(x) of the dividing line 10 in the second

direction is represEntE’e 3PeTR ¢WPPSINPRLS equleft i DRSSTBYTaFRE (YWBYSF (3§ of
first and fou = +2{ b- r)-{at{d-a)sin,

+{a+(b-a)sin/ é%ﬁoggéd&@% %3% S}lrngég';& (?[g tﬁ%%(%%o ]ksé%(o)%g %%cgé t ﬁ‘?%ag gaédi%%%t s =
[{e+2(b-e)/31bt}{fas{ch ajlsd Wildld oXprosfiae{ boajlse s idg to which(4he Yaseos/ 3
After the undul ation fun tigns f(x%} of _the ?i,vi di n% l.Lines in the first

di rect i on “and°ERB dPvPEPng® rneE Thet Reatepid&toha 5?98€Fi'onT%1r bt i ned
fromthe abovgeeguabigngd(1dyet2n €3 AMh{ Hurfa&OLAeRLi @8 ¥RLUE £15e
obtained fromthe follow ng equation. correction value = (standard val ue -
f(x)) x refraétben bewefifd eppdilezb Thecenhorol tyednsh theobhdilhatihe gbdsiti on

inthe Z-axis_ . direction of the condenser 524 from follow _ng _equation.
position in ZFARi% 3G (e)JC]t]T%WOE d§iFiro %Foggtenﬁgirg%] EQ fOJE%? \rb%lf’t%irgkﬁe@rﬁl ue
The control nepgpsid@teent meksst Be RELSBeMbOEAS3R Bhe B0akhe DEHSEDGnPOI Nt

position control nmeans 53 based on the thus obtained position in the Z-axis
directionGo bgsﬁpp@ﬁdggcgcwlgboghe current position of the plate-like

workpiece without taking into consideration the refractive
f
' index of the plate-like workpiece.



21 the condenser 524 at the position in the Z-axis direction. 1In the above
enbodi nents, the deteriorated |layer is exposed to the surface on the chuck
table side, that is, the surface on the side opposite to the 'ﬁg E&mwhich
the laser 5 beamis applied, of the plate-like workpiece. To f )
deteriorated |layer on the front surface spde, to which the [|aser beamis
applied, in conformty with the undulation of the plate-Ilike workpiece, the
condenser 524Wef cflhémkaser beam application means 52 may be noved in the

Z-axis direction 10 |f accordance with t ugﬁegt osition g ﬁg
pl ate-1ike rkpi eCe ﬁf?ﬁoﬂ?a?agfﬂﬁeﬁﬁ%BgCQE § WBﬁl?ﬁBgr Practeve
i ndex of the phate-hike wekkpieece. haG}l@gT d20Q61i nd2 MG FHIPmel ih laser beam

processi ng net hod conprising holding a plate-Iike workpiece having dividing
lines forned lat&icerapafeerpadhetine ochreme Hmcs Ut sah @ sganes Fhaker

that 5 the re s C C p ser beam
wth a ma?% Ighgt %gpg F?SS gggggngptﬂﬁoé %ﬁpﬁ? @Q %gegh& gﬁgy%égege from
the rear surfaeeesildeah avitthea phaeéekdridteh waplabll@cefrpaﬂsnmtt}‘nﬁ:mimckh‘eabl e
along the dividing_ lines to forma deteriorated |ayer in the |nS|de 10 of
the plate-1ikEe ﬁB?RéP@@eWQFBH@eFﬁef&PVE&Pﬁgrﬁﬁﬁé§urﬁﬂﬁﬁw§%¢

posi ti on det egt00-3420 b:ABLEEE! Ba1UGn RORI Lif %kOfta%ltée:aqk@n%tkL e rear

surface to whic aser eamis applie e plate- pi ece
hel d on the cﬁmakdlma ftabke abofigra di detengolkbhed éagea hasehebaasude

applicatign st P, | yi a | as beam .to the wor, |ece |.0 the
di vi di ng 44 n 8 g%F%GE&#ﬁgwo %€155§|P}8Hg0 %Ph 3‘ t of the
| aser beam cghégggg@ding to the position of the helght detected in the

a height position detection step of detecting the
position of a height of the rear surface to which the laser
beam is applied, of the plate-like workpiece held on the chuck

15 table along a dividing line; and

a laser beam application step of applying a laser beam
to the workpiece along the dividing line while controlling
the position of the focusing point of the laser beam
corresponding to the position of the height detected in the

20 height position detection step so as to locate at the
predetermined position in the inside of the plate-like

workpiece.

2. A laser beam processing machine for applying a laser
25 Dbeam with a wave length capable of passing through a
plate-like workpiece to the plate-like workpiece having
dividing lines formed in a lattice pattern on the front
surface along the dividing lines to form a deteriorated layer
in the inside of the plate-like workpiece along the dividing
30 lines, comprising:
a chuck table for holding the plate-like workpiece;
a laser beam application means for applying a laser
beam to the plate-like workpiece held on the chuck table;

a processing-feed means for moving the chuck table and



20 hei ght position detection step so as to |locate at the predeterm ned
position in the inside of the plate-like workpiece. 2. A laser beam
processi ng machi ne for applying a laser 25 beamw th a wave kg@ggq @%pable
of passing through a plate-like workpiece to the plate-Iike ! Rpit L8
having dividing lines formed in a lattige pattern on the front surface
along the dividing lines to forma deteriorated layer in the inside of the
pl ate-1ike wotkei kzeen! loemn tdpp i oa tdi oy meé3thd imdst icenmd siarnd: cahebuck tabl e
for holding the plate-Iike moikgiece; a | aser beam application neans for
appl ying a | aSBf "BEAAPLELhBLBM Gt e- | i ke wor kpi ece held on the chuck tabl e;
a processing-feed nganschoOIngo¥bNAt Pesehiek bahteocanfledBsOetr2006 23 the

| aser beam application nmeans relative to each other in the horizontal

pl ane; a focuSPRYrpblhngpuss tha o 1ofl theahecusingdeminioldf sget hesevsition
of the fogusipn oLn f .the e b appli he |_aser beam
application H%aﬁs;agé%g?ahgypggét?8ﬁé5e§§g#i%ﬁpgggﬁg% %r“ﬁgtgdting t he
position of a heighi Wéighe sosiacenonetbersbdemégnwhteh tbeectasgrtheamis
applied, of the plate-like workpiece held on the chuck table along the

di vi di ng | i neB®s1bianstbranfeimdansitbhe stuiiane PRetBesTi4d T oMhilkd Heeght

| nformat i on d?ég%%‘eé)%{ 1he Dol ol posidyo 1%%Ie§ﬁﬁ'k%”w%§%§?eceaﬁgéé gpnt rol
means for controllTihg the fdcusing poi nt osition control 'neans baséd on

t he i nfornmatiohestbued tabléSafibegstaradgeéviednyg danas;to bring the position

of the faocusing point of the | aser _beam at, the predeterm ne osjtion in the
i nsi de of*% he pl at e 1950F 345t RERBST OB ST 1A S8R BRaM pPBC éa?ghﬁh‘ém ne

according to ¢habPhation detected by the height position detection means;

and
a control means for controlling the focusing point
position control means based on the information stored in
15 the storage means so as to bring the position of the focusing
point of the laser beam at the predetermined position in the

inside of the plate-like workpiece.

3. The laser beam processing machine according to claim
20 2, wherein the control means obtains a correction value based
on the difference between the position of the height at the
standard position and the position of the height at the
current position of the surface and the refraction
coefficient of the plate-like workpiece, and controls the
25 focusing point position control means based the correction

value.

4. The laser beam processing machine according to claim
2, wherein the height position detection means detects the
30 heights position of predetermined several points of the
plate-like workpiece, and the control means obtains the
undulation function f(x) of a dividing 1line from the position
of each the height detected by the height position detection

means, obtains a correction value based on the undulation
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20 2, wherein the control nmeans obtains a correction value based on the

di fference between the position of the height at the standard position and
the position of the height at the current position of the sur%ggﬁ 29 t he
refraction coefficient of the plate-like workpiece, and contro h&"%25

f ocusi ng point position control means basgd the correction value. 4. The

| aser beam processing nachine according to claim 2, wherein the height

posi tion det ephhon seansx dededt She heef B88chebghtseposcieént of phedet er mi ned
several points_ of the plate-like workpiece, and the control neans, optains
the undul at i RFIeMEI ST KRYS t] BPRFRPhGNS hectedRc RelpbRIF RO each

t he hei ght detggt Iy £l ght hosi L1 on, et Lop,1Eans, obtains a
correction va%ue %gge eoﬂgt%e %%d%ﬁaf?on 26 cxﬁféooga g% function f(x) and
the refraction coefficient of the plate-Iike workpiece to control the

f ocusi ng %oint position control neans based on the correction value. 5



