LASER BEAM PROCESSI NG METHOD AND LASER BEAM PROCESSI NG MACHINE Field of
the Invention The present invention relates to a |aser beam processing
met hod conprising holding a plate-like workpi ece having dividing |ines
formed on the front surface in a lattice pattern on a chuck tabl e and
applying a | aser beam capable of passing through the plate-I|ike workpiece

to the plate-Ij } t e dividing
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15 Description of the Prior Art

In the production process of a semiconductor device,
a plurality of areas are sectioned by streets (dividing
lines) formed in a lattice pattern on the front surface of
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
manufacturing individual semiconductor chips. An optical
device wafer having a gallium nitride-based compound
25 semiconductor layer or the like laminated on the front
- surface of a sapphire substrate is alsc cut along dividing
lines to be divided into individual optical devices such as
light-emitting diodes, 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
out 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




a semnm conductor wafer or optical device wafer, a cutting neans for cutting
t he workpi ece held on the chuck table, and a noving neans for noving the
chuck table and the cutting nmeans relative to each other. The cutting
means conprises a rotary spindle that is Potated at a high speed and a
cutting blade nounted to the spindle. The cutting blade conprises a
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pl ate-1ike workpigoewdh 4 ver gi oint_on the inside of the area
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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 pm x 300 um for example, the area ratio
cf the dividing lines is large, thereby reducing
productivity.
Meanwhile, as means of 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 is used and the laser beam is applied
to the plate-like workpiece with its converging point on the
inside of the area to be divided is 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
workplece along dividing lines and applying external force

along the dividing lines whose strength has been reduced due

to the formation of the deteriorated layer, as disclosed by
JP-A 2002-192367, for example.




to the formation of the deteriorated |ayer, as disclosed by JP-A

2002- 192367, for exanple. There is also proposed a | aser beam processi ng
method in which a deteriorated layer is slightly exposed to the surface
on the side opposite to the side, to which3the |laser beamis applied, of a
pl ate-1i ke workpiece in order to divide the plate-like workpiece snoothly
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however, the di stan(mlenf rtqﬂg the 3&9“%}[){?}1 Side q 05|te to the side to
¢S STt A paih

which the |aser beam (LB) is app OCUS] % becones
| ar ge duelfo tﬂ%’elcr@%ﬁsrohgmege\m,tt\hem irsed et Men tndeth@é dblﬂ:%ﬂl@%%ﬁ:e@eam

(LB) when the (LB) lied fromthe same height as in the
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where the thi Pteotl ikge wopkat ecki- kTt ki e cthdrWthes pllatgerl itkdean
t he predetermwaykplece (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,
cf the plate-like workpiece (W) by applying a laser beam (LB)
to it with its focusing point (P) on a predetermined inside
position. In the case where the plate-like workpiece (W)

20 has a thickness (tl1) 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

2> 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 deteriorated layer (A} formed by the
laser beam (LB) is not exposed to the surface on the side
oppesite 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 to which the laser

beam (LB) is applied, to the focusing point (P2) becomes small




thickness (t) as shown in Fig. 8(c), the distance fromthe surface on the
si de opposite to the side to which the laser beam (LB) is applied, to the
focusi ng point (P2) becones small due to the relationship with t he _

refractive index of the |aser beam (LB) when a | aser beam (LB) is applied
fromthe same height as in the case showmn in Fig. 8 (a) . As a result, the
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Invention It is an object of the present inventi _ r OVl |
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provi ded a |ase be pﬁg a Pos%kion away fgg; the center does not reach

wor kpi ece havitiy i widi
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15 tc 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 ocuter

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 deteriorated layer
at a 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




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

wor kpi ece to the plate-like workpiece held on the chuck table along the
dividing lines to forma deteriorated lay®er in the inside of the

pl ate-1i ke workpiece along the dividing lines, wherein: a height position

det ection stepHfe.d; | : i.tion. of hei ght of the surface on the
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of passing thr =i wor kpi ece to the plate-|ike workpiece
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applying a | asele Reamil® e fatgsdik dol] | d ;an, t.he chuck tabl e;
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focusi ng poi n?leg%%ﬁ'?%l%ﬁ%%g (éieeécrr%e%g%r{ %(rjteé%:ront rolling the position of the

focusi ng poin aser the | aser beam application
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plying a laser
beam capable of passing through a plate-like workpiece to

1> the plate-like workpiece having dividing lines formed in a
latticepatterncnlthefrontsurfacealongthecﬁvidinglines
to form a deteriorated layer in the inside of the plate-like
workpiece along the dividing lines, comprising:

a chuck takle for holding the plate-like workpiece;

20 a2 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 position detection means for detecting the
pesition 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




| aser beamis applied, of the plate-like workpiece held on the chuck table
along the dividing lines; a storage neans for storing the position of the
hei ght information detected by the height position detection neans; and

a control neans for controlling the focusifig point position control neans
based on the information stored in the storage neans. The above control

nmeans obtains a corr ' val ue based on the difference between the
position of the hei gaﬁfédrg%c% er&és Thdatd Fos 9ot 2hd- e SO ¥MDPHINE he

hei ght at thecurtint qositeDmedng hea st faceand dMa iA@Y ed in
coefficient of_the plate-like workpiece, and controls the focusing point
posi tion cont rdi® ne Fast*ihe correction value. The above height

position detection mMaNsHRILASENE RO andiq{%haeicg) rseqocfi n;ﬁvd%égr m ned

several points of the plate-Iike workpiece, € contro 3t ai ns
an undul aPi oPgaaftGroihie G fereacdi betivegnl the poohtihe @EOiHd ek igfhreach

hei ght det ect t i Qsition _detection  neans,_and obtains a
correction va%&e%fs%%a%gia%?epﬁﬁ&&llgﬁ 8H% fﬁﬁcﬁ’?%ﬁtm’%)o%n@% Hei®BT &t i on
coefficient oftitdecumtette-gddder MeH kpf eges t, e d odnd he,d ocusi g Pl nt

posi tion controh?ﬂggns based on the correction value. In the present

invention, sif W (QlorFhey R ateghitke oo nimd i f acel eonthe lsi diet 0
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chuck table along a dividing Iine is detected and a 1ase
al ong the&ldi wiadiufy | ine while the position of the focusing point of the
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plate-like workpiece, and the control means obtains an
undulation function f(x) of a dividing line from the position
15 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 correction value.
20 In the present invention, since the position of 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 along
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
of 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 is a perspective view of a laser beam processing
machine constituted according to the present invention:

Fig. 2 is a block diagram schematically showing the

constitution of the laser beam application means in the laser




Brief Description of the Drawings Fig. 1 is a perspective view of a | aser
beam processing nmachine constituted according to the present invention;
Fig. 2 is a block diagramschematically showi ng the constitution of the

| aser beam application neans in the | aser 7beam processi ng machi ne shown in
Fig. 1, Fig. 3 is a perspective view of a sem conductor wafer as a

wor kpi ece to the | aser beam processing mnethod of the
present i nven'?lgeoér%l?I |%§§QSAJ?%§ Ig%%hﬁr(l%)s%‘?@ gt 5% for expl aining the

hei ght position det gtig.ol step paridect asery RRAMEPE 0SS Nhu JBShod 4f, the
present invention; Fi %s._ SEa% and 5(b) are diagrans for explalning the
| aser beam apdti &al'PERPLEES FR PRPTERTS b am pheckasendpearephod: esfs ine

present inventhedhiodiF tehéd Spﬁeéié'ﬁgrméﬂi&{'pl ai ning the | aser beam
application step in the |aser beam processi ng nethod of the present

i nvention; °Figs. 7 (FE)dsand (B)( Bndark(di agrant aofr aamotfioer egdpledinTent thHeor

controlling t nast ti f . the focusing point of a |laser beamin the
| aser beam prggeel S| n%o%gttﬁgél o?tFﬁngPeg%'%’ 14 SPENt R ERT RARIR PrgSessiay to
8(d) are di agmatthddrofexplaiphdgenteterdofaded | ayers fornmed by the |aser

beam processing nmethod of the prior art. Detailed Description of the
Preferred Enbodi ment's%fhe I {@ereanityr Ge&s silsgramsh §¢ rardpilas evi nige dime

Qe ai T herel nunder wih e ere To 1Te e MRS o 1o
a perspect?ve Matdwbiofa thes arrdrsah prrocessi o
Fig. 6 is a diagram for explaining the laser beam
application 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

pProcessing 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
machineconstitutedaccordingTuathepresentinvention. The
laser beam processing machine 1 shown in Fig. 1 comprises

30 astationarybase 2, a chuck 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

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




machi.ne constituted according to the present invention. The |aser beam
processi ng machine 1 shown in Fig. 1 conprises a stationary base 2, a chuck
tabl e mechanism 3 that is disposed on the stationary base 2 in such a
manner that it can nove 1in a processing-feed direction indicated by an
arrow X and holds a workpiece, a | aser beam application unit support

nmechani sm 4 di@p&s t tatiqQnary base i Uch a manper that it can
nmove in an indexi nngEf g‘%& lgig?%cfill i ilﬁéle&(&flgdzfﬁf% %hrﬁFFE)RPYl%%%W@M ar
to the directian dmivcat gerperidien lam oW )_(heaaﬂr@_cjcﬁéﬁrﬂ?&ﬁ@&@&ﬁ'ﬂnfaéﬂegn.

ari sm n

unit 5 disposed on the |aser beam application unit support nec
such a manner $HAY itxt' 8RR FoNVAS§Ih beafoebB hga pbbntupos i dosposatirat the

direction indicaded My : t abl e. mechani sm
conprises a pair of gui deﬁé a%%st;lﬁgg%lﬁ%pg%@ae%h@%%%ﬂs att %hase
2 and arrangéppealthet 1o eacmootehén alfonmsiie gbiaethon & iwh calred dy t he

arrow X, a firgt iding block 32 disposed on the guide rails 31 and 31 in
such a manner t raﬁsétlijsél{gglnn&njb%?% }?%e‘gn T i%n indicated by the arrow X,

a second sliding bl atle aB3vai spasedt g9 & hee dHASt=rsld ShpRgPLagk \?v;?a;j ch a
manner that it .can nmove in the direction indi casf ed by ?ﬁelsgrgr% ,Péjsfu

support tabl e BB GGG ted lopPEhdl steprnrbed icdi fhebsbekiGBarpybasey? iandt i cal
menber 34, anchraLhpckphabhe rkRi l.di ng. meaps. This chuc
tabl e 36 has an adsor p?i on cﬁggckéé%é@ dn%gic?grc%%oggﬁcglreo%%r ?é??d’lnd:}r?@qi%fso
constituttl aPyt herrt zbwXdi 3 K-ilzistes §dinonduetloB2vaf €5o §5d drWoEKRIEGR ON

t he adsorpti or}acitl%clabl%a%&)y 2 suctiqgn means that is not shown. The chuck
table 36 is rotated by & pulsehotdr? (hdeEHgwdRa§ nist F3ednave tie the

oHardeo reimesats, s b sesb gy odh gt by |,
the above pai r of 'GRCFEY P §h81TaRat 331 sdénaaslooh 32 sint cuckurf aeenea pair
of guide rail $n342iaNdag28o60TI®%he direction indicated by the arrow Y,
15 & support table 35 supported on the second sliding kblock 33
by a cylindrical 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 constituted as to
hold a disk-like 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.
The above first sliding block 32 has, on its
undersurface, a pair of to-be-guided grooves 321 and 321 tec
25> be 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
paraliel 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




parallel to each other along the direction indicated by the arrow Y. The
first sliding block 32 constituted as described above is constituted to be
movabl e in the direction indicated 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 mnechanism 3

in the illustrated g [ L. h ocessing-fee ans 37 for noving the
first sliding bl 6ck %gﬂg{%%%rt e %éfre 6:falélﬁ %& Fa Igfsjinﬁ‘tf §t rer tige
direction i ndirchteatdyy bhectas rawrow The The0gReTRGiheed JBARE 235 37
conprises a male screw rod 371 arranged between the above pair of guide

rails 31 and 3P™HESH Falfi1%e IS TRt 196 Hrd s ranidesl Setivesns ddie adoaepul se

motor 372 for gaahaf @uliWenga it e srakgyss 4 $abaih & 3Gr ew rod
371 is, at _its one egd, rot at abl y supporjt:géc(}ll%(r)lltqlo%a ae%%ﬁ'n%%c '3958% i xed
on the above st 8fiERafguUBESeSRChrAE isspudkethetot hET2 end; rotary-driving
transm ssi on- t ut.p shaft of the above pulse notor 372 by a
speed reducer tlég'ltm%:ise (r%gtrggdh%\?\ﬁ. léE?I;lié ? LS STV A 3 d&rewddifthto a
threaded t hr owgle kote fotaedblins@ppErBd® c3ILW BLOSKn NIt SN £ixeq

proj ecting fromtrklle ndersurface of the center portion of the first
sliding bl ock %32 eTﬁéDé‘feorsé:,atﬁyPI’fﬂfliX/ingset Fe aTel & Sscragw thed @2ex reradnor mal

direction or rewelssa sdifgctd )t e I 2, ;the first sliding
bl ock 32 is noved al ong thedg?%i ?eﬁitgi TIEQB&I&% %élf%i%nth%l%ra cessPhg®Feed
di recti ont§ ndit@&ced 3y the sarmmedX refheeabmba tsecond tsdmtiwig biraekma3 ehas,

on its undersurf ir. of to-be-guided groove 31 and 331 to be
fitted to t hegggfé%eg?ggsﬁﬁdelsr Engwﬁgzlq'g“rfﬂ afzgr%?ig?%é%{%lg%“mlﬁé%f“eﬁhe
above first slindiangebladek s3Z.evand dck  (@RIRStdHIHEd ﬁﬁj@%m\@a@%ﬂ nyidhe

direction indic tedugy the _arrow Y by fitting the to-be-guided grooves 331
and 331 to t h&PFETSUSHaGE At the Fented pawd igapofrtdupéérstet Vi dine bibak

32. Therefore, by driving the male screw rod 371 in a normal
15 direction or reverse direction by the pulse motor 372, the
first sliding block 32 is moved along the guide rails 31 and
31 in the processing-feed direction indicated by the arrow
X.
The above second sliding block 33 has, on its
20  undersurface, a pair of 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
constituted to be movable in the direction indicated by the
arrow Y by fitting the to-be-guided grooves 331 and 331 to
25 thepaircﬁfguiderails322and322,respectively. The chuck
table mechanism 3 in the illustrated embodiment has a first
indexing-feed means 38 for moving the second sliding block
33 in the direction indicated by the arrow Y along the pair
of guide rails 322 and 322 on 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 male screw rod 381 is, at its one end, rotatably supported




tabl e mechanism3 in the illustrated enbodi nent has a first indexing-feed
nmeans 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 the first
sliding block 32. The first indexing-feedlfieans 38 conprises a nale screw
rod 361 arranged between the above pair of guide rails 322 and 322 and in

paral |l el ther ul se _not or

rotary-drivi nghgﬁeg%&lg{(’:i ies\%o?ggjggfi&%%%h r?gﬂ Q%%rséW‘ralﬁf gltzk?% ai’&f’el ts
one end, rotatfabisy supplhmcedloait @2a hearid)g 4 atle IS xedi,on the top
surface of the_above first S|Idln%§b|00k 32 and_is, at the ot her end,

transni ssi on- CEGPIEET 3 FhEFRFH Tenahe %%tﬁ%séﬁé\ﬁeoﬁu@@é abedteopPulse by a
speed reducer mphatr i3%2N0fy %h@ﬂéedﬂleed@e% SHHW rsoglm?tB Ho%mscr%lq? dybREo a
sh

t hreaded t hrough-hole formed in a female screw bl ock (not
proj ecti ng® f r SRTEMer Odntfer $§r $atewed it aetlltxeaaacp@ﬂ ttll'amug‘h—tﬂ‘d:eleséommdd

sliding block,3 ref dr|V|n male screw.rod 381 in
normal directi (r)ln%orﬂ?%\}%r %e |"Jr3eclt°|c(%cn g‘oﬁ‘ﬁl s & THEEST 138 T té"é?cond

sliding bl ocku&ﬁelrswm\aexé alfornget hﬁr@:l@.lrd@orrtaldns &Q%h@?%e%%%d R ng
I ndexi ng di re n dic ted Eé the arrow Y. The above | aser beam
10% 3or « TieEebaR

appl i cation u ort PsnPY Bakvingdine éffalghisd@%m@ 88laps 41
arranged paral h@kmraq aggeceabﬁroianré@@:éé ald lyOIp ARG F&Stor

i ndexing direction indicated by the arrow Y an nov bI e upport “base 42
di sposed dh t Bé2guithe s&icraddaslandnglbilpckudh ia mamaelr afbaty thecgnideve in

t he di t Y. Th t. b 4
Compr | Se5 2 mEVAB G- SLSie) O B0t T, B APSOVLRy P CpOReH B F g B8% ai |

41 and 41 andraowolnti ng portlon 422 attached to the novable support
portion 421. The no Bting § il on 422 is provided, at its side face, with
a pair of parallel 3 Fd8PPYF| 42383 bgap AEBlé%ﬁéhQPnénllﬁ sHeP@ititect i on

i ndi cat ed by hBEhani@W 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 mcvable
support base 42 disposed on the guide rails 41 and 41 in such

a manner that it can move in the direction 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
support 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, rotatably supported onto a bearing block (not shown)




Z. The | aser beam application unit support nechanism4 in the illustrated
enbodi nent conprises a second indexing-feed neans 43 for noving the
nmovabl e support base 42 along the pair of guide rails 41 and 41 in the

i ndexi ng-feed direction indicated by thelarrow Y. This second

i ndexi ng-feed neans 43 conprises a nmale screw rod 431 arranged between the

above air of i de i 1 and 41 and in . parallel thereto, and a drive
sour ce guch asf%y%%l%ﬂea&n%?soafb%éez Sftoeghr%riaa‘?%- % inENY He mdite W& @vhegd

431, The male et ewirabuiyls ish-uiled enenendurpotabably SHRGA LEL.QNtO 2
beari ng bl ockoé nft shown fixed on the above stationary base an s, at
the other endE*tFafHiYsidvit &dup 68eed rreusarptbathastnot shwmabovhe

pul se nmotor 43z 1Y £:8R€ c i S The, .mal e screw rod
431 is screwed into a thﬁig)é{igglit E%o%é%ﬁ%ﬁeﬁ?o? n%gc\ﬁl}neaa&:fde%ré’%g AR5 ock
(not shownd prisjeeed g for Gematliee sunder sioEAcenof dheatie ey earitidF refy t he

novabl e suppor rLtion 421 co i tuting the novabl e support base 42.
Therefore, by 1%}lrel \gﬁﬁ%ktsﬁg%ﬁﬁﬁeog%&@v\??rb@’ﬂ@fritﬁoé o & ORI &8 SUBR gt
reverse directpart inn (481 pbrse MDHOTng 32he S BN G supPAd s base 42 is

noved al ong thﬁéﬁ uide rails 41 and 41 in the indexing-feed direction
i ndi cated by t TR Y OV sy Beamasl eeav orpdind 31 5in e tihermal

illustrated emhodin®il SOMRAE3eS @:yalt hal der 51 and a | aser heam
application neans 52 securg% teo t%hgilg%c{tlﬁgl ggrté‘%.p e i 1°r h@%erthﬁ has
a pair of l1Po- mevphldeduproove skl 4nd Sibyeal alensy itthablgn ifiet tred 1@nt4q t he
pair of guide i | and_423. on_th bove pounting portion 422, and is
supported in s%n%ﬁaﬁ%n;tﬁlﬁe}n ﬁﬁf‘nigt'f@ﬁﬁ %DK/%CTHP? REHTEEAS B thripgaoed by
the arrow Z by .fitting the to-be-guided grooves 511 and 511 to the above

guide rails 423 and 423, respectively. The illustrated |aser beam
appl i cati on means 55“%3%@—'5?@51@ epPi haettan wast Ny B2 theedlded tra telde

above unit embodiment comprises a unit holder 51 and a laser beam

15 application means 52 secured to the unit holder 51. The unit
holder 51 has a pair of to-be-guided grooves 511 and 511 to
be 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 move in the direction indicated by the

20 arrow Z by fitting the tc-be-guided grooves 511 and 511 to
the above guide rails 423 and 423, respectively.

The illustrated laser beam application means 52
comprises a cylindrical casing 521 secured to the above unit
holder 51 and extending substantially horizontally. 1In the

25 casing 521, there are installed a laser beam oscillation
means 522 and a laser beam modulation means 523 as shown in
Fig. 2. A YAG laser oscillator or a YVO4 laser oscillator
may be used as the laser beam oscillation means 522. The
laser beam modulation means 523 comprises a repetition

30 frequency 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 mean57523c constituting the laser beam modulation




hol der 51 and extendi ng substantially horizontally. In the casing 521,
there are installed a |aser beamoscillation neans 522 and a | aser beam
modul ati on means 523 as shown in Fig. 2. A YAG |aser oscillator or a YYX4
| aser oscillator may be used as the | aseriZbeam oscill ation nmeans 522. The
| aser beam nodul ati on means 523 conprises a repetition frequency setting

nmeans 523a, a se.width setting neans 523b and a | aser beam
wavel engt h set%“iﬂ%gé n%rsﬂa%% c FOPRE PERACRS gﬁ Pregtey Fetinany rddds

523a, |aser banupsllaet vid heivetdnge eanss B30 Saelt aseloDeas: vayel ength
setting neans 523c constituting the |aser beam nodul ation neans may be
known devi ces T'0F Hedpi &S G oPBILEARE &kithis itexthe ArcondensberEbmdich

det ai | ed descrgp} ign LI t res . mtted in this text. A
condenser 524 \Aﬁch %rrfgy% %gﬁ%fkgé%qég%éﬁnsgemﬁ%ggF%gg F? 5Pt BRRetP d’% f&€end
of the abéve &g ®2ng Hlaser beam oscillated fromthe above | aser beam
oscillation neans 522 .reaches the co entse%{) 524 through the |aser beam

modul ati on means 523 llahse_trhe s &5 dickt i 6 SEFeR fean
repetition freguencyasielt ne@nFeans B2 &SRR Lonkle skaSes b&%%&g{ Qa

pul se | aser b%?ﬁm having a predeterm ned repetition frequency, t |"aser
beam pul se Wi RIFsRTFhE CiBABneasts Y4k, pdinsehei dalseaf Helam pul se

| aser beam t o @ redst-Hy ALgd ¢t e | aser _beam wavel ength setting
nmeans 523c sets the wavel engtghwo?' ?ﬁeeapp%ésgl?%% T5ERMRES %eEJF%%‘gF@%%ed
val ue. Anléli g¥enconyans s6ther ldetedieany ifte Br paESSI NGs&F Qart BRA ng

processed by th e _laser, beam application neans 52 is nounted on the
front end of t%g]r%la%%i\{:ﬁ"&m%?fdc5ﬁ§faitllgllPﬁg%r?ﬁ’éeaﬁéfvet]ll%sjeﬁfs%:hﬁaéfpPluil@@tion

means 52. Thi sviaitilgreRnt nearand 503bheetL! UL St £, ' rBef“thCeog}&rlis%es an
infrared illumnation nmeans for illumnating infrared radiation to 'the
wor kpi ece, anlﬂ@ﬁﬁrcgieaéfyﬁoerﬁ froredetRuingy thiediinf rardedche laser beam

wavelength setting means 523¢ sets the wavelength cof 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 above 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 infrareg
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 image 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 3€) on the side

to which the laser beam is applied, of the plate-like




radiation illumnated by the infrared illum nation neans and an inage

pi ck-up device (infrared CCD) for outputting an electric signal
corresponding to the infrared radiation captured by the optical system in
addition to an ordinary inmage pick-up device (CCD) for taking an inmage
with visible radiation, and transmts an inmage signal to a control neans

which will be gesgrd | o Jhe | i hine in th
mbodi nent  coner oee & Hot BR“POght Foh Rk Lo U RBRE FERGH TRk bRty

the position dfhis Hedgfitt afos heisurdececfiop meuiace of fbencoh an?ﬁ-&ﬂée

wor kpi ece hel d_on,the CgLiCk table 36) on the side to which the [aser beam
is applied, ofYHEDIE e4% RenSHdERpLBECtES lase rnbe R el hed ti am ndamsabove
chuck table 362 iHhichikekgRbdpRsht ' I s.mounted on the
condenser 524 constituti ng the %ggéﬁﬂﬁg?ﬁ%}gﬁbca{ i (E)B% i’zlnrala%%r EF ST s
enbodi ment ? e Bel Worpslad s¥ngor aiandyapr SeTsiors o ddtedSion & igensore and
transmts a d ti e} to_ .the contral ans which will be descri bed
| ater. The | agér?bdeog%rzéplpﬁ%aa i O“H”u‘ﬁ? thgll-[ %’ef FFTHR&Y 2t &P enbodi ment  has

a focusing point podld daseenbeahn BEaNScEBiohOofin VS NG, the li'liltusrf@ag q 51
al ong the pair rr?t{g@%m de rails 423 and 423 in the direction indicate y
-the arrow z. F° MERE difov & e SiEKh 0 iilfe Hasddsiony qesitio Ip asiarisors 3

control neansH3 RPN $88 anal r hown) arranged__hetween
the pair of guide rail g 423 aIrllga4 %?&%ﬁ\églaggraﬁl@gttggug%é; uchH a8 &%uisse
nmot or 5321 for 46t apg- 82 B vimdghehdimakbeisor endioakeBp el agrohe make kecr ew

rod (not sho i ordmal . direction or reverse directiagn by the pulse
not or 532, t\kll\g)heu%ht%%ol & SEATy ttﬁ'\se I{é’ésé‘rSlB’é’aﬁﬁoéﬁﬁl POSLTGRTIMERRSTHZ are

noved al ong t heagus e reinlpsr 143 a3 ddrdha-dPCUHN G 2 POSIdd PN
control di recltbi on i ndj cated by the arrow Z. Therefore, the focusing point
posi tion cont FEI-YWREENSNS PatdsO L G deurei 1 914 26 ar@¥2B0] atig dhevessuticen of

the focusing 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
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 microcomputer, 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 memory [(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 information on the position of a height of the surface




point of a | aser beam applied by the | aser beam application neans 52. The
| aser beam processing machine in the illustrated enbodinent has a control
means 10. The control neans 10 is conposed of a m croconputer, and
conprises a central processing unit (CPU) 101 which processes operations
according to a control program a read-only menory (ROV) 102 for storing

the control progr . cess, nenory ((RAM 103 which stores the

resul ts of ope@gtﬁg%s%%%ngﬁar%ﬁggh Eg?oro?rﬁ%/?o}ﬂe%% be R tRerefretand

written ther et}@J,a*aen—lih@utoﬁk}iiﬁé&eatzﬁtjef&ewgyaeh@uwé@eiﬂgfég??eosli%oghe
r

random accessdrrermr%%rﬁRA 103 functions as a storage neans storing
i nfor mati on on™§ heC pb¥t tReARDf ' a HATERTISM tHamaks from tdre tad simentt o

whi ch the | asefedean iasdappkbigdi o0f AR kpi.ece detected by
the above height position detecti onggn%latnlg&?.q%ggtéégto:{\gﬁegpﬁn?ﬂ%ref roftthe

al i gnnent Smears ‘Bhanihirte hetehfaposl 04 on detectoorroeansars ar@ tmpsit S to

the input interface 104, of e.control ans 10 thus constituted. Control
signal s are outf put t%l%%cg' atbaé\%cr §égn%§tso"f‘r%ﬁl,t$iﬁ $2 FBE AP IBR Pifsse

motor 432, pulmEcemBoR, SBalsantbtes Fshepinapnhd €t 433, MBaNS ﬁg%{éfrﬂstzhe
output interface, .,105. A description is subsequently given o? the Taser

beam processiHY HBERELIPT 2pPddEsdiing Beapsridcoftem e oatput dntearface
wor kpi ece by usimg the above-descri bed | aser beam processi ng nachi ne. Fig.
3 is a perspective view of a sem conductor wafer to be processed by the

| aser beahPprocessi Agdrschéptobnt he spresemnthyeriticanof! fhéNeser beam

sem conduct or . 0 i Fig. 3, aplurality of areas are sectioned
by a plurali tﬁ@{)\%ss%%ipnsevghﬁ%fﬁﬁgqq 1) B SEEPTd S dratEies @dttern
on the front surd aceriZliead By semcPCtDorddd At B d SUCH a5 8, silicon

wafer, and a circuit 212 such as IC or LSI is
Processing machine.

Fig. 3 is a perspective view of a semiconductor wafer

15 to be processed by the laser beanm processing method of the

present invention. In the semiconductor wafer 20 shown in

Fig. 3, a plurality of areas are sectioned by a plurality

of streets (dividing lines) 211 formed in a 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 2ia
of the semiconductor wafer 20 constituted as described above,
the semiconductor wafer 20 is carried tro the top of the

25 adsorption chuck 361 of the chuck table 36 constituting the
chuck table mechanism 3 of the laser beam processing machine
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-holding

30 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 € mounted
to the laser beam application unit 5.

After the chuck table 36 is positioned right below the




formed in each of the sectioned areas. A protective tape is affixed to the
front surface 2l1a of the sem conductor wafer 20 constituted as descri bed
above, the sem conductor wafer 20 is carried to the top of the adsorption
chuck 361 of the chuck table 36 constitutiisg the chuck table mechanism 3
of the | aser beam processing machine 1 shown in Fig. 1 in such a manner

that its rear I faces up, and its protective tape side is
sucti on- hel d oazﬂ%lﬁrgeq.é@dg‘gerap%sl‘o cHuck sEerhavehkiclkot aigleeaping the

suct i on- hol di ngrddees siamg a@RAUSE GTh MNBERR 38 dhS+BRVE. &N | de Jails
31 and 31 by the gperartli on of the procégsi ng- f eed %E%\?T%;{,E %%Q%Jégg ot
positioned ri d‘H{ tHEl B PRECHE i BprRnt6 ABdnthe smumedmenast he. | ayert Heam

application unide 513 t C lLe. 36 1is, pasitioned right bel ow the
al i gnnment neans e6,5 Jéﬁ?%rﬁrf%n@&oﬁé ?gre %%f%lécfll ﬁ‘&aflﬁel@ﬁr%%’s@?*ﬁdméﬁ@a of

t he seni coRdudtorcagesfiarg 80chsas arartitexkronh tchy niyheo alliigNBM i WEaNSy 6 ;3d the

control neans ,10. t is. .the alignnent means 6 and the control™ means 10
carry out irragzelhpffégglsegi 7Y %%W%%ﬁl?%@%@éﬁirnéot@eﬁ Pgrde teirvilgiedg

line 211 for mEdennitdre wiamH condusRiemahers 20 4 @, Hredat.end ned

direction with the condenser 524 of the |aser beam application unit 5 for
applying a | ad&P Erodithe Wiwviaimy Inche JEsen frevabyalperd e ng t he
al i gnment of gikasgk l.i caty ition. Simlarly, the alignnent

of the |aser beam%gggf)?%amte?%%lp'osi e%o%r?%fzje&%dm&lé’rgr i&F &ﬁtlgq‘“&ﬁntdi% & ng
lines 2111%xt dagiergbeamaappt échtonnpes pebtbeul &imitladNe MPRVEI i gnment
predet erm ned (i LR tign a formedlon the sem conductor wafer 20. Although
the front surface 21a°6f wRFehR TRRLEFIFUPRPIF Hel o1 £ e ksse caamicshdutt or

wafer 20 is ffornedyidaces igewnzit fé@ktie'ﬁ@g%goinErﬁﬁyﬂi%fgekggﬁa'%El?[arcan
be taken fromthe rear surface 21b because "the alignnment " neans 6 conpri ses
i nfrared ill ufPnat'®oRPeFEnr esisttierainesy stigmdftaore amcurfiorgeichfararet

radi ation and skfREenRILCkMPwarer 20. Although the front surface 21a on

15 which the dividing line 211 of the semiconductor 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 © 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 position 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  cof 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 pocsition detection means

7 in the course of movement of the chuck table 36 in adirection

indicated by an arrow X1 until the height position detection




means conposed of an i mage pick-up device (infrared CCD) for outputting an
el ectric signal corresponding to the infrared radiation, as described
above. After the street 211 forned on the sem conductor wafer 20 held on
the chuck table 36 is detected and the alilghnment of the |aser beam
application position is carried out as described above, the chuck table 36

is noved to brg eea-ﬂﬂ" t i.n the fiqure f . a predeterm ned
di viding |ine g%@?g a posélgf ?%lne r%:%gh t 58 owﬁ&g‘thépgh%np&?tﬁtﬁp%}t &tion
means 7 as shoWme ipr&igtedmimdd. dThedingheipespii opr ofna g%ggén&‘gﬁﬁgg

surface (top surfac f th | at e-1i ke workpi ece held on the chuck table)
on the side to"ljl?/\%f;r%?fﬁé FE?E’F‘ hBam¥s 4 Bpl iddd iL§sddesectiionys idwaheight

position deteciémn tHRENS coftirhl titeaLoupse i chuck table 36
in a direction_ indicated by an arrow Xi unti IQB%{EgBEteI?%ﬁé ggsciaﬁ%lﬁates
det ection >meand® X PécResobrdinaher vahdes rd gltheesdrifacehernf tigare)dofto t he

pr edet er m ned ,gi vd:di 4 f the_sem conductor wafer 20 as shown in
Fig. 4 (b) , a%lclhgsﬂg%tjé%el%rll&%%nﬁ? #ROLLER =1 OPT Heh e G $9F - REBHREA0. The

control neans diviohirglldnes2the Dfcandnd ooy P@%@t\i@h@@t@étwﬁ siyfAce on
the side to which_the l.aser beamis applied along the predeterm neé1

di vi di ng | i ne I LFPBrtthBehERgMoSdsian datastéenimaans grald themovimgm t he
hei ght positi ghet el iogn +ARaglS ' L] of, the chuck
tabl e 36, andq,jtrberrpolr arily stor e%z}fﬁ%%%é]n%té%ggbg%%ﬁﬁ?é%%gggy rFetrﬁ)ﬁ/s ( 103
(hei ght pbSitildh thietandam aaesys Meereaf (RAM) t1es chuckghiabbes 861ds noved

to bring the Qther ; i,ght end in the figure) of the predeterm ned
dividing line 211, v%edggeégé%n'd Z coordi nate val ues have been detected, on

the surface on the dihderdaf nari,chiehenhasetabeansei ss aphé®tho Yrihe the

sem conduct or fer 2 0, to.g position right below the condenser "S24 of
the |aser bean%w%lﬁdﬁ ieé‘éfi I Fharfhd 50 ghesHoise mf.tis (myede ton ket k

table 36 is tRERIMOMRAline 211, whose X and 7 coordinate values have been

15 detected, on the surface on the side to which the laser beam

is applied, of the semiconductor wafer 20, toaposition 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 a 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 beam
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 ¥ 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 1s, the position in the Z-axis

direction, of the condenser 524. In other words, the contrel

means 10 first obtains a correction value for the X and 7

coordinate values of the surface on the side to which the

laser beam is applied, of the semiconductor wafer 20 from




in a.direction indicated by an arrow X2 at a predeterm ned processing-feed
rate until the condenser 524 reaches one end (left end in the figure) of
the predetermined dividing line 211 of the sem conductor wafer 20 as shown
in Fig. 5 (b) while a laser beamis applil&d fromthe condenser 524 (| aser
beam application step). During this, the control neans 10 controls the

pul se notor 5 f e cusin oint position control means 53 based on
the X and Z cg%lré(;ifn&ajtmeo"{]/% %eesqlg?&?rhe surface on the side to which the

| aser beamis applriredtionhivehukave heemdster ed 1y the,andemaacess Jrenory
(RAM 103 in the_above height gp‘os_iti on detection step, to adjust the

posi tion of the RéFGRtiofh&ersitdicdig@tposition in the Z-axis direction, of
the condenser 52#erkRnOthersMRLdsy gt traql 15 .10 first obtains a
correction value for the X and Zgrgo‘g@cﬁér)ler}tge%\?gl ggggg %Ph%lfs%rrfeaﬁ%’ator?%t he
side to whPch thbe $hartabepnsisiapplfed, exdmdlee ser sontdet®r Hirfiele 520

from the foll ow tion:, correctiaon value = (standard value - current
val ue) x ref ra???%}}@@%%eﬁ ¢ BRE Wé:reé’i%nv?ﬂ‘ée&saﬁgﬁr@%ﬁ@ P 3 Beigdditi on

of a height at athehst aodaedtp@sistitabn(f ahdexarple ke Shandarsd {thigkness

[
of the wafer) ; .the current value is the position of a height at the
current positionS aR8 theXee rere ] bl afcirenprkpiecheith e (for

coefficient of axwppkpieeesign:theyair (Lor le, 0.25 in the case of
silicon). After thebcor rection vgll’%e Cia%eol%tfai%éeeigv,%osﬁé control nmeans 10
obtai ns the positi oAfitert hbeZcaxire atiioeac tiadmeofi st betadordensde 224 thkham t he
foll ow ng equation; sRosLtion i.n Z-axi.s.direction = position of set_ height +
correction va?nﬁg% %ree(?%é?‘h%sp 3 Ploéﬁ%ﬂif’nsé’f‘ e grexis d1pesriPePT fhehe
Z-axi s directicomdanddie standamnd 10sifd 0nbwithe &LAMTQIL means 10 control s

the pul se notor 532 of _
position In Z-axis direction = position of set height +
correction value
15 wherein the position of set height is a position in the
Z-axls direction at the standard position.

The control means 10 controls the pulse motor 532 of
the focusing point 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 to 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: YV0O4 pulse laser
Wavelength: 1,064 nm

Pulse energy: 1.0 uJ

Repetition frequency: 100 kHz




t he f.ocusing point position control neans 53 based on the thus obtained
position in the Z-axis direction to position the condenser 524 at the
position in the Z-axis direction. As a result, the deteriorated |ayer 210
formed in the inside of the sem conductorl&afer 20 is uniformy exposed
to the surface on the side (undersurface of the plate-like workpiece held

on the chuck tabl &36) %Q%srj.t the side to which the |aser beamis
applied. In the iIIuster ate 'e%)sz)gllsmant, the deteriorated | ayer can be thus

formed at a desi redusdsid ispot Rt thi:cknggs direction of the
sem conduct or waf gy, 20.  The fol | qw ng processing conditions are set for the
above | aser beam appli ERFEn A0S YL adefocvodnIpEPrsat] afel *VWAOELENGCh?

1,064 nm Pul se emeic@essing-FecRepatieti anof peguency: 100 kHz Pul se widt h:
25 ns Focu%Lng spot diameter: 1 (err)m Peak power density of focusing
poi nt: 5.1% 10E10W¥RE" Teeegsicngdiesd raaber 10D immtacek, Wiesl el ity

sem conduct or yafer+20;} j;C I | it of deteriorated |ayers 210a,
210b and 210c are des?:rLa ?{:/Qaf g?%%ﬁgbg{@ﬁané]r% ?‘Wg gﬁ%s‘?ﬁ@ AeFhraply
stepwi se to cafeymedubyttizanping tiasefodeain @R iLatsp O SLeSaveral, 1 nes,
as shown in Fgg. . TQ@ formatiogn of the deteriorated |ayers 210a, 2I0b
and 210c is preferabt yoOIFr rBGSbureHy amHiGaidon w&erosayrnglpoimes ofas
| aser beam in shewmerderriqf. 2.0arn2189 mapd.2 ' . 1.n. t he ;above
enbodi rreng the height position det ect1on Osgcgg gél%p#%iee’ila%rear“ (gaﬁﬂyers
appl i cati R step’ar &k ravdl BAAC oy pradralily diang dddieutThey heiighting
posi tion det eoi O RhRAnNBYENE o r TYa B8-S LS4 QUL 2Lk 315, 91 i 9
and 210c stepwise.

In the above embodiment, the height position detection
step 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 (RAM) 103 prior to the laser beam
application step.

20 After the deteriorated layer is formed along 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-heolding of the

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

Another embodiment cf the present invention in which
the focusing point of a laser beam is contrelled 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,




information on all the dividing lines may be stored in the random access
menory (RAM 103 prior to the | aser beam application step. After the
deteriorated layer is formed along all the streets 211 of the

sem conduct or wafer 20 as descri bed abovel? the chuck table 36 holding the
sem conductor wafer 20 is returned to the position where it first

suction-held tf r 20 to ¢ on- hcl di ng of
the sem conduct%r ﬁﬁﬁf&%%rﬁ %%c%ﬁdsl?ctedtrﬁv\ﬁ?éptﬁoof§§‘ter18|3iat€aiiii‘@d to
the divi di ng woeprbgca G’b)naewdrg:em?taétﬁwﬁhﬁtthéfrﬂﬁﬁ: SNoMbe HRAHNEERUCK
enbodi nent of ventlon in, which the focusing point of a |aser

t pr e
beam i s cont rBnga eoée &§§8Frebﬁﬂsb*é¥%w in g ﬁhﬁ‘éeeﬁﬁa@@ﬁn’ehateaQBHOM

in Fig. -7 (ayoanRr Ebgbgﬁ) t S Wy t|on plledtoa
circul ar pI at eOI |Eé wor kél gcge(l\c/i\) o8 I%% ?ghtcr}f \CE%@% the gg%t et &hd

gradual | y thPﬂﬂ‘é#af-é%rﬁuntJElQErfphbrlyaséﬁﬂlactn ithe pnstllmmnenbadhae@hts t he

ositions of [ 0|nt of the | ate-1.i ke _workpiece are
Set ected wit hgtgﬁ-’(‘Hb;srseo%tgvég\réL E‘eéﬁ&é’kt %)é’ﬁlsét&émt P& Ther E?Eﬁ‘éér(lg\)

position in apsimteodfat hesplrabeainl L{@ ceBrkpiigeeg being held on the chuck
table, to obtain an_undul atlon functlon f(x) based on the positions of
heights of these sEVerR¥Sbot i siawidt dlie tisd gbdsiotfi Sheotophsut aasi ay

point of a |ases deR N ?h%%@-—lﬁl% Qﬁ?k@\nQE o Cewe h 'glyt of the

top surface at the center of | ate-11 3) and
Fig. 7 (B, Fhe- p?)(sh}tn Gl p}ssgfclpne hblqzmtth@fhelnghtcrpf s:rref acp ehrfheel eft
a hori zont al

gln(r:legI i gndl ' QT: 71\%% %prg%]glgrl&r tsdhr g@é{ﬁl%t ﬁgrg‘ecéﬁt %Pe fhESEo‘%PE?%W?%f) of
t he hei ght ofwmhehtlmpashmfmmtaal dikectighl aneigf 1Nhe) di=widiROthiHeqhn the
first direction, the position (d) of the height of the top surface CtI t he
upper thé center, the position (c) of the height of the top surface
at the right end of 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 & 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 {rf) 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 =

[fe+2(d~c)/n}-{a+(d-a)sin 0}} X

rcos &

+{a+(d—a)sin9} ——————— (1)




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
t he second direction are detected. Wen the radius of the plate-like

wor kpiece (W is represented by (r), the dividing line in the first

di rection passi t ugh the center js represented by the X-axis

coor di nat e, tEéQgi&?&%ﬁ%qQ4L§WQ1qqﬁ?iﬁﬁﬂﬁé}qﬁ?%éiion passi ng through the
center is rep Ated phy/ Lhe Y- @i s ipate, and the dividing lines in
the first dir i {‘ﬁ d ey f%{aca(dcgc)giﬂig}at.es-(_r_q})z)vvith t he

X-axis coordinate as the’é?&ﬁﬁard, the undul ation function f (x) of the
dividing line in thgyEhr §r i i.s _represented by. the follown
equations (1) and (Z?Eh ?%i;ﬁlo‘ﬁﬁﬁﬁtllzlﬁdggoﬁ??h Jq‘iﬁamdéﬁteﬁ&f)fl{eai%ga -
c)B | ;r}- {atkredgh thsicem)dr Xstrépreselted®$ithdl~axis cobtNinkt80SO

f f nd.third adrants = b+ 2(d- b)ol }- {a+ (d- a) sin
o§ jX)XO+ ?Ssc?rn%%- gé}’%fiﬁnﬁg 125670’ tbﬁg eFOBQé@lV\ﬁ@ lPﬁel}DaF{ﬁﬂlagn‘éhrDﬁﬁlj“li n

the first direnei oenpessingepriseuaivd Be ERBLEI-4 55 L;%Qfﬁﬁ%{&t%d Q¥4 PRe
Y-axis coordinate, the dividing line in"the second direction passSing
through the E&Fi8F {ineepHeddift 68Chpdt hier&chkds avordilnabereardtebeby

diving lines i e ] irecthon a | represented by |ocal

coor di nat es (rigfg\?\n F%g%ﬁggﬁggfi grggo?’ﬂil%ﬁa?bea 'gﬁés spardafatet ge the
undul ation fuatehdarf, (khe ofnduietdios dungtiionefiin) tée 1grCARG 1dingCciins is
represenhgg b¥ tgg fallow.ng. eg ations (3) and (4) . féx) of first and
fourth quadrants Qer pgeeng gire #}Qn/}F}IePée?$n g by) §hg fpllpwkng {a +
(b - a)sin,|3gquations (3) ahd GA$.S

f(x) of first and fourth quadrants =
{d +2(-d)s/n}-{a+(d - a)sin g} X

r~cos f8

15

f(x) of second and third gquadrants =

[{e+2(b—e),6’/;r}— {a+(d—a)sinﬂ}} X+{a+(b—a) :

r-cos 8

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},

(2), (3) and (4}, a correction value is obtained from the

following equation.

correction value = (standard value - f(x)) % refraction
coefficient
25 The control means 10 obtains the position 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 position in the Z-axis direction to position




f(x) .of second and third quadrants = [{e+2(b-e)/3l;r}- (a+(d-a)sin,(i))’
+{a+(b- ) ' } r cos fl asinp------- (4 ) After the undul ation functions
f(x) of the dividing lines in the first direction and the dividing |lines
in the 20 second direction are obtai ned f2bm the above equations (1), (2),
(3) and (4), a correction value is obtained fromthe follow ng equation.

correction va = r alue .- f(x),) x refraction coefficient The
contr ol neansk%g 8 é%%%€g$h§2%6%§§¥5%F#ﬁ%t n7inxF8e @TR¥eEi Shraftidwe.
condenser 524 from Ihethol dion@gemov@inoft:s, POst tdofed hZapxb S gideciion =
position of set height + correction value The control nmeans 10 controls

the pul se not B¥P838% oo %§F6é3§?n‘@n géinrchyedi tbhe coimde olthagans, Shdased
on the thus obkahnechipasid R Boblie Zaxl S gl Ecld o) g posLiLon,  Lhe

condenser 524 at the position in axrs direction.
enbodi mentSs, phandéseappiaedd bayehei slexpeittet wothpisdefl ack ofvides chuck

tabl e side, t s, the urface on t si.de opposite to the side to which
the | aser be@%#?%l%B%P?%dfa%?rfﬂ%1%Fé?§*¥ﬂkéuﬁéﬁﬁﬁiéé@?!TBOfBPh$%.the
deteri orated layer aar lie boaltedyr {ace:didiay {0 whirchnthenahaseroheam i's
applied, in conformty with the undulation of Tthe plate-Ilike workpiece,

the condensertB2P Gt He Heawerkpéans 4 roadroaensisosthmyaberivaad in

the Z-axis diggesiionei condan it t r ition of the

pl ate-1ike mﬁgﬁpiece ﬂ??ﬁout ta ?%%bi% dnggﬁgfggpég$g% The® rerTeetiVe

i ndex of 1the phaaectrdanoerkptiecehe Wrreémt position of the plate-like
workpiece without taking into consideration the refractive

index of the plate~like workpiece.




1. A.laser beam processing method conprising holding a plate-like

wor kpi ece having dividing lines formed in a lattice pattern on the front
surface on a chuck table and applying a | aser beam capabl e of passing
through the plate-like workpiece to the ppate-like workpiece held on the
chuck table along the dividing lines to forma deteriorated |ayer !n_the
I nsi de of thevpé g,leéilni-ke wor kpi ece along the dividing lines, wherein: a
hei ght position étec'ion step of detecting the position of a height of

the surface orlthe gi dasted Wizgh g edA3QN nlReHYd S ljid gfg %fol.tdq%_g a
pl ate-1i ke workpiece held on the chuck table along a“dividi'ng T1ne;” and a

| aser beam appl 'acf&'llolr’]‘%t"iéﬁ]%ﬁi%ﬁ)lf}ﬁl\rﬁglqa diaﬁeiirbfalit@nes) Itfdimt;]ard)r:l«gluasa::ﬁg
I the diviydj ' ' 0 old ] osi tian

ot n of the. Iasor Teda e ST Mo P (S50 (o 6 4fe HRELgnA"

detected ih tt@plwinghta desidd dreatetetdone sifPpasfind dasaighean

' ' ' ' hr ough a
rocessi ng machine f.ar, _applying a |aser begnlca abl e of passing t
BI ate-1ike V\D&k&r{eecehtkg‘ ‘Bgﬁépbfg'&{eegcf |tgl§ Rt kpi e eﬁﬁmlﬁ@%e\/hﬁﬂgyﬂ ithes

formed in a_lohidiceapat! 810ngNeAde fiofinsUthace: 8l A0y thacdbylding b nes
to forma deteriorated |ayer in the inside of the pl ate-l‘lke “workpiece

al ong the divﬁ@ﬂﬁ& Mnéde dépidesiofg the pdhm@klu$blwotaflh@bdaﬁgpghahe

| at e-1i ke WOr§Ri; X : S m.application nmeans for applying a |aser
Eeamto t he pldgﬁé?ﬁ?lﬁe l\%&e{?ﬁi S{:he eer on the chuck table; a processing-feed
means forléoving the beuigktt gbisdtdnt dehed:dser steamcanRldteaidionRy FBRANS

| at i to e .qt.her i.n_ .the horizontal plane; a focusing point position
Ezgn?r grenegns%%%rl%lc?&nf)?o? I}f‘?ﬂggl}%é’%Eg?t $oht dF e tHe thec i fAgE pavichothehe

laser beam applsieedblynt e LBpelcBPaNT APP IfKAd LN MBANrkpiece held on
the chuck table along a dividing line; and
a laser beam application step of applying a laser beam
15 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
height position detection step.

20 2. A laser beam processing machine for applying a laser
beam capable of passing through a plate-like workpiece to
the plate-like workpiece having dividing lines formed in a
latticepatterncnlthefrontsurfacealongthecﬁvidinglines
to form a deteriorated layer in the inside of the plate-like
25 workpiece along the dividing lines, comprising:
a chuck table for holding the plate-like workpiece;
a2 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
30 the laser beam application means relative to each other in
the horizontal plane;
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 position detection neans for detecting the position of a height
of the surface on the side to which the |aser beamis applied, of the
pl'ate-1i ke workpi ece held on the chuck table along the dividing lines; a
storage neans for storing the position of 2she height information detected
by the height position detection nmeans; and a control means for

controlling the foc%§%Q%ﬁ&&jnt Qosi tion control neans based on the
i nformation stored in & s 0 e Fe dfs ec iz onRe angs dio m slehesitd e $ihey

machi ne accor digey timrelod B heighhereithet B8 6QRET L tLH;ea'%ﬁde{:giwojf&} f-he

correction value based on the _difference between t position
hei ght at the 'SS§TdRE@pési PBA1sMd phetheshlaber bike heothei ighte atelichen

current positig Q{hﬁéjﬁn%gféacaequ{bdt%ﬂ;ee 4&}{&%%%%_& ficient of the

pl ate-1i ke workpi ece, control’s ocus ’ position control
neans base® the coreestboagewadares fo4. sTbeihaseie POIMHALACES SIHY HEREHINe
according to ﬁh%kﬂax%ﬁ,Wh rgin tgﬁ?height position detection neans detects
the heights positiom o g? GELERMNhEBERRATRE PRSiLAE-ONGIe tert ign aranisike
wor kpi ece, andriche control means obtains the undul ation function f (x) of a
dividing line fromthe position of each the height detected by the height
position detection 2nmERASIOGhigians &ogooadtiodd ival hebdsethsdmet p@int

undul ation fupGtiQnf refractjon coefficient of the plate-Iike
wor kpi ece to ?:%ntlr oIt %%&&s%%%nﬁoibﬁ%egosﬂnt %glr? l@%ﬁ%ltlﬁﬁ‘aﬁ§°5§§e&non
the correc?i ofhealsierage means.

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

focusing point position control means based the correction

value.
20

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

30 centrol means based on the correction value.




